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CHAPTER-I 
 

 

 

INTRODUCTION 
 

Guava (Psidium guajava  Linn.)  is an arborescent shrub or a small 

tree and is one of the popular fruits of the Punjab, Pakistan. It  belongs to 

the family Myrtaceae and is one of the most gregarious of fruit trees. The 

place of origin of the guava is believed to be an area extending from the 

Southren part of Mexico upto the Central part  of America. It  has been 

disseminated by man, birds and other animals to all  warm areas of 

tropical America and the West Indies. The guava fruit  is a berry with a 

large seedy core. The fruit  may be smooth or ridgy and waxy. Guava is a 

shallow rooted shrub with spreading branches. The height is generally 4-5 

meters but older trees may reach a height of 9 meters. In the indigenous 

areas of tropical America including Peru, Mexico and Cuba, it  grows wild 

as bushes. 

 In Pakistan guava was not cultivated as extensively as it  is                 

being cultivated now-a-days and after Independence, large areas have 

been brought under this fruit plant.  Presently guava is being grown all 

over the sub-tropical and tropical world due to its high dietary value and 

good flavour. Guava fruit contains high amounts of Vitamins A, B1  

(Thiamin), B2 (Riboflavin) and C. It  is a rich source of vitamin C 
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(Ascorbic acid).   The vitamin C contents of guava fruit  are four times 

higher than those of citrus. The leaves of guava have been used for curing 

diarrhoea and dysentery.  Guava is commercially picked when it  starts 

turning from green to yellow so that it  ripes one day later in the transit 

before marketing. 

 
Guava can be grown on a wide variety of soils from heavy clay to 

light sandy soil and with a range of pH 4.5 (acidic) to 8.5 (alkaline). It  is 

tolerant to wet and saline conditions on good soil and with proper care 

the trees are highly productive. Guava produces high yield of good 

quality fruit in climates where there is a distinct winter season. Several  

edible species of the genus Psidium  l ike Psidium cattleianum  (strawberry 

guava), P. guineense Sw (Brazillian guava), P. araca  Raddi, P. 

friedrichsthaliannum  (Ben.) Nied. (Costa Rican guava) and P. britoa 

acida  Ben. (Para guava) are grown in various parts of the world (Ahmad, 

1961).  

 
In Pakistan it  is grown on an area of 61.6 thousand hectares with a 

total annual production of 549.5 thousand ton and per hectare yield is 

8920kg. In the Punjab Province, guava is grown on 49.0 thousand hectares 

with a total production of 454.0 thousand tons    and yield per hectare is 

9098kg (Anonymous, 2005). Thus, it  has attained the status of the fourth 

most important fruit  of the country and the third most important fruit  of 

the Punjab. It  is grown on a large scale in the districts of Jhang, 
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Faisalabad, Sheikhupura, Lahore and Sargodha and on a smaller scale 

throughout the plains of the Punjab. In Sindh, an excellent flask-shaped 

guava with a smaller seed core is grown mostly in the districts of Larkana, 

Dadu, Shikarpur and Hyderabad. In NWFP, the Mardan district and Hazara Valley are 

famous for production of good quality guava.   

    Guava is a very productive and highly profitable fruit crop. It is liked by fruit growers 

due to its wide adaptability and higher return per unit area (Khan, 1985). But its 

successful cultivation is hampered by a number of biotic and abiotic factors. Among the 

biotic factors, diseases take a heavy toll. Some important guava diseases include guava 

decline, wilt, anthracnose, Botryodiplodia rot, fruit rot, Phoma rot, Rhizopus rot, collar 

rot, Pestalotia leaf spot, Cercospora leaf spot, stem canker and seedling blight. Zinc 

deficiency is a significant abiotic problem. Among these diseases guava decline is a 

complex disease syndrome in the Punjab. 

During the last decade fruit production was adversely affected by a decline 

problem. The disease was also of common occurrence in India (Pathak, 1980). In severe 

attacks, the trees show significant symptoms of decline. The important symptoms of 

guava decline are the browning and wilting of leaves, desiccation of twigs and 

discolouration of stems. Death of branches takes place often from one side of the plant. 

Affected trees show defoliation and ultimately death of twigs occurs. The roots of such 

plants are also found rotten. The height and girth of the diseased plant is decreased with 

an increase in disease severity. Apart from the externally visible symptoms of desiccation 

of the plants, tissues of the affected stem, extending to the cambium region, display a 

dark staining (Rangaswami, 1984).  
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Besides other factors, diseases have an important position in lowering the 

productivity of fruit. Decline of guava is a national problem in Pakistan. In many 

orchards, a large number of guava plants have declined and become unproductive, 

particularly in different guava growing districts of the Punjab, namely Lahore, 

Sheikhupura, Faisalabad, Jhang and Sargodha. 

Although some preliminary studies were undertaken regarding the pathogenic 

fungi associated with guava decline (Shakir et al., 1991), yet there is a need to investigate 

other aspects of the disease management. In the absence of suitable management and 

control options, there is every possibility that the fruit growers may up-root the plants 

and resort to some other suitable alternatives. Keeping in view the gravity of the problem, 

research was conducted to manage decline through the use of antagonistic micro-

organisms and fungicides.  

Besides greater economic benefits, there will be little risk of health hazards. 

These studies will be helpful for fruit growers trying to control this devastating disease. 

The main objectives of the investigation are: 

• To record the prevalence and disease incidence of guava decline in different 

districts of the Punjab on the basis of different parameters. 

• To determine practical solutions for disease management through the use of 

different antagonistic organisms and fungicides. 

In order to achieve the above objectives, the following plan of work was under-

taken. 

• Isolation, identification and pathogenicity tests (alone and in all possible 

combinations) of pathogens associated with guava decline. 

• Purification and mass culturing of fungi proved to be pathogenic to guava, 

leading to decline. 
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• Establishment of a disease micro-plot in the research area of the department of 

Plant Pathology and estimation of inoculum levels (spores/gram of soil) 

associated with disease development. 

• In-vitro evaluation of antagonistic organisms and fungicides against  

pathogenic fungi causing guava decline       

• In-vivo evaluation of antagonists and fungicides in all possible combinations, 

as effective treatments. 

• The data were recorded and analysed statistically for interpretation of the 

results.  
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CHAPTER-II 
                      

 

REVIEW  

OF  

LITERATURE  
 

 The research work conducted in various parts of the world on different aspects of 

the disease like its occurrence, intensity, etiology, physiology, sources of resistance and 

disease management is reviewed as under:- 

 

2.1. OCCURRENCE OF THE DISEASE 
 

Guava decline was reported from Haryana, India by Suhag (1976) who attributed 

its symptoms similar to wilt. Recently, the disease was observed in a severe form near 

Indore in Madhya Pradesh, India. Wilt of guava plants showing similar symptoms has 

been reported in many parts of India (Pathak, 1980). From the other parts of the world too 

similar symptoms of wilt have been reported but pathogens were different. The disease 

has been reported from Florida, USA, Taiwan, Cuba, South Africa and Brazil (Hsieh et 

al., 1976).  

It was reported that the rapid wilt disease first appeared in the Eastern Transvaal 

country in 1981 and since then has spread, affecting 12% of production (Grech, 1985). 

The fungus was soil borne and infected the root system via wounds. It was reported that 

the diseases of guava became a serious problem since the Thai variety of guava was 
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grown (Lin et al., 2003)  and became popular in Taiwan. In a study conducted for more 

than one year, guava decline was observed to be more severe in autumn than spring and 

summer. In winter, there was low disease in guava orchards in Kaohsiung County. Air 

borne spore were collected using a Burkard spore trap, plenty of ascospores of 

Guignardia psidii (An anamorph of Phyllosticta psidiicola) were found in August, while 

conidia of P. psidiicola were not found. This illustrates that ascospores might act as an 

impotant route of disease transmission.     

 

2.2. CAUSE OF THE DISEASE 

Investigations were carried out by many scientists to find out the cause of the 

disease in the past (Prasad et al., 1952).  Initially a species of Cephalosporium was 

invariably present and frequently isolated along with a Fusarium sp. Pathogenicity tests 

proved that both the species of Cephalosporium and Fusarium caused wilting in guava. 

The name proposed for the latter was Fusarium oxysporum f.sp. psidii Schlecht.:Fr.  

Among the large scale isolations from the wilted plants from Gangetic alluvium 

and red lateritic soil tracts of India, it was found  that  the  two  fungi, Fusarium solani 

f.sp .psidii and Macrophomina phaseoli,  were  confined  exclusively  to  the  root  

region. F. solani f.sp. psidii was  present  in  the  aerial  parts  as  well  as  in  the upper  

region  of  the root  system (Chattopadhyay and Bhattacharjya, 1968). The prevalence of 

the two fungi was greater in the plants of less than one year of age or above five years of 

age. Both the fungi were found to be capable of inciting wilt either individually or in 

combination with other pathogenic fungi.  
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In the Haryana district of India, the decline  revealed that on isolation, two fungi, 

namely Rhizoctonia and Fusarium sp. were obtained but the pathogenicity tests proved to 

be negative (Suhag,  1976). Besides fungi, a black grub was also found in the pith of the 

branches. Although the etiology of the malady was not well understood, yet it was 

suspected that it might be complex due to presence of the grub along with fungi and 

perhaps included a toxin also. In contrast, a similar disease in Cuba was probably caused 

by Phytophthora nicotianeae var. parasitica  (Ariosa, 1982). 

Among all the pathogens isolated, F. oxysporum f.sp. psidii and  F. solani f.sp. 

psidii appeared to be primary causal agents followed by M. phaseoli and Rhizoctonia 

solani (Dwivedi et al., 1990).Later in the Jiroft region, Southeastern Iran, a fungus was 

subsequently identified as Nattrassia mangiferae which was isolated from Ficus religiosa 

showed branch dieback and elongated cankers in the trunks of Psidium guajava (= guava)                    

trees. The pathogenicity of the fungus was demonstrated by fulfilling Koch’s postulates. 

These diseases were potential threats to the citrus industry and guava production in the 

region. This was the first report of N. mangiferae inciting dieback and trunk cankers of F. 

religiosa and dieback of P. guajava (Mirzaee, 2002).   

In the recent past, it was reported that the four fungi (Fusarium solani 

f.sp. psidii,  Pythium aphanidermatum, Verticillium dahliae, Trichothecium 

roseum)  and three species of nematodes (Meloidogyne incognita,  M. 

javanica  and M. arenaria)  and some viral particles  were associated with 

guava decline (Mejia et al. ,  2002). Pythium aphanidermatum, T. roseum 

and    Trichoderma sp. did not cause symptoms on inoculated plants. Inoculated plants 

with Meloidogyne sp. F. solani and V. dahliae and P. aphanidermatum and T. 
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roseum displayed the disease syndrome. It seems that root-knot nematodes initiated the 

attack and the magnitude of the symptoms could be due to the presence (activity) of fungi 

which caused root rot. Viral particles in the form of rigid rods were observed in sap of 

leaves showing decline symptoms in two samples from a total of 68. However, its 

transmission was not achieved in differential plants.  

In a survey of guava orchards in South Africa, 96% of Transvaal Plantings and all 

Cape Province plantings were infected by Heterodera dihystera (Willers and Grech, 

1986). In a pot experiment the height of nematode-infested plants was suppressed by 

53.3%  compared to the control after four months following the inoculation. Leaf size 

was also considerably reduced. Moreover a high incidence of root-knot nematodes in 

guava was reported in Pernambuco State, Brazil (Moura et al., 1989). The diagnostic 

studies showed that M. incognita race 2 was the only pathogen involved in the disease. 

A survey conducted in major guava-growing areas in Uttar Pradesh, India during 

2001-2003 showed the association of             F. oxysporum f.sp. psidii and Verticillium 

sp. with wilted trees (Gupta et al., 2003). Isolation and trials on pathogenicity proved to 

be  Verticillium albo-atrum, this being the first report of V. albo-atrum, causing wilt in 

guava.The distribution and importance of guava diseases, together with characteristics 

and production of the fruit has also been reviewed by  Lin et al., 2003. Important diseases 

include the bacterial rot (Erwinia psidii)  rust (Puccinia psidii), anthracnose (Glomerella 

cingulata), damping off fungus (Rhizoctonia solani), guava wilt disease (F. oxysporum 

f.sp. psidii) and the gall-forming nematodes (Meloidogyne spp). 

 

2.3. SYMPTOMS OF THE DISEASE 
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In Haryana district of India, symptoms of guava decline were  similar to that of 

wilt. The disease was observed in severe form near Indore in Madhya Pradesh, India 

(Suhag, 1976). From the other parts of the world too, similar symptoms of wilt have been 

reported but pathogens were different. Rangaswami in 1984 described the symptoms of 

guava decline as browning and wilting of leaves, dessication of twigs, discolouration of 

stem and death of branches often from one side of the plants. When an infected stem was 

cut open, the tissues extending up to cambium region display a darker colour. In severe 

cases, roots of such plants were rotten and the height and weight of the affected plants 

decreased with increased decline severity. Affected trees show defoliation and ultimately 

death of twigs takes place. In severe cases, drying may progress downward involving the 

whole plant. 

The affected plants  begin to dieback from the top of a branch. Young shoots, 

leaves and fruits, while they are still tender, are readily attacked. The unopened buds and 

flowers may shed. The growing tip turns dark brown. The black necrotic area extends 

backward causing the dieback (Tandon and Agarwala, 1954). A demarcating ring on 

girdle develops at the junction of the diseased and healthy area. The ring may either be 

very distinct or it may gradually diffuse into healthy green part of the shoot. The dried 

twigs altogether devoid of leaves are ultimately dead. In moist weather, acervulii appears 

as black dots scattered throughout the dead parts of the twigs. From the twigs, the fungus 

penetrates the petioles and attacks the young leaves, which become distorted with dead 

areas at margins or tips. 

 

 2.4.    DISEASE INCIDENCE AND LOSSES  
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The disease incidence and losses have been recorded by many scientists. Mathur 

(1956) extensively surveyed guava orchards in Pakistan and reported that guava orchards 

were seriously suffering from this disease resulting in 15-30 percent loss of trees in 

various districts of Sheikhupura, Lahore, Faisalabad(Lyallpur), Jhang and Sargodha.Two 

workers from West Bengal reported serious wilt in commercial guava orchards causing 

yield losses of upto 80% (Chattopadhyay and Bhattacharjya, 1968). Out of ten red-

fleshed cultivars, Lucknow-49 remained free from the disease and in Allahabad safeda 

disease incidence was only 4%. 

Later on, Chander and his associates (1986) reported the severity and incidence of 

this disease, the etiology of which was unknown, as the result of a survey during 1982. 

Mild decline resulted in estimated yield losses of 6.8%, while moderate, moderate to 

severe and severe intensities reduced the yield by 37.1, 66.8 and 93.0%, respectively. 

Serious wilt has been reported from different areas in Utter Pradesh, India where the 

Guava varieties, Safeda and Purba were found to be badly affected (Misra, 1987). The 

incidence of this disease in eight districts of India ranged from 1.97% in Sonepat to 

40.0% in Jind, with an average of 26.11% (Naresh and Mehta, 1987). None of the 

commercially grown cultivars showed resistance or tolerance to the wilt/dieback. The 

disease did not occur in plants less than five years old and increased in plants up to 20 

years old, subsequently decreasing as plants mature. Heavy soils with high moisture 

content were conducive to the disease.  

Endothiella sp. was found associated with witches broom symptoms of 

Tibouchina granulosa growing in a stretch of Atlantic rain forest in Rio de Janeiro, 

Brazil. The fungus was the anamorph of Cryphonectria cubensis, the eucalypt canker 
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fungus. Host range studies were performed involving 40 plant species belonging to 19 

families and showed that C. cubensis has a wide potential host-range, concentrated on the 

Myrtales but including Persea americana (avocado) and Pouteria caimito. These are 

members respectively of the subclasses Magnoliidae and Dilleniidae, distantly related to 

plants of the subclass to which both eucalypt and T. granulosa belong Rosidae. The 

finding of C. cubensis in balance with a population of native species at a site isolated and 

distant from both eucalypt and clove plantations might be regarded as reinforcing the 

hypothesis of a Neotropical origin for the fungus as opposed to the hypothesis of the 

fungus being from Oceania and having cloves as its original host (Claudine and Seixas et 

al., 2004). The new alternative hypothesis (of separate origins from endemic hosts in the 

Neotropics, Africa and Oceania) should nevertheless be also considered.  

A survey of nematode and wilt problems of guava (Psidium guajava) was carried 

out in the Allahabad region and its adjacent areas in Uttar Pradesh. India (Ruchi et al. 

2002). Tylenchulus semipenetrans, Xiphinema sp., Longidorus sp. Tylenchorhynchus 

brassicae, Hoplolaimus indicus [Basirolaimus indicus], Helicotylenchus indicus, 

Ditylenchus dipsaci and Hemicriconemoides sp. were the predominant phytonematodes. 

Fusarium oxysporum, F. solani, F. equisetii, F. acuminatum [Gibberella acuminate] F. 

moniliforme [G. fujikuroi], F. semitectum [F. pallidoroseum] and F. fusarioides [F. 

chlamydosporum] were the predominant wilt-causing fungi. These nematodes and fungi 

cause 50-60% mortality of guava plants. 

Several diseases infecting guava were studied in the Brazilian Cerrados 

(Junqueira et al., 2001). Bacterial wilt caused by Erwinia psidii was the most important. 

This disease has caused approximately 85% losses in guava yield.  Other diseases such as 



 25

anthracnose (Colletotrichum gloeosporioides [Glomerella cingulata]), rust (Puccinia 

psidii), fruit brown rot (Dothiorella dominicana), fruit Botryodiplodia rot 

(Botryodiplodia theobromae [Lasiodiplodia theobromae]) and nematode root-knot 

(Meloidogyne incognita) have also been reported.  

 

2.5. PHYSIOLOGICAL STUDIES 

Physiology of the disease of guava decline was described by several workers. 

Among them Valaskova (1971) studied the combined effect of temperature and 

fungicides in-vitro on Fusarium sp.  

He kept the fungus under three temperatures (25, 30, 35°C) and observed that 

Benlate was the most effective with increased temperature against F. oxysporum f.sp. 

psidii. 

 

2.6. MODE OF INFECTION OR INFECTION PROCESS 

 

Fusarium solani or Macrophomina phaseoli first colonize the surface of the roots 

and then enter into epidermal cells by mechanical penetration. After penetration, the 

intracellular mycelium first establishes in the epidermal cells and then spreads into the 

cortical cells which cause considerable damage. Tylosis forms in xylem vessels by xylem 

invading pathogens (Chattopadhyay and Bhattacharjya, 1968). Fusarium solani enters the 

xylem vessels, but the xylem vessels were blocked due to the formation of tylosis or 

gums/gels. Macrophomina phaseoli first invades the phloem and destroys it. This 

blockage may be partially of physical nature and partly the reaction of the host through 
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formation of tylosis and production of certain gum/resin  like material upon incitement. 

Xylem vessels were also colonized in few cases. In severe cases, the drying may progress 

downward involving the whole plant (Sharma et al., 1983) and the roots of such plants 

were rotten.  

 

2.7. EPIDEMIOLOGY  

The disease starts as early as in the beginning of the month of June or following 

rainfall but the intensity of infection and spread is accelerated with the on-set of 

monsoon. The maximum wilting of guava trees is, however, restricted to the months of 

September and October, beyond which the incidence reduces gradually.Pathogenic fungi 

survive on dead root material of guava in adverse climatic conditions in summer, while in 

rainy and winter season they survive around roots (Dwivedi et al., 1990). 

 

2.8. INOCULATION TECHNIQUE 

An inoculation technique was standardized by Misra and Pandey (1992). They 

found when plants were inoculated by hole inoculation, 7.5 cm above ground level with a 

hand drill and then placing the inoculum of Gliocladium roseum in the hole, covering it 

with moist cotton and then with polythene band, successfully reproduced the symptom of 

decline within 2-3 months when inoculated in the month of July-August. 

 

2.9. PATHOGENICITY 

The wilt and dieback of guava was reported due to Rhizoctonia sp. which was 

responsible for initiation of decline (Tanden and Agarwala, 1954). Pathogenicity of the 
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fungus was also proved. Pathogenicity tests in pot experiments confirmed the causal 

organism to be F. oxysporum f.sp. psidii (Pandy and Dwivedi, 1985). The Infected plants 

developed chlorosis followed by wilting of entire seedlings and leaf abscission. 

Histopathological studies revealed the presence of hyphae in xylem vessels of roots of the 

wilted seedlings and when sections of such roots were transferred to potato dextrose agar, 

the pathogen grew in culture.  

To confirm the pathogenicity, an experiment was conducted in a screenhouse to 

evaluate the role of M. phaseolina and F. oxysporum f.sp. psidii alone or in combination 

with Meloidogyne sp. on decline of guava (Suarez et al., 1999) and showed that there was 

no significant differences in disease incidence between irrigation and drought conditions. 

However, the simultaneous presence of fungi and nematodes caused a greater detrimental 

effect than each pathogen alone. 
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 2.10. SCREENING OF VARIETIES FOR RESISTANCE  

As far as host resistance was concerned, Singh et al., (1977) screened 10 red-

fleshed and 15 white fleshed guava cultivars and found that only red fleshed cultivar were 

infected by F. solani f.sp. psidii. Of the 15 white fleshed cultivars, Lucknow-49 was free 

from the disease and in Allahabad Safeda; the disease incidence was only 4 percent. 

None of the other 7 Psidium spp., P. araca, P. cattleianum var. lucidum, P. corecium, P. 

cujavillus, P. guineese, P. friedrichsthalianum was found affected. Several scientists 

worked on screening for resistance against the disease. Out of 47 varieties of guava 

screened, the varieties Supreme Clone 32-12, Webber, Popeno, Hart and Rolfs from 

Florida (USA) were resistant but the varieties Allahabad, Safeda from Ceylon, Banarsi 

(Andra strain), Dholka (Sindh) and Nasik (Mombay) from India were found as the most 

tolerant to the disease (Mathur and Jain, 1960).  

The two workers Chattopadhyay and Bhattacharjya reported in 1968 that variety 

(from Baruipur) was fairly resistant against F. solani f.sp. psidii as well as resistant from 

combined infection by F.solani f.sp. psidii and Macrophomina phaseoli. Variety 4 from 

Tollygunge had moderate resistance against infection by M. phaseoli. Variety 5 from 

Bankura had moderate resistance against both organisms, either separately or in 

association. Allahabad Safeda had fair resistance against combined infection with F. 

solani f.sp. psidii and M. phaseoli. Resistance of guava cultivars, Banarasi, Allahabad 

Safeda, Seedless, Apple Green, Chittidar, Baruipur, Kerala, Bharat Coconut, Supreme, 

Allahabad UP, Lucknow 49 and Harijhu against wilt caused by F. solani f.sp. psidii was 

determined in a field experiment conducted in Mohanpur, West Bengal, India during 

1998-2000. Among the cultivars tested, one (Banarasi) was resistant and two (Allahabad 

Safeda and Seedless) were    moderately resistant. Six cultivars were moderately 

susceptible (Kaiser and Saha, 2003).      
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2.11.  CHEMICAL CONTROL  

Many scientists worked on the chemical control of the disease. Among them 

Fuchs et al. (1970) reported the systemic activity of Benomyl against F. oxysporum f.sp. 

psidii and F. oxysporum f.sp. lycopersici. They observed that 1 mg Benomyl in liquid 

media or agar plates inhibited Fusarium growth. It was observed that Benomyl was more 

strongly absorbed by loamy soil than sandy soil where as in another laboratory test 

Afugan, Benlate and Topsin were very effective against F.  oxysporum f.sp. psidii 

(Anwar et al., 1986). Besides, it was reported that among the 10 antibiotics tested against 

the guava wilt pathogen in in-vitro, actidione was the most toxic, preventing growth even 

at the lowest concentration of 100fg/ml (Dwivedi et al., 1990). The relative efficacy of 

systemic (Benomyl, Carbendazole and Thiophenate) and non-systemic (Captafol, Capton 

and Thiram) fungicides against F.oxysporum and F. solani by using poisoned-food-

technique i.e. medium amended with fungicide was studied by Kapoor and Kumar 

(1991). The technique inovles the cultivation of the test organisms on a medium 

containing the test chemical and then measuring its growth.  

Moreover, it was reported that neem based products possess antifungal, 

antibacterial and even nematicidal properties. All the neem based products tested namely 

Nemokil, Nimbokil and SDS showed antifungal activity against a range of guava 

pathogens (Khan et al., 1998).  

Different management treatments for the recovery of guava trees were studied 

during the annual production cycles of 1998 and 1999 in Aguascalientes, Mexico to 

evaluate their effects on the productivity of trees affected by Phytophthora sp. and 

Meloidogyne sp. (Padilla-Ramirez et al. 2003). The trees under integrated management 

treatment including 60% pruning, nematicidc (carbofuran and ethoprophos) application in 
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2 concentric circles around the stem, plus the application of cabbage and broccoli 

residues with solarization and chemical fertilizer application showed increased twig 

growth, low damaged root percentage and produced fruits of better quality, suggesting 

the possible recovery of the affected guava trees. 

It was suggested that low yields of guava, an important crop in Zulia, Venezuela, 

may be attributed to management factor (Castellano et al., 2003). An integrated 

management strategy was evaluated to control nematodes and pathogens causing stylar 

end rot compared to traditional farm management. Integrated management involved 

chemical control of pathogens along with complementary cultural practices. The 

experiment was conducted in 52 eight-year old trees planted at spacing of 8 x 8 m. Such 

trees showed high nematode and high stylar end rot incidence.                     Integrated 

management was applied to 26 trees, leaving 26 with traditional management (control). 

Stylar-end rot incidence, gall nematode index, nematode population (nematode juveniles 

(j2)/cm3 of soil) and yield (number and weight of fruits) were evaluated and statistical t 

test was applied. Results showed that integrated management decreased the population 

dynamics of Botryodiplodia and Dothiorella as well as young nematode population 

(j2/cm3 of soil). Higher yields were obtained under integrated management than the 

traditional farm management. It is advisable to apply an integrated management system 

for pathogen control generally and chemical control where the pathogen incidence was 

quite high.  
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2.12.   BIOLOGICAL CONTROL  

The efficacy of Streptosporangium pseudovulgare in controlling rot of guava 

caused by Lasiodiplodia theobromae was reported by Neelima et al., (2003). Co-

inoculation of the pathogen with the biological control agent completely inhibited the 

growth of the pathogen as indicated by the disappearance of the fungal mycelium. The 

growth of the pathogen immediately stopped following inoculation with the biological 

control agent. It was reported by Abada (1994) that among the biocontrol agents, fungi in 

the genus Trichoderma are considered to be the most important ones because they control 

various root diseases caused by a wide range of fungal pathogens. The bio-control  

mechanism exercised by Trichoderma could be attributed to nutrient competition, release 

of toxic metabolites and extra-cellular hydrolytic enzyme activity (Elad, 2000). 

Trichoderma was reported to produce volatile and non volatile antibiotic compounds 

which inhibit the fungal growth at very low concentration (Weindling and Emerson, 

1936; Weindling, 1941). This is followed by many other such reports in the productin of 

antifungal compounds by Trichoderma sp. such as phenol like compound isolated from 

Trichoderma harzianum inhibited the uredospore germination of rust pathogen of 

groundnut, puccinia arachidis (Govindasamy and Balasubramanian, 1989). T. harzianum, 

which produces an endochitinase and N-acetyl-β-glucosaminidase was reported to be a 

potent biocontrol agent against several phytopathogenic fungi like Rhizoctonia solani, 

Sclerotium rolfsii and penicillium ultimum (Cook and Baker, 1983). 

The loss of organic material from the roots provides the energy for the 

development of active microbial populations in the rhizosphere around the root. 

Generally, saproptrophs or biotrophs such as mycorrhizal fungi grow in the rhizosphere 

in response to this carbon loss, but plant pathogens may also develop and infect a 

susceptible host, resulting in disease. Microbial interactions that can take place in the 

rhizosphere and that are involved in biological disease control are reviewed. The 

interactions of bacteria used as biocontrol agents of bacterial and fungal plant pathogen 
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and fungi used as biocontrol agents of protozoan, bacterial and fungal plant pathogens are 

considered. Whenever possible, modes of action involved in each type of interaction are 

assessed with particular emphasis on antibiosis, competition, parasitism and induced 

resistance. The significance of plant growth promotion and rhizosphere competence in 

biocontrol is also considered. Multiple microbial interactions involving bacteria and fungi 

in the rhizosphere provide enhanced biocontrol in many cases in comparison with 

biocontrol agents used singly (Whipps, 2001).The extreme complexity of interactions that 

can occurs in the rhizosphere is highlighted and some potential areas for future research 

in this area are discussed briefly.  
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CHAPTER-III 
 

 

MATERIALS  

AND  

METHODS 
 

 

  The present studies were carried out on the survey of guava plantation in the five 

districts of the Punjab Province, with particular focus on prevalence, collection of 

diseased specimens isolation, purification and mass culturing, search for the antagonists, 

evaluation of the fungicides and antagonist for the control of the malady.  

 

3.1. SURVEY OF GUAVA ORCHARDS IN PUNJAB  

 
During 2004-2006, a survey of guava orchards was conducted in Districts of 

Lahore, Sheikhupura, Faisalabad and Jhang.  In Lahore, many orchards of guava were 

surveyed near the river Ravi. Sheikhupura, Sharqpur, the original and famous growing 

area of guava and Tehsil Ahmadpur were surveyed for the prevalence of the disease 

guava decline. In Faisalabad Postgraduate Agricultural Research Station guava orchards 

were also surveyed for the prevalence of the disease. 

  

3.2. COLLECTION OF DISEASED SAMPLES 
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Diseased trees showing typical decline symptoms were selected for sample 

collection. Diseased samples of infected tissues comprises  roots,   twigs,   stem   (collar 

region) leaves  and soil were collected in polythene bags separately during 

surveying of orchards affected with guava decline in different districts. 

The collected samples were brought to the laboratory for the isolation of 

associated pathogens. While taking samples, stem   bark was peeled off 

from the collar region near soil level of the infected tree. The samples 

were stored in a refrigerator at 4°C before processing. 

  

        
         Fig.1 Map of Pakistan Showing Guava Growing Districts of the Punjab 
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Map of Pakistan showing Guava Growing District of the Punjab 
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3.3. ISOLATION, PURIFICATION AND MASS CULTURING  

Isolations from the samples were made using routine isolation 

procedures (Riker and Riker 1936). The disease specimens were cut into 

5-7mm long pieces. The pieces were surface disinfested in 0.1% mercuric 

chloride solution for about ½-1 minute, rinsed twice in sterilized water 

and plated on water agar (0.2%) in Petri  dishes of 9cm diameter.  The Petri  

dishes were incubated at 30°C. After three days hyphal tips of the fungal 

colonies growing from the plated material were transferred to potato 

dextrose agar (PDA) (slants) in the test  tubes. For the isolation of 

Phytophthora sp. a selective medium known as PARP medium (Pimaricin, 

Ampicillin Rifampicin and Pentachloronitrobenzene) was used (Kannwissher and 

Michell, 1978). The composition of PDA and PARP is given below.  

Potato Dextrose Agar medium (PDA) 

Ingredient for PDA 

 Peeled diced potato  = 250g 

   Dextorse  = 20g 

   Agar          = 20g 

  Distilled water  = 1 litre 

To prepare PDA, boil 250 g of peeled diced potato in 500 ml of water in a pot and strain. 

Boil 20g of agar in a flask in the remaining 500 ml of water, stir constantly till agar is 

completely dissolved, add 20 g of dextrose. Mix the two lots, make the volume up to 

1000 ml and strain through cheese cloth. With the help of funnel, pour half the medium in 

test tubes each upto ¼ full and plug them with already prepared cotton plugs. Place the 
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plugged tube in a wire baskit and put it in the autoclave. Save the other half of the 

medium for Petri dishes (20 ml/dish). Pour the sterilized medium from the flask into 

sterilized Petri dishes before it solidifies. Put the test tubes along with the medium in a 

slanting position for PDA slants. Let the agar solidify after pouring. Store the Petri dishes 

in a refrigerator for further use in the experiment. 

PARP Medium 

(Selective medium for Phytophthora spp.) 

Corn meal Agar (Difco)      17.00g 

Distilled Water        950.00ml 

Autoclave for 25minutes and then cool to 45°C 

Add following Antibiotics to corn meal agar 

Pimaricin (2.5aq.sol.)              04.00ml 

Ampicilline (dissolved in 10ml sterile H2O)            0.25ml 

Rifampicin (dissolved in 1ml of dimethyl sulfoxide)  0.01ml 

PCNB (use 5mg/ml alcohol)      5.00ml 

Add antibiotics to corn meal agar, rinse tube that had antibiotic with sterilized 

water (Total of 50ml) in the flask, mix well before pouring. 

Stock culture of these fungal isolates was maintained on PDA at 25 to 30°C for 

two years. 

  

3.4. ISOLATION OF THE SOIL SAPROPHYTES 

 Isolations of the saprophytic fungal organisms were made from the 

soils collected from the guava orchards during survey of different 
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localities in various districts of the Punjab and the rhizosphere of healthy 

plants from the same guava orchards. The isolations were made by using 

the Needle method (Akhtar, 1966) to obtain as much as possible saprophytic 

micro-organisms for using against the potential pathogens responsible for guava decline 

i.e. Botryodiplodia theobromae, Fusarium oxysporum f.sp. psidii Phytophthora 

parasitica and Fusarium solani f.sp. psidii). 

 

Needle Method 

 First of all take the soil samples from the rhizosphere of healthy guava plants of 

an orchard and make a composite soil sample. The soil sample were dried and pulvurized 

to make it uniform condition. Take some quantity of this soil sample in a sterilized 

petridish. Then take a needle made up of copper wire, having 0.45 mm thickness with a 

bend of 3mm length at the top of the wire. Thrust the needle in the soil in the Petri dish 

and touch this needle alongwith some soil particles, on the surface of potate dextrose agar 

medium on 4 or 5 spots with equidistance. Incubate the petri dishes in the incubator for 

72 hours at 30°C. After the required period of time and temperature the colonies of soil 

saprophytic fungi were obtained. 

  

3.5. ANTAGONISM IN VITRO 
 In order to select some suitable antagonistic micro-organism against the 

pathogens, (B. theobromae, F. oxysporum f.sp. psidii, P. parasitica, F. solani f.sp. psidii), 

seven fungal isolates (comprising of one from Trichoderma, 4 from Aspergillus and 2 

from Penicillium sp.) were evaluated in the laboratory on PDA. Both the antagonist and 

the pathogen were simultaneously inoculated at the opposite ends of the Petri dishes 
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containing about 20ml PDA. Three Petri dishes were used for each antagonist and the 

same number was kept as control with the pathogen alone plated on one side of the Petri 

dish at the periphery. The inoculated Petri dishes were incubated at 30°C for 5 days and 

the final observations were recorded. While taking observations, the colony diameter of 

the pathogen was recorded. First measure the colony diameter of the pathogen alone in 

the control. Then measure the colony diameter of the pathogen in other treatments in 

which there is interaction of the pathogen with different antagonists. Percent decrease 

over control was calculated by the following formula: 

    Average colony diameter – Average colony diameter 
    of the pathogen in control  of the pathogen against the antagonist 
         in the treatment  
Percent decrease over control = ------------------------------------------------------------------------------ 
     Average colony diameter of the pathogen in control  

Some of the antagonists caused inhibition at a noticeable distance whereas the 

others inhibited the pathogen on contact and continued to grow over the inhibited colony.  

 

3.6. PATHOGENICITY 

 The pathogenicity of B. theobromae on the collar region that of F. oxysporum 

f.sp. psidii, P. parasitica and F. solani f.sp. psidii on the root of the nursery plant was 

tested. The experiment was prepared in 15x15 cm earthenware pots in two sets containing 

the sterilized and un-sterilized soils. The inoculum of the pathogen was added to the soil 

in the form of agar blocks placed at depth of 2.5, 5.0 and 7.5cm. Then guava palnts about 

one year old (two feet high) were obtained from the nursery. They were transferred to the 

earthenware pots. Three pots were kept under each treatment. Different treatments were 

applied in the form of stem inoculation and soil inoculation singly and with a 

combination of pathogens. The plants were two and a half year old and 2.5 feet large at 

the time of inoculation. 
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3.7. EVALUATION OF FUNGICIDES 

 The evaluation of various fungicides against germinated spores was carried out 

using the spore germination method. For this purpose aqueous solutions of different 

fungicides were prepared at four concentrations of 10, 30, 50 and 100 ppm. Twenty ml of 

each prepared aqueous solution was poured in to sterilized Petri dishes (90 mm diameter). 

Two ml of spore suspension of the pathogenic fungi (B. theobromae and F. oxysporum 

f.sp. psidii) with a spore concentration of 104 was added to each Petri dish. The Petri 

dishes with sterilized water without any fungicide was kept as control. The experiment 

was conducted in triplicate. A spore was considered germinated when the length of the 

germ tube exceeded the diameter of the spore. The data on spore germination were 

recorded at 48, 72 and 96 hours after incubation at 25°C under an inverted compound 

microscope.   
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3.8. Establishment of disease microplots  

 
Disease microplots were prepared with the predominant pathogens B. theobromae 

and F. oxysporum f.sp. psidii. The experiment was prepared in the earthenware pots of 

15x15cm size containing soil from the field which was well characterized.  The pathogen 

inoculum was added in the form of small agar blocks 5 mm diameter, placed in the soil at 

2.5cm, 5.00cm and 7.5cm depths. Inoculum was obtained from 7 days old culture on 

potato dextrose agar medium (PDA). Moisture was provided to the soil and left as such 

so as to mix the pathogens in soil uniformly. After this, healthy guava plants were 

transplanted in the microplots and observed for the appearance of disease symptoms.  

 
3.8.1  Estimation of inoculum level  

Soil  sample were removed with  the  help of  augar  f rom the 

rhizosphere of  the diseased plant  grown in the microplots .   Inoculum 

level  (spores/gram of soil) was estimated by using haemocytometer. One gram of 

inoculated soil was suspended in 10ml of distilled water in a small beaker. It was shaked 

well so that a uniform suspension was formed. In this way, spore suspension of 

the two pathogens (B.  theobromae and F. oxysporum f.sp. psidii) were prepared 

separately from the soil samples taken from each treatment. The number of spores was 

counted in one drop of the spore suspension using haemocytometer.  

 
 
3.9.  Recording of soil moisture, temperature and pH  

Environmental data was collected from the Department of Crop Physiology, 

University of Agriculture, Faisalabad. Maximum and minimum air temperature and soil 

temperature were recorded during July, 2005 to August, 2005 and the weakly average 
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computed. Soil pH was recorded with pH meter. Take about 250g of the soil sample in a 

500 mL plastic beaker. Add distilled water to moist the soil while stirring with spatula. 

Continue the addition of water and stirring until the soil was saturated. Place the 

electrode of the pH meter in the saturated soil paste and note the pH from the 

scale/screen. Wind speed was recorded in km/h whereas wind direction was recorded 

with an anemometer and a psychrometer. Rainfall was recorded in min/d with a rain 

gauge.    

 
3.10.  ANTAGONISM IN-VIVO 

 When the antagonism against B. theobromae, F. oxysporium f.sp. psidii and P. 

parasitica was established in the laboratory tests, then the experiment was focused to 

select the most suitable ones for the control of the disease. The experiments were 

conducted in the earthenware pots (15 x 15cm) containing sterilized and unsterilized 

soils. Stem inoculation was carried out for B. theobromae separately. Seven-days old 

culture of F. oxysporum f.sp. psidii was added to the soil at the rate of ½ Petri dish per 

pot in the form of small agar blocks placed in the soil at 2.5, 5.0 and 7.5cm depths. The 

pots were supplied water regularly and after seven days old cultures of antagonist were 

added in the soil at the rate of one percent w/w. The antagonistic organism, Trichoderma 

harzianum was tested as biocontrol agent alone and with the combination of fungicides 

Topsin-M, Alertplus and Reconil-M for the integrated disease management. The 

antagonist, T. harzianum was cultured on the potato dextrose agar medium and was used 

in different experiments in-vivo. The pot without antagonistic culture was kept as control.  
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CHAPTER-IV 
 

 

RESULTS 
  

 The findings conducted during the course of the present studies especially on 

different fungi isolated from soil, disease incidence with respect to soil type, irrigation, 

pathogenicity, antagonism against the pathogens both in the laboratory and pot 

experiments, involved in decline and their relationship with the pH levels and 

metereological factors are presented here under. 

 

4.1. PERCENTAGE OF DIFFERENT FUNGI ISOLATED 

 The percentage of different fungi isolated from different localities is given in 

Table No.1. A total of eight different fungi were isolated. Among these fungi, 

Botryodiplodia theobromae, Fusarium oxysporum f.sp. psidii, Phytophthora parasitica  

and Fusarium solani f.sp. psidii in that order were the pre-dominant ones with mean 

values of 52.58, 48.04, 33.66 and 30.2 percent respectively while the others recovered 

were Rhizoctonia solani and species of Pythium, Curvularia and Helminthosporium. 

 When compared on the basis of districts, the occurrence of these four fungi was 

maximum in the samples from Sheikhupura (75.00 %) followed by Faisalabad (58.50 %), 

Lahore (45.70%) and Jhang (40.00 %) and the minimum (22.80 %) from Sargodha 

district. 

 Similarly the other fungi isolated from different sources such as root and soil were 

species of Rhizoctonia, Pythium sp. Curvularia and Helminthosporium.  The mean 

isolation frequency of these fungi was 24.38, 11.88, 4.66 and 3.02 percent respectively.  

 

4.2. DISEASE INCIDENCE ON DIFFERENT VARIETIES 
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A survey was carried out to record disease incidence on different varieties of 

guava (Gola and Surahi) from Lahore, Sheikhupura, Faisalabad and Jhang. The data are 

presented in Table 2.  Overall disease incidence was not significantly higher (8.52 %) on 

the Gola variety, compared with the Surahi variety (7.21 %). Similarly, the maximum 

disease incidence (11.07 %) was recorded from Sheikhupura followed by Lahore (8.92 

%), Jhang (7.28 %) and Faisalabad (4.18 %) being significantly different in all the four 

districts.  

On the other hand in Sheikhupura district, the disease incidence was almost same 

on ‘Gola’ and ‘Surahi’ varieties i.e. 11.07 and 11.08 % respectively. But in the Lahore 

and Faisalabad districts, there was a little variation in disease incidence on the two 

varieties. At Lahore, disease incidence was 8.28 and 9.56 % and at Faisalabad, the 

disease incidence was 3.70 and 4.66 % on the ‘Gola’ and ‘Surahi’ varieties, respectively. 

 

Table 1. Mean percentage values and standard error (S.E) of          different 
fungi isolated from the infected roots obtained from five districts of 
the Punjab. 

 

Fungi isolated Percentage of fungi  Mean 

Sheikupura Lahore Faisalabad Jhang Sargodha 
Botryodiplodia 
theobromae 

75.00a 
±3.52 

42.5cde 
±0.83 

58.50b 
±5.89 

38.60efg 
±1.54 

48.30 c 
±2.98 

52.58A 
±3.72 

Fusarium 
oxysporum f.sp. 
psidii 

62.40b 
±5.56 

45.70cd 
±1.78 

48.50 c 
±2.51 

40.00 def 
±2.10 

43.60cde 
±0.98 

48.04B 
±2.35 

Phytophthora 
parasitica 

35.60fgh 
±2.14 

32.80ghi 
±3.00 

36.20fgh 
±2.11 

38.50efg 
±2.27 

25.20jkl 
±1.82 

33.66C 
±1.50 

Fusarium solani 
f.sp .psidii 

33.50ghi 
±0.81 

35.20fgh 
±0.25 

30.00hij 
±1.06 

28.60ijk 
±0.82 

22.80klm 
±0.47 

30.02D 
±1.18 

Rhizoctonia solani 28.50ijk 
± 1.54 

24.60jm 
±1.89 

22.80klm 
±2.65 

26.00jkl 
±1.60 

20.00 lm 
±1.56 

24.38E 
±1.05 

Phythium sp. 12.40n 
±0.72 

11.50 no 
±0.77 

18.50 m 
±1.84 

9.40nop 
±0.43 

7.60 n-q 
±0.20 

11.88F 
±1.06 

Curvularia sp. 7.80nq 
±0.56 

4.60pq 
±0.24 

5.50opq 
±0.35 

3.30pq 
±0.15 

2.10 q 
±0.17 

4.66G 
±0.54 
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Helminthosporium 
sp. 

2.00 q 
±0.07 

2.10 q 
±0.15 

3.50pq 
±0.31 

3.70 pq 
±0.27 

3.80 pq 
±0.18 

3.02G 
±0.22 

Mean 32.10 A 
±5.09 

24.90 C 
±3.34 

27.90 B 
±3.87 

23.50CD 
±3.11 

21.70 D 
±3.40 

 

 
Mean sharing similar letters in a row or in a column are not significantly different 
(P>0.05). Capital letters are used for comparison among overall means and small letters 
represent the difference among interaction means. 
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Table 2. Means for disease incidence on guava varieties from various districts 

of the Punjab. 

 

District Percent Disease Incidence Mean 

Gola Surahi 

Lahore 8.28 c 

±0.30 

9.56 b 

±0.60 

8.92 B 

±0.41 

Sheikhupura 11.07 a 

±0.67 

11.08 a 

±0.26 

11.07 A 

±0.32 

Faisalabad 3.70 d 

±0.08 

4.66 d 

±0.28 

4.18 D 

±0.25 

Jhang 11.01 a 

±0.44 

3.55 d 

±0.13 

7.28 C 

±1.68 

Mean 8.52 A 

±0.92 

7.21 B 

±0.97 

 

 

Mean values sharing similar letters in a row or in a column are not significantly different 
(P>0.05). Capital letters are used for comparison among overall means and small letters 
represent the difference among interaction means. 
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4.3 DISEASE INCIDENCE ON THE BASIS OF SOIL TYPE 

A survey was carried out to determine disease incidence on guava plants on 

different soil types based in the Lahore, Sheikhupura, Faisalabad and Jhang Districts. The 

soil survey was conducted in conjunction with the disease survey. The data are presented 

in Table 3. The mean disease incidence in soils of Lahore, Sheikhupura, Faisalabad and 

Jhang districts was 7.08 percent.  

Significant variations in disease incidence on loamy soil was observed in different 

districts i.e. clay loam in Sheikhupura 4.02 pecent, loam soil in Lahore 8.98 % Faisalabad 

6.69 % and Jhang 2.23 %. The overall disease incidence was low and it was 0.41 percent 

in the Jhang District. 
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Table 3. Disease incidence (%) variations in guava with soil type from various 
districts of the Punjab. 

 
 
 

S.No. 

 

District 

Percent Disease Incidence in guava according to soil type 
from various Districts 

Clay Clay 

Loam 

Loamy Sandy 

Loam 

Sandy 

1 Lahore - - 
8.98 

±0.98 
- 

8.32 

±0.32 

2 Sheikhupura - 
4.02 

±0.56 

10.43 

±1.50 
- - 

3 Faisalabad 
3.46 

±0.65 
- 

6.69 

±1.60 
- - 

4 Jhang - - 
2.23 

±0.50 

0.41 

±0.21 
- 
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4.4.  INFLUNECE OF IRRIGATION 

Disease incidence in guava orchards irrigated via canal systems was 2.82 percent, 

significantly lower than in tube well irrigated orchards with 8.82 %. Disease incidence 

was quite similar in the Lahore, Sheikhupura and Faisalabad districts in canal irrigated 

orchards i.e. 4.42, 3.01, 3.46 percent, respectively (Table 4). 

 In contrast disease incidence was more variable in tubewell irrigated areas in the 

Lahore, Sheikhupura, Faisalabad and Jhang districts and it was 7.38, 11.32, 6.69, 9.90 %, 

respectively. The minimum disease incidence was 0.39 % in the canal irrigated area in 

the Jhang district, whereas the maximum disease incidence was 11.32 % in the tubewell 

irrigated area at Sheikhupura district. It appears that the overall disease incidence was 

low in the Jhang District. 

 
4.5. PATHOGENICITY 

 The pathogenicity of B. theobromae and F. oxysporum f.sp. psidii, isolated from 

diseased roots of guava, was tested on the same host. 
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Table 4.  Means for disease incidence on guava on the basis of influence of 
irrigation from five districts of the Punjab. 

 
 

District Percent Disease Incidence Mean 

Canal Tubewell 

Lahore 4.42 d 

±0.29 

7.38 c 

±0.43 

5.90 B 

±0.70 

Sheikhpura 3.01 e 

±0.09 

11.32 a 

±0.58 

7.17 A 

±1.87 

Faisalabad 3.46 e 

±0.06 

6.69 c 

±0.21 

8.08 C 

±0.72 

Jhang 0.39 f 

±0.01 

9.90 b 

±0.23 

5.14 C 

±2.12 

Mean 2.82 B 

±0.45 

8.82 A 

±0.59 

 

 
Means sharing the same letters in a row or a column are not significantly different 
(P>0.05). Capital letters are used for comparison among overall means and small letters 
represent the difference among interaction means. 
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The experiment was conducted in earthenware pots in two sets containing sterilized 

(Fig.2) or unsterilized soil (Fig.3). The results obtained are given in the Table 5. All the 

fungi used in the experiment proved to be pathogenic. In case of stem inoculations with B. 

theobromae, the disease intensity on guava plant was 46.77 % in sterilized soil (Fig.4) 

compared with 55.03 % in unsterilized soil (Fig.5). In stem inoculations with F. oxysporum 

f.sp. psidii, the disease intensity was 36.63 % in sterilized soil (Fig.4) and 46.67 % in 

unsterilized soil (Fig.5). Stem inoculations with P. parasitica resulted in a disease intensity 

of 43.40 percent in sterilized soil (Fig.4) and 46.80 % in unsterilized soil (Fig. 5). The 

minimum disease intensity was observed following stem inoculation with P. parasitica and 

F. solani f.sp. psidii i.e. 35.13 % and 39.63 %in sterilized soil and unsterilized soil 

respectively. 

 The maximum disease intensity occurred in soil inoculations with F. oxysporum 

f.sp. psidii, or with  a combination of F. oxysporum f.sp. psidii  and F. solani f.sp. psidii, 

at 64.27 % and 65.33 % in sterilized soil (Fig.4) and unsterilized soil (Fig.5) respectively. 

 



 53

 

 
 
 
 
 
 
F 

 

 

 

    

 

 

 

             7  6  5    4   3   2     1        
            

 

ROM RIGHT TO LEFT  

1- Control 

2- Stem inoculation with Botryodiplodia theobromae 

3- Stem inoculation with Fusarium oxysporum f.sp. psidii 

4- Stem inoculation with Phytophthora parasitica  

5- Stem inoculation with Phytophthora parasitica + Fusarium solani f.sp. psidii 

6- Soil + Fusarium oxysporum f.sp. psidii 

7- Soil + Fusarium solani f.sp. psidii 

 
 
 
Fig.#2.  Guava plants inoculated with various fungi in sterilized soil 

before the appearance of the disease. 
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    1      2  3    4       5       6       7 
 

 

FROM LEFT TO RIGHT  

1. Control 

2. Stem inoculation with Botryodiplodia theobromae 

3. Stem inoculation with Fusarium oxysporum f.sp. psidii 

4. Stem inoculation with Phytophthora parasitica  

5. Stem inoculation with Phytophthora parasitica + Fusarium solani f.sp. psidii 

6. Soil + Fusarium oxysporum f.sp. psidii 

7. Soil + Fusarium solani f.sp. psidii 

 
 
 

Fig. 3. Guava plants inoculated with various fungi in unsterilized soil 
before the appearance of disease.  
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FROM FRONT TO BACK  

1. Control 

2. Stem inoculation with Botryodiplodia theobromae 

3. Stem inoculation with Fusarium oxysporum f.sp.psidii 

4. Stem inoculation with Phytophthora parasitica  

5. Stem inoculation with Phytophthora parasitica + Fusarium solani f.sp. psidii 

6. Soil + Fusarium oxysporum f.sp. psidii 

7. Soil + Fusarium solani f.sp. psidii 

Fig. 4. Guava plants inoculated with various fungi in sterilized soil after the 
appearance of the disease. 
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FROM FRONT TO BACK  

1. Control 

2. Stem inoculation with Botryodiplodia theobromae 

3. Stem inoculation with Fusarium oxysporum f.sp. psidii 

4. Stem inoculation with Phytophthora parasitica  

5. Stem inoculation with Phytophthora parasitica + Fusarium solani f.sp. psidii 

6. Soil + Fusarium oxysporum f.sp. psidii 

7. Soil + Fusarium solani f.sp. psidii 

Fig. 5. Guava plants inoculated with various fungi in unsterilized soil after 
the appearance of the disease.  
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Table 5. Guava plants inoculated with various fungi showing percent disease 

intensity. 

  

Treatment 
No. Treatments 

Average Percent disease intensity  
Sterilized soil  Unsterilized soil 

T1 Control  0.00c 0.00c 

T2 
Stem inoculation with 

Botryodiplodia theobromae 

46.77ab 

±14.94 

55.03ab 

±11.66 

T3 
Stem inoculation with Fusarium 

oxysporum f.sp.psidii 

36.63b 

±7.80 

46.67ab 

±3.33 

T4 
Stem inoculation with Phytophthora 

parasitica 

43.40ab 

±2.76 

46.80ab 

±1.20 

T5 

Stem inoculation with Phytophthora 

parasitica + Fusarium solani 

f.sp.psidii 

35.13b 

±7.08 

39.63b 

±4.40 

T6 
Soil + Fusarium oxysporum 

f.sp.psidii 

64.27a 

±11.11 

57.20ab 

±6.39 

T7 

Soil + Fusarium oxysporum 

f.sp.psidii + Fusarium solani 

f.sp.psidii 

63.50a 

±5.89 

65.33a 

±9.67 

 LSD 25.63 19.93 

 
The means sharing similar letters in the same column do not differ significantly from each other 
P=0.05. 
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Table 5a. Two Proportion test of treatments for pathogenicity in guava plants 
inoculated with pathogens in various treatments in sterilized soil. 

  
 
Serial no Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

1 T1  vs T2 −.428571 0.000 (-0.544500 ⎯ 0.312643) 

2 T1  vs T3 −0.518987 0.000 (-0.629164 ⎯ 0.408810) 

3 T1 vs T4 −0.767857 0.000 (-0.878436 ⎯657278) 

4    T1 vs T5 −0.296875 0.000 (-0.408809 ⎯ 0.184941) 

5 T1 vs T6 −0.600000 0.000 (-0.710872 ⎯ 0.489128) 

6 T1 vs T7 −0.618182 0.000 (-0.746578 ⎯ 0.489785) 
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Serial no Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

7 T2  vs T3 -0.0904159 0.628 (-0.250349 ⎯ 0.00695169) 

8 T2  vs T4 -0.339286 0.000 (-0.499496 ⎯ 0.179016) 

9 T2 vs T5 0.131696 0.109 (-0.0294516 ⎯ 0.292844) 

10 T2 vs T6 -0.171429 0.047 (-0.331841 ⎯ 0.0110161) 

11 T2 vs T7 -0.189610 0.032 (-0.362599 ⎯ -0.0166215) 

12 T3 vs T4 -0.248870 0.002 (-0.404968 ⎯ -0.09227716) 

13 T3 vs T5 0.222112 0.006 (0.0650513 ⎯ 0.379173) 

14 T3 vs T6 -0.01610127 0.310 (-0.237319 ⎯ 0.0752936) 

15 T3 vs T7 -0.0991945 0.251 (-0.268383 ⎯ 0.0699937) 
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Serial no Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

16 T4 vs T5 0.470982 0.000 (0.1313639 ⎯ 0.628325) 

17 T4 vs T6 0.167857 0.036 (0.0112674 ⎯ 0.324447) 

18 T4 vs T7 0.149675 0.083 (-0.0197748 ⎯ 0.319125) 

19 T5 vs T6 -0.303125 0.000 (-0.460674 ⎯  -0.145576) 

20 T5 vs T7 -0.3213 0.000 (-0.491644 ⎯  -0.150959) 

21 T6 vs T7 -0.0181818 0.834 (-0.187824 ⎯  -0.151460) 

   

 

T1 Control  

T2 Stem inoculation with Botryodiplodia theobromae 

T3 Stem inoculation with Fusarium oxysporum f.sp.psidii 

T4 Stem inoculation with Phytophthora parasitica 

T5 Stem inoculation with Phytophthora parasitica + Fusarium solani f.sp.psidii 

T6 Soil + Fusarium oxysporum f.sp.psidii 

T7 Soil + Fusarium oxysporum f.sp.psidii + Fusarium solani f.sp.psidii 
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Table  5b.   Two Proportion test of treatments for pathogenicity in 
guava plants inoculated with pathogens in various 
treatments in unsterilized soil  

 
Serial 

no 

Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

1 T1  vs T2 -0.710145 0.000 (-0.817195-0.603095) 

2 T1  vs T3 -0.471429 0.000 (-0.588367-0.354490) 

3 T1 vs T4 -0.470588 0.000 (0.589223-0.351954) 

4 T1 vs T5 -0.389474 0.000 (-0.487530-0.291417) 

5 T1 vs T6 -0.557692 0.000 (-0.692684-0.422701) 

6 T1 vs T7 -0.636364 0.000 (-0.7524184-0.520309) 
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Serial No Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

7 T2  vs T3 0.238716 0.003 (0.0801779-0.397255) 

8 T2  vs T4 0.239557 0.003 (0.0797634-0.399350) 

9 T2 vs T5 0.320671 0.000 (0.175499-0.465843) 

10 T2 vs T6 0.152453 0.083 (-0.0198332-0.324738) 

11 T2 vs T7 0.0737813 0.360 (-0.0841061-0.231669) 

12 T3 vs T4 0.000840336 0.992 (-0.165739-0.167420) 

13 T3 vs T5 0.0819549 0.293 (-0.0706552-0.234565) 

14 T3 vs T6 -0.0862637 0.344 (-0.264862-0.0923346) 

15 T3 vs T7 -0.164935 0.050 (-0.329688-0.000182604) 
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Serial no Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

16 T4 vs T5 0.0811146 0.302 (-0.0727986-0.235028) 

17 T4 vs T6 -0.0871041 0.342 (-0.266817-0.0926091) 

18 T4 vs T7 -0.165775 0.050 (0.331736-0.000184889) 

19 T5 vs T6 -0.168219 0.048 (-0.335065-0.00137200) 

20 T5 vs T7 -0.246890 0.001 (-0.398824-0.0949564) 

21 T6 vs T7 -0.786713 0.386 (-0.256692-0.0993493) 

 

T1 Control  

T2 Stem inoculation with Botryodiplodia theobromae 

T3 Stem inoculation with Fusarium oxysporum f.sp. psidii 

T4 Stem inoculation with Phytophthora parasitica 

T5 Stem inoculation with Phytophthora parasitica + Fusarium solani f.sp. psidii 

T6 Soil + Fusarium oxysporum f.sp. psidii 

T7 Soil + F. oxysporum f.sp .psidii + F. solani f.sp. psidii 



 64

Table 5c.  Guava plants inoculated with various pathogens showing 
comparison in sterilized and unsterilized soil.  

 
Treatment Estimate for 

proportion 

Sterilized soil    

 Estimate for 

proportion 

Unsterilized soil 

Estimate for 

difference  

 

P 

value 

95% C.I for 

difference 

1 0.00000 0.00000 0 * *,* 

2 0.428571 0.710145 -0.281573 0.000 -0.439368 

-0.123779 

3 0.518987 0.471429 0.0475588 0.562 -0.113108 

0.208225 

4 0.767857 0.470588 0.297269 0.000 0.135091 

0.459447 

5 0.296875 0.389474 -0.0925987 0.223 -0.241408 

0.0562109 

6 0.600000 0.557692 0.0423077 0.635 -0.132379 

0.216994 

7 0.618182 0.6364 -0.0181818 0.837 -0.191255 

0.154891 

 

SS=  Sterilized soil  

US= Unsterilized soil  
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 By the application of “two-proportion test” (Dixon and Massey, 1980) for the 

pathogenicity test on guava plants inoculated with various pathogens, the following 

results were obtained. In case of sterilized soil, all the fungi caused significantly higher 

disease as compared to the control (T1). The treatment comparison between T2 and T4 

(Table 5a) indicated that B. theobromae caused greater disease symptoms than P. 

parasitica in stem inoculations. With treatments T3 (0.562) and T4 (0.000)   P. parasitica 

produced significantly higher disease incidence (43.40%) than F. oxysporum f.sp. psidii 

in stem inoculations on guava plants. In treatments T4 (0.000) and T6 (0.635), F. 

oxysporum f.sp. psidii produced higher disease than P. parasitica. Treatment T6 (0.635) 

was significant at a 3% level of significance (P>0.03). In the treatment T4  and T7 (0.837), 

F. oxysporum f.sp. psidii along with F. solani f.sp. psidii produced significantly higher 

disease intensity compared with P. parasitica in stem inoculation and showed significant 

result at 8 percent level of significance. In this treatment, synergism between both species 

of Fusarium produced higher disease intensity than produced by P. parasitica alone in 

stem inoculations. 

 In case of unsterilized soil, all the treatments also produced significantly higher 

disease, compared to the control (Table 5b). In treatment T2, B. theobromae produced 

significantly higher disease incidence than F. oxysporum f.sp. psidii, P. parasitica and P. 

parasitica with F. solani f.sp. psidii in treatments T3 (0.562), T4 (0.000) and T5 (0.223).  

 In treatments T2 (0.000) and T6 (0.635), F. oxysporum produced the same disease 

intensity (8 percent level of significance) as presented in Table 5c. With treatments T3 

(0.562) and T7 (0.837)  F. oxysporum f.sp. psidii with F. solani f.sp. psidii produced 

higher disease incidence in soil inoculations, compared to F. oxysporum f.sp. psidii in 

stem inoculation (P>0.05). 
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 Similarly, both the species of Fusarium caused higher disease incidence in soil 

inoculation compared to P. parasitica alone in stem inoculations (P>0.05). 

 In treatment T6 (0.635), F. oxysporum f.sp. psidii caused higher disease in soil 

inoculations compared to P. parasitica with F. solani f.sp. psidii in stem inoculations, at 

4 percent level of significance, whereas in treatment T7 (0.837), F. oxysporum f.sp. psidii 

with F. solani f.sp psidii in soil inoculations, also produced significantly higher disease 

compared to P. parasitica with F.solani f.sp. psidii in stem inoculations. 

 

 

In case of pathogenicity test, the comparison between sterilized and unsterilized 

soil was estimated (Table 5c). The treatment comparison between T2SS and T2US in 

which stem inoculation was done with B. theobromae, produced higher disease intensity 

(55.03 %) in the unsterilized soil and 46.77% in the sterilized soil. Similarly, in the 4th 

treatment comparison between T4SS and T4US in which P. parasitica was used in stem 

inoculation that produced higher disease which was 46.80% in the plants grown in the 

unsterilized soil and 43.40% in the sterilized soil. 

 

4.6. Identification of different fungi 

 
 The pathogens, B. theobromae, F. oxysporum f.sp. psidii, P. parasitica and F. 

solani f.sp. psidii, were isolated from diseased specimens of guava, collected from 

different localities of the districts of Punjab. 
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 The fungi isolated from diseased samples obtained from different localities were 

identified using microscopic characters and keys (Barnett, 1958), with a separate 

taxonomic key for the genus Fusarium (Booth, 1971). 

   
The fungi responsible for guava decline (B. theobromae, F. oxysporum f.sp. 

psidii, P. parasitica and F. solani f.sp. psidii) were isolated at high rates from different 

localities. The predominant pathogens, however, were B. theobromae and F. oxysporum 

f.sp. psidii.  

 

4.6.1. CHARACTERISTICS OF THE PATHOGENS 

 

a) Botryodiplodia theobromae: 

 Pycnidia black, ostiolate, erumpent and stromatic; conidiophore: simple, short; 

conidia: dark and 2-celled at maturity (Fig.6) ovoid to elongate, parasitic or saprophytic 

on twigs. This genus may be confused with Macrophoma or Dothiorella if only immature 

conidia are present. As regards the cultural characteristics of the isolated fungal colonies 

of B. theobromae, the colour of mycelium on potato dextrose agar was black after 15 

days of isolation at 30°C. Mycelial growth was rapid and spore production was abundant 

(Sutton, 1980). 
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Fig.#6.  Conidia of Botryodiplodia theobromae the pre-dominant pathogen 

of guava decline isolated from the collar region of a diseased plant 
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b) Fusarium oxysporum f.sp. psidii 

 
 The pathogen exists in a group of clonal forms differing in pathogenicty and 

morphological and cultural characters (Edward 1960). 

 
 The mycelium of the fungus was extensive and cottony in culture, often with 

some tinge of pink, purple or yellow, in the mycelium or medium. 

 
 Conidiophores: variable, slender and simple or short, branched irregularly or 

bearing a whorl of phialides, single or grouped into sporodochia;  

 
 Conidia: hyaline variable principally of two kinds, often held in a mass of 

gelatinous materials; macroconidia several-celled (Fig. 7) slightly curved or bent at the 

pointed end.  

 
 Microconidia: 1-celled, ovoid or oblong, borne singly or in chains, some conidia 

intermediate 2- or 3-celled, oblong or slightly curved, parasitic on higher plants as well as 

saprophytic on decaying plant material. In fact, it is a large genus, sometimes placed in 

the family Tuberculariaceae, as some species produce sporodochia. 
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Fig.#7.  The sickle shaped conidia or spores of Fusarium  oxysporum f.sp. 

psidii isolated from diseased roots (one of the predominant pathogens 
responsible for guava decline) 
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c) Phytophthora parasitica 
 

There was production of distinct sporangiophores, which were easily 

distinguishable from the somatic hyphae, sporangia develop on these specialized 

aerial hyphae called sporangiophores. Sporangia were always terminal and lemon 

shaped with a distinct papilla. In sporangial germination, no vesicle was formed and 

the zoospores were produced in the sporangium itself. The pathogen has no 

saprophytic existence in soil and lives as dormant mycelium in the host remains 

lying in the soil. The pathogen was parasitic in nature and attacks underground plant 

parts, but there is little evidence that it can grow and reproduce in soil. Oospores 

germinate by means of a germ tube that usually terminates in a sporangium. The 

germ tube then proceeds to produce mycelium. 

 Average width of the hyphae was 6µm with a maximum of 14µm 

(Waterhouse, 1973). Hyphal wall contains little amount of protein. Haustoria always 

present. Appresoria may be formed. Oogonial wall was brownish, rough, warted but 

never spiny. 

 
 

d) Fusarium solani f.sp. psidii 

     The hypha was hyaline, branched and septate. Conidia were also hyaline, septate 

somewhat curved with rounded end cells.  
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Fig.#8.  The papillated sporangia of Phytophthora parasitica, a 

notorious fungus causing guava decline  
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Fig.#9.  Conidia of Fusarium solani f.sp. psidii 



 74

 

Both the micro-conidia and macro-conidia were present. Microconidia were one-celled or 

sometime bi-celled and the macroconidia were curved, 3-6 septations measuring 44.5 x 

5.1µ and all were pedicillate. 

 The parasite attacks the host at the point of entry. Early lesions caused by F. 

solani f.sp. psidii are dark and reddish brown. This region gradually becomes black in 

colour. As far as the top most root is concerned, the vascular tissues become discoloured. 

 Mycelium is short, white or greyish, sparse in quantity especially at the time of 

sporulation. Spores in sporodochia are typically curved, mostly 3-septate, ranging from 

27-40 x 4.5-5.0µ; small microconidia formed but not in abundance. Mycelium was 

intercalary, terminal cells were in chains or within the spores. 

 

 4.7. Estimation of inoculum level of B. theobromae and F. oxysporum f.sp. psidii 

for disease development 

  
  

Soil samples were taken from the rhizosphere of the diseased plants grown in the 

pots. Inoculum levels (spores/gram of soil)  required  for  disease  development  were 

estimated using 
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Fig. 10  Estimation of inoculum levels of Botryodiplodia theobromae  and 

Fusarium oxysporum f.sp.psidii for the disease development  
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Haemocytometer for the purpose of counting. With B. theobromae maximum disease 

incidence (47.22%) was recorded at an inoculum level of 108 spores per gram of soil. 

Disease incidence gradually decreased with decreasing inoculum levels and minimum 

disease (12.26%) was found at an inoculum level 102 spores per gram of soil (Fig.10) 

 

In case of F. oxysporum  f .sp. psidii ,  maximum disease incidence 

(44.55%) was recorded at an inoculum level of 109 spores per gram of soil. 

Disease incidence gradually decreased with decreasing inoculum levels and minimum 

disease (10.16%) was found at an inoculum level of 102 spores per gram of soil.  

 
 
4.8. Disease incidence on guava varieties in relation to different 

meteorological factors 
 
 

 Disease incidence on the ‘Gola’ variety of guava was recorded in relation to 

different meteorological factors during the period 05-07-2005 to 23-08-2005 (Table 6).  
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Table 6. Disease incidence on ‘Gola’ variety of guava during 05-7-2005 to 23-8-2005 in relation with different meterological 
factors 

   

Week Date Air temperature Maximum 
min 
°C 

Soil 
Temperature 

°C 

Relative 
humidity 

Rainfall 
(mm) 

Wind 
movement 

km/h 

Percent 
disease 

intensity 
1 05-7-2005 40.6 30.5 37.5 52.4 16.4 92.74 45.20 

2 12-7-2005 35.5 26.6 32.6 72.0 - 112.25 47.25 

3 19-7-2005 34.5 26.4 33.0 80.4 80.6 120.60 48.20 

4 26-7-2005 34.4 25.8 32.0 80.2 62.2 142.10 48.15 

5 02-8-2008 34.2 26.5 33.2 70.4 25.5 104.60 50.10 

6 09-8-2005 35.6 26.2 33.6 74.7 12.0 100.25 52.50 

7 16-8-2005 36.8 25.8 32.8 70.5 - 96.14 54.20 

8 23-8-2005 32.2 22.6 27.5 72.0 145.5 115.80 56.30 
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Table 7. Disease incidence on ‘Surahi’ variety of guava during 05-7-2005 to 23-8-2005 in relation with different meterological 
factors 

   

Week Date Air temperature Maximum 
min 
°C 

Soil 
Temperature 

°C 

Relative 
humidity 

Rainfall 
(mm) 

Wind 
movement 

km/h 

Percent 
disease 

intensity 
1 05-7-2005 40.6 30.5 37.5 52.4 16.4 92.74 47.50 

2 12-7-2005 35.5 26.6 32.6 72.0 - 112.25 48.25 

3 19-7-2005 34.5 26.4 33.0 80.4 80.6 120.60 48.20 

4 26-7-2005 34.4 25.8 32.0 80.2 62.2 142.10 52.30 

5 02-8-2008 34.21 26.5 33.2 70.4 25.5 104.60 54.20 

6 09-8-2005 35.6 26.2 33.6 74.7 12.0 100.25 56.25 

7 16-8-2005 36.8 25.8 32.8 70.5 - 96.14 58.50 

8 23-8-2005 32.2 22.6 27.5 72.0 145.5 115.80 62.20 
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Fig. 11. Effect of different meterological factors on disease incidence on two varieties of guava 
during 05-07-2005 to 23-08-2005 



 76
 

Similarly data were recorded for a plantation of the ‘Surahi’ variety (Table 7). The mean 

and range of disease intensity was 53.42 percent and 47.50 to 62.20 respectively. 

 

Figure 11 shows the relationship between different meteorological factors and 

disease incidence on the two varieties of guava i.e. ‘Gola’ and ‘Surahi’. The correlation 

between minimum temperature and disease intensity for both varieties and correlation 

between soil temperature and disease intensity for ‘Gola’ variety shows significant value 

(Table 6 and 7). All other meteorological factors had no significant (P>0.05) correlation 

with disease intensity.  

 
 
4.8.1.  Disease intensity at different Soil pH levels 

The disease intensity was estimated at different soil pH levels when the pathogens 

B. theobromae and F. oxysporum f.sp. psidii were added to the soil in different 

treatments. Treatment 1 was the control and pathogen, B. theobromae, was added in the 

soil.  
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Fig.12 

Where  T2 = Soil + Botryodiplodia theobromae 
          T3 = Soil + Fusarium oxysporum f.sp. psidii 
          T4 = Soil + Botryodiplodia theobromae + Fusarium oxysporum f.sp. psidii 

Fig. 12 Disease intensity on guava plant at different soil  
             moisture levels. 
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Fig. 13 Disease intensity at different soil pH levels 

Soil pH 

Where  T2 = Soil + Botryodiplodia theobromae 
          T3 = Soil + Fusarium oxysporum f.sp. psidii 
          T4 = Soil + Botryodiplodia theobromae + Fusarium oxysporum f.sp. psidii 
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Soil pH was positively correlated with disease intensity for treatments T2, T3 and T4 (Fig. 

13) 

 

 
4.8.2.   Disease intensity at variuos soil moisture levels.  

 

   The disease intensity was estimated at different soil moisture levels ranging 

from 10% to 70%. There was a significant negative (P<0.01) correlation between disease 

intensity and moisture levels for treatments T2, T3 and T4 (Fig.12). 

 

 
4.9. ANTAGONISM IN IN-VITRO. 

 

 Seven different isolates made up of species of Trichoderma, 

Aspergillus  sp. (four isolates) and Penicillium  sp. (two isolates) obtained 

from different soil sources were used in tests of antagonistic ability 

against the pathogens B. theobromae, F. oxysporum  f .sp. psidii,  P. 

parasitica  and F. solani f.sp. psidii in the laboratory on potato dextrose 

agar. Observations on the 
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Table 8.  Effect of antagonists on Botryodiplodia theobromae. 

 
S.No. Treatment  Average colony 

diameter (cm) 

Percent decrease 

Over control  

1 Control (Pathogen alone) 8.0a 

±0.00 

0.00  

2 Pathogen x Trichoderma harzianum 2.70e 

±0.38 

66.25  

3 Pathogen x Aspergillus sp.  

Isolate No.1 

5.30bcd 

±0.06 

33.75  

4 Pathogen x Aspergillus sp.  

Isolate No.3 

5.37bc 

±0.09 

33.75 

5 Pathogen x Aspergillus sp.  

Isolate No.6 

4.67cd 

±0.44 

42.50 

6 Pathogen x Penicillium sp.  

Isolate No.34 

4.37cd 

±0.37 

46.25 

7 Pathogen x Penicillium sp.  

Isolate No.35 

3.20e 

±0.49 

60.00  

8 Pathogen x Aspergillus sp. 

 Isolate No.26 

6.00b 

±0.17 

25.00  

 LSD 0.9159  

 

The means sharing the same letters in the same column are not significantly different (P=0.05) 
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TOP LEFT TO RIGHT  

1- Control (Pathogen alone) 

2- Pathogen x Aspergillus sp. (isolate No.1) 

3- Pathogen x Aspergillus sp. (isolate No.6) 

4- Pathogen x Penicillium sp. (isolate No.34) 

BOTTOM LEFT TO RIGHT  

1- Pathogen x T. harzianum (TRC) 

2- Pathogen x Aspergillus sp. (isolate No.3) 

3-  Pathogen x Aspergillus sp. (isolate No.26) 

4- Pathogen x Penicillium sp. (isolate No.35) 

 
 
Fig.#14.  Antagonistic effect of different saprophytes against 

Botryodiplodia theobromae in-vitro 
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Table 9. Effect of antagonisits on Fusarium oxysporum f.sp. psidii. 

S.No. Treatment  Average colony 

diameter (cm) 

with (S.E) 

Percent decrease 

Over control 

1 Control (Pathogen alone) 9.00a 

±0.00 

0.00  

2 Pathogen x Trichoderma harzianum 3.27d 

±0.15 

64.44 

3 Pathogen x Aspergillus sp.  

Isolate No.1 

4.47c 

±0.48 

50.00 

4 Pathogen x Aspergillus sp.  

Isolate No.3 

3.87cd 

±0.20 

57.78 

5 Pathogen x Aspergillus sp.  

Isolate No.6 

4.40c 

±0.21 

51.11 

6 Pathogen x Penicillium sp.  

Isolate No.34 

3.83cd 

±0.30 

57.78 

7 Pathogen x Penicillium sp.  

Isolate No.35 

4.10c 

±0.06 

54.44 

8 Pathogen x Aspergillus sp. 

 Isolate No.26 

5.77b 

±0.15 

36.67 

 LSD 0.7095  

 
The means sharing the same letters in the same column are not significantly different (P=0.05) 
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TOP LEFT TO RIGHT  

1- Control (Pathogen alone) 
2- Pathogen x Aspergillus sp. (isolate No.6) 
3- Pathogen x Penicillium sp (isolate No.34) 

 

BOTTOM LEFT TO RIGHT  

1- Pathogen x  T. harzianum 
2- Pathogen x Aspergillus sp. (isolate No.1) 
3- Pathogen x Penicillium sp. (isolate No.35) 
 
 
 
 

 
Fig.#15. Antagonistic effect of different saprophytes against Fusarium 

oxysporum f.sp.psidii in-vitro 
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Table 10. Effect of antagonists on Phytophthora parasitica. 

S.No. Treatment  Average colony 

diameter (cm) 

with (S.E° ) 

Percent decrease 

over control 

1 Control (Pathogen alone) 8.00a 

±0.00 

0.00  

2 Pathogen x Trichoderma 

harzianum 

3.00d 

±0.21 

62.50  

3 Pathogen x Aspergillus sp. 

Isolate No.1 

4.63d 

±0.52 

42.50 

4 Pathogen x Aspergillus sp. 

Isolate No.3 

4.83d 

±0.44 

40.00  

5 Pathogen x Aspergillus sp. 

Isolate No.6 

4.27d 

±0.39 

47.50  

6 Pathogen x Penicillium sp. 

Isolate No.34 

3.37cd 

±0.18 

55.00  

7 Pathogen x Penicillium sp. 

Isolate No.35 

3.63cd 

±0.23 

56.25 

8 Pathogen x Aspergillus sp.  

 Isolate No.26 

3.47cd 

±0.12 

57.50 

 LSD 0.9289  

 
The means sharing the same letters are not significantly different (P=0.05). 
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TOP LEFT TO RIGHT  

1- Control (Pathogen alone) 
2- Pathogen x T. harzianum   
3- Pathogen x Aspergillus sp. (isolate No.1) 
4- Pathogen x Aspergillus sp. (isolate No.3) 

 

BOTTOM LEFT TO RIGHT  

1- Pathogen x Aspergillus sp. (isolate No.6) 
2- Pathogen x Aspergillus sp. (isolate No.26) 
3- Pathogen x Penicillium sp. (isolate No.34) 
4- Pathogen x Penicillium sp. (isolate No.35) 

 
 
Fig.#16. Antagonisitc effect of different saprophytes against 

Phytophthora parasitica in-vitro 
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Table 11. Effect of antagonists on Fusarium solani f.sp.psidii. 

S.No. Treatment  Average colony 

diameter (cm) 

with (S.E) 

Percent decrease 

over control  

1 Control (Pathogen alone) 8.00a 

±0.00 

0.00  

2 Pathogen x Trichoderma sp. harzianum 3.13d 

±0.12 

61.25 

3 Pathogen x Aspergillus sp. Isolate No.1 4.67c 

±0.70 

41.25  

4 Pathogen x Aspergillus sp. Isolate No.3 4.83c 

±0.44 

40.00  

5 Pathogen x Aspergillus sp. Isolate No.6 3.83cd 

±0.17 

52.50  

6 Pathogen x Penicillium sp. Isolate 

No.34 

4.77c 

±0.34 

41.25  

7 Pathogen x Penicillium sp. Isolate 

No.35 

4.23c 

±0.29 

47.50  

8 Pathogen x Aspergillus sp. Isolate 

No.26 

6.17b 

±0.09 

23.75 

 LSD 1.021  

 
The means sharing the same letters are not significantly different (P=0.05). 
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TOP LEFT TO RIGHT  

1- Control (Pathogen alone) 
2- Pathogen x T. harzianum  
3- Pathogen x Aspergillus sp. (isolate No.1) 
4- Pathogen x Aspergillus sp. (isolate No.3) 

 

BOTTOM LEFT TO RIGHT  

1- Pathogen x Aspergillus sp. (isolate No.6) 
2- Pathogen x Aspergillus sp. (isolate No.26) 
3- Pathogen x Penicillium sp. (isolate No.34) 

    4- Pathogen x Penicillium sp. (isolate No.35 
 
 
 
 
Fig.#17.  Antagonistic effect of different saprophytes against Fusarium. 

solani f.sp.psidii in vitro 
 

growth of the pathogen were recorded after seven days of incubation and are given in 

Tables 8 to 11. 
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All the isolates in the study inhibited the growth of           B. theobromae as shown 

in Fig. 14 (Table 8). Among these isolates, Trichoderma harzianum proved to be the 

most effective antagoinst inhibiting the growth of the pathogen by 66.25%. The 

Penicillium sp (isolate No. 35) inhibited pathogen growth by 60.00%. Regarding the 

other isolates, the inhibiting growth percentage of the pathogen were 46.25, 42.50, 33.75, 

33.75 and 25.00% respectively for Penicillium sp. Isolate No.34, Aspergillus sp. Isolate 

No.6, Aspergillus sp. Isolate No.3, Aspergillus sp. Isolate No.1 and Aspergillus sp. Isolate 

No.26 respectively. Treatments 2 and 7 showed similar results because the anatagonists 

used were very effective against B. theobromae in the in-vitro trials. In contrast, 

treatments were less effective against Fusarium oxysporum f.sp. psidii in-vitro compared 

to the antagonists used in treatments 2 and 7. The least effective antagonistic organism 

was Aspergillus Isolate No. 26 which inhibited the growth of the pathogen by 25.00% 

only. 

       Fusarium oxysporum f.sp. psidii, was also inhibited by all the isolates used in the 

experiment as shown in Fig.15 (Table 9). T. harzianum was the most effective antagonist, 

with      inhibition of 64.44%. Aspergillus sp Isolate No.3 and    Penicillium sp. Isolate 

No. 34 both inhibited the growth of the pathogen by 57.78%. Inhibition of pathogetn 

growth by the other antagonists,  were 54.44, 51.11, 50.00 and 36.67% for Penicillium 

Isolate No. 35, Aspergillus sp. Isolate No. 6, Aspergillus sp. Isolate No. 1 and Aspergillus 

sp. Isolate No. 26 respectively. When the data were subjected to the statistical analysis 

treatment No.2 proved the most effective antagonist against F. oxysporum f. sp. psidii in 

vitro. The least effective antagonistic organism was Aspergillus sp. Isolate No.26. 

Trichoderma harzianum  inhibited the growth of P. parasitica  by 

62.50 % as shown in Fig.16 (Table 10). Aspergillus  sp. Isolate No. 26 was 
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the second most effective antagonists inhibiting the pathogen by 57.50%. The other 

antagonists inhibited the growth of the pathogen by 56.25, 55.00, 47.50, 42.50 and 

40.00% for Penicillium sp. Isolate No. 35, Penicillium sp. Isolate No. 34, Aspergillus sp. 

Isolate No. 6, Aspergillus sp. Isolate No. 1 and Aspergillus sp Isolate No. 3 respectively.  

The treatment No.5, No. 6, No.7 and No.8 revealed equal results statistically 

(47.50, 55.00, 56.25 and 57.50 %) respectively (Table 8). The least effective isolate 

inhibiting against P. parasitica was Aspergillus sp. Isolate. No.3. 

All potential antagonists inhibited the growth of F. solani f.sp. psidii. T. 

harzianum was again the most effective antagonist giving 61.25% inhibition (Fig.17), 

whereas Aspergillus sp. Isolates No.2 was the least effective. Aspergillus sp. Isolate No.6 

inhibited the growth of the pathogen by 52.50%. The other antagonist isolates, inhibited 

growth of the pathogen by 47.50, 41.25, 40.00 and 23.75% for Penicillium sp. Isolate No. 

35, Penicillium sp. Isolate No. 34, Aspergillus sp. Isolate No. 3. and Aspergillus sp. 

Isolate No. 26 respectively (Table 9). The least effective isolate, against F. solani f.sp. 

psidi, was Aspergillus sp. Isolate No. 26. 

 
 

4.10.  ANTAGONISM IN IN-VIVO 

 
 After establishing the effective antagonism by some organisms, in 

the laboratory trials,  against the pathogens,  these were further subjected 

to control the disease causing pathogens alone and in combination with 

fungicides. The findings are presented in table 12. In sterilized soil, the range 

of disease intensity was between zero to 3.86% with an average 2.15 percent in 

antagonist and/or fungicide treated plants, compared with 24.57% in control. 

 

. 
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Table 12. Effect of antagonistic organisms and fungicides as drench on the 
control of guava decline in sterilized soil. 

 
 

Treatment 
No. 

Treatments Percentage  
disease intensity 

T1 Control (Treated)  
SS + B.T (Stem inoculation) + F.O (Soil 
inoculation) 

24.57a 
±0.44 

T2 SS + B.T (Stem inoculation) + F.O (Soil 
inoculation) +Topsin-M 

1.76ef 
±0.88 

T3 SS + B.T (Stem inoculation) + F.O (Soil 
inoculation) +Alert plus 

2.11de 
±0.08 

T4 SS + B.T (Stem inoculation) + F.O (Soil 
inoculation)+ Reconil-M 

3.18c 
±0.28 

T5 SS + B.T (Stem inoculation) + F.O (Soil 
inoculation) + Trichoderma harzianum (TRC) 

1.41f 
±0.74 

T6 SS + B.T (Stem inoculation) + F.O (Soil 
inoculation) + Trichoderma harzianum (TRC) 
+Topsin-M 

0.00g 
±0.00 

T7 SS + B.T (Stem inoculation) + F.O (Soil 
inoculation) + TRC + Alertplus 

2.79cd 
±1.41 

T8 SS + B.T (Stem inoculation) + F.O (Soil 
inoculation) + Trichoderma harzianum (TRC) 
+Reconil-M  

3.86b 
±0.17 

 LSD 0.677 

 
SS = Sterilized soil 

BT = Botryodiplodia theobromae 

F.O. = Fusarium oxysporum f.sp. psidii. 
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Table 12a. Two proportion test of treatments for the effect of antagonistic organisms 
and fungicidal soil drenching for the control of guava decline in 
sterilized soil. 

 
 

Serial No Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

1 T1  vs T2 0.227683 0.000 (0.148372-0.306994) 

2 T1  vs T3 0.224905 0.000 (0.146070-0.303740) 

3 T1 vs T4 0.214782 0.000 (0.131915-0.297648) 

4 T1 vs T5 0.231947 0.000 (0.154287-0.309608) 

5 T1 vs T6 0.246032 0.000 (0.170829-0.321235) 

6 T1 vs T7 0.21716 0.000 (0.136346-0.303086) 

7 T2  vs T8 0.207570 0.000 (0.123776-0.291365) 
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Serial No Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

8 T2  vs T3 -0.00277814 0.875 (-0.0373360-0.0317798) 

9 T2 vs T4 -0.0129014 0.556 (-0.558687-0.0300659) 

10 T2 vs T5 0.00426412 0.793 (-0.0275234-0.0360516) 

11 T2 vs T6 0.0183486 0.153 (-0.00684643-0.0435437) 

12 T2 vs T7 -0.00796717 0.772 (-0.0518982-0.359638) 

13 T2 vs T8 -0.0201129 0.378 (-0.0648433-0.0246175) 

14 T3 vs T4 -0.0101232 0.637 (-0.0522048-0.0319583) 

15 T3 vs T5 0.00704225 0.652 (-0.0235374-0.0376219) 

16 T3 vs T6 0.0211268 0.080 (-0.00252610-0.0447796) 

17 T3 vs T7 -0.00518903 0.813 (-0.0482541-0.037860) 

18 T3 vs T8 -0.0173348 0.439 (-0.0612150-0.0265455) 
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Serial No Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

19 T4 vs T5 0.0171655 0.398 (-0.0226723-0.0570033) 

20 T4 vs T6 0.03125 0.078 (-0.00355514-0.660551) 

21 T4 vs T7 0.00493421 0.847 (0.0451311-0.0549996) 

22 T4 vs T8 -0.00721154 0.781 (-0.0579798-0.0435567) 

23 T5 vs T6 0.0140845 0.154 (-0.00529731-0.0334663) 

24 T5 vs T7 -0.0122313 0.558 (-0.0531067-0.0286441) 

25 T5 vs T8 -0.0243770 0.252 (-0.0661104-0.0173563) 

26 T6 vs T7 -0.0263158 0.152 (-0.0623039-0.00967228) 

27 T6 vs T8 -0.384615 0.041* (-0.0754212-0.00150187) 

28 T7 vs T8 -0.0121457 0.644 (-0.0637322-0.0394407) 

 

T1 Control (Treated)  
SS + B.T (Stem inoculation) + F.O (Soil inoculation) 

T2 SS + B.T (Stem inoculation) + F.O (Soil inoculation) +Topsin-M 
T3 SS + B.T (Stem inoculation) + F.O (Soil inoculation) +Alert plus 
T4 SS + B.T (Stem inoculation) + F.O (Soil inoculation)+ Reconil-M 
T5 SS + B.T (Stem inoculation) + F.O (Soil inoculation) + Trichoderma 

harzianum (TRC) 
T6 SS + B.T (Stem inoculation) + F.O (Soil inoculation) + Trichoderma 

harzianum (TRC) +Topsin-M 
T7 SS + B.T (Stem inoculation) + F.O (Soil inoculation) + Trichoderma 

harzianum (TRC) + Alertplus 
T8 SS + B.T (Stem inoculation) + F.O (Soil inoculation) + Trichoderma 

harzianum (TRC) +Reconil-M  
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Table 13. Effect of antagonistic organisms and fungicidal soil drenching on the 
control of guava decline in unsterilized soil. 

 
S.No. Treatments Percentage  disease 

intensity 

T1 Control (Treated) 
US + B.T (Stem inoculation) + F.O (Soil inoculation) 

44.15a 
±15.65 

T2 US + B.T (Stem inoculation) + F.O (Soil inoculation) 
+Topsin-M 

1.97de 
±1.11 

T3 US + B.T (Stem inoculation) + F.O (Soil inoculation) +Alert 
plus 

4.37b 
±0.70 

T4 US + B.T (Stem inoculation) + F.O (Soil inoculation)+ 
Reconil-M 

5.19b 
±0.23 

T5 US + B.T (Stem inoculation) + F.O (Soil inoculation) + 
Trichoderma harzianum (TRC) 

1.33ef 
±0.70 

T6 US + B.T (Stem inoculation) + F.O (Soil inoculation) + 
Trichoderma harzianum (TRC) +Topsin-M 

0.74f 
±0.74 

T7 US + B.T (Stem inoculation) + F.O (Soil inoculation) + 
Trichoderma harzianum (TRC) + Alertplus 

2.31d 
±1.22 

T8 US + B.T (Stem inoculation) + F.O (Soil inoculation) + 
Trichoderma harzianum (TRC) +Reconil-M 

3.35c 
±0.84 

 LSD 0.823 

 
US = Unsterilized soil 
 
BT = Botryodiplodia theobromae 

F.O. = Fusarium oxysporum f.sp.psidii. 
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Table 13a. Two proportion test of treatments for the effect of antagonistic organism 
and fungicidal soil drenching on the control of guava decline in 
unstertilized soil.  

 
 
Serial No Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

1 T1  vs T2 0.309781 0.000 (0.215979-0.403582) 

2 T1  vs T3 0.285941 0.000 (0.188716-0.383166) 

3 T1 vs T4 0.298465 0.000 (0.180284-0.376645) 

4 T1 vs T5 0.317031 0.000 (0.225690-0.408372) 

5 T1 vs T6 0.322670 0.000 (0.231947-0.413392) 

6 T1 vs T7 0.306659 0.000 (0.211510-0.40809) 

7 T2  vs T8 0.297721 0.000 (0.203920-0.391522) 
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Serial No Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

1 T2  vs T3 -0.238396 0.321 (-0.0709703-0.0232910) 

2 T2 vs T4 -0.0313160 0.211 (-0.0803868-0.0177548) 

3 T2 vs T5 0.00725027 0.670 (-0.0260935-0.0405940) 

4 T2 vs T6 0.0128894 0.424 (-0.0187204-0.044991) 

5 T3 vs T7 -0.00312125 0.886 (-0.0458062-0.0395637) 

6 T3 vs T8 -0.0120594 0.550 (-0.0516477-0.0275290) 
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Serial No Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

7 T3 vs T4 -0.00747635 0.791 (-0.0628113-0.0478586) 

8 T3 vs T5 0.0310899 0.147 (-0.0109317-0.0731115) 

9 T4 vs T6 0.0367290 0.007 (-0.00393043-0.0773884) 

10 T4 vs T7 0.0207184 0.414 (-0.0290412-0.0704779) 

11 T4 vs T8 0.0117803 0.624 (-0.0353499-0.0598104) 

12 T4 vs T5 0.0385662 0.087 (-0.00562041-0.0827529) 

13 T4 vs T6 0.0442053 0.043 (0.00131206-0.0870986) 

14 T4 vs T7 0.0281947 0.284 (0.0234062-0.0797952) 

15 T4 vs T8 0.0192566 0442 (-0.0298137-0.0683269) 
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Serial No Treatment 

comparison 

Estimate for 

difference 

P-value 95% CI for difference  

16 T5 vs T6 0.00563910 0.635 (-0.0176782-0.0289564) 

17 T5 vs T7 -0.0103715 0.582 (-0.0473380-0.0265950) 

18 T5 vs T8 -0.0193096 0.256 (-0.0526526-0.0140333) 

19 T6 vs T7 -0.0160106 0.376 (-0.0514210-0.0193997) 

20 T6 vs T8 -0.0249487 0.122 (-0.05655577-0.00666022) 

21 T7 vs T8 -0.00893612 0.681 (-0.0516224-0.337462) 

 

 

1 Control (Treated) 
US + B.T (Stem inoculation) + F.O (Soil inoculation) 

2 US + B.T (Stem inoculation) + F.O (Soil inoculation) +Topsin-M 
3 US + B.T (Stem inoculation) + F.O (Soil inoculation) +Alert plus 
4 US + B.T (Stem inoculation) + F.O (Soil inoculation)+ Reconil-M 
5 US + B.T (Stem inoculation) + F.O (Soil inoculation) + Trichoderma harzianum (TRC) 
6 US + B.T (Stem inoculation) + F.O (Soil inoculation) + Trichoderma harzianum (TRC) 

+Topsin-M 
7 US + B.T (Stem inoculation) + F.O (Soil inoculation) + Trichoderma harzianum (TRC) 

+ Alertplus 
8 US + B.T (Stem inoculation) + F.O (Soil inoculation) + Trichoderma harzianum (TRC) 

+Reconil-M 
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Table 13b.  Comparison for the effect of antagonistic organisms and fungicidal 
soil drenching on the control of guava decline in sterilized and 
unsterilized soil. 

 
 

S.No Treatment Estimate for 

proportion  

Treatment Estimate for 

proportion  

Estimated for 

difference 

P-value  

1 T1SS 0.246032 T1US 0.330189 -0.0841569 0.157 

2 T2SS 0.018349 T2US 0.020408 -0.00205954 0.914 

3 T3SS 0.021127 T3US 0.044248 -0.0231210 0.293 

4 T4SS 0.031250 T4US 0.051724 -0.0204741 0.462 

5 T5SS 0.014085 T5US 0.013158 0.000926612 0.945 

6 T6SS 0.00000 T6US 0.007519 -0.00751880 0.302 

7 T7SS 0.026316 T7US 0.023529 0.00278638 0.910 

8 T8SS 0.038462 T8US 0.032468 0.00599401 0.797 

 

SS=  Sterilized soil  

US= Unsterilized soil  
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 Trichoderma harzianum as the sole treatment reduced disease intensity to 1.41% 

and in combination with Topsin-M used as a soil drench, no disease was observed. In the 

unsterilized soil, disease intensity ranged from 0.74 and 5.19% (average 2.75). When T. 

harzianum was added directly to the soil, the disease intensity was 1.33% and when 

Topsin-M was applied in addition to T. harzianum the disease intensity was reduced to 

0.74% (Table 13). All the treatments significantly reduced disease incidence relative to 

control plants. Percent disease intensity was zero and 0.74 when treated with T. 

harzianum and Topsin-M as soil drenching in sterilized and unsterilized soil respectively 

and showed the maximum control of the disease. 

 The Two-Proportion test  demonstrated that in sterilized soil  (Table 

12), all  the treatments significantly lowered disease intensity compared to 

the control (T1).  In comparing treatments T3 and T6 ,  the disease produced 

was significantly lower in treatment T3 where Alertplus was used as a soil  

drench, whereas in treatment T6 T. harzianum  was used in combination 

with a Topsin-M soil drench against the pathogens B. theobromae  and F. 

oxysporum  f .sp. psidii.   

 In unsterilized soil (Table 13), all treatments significantly lowered disease 

compared to controls (T1). In the treatment T6 the disease was controlled because T. 

harzianum was used as antagonistic organisms with Topsin-M as soil drenching against 

the pathogen B. theobromae and F. oxysporum f.sp. psidii at 7 percent level of 

significant. In the treatment T5 the disease intensity was reduced to 1.33 percent because 

T. harzianum was used as antagonistic organisms against the pathogen. The treatment T6 

gave the best control of the disease in which T. harzianum was used alongwith Topsin-M. 

There was no significant difference in the comparison between sterilized and unsterilized 

soil (Table 13b). 
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4.11. In-vitro Evaluation of Fungicides. 

 

 Evaluation of different fungicides was carried out on Botryodiplodia theobromae 

and Fusarium oxysporum f.sp. psidii. 

 

4.11.1.  In-vitro Evaluation of Fungicides against Spore Germination of 

Botryodiplodia theobromae 

 
In case of in-vitro different fungicides were evaluated against spore germination 

of B. theobromae at 48, 72, 96 hours.  

 

In case of Topsin-M 70% WP when the data were subjected to simple linear 

regression analysis, the slope showed that with the passage of time on the average, the 

percent spore germination was increasing as shown in Fig.18a. The r-values (0.87 and 

0.96) at 10 and 100 ppm respectively were significant whereas the r values (0.65 and 

0.76) at 30 and 50 ppm were non-significant respectively.  

The data were subjected to simple linear regression analysis. The slope shows that 

with passage of time, the percent spore germination increased but this increase was 

statistically non significant. The r-values (0.90, 0.87, 0.98 and 0.87) at 10, 30, 50 and 100 

ppm, respectively, were significant at 0.05 percent level of significance. It was due to the 

effect of fungicide, Reconil-M on spore germination of B. theobromae at 48, 72 and 96 

hours. The mean of percentage of spore germination at different concentrations (10, 30, 

50, 100 ppm) was 4.9, 6.25 and 11.33 % with ranges 0.33 - 14.00, 0.66 - 19.33 and 2.66 - 

28.00 % respectively. 

In case of Agrohit  50% WP, the data were subjected to simple linear 

regression analysis. The slope shows that with the passage of t ime, on the 

average, the percent spore germination increased but this increase was non-
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significant whereas at 50ppm concentrations it was statistically significant. The r-values 

(0.92, 0.92 at 10, and 100ppm) were significant except 0.85 that was non-significant at 

0.05 percent level of significance.  

In case of Plantonil 72% Gold, the slope showed that with the passage of time, the 

percent spore germination increased but statistically this increase was significant at 

10ppm and non-significant at all the other concentrations. The r-values (0.99, 0.87, 0.90 

and 0.97) at all the concentrations of 10, 30, 50 and 100ppm, respectively, were 

significant at 0.05 percent level of significance.   

In case of Deconil 75% WP, the slope showed that with the passage of time, the 

percent spore germination was increasing as shown in Fig.19b. The r-value (0.99, 0.92, 

0.98, 0.99 at 10, 30, 50 and 100ppm respectively) were significant at 0.05 percent level of 

significance. 

In case of the fungicide, Antracol 75% WP, the data were subjected 

to simple linear regression analysis,  the slope showed that with the 

passage of time, the percent spore germination increased and statistically this 

increase was significant at all the concentrations (Fig. 19c). The r-value (0.99, 0.99, 0.98 

and 0.98 at 10, 30, 50 and 100 ppm respectively) were significant at 0.05 % level of 

significance.   

For the effect of fungicide Ridomil Gold MZ-68% WP, the slope shows that with 

the passage of time, the percentage of spore germination was increasing at 10, 30, 50 and 

100 ppm (Fig 19d). The r-values (0.98, 0.99, 0.99, 0.99 at 10, 30, 50 and 100ppm 

respectively) were significant.  

In case of the fungicide, Protest 70% V/F, when the data were subjected to 

statistical analysis, the slope shows that with the passage of time, percent spore 

germination increased and statistically this increase was significant at 10, 30, 50 and 
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100ppm. The r-values 0.99, 0.97, 0.99, 0.96 showed the same result that these values 

were significant at 10, 30, 50 and 100 ppm respectively (Fig. 20-a).  

For the effect of the fungicide, Alertplus 70% WP, the slope shows that with the 

passage of time, on the average the percent spore germination increased but this increase 

was significance at 10, 30, 50 and 100ppm. The r-values 0.99, 0.92, 0.99 and 0.98 at 10, 

30, 50 and 100ppm respectively showed the significant results at 0.05 percent level of 

significance (Fig. 20-b).  

For the effect of fungicide, Score 250 EC, the slope shows that with the passage 

of time on an average, the percent spore germination was increasing at different 

concentrations. The r-values (0.98, 0.96, 0.99 and 0.99) were significant at 10, 30, 50 and 

100ppm respectively (20-c). To observe the effect of the fungicide, Anpower 5% ME, the 

data were subjected to simple linear regression analysis, the slope shows that with the 

passage of time on the average, the percent spore germination was increasing (Fig. 20-d). 

The r-values 0.95, 0.98, 0.90 and 0.98 at 10, 30, 50 and 100ppm showed the significant 

results. 
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4.11.2. In-vitro evaluation of different fungicides against spore    

          germination of Fusarium oxysporum f.sp.psidii 

 

    In case of in-vitro evaluation of different fungicides against spore germination 

of F. oxysporum f.sp. psidii at 48, 72 and 96 hours, the mean percent of germination at 

different concentrations 10, 30, 50 and 100ppm due to the effect of fungicide Topsin-M-

70%WP were 3.33, 4.50 and 10.58 with ranges from zero to 12.00, zero to 15.67 and zero 

to 36.67% respectively. 

 In case of Topsin-M 70% WP, by applying simple linear regression, the slope 

shows that with the passage of time on the average, the percent spore germination was 

increasing (Fig. 21-a). The r-values (0.91, 0.98 and 0.93 at 30, 50 and 100ppm 

respectively) were significant. 

In case of Reconil-M 70% WP, the data were subjected to simple linear regression 

analysis, the slope shows that the spore germination percentage increased with the 

passage of time at 100ppm but this increase was non-significant statistically. The r-values 

(0.90, 0.92 and 0.94 at 10, 30 and 100ppm respectively) were significant where as the 

value 0.55 was not significant at 0.05 level. 

For the evaluation of Agrohit 50% WP, the slope shows that at 50ppm the spore 

germination percentage increased with the passage of time but this increase was 

significant. The r-values (0.93, 0.97 and 0.99 at10, 30 and 50ppm) were significant (Fig. 

21-c).  

 In case of Plantonil 72% Gold at 100ppm, the spore germination percentage 

increased with the passage of time meaningly by 5.00, 20.67 and 26.00 % at the time 

intervals of 48, 72 and 96 hours. The slope shows the increasing spore germination 

percentage as shown in (Fig 21-d). The r-values (0.99, 0.98, 0.95 and 0.96 at 10, 30, 50 

and 100 ppm respectively) were significant.  
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 For the evaluation of Copper oxychloride 50% WP, the slope shows that on the 

average the percent spore germination was increasing with the passage of time as shown 

in (Fig 22-a). The r-values (0.99, 0.93, 0.90 and 0.99 at 10, 30, 50 and 100 ppm 

respectively) were significant. 

 In case of Deconil 75%, the slope shows that with the passage of time the percent 

spore germination was increasing as shown in Fig 22-b. The r-values (0.97, 0.93, 0.99 

and 0.95 at 10, 30, 50 and 100 ppm respectively) were significant. 

 For the evaluation of Antracol 75% WP, the slope shows that with the passage of 

time, the percent spore germination was increasing (Fig 22-c). The r-values (0.96, 0.97 

and 0.98 at 10, 30 and 50ppm) were significant and 0.68 at 100ppm was non-significant.  

Ridomil Gold MZ68% WP was evaluated in which the slope shows that with the 

passage of time, on the average the spore germination was increasing (Fig 15-d). The r-

values (0.97, 0.95, 0.89 and 0.99 at 10, 30, 50 and 100ppm) were significant at 0.05 

percent level of significance. 

 For the evaluation of Protest 70% V/F, the slope shows that with the passage of 

time the percentages of spore germination was increasing (Fig 23-a). The r-values 0.97, 

0.99, 0.96 and 0.99 at 10, 30, 50 and 100ppm respectively were significant.  

Alertplus 70% WP was also tested in case of simple linear regression analysis, the 

slope shows that with the passage of time, the percent spore germination was increasing 

(Fig 23-b). The r-values (0.90, 0.94, 0.90 and 0.97 at 10, 30, 50 and 100ppm respectively) 

were significant.  

 When Score 250 EC was evaluated, the slope shows that with the passage of time 

the percent spore germination was increasing (Fig 23-c). The r-values (0.96, 0.95, 0.99 

and 0.99 at 10, 30, 50 and 100ppm) were significant.  

 The efficacy of Anpower 5% ME was also tested by applying simple linear 

regression analysis. In this case the slope shows that with the passage of time the percent 
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spore germination was increasing (Fig 23-d). The r-values (0.93, 0.97, 0.94 and 0.99 at 

10, 30, 50 and 100ppm) were significant. 
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CHAPTER-V 
 

 

DISCUSSION 
 

Guava decline is becoming more common and severe in the guava orchards of 

the Punjab, Pakistan and is inflicting substantial losses to the gardens. The disease is 

found in all guava growing districts of the Punjab surveyed for this purpose with 

varying degrees. However, it is more severe in the Sheikhupura district followed by 

Lahore and Jhang, whereas its severity was minimal in Faisalabad. It seems that 

environmental conditions, particularly the soil texture and the water table, for the 

development of the disease were more favourable in Sheikhupura compared to other 

districts. The severity of disease in the Sheikhupura district varied with variety, soil 

type and irrigation system. Summarily, the disease incidence was 2.0-7.5% with an 

average of 25.15 percent. The incidence of the same disease was reported to be 

slightly higher (26.11%) in India (Naresh and Mehta, 1987) as compared with 

Pakistan. 

Similarly the incidence of guava decline has been reported from other parts of 

the world in variable degrees. None of the commercially grown cultivars showed 

resistance or tolerance to the wilt/dieback. The disease does not occur in plants less 

than 5 years old and those beyond the the age of 20 years, after which the disease goes 

on decreasing as the plant matures. Heavy soils with high moisture content were more 

conducive to the disease. Good management practices and fertilizer applications 

reduce the disease incidence. In Pakistan the genetic base of guava is quite narrow 

and only a few commercial varieties are available. In the area surveyed only two 
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varieties ‘Gola’ and ‘Surahi’ were common. Out of these varieties, the disease is more 

severe on the ‘Gola’ variety as compared to the other one.   

 The guava tree is fairly salt- and drought-resistant and can grow 

on a variety of soil types (sand, sandy loam, clay loam), deep, shallow 

and acid to alkaline with a pH range of 4.5 to 8.2 (El-Baradi,  1975). 

The root system was described as shallow (Singh, 1963) but Moutounet 

et al.  (1977) demonstrated by measurement that the root system could 

also be deep and intensive. This probably depends on the soil.  The 

disease incidence was estimated on the basis of soil type from various districts of the 

Punjab. It was found to be performing fairly good growth and production on all the 

various types of soil in the five districts of Punjab under study. 

 Disease incidence was minimum on sandy soil in the Jhang district and 

maximum in Sheikhupura district on the clay loam soil. This difference in disease 

incidence was probably due to different water holding capacity in the soil in the two 

districts. Guava decline was prevalent on distinct soils and climatic conditions, 

Gangetic alluvial and red lattric soil. Fusarium solani f.sp. psidii was more important 

on dry latteric soil. The pathogen occurs in the aerial plant parts as well as in the 

upper region of the root system. 

 Variations in disease incidence with source of irrigation water 

were examined and it  was seen that there was no remarkable variation 

in disease incidence between the Lahore, Sheikhupura and Faisalabad 

as compared to the Jhang district which had the lowest incidence. In 

tube-well irrigated areas, disease incidence was variable to some extent between the 

Lahore, Sheikhupura, Faisalabad and Jhang district. Canal water contains greater 

concentration of potassium compared to tube-well water which is a proven factor 

toward contributing resistance against a number of diseases. This factor might be one 

logical reason that disease incidence was minimum in canal irrigated compared to 

tube-well irrigated areas. As compared to other crops, guava needs less irrigation, 
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preferring a dry climate. Heavy and prolonged rainfall may result in fruit cracking and 

spoiling. Rain fall also interferes in the activity of the insect, decreasing the chances 

of pollination, which ultimately results in hampered fertilization and low yield.  

The amount and frequency of irrigation is dependent upon climatic and soil 

conditions of a particular region. Young plants are to be irrigated throughout the year. 

The water is strictly given at developing and ripening stages of the fruit, otherwise, it 

does not size up and remains of poor quality.   

When the diseased samples collected from the surveyed area 

were processed, a number of fungi were isolated. These pathogens 

isolated were Botryodiplodia theobromae, Fusarium oxysporum f.sp. 

psidii ,  Fusarium solani f.sp.  psidii and Phytophthora parasitica. 

 There was a clear correlation between the frequency of occurrence of the two 

pathogens in Sheikhupura and Jhang districts. These fungi had maximum percentage 

at Sheikhupura district because due to the clay loam soil there might be more chances 

of the prevalence of B. theobromae. In contrast, F. oxysporum f.sp. psidii was rarely 

isolated from the samples collected from Jhang, probably due to the soil nature which 

was sandy to sandy-loam. Other fungi i.e. Rhizoctonia solani, and species of Pythium, 

Curvularia and Helminthosporium were also recovered from different districts in 

lower proportions. Among these fungi, R. solani was the most commonly isolated 

species.  

The pathogenicity of B. theobromae, F. oxysporum  f .sp. psidii ,  

P. parasitica  and F. solani  f .sp. psidii  in sterilized and unsterilzed soil  

was tested. All the fungi used in the experiment were pathogenic but 

the pre-dominant pathogens proved to be B. theobromae  and F. 

oxysporum f.sp. psidii .  The pathogenicity for wilt  and anthracnose of 

guava has already been reported in Pakistan (Ansar et al . ,  1994) and 

during the fifties, F. solani f.sp. psidii was observed causing wilt which finally 

resulted in the death of the plants in the studies conducted by Chattopadhyay and 
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Gupta (1955). Later on, the same organism was isolated by Singh and Parsad (1978) 

from soil collected from infected plants, which resulted in the plant decline. On re-

isolation from the inoculated plants, F. solani f.sp. psidii and P. parasitica were 

isolated which confirmed their pathogenicity. From the result, it could safely be 

concluded that both the organisms which were isolated from diseased plants and were 

pathogenic, but nevertheless, the disease occurred when both the organisms attacked 

the plants simultaneously.  

The present study indicated that control of soil borne plant disease was 

possible through the use of antagonistic micro-organisms as well as with the use of 

fungicides as soil drenches. Investigations in the control of guava decline, caused by 

B. theobromae, F. oxysporum f.sp. psidii, P. parasitica and F. solani f.sp. psidii, 

through the use of antagonists organisms gave encouraging results. 

Guava decline was prevalent under distinct soil and climatic conditions such 

as Gangetic alluvial and red latteric soil. F. solani f.sp. psidii was more important in 

dry latteric area and it was found in the aerial parts as well as in the upper region of 

the root system. 

In the in-vitro studies, all the organisms tested for their antagonistic action 

inhibited the growth of the pathogen. T. harzianum  over-grew all  the four 

pathogens including B. theobromae, F. oxysporum  f .sp. psidii,  F. 

solani  f .sp .  psidii  and Phytophthora parasitica   whereas with P. 

parasitica ,  T. harzianum  produced inhibition zone. All the antagonistic 

organisms evaluated caused appreciable inhibition of the pathogens in 

the in-vitro trials .  T. harzianum was the most effective antagonist 

against the pathogens. T. harzianum  over grew B. theobromae ,  

preventing growth. Similar effects occurred against F. oxysporum f.sp. 

psidii,  P. parasitica,  F. solani .f .sp. psidii .    
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The mechanisms of biological control were not evaluated here, 

but it  was most likely through a myco-parasitic action, as                  

T. harzianum is an aggressive competitor with pathogens. Growth of 

Trichoderma sp. around hyphae of the host fungi has been reported by 

many workers (Chet and Harman, 1981; Liu and Baker, 1980; 

Weindling, 1932). T. viridi  forms loops that coil  around the host 

hyphae causing rupture of cell  walls and twisting with bubbling in the 

cytoplasm and disintegration of the pathogen hyphae. T. harzianum  

caused severe vacolation, shrinkage and coagulation of the cytoplasm 

in the pathogen hyphae (Pandy and Upadhyay, 2000).                                                  

Penicillium sp. inhibited the growth of the pathogen at a distance but the 

inhibition zone was not clear. Aspergillus species also inhibited the growth of the 

pathogen at distance but inhibition zone was very small. Radha (1960) reported A. 

niger having antagonistic activity against Rhizoctonia bataticola in dual cultures, 

reducing its activity in soil. El-Kasim and his fellow researchers (1991) isolated 

several bacterial and fungal sp. from the rhizosphere of sesame and tested them for 

antagonism towards F. oxysporum f.sp. sesame in-vitro. Bacillus subtilius, T. 

harzianum and T. longibrachiatum were highly antagonistic to the pathogen although 

the degree of antagonism varied with the isolate. T. harzianum is commercially 

available as microbial plant protection agent under the trade name ‘Tricho-Pak’. The 

active ingredient of T. harzianum was sesquiterpene trichoderma 1, 2, 3 that was 

inhibiting to Fusarium sp., R. solani and Sclerotium rolfsii. 

Coiling of antagonistic hypha around the host hyphae and lysis were also 

observed. Hyphal coiling and production of inhibitory substances by different species 

of Trichoderma resulting in dieback and disintegration of Pythium sp. were also 

reported by Raju (1991). According to Wu and his fellow researchers (1986), the true 

fungi produce chitinase and β- (1, 3)-glucanase enzymes which could degrade the cell 
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wall and may lead to lysis of hyphae in R. solani T. harzianum is a parasite of other 

fungi and can rapidly colonize plant roots, thereby competing with potential 

pathogens for nutrients and space. It also promotes plant growth in the absence of 

pathogens. T. hazianum is formulated as a granule that can be incorporated into soil 

prior to planting (Gardener, McSpadden and Fravel, 2002). 

For the control of the disease, twelve fungicides were evaluated using a spore 

germination method. Among the test fungicides only three fungicides, Topsin-M 70% 

WP, Reconil M. 70% WP and Alertplus 70% WP were found to be effective for the 

control of the predominant pathogens i.e. B. theobromae and F. oxysporum f.sp. 

psidii. Against spore germination of B. theobromae, 10, 30 and 50ppm were more 

effective concentrations compared to 100ppm. Spore germination of B. theobromae in 

Topsin-M 70 %WP and Reconil-M 70%WP at concentrations of 10 and 30ppm and 

Alertplus at 30ppm, were not significantly different.  

With Altertplus, 30ppm fungicide was more effective than the other 

concentrations tested. The lowest germination was 5% with Topsin-M 70%WP and 

the highest was 68.83% with Anpower 5% ME. 

Having obtained the evidence of antagonistic activity by T. harzianum, as an 

effective fungicide in the laboratory experiment against B. theobromae and F. 

oxysporum f.sp. psidii, was conducted to test the effectiveness of the antagonist in 

combination with fungicide in-vivo.  

The disease was created artificially in 24 potted guava plants in sterilized and 

unsterilized soil. Stem inoculation was done with B. theobromae, whereas the culture 

of F. oxysporum f.sp. psidii was added in the soil before planting. The 

disease occurred on all  the inoculated guava plants with slight 

variations in disease intensity. This variation in disease intensity might 

be due to some variation in abiotic factors such as moisture content of 
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the diseased guava plants.  Disease intensity was greater in unsterilzed 

ones as compared with sterilized soil ,  possibly due to the variations in the 

biotic factor such as soil microflora.  

After the appearance of disease, it was prevented by the addition of 

antagonistic organisms, T. harzianum as biofungicide in the soil and the application of 

soil drenching with chemical fungicides such as Topsin-M 70% WP, Alertplus 70% 

WP and Reconil-M 70% WP. The experiments were carried out in both sterilized and 

unsterilized soil. T. harzianum was an excellent component for integrated disease 

management system because it was reported to show tolerance to various fungicides. 

An integrated use of chemical fungicides with Trichoderma had already exhibited a 

great success in controlling dry root rot in soybean (Vyas, 1994). On guava the 

integrated use of Trichoderma and Topsin-M 70% WP reduced plant mortality by up 

to 100% in sterilized soil, whereas in unsterilized soil it reduced the plant mortality by 

up to 98 percent.  

Application of Trichoderma effectively controlled B. theobromae and F. 

oxysporum f.sp. psidii in vivo. Distribution of Trichoderma on large scale made 

tremendous impact on farmers who are at present buying the commercial product of 

the biocontrol agent from the local market.  

Biological control of plant disease has gained further momentum (Brent, 1995, 

Sharma et al., 1998). Biological control by antagonistic organisms is established as a 

potential non-chemical tool for crop protection against phyto-pathogens (Papavizas, 

1985). Among biological control agent, fungi in the genus Trichoderma are 

considered to be the most important ones because they control various root diseases 

caused by a wide range of fungal pathogen (Mathivanan et al., 2003). 

Trichoderma and Gliocladium have shown biocontrol activity 

against damping off disease in several crops (Hader et al. ,  1983; 

Anderson and Guerra, 1985; Weller,  1988; Adams, 1990 and 

Handelsman et al.,  1990). These fungi were reported to secrete 
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secondary metabolites (antibiotics) and extracellular cell wall degrading enzymes 

(lytic enzymes). One of the most common mechanisms of interaction between 

populations of microorganisms in natural environment was enzyme-induced lysis, one 

species eliminating another by digesting the cells or hyphae of the record species 

(Bruce et al., 1995; Inbar et al., 1996). 

A directed biological control of pathogenic fungi in the field may be achieved 

by modifying the indigenous microbial community in such a way as to favour 

destruction of the pathogen, probably through the stimulation of micro-organisms 

capable of degrading fungal cell walls (Mitchell and Alexander, 1962).  

Trichoderma harzianum  and Topsin-M 70% WP both controlled 

the disease effectively when applied separately. Similarly, Alertplus 

70% WP and Reconil-M 70% WP yielded good results when applied 

alone, as well  as when applied with T. harzianum. The results were 

obtained in unsterilized soil  with some variations. Disease intensity 

was greater in some treatments in the unsterilized soil ,  compared to 

those in the sterilized soil ,  possibly because some micro-organisms 

present in the soil  enhanced disease intensity.  Inoculum level for the 

disease development was estimated from the spore suspension by using 

haemocytometer. The disease intensity of both the pathogens, B. theobromae and F. 

oxysporum f.sp. psidii, was high in separate treatment because they were predominant 

pathogens. It was much higher in B. theobromae and F. oxysporum f.sp. psidii, 

because they are pathogenic in nature and mainly responsible for guava decline, 

which has been reported in Pakistan (Ansar et al., 1994).  

Among the test fungicides, three fungicides namely Topsin-M 70% WP, 

Reconil-M 70% WP and Alertplus 70% WP gave better results at different 

concentrations at different interval of time i.e. 48, 72 and 96 hrs. Trichoderma showed 

best antagonistic effect as compared to that of Aspergillus sp. (Isolate No.1, 3, 6, & 

26) and Penicillium sp. (Isolate No.34 & 35) on the growth of the pathogens. T. 
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harzianum along with Topsin-M 70% WP showed best results for the control of guava 

decline.  
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CHAPTER-VI 
 

 

 

SUMMARY 
 

A total of eight different fungi were isolated from the diseased samples of 

guava. Among these fungi, Botryodiplodia theobromae, Fusarium oxysporum f.sp. 

psidii, Phytophthora parasitica  and Fusarium solani f.sp. psidii, in that order, were 

the pre-dominant ones with mean values of 52.58, 48.04, 33.66 and 30.2 percent 

respectively. 

Overall disease incidence was at par (8.52 %) on the Gola variety, compared 

with the Surahi variety (7.21 %). Similarly, the maximum disease incidence (11.07 

%) was recorded from Sheikhupura followed by Lahore (8.92 %), Jhang (7.28 %) and 

Faisalabad (4.18 %).  

 Significant variations in disease incidence were observed  in different soils 

i.e. clay loam in Sheikhupura 4.02 pecent,    loam   soil   in    Lahore    8.98  %,   

Faisalabad    6.69 %    and   
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 Jhang 2.23 %. The overall disease incidence was low (0.41%) in the Jhang District. 

Disease incidence in guava orchards irrigated with canal (river) water was 

2.82 percent, significantly lower than in tube well irrigated orchards with 8.82 %. 

The maximum disease intensity occurred in soil inoculations with F. 

oxysporum f.sp. psidii, or with  a combination of F. oxysporum f.sp. psidii  and F. 

solani f.sp. psidii, at 64.27 % and 65.33 % in sterilized soil and unsterilized soil 

respectively. 

Disease incidence gradually decreased with decreasing inoculum levels and 

minimum disease (12.26%) was found at an inoculum level 102 spores per gram of 

soil. 

 The correlation between minimum temperature and disease intensity for both 

varieties and correlation between soil temperature and disease intensity for ‘Gola’ 

variety shows significant value. All other meteorological factors had no significant 

(P>0.05) correlation with disease intensity. Soil pH was positively correlated with 

disease intensity upon inoculation  with B. theobromae and F. oxysporum f.sp. psidii 

and both in combination as against the other treatments. 
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All the isolates in the study inhibited the growth of           B. theobromae.  

Among these isolates, Trichoderma harzianum proved to be the most effective 

antagoinst inhibiting the growth of the pathogen by 66.25%. The Penicillium sp. 

(Isolate No. 35) inhibited pathogen growth by 60.00%. Regarding the other isolates, 

the inhibiting growth percentage of the pathogen were 46.25, 42.50, 33.75, 33.75 and 

25.00% respectively for Penicillium sp. Isolate No.34, Aspergillus sp. Isolate No.6, 

Aspergillus sp. Isolate No.3, Aspergillus sp. Isolate No.1 and Aspergillus sp. Isolate 

No.26 respectively. 

All potential antagonists inhibited the growth of F. solani f.sp. psidii. T. 

harzianum was the most effective antagonist giving 61.25% inhibition, whereas 

Aspergillus sp. Isolates No.26 was the least effective. Aspergillus sp. Isolate No.6 

inhibited the growth of the pathogen by 52.50%. The other antagonist isolates, 

menntioed earlier, inhibited the growth of the pathogen by 47.50, 41.25 and 40.00 for 

Penicillium species and Aspergillus sp. respectively. 

 After establishing the effective antagonism by some organisms, 

in the laboratory trials against the pathogens were further engaged to 

control the disease causing pathogens alone and in combination with 

fungicides. In sterilized soil, the range of disease intensity was between zero to 

3.86% with an average 2.15% in               antagonist and/or fungicide treated plants, 

compared with 24.57% in control. 

 Trichoderma harzianum as the sole treatment reduced the disease 

intensity to 1.41% and in combination with Topsin-M used as a soil drench, no 

disease was observed. In the unsterilized soil, disease intensity ranged from 0.74 and 

5.19% (average 2.75). When T. harzianum was added directly to the soil, the disease 

intensity was 1.33% and when applied in combination with Topsin-M, disease 

intensity was reduced to 0.74%. There was no significant difference in the intensity of 

disease in the sterilized and unsterilized soil. 
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In case of in-vitro different fungicides were evaluated against spore 

germination of B. theobromae at 48, 72, 96 hours. In case of Topsin-M 70% WP 

when the data were subjected to simple linear regression analysis, the slope showed 

that with the passage of time on the average, the percent spore germination was 

increasing. In case of Agrohit 50% WP, the data were subjected to simple 

linear regression analysis. The slope showed that the percent spore 

germination increased but this increase was non-significant. Upon treatment with 

Plantonil 72% Gold, the slope showed that with the passage of time, the percent spore 

germination increased but statistically this increase was significant at 10ppm and non-

significant at  the other concentrations. 

Treatment with Deconil 75% WP, Antracol 75% WP, Ridomil Gold MZ-68% 

WP, Protest 70% V/F, Alertplus 70% WP, Score 250 EC and Anpower 5% ME 

resulted in the increase in  spore germination at all the four concentrations.  

Among the tested fungicides Topsin-M 70% WP,  Reconil-M 70% and 

Alertplus 70% WP gave better results compared to that of Agrohit 50% WP, Plantonil 

72% gold, Copper oxychloride 50% WP, Deconil 75%WP, Antracol 75% WP, 

Ridomil Gold MZ 68% WP, Protest 70% V/F, Score 250 EC and Anpower 5% ME at 

different concentrations and intervals. Topsin-M 70% WP, Alertplus 70% WP 

showed promising results against B. theobromae and F. oxysporium f.sp. psidii in 

vivo, alone and in combination with T. harzianum. However, T. harzianum in 

combination with Topsin-M 70% WP showed the best results for the control of guava 

decline. 

 



 126
 

RECOMMENDATIONS 

1. If more area is to be brought under guava it should be preferably on sandy 

loam soils particularly in the district of Toba Tek Singh and Jhang etc. 

2. Surahi variety should be promoted more as compared with Gola variety. 

3. Canal irrigation system should be preferred over tubewell irrigation. 

4. In case of appearance of disease a combination of Trichoderma harzianum 

and Topsin-M should be applied for its management.  
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Appendix 1.  ANOVA for different fungi isolated from various districts of the 

Punjab. 

 

Source of  

Variation 

Degree of 

freedom 

Mean  

square 

F-Value 

District (D) 4 406.385 34.09** 

Fungi (F) 7 5255.489 440.84** 

DxG 28 100.576 8.44** 

Error 80 11.921  

Total 119   

 

** = Highly significant (P<0.01) 

 

Appendix 2.  ANOVA for disease incidence on different varieties of guava from 

various districts of the Punjab. 

Source of variation Degree of 

freedom 

Means  

square 

F-Value 

District (D) 3 50.677 104.96** 

Variety (V) 1 10.179 21.08** 

DxV 3 25.713 53.26** 

Error 16 0.483  

Total 23   

** = Highly significant (P<0.01) 

 

Appendix 3.  ANOVA for disease incidence on the basis of influence of irrigation 

from various districts of the Punjab. 
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Source of 

 Variation 

Degree of 

 Freedom 

Mean  

square 

F-Value 

District (D) 3 5.652 20.40** 

Variety (V) 1 216.180 780.29** 

DxV 3 17.285 62.39** 

Error 16 0.277  

Total 23   

** = Highly significant (P<0.01) 

 

 

Appendix 4.  ANOVA for percent disease intensity on guava plants inoculated 

with various fungi in sterilized soil 

Source of 

variation 

Degree of 

 Freedom 

Mean  

square 

F-Value 

Treatment  6 1410.023 6.582** 

Error 14 214.203  

Total  20   

 

** = Highly significant P=0.01 

 

Appendix 5.  ANOVA for percent disease intensity on guava plants inoculated 

with various fungi in unsterilized soil 

 

Source of 

variation 

Degree of 

 Freedom 

Mean  

square 

F-Value 
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Treatment  6 1360.044 10.4978** 

Error 14 129.555  

Total  20   

 

** = Highly significant P=0.01 

 

Appendix 6. ANOVA for the effect of antagonist on Botryodiplodia  theobromae. 

Source of 

variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

Treatment  7 8.249 29.459** 

Error 16 0.280  

Total  23   

 

** = Highly significant P=0.01 

 

Appendix 7. ANOVA for the effect of antagonist on Fusarium  oxysporum f.sp. 

psidii 

 

Source of 

variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

Treatment  7 10.063 59.782** 



 139
 

Error 16 0.168  

Total  23   

 

** = Highly significant P=0.01 

Appendix 8. ANOVA for the effect of antagonist on Phytophthora parasitica 

 

Source of 

Variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

Treatment  7 7.589 26.395** 

Error 16 0.288  

Total  23   

** = Highly significant P=0.01
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Appendix 9. ANOVA for the effect of antagonist on Fusarium solani  

                      f.sp.psidii. 

 

Source of 

Variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

Treatment  7 6.845 19.673** 

Error 16 0.348  

Total  23   

 

** = Highly significant P=0.01 

 

Appendix 10.  ANOVA for  the effect of antagonistic organism and fungicides as 

soil drenching on the control of guava decline in sterilized soil. 

 

Source of 

Variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

 

Factor B 

 

7 

 

192.466 

 

1254.2249** 

 

Error 

 

16 

 

0.153 

 

 

Total 

 

23 

  

 

** = Highly significant P=0.01 

 

 

 

Appendix 11.  ANOVA for the effect of antagonistic organism and fungicides as 

soil drenching on the control of guava decline in unsterilized soil. 
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Source of 

Variation 

Degree of 

 Freedom 

Mean  

square 

F-Value 

 

Factor B 

 

7 

 

648.926 

 

2868.5506** 

 

Error 

 

16 

 

0.226 

 

 

 

Total 

 

23 

  

 

 

** = Highly significant P=0.01 
 
Appendix 12. ANOVA for  in vitro evaluation of different fungicides against 

spore germination of Botryodiplodia theobromae at 48 hrs. 

Source of 

variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

Concentration 3 96.024 29.9593** 

Fungi 12 1902.645 593.6253** 

 C x F 36 283.607 88.4853** 

Error 104 3.205  

Total 155   

** = Highly significant P=0.01 

Appendix 13.  ANOVA for in vitro evaluation of different fungicides against 

spore germination of Botryodiplodia theobromae at 72 hrs. 

 

Source of 

Variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

Concentration 3 231.462 5.4784** 

Fungi 12 4508.595 106.7123** 

 C x F 36 405.346 9.5940** 
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Error 104 42.250  

Total 155   

** = Highly significant P=0.01 

 
Appendix 14.   ANOVA   for in-vitro evaluation of different fungicides against 

spore germination of Botryodiplodia theobromae at 96 hrs. 

Source of 

Variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

Concentration 3 366.547 92.8268** 

Fungi 12 5166.382 1308.3696** 

 C x F 36 648.686 164.2776** 

Error 104 3.949  

Total 155   

** = Highly significant P=0.01 
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Appendix 15. ANOVA for  in vitro evaluation of different fungicides against 

spore germination of Fusarium oxysporum f. sp. Psidii at 48 hrs. 
 

Source of 

Variation 

Degree of 

 freedom 

Mean  

square 

F-Value 

Concentration 3 110.451 33.4570** 

Fungi 12 1854.841 561.8547** 

 C x F 36 288.983 87.5367 

Error 104 3.301  

Total 155   

** = Highly significant P=0.01 

 
Appendix 16. ANOVA for  in-vitro evaluation of different fungicides against 

spore germination of Fusarium oxysporum f. sp. Psidii at 72 hrs. 

Source of 

Variation 

Degree of 

 Freedom 

Mean  

square 

F-Value 

Concentration 3 175.154 4.3753** 

Fungi 12 3665.298 91.5591** 

 C x F 36 332.955 8.3172** 

Error 104 40.032  

Total  155   

** = Highly significant P=0.01 
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Appendix 17. ANOVA for  in vitro evaluation of different fungicides against 

spore germination of Fusarium oxysporum f. sp. Psidii at 96 hrs. 

 
Source of 

variation 

Degree of 

 Freedom 

Mean  

square 

F-Value 

Concentration 3 214.588 58.1175** 

Fungi 12 4718.377 1277.8938** 

 C x F 36 608.426 164.7819** 

Error 104 3.692  

Total  155   

** = Highly significant P=0.01 

 
Appendix 18. ANOVA for estimation of inoculum levels of Botryodiplodia 

theobromae and Fusarium oxysporum f. sp. psidii for the disease 

development (percent disease intensity). 
 

Source of 

variation 

Degree of 

 Freedom 

Mean  

square 

F-Value 

Concentration 1 88.397 53.65** 

Fungi 8 1432.455 869.35** 

 C x F 8 1.948 1.18NS 

Error 36 1.648  

Total  53   

** = Highly significant P=0.01 
NS  =  Non Significant (P>01.05) 
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Fig. 1:Percentage and standard error of  different 
          fungi isolated from different parts of guava   
          from different districts of the Punjab province
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Appendix 19.  Percentage and standard error of different fungi 
isolated from different parts of guava from different 
districts of the Punjab province 
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Fig.2: Percentage and standard error of disease 
           incidence on different varieties of guava in 

      different districts of the Punjab province
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 Appendix 20.  Percentage and standard error of disease incidence on 
different varieties of guava in different districts of the 
Punjab province  
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Fig.3: Percentage and standard error of disease incidence on the    
            basis of soil type from various districts of the Punjab province
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Appendix 21.  Percentage and standard error of disease incidence on 
different basis of soil type from various districts of the 
Punjab province  
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Fig.4: Percentage and standard error of disease incidence 
          on the basis of source of irrigation
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 Appendix 22.  Percentage and standard error of disease incidence on 
the basis of influence of irrigation  
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Fig.5: Percent and standard error of disease intensity on 
      guava plants inoculated with various fungi 
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 Appendix 23.  Percentage and standard error of disease intensity on 
guava plants inoculated with various fungi  
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Appendix 24.  Percentage and standard error of the effect of antagonists of 
Botryodiplodia theobromae  
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Fig.7: Percentage and standard error of the effect of antagonists on 
         Fusariun oxysporum f.sp. psidii
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Appendix 25.  Percentage and standard error of the effect of antagonists on 
Fusarium oxysporum f.sp.psidii 
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Fig.8: Percentage and standard error of the effect of 
antagonists on P. parasitica
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Appendix 26.  Percentage and standard error of the effect of antagonists on 
Phytophthora parasitica  
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Fig.9: Percentage and standard error of the effect of 
antagonists on Fusarium solani  f.sp.psidii
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Appendix 27.  Percentage and standard error of the effect of antagonists on 
Fusarium solani f.sp.psidii  
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Fig.10: Percentage and standard error of the effect of 
            antagonistic organisms and fungicidal soil drenching 
            on the control of guava decline in sterilized and 
            unsterilized soil
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Appendix 28.  Percentage and standard error of the effect of antagonistic 
organisms and fungicidal soil drenching on the control of guava 
decline in sterilized and unsterilized soil  
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