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	A B S T R A C T

	Date Palm is the third most important fruit crop in Pakistan after citrus and mango. Date Palm crop is found in all four provinces of Pakistan. Since last few years, the date palm plantation suffered from decline disease of unknown etiology. Therefore, a survey of seventeen date palm orchards of Khairpur, Pakistan was conducted to find out the mortality of date palm decline disease and to isolate pathogen associated with the decline problem. At different date palm growing areas, the plant mortality varied from 1 to 33%. Six different fungi namely, Fusariumsolani,Phomaucladium,Helminthosporiumsativum, Alternariaalternata, AspergilusnigerandPenicilliumchrysogeniumwere isolated from plant parts of affected date palm trees.Among them F. solani was the predominant fungus isolated in very high frequency followed by P. ucladiumand H. sativum. This is the first report of F. solani on date palm in Pakistan.
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)Date palm (Phoenix dactylifera L.) is considered as an important horticultural crop of Pakistan and one of the cash crop of the district Khairpur, the major dates producing district in Pakistan. The date palm has an economic importance because its fruit providing a high nutritive and energy value(Ishtiaqet al., 1988; Luqmanet al., (2002). Date palm holds an important position in the socio-economic progress at Khairpur where several thousand working class people are related with date palm farming, buy, sell and market. The date palm business is nowadays threatening by a sudden decline disease (SDD) problem caused by a soil borne fungus Fusariumsolani which have been destroyed enormous number of date palm trees in the region (Maitloet al., 
2009; Abul-Soadet al., 2011; Maitloet al., 2013). The symptoms of this disease are more or less similar to bayoud disease caused by F. oxysporiumf. sp. albediniswhich have been destroyed millions of date palm trees in North African countries(Djerbi, 1983; Al-Akaidy, 1994). Similarly, the sudden decline disease or pseudo bayoud is severely damaging the trees and becoming epidemic in other areas of the region (Maitloet al., 2009; Abul-Soadet al., 2011; Maitloet al., 2013). The bayoud first originated in North Africa particularly in Morocco, where more than 12 million trees of date palm have been destroyed within a century. The disease then spread to neighboring Algeria three million in Algeria have been killed since the origin of the disease and it continues to cause the death of 4.5 to 12% of date palms per year (Djerbi, 1982). SDD is one of the notorious diseases of date palm, destroyed several orchards and dispersed trees in Khairpur, Sindh, Pakistan. The number of infected date palm trees by this pathogen is increasing day by day but some areas of district Khairpur are considered as infection spots. Nowadays, sudden decline became a real threat for current date palm cultivation in Sindh particularly at Khairpur rather than entire Pakistan. In addition, it restricts the extension of new cultivations. The date palm sudden decline disease could resemble some similar symptoms of wilt diseases in the world such as Palm Lethal Yellowing caused by Phytoplasma, a fatal disease. The decline disease of date palm has also been reported by several workers from different date palm growing areas of the world. However, they reported various fungal pathogens responsible for this disease such as F. oxysporum f. sp. albedinis, F. monliforme, F. proliferatumand F. solani(Abdallaet al., 2000; Sarhan, 2001; Rashed&Hafeez, 2001; Masoodet al., 2011; Maitloet al., 2013). 
There is no any work have been carried out on this devastating disease of date palm in Sindh, Pakistan before. Maitloet al., (2009) first time conducted research on this disease, isolated and identified the causing pathogens of which the most predominant fungus was the F. solani. The current study is a continuous series of the above work and focused to investigate the distribution and incidence of various fungal diseases on date palm major growing locations of district Khairpur, Sindh Pakistan.
MATERIAL AND METHODS
Survey of Plant Mortality: Widespread survey of date palm growing areas of mainly Khairpur was conducted to identify and record symptoms associated with decline complex and prevalence of the disease. Seventeen locations of District Khairpur were selected and visited.
Throughout survey, symptom expressions appearing on the infected trees were noted and visualized with the help of digital camera. In each case, samples were collected from infected parts of date palm trees like and roots, leaf, leaflet and rachis in clean plastic bags. The root samples were collected at a depth of 5-10 cm from dying and partially affected date palm tree. The samples were labeled and kept in a refrigerator at 4oC in the laboratory until processed. At each locality, the disease incidence and plant mortality was determined with following formulas as described by Cohen et al., (2000), AbulSoadet al., (2011) and Maitloet al., (2014). The leaflet and root samples were collected from disease affected trees in plastic bags separately and were labeled properly. The root samples were obtained from 5-10 cm deep in soil from dying date palm trees.
The disease incidence and plant mortality was calculated with following formulas as described by Cohen et al., (2000). 



Isolation of disease causing pathogen(s):  The Infected roots, leaves, leaflets and rachis were washed thoroughly with tap water to remove the attached soil particles and blotted dry. The pathogens were isolated by the method described by Petrini (1986). The samples were cut into small pieces of 5 mm, rinsed with 5% commercial bleach (sodium hypochlorite) for 1-2 minutes and then five pieces were placed in sterilized petri dishes containing freshly prepared 2% potato dextrose agar (PDA) medium. The Petri plates were incubated at 25oC for five days. Most of the fungal growth was initiated within 10 days of inoculation. The fungi that grew out from the segments were purified by transferring the hyphal tips to fresh PDA medium plates. 
Identification of isolated fungi: The isolated fungi were purified using the single spore isolation technique and hyphal tip method. Purified fungi were identified according to the keys developed by Booth (1971), Ellis (1971), Singh (1977), Domsechet al., (1980) and Sutton (1980).
The data on frequency of isolated fungi from roots, leaves, leaflets and rachis of different locations were calculated using the following formula as described by Suryanarayananet al., (2003) and Iramet al., (2011).



Maintenance of fungal cultures: The purified fungal cultures were maintained on PDA slants and stored in refrigerator at 5oC for further studies.
Preparation of fungal suspension: The spore suspension was prepared for inoculation from 15days old cultures of isolated fungi grown on PDA plates. The 10 ml distilled sterilized water was added in each PDA plate containing culture of the tested fungus. In order to remove spores or conidia the culture was rubbed with sterilized hairbrush gently and the spore suspension was collected in a sterilized glass beaker. The spore quantity in the suspension was adjusted with the help of hemocytometer (Waller et al., 1998).
RESULT
Symptomatology: The sudden decline disease (SDD) disorder was observed in all date palm growing regions of district Khairpur, Sindh province throughout the year. Almost all varieties grown in the study area were found to be suffering from this disease during the present investigation. The affected plants showed the following typical symptoms.
Plant mortality:In order to determine the impact of date palm decline disease on tree mortality, the 163 date palm orchards at seventeen different locations were surveyed during the present investigation. At different date palm growing areas the plant mortality was varied from 1 to 33% (Figure 1). Significantly severe disease intensity was observed at Noorpur where maximum plant mortality was recorded (33%) followed by Ahmedpur (31%) and Machyoon (30%). In some places where orchards are properly management, the very low impact of disease was observed. As minimum plant mortality was recorded at Noonari (1%) followed by Therhi (2%) and ShadiShaheed (3%) (Figure 1).
Isolation: Six different fungi i.e., Fusariumsolani, Phomaucladium, Helminthosporiumsativum, Alternariaalternata, Aspergilusniger and Penicilliumchrysogenium were isolated from different plant parts collected from sudden decline disease infected date palm trees of various orchards of Khairpur, Pakistan. Among the different isolated fungi, F. solani appeared as a predominant fungus which was isolated in very high frequency from all locations followed by P. ucladium and H. sativum as compared to other three fungi A. alternata, A. niger and P. chrysogenium (Tble 1). Among different studied seventeen locations of Khairpur, the date palm orchards located at Noorpur followed by Baberloe and Ahmedpur appeared as severely infected with isolated fungi, as maximum fungi were isolated from these places. However, minimum fungal infection was recorded at Nizamani followed by Noonari. F. solani was isolated from all locations in varying frequencies ranging from 1.3 - 64% with overall average frequency of 29.38% followed by P. ucladium (av. 0.6-29.3%), H. sativum (av. 1.3 - 23.3%), (A. alternata **-**%), P. chrysogeniumand (av. 12.36%) and A. niger (av. 10.0%) (Table 1 and Figure 2). This is the first report on F. solani causing sudden decline disease of date palm at Khairpur, Sindh, Pakistan.


Table1. Fungi isolated from affected date palm trees at different locations of Khairpur, Sindh.
	Location
	Frequency of the fungi isolated(%)

	
	Fusariumsolani
	Phomaucladium
	Helminthosporiumsativum
	Aspergillus alternate
	Penicilliumchrysogenium
	Aspergillusniger

	Noor Pur
	64
	29.3
	23.3
	16.6
	10
	8.6

	Baberloe
	57.3
	22.6
	20
	15.3
	11.3
	9.3

	Ahmed pur
	53.3
	21.3
	18.6
	14
	9.3
	7.3

	Kot Mir Mohammad 
	50.6
	20
	16.6
	12
	7.3
	6

	Machyoon
	50
	20
	17.3
	12.6
	8.0
	8.6

	Garhi Mori 
	40
	14.6
	13.3
	10
	6
	4.6

	Piryalo
	33.3
	13.3
	11.3
	8.6
	4.6
	2.6

	Drib Mahesar
	30
	12.6
	10
	8
	5.3
	4

	Hadal shah 
	26.6
	11.3
	8.6
	6.6
	4.6
	2.6

	Munghan Wary 
	23.3
	10
	7.3
	5.3
	3.3
	2

	Khanpur
	20
	8.6
	6
	4
	2
	1.3

	Maher Ali Shah
	16.6
	7.3
	4.6
	4
	2
	2

	Rupri
	13.3
	6
	4
	3.3
	2
	1.3

	ShadiShaheed
	10
	6
	4
	2.6
	2
	2

	Therhi
	6.6
	4.6
	2.6
	1.3
	0.6
	0.6

	Noonari
	3.3
	2
	1.3
	1.3
	0.6
	0.6

	Nizamani
	1.3
	0.6
	1.3
	0.6
	0.6
	2.6
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Figure 1. Plant mortality due to date palm decline disease at different orchards of Khairpur, Sindh
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Figure 2.the overall frequency of different fungi isolated from affected date palm trees

DISCUSSION
Decline disease is considered one of the most severe problems in most of the date palm growing areas of the world. The current study also revealed that decline disease found well established in date palm growing areas of district Khairpur, Sindh, Pakistan and caused significant damage to the socio-economic status of date palm industry of the region. Similar type of fungal disease on date palm also caused severe losses in Egypt (Rasheed and Abdel-Hafeez, 2001, Barakat et al., 1992; Rasheed, 1998), Saudi Arabia (ElArosi et al., 1982; Molan et al., 2004), Libya (Edongali et al., 1985; Khalil et al., 1986) and Iraq (Sarhan, 2001). The infected date palm trees showed number of characteristic symptoms including yellowing of leaves, discoloration of pinnae, spines and rachis, drying of the leaves and branches, a small number of infected roots showed reddish color as well. The present findings are in agreement with the results of Besri (1982) who reported that the fungi isolated from roots of declined date palm belong to genera Fusarium (F. oxysporiumand F. solani). Al-wijam disease or decline of date palm was associated with F. moniliform and F. solani (El-Arosiet al., 1983). In 1992, Barketand his colleaguesisolated Fusarium spp. and Botryodiplodiatheobromae causing decline of date palm offshoot. Priest and Letham (1996) isolated F. proliferatum from roots and leaves of declining date palm and claimed to cause symptoms similar to Bayoud disease in Saudi Arabia. The present findings are also supported by the studies of Mansooriet al., (2003) who isolated F. solani from roots of dying date palm in Iran.
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