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ABSTRACT
Anthracnose of lentil incited by Colletotrichum lentis Damm. is one of the
most significant fungal threats to lentil (Lens culinaris Medikus) cultivation
worldwide. A lot of data concerning disease has been published worldwide;
however, no detailed information prior to this work was available in our country
Pakistan. The present research encompassing the anthracnose disease incidence
(DI) and disease severity (DS) in the major lentil growing districts of the Punjab
province. The correct documentation of pathogen along with morphological
characterization of isolates and status of available lentil accession was done. To
begin with; a two-year anthracnose survey (2014 and 2015 crop season) was
completed in 13 lentil growing districts of Punjab, comprising of; Rawalpindi,
Chakwal, Attock, Jhelum, Gujrat, Sialkot, Narowal, Mianwali, Khushab, Jhang,
Bhakkar, Layyah and Muzaffargarh. Consequently, 162 disease samples were
collected from private/ farms/ government research institutes. These samples
yielded 102 C. lentis isolates. Survey revealed disease prevalence in 100% areas/
districts. The highest DI 68% and DS 7 were found in district Khushab, whereas the
lowest DI 21% and DS 3 were recorded in district Jhang. Morphological
characterization of 102 C. lentis isolates showed flat growth habit in 65% isolates
together with a variety of culture colours i.e. black-salmon, iron-grey, orangewhitish, and pale salmon on oat meal agar. Number of days required to fill 90 mm
petri plates varied from eight to ten days, whereas, the maximum isolates 63% took
nine days (mean growth 10 mm/day). Majority of conidia (57%) were slightly
falcate in shape, conidia were hyaline, smooth walled, aseptate ranging from 15.8-

xxii

20.02 × 2.86-4.25 µm. Isolates exhibited almost equal percentage of two shapes of
appressoria i.e. rounded to ellipsoidal (51%) and clavate (49%) ranging from 7.0811.04 × 4.03-7.05 µm, brown in colour, smooth, solitary or occurring in loose
clusters. Study revealed translucent to yellowish brown setae measuring 40.7-85 ×
4.8-6.4 µm. Pathogenic variability employing 51% of C. lentis isolates using
accessions; NIAB Masoor-2006, Punjab Markaz-2009, Punjab Masoor and NIAB
Masoor-2002 taken as differential lines manifested majority of isolates virulent,
accordingly accessions were found susceptible to maximum number of isolates.
Individually, isolate CLK-63 (recovered from samples of district Khushab) was
found the most virulent rendering all accessions highly susceptible to anthracnose.
Molecular confirmation of isolate CLK-63 proved it to be true C. lentis.
Management of anthracnose based on host plant resistance, of 31 lentil accessions
at seedling and flowering stage against isolate CLK-63 indicated Masoor-89,
Masoor-86, Masoor-89 bold seeded, Masoor-2004, NARC- 11-1, 08505, Punjab
Massor-2009 and Shiraz-96 as resistant accessions to anthracnose.
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Chapter 1

INTRODUCTION
Lentil (Lens culinaris Medik.), a member of family Fabaceae, is an oldest
domesticated and acknowledged protein-rich food legume (Bhatty, 1988). It is a
high value pulse crop and is locally known as “Masoor” or “Rabi Masoor”. Split
lentil (dhal) is an important part of the nutrition as a source of protein in many parts
of the world, particularly South Asian regions which have a large vegetarian
population. The crop was first grown in southwest Asia about 7,000 B.C. (McVicar
et al., 2006) and is perhaps the ancient of grain legumes plants to be cultivated
(Bahl et al., 1993). Lentil seeds are lens shaped and weigh between 20 and 80 mg
with diameters ranging from 2 to 9 mm. Size of seed differs according to lentil
genotype and are grouped as macrosperma with the larger seeds ranging from 6 to 9
mm diameter and microsperma with the smaller seeds ranging from 2 to 6 mm in
diameter. The macrosperma varieties are common to the Mediterranean basin and
in the western hemisphere, while the microsperma dominate through the Indian
sub-continent and in parts of the Near East (Saxena and Hawtin, 1981).
A variety of lentil types exists with varying seed colours; which may be yellow,
red-orange, green, brown or black (Fig. 1.1). Lentil seeds in many developing countries
have been used as a meat substitute in gluten free, diabetic low salt, low calorie, low fat
and high fiber content owing to its high protein content and quality. Lentils are becoming
progressively more popular in advanced countries as they are perceived as a healthy part
of the food. Lentil production is increasing in Canada, India, Turkey, but has been
constant in Australia, Bangladesh, USA, China, Iran, Syria and Pakistan (FAO, 2014).
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Figure 1.1: Lentil (Lens culinaris Medik.) seeds with varying colours.

3

South Asia has approximately half of the total world area under cultivation
of this crop. World production of lentil is calculated at 4.34 million hectares (ha)
with annual production of 4.95 million tons and 1260 Kgha-1 (FAO, 2014). The
increasing position of lentil is estimated to continue owing to growing world
demand and novelty in lentil study such as the progress of improved varieties
together with good agronomic practices.
In Pakistan, Lentil is grown on an area of 18,220 ha annually (GOP, 2015).
Out of this area, 75% is planted in the province of Punjab including Rawalpindi,
Attock, Chakwal, Jhelum, Gujrat, Sialkot, Narowal and the Thal districts (Bhakkar,
Layyah, Muzaffargarh, Khushab, Mianwali and Jhang districts) where 2/3 of the area
is sown under rain-fed conditions (Fig. 1.2). Mansehra-89, Masoor-93, Masoor 2004,
Markaz-2009, Punjab masoor-2009, NIAB masoor-2002, NIAB masoor-2005, NIAB
masoor-2006, RK 2004, and Shiraz-96 are the well-known lentil genotypes being
cultivated here [(Dr. A. Bakhsh Director General (Planning and Development)],
Pakistan Agricultural Research Council, Islamabad - Personal communication).
During 2015, about 8031 tons of Lentil production was recorded (GOP, 2015).
Susceptibility to diseases: delayed sowing, drought, high temperature and
weed infestation are the leading production constraints to lentil (Ahad and Motior,
1991). The crop is vulnerable to a number of fungal diseases (Table 1.1); which
adversely affect seed yield and its quality. Fungal diseases are the major biological
limitation to lentil seed productivity (Taylor et al., 2007). One serious foliar fungal
disease is lentil anthracnose incited by Colletotrichum lentis Damm (previously C.
truncatum (Schwein.) Andrus & W.D. Moore) was first reported by Tode (1790).

4

Figure 1.2: Lentil production agro-ecological zones of Pakistan [Courtesy: Dr.
A. Bakhsh, Director General (Planning and Development), Pakistan
Agricultural Research Council, Islamabad].
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Table 1.1: Important fungal diseases of lentil and their causal organism*.
Sr. No.

Disease

Pathogen

1

Alternaria blight

Alternaria alternata

2

Anthracnose

Colletotrichum lentis
(previously C. truncatum)

3

Aphanomyces root rot

Aphanomyces euteiches

4

Ascochyta blight

Ascochyta lentis

5

Black root rot

Fusarium solani

6

Botrytis grey mold

Botrytis cinerea, B. fabae

7

Cercospora leaf spot

Cercospora lentis

8

Collar rot

Sclerotium rolfsii

9

Downy mildew

Peronospora lentis

10

Dry root rot

Macrophomina phaseolina

11

Fusarium wilt

Fusarium lentis

12

Powdery mildew

Erysiphe pisi

13

Pythium root/seedling rot

Pythium aphanidermatum, Pythium
ultimum

14

Rust

Uromyces craccae, Uromyces viciaefabae = Uromyces fabae

15

Sclerotinia stem rot

Sclerotinia sclerotiorum

16

Stemphylium blight

Stemphylium botryosum

* Dr. S. M. Iqbal, (R) Principal Scientific Officer (Plant Pathology), Pulses
Program, National Agricultural Research Centre, Islamabad, Pakistan - Personal
communication).
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Colletotrichum spp. are distributed primarily in tropical and subtropical
regions causing anthracnose of a wide range of hosts worldwide such as cereals,
coffee and legumes (Hyde et al., 2009; Bailey and Jeger, 1992; Sutton, 1992). The
teleomorph is in the genus Glomerella of the order Glomerales of the class
Sordariyomycetes (Cannon et al., 2012). The disease has been reported from many
lentil producing countries such as Canada, USA, Syria, Pakistan and Brazil
(Lindbeck and Ford, 2005). Lentil anthracnose is a comparatively new foliar disease
in North America and it was first discovered in the province of Manitoba in 1987
(Morrall, 1988) and in Saskatchewan in 1990 (Morrall and Pedersen, 1991). Lentil
anthracnose spread southward in North Dakota in 1992 (Venette et al., 1994).
Anthracnose becomes visible in the field in patches (Fig. 1.3, 1.4).
Symptoms on lentil are sunken necrotic lesions on leaves, stems, flowers and pods
(Buchwaldt et al., 1996). The leaves become necrotic by the early flowering stage,
and are shed. By the pod-filling stage, severe infection may cause shoot dieback;
reducing seed yield and quality (Chongo and Bernier, 1999; Buchwaldt et al.,
1996). Conidia of the fungus are formed in the acervuli on diseased plants and
secondary spread of conidia to adjoining plants occurs by rain splash. The fungus
penetrates the vascular tissue; which results in plant wilting and large brown
patches of dying plants become evident in the field after flowering. Periodic disease
epidemics result in drastic yield losses (20–100%) in isolated fields (Buchwaldt et
al., 1992; Gibson, 1994). Anthracnose is one of the most important constraints for
production of lentil in Canada and can cause 100% yield loss in the worst scenarios
where short crop rotation, frequent rainfall and high humidity prevail (Buchwaldt et
al., 1992). C. lentis is not highly seed-borne and it is rare to find seed with more

7

Figure 1.3: A diseased patch of lentil anthracnose in the field of district Khushab.

A

B

C

Figure 1.4: Lentil anthracnose; sunken lesions on A) diseased leaves, B) diseased
stem and C) diseased pods.
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than 3% infection even when it comes from severely infested crops (Morrall, 1997).
Anthracnose development can be affected by many variables that relate to
the environment, the host or the pathogen. Development of anthracnose was found
to be the most severe at moderate temperatures of about 20-25°C and leaf wetness
periods of at least 16 hours (Gibson, 1994). The pathogen survives between
growing seasons primarily on infected stubbles. However, microsclerotia which are
formed within stem lesions can persist freely in the soil and remain viable for up to
four years within the crop. Infection is initiated by infected stubbles or
microsclerotia coming into contact with lentil seedlings. Controlling anthracnose
through cultural practices is the most commonly used strategy. The disease is best
controlled through host plant resistance. Therefore, the most economical, feasible
and suitable mean of controlling anthracnose is the use of resistant cultivars
(Stoilova and Chavdarov, 2006; Bayaa et al., 1997).
Assessment of lentil accessions for disease resistance to C. lentis has been
done in different countries to test their germplasm resources (Stoilova and
Chavdarov, 2006; Buchwaldt et al., 2004). For screening the germplasm for
resistance, it is imperative to characterize the pathogen. For this purpose,
conventional approaches are supported by molecular approaches. Molecular
techniques based on Polymerase Chain Reaction have been used as a tool in genetic
mapping, molecular taxonomy, evolutionary studies and diagnosis of several fungal
species (Welsh et al., 1991; Williams et al., 1990).
Although, Lentil diseases like Ascochyta blight, Fusarium wilt, Uromyces
rust, Sclerotium collar rot, Sclerotinia rot, and Botrytis grey mold are reported from
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Pakistan (Bashir and Malik, 1988) but literature pertaining to lentil anthracnose was
lacking. This study was initiated in view of the national interest to minimize
potential yield losses through lentil anthracnose. In the above scenario,
understanding about the biology and management of the cause of lentil anthracnose
seems imperative. Therefore, the overall aim of the study is to map anthracnose
disease incidence and severity in lentil growing regions of Pakistan with the view to
develop appropriate disease management strategies. To address these vital aspects
with proper appreciation investigations were planned with the following objectives:
i. Anthracnose disease documentation in major Lentil growing areas.
ii. Pathogenic/ morphological variability in Colletotrichum lentis isolates.
iii. Molecular confirmation of highly virulent isolate recovered from infected lentil plants.
iv. Management of lentil anthracnose through host plant resistance.

Chapter 2

REWIEW OF LITERATURE
2.1

LENTIL (LENS CULINARIS MEDIK.)
Lentil, locally (Pakistan) known as “masoor” is one of the oldest

domesticated and acknowledged protein-rich food legumes (Bhatty, 1988). The
word "legume" denotes plants with fruit enclosed in a pod. Legumes represent
over 600 genera and more than 13,000 species. Other well-known legumes
include chickpea, soybean, peas, peanuts, alfalfa, clover, lupine, and mesquite.
Pulse is a term commonly used for the dried seed of peas, edible beans, lentils
and chickpeas.
Lentil is native to the Near East and Egypt as well as central and southern
Europe, the Mediterranean region, Ethiopia, Pakistan, India, Afghanistan, and
China from where it extended to Latin America (Cubero, 1981; Duke et al., 1981).
The botanical name L. culinaris was given to lentil by the German botanist and
physician Medikus in the year 1787 (Hanelt, 2001). Taxonomically, the plant is a
member of Kingdom Plantae, Subkingdom Tracheobionta (vascular plants), Super
division Spermatophyta (seed plants), Division Magnoliophyta (flowering plants),
Class Magnoliopsida (dicotyledons), Subclass Rosidae, Order Fabales, Family
Fabaceae, Genus Lens, and Specie culinaris. Lentil is a self-pollinated, annual,
diploid species (2n = 14) having a haploid genome size of almost 4063 Mbp
(Arumuganathan and Earle, 1991).
Archaeological evidence shows the crop was first grown in south-west Asia
around 7,000 B.C. (McVicar et al., 2006), and perhaps it is the first grain legume to
be cultivated (Bahl et al.,1993). Lentil is a cool season drought-resistant crop and is
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a well-adapted to various types of soils including water logged and saline soils
(Muehlbauer et al., 1998). It is the second most important source of nutritional
protein after soybean (Rahman et al., 2010). Seeds of lentil contain 24-32% protein,
1-2% fat, important amino acids like lysine, arginine and minerals; especially
iodine, iron, and cobalt together with soluble and insoluble dietary fiber (Ryan et
al., 2007). Also, lentils are one of the best vegetable sources of iron and are
considered as one of the healthiest foods.
2.1.1

Usage of Lentil
For eating purposes, lentils are prepared by soaking and boiling, sprouting,

frying, heat drying to produce dishes and snacks, and are also used for medicinal
purposes (Raghuvanshi and Singh, 2009). The high content of protein along with
fast cooking properties makes lentils a favorite and preferred pulse in several
parts of the world. Therefore, lentils are a vital food in many cuisines as they are a
rich source of fiber, iron, folate and various trace nutrients. Besides, their
affordability and a preference by vegetarians has further promoted their use in
many international recipes and lentil dhal, for example, is one of the favorite
dishes in many countries of South Asia. Lentil is regularly used as dhal or soup,
primarily in India, Pakistan, Bangladesh, Nepal, Sri Lanka, Turkey and Egypt
(Dr. S. M. Iqbal, (R) Principal Scientific Officer (Plant Pathology), Pulses
Program, National Agricultural Research Centre, Islamabad, Pakistan - Personal
communication).
The crop likewise plays a significant part in animal diet in addition to
maintenance of soil fertility. Its husk, leaves and stems are used as forage fodder
for livestock. Because of low cellulose content, lentil is considered as a valuable
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animal feed (Erskine et al., 1990). Lentils restore soil fertility through fixation of
atmospheric nitrogen. Normally, farmers do not apply nitrogen manures to the crop
because of their ability to fix nitrogen from the atmosphere. This capability of the
lentil crop results in an approximately 25% increase in grain yield together with a
16% increase in yield of straw (Muscolo et al., 2014). Shah et al. (2003) reported
that 46-192 kg nitrogen/ha may be fixed by the growing lentil crop. Sometimes, to
enhance the bacterial activity a dose of 1 kg of nitrogen and 2.5 kg of
phosphorous/ha is recommended while the lentil crop is in the field. Also, lentil is
used as a green manure.
2.1.2

Production of Lentil

2.1.2.1 Lentil production in the world and the leading countries
The leading lentil cultivating countries of the world are Canada, India,
Turkey, Australia, USA, Syria, Nepal, China, Pakistan and Ethiopia with most of
the production coming from North American and Asian countries. Till 2004, India
was the largest producer and consumer of lentil; however, Canada exceeded in
lentil production during the year 2005 and became the largest exporter in the world.
Canada is the chief exporting country, whereas India is the principal lentil
consuming and producing nation (Bedard et al., 2010). The Canadian prairies
where lentil is grown accounts for over 29% of the total world production in spite
of the fact that the crop was only introduced in Canadian fields in 1, 969 but since
has increased more than 300, 000 ha annually (Morrall, 1997). Due to the
adaptability of lentil in the semi-arid brown to dark brown soils, the maximum
lentil production is being achieved in the Province of Saskatchewan. Ninety five
percent of Canadian lentil is grown in Saskatchewan and the total Canadian share to
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the global market is around 35% (Yadav et al., 2007). In Canada, lentil was grown
on an area of 1, 217, 100 ha during 2014 generating a total production of
1, 987,000 tons (FAO, 2014).
Worldwide, the crop is cultivated in more than 100 countries. The crop
acreage and production has increased over time and now it is grown on an area of
4.34 million ha with a total production of 4.95 million tons and 1, 260 Kgha-1
(FAO, 2014). The increase in lentil cultivation reflects an increase in its demand in
national and international markets. Likewise, even though the crop is being
produced to meet national and international demand, the supply gap remains
extensive in the wake of fast population growth at a rate of about 1.13% per year.
Out of total lentil production, 56% is used in Asian countries and the remaining
44% is supplied to the rest of the world market (Kumar et al., 2013).
2.1.2.2 Lentil production in Pakistan
Legumes remain the top most significant source of vegetable protein in
Pakistan. Mostly, they are grown in rain-fed (locally called barani from the Urdu
language word baran, which means rain) areas/districts of the Province of Punjab.
Lentil is cultivated on 5% of the total pulse area and contributes 5% to the total
pulse production (Dr. S. M. Iqbal, (R) Principal Scientific Officer (Plant
Pathology), Pulses Program, National Agricultural Research Centre, Islamabad,
Pakistan - Personal communication).
Major pulse crops grown in the country are chickpea (Cicer arietinum L.),
lentil (Lens culinaris Medik.), mung bean (Vigna radiata (L.) Wilczek), black gram
or mash (Vigna mungo L. Hepper) and Khesari (Lathyrus sativus L.). There are
other summer and winter pulses such as pigeon pea (Cajanus cajan L. Millsp.),
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cowpea (Vigna unguiculata (L.) Walp.), moth bean (Vigna aconitifolia (Jack)
Merechal), common beans (Phaseolus vulgaris L.) and faba bean (Vicia faba L.),
which are cultivated on small areas.
Lentil is the second largest grown legume crop after chickpea (Ayub et al.,
2001) and is cultivated as a winter season or Rabi crop on an area of 18,220 hectare
annually (FAO, 2014). Out of this total area, 75% is cultivated in the province of
Punjab including the districts of Rawalpindi, Chakwal, Attock, Jhelum, Gujrat,
Narowal, Sialkot and the Thal (Khushab, Mianwali, Bhakkar, Layyah,
Muzaffargarh and Jhang districts). The Thal desert is located between the rivers of
Jhelum and Sindh near the Potohar Plateau. During 2014, about 8031 tons of lentil
production was harvested (FAO, 2014). Masoor-93, Markaz-2009, Punjab masoor2009, NIAB masoor-2006, NIAB masoor-2002, NIA masoor-2005 and Shiraz-96
are the well-known lentil varieties being cultivated here (Dr. A. Bakhsh Director
General (Planning and Development), Pakistan Agricultural Research Council,
Islamabad - Personal communication).
The apparent reason for the presently 60% low acreage of lentil in Pakistan
(GOP, 2015) may be attributed to the recent past shifting of farmers from lentil
cultivation to cultivation of wheat due to availability of irrigation/tube well water in
the typical lentil growing areas of the country. Nevertheless, this shift seems to be
temporary as lentil is an important pulse of frequent daily use in the country, and
especially in the wake of a growing population its demand is increasing day by day
(Dr. A. Bakhsh Director General (Planning and Development), Pakistan
Agricultural Research Council, Islamabad - Personal communication).
2.2

PRODUCTION CONSTRAINTS AND THE DISEASES OF LENTIL
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In developing countries, per hectare yield of lentil is low due to the use of
typical indigenous cultivars with inadequate harvest potential, and vulnerability to a
range of problems (Raeder and Broda, 1985). Other factors responsible for low
lentil productivity are the absence of seedling vigor, slow growth of leaf area, high
rate of flower abortion, less pod setting, low harvest index, absence of lodging
resistance, lack of response to crop inputs, and numerous biotic (diseases, insects,
weeds) and abiotic (drought, soil fertility, and temperature) factors. There is a long
list of plant pathogens, which are involved in causing infectious diseases to lentils
among which fungal pathogens are the most important. These biotic stresses reduce
lentil production by infecting leaves, stems, roots and pods of the lentil along with
discoloration of seed that eventually affects market value of the crop (Taylor et al.,
2007). Diseases of the lentil are a major risk to lentil production reducing its yield in
various parts of the world (Hamdi and Hassanein, 1996).
Diseases are the leading risk to lentil production worldwide wherever lentils
are grown. Among these diseases, anthracnose caused by Colletotrichum lentis
Damm. Ascochyta blight caused by Ascochyta fabae. f. sp. lentis, rust (Uromyces
vicia-fabae), Stemphylium blight (Stemphylium botryosum), Sclerotinia white mold
(Sclerotinia sclerotiorum) and grey mold (Botrytis cinerea) are the most significant
(Kumar, 2007; Holzgang and Pearse, 2000). Ascochyta blight is considered the
most important foliar disease of lentil causing up to 40% yield losses in countries
like Argentina, Australia, Canada, Ethiopia, India, New Zealand, Pakistan and the
Russian Federation (Ye et al., 2002). Chongo et al. (2002) reported anthracnose,
Botrytis grey mold and Sclerotinia white mold as devastating problems in North
America. Stemphylium blight is an important problem in Bangladesh and Nepal
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and it has also been reported from North Dakota and Canada (Kumar, 2007;
Holzgang and Pearse, 2000). Powdery mildew has been reported in USA and
Canada (Attanayake et al., 2009; Banniza et al., 2004).
In Pakistan, important diseases infecting lentil crop include Ascochyta
blight, Fusarium, wilt, Uromyces rust, Seclerotium collar rot, Sclerotinia rot, and
Botrytis grey mold (Bashir and Malik, 1988). These disorders play a major role in
decreasing lentil production (Chaudhry et al., 2008). Khola (2015) has reported
four new species of Fusarium infecting lentil viz. F. redolens, F. commune, F.
nygamai and F. equiseti in addition to already reported F. oxysporum on lentil from
Pakistan. It was suspected that Colletotrichum lentis Damm. is present in this
country but accurate data was lacking for Pakistan (Abdul Rauf, Professor of Plant
Pathology, Department of Plant Pathology, PMAS-Arid Agriculture University
Rawalpindi Pakistan - Personal communication).
2.3

COLLETOTRICHUM LENTIS

2.3.1 Genus Colletotrichum
The genus name Colletotrichum was introduced by Corda (1831) for C.
lineola associated with the host plants in the family Apiaceae (celery, carrot and
parsley) in central Europe now comprising the Czech Republic. Conventionally,
Colletotrichum is recognized as an asexual group of fungi with several species
connected to sexual morphs in the genus Glomerella (Réblová et al., 2011; Zhang
et al., 2006). belonging to the order Glomerellales of the class Sordariyomycetes
(Cannon et al., 2012). Members of the genus are distributed largely in tropical and
subtropical areas, however some species affect temperate crops, too. These species
cause devastating diseases of crops like lentil, maize, sugar cane, sorghum and
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coffee. Some species also live as endophytes and cause diseases in conifers and
ferns. Anthracnose infection was also reported in herbaceous and woody plants
(Damm. et al., 2012; Mackenzie et al., 2009). There are a few cases of infection by
Colletotrichum species in humans where they are responsible for keratitis i.e.
inflammation of the cornea of the eye and subcutaneous infections (Shiraishi et al.,
2011; Shivaprakash et al., 2011).
Internationally, the genus Colletotrichum is regarded as the eighth most
important group of plant pathogenic fungi based on scientific and economic
importance (Dean et al., 2012). Colletotrichum species as pathogens of plants
mainly cause a group of plant diseases called anthracnose, which means blackening
(from the Greek word anthrax; meaning charcoal or black). Anthracnose fungi
produce their conidia inside black fruiting bodies or acervuli. Glomerella,
Diplocarpon, Gnomonia and Elsinoe are the four ascomycetous genera, which are
responsible for anthracnose diseases. They cause infections of the foliage, stems,
and fruits accompanied by crown/stem rots and seedling blight (Agrios, 2005;
Waller et al., 2002). Nevertheless, some other significant disorders e.g. red rot of
sugar cane, coffee berry disease, crown rot of strawberry and banana, and brown
blotch of cowpea are also attributed to the species of this genus (Lenné, 2002).
2.3.2

Host Range
For a long time, species within Colletotrichum were regarded as host-

specific, which culminated into description of a large number of taxa based on the
host species but without sufficient distinguishing characteristics (Cannon et al.,
2012). The assumption was high host-specificity was likely the result of insufficient
sampling, limited information about populations infecting plant species and the lack
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of understanding of their pathogenic effects. Also, many pertinent studies reported
in the literature were limited to strains infecting a single crop species (Gazis et al.,
2011; González et al., 2006). However, Mackenzie et al. (2007) reported gene drift
between C. acutatum populations from cultivated strawberry and nearby native
plants.
Species of Colletotrichum are distributed mainly in tropical and subtropical
regions causing anthracnose on a wide range of hosts (Hyde et al., 2009; Sutton, 1992).
Research findings from many North and South American, Asian, African, European
and Oceanic countries report that species of the genus Colletotrichum infect over
30 hosts in 11 botanical families, particularly Fabaceae (genera Lens, Vicia,
Trifolium, Medicago and Glycine), Poaceae ( genera Phalaris, Triticum),
Asteraceae

(genus

Chrysanthemum),

Convolvulaceae

(genus

Cuscuta),

Magnoliaceae (genus Michelia), Menispermaceae (genus Cocculus), Polygonaceae
(genus Rumex), Solanaceae (genus Nicotiana), Lamiaceae (genus Perilla),
Scophulariaceae (genus Antirrhinum, Sutera) and the genus Bletilla belonging to
the Orchidaceae (Tomioka et al., 2012; Tomioka et al., 2011; Kawaradani et al.,
2008). Hyde et al. (2009) recognized 66 species in the genus Colletotrichum. On
the other hand, Cannon et al. (2012) mentioned 119 species, which collectively
encompass nearly all the known phylogenetic variety within the genus
Colletotrichum. They reported that most of these species fit in to nine main clades
of the genus, viz: Acutatum clade, Boninense clade, Dematium clade, Destructivum
clade, Gloeosporioides clade, Graminicola clade, Orbiculare clade, Spaethianum
clade, and Truncatum clade.
2.3.3

Races Within the Colletotrichum Species
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At the intraspecific level, many Colletotrichum species manifest wide
pathogenic variation strengthening the fact that species within the genus are passing
through a continuous phase of evolution. For instance, Balardin et al. (1997)
reported 41 races out of 138 isolates studied on 12 cvs. of Phaseolus vulgaris;
Buchwaldt et al. (2004) reported two physiological races i.e. race 0 and race 1
from Western Canada on the basis of pathogenicity testing of C. lentis on several
lentil cultivars and germplasm lines. In a comprehensive study, they screened 1,771
lentil accessions received from the U.S. lentil collection and the Institut für
Pflanzengenetik und Kulturpflanzenforschung, Germany, for resistance to C. lentis.
Nearly 5% of the germplasm were found resistant following inoculation with a
single isolate in the field. Twelve German accessions, namely Lens 3, 102, 104,
106, 107, 119, 122, 134, 135, 177, 195, 209 and four U.S. accessions, viz. PI
320937, PI 320952, PI 345629, and 468901 were found resistant to anthracnose
while re-evaluating the germplasm under glasshouse conditions. Besides, host
differential comprising of seven accessions were investigated to characterize
pathogenic variability of fifty single-spore isolates recovered from the Prairie
Provinces Saskatchewan and Manitoba (Buchwaldt et al., 2004). Two different
pathogenic races of C. lentis were identified. C. lentis isolates with low virulence
on cv. Indianhead, PI 320937, PI 345629, PI 468901, Lens 102, Lens 104, and Lens
195 were named race 1. C. lentis isolates with high virulence on these germplasms
were classified as race 0 that was isolated more commonly from commercial seed
samples than race 1. They concluded that race 0 presents a high risk to lentil
production in Canada and potentially worldwide. Their study also revealed a vast
range of variability in pathogenic character among isolates of C. lentis. Similarly,
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Mahuku and Riascos (2004) identified 90 pathotypes among 200 isolates of C.
lindemuthianum (bean anthracnose) from Central and South America; Sharma et al.
(2007) distinguished 29 pathogenic races from 90 isolates of C. lindemuthianum in
India and six races of C. lindemuthianum were reported from Brazil by Pinto et al.
(2012).
2.4

COLLETOTRICHUM LENTIS DAMM. THE CAUSAL ORGANISM
OF LENTIL ANTHRACNOSE
Colletotrichum lentis Damm (previously C. truncatum (Schwein.)

Andrus & W. D. Moore; homotype: Glomerella truncata (Schwein.) C. L.
Armstrong & Banniza) is an important and devastating pathogen of lentil in
North America, especially in Western Canada, where it is a serious threat to
lentil production (Shaikh et al., 2013; Armstrong-Cho and Banniza, 2006;
Morrall, 1988; Anderson et al., 2000).
Armstrong and Banniza (2006) for the first time were able to induce the
sexual stage of C. lentis under laboratory conditions. Random pairing of single
conidium isolates supported fertility among isolates. Individual isolates of a fertile
pair were subsequently crossed with 14 other field isolates or incubated alone.
Results showed self-sterility for all 16 isolates. No perithecia were developed by
three isolates with any tester isolate, and none among the isolates studied developed
perithecia with both the tester isolates, indicating two sexual incompatibility
groups. Taxonomic characters of the teleomorph were characteristic for the genus
Glomerella. They proposed that C. lentis (Glomerella truncatum) is a heterothallic
species. The bipolar mating system in the fungus was subsequently confirmed by
(Menat et al., 2012). To determine whether sexual recombination occurs in nature,
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179 field isolates of the lentil anthracnose pathogen from Saskatchewan were
genotyped through AFLPs revealing more than 94% similarity among isolates; 130
out of 131 isolates recovered from an individual field shared the identical haplotype
with genotypic diversity of 0.47 that indicated predominantly, if not exclusively,
asexual reproduction (Menat et al., 2016). Recently, the research group has
assembled the entire genome of the fungus and now is focussing on determining the
genetic control of virulence in C. lentis.
2.4.1 Host Range
Fungus C. lentis is described on many legumes viz., lentil (Morrall,
1988), chickpea, pea, cowpea, sweet pea, soybean, faba bean (Gosen et al.,
2009; Adebitan et al., 1996; Boyette, 1991). Weeds like beggar weed (Gardina
et al., 1988), cocklebur, dogbane, jimson weed (Hartman et al., 1986), hemp
sasbania (Boyette, 1991), wild vetch (Bailey, 2003) along with scentless
chamomile (Graham et al., 2006). In a study by Gossen et al. (2009) lentil
isolates of C. lentis have shown diverse range of hosts and natures of latent
infection. Lentil isolates were found pathogenic on lentil, chickpea, field pea,
faba bean, and narrow-leaf vetch. Also, lentil isolates showed latent infection
alone in weed scentless chamomile, whereas produced no disease symptoms on
alfalfa, dry bean and or lupine. Scentless chamomile isolates manifested a short
latent period and created ample disease on scentless chamomile and inadequate
symptoms on lentil, chickpea, field pea, and faba bean. However, isolates from
soybean manifested prolonged latent period and developed disease lesions on
chickpea, lupine, soybean, dry bean but no symptoms on field pea, narrow-leaf
vetch and faba bean. Their investigations established lentil C. truncatum could
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incite symptoms on field pea and faba bean only under field conditions. Mostly,
narrow-leaf vetch was susceptible to lentil C. truncatum.
2.4.2

Infection Process
The majority of Colletotrichum species invade their host plants by

subcuticular intramural infection or intracellular hemibiotrophic infection (Bailey
and Jeger, 1992). Infection takes place through the epidermal cells by infection
hyphae that are differentiated from appressoria that develop from the germinating
spore and develop high turgor pressure for penetration (reviewed by Bailey et al.,
1992 ) (Fig 2.1). Establishment of infection inside plant tissues is assisted by hostinduced virulence effectors produced by the fungus (Kleemann et al., 2012;
O'connell et al., 2012).
The intracellular hemibiotrophic infection of the lentil pathogen was also
studied by Armstrong-Cho et al. (2012); Latunde Dada and Lucas (2007) and
Chongo et al. (2002). Armstrong-Cho et al. (2012) studied the biotrophic state of
two pathogenic races, named races 0 and 1, of C. lentis on lentil Cvs. Eston
(susceptible) and Robin (partial resistance to race1). Both isolates were able to
enter host tissues of both cultivars by penetration of infection hyphae generated
from appressoria. Germination of conidia and formation of appressoria on detached
leaves of both cultivars were greater in case of three isolates of race 0 (more
virulent) compared to the three isolates of race 1. No link between race identity and
penetration success, and size of primary hyphae were observed. Comparison of
detached leaves and complete plant assays showed leaf detachment may affect
fungal progress and host reaction. Generally, no proof for differential growth of
both races was found.
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Figure 2.1: Infection process in Colletotrichum lentis.
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2.4.3

Morphological Characterization
Traditional approaches for the identification of Colletotrichum species were

based on cultural and morphological characteristics of the fungus including colony
color, structure of setae, size and shape of conidia and appressoria (Hartman et al.,
1986; Barbetti, 1985; Venette et al., 1994). In a morphological characterization
study by Ford et al. (2004) using Canadian and Australian isolates identified as C.
lentis; conidiospores of lentil isolates were ellipsoidal and those from C. lentis
originating from Australian soybean (Glycine max), Cockle Burr (Xanthium
occidentale) and peanut (Arachis hypogea) were falcate in shape, though they were
alike in dimension. Cylindrical conidiospores were observed in case of Australian
C. trifolii, C. gloeosporioides and C. destructivum.
Armstrong-Cho and Banniza (2006) described the sexual morph of the
fungus C. lentis as: “perithecia superficial, singly or in small groups and their
colour brown-black; shape obpyriform to oval or ampulliform with mean length
and width 350 × 200 μm; Oblong, hyaline, aseptate asci having mean size of 90 × 8
μm; Cylindrical and somewhat tapering at apex unitunicate, short-lived ascospores
(8 in number) with mean length and width 15.7–6.7 μm.” Damm et al. (2014)
described the fungus C. lentis “with vegetative hyphae as smooth walled,
colourless, septate and branched with 1.5–11 μm diam. Chlamydospores and
conidiomata absent and conidiophores and setae designed right on hyphae,
otherwise on or near to chains/clusters from pale to dark brown and verruculose,
having tubular to sub-globose cells. Colour of setae from pale to moderate brown,
smooth-walled, 40–85 μm long. Hyaline, smooth-walled, septate, branched
conidiophores (up to 30 μm in length).

Hyaline, plane-walled, tubular to
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ampulliform, occasionally intercalary and sometimes polyphialides conidiogenous
cells with opening 1–2 μm dia, Conidia hyaline, smooth-walled, aseptate straight to
somewhat curled, fusiform with acute ends. Smooth-walled single appressoria or in
loose groups, moderate brown, globose, sub-globose to elongate with an entire
margin. Colony characteristics of C. lentis include colorless and smooth colonies
with entire margin on SNA, somewhat pale to olivaceous grey. Colonies smooth
with entire margin on OA, pale luteous to amber, partially covered with very short
aerial mycelium and partly covered with black to salmon acervuli, aerial mycelium
absent, reverse same colours; growth 21–22.5 mm in 7 days. Mass of conidia
whitish to salmon”.
Morphological characterization of fungi provides information on cultural
and morphological characteristics of the fungus; on the other hand, scientists have
reported their reservations on using morphological characterization as a tool for the
identification of species within the genus. For example, Ford et al. (2004)
considered that this method involves time for the fungus to grow and during
diagnostic test the pathogen may undergo a lack of speciﬁcity. In case of Australia
where lentil anthracnose is a quarantine disease, low levels of seed infection may
not be noticed owing to sampling technique and the pathogen’s survival time on
seed. Most importantly, scarce morphological differences among closely related
Colletotrichum species recovered from diverse plant species may lead to false
identification. Similarly, Damm et al. (2014) also suggested that host range and
pathogenicity can merely provide clues to the identity of a Colletotrichum species.
Therefore, this information alone should not be used as a standard for identification
of species.
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2.4.4

Molecular Characterization
To discriminate Colletotrichum isolates causing anthracnose on soybean,

molecular markers (RAPD) were used for the characterization and differentiation
among closely associated pathogen species recovered from the diverse grain
legumes by De Vasconcelos et al. (1994). The ribosomal internal transcribed spacer
(ITS) sequence was used to determine the species groupings and subsequent
taxonomy of the genus Colletotrichum

by Sherriff et al. (1994). Likewise,

following the first international workshop on Colletotrichum at the University of
Bath, UK, in 1990, the use of molecular methods in Colletotrichum systematics was
encouraged to further modernize research on this genus (Cannon et al., 2012).
Currently, exploring host-pathogen interactions in Colletotrichum on the molecular
basis is a focus of research (O'connell et al., 2012).
Until recently, the phylogeny of species in the C. destructivum complex has
been unresolved. Realizing that earlier described isolates of Colletotrichum related
to the C. destructivum complex and non-consistent use of their names on the basis
of obsolete species concepts was creating considerable confusion in taxonomy of
this group, Damm et al. (2014) investigated 83 C. destructivum isolates and
associated species maintained at CBS-KNAW Fungal Biodiversity Centre (CBS),
Utrecht, the Netherlands, using multilocus DNA sequence analysis of the ITS,
GAPDH, CHS-1, HIS3, ACT, TUB2 along with morphological characterizations.
Their study reported 16 clades, which were recognised as different species in the C.
destructivum complex. The species comprised C. destructivum, C. tabacum, C. lini,
C. higginsianum and C. fuscum. Additionally, eight species viz. C. lentis, C. vignae,
C. antirrhinicola, C. americaeborealis, C. ocimi, C. bryoniicola, C. pisicola, and C.
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utrechtense were defined for the first time.
2.5

SYMPTOMS OF LENTIL ANTHRACNOSE
Initial symptoms of lentil anthracnose are characterized by necrotic lesions with

depressed centers, which are initially concentrated on the stem base and lower branches
before spreading to leaves and pods on the upper foliage leading to fewer pod filling and
stem collapse ( Bailey, 2003; Kaiser et al., 1998; Bernier et al., 1992). Wilting, extensive
defoliation, poor pod fill and plant death are common symptoms in severely infected
lentil fields (Gibson, 1994). Other characteristic symptoms include dark microsclerotia,
stem girdling and in advance cases of disease death provided there is interruption in flow
of nutrients through vascular tissues (Morrall, 1988; Buchwaldt et al., 1996). C. lentis is
not highly seed-borne and it is rare to find seed with more than 3% infection even
when it comes from severely infested lentil crops (Morrall, 1997). Necrotic lesions
on leaves, stems, flowers and pods are sunken (Buchwaldt et al., 1996) causing
premature defoliation and deep penetrating lesions on the stems leading to wilting
and plant death (Shaikh et al., 2013) visible in the fields in patches.
2.5.1 Epidemiology and Disease Cycle
Colletotrichum lentis may survive through microsclerotia, infested crop
trash and infected seed, though rates of severe lentil seed infection from 2-3% have
been described (Morrall, 1997). Seed–to-seedling transmission has not been
demonstrated. Anthracnose infested trash can serve as primary inoculum for
subsequent crops of lentil. Survival of C. lentis microsclerotia may increase from a
year if left on the soil surface up to 4 years when buried on lentil debris (Buchwaldt
et al., 1996). The rain splash spreads the secondary inoculum to the growing lentil
crop in the field followed. Also, minor pieces of infested debris, seed, and dust play
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a significant role in spreading and survival of the pathogen (Buchwaldt et al.,
1996). Spores adhering to equipment, farm animals and farmers clothing may
spread the pathogen to adjoining crops.
In a study, Chongo and Bernier (2000) investigated the lentil anthracnose
(C. lentis) progress at four day (16, 20, 24, and 28°C) and night temperatures (12,
16, 20, and 24°C) on five partially resistant genotypes of Lens culinaris viz. PI
299331, PI 320937, PI 345629, 458-57, cv. Indianhead and the susceptible cv.
Eston using a single C. lentis isolate under greenhouse conditions. Results
manifested 100% disease incidence at all the temperatures in the susceptible cv.
Eston, which was, however between 33 and 100% disease incidence among the five
genotypes investigated. Lesion size of anthracnose increases with increasing
temperature in every genotype but the maximum size of lesion observed at 24°C
day and 20°C night temperature and decreased at 28°C day and 24°C night
temperature. Stem lesions percentage was the highest on cv. Eston, and the lowest
on genotype PI 320937. The investigation further showed that the optimal
temperature for development of anthracnose occurred with 20-24°C day
temperatures irrespective of the level of host resistance. In another investigation,
Chongo and Bernier (2000a) studied the effects of conidial concentration, wetness
period, stage of plant growth and temperature on the development of lentil
anthracnose under greenhouse conditions using lentil line 458-57 and cv.
Indianhead both having partial resistance, and the susceptible cv. Eston. Results
showed that both incubation period and latent period decreased with increasing
conidial concentration, duration of wetness and the temperature, and both, the
number of lesions/stem and the disease severity increased with increasing inoculum
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concentration, duration of wetness and temperature. The stage of growth and
temperature for optimal disease development ranged from 4-6 weeks and 20-24°C
temperature at a concentration of 5 x 105 conidia/ml along with a wetness period of
24 hours.
Inoculum to initiate the disease cycle of lentil anthracnose may be debris or
seed (Bailey et al., 2003). According to Bailey et al. (2003), warm and damp
environmental conditions favour occurrence and progress of the disease. During the
crop season, microsclerotia may be rain-splashed from the soil to leaflets and stems
of lentil. From this the secondary conidial inoculum is generated and can further
spread to surrounding plants, especially during rains, thus ending up in recurring
pathogen infection cycles (Bailey, 2003). Between fields, blowing winds can carry
microsclerotia, thus playing an important role in the subsequent spread of the
disease (Buchwaldt et al., 1996; Bailey et al., 2003).
2.6

ANTHRACNOSE MANAGEMENT THROUGH HOST PLANT
RESISTANCE
Buchwaldt et al. (2004) systematically screened 1,767 germplasm

accessions for resistance to anthracnose, of which 16 accessions were resistant. One
of the resistant lines, ‘Indianhead’ has been used as a source of resistance in the
breeding program at the Crop Development Centre (CDC) of the University of
Saskatchewan. A combination of a major gene and minor genes for resistance to
anthracnose was reported in Indianhead and accession PI 32093 (Tar'an et al.,
2003; Tullu et al., 2003). In another study, Tullu et al. (2006) screened 574 wild
lentil accessions representing six wild lentil species from collections of Germany
and North America for anthracnose resistance and found sixteen lines having
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resistance to the pathogen. Lens ervoides (Brign.) Grande. Germplasm manifested
the maximum resistance with a score of 3-5 on a 1-9 disease rating scale to C. lentis
under field and glasshouse environments. Accessions from Turkey and Syria
showed resistance, specifically in L. ervoides (Brign.) Grande.
In a similar study for investigation of disease resistance in wild lentil species,
Fiala et al. (2009) identified several resistant accessions in L. ervoides (Brign.) Grande.
To study the genetics, a cross was made between the susceptible lentil cv. Eston and
the resistant L. ervoides accession L-01-827A with C. lentis resistance. Offspring
showed resistance providing proof for the successful transfer of resistance from wild
species to cultivated lentil. More recently, Shaikh et al. (2013) evaluated 579 lentil
germplasm (received from Hungary, Poland, Russia and Bulgaria originating from 20
states (collected between 1923 and 1988) under controlled environmental conditions.
Lentil plants of each germplasm line were inoculated individually with C. lentis
isolates 95A8 and isolate 95B36 at flower start stage. Resistance was achieved by
single plant selection in 4.0% (23); out of which fifteen (2.6%) lines were found having
resistance to isolate 95B36 and seven (1.2%) with resistance to C. lentis isolate 95A8
and one accession with resistance to both isolates. Their investigations revealed the
first report on resistance in Lens culinaris to C. lentis isolate 95A8 as well as to isolates
95A8 and 95B36 combined.
The above review shows that a lot of information on many aspects of lentil
anthracnose and its causal organism C. lentis Damm has been published all over the
world. However, no detailed data on the presence and impact of lentil anthracnose in
Pakistan was available prior to this research (Dr. Asghar Ali ®, Principal Scientific
Officer (Pulse Breeding), Pulses Program, National Agricultural Research Centre,
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Islamabad, Pakistan-Personal communication). The present study, therefore
encompass this gap regarding prevalence and incidence of lentil anthracnose in the
major lentil growing areas, the correct identification of the causal organism, its
characterization, and status of present lentil germplasm in the country.

Chapter 3

MATERIALS AND METHODS
The investigation under report involved the trials; lentil anthracnose survey
in the Punjab province of Pakistan, isolation and identification of the causal fungus,
its cultural, morphological description, preservation, pathogenicity testing,
pathogenic variability, and management of anthracnose through host plant
resistance in available lentil germplasm. Studies were executed at Fungal Plant
Pathology Laboratory, Department of Plant Pathology, Pir Mehr Ali Shah Arid
Agriculture University Rawalpindi (PMAS-AAUR), to achieve the objectives
described in Chapter one.
3.1

LENTIL ANTHRACNOSE SURVEY AND COLLECTION OF DISEASED SAMPLES

3.1.1 Study Area for Survey of Lentil Anthracnose
Farmer fields located in the major lentil growing districts of the Punjab
province viz. Rawalpindi, Chakwal, Attock, Jhelum, Gujrat, Sialkot, Narowal,
Bhakkar, Layyah, Muzaffargarh, Khushab, Mianwali and Jhang were surveyed
during crop season of year 2014 and 2015 for the assessment of lentil anthracnose
i.e. prevalence, incidence and severity. Detail on surveyed districts and the
important areas visited within these districts are presented in Table 3.1 and depicted
in Fig. 3.1.
Based on disease symptoms, two-three anthracnose samples depending
upon farm size were collected during diseased survey. This involved random
sampling in the lentil field by throwing a 1m2 quadrate five times. Total plants and
anthracnose infected plants in 1m2 were counted.
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Table 3.1: Districts and their important locations surveyed for lentil anthracnose
across the Punjab province during crop season 2014 and 2015.
Sr. #

District

Longitude/
Latitude

Location(s) surveyed for
Anthracnose

1

Rawalpindi

33°59'N, 73°04'E

Syed Kasran

2

Chakwal

32°93'N, 72°85'E

Barani Agriculture Research
Institute, Talagang, Lava,
Bhaun, Sehgal Abad

3

Attock

33°76'N, 72°36'E

Fateh Jang, Dhulian, Khaur

4

Jhelum

32°94'N, 73°72'E

Sohawa

5

Gujrat

32°57'N, 74°07'E

Lambray,
Dolat
Nagar,
Bhadder, Jalalpur Jattan

6

Sialkot

32°49'N, 74°53'E

Pasrur Road
Chowinda, Pasrur (suburb)

7

Narowal

32°09'N, 74°87'E

Zafarwal, Muridkay Road, Kot
Nainan

8

Mianwali

32°57'N, 71°56'E

Chashma Road, Piplan

9

Khushab

32°30'N, 72°34'E

Noor Pur Thal, Muzaffargarh
Road, Qadir Pur, Adhi Kot,
Rangpur Baghoor

10

Jhang

31°26'N, 72°31'E

Jhang - Khushab Road

11

Bhakkar

31°62'N, 71°06'E

Arid Zone Research Institute,
Kloor Kot, Mankera, Darya
Khan

12

Layyah

30°96'N, 70°93'E

Agronomy Research Station,
Karor
Chaubara, Kot Lal Esan

13

Muzaffargarh

30°07'N, 71°18'E

Layyah Road, Kot Addu
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Figure 3.1: Lentil growing districts of the Punjab province of Pakistan surveyed
for assessment of anthracnose during 2014 and 2015 crop season.
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Owing to sporadic and dispersed lentil crop in the surveyed districts; all
fields along the roads were taken into consideration. The survey was conducted
during a span of two years i.e. 2014 and 2015 crop season. Consequently, 162
anthracnose samples were collected from the private lentil growing farms and the
government research institutes scattered in 66 locations of the 37 areas of the 13
districts mentioned above. Year-wise, 80 anthracnose samples were collected
during 2014 and 82 during 2015 crop season.
For disease assessment; disease prevalence (DP), disease incidence (DI) and
disease severity (DS) were calculated by using the following formulae/scale:
Disease prevalence (%) =
Disease incidence (%) =

Location showing anthracnose
Total locations examined

× 100

Number of anthracnose infected plants
Total number of plants examined

× 100

`

Disease severity was assessed by using Tullu et al. (2006) 1-9 anthracnose
rating scale (Table 3.2).
By using the above-mentioned formulae/scale; anthracnose prevalence,
incidence and severity in each sample/field/location was calculated and accordingly
mean disease incidence and severity in case of each surveyed district was worked
out. Anthracnose distribution record of the various districts of Punjab was
developed for future reference.
3.2

ISOLATION AND IDENTIFICATION OF ANTHRACNOSE PATHOGEN
Lentil anthracnose pathogen; C. lentis was isolated on oat meal agar (OMA)

medium (oat meal = 20 g, agar = 20 g in 1 liter distilled water) at ambient
temperature under continuous, cool-white, fluorescent light, from anthracnose lesions
on lentil plants collected during survey as described by Buchwaldt et al. (2004).
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Table 3.2: Disease rating scale used to assess anthracnose disease severity.
(Tullu et al., 2006).

Rating Disease reaction

Observable symptoms

1

Highly Resistant

No lesions

3

Resistant

Few small superficial lesions

5

Moderately
Resistant

Few deep lesions, mostly superficial, no stem girdling

7

Susceptible

Several deep stem lesions, mixture of deep and
superficial, partial wilting

9

Highly
Susceptible

Deep penetrating lesions, coalesce, stem girdling,
wilting
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Infected portion of the samples were cut into small pieces of 8-10 mm in
length, washed with distilled water and surface sterilized in 10% chlorox solution
for 1-2 minutes. Pieces were then washed in sterilized distilled water twice and
were put on sterilized filter paper for removal of extra moisture content. Pieces
were then plated in Petri plates (five/plate) containing OMA medium previously
autoclaved at 121oC (15 psi) for 20 minutes.
All the equipment used during this activity; needles, scissors, forceps were
first sterilized by immersing in methylated spirit and then flaming on spirit lamp.
After plating, Petri plates were incubated at 23±2oC for 3-4 days. One hundred and
two C. lentis isolates were recovered and identified according to the description of
Damm et al. (2014). Isolates were then re-cultured on OMA medium using single
spore technique (Choi et al., 1999). For short term, isolates were stored on OMA
medium in a refrigerator and for long term preservation on silica gel in glass vials
in a −20o C freezer for subsequent studies.
3.2.1 Preservation of Colletotricum lentis Isolates
Method described by Leslie and Summerell (2006) was used for silica gel
preservation of C. lentis isolates. Glass vials with screw caps (30 ml capacity) were
filled with silica gel (1/3; 60-75%) and sterilized. Glass vials were instantly cooled
in an ice bath prior to use. For preparation of conidial suspension, 2 ml sterilized
skimmed milk (25 g in 500 ml distilled water) was supplemented in a fresh culture
of C. lentis isolate in a 9 cm Petri plate. Sterilized needle was used to scratch fungal
growth to make a heavy conidial suspension. Using a micropipette, 1000 µl spore
suspension was sucked and dispensed across silica gel in a glass vial. Individual
glass vials were vortexed quickly and immediately placed back into the ice bath.
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This was done so as to cool the gel as adding of any liquid material to the dried
silica gel can kill the fungal spores. Loosely capped glass vials were placed in an
incubator at 23±2oC for 10-14 days after that their caps were tightly closed and
covered with parafilm M and stored at 4±2oC. To confirm the viability of individual
isolates, few gel crystals were sprinkled on OMA medium for growth. Glass vials
were again re-capped tightly and stored at 4±2oC.
3.3

MORPHOLOGICAL CHARACTERIZATION OF C. LENTIS ISOLATES
One hundred and two C. lentis isolates (Table 3.3) were morphologically

characterized through microscopic examinations as described by Damm et al., (2014).
Agar plugs (5mm dia) were taken from the periphery of growing cultures using a
sterile cork borer and were placed in the center of a 9 cm Petri plates and were
incubated at 23+2oC. Temporary slide mounts were prepared in lacto phenol solution
and were assessed under light microscope (Nikon Biological Microscope YS100) at
100X magnification. Morphological parameters: growth habit, colony color, days to fill
9 cm Petri plate, shape and size of setae, shape and size of conidia and appressoria
were recorded for each isolate. Measurement of conidia, setae and appressoria were
accomplished employing an ocular micrometer. Ten readings were taken and the
means were worked out. For examination of appressoria, inoculated plant tissues were
stained with 0.1% trypan blue after 24 hour incubation in the dew chamber and
observed under a light microscope (Forseille et al., 2011). Appressoria stained a dark
blue colour and were easily detected against the green background of the plant tissues.
3.4

PATHOGENICITY DETERMINATON
Lentil cultivar Masoor-85 obtained from Pulses Program of the Crop
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Table 3.3: Detail of C. lentis isolates recovered from lentil anthracnose samples
collected during 2014 and 2015 crop season.

Sr. #

Isolate Code

Site of collection/District

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

CLR-1
CLR-2
CLR-3
CLC-4
CLC-5
CLC-6
CLC-7
CLC-8
CLC-9
CLC-10
CLC-11
CLC-12
CLC-13
CLC-14
CLA-15
CLA-16
CLA-17
CLA-18
CLA-19
CLA-20
CLJ-21
CLJ-22
CLJ-23
CLG-24
CLG-25
CLG-26
CLG-27
CLG-28
CLG-29
CLG-30
CLS-31
CLS-32
CLS-33
CLS-34
CLS-35

Syed Kasran/Rawalpindi
Syed Kasran/Rawalpindi
Syed Kasran/Rawalpindi
BARI/ Chakwal
BARI/Chakwal
BARI/Chakwal
BARI/Chakwal
BARI/Chakwal
Talagang/Chakwal
Talagang/Chakwal
Lava/Chakwal
Lava/Chakwal
Bhaun/Chakwal
Sehgalabad/Chakwal
Fateh Jang/Attock
Fateh Jang/Attock
Fateh Jang/Attock
Dhulian/Attock
Khaur/Attock
Khaur/Attock
Sohawa/Jhelum
Sohawa/Jhelum
Sohawa/Jhelum
Lambray/Gujrat
Lambray/Gujrat
Dolat Nagar/Gujrat
Bhadder/Gujrat
Jalalpur Jattan/Gujrat
Jalalpur Jattan/Gujrat
Jalalpur Jattan/Gujrat
Pasrur Road/Sialkot
Pasrur Road/Sialkot
Pasrur Road/Sialkot
Pasrur Road/Sialkot
Chowinda/Sialkot
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

CLS-36
CLS-37
CLS-38
CLS-39
CLS-40
CLS-41
CLS-42
CLS-43
CLS-44
CLN-45
CLN-46
CLN-47
CLN-48
CLN-49
CLN-50
CLN-51
CLN-52
CLN-53
CLN-54
CLN-55
CLN-56
CLM-57
CLM-58
CLM-59
CLM-60
CLM-61
CLK-62
CLK-63
CLK-64
CLK-65
CLK-66
CLK-67
CLK-68
CLK-69
CLK-70
CLK-71
CLK-72
CLK-73
CLK-74
CLK-75
CLJ-76
CLJ-77

Chowinda/Sialkot
Chowinda/Sialkot
Chowinda/Sialkot
Pasrur /Sialkot
Pasrur /Sialkot
Pasrur /Sialkot
Pasrur /Sialkot
Pasrur /Sialkot
Pasrur /Sialkot
Zafarwl/Narowal
Zafarwl/Narowal
Zafarwl/Narowal
Muridkay RoadNarowal
Muridkay RoadNarowal
Muridkay RoadNarowal
Muridkay RoadNarowal
Muridkay RoadNarowal
Kot Nainan/Narowal
Kot Nainan/Narowal
Kot Nainan/Narowal
Kot Nainan/Narowal
Chashma/Mianwali
Piplaan/Mianwali
Piplaan/Mianwali
Piplaan/Mianwali
Piplaan/Mianwali
Noorpur Thal/Khushab
Noorpur Thal/Khushab
Noorpur Thal/Khushab
Noorpur Thal/Khushab
Noorpur Thal/Khushab
Muzaffargarh Road/Khushab
Muzaffargarh Road/Khushab
Qadir Pur/Khushab
Adhi Kot/Khushab
dhi Kot/Khushab
Adhi Kot/Khushab
Rangpur Baghoor/Khushab
Rangpur Baghoor/Khushab
Rangpur Baghoor/Khushab
Jhang-KhushabRoad/Jhang
Jhang-Khushab Road/Jhang
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78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

CLJ-78
CLJ-79
CLB-80
CLB-81
CLB-82
CLB-83
CLB-84
CLB-85
CLB-86
CLL-87
CLL-88
CLL-89
CLL-90
CLL-91
CLL-92
CLL-93
CLM-94
CLM-95
CLM-96
CLM-97
CLM-98
CLM-99
CLM-100
CLM-101
CLM-102

Jhang-Khushab Road/Jhang
Jhang-Khushab Road/Jhang
AZRI/Bhakkar
AZRI/Bhakkar
Kloor Kot/Bhakkar
Kloor Kot/Bhakkar
Mankera/Bhakkar
Datya Khan/Bhakkar
Datya Khan/Bhakkar
Chaubara/Layyah
Chaubara/Layyah
ARS, Karor/Layyah
ARS, Karor/Layyah
ARS, Karor/Layyah
Karor Lal Esan/Layyah
Karor Lal Esan/Layyah
Layyah Road/Muzaafargarh
Layyah Road/Muzaafargarh
Layyah Road/Muzaafargarh
Layyah Road/Muzaafargarh
Layyah Road/Muzaafargarh
Kot Addu/Muzaffargarh
Kot Addu/Muzaffargarh
Kot Addu/Muzaffargarh
Kot Addu/Muzaffargarh
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Sciences Institute of the National Agricultural Research Centre, Islamabad, was
used to determine the pathogenicity of 51 C. lentis isolates (50% of the total
isolates) selected on the basis of radial growth (Table 3.4). The isolates investigated
for pathogenicity belonged to one of the three groups of C. lentis isolates observed
during morphological characterization of all the 102 C. lentis isolates.
Pathogenicity test was performed in 32 cell trays (53.49 cm x 26.82 cm).
Pathogenicity was determined using five seedlings in a sterilized potting mixture i.e.
sand: clay: farm yard manure at the rate of 1:1:1 (Naz et al., 2008) as presented in
Fig. 3.2. Prior to sowing, scarifying of seeds with the help of a scalpel followed by
treatment with a suitable fungicide was done. The experiment was performed with
three replications and repeated twice. Soil of each cell tray was irrigated adequately
after sowing and the trays were placed in growth chamber at 23+2oC and 80-100%
humidity. Throughout the testing, a good moisture level was maintained. The
growing seedlings were supported with plastic net prior to inoculation after
germination. Four week old plants were inoculated with a spore suspension of C.
lentis isolates adjusted to 5 x 105 conidia/ ml. For the preparation of spore suspension
individual isolates were grown on oatmeal agar medium at 23+2oC for 10 days to
ensure adequate sporulation (Fig. 3.3). Culture plates were flooded with deionized
water and the spores were harvested by scraping with the edge of a sterile glass slide
followed by filtration through muslin cloth into an Erlenmeyer flask. The
concentration of spore suspension was adjusted to 5 x 105 conidia/ml using a
hemocytometer (Fig. 3.4). Spore concentration was assessed by using the formula:
C1V1= C2V2
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Table 3.4: Colletorichum lentis isolates used in pathogenicity determination.

Sr. #

Isolate code/lab ID

Site of collection/district

Days to fill 9
cm dish

1

CLC-13

Bhaun/Chakwal

8

2
3
4

CLG-25
CLS-33
CLN-47

Lambray/Gujrat
Pasrur Road/Sialkot
Zafarwl/Narowal

8
8
8

5
6
7

CLM-60
CLK-68
CLR-1

Piplaan/Mianwali
Muzaffargarh Road/Khushab
Syed Kasran/Rawalpindi

8
8
9

8

CLR-3

Syed Kasran/Rawalpindi

9

9
10
11

CLC-4
CLC-8
CLA-15

Barani Agri. Res. Inst./Chakwal
Barani Agri. Res. Inst./Chakwal
Fateh Jang/Attock

9
9
9

12

CLA-18

Dhulian/Attock

9

13
14
15

CLJ-21
CLJ-23
CLG-26

Sohawa/Jhelum
Sohawa/Jhelum
Dolat nagar/Gujrat

9
9
9

16

CLG-29

Jalalpur Jattan/Gujrat

9

17
18
19

CLS-36
CLS-32
CLS-35

Chowinda/Sialkot
Pasrur Road/Sialkot
Chowinda/Sialkot

9
9
9

20

CLS-40

Pasrur /Sialkot

9

21
22
23

CLS-43
CLN-45
CLN-50

Pasrur /Sialkot
Zafarwl/Narowal
Muridkay Road/Narowal

9
9
9

24

CLN-56

Kot Nainan/Narowal

9

25
26
27

CLM-59
CLK-63
CLK-66

Piplaan/Mianwali
Noorpur Thal/Khushab
Noorpur Thal/Khushab

9
9
9

28

CLK-69

Qadir Pur/Khushab

9

29
30
31

CLK-70
CLK-74
CLJ-76

Adhi Kot/Khushab
Rangpur Baghoor/Khushab
Jhang-KhushabRoad/Jhang

9
9
9

32

CLB-81

Arid Zine Res.Inst./Bhakkar

9
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33
34

CLB-84
CLL-87

Mankera/Bhakkar
Chaubara/Layyah

9
9

35

CLL-93

Karor Lal Esan/Layyah

9

36
37
38

CLM-95
CLM-99
CLM-100

Layyah Road/Muzaafargarh
Kot Addu/Muzaffargarh
Kot Addu/Muzaffargarh

9
9
9
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CLR-2

Syed Kasran/Rawalpindi

10

40
41
42

CLC-9
CLA-20
CLG-30

Talagang/Chakwal
Khaur/Attock
Jalalpur Jattan/Gujrat

10
10
10
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CLS-37

Chowinda/Sialkot

10

44

CLN-51

Muridkay Road/Narowal

10

45
46
47

CLM-57
CLK-71
CLJ-77

Chashma/Mianwali
Adhi Kot/Khushab
Jhang-Khushab Road/Jhang

10
10
10

48

CLB-80

Arid Zine Res. Inst./Bhakkar

10

49
50

CLB-85
CLL-91

Datya Khan/Bhakkar
Agro. Res. Sta. Karor/Layyah

10
10
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CLM-101

Kot Addu/Muzaffargarh

10
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Figure 3.2: Lentil seedlings growing in cell trays during pathogenicity determination prior to inoculation.
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Figure 3.3: Flat culture of C. lentis isolate CLC-14 growing on oatmeal agar
medium.

Figure 3.4: Inoculum suspensions of C. lentis isolate CLC-14.
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where:
C1 = Initial concentration (average number of spores/mm2×105)
V1 = Initial volume of spore suspension required
C2 = Desired final concentration for fungi (5×105spores/ml water)
V2 = Final suspension volume (3 ml/plant)
One to two drops of Tween 20 surfactant were added to the spore
suspension for better distribution of the suspension on the plant surface. The
suspension was kept on ice and shaken well before inoculation for even distribution
on test plants. Whole plants were inoculated from tip to base with 3 ml of conidial
suspension per plant using an airbrush sprayer adjusted to a pressure of 30 psi.
After inoculation, trays were incubated for 48 hour in a tent of polyethylene
sheet at 80-100% relative humidity (Fig. 3.5), which was achieved through a
humidifier. After this period, trays were sprayed with water mist daily. Disease
severity data were recorded seven days after inoculation according to 1-9
anthracnose rating scale as described under heading 3.1.1.
3.5

PATHOGENIC VARIABILITY
Determination of pathogenic variability was done using the same C. lentis

isolates previously evaluated for pathogenicity on NIAB Masoor-2006, Punjab
Markaz-2009, Punjab Masoor and NIAB Masoor-2002 under greenhouse conditions
obtained from Pulses Program, Crop Sciences Institute, NARC, Islamabad. Study was
done at seedling stage and inocula preparation was done as stated earlier under the
pathogenicity testing. Data were recorded by using 1-9 anthracnose rating scale.
3.6

MOLECULAR CONFIRMATION OF C. LENTIS
The highly virulent C. lentis isolate CLK-63 found during the pathogenic
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Figure 3.5: Pathogenicity determination of fifty one C. lentis isolates in progress.
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variability studies was confirmed on molecular basis.
3.6.1

Extraction of Genomic DNA
Mycelia (50 mg) of 5 days old C. lentis isolate CLK-63 were harvested

using sterile blade in a sterile pestle and mortar. It was crushed into fine powder in
liquid nitrogen. The powder was transferred to nuclease free eppendorf tube. After
adding 500 µL extraction buffer, the tubes were vortexed vigorously for 5-6
seconds. The mixture was centrifuged at 10,000 rpm for 10 min after adding 500
µL phenol chloroform iso-amyl alcohol (25:24:1). The supernatant was transferred
into new tube. Ice chilled isopropanol (500 µL) and sodium acetate (50 µL) was
added and tubes were again centrifuged at 10,000 rpm for 10 minutes.
DNA pellet was washed with 70% ethanol (500 µL) and ethanol was air dried. The
pellet was dissolved in 200 µL of TE buffer (Tris 10MM, EDTA 1 MM and pH 8
to prepare DNA stock (Raeder and Broda, 1985).
3.6.2

Polymerase Chain Reaction Amplification
After successful extraction of nucleic acid, isolates were subjected to

PCR amplification. Internal Transcribed Spacer (ITS) region of phyto-pathogenic
fungi was amplified (600-650 bp) using universal ITS1 (5´ TCC GTA GGT GAA
CCT GCG G 3´) and ITS4 (5´ TCC TCC GCT TAT TGA TAT GC 3´) Primers
(Fig. 3.6). PCR mixture (50 µL) comprised of DNA (2 µL) of C. lentis CLK-63,
PCR reaction buffer (5 µL), mixed dNTPs (1µL), MgCl 2 (3 µL), Taq DNA
polymerase (1 µL), ITS1 (5 µL), ITS4 primer (5 µL), Diethylpyrocarbonate
water (28 µL). Amplification reactions were carried in a MyGene TM Series
Peltier Thermal Cycler MG96C, using amplification conditions consisting of
initial denaturation at 94°C for 3 min followed by denaturation of 35
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Figure 3.6: Schematic part of Internal transcribed spacer (ITS) region gene
showing primer positions.
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cycles for 1 min at 94°C, primer annealing at 55°C for 1 min, and primer extension
step for 1 min at 72°C. The final extension was for 5 min at 72°C. A positive
control (N) was also run in PCR assay to compare the result (White et al., 1990).
3.6.3

Confirmation of DNA and PCR Amplification
Confirmation of DNA and PCR amplification was performed under UV

transilluminator and compared with 1kb DNA ladder. High resolution agarose
(1g) was dissolved in 1xTris-Borate-EDTA buffer 100 mL (trisbase = 10.8 g,
boric acid = 5.5 g, EDTA = 0.93 g, water = 1 L and pH 8) in microwave for
few min. Ethidium bromide (0.5 mg/µL) was added and gel was poured in gel
tray. Loading dye (2 µL) and DNA (8 µL) were mixed and loaded in the
wells. Gel was run at 75 Volt (100 milli Ampere current, 50 Watts power)
for 45 min. The fragments were visualized using a gel documentation system
(GenoSens 1510).
3.6.4

Purification of Polymerase Chain Reaction Products
The amplified PCR product was purified with the standard protocol of

the Thermo-Scientific GeneJET PCR Purification Kit (#K0709). Binding
buffer 48-μL was added in the PCR reaction mixture, the mixture was shifted
to GeneJET PCR purification columns and centrifuged for 60 seconds. The
flow through was discarded, 0.7 ml washing buffer was added, and the mixture
was centrifuged for one min. The flow through was discarded, empty columns
were centrifuged again for one min. and the mixture was transferred to a
nuclease free 1.5 ml micro-centrifuge tube. Elution buffer (0.5 ml) was added,
columns were centrifuged for one min. and flow through was preserved at 20ºC.
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3.6.5

Sequencing and Sequence Analysis
The PCR purified products of highly virulent isolate was sent to Macrogen

Korea for sequencing in forward and reverse direction. Obtained DNA sequence
was further edited in sense and antisense directions with phylogenetic software
(BioEdit) and final sequences were subjected to Basic Local Alignment Standard
Tool (BLAST) software to determine the percentage nucleotide homology of ITS
regions with previously reported isolates already submitted in the database of the
National Center for Biotechnology Information (NCBI).
3.7

IDENTIFICATION OF ANTHRACNOSE RESISTANCE IN LENTIL
Identification of anthracnose resistance in available lentil germplasm was

conducted at two lentil stages; first at seedling stage in trays (53.49 cm × 26.82 cm)
having 32 cells/ tray and second at flowering stage using 27.94 cm × 20.32 cm pots
under greenhouse conditions. Screening of available lentil germplasm from various
sources viz., Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad;
Ayub Agricultural Research Institute (AARI), Faisalabad; and National
Agricultural Research Centre (NARC), Islamabad, against the highly virulent lentil
isolate CLK-63 was done. For each lentil accession, five seeds/ pot were sown in
plastic pots containing sterilized potting mixture (sand/clay/farmyard manure,
1:1:1). Susceptible cv. Masoor-85 was repeatedly planted used as spreader (check)
after every two accessions.
For the first trial, four weeks lentil seedlings were inoculated with a spore
suspension of C. lentis isolate CLK-63 adjusted to 5 x 105 conidia/ml followed by
data recording after one week of inoculation. To assess anthracnose, infection types
were recorded using a 1-9 anthracnose rating scale. Second trial was also performed

53

in the same manner but data were recorded at flowering stage. Both trials were
conducted with three replications. Pots were maintained in the greenhouse at
23+2oC.

Chapter 4

RESULTS AND DISCUSSION
4.1

SURVEY AND COLLECTION OF LENTIL ANTHRACNOSE
SAMPLES
Survey was conducted during lentil crop seasons of 2014 and 2015. As a

result, 162 disease samples were collected from private lentil farms and
government research institutes/ stations scattered in 66 locations of the 37 areas of
13 districts of the Punjab province i.e. Rawalpindi, Chakwal, Attock, Jhelum,
Gujrat, Sialkot, Narowal, Mianwali, Khushab, Jhang, Bhakkar, Layyah and
Muzaffargarh. Year-wise, 80 and 82 anthracnose samples were collected from lentil
crop seasons 2014 and 2015, respectively (Table 4.1, 4.2).
4.2

ANTHRACNOSE PREVALENCE, INCIDENCE AND SEVERITY
During survey, disease was observed in all areas/ localities of districts

visited. At all places, lentil plants manifested typical anthracnose symptoms (Fig.
4.1), however disease incidence (DI) and disease severity (DS) varied considerably
in surveyed areas/localities of the districts during this period (Table 4.1). At
individual locations, the maximum mean DI of 85% and 84% in 2014 and 2015,
respectively, was observed in Noor Pur Thal (district Khushab) followed by 82%
(2014) in Adhi Kot (Khushab); 82% (2015) in Pasrur (district Sialkot); 81% (2015)
in Kot Nainan ( district Narowal) and 80% (2014) in Pasrur (Sialkot). On the other
hand, the minimum mean DI of 5% each during 2014 and 2015, respectively, was
noted in Bhadder (district Gujrat) followed by 15% (2015) and 16% (2014) in Dolat
Nagar (Gujrat); 19% (2014) in Fateh Jang (district Attock) and 20% each in
Lambray

(Gujrat)

and

Jhang-Khushab
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Road

(district

Jhang)
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Table 4.1: Prevalence, incidence and severity of lentil anthracnose at various areas/ locations in districts of Punjab (2014 and 2015
crop season).
Sr.
#

District

1

Rawalpindi

2

3
4

5

6
7

Chakwal

Attock
Jhelum

Gujrat

Sialkot
Narowal

Severity (1-9
rating) *
Mean 2014 2015 Mean 2014 2015 Mean
100
38
47
43
5
4
5

Total
location (s)
surveyed
1

2014
2

2015
2

Total
4

2014
100

2015
100

Barani Agri. Res. Inst.

1

2

2

4

100

100

100

66

72

69

7

7

7

Talagang

1

2

3

5

100

100

100

47

45

46

5

5

5

Lava

1

2

2

4

100

100

100

55

48

52

6

5

6

Bhaun

1

2

2

4

100

100

100

48

41

45

5

4

5

Sehgal Abad

2

3

3

6

100

100

100

31

39

35

3

4

4

Fateh Jang

3

2

4

6

100

100

100

19

21

20

3

3

3

Dhulian

1

1

1

2

100

100

100

21

36

29

3

3

3

Khaur

1

2

1

3

100

100

100

59

50

55

6

5

6

Sohawa

1

2

1

3

100

100

100

31

39

35

3

3

3

Lambray

1

1

1

2

100

100

100

20

40

30

3

4

4

Dolat Nagar

1

2

2

4

100

100

100

16

15

16

3

3

3

Bhadder

1

1

2

3

100

100

100

5

5

5

3

3

3

Jalalpur Jattan

1

2

2

4

100

100

100

36

51

44

3

5

4

Pasrur Road

1

2

2

4

100

100

100

42

39

41

4

4

4

Pasrur

2

2

2

4

100

100

100

80

82

81

7

7

7

Chowinda

2

3

3

6

100

100

100

65

70

68

9

9

9

Zafarwal

3

3

3

6

100

100

100

40

38

39

4

4

4

Area(s)/
location(s)
Syed Kasran

Total farms surveyed

Prevalence (%)

Incidence (%)

56

8

9

10

11

12

13

Mianwali

Khushab

Jhang

Bhakkar

Layyah
Muzaffargarh

Muridkay Rd

4

4

2

6

100

100

100

48

50

49

5

5

5

Kot Nainan

4

5

5

10

100

100

100

78

81

80

9

9

9

Chashma

2

2

2

4

100

100

100

40

39

40

4

3

4

Piplan

2

3

3

6

100

100

100

26

32

29

4

4

4

Noor Pur Thal

4

5

5

10

100

100

100

85

84

85

9

9

9

Muzaffargarh Road

2

2

2

4

100

100

100

60

67

64

6

7

7

Qadir Pur

1

1

2

3

100

100

100

46

35

41

4

4

4

Adhi Kot

2

3

3

6

100

100

100

82

77

80

9

8

9

Rangpur Baghoor

3

3

3

6

100

100

100

71

74

73

7

7

7

Jhang-Khushab Road

1

1

1

2

100

100

100

22

20

21

3

3

3

Arid Zone Res. Inst.

1

2

1

3

100

100

100

41

42

42

4

5

5

Kloor Kot

2

2

2

4

100

100

100

75

66

71

8

7

8

Mankera

1

1

2

3

100

100

100

36

40

38

4

4

4

Darya Khan

2

1

1

2

100

100

100

23

27

25

3

3

3

Chaubara

3

2

2

4

100

100

100

76

75

76

8

8

8

Agro. Res. Sta. Karor

1

1

1

2

100

100

100

41

42

42

4

5

5

Karor Lal Esan

2

2

2

4

100

100

100

27

29

28

3

3

3

Layyah Rd.

2

2

2

4

100

100

100

42

37

40

4

4

4

Kot Addu

2

2

3

5

100

100

100

76

71

74

8

8

8

* 1 = Highly resistant (no lesion); 2 = Resistant (few small superficial lesions); 3 = (few deep lesions, mostly superficial, no stem
girdling); 4 = Susceptible (several deep stem lesions, mixture of deep and superficial, partial wilting); 9 = Highly susceptible
(deep penetrating lesion, coalesce, stem girdling, wilting).
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Sr. No

District

Total
area(s)
surveyed

Total
location(s)
surveyed

Total
farms
surveyed

Prevalence
(%)

Incidence
(%)

Severity
(1-9 rating)

Table 4.2: District-wise mean prevalence, incidence and severity of lentil
anthracnose in thirteen districts of Punjab (2 years mean; 2014 and
2015 crop season).

1

Rawalpindi

1

1

4

100

43

5

2

Chakwal

5

6

23

100

49

5

3

Attock

3

5

11

100

35

4

4

Jhelum

1

1

3

100

35

3

5

Gujrat

4

4

13

100

24

4

6

Sialkot

3

5

14

100

63

7

7

Narowal

3

11

22

100

56

6

8

Mianwali

2

4

10

100

35

4

9

Khushab

5

12

29

100

68

7

10

Jhang

1

1

2

100

21

3

11

Bhakkar

4

6

12

100

44

5

12

Layyah

3

6

10

100

49

5

13

Muzaffargarh

2

4

9

100

57

6

Total

37

66

100

45

5

162

58

Figure 4.1: A typical lentil anthracnose field in suburbs of Sialkot
manifesting disease patches during 2015 crop season.
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Correspondingly, DS too, varied greatly at individual location during
the two years survey (Table 4.1). The highest DS 9 during the both years was
observed in Chowinda (Sialkot), Kot Nainan (Narowal) and Noor Pur Thal
(Khushab) followed by DS 9 in Adhi Kot (Khushab) in 2014 and DS 8 in
Chaubara (Layyah) and Kot Addu (Muzaffargarh) during both years. The
lowest mean DS 3 during both years was observed at Fateh Jang and Dhulian
(Attock), Sohawa (Jhelum), Dolat Nagar, Bhadder (Gujrat), Jhang-Khushab
Road (Jhang), Darya Khan (Bhakkar) and Karor Lal Esan (Layyah) followed
by DS 4 in Pasrur Road (Sialkot), Zafarwal (Narowal), Piplan (Mianwali),
Qadir Pur (Khushab), Mankera (Bhakkar) and Layyah Road (Muzaffargarh)
during both years.
Year-wise; the maximum districts mean DI of 69% (2014) and 67% (2015)
along with mean DS 7 during both the years was observed in district Khushab (Fig.
4.2, 4.3). The next districts in descending lentil anthracnose intensity were Sialkot
(DI 62% in 2014 and 64% in 2015, and DS 7 during the both years) followed by
Muzaffargarh (DI 59% in 2014 and 54% in 2015 and DS 6 during both the years)
and Narowal (DI 55% in 2014 and 56% in 2015, and DS 6 during the both years).
On the contrary, the minimum districts mean DI of 20% in 2015 and 22% in 2014
together with DS of 3 in both the years was noticed in Jhang followed by
Gujrat DI 19% and DS 3 in 2014 and DI 28% and DS 4 in 2015. Similar DI
and DS were noticed in district Mianwali and Attock (DI 33% during 2014
and 36% during 2015 along with DS 4 during both the years).
Based on two years districts mean data, the highest DI of 68% and DS 7 was
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Figure 4.2: Year-wise mean incidence percentage of lentil anthracnose in thirteen
districts of the Punjab.
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Figure 4.3: Year-wise mean severity (rating 1-9) of lentil anthracnose in thirteen
districts of the Punjab.
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found in district Khushab followed by Sialkot DI 63% and DS 7, Muzaffargarh DI
57% and DS 6; and Narowal DI 56% and DS 6 (Table 4.2 and Fig. 4.4, 4.5). The
lowest DI of 21% and DS 3 was found in Jhang followed by Gujrat DI 24% and DS
4, Attock DI 35% and DS 4, and Jhelum DI 35% and DS 3.
In Pakistan, little attention has been given to the pathology of lentil,
therefore to bridge this gap an extensive and methodical two years survey was
conducted in the major lentil producing districts of the Punjab; Rawalpindi,
Chakwal, Attock, Jhelum, Gujrat, Sialkot, Narowal and Thal (Khushab, Mianwali,
Bhakkar, Layyah, Muzaffargarh and Jhang districts are collectively known as Thal
or sometimes Thal desert). It is located between the rivers Jhelum and Sindh near
the Potohar Plateau. Province of the Punjab was selected for lentil anthracnose
appraisal because more than 75% of the country’s lentil is grown here; thereby it
contributes a major share to the country’s lentil production. Environmental
conditions of this area comprise the both extremes; cooler in the north and hot,
barren in the south. At large, the temperature is hot with distinct variations in
summer and winter times. Daily temperature (average) ranges from 10-30° C with
an average annual rainfall from 180-580 mm in surveyed districts. Area is generally
productive along the river valleys, although scanty deserts are present near the
boundary touching Rajasthan and the Suleiman Range area (Khola, 2015).
Districts-wise, significant variations in anthracnose incidence and severity
were noted, perhaps owing to various factors like environmental conditions and the
genotypes grown there. Consequently, because of the fact that disease is more
temperature-dependent (around 23 ± 2° C), which is commonly experienced during
the month of March in Punjab, the lentil crop grown here revealed vulnerability to
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Figure 4.4: District-wise mean incidence percentage of lentil anthracnose in
thirteen districts of the Punjab (2 years mean; 2014 and 2015
crop season).
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Figure 4.5: District-wise mean severity (1-9 rating) of lentil anthracnose in thirteen
districts of the Punjab (2 years mean; 2014 and 2015 crop season).
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anthracnose. Mostly, genotypes Masoor-85 and Masoor-2002 were growing in the
districts of Khushab, Sialkot, Muzaffargarh and Narowal at the time of survey; and
DI 68% and DS 7, DI 63% and DS 7, DI 57% and DS 6, DI 56% and DS 6,
respectively, were found in these districts. From the disease incidence and severity;
it appears that genotype Masoor-85 and Masoor-2002 are susceptible towards lentil
anthracnose in the presence of favorable disease conditions like warm and soggy,
which were witnessed there. According to Bailey et al. (2003) warm and damp
environmental conditions favour occurrence and progress of lentil anthracnose.
Similarly, Chongo and Bernier (2000) reported 100% DI in the susceptible lentil cv.
Eston using a single C. lentis isolate at the four day (16, 20, 24 and 28° C) and night
temperatures (12, 16, 20 and 24° C) under greenhouse conditions, however between
33 and 100% DI among the five partially resistant lentil genotypes viz. PI 299331, PI
320937, PI 345629, 458-57, and cv. Indianhead. In another study, Chongo and
Bernier (2000a) reported a temperature of 20-24°C for optimal disease development.
On the other hand, the lowest DI and DS were observed in Jhang (DI 21%
and DS 3), Gujrat (DI 24% and DS 4), and Attock and Mianwali (DI 35% and DS
4). This disease situation may be due to the fact that at the time of survey
gentotypes viz. Masoor-86, Masoor-89 and Masoor-89 bold seeded were growing
there, which appears resistant to anthracnose. Moreover, there was not enough
moisture in the environment during survey as microsclerotia of C. lentis are rainsplashed from the soil to leaflets and stems of lentil. From this the secondary
conidial inocula is generated, which further spread to surrounding plants, especially
during rains thus ending up in recurring pathogen infection cycles (Bailey et al.,
2003). Between fields, blowing winds can carry microsclerotia, thus playing an
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important role in the subsequent spread of anthracnose (Bailey et al., 2003;
Buchwaldt et al., 1996). So absence of favourable conditions in these districts may
be the cause of less disease in these districts.
A substantial variation in DI and DS shows that lentil anthracnose is
established in the areas visited but the disparity in disease intensity may be due to
different levels of susceptibility/resistance in the genotypes growing here, that’s
why genotypes were behaving contrarily towards anthracnose pathogen. To sum
up, lentil anthracnose is prevalent in lentil growing districts of the Punjab and
demands attention from concerned quarters as it may break out any moment in
epidemic form provided disease conditions are favorable. Similarly, relevant
international literature specifies C. lentis as an important and devastating pathogen of
lentils in many areas of the world e.g. North America, where it is a great threat to lentil
production (Shaikh et al., 2013; Armstrong and Banniza, 2006; Anderson et al., 2000;
Morrall, 1988).
4.3

MORPHOLOGICAL CHARACTERIZATION
One hundred and two isolates of C. lentis recovered from anthracnose

samples collected from thirteen districts of the Punjab (Fig. 4.6a) were
morphologically characterized microscopically according to Ford et al. (2004) and
Damm et al. (2014). Cultural and morphological characters like growth habit,
colony colour, days to fill 9 cm Petri plates, shape and size (length and width) of
conidia, shape and size (length and width) of appressoria, and shape and size
(length and width) of setae were taken into account. Based on various parameters
studied, it was noted that C. lentis isolates exhibited significant variations among
them (Table 4.3).
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Figure 4.6a: Collecting sites of Colletotrichum lentis isolates in the Punjab province include: (1) Rawalpindi (2) Chakwal (3) Attock (4) Jhelum (5)
Gujrat (6) Sialkot (7) Narowal (8) Mianwali (9) Khushab (10) Jhang
(11) Bhakkar (12) Layyah (13) Muzaffargarh.
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Table 4.3: Morphological characterization of 102 Colletotrichum lentis isolates recovered from different locations of thirteen districts
of the Punjab province during 2014 and 2015 crop season.

Sr.
#

Isolate
code

1

CLR-1

2

CLR-2

3

CLR-3

4

5

6

Site of
collection/
District

Syed Kasran/
Rawalpindi

Growth
Habit

Colony
colour

Days
to fill
9 cm
dia
Petri
plates

(a)
Shape and size of
conidia (mean)

Shape

Size (µm)

(b)
Shape and size of appressoria (mean)

Shape

Flat

Blacksalmon

9

Slightly
falcate

18.69* ± 2.06 × 3.23 ± 0.14

Clavate

Syed Kasran/
Rawalpindi

Flat

Irongrey

10

Slightly
falcate

19.55 ± 1.55 × 3.69 ± 0.63

Clavate

Syed Kasran/
Rawalpindi

Flat

Irongrey

9

Slightly
falcate

18.17 ± 1.08 × 4.25 ± 0.46

Flat

Blacksalmon

9

Slightly
straight

CLC-4

Barani Agri.
Res. Inst./
Chakwal

CLC-5

Barani
Agri.Res.
Inst./Chakwal

CLC-6

Barani Agri.
Res.
Inst./Chakwal

Flat

Orangewhitish

Flat

Blacksalmon

9

Slightly
falcate

10

Slightly
straight

Clavate

19.36 ± 1.04 × 3.72 ± 0.17

18.49 ± 0.76 × 3.6 ± 0.59

18.46 ± 1.99 × 3.32 ± 0.1

Rounded to
ellipsoidal

Clavate

Clavate

Size (µm)

(c)
Shape and size of setae (mean)

Shape

Size (µm)

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation

41.9±2.42×5.74±0.69

7.23 ± 0.19 × 5.32 ± 0.27

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

51.44±7.49×5.4±0.65

7.54 ± 0.53 × 5.5 ± 0.55

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

56.38±4.13×6.3±0.57

7.57 ± 0.3 × 4.83 ± 0.48

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

58.02±5.58×5.5±0.79

7.13 ± 0.27 × 5.32 ± 0.27

7.41 ± 0.55 × 5.4 ± 0.4

7.54 ± 0.53 × 5.42 ± 0.97

44.1±3.65×5.1±0.54

62.44±9.18×5.68±1.5
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7

CLC-7

Barani Agri.
Res.
Inst./Chakwal

8

CLC-8

Barani Agri.
Res.
Inst./Chakwal

9

CLC-9

Talagang/
Chakwal

Flat

Blacksalmon

10

Slightly
straight

19.05 ± 0.8 × 3.64 ± 0.27

10

CLC-10

Talagang/
Chakwal

Flat

Blacksalmon

9

Slightly
falcate

17.54 ± 1.51 × 3.53 ± 0.56

11

CLC-11

Lava/Chakwa
l

Flat

Orangewhitish

9

Slightly
falcate

18.95 ± 1.36 × 3.03 ± 0.81

12

CLC-12

Lava/Chakwa
l

Compa
ct

Orangewhitish

9

Slightly
straight

19.11 ± 1.51 × 3.27 ± 0.47

13

CLC-13

Bhaun/Chak
wal

Flat

Pale
Salmon

8

Slightly
falcate

18.79 ± 0.87 × 3 ± 0.53

14

CLC-14

15

CLA-15

Fateh Jang/
Attock

16

CLA-16

Fateh Jang/
Attock

Sehgalabad/
Chakwal

Flat

Flat

Irongrey

9

Slightly
straight

18.49 ± 1.45 × 3.59 ± 0.63

Rounded to
ellipsoidal

7.19 ± 0.17 × 5.29 ± 0.68

Orangewhitish

9

Slightly
falcate

18.92 ± 1.57 × 3.31 ± 0.72

Rounded to
ellipsoidal

7.1 ± 0.66 × 4.97 ± 0.44

Rounded to
ellipsoidal

7.34 ± 0.38 × 6.07 ± 0.93

Flat

Irongrey

9

Slightly
falcate

17.85 ± 1.92 × 3.32 ± 0.38

Compa
ct

Pale
Salmon

9

Slightly
falcate

18.31 ± 0.5 × 3.14 ± 0.16

Compa
ct

Irongrey

8

Slightly
falcate

18.63 ± 0.64 × 2.92 ± 0.56

Clavate

Clavate

Clavate

Clavate

Rounded to
ellipsoidal

Clavate

Clavate

7.79 ± 1.25 × 5.07 ± 0.45

7.37 ± 1.3 × 5.43 ± 0.49

7.34 ± 1.05 × 5 ± 0.41

7.42 ± 1.18 × 6.66 ± 0.47

7.64 ± 0.4 × 5.76 ± 0.51

7.44 ± 0.31 × 6.72 ± 0.46

7.77 ± 0.84 × 5.64 ± 1.03

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal

54.8±8.23×5.72±0.7

55.32±6.14×6.4±0.96

58.2±7.42×6.1±0.74

46.9±7.22×6±0.79

41.8±2.3×6±0.35

47.44±7.65×6.1±1.02

60.05±11.84×5.9±1.0
8

58.6±5.43×6.3±0.57

65±9.78×5.9±1.19

40.74±1.27×6±0.79
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17

CLA-17

Fateh Jang/
Attock

18

CLA-18

Dhulian/
Attock

19

CLA-19

Khaur/
Attock

Flat

20

CLA-20

Khaur/
Attock

Flat

21

CLJ-21

Sohawa/
Jhelum

Flat

22

CLJ-22

Sohawa/
Jhelum

Flat

Pale
Salmon

9

Slightly
straight

18.46 ± 0.59 × 2.91 ± 0.48

23

CLJ-23

Sohawa/
Jhelum

Flat

Pale
Salmon

9

Slightly
straight

19.05 ± 0.78 × 3.06 ± 0.66

24

CLG-24

Lambray/
Gujrat

Flat

CLG-25

Lambray/
Gujrat

25

Flat

Compa
ct

Flat

Pale
Salmon
Irongrey

9

Slightly
straight

19.33 ± 1.58 × 3.42 ± 0.48

9

Slightly
straight

19.41 ± 0.69 × 3.2 ± 0.82

Pale
Salmon

9

Slightly
straight

18.84 ± 0.72 × 3.17 ± 0.52

Orangewhitish

10

Slightly
falcate

17.46 ± 1.52 × 3.14 ± 0.22

9

Slightly
falcate

17.22 ± 1.16 × 3.22 ± 0.64

Pale
salmon

Pale
Salmon

Orangewhitish

8

8

Slightly
falcate

Fusifor
m with
acute
ends

19.01 ± 1.32 × 3.41 ± 0.56

18.12 ± 1.51 × 3.36 ± 0.34

Rounded to
ellipsoidal

Clavate

Clavate

Clavate

Clavate

Clavate

Clavate

Rounded to
ellipsoidal

Rounded to
ellipsoidal

8.76 ± 0.86 × 5.4 ± 0.72

7.08 ± 0.95 × 6.6 ± 0.38

7.29 ± 0.65 × 5.28 ± 0.16

7.35 ± 1.16 × 5.24 ± 0.57

7.51 ± 1.75 × 5.32 ± 0.46

7.94 ± 0.93 × 4.84 ± 0.49

7.74 ± 1.27 × 5.49 ± 0.91

8.15 ± 1.43 × 5.53 ± 0.29

7.69 ± 0.88 × 5.81 ± 0.36

septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

43.3±2.56×5.5±0.5

60±9.08×6.1±0.96

58.2±5.99×6.2±0.57

53.56±6.47×6.22±0.7
7

54.76±7.58×6.2±0.57

60.2±3.62×5.8±1.03

55.2±6.45×5.1±0.74

52.58±5.62×5.92±0.6
7

54.1±6.46×5.5±0.61
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26

27

28

29

CLG-26

Dolat Nagar/
Gujrat

CLG-27

Bhadder/
Gujrat

CLG-28

CLG-29

Jalalpur
Jattan/
Gujrat

Jalalpur
Jattan/
Gujrat

Jalalpur
Jattan/
Gujrat

30

CLG-30

31

CLS-31

Pasrur Road/
Sialkot

32

CLS-32

Pasrur Road/
Sialkot

33

CLS-33

Pasrur Road/
Sialkot

CLS-34

Pasrur Road/
Sialkot

34

Compa
ct

Flat

Orangewhitish

Orangewhitish

Compa
ct

Pale
Salmon

Flat

Orangewhitish

9

Fusifor
m with
acute
ends

10

Fusifor
m with
acute
ends

9

Slightly
falcate

9

Fusifor
m with
acute
ends
Fusifor
m with
acute
ends

Flat

Orangewhitish

10

Flat

Pale
Salmon

9

Flat

Orangewhitish

9

Compa
ct

Pale
Salmon

8

Flat

Pale
Salmon

10

19.34 ± 1.01 × 3.43 ± 0.33

19.17 ± 1.1 × 3.55 ± 0.28

19.85 ± 0.8 × 3.42 ± 0.26

18.72 ± 0.83 × 3.28 ± 0.34

18.64 ± 1.6 × 3.36 ± 0.32

Clavate

Rounded to
ellipsoidal

Clavate

Rounded to
ellipsoidal

Rounded to
ellipsoidal

7.51 ± 0.43 × 5.67 ± 0.96

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation

58.62±5.94×6.1±0.82

8.47 ± 1.74 × 6.1 ± 1.35

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

48.9±3.69×5.4±0.54

8.54 ± 1.07 × 5.74 ± 1.13

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation

59.3±15.83×5.04±0.3
6

8.73 ± 0.76 × 5.8 ± 0.4

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

67.4±13.71×5.56±0.8
3

7.7 ± 1.3 × 5.95 ± 0.63

Slightly
falcate

17.57 ± 0.8 × 3.33 ± 0.49

Fusifor
m with
acute
ends

18.58 ± 0.33 × 3.29 ± 0.24

Rounded to
ellipsoidal

7.81 ± 0.73 × 5.98 ± 0.51

Slightly
falcate

18.2 ± 1.11 × 3.33 ± 0.37

Rounded to
ellipsoidal

7.76 ± 0.99 × 5.96 ± 0.43

Fusifor
m with
acute
ends

18.28 ± 1.39 × 3.48 ± 0.61

Clavate

Clavate

7.15 ± 1 × 5.79 ± 0.82

8.5 ± 1.04 × 5.94 ± 0.37

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation

73.5±11.51×5.6±0.96

76.5±9.61×5.1±0.54

69.4±13.12×5.9±0.96

74.4±14.48×5.5±0.7

68.76±6.05×5.78±0.9
4

70

35

CLS-35

Chowinda/
Sialkot

36

CLS-36

Chowinda/
Sialkot

CLS-37

Chowinda/
Sialkot

CLS-38

Chowinda/
Sialkot

37

38

Flat

Irongrey

9

Fusifor
m with
acute
ends

Compa
ct

Irongrey

9

Slightly
falcate

Flat

Pale
Salmon

10

Fusifor
m with
acute
ends

Compa
ct

Pale
Salmon

8

Fusifor
m with
acute
ends

9

Fusifor
m with
acute
ends

9

Slightly
falcate

9

Fusifor
m with
acute
ends

Blacksalmon

8

Fusifor
m with
acute
ends

Irongrey

9

Fusifor
m with

39

CLS-39

Pasrur /
Sialkot

Flat

40

CLS-40

Pasrur /
Sialkot

Flat

Pale
Salmon

CLS-41

Pasrur /
Sialkot

Flat

Irongrey

42

CLS-42

Pasrur /
Sialkot

43

CLS-43

Pasrur /
Sialkot

41

Compa
ct
Compa
ct

Irongrey

17.02 ± 2.34 × 3.3 ± 0.38

Rounded to
ellipsoidal

7.53 ± 1.31 × 5.08 ± 0.5

18.08 ± 0.91 × 3.85 ± 0.6

Rounded to
ellipsoidal

7.54 ± 1.1 × 5.69 ± 0.35

18.52 ± 1.49 × 3.25 ± 0.51

18.92 ± 0.38 × 3.03 ± 0.81

18.16 ± 1.47 × 3.29 ± 0.39

Clavate

Rounded to
ellipsoidal

Clavate

7.68 ± 0.92 × 6.08 ± 0.61

7.22 ± 0.76 × 5.36 ± 0.63

7.3 ± 0.15 × 5.96 ± 1.24

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation

71.5±5.52×5.8±0.83

74.2±5.6×5.2±0.83

73.9±6.26×5.3±0.82

72.9±8.64×5±0.7

66.36±7.44×5.4±0.54

17.86 ± 1.06 × 3.27 ± 0.22

Rounded to
ellipsoidal

7.71 ± 0.88 × 5.91 ± 1.24

17.62 ± 2.21 × 3.41 ± 0.57

Rounded to
ellipsoidal

7.79 ± 0.89 × 6.48 ± 1.07

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

77.1±7.43×5.1±1.14

7.23 ± 1.24 × 6.69 ± 0.73

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

75.9±3.64×5.1±0.82

7.38 ± 0.77 × 5.78 ± 1.12

Tip slightly tapering
towards acute, base
conical to cylindrical

80.1±5.31×5±0.7

19.23 ± 0.49 × 3.73 ± 0.53

17.7 ± 1.88 × 3.78 ± 0.31

Rounded to
ellipsoidal

Clavate

69.3±5.93×5.8±0.57
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acute
ends

CLS-44

Pasrur /
Sialkot

CLN-45

Zafarwl/
Narowal

46

CLN-46

Zafarwl/
Narowal

47

CLN-47

Zafarwl/
Narowal

48

CLN-48

44

45

49

CLN-49

50

CLN-50

51

CLN-51

52

CLN-52

Compa
ct

Flat

Irongrey

Blacksalmon

9

Slightly
falcate

9

Fusifor
m with
acute
ends

Compa
ct

BlackSalmon

10

Flat

Orangewhitish

8

Flat

Irongrey

9

Flat

Irongrey

9

Muridkay
Road
Narowal

Compa
ct

Orangewhitish

Muridkay
Road
Narowal

Compa
ct

Muridkay
Road

Flat

Muridkay
Road
Narowal

Muridkay
Road
Narowal

Slightly
falcate

Fusifor
m with
acute
ends
Slightly
falcate

and 2-5 septation

19.65 ± 1.97 × 3.41 ± 0.3

18.97 ± 1.39 × 4 ± 0.5

19.41 ± 1.2 × 3.8 ± 0.44

18.48 ± 0.97 × 3.83 ± 0.58

Clavate

Clavate

Clavate

Clavate

7.28 ± 0.4 × 5.75 ± 1.15

7.53 ± 0.43 × 5.36 ± 0.92

7.35 ± 0.24 × 5.47 ± 0.23

7.39 ± 0.29 × 4.95 ± 0.74

18.76 ± 1.85 × 3.42 ± 0.62

Rounded to
ellipsoidal

7.59 ± 0.18 × 6.07 ± 1.18

Slightly
falcate

17.82 ± 2.37 × 3.3 ± 0.44

Rounded to
ellipsoidal

7.42 ± 0.37 × 6.58 ± 0.53

9

Slightly
falcate

18.24 ± 2.13 × 3.4 ± 0.89

Orangewhitish

10

Slightly
falcate

18.06 ± 1.06 × 3.34 ± 0.37

Iron-

9

Slightly
falcate

17.98 ± 2.6 × 3.42 ± 0.36

Clavate

Clavate

Rounded to

7.83 ± 0.93 × 5.73 ± 0.85

7.6 ± 1.2 × 5.38 ± 0.87

8.2 ± 0.36 × 5.29 ± 0.64

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes

66.44±13.45×5.2±0.4
4

67.98±14.93×5.06±0.
6

73.8±10.75×5.1±0.22

72.9±7.12×5±0.61

72.4±6.43×5.6±0.41

77.8±4.94×5.62±0.68

74.5±6.67×5.38±0.41

54.5±12.94×5.1±0.65

64.38±13.53×5.2±0.4
4
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Narowal

53

CLN-53

Kot Nainan/
Narowal

54

CLN-54

Kot Nainan/
Narowal

55

CLN-55

Kot Nainan/
Narowal

56

CLN-56

Kot Nainan/
Narowal

57

CLM-57

58

CLM-58

59

CLM-59

60

61

grey

ellipsoidal

Compa
ct

Blacksalmon

9

Slightly
falcate

17.72 ± 2.14 × 3.33 ± 0.37

Compa
ct

Orangewhitish

9

Slightly
falcate

18.46 ± 0.97 × 3.25 ± 0.51

Compa
ct

Orangewhitish

9

Slightly
falcate

17.62 ± 2.21 × 3.51 ± 0.51

Rounded to
ellipsoidal

8.06 ± 0.73 × 6.09 ± 1.17

Compa
ct

Irongrey

9

Slightly
falcate

17.61 ± 1.13 × 3.77 ± 0.51

Rounded to
ellipsoidal

8.2 ± 0.64 × 6.47 ± 0.68

Chashma/
Mianwali

Flat

Irongrey

10

Slightly
falcate

19.05 ± 1.87 × 3.76 ± 0.59

Rounded to
ellipsoidal

8.29 ± 0.95 × 5.56 ± 0.47

Piplaan/
Mianwali

Flat

Orangewhitish

9

Slightly
falcate

18.8 ± 1.24 × 3.65 ± 0.47

Piplaan/
Mianwali

Flat

Orangewhitish

9

Slightly
falcate

19.44 ± 1.1 × 3.39 ± 0.39

CLM-60

Piplaan/
Mianwali

Flat

Irongrey

8

Slightly
falcate

19.32 ± 1.84 × 2.86 ± 0.28

Rounded to
ellipsoidal

8.07 ± 0.89 × 5.95 ± 0.75

CLM-61

Piplaan/
Mianwali

Compa
ct

Orangewhitish

9

Slightly
falcate

18.68 ± 1.16 × 3.15 ± 0.53

Rounded to
ellipsoidal

7.75 ± 0.5 × 6.69 ± 0.58

Rounded to
ellipsoidal

Clavate

Clavate

Clavate

7.86 ± 0.26 × 7.05 ± 0.54

7.99 ± 0.58 × 6.04 ± 0.79

8.49 ± 1.01 × 6.25 ± 1.11

7.93 ± 0.93 × 5.6 ± 0.84

constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

66.4±11.46×5.3±0.44

60.54±7.87×5.36±0.4
9

65.3±9.49×5.8±0.57

66.28±10.07×5.6±0.6
5

62.1±9.37×5±0.79

68.3±11.41×5.6±0.74

65.7±8.87×5.8±0.27

70±5.74×5.78±0.56

66.7±12.13×5.36±0.9
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62

CLK-62

Noorpur
Thal/Khushab

63

CLK-63

Noorpur
Thal/Khushab

64

CLK-64

Noorpur
Thal/Khushab

65

CLK-65

Noorpur
Thal/Khushab

66

CLK-66

Noorpur
Thal/Khushab

67

CLK-67

Muzaffargarh
Road/Khusha
b

Flat

Irongrey

9

Slightly
falcate

18.07 ± 2.41 × 3.73 ± 0.45

Compa
ct

Blacksalmon

9

Fusifor
m with
acute
ends

Flat

Irongrey

10

Slightly
falcate

18.76 ± 1.85 × 3.77 ± 0.67

Rounded to
ellipsoidal

7.68 ± 1.6 × 5.52 ± 0.44

Compa
ct

Blacksalmon

9

Slightly
falcate

19.03 ± 2.34 × 3.56 ± 0.84

Rounded to
ellipsoidal

7.66 ± 0.66 × 5.28 ± 0.87

Flat

Blacksalmon

9

Slightly
falcate

17.47 ± 2.64 × 3.59 ± 0.45

Flat

Irongrey

9

Fusifor
m with
acute
ends

17.81 ± 0.91 × 3.45 ± 0.36

18.86 ± 1.18 × 3.72 ± 0.46

Muzaffargarh
Road/Khusha
b

Compa
ct

Blacksalmon

8

Slightly
falcate

18.65 ± 1.55 × 3.8 ± 0.26

Clavate

Clavate

Clavate

Rounded to
ellipsoidal

Clavate

7.88 ± 0.52 × 6.3 ± 0.57

7.47 ± 0.27 × 6.35 ± 0.68

8.28 ± 0.85 × 5.31 ± 0.48

8.25 ± 0.74 × 5.91 ± 0.65

7.77 ± 1.21 × 6.05 ± 0.75

68

CLK-68

69

CLK-69

Qadir Pur/
Khushab

Flat

Orangewhitish

9

Slightly
falcate

18.58 ± 1.4 × 3.25 ± 0.66

Rounded to
ellipsoidal

7.47 ± 0.35 × 5.21 ± 0.95

70

CLK-70

Adhi Kot/
Khushab

Flat

Blacksalmon

9

Slightly
falcate

18.41 ± 1.88 × 3.24 ± 0.22

Rounded to
ellipsoidal

8.58 ± 0.53 × 5.43 ± 0.38

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

72±6.02×5.1±0.54

85±0.86×5.1±0.54

76.5±4.18×5.3±0.44

64.4±15.83×5.7±0.97

55.9±8.5×5.18±0.6

62.3±10.42×5.7±0.67

65.36±10.4×6±0.35

69.1±11.5×5.9±0.65

75.52±8.54×5.2±0.9

74

71

CLK-71

Adhi Kot/
Khushab

Compa
ct

BlackSalmon

10

Slightly
falcate

72

CLK-72

Adhi Kot/
Khushab

Flat

Orangewhitish

9

Fusifor
m with
acute
ends

73

CLK-73

Rangpur
Baghoor/
Khushab

Flat

Irongrey

9

Fusifor
m with
acute
ends

74

CLK-74

Rangpur
Baghoor/
Khushab

Flat

Irongrey

9

Slightly
straight

Rangpur
Baghoor/
Khushab

Compa
ct

Orangewhitish

10

Fusifor
m with
acute
ends

75

CLK-75

17.85 ± 1.15 × 3.65 ± 0.45

18.14 ± 2.42 × 3.3 ± 0.64

Rounded to
ellipsoidal

Clavate

8.22 ± 0.52 × 5.31 ± 0.69

8.21 ± 0.81 × 5.92 ± 0.67

17.64 ± 1.36 × 3 ± 0.39

Rounded to
ellipsoidal

7.75 ± 1.49 × 5.94 ± 0.78

16.83 ± 1.96 × 3.14 ± 0.15

Rounded to
ellipsoidal

7.52 ± 0.47 × 5.78 ± 1.01

17.73 ± 2.3 × 3.55 ± 0.45

Rounded to
ellipsoidal

8.06 ± 1.19 × 5.96 ± 0.84

76

CLJ-76

JhangKhushab
Road/Jhang

Compa
ct

Orangewhitish

9

Slightly
straight

18.43 ± 2.03 × 3.31 ± 0.72

Rounded to
ellipsoidal

7.32 ± 0.58 × 6.37 ± 0.47

77

CLJ-77

JhangKhushab
Road/Jhang

Flat

Irongrey

10

Slightly
straight

20.02 ± 1.07 × 3.3 ± 0.55

Rounded to
ellipsoidal

7.86 ± 1.11 × 5.55 ± 0.55

78

CLJ-78

JhangKhushab
Road/Jhang

Compa
ct

Blacksalmon

10

Slightly
straight

18.42 ± 1.12 × 3.63 ± 0.39

Rounded to
ellipsoidal

7.17 ± 1.4 × 6.17 ± 1.23

79

CLJ-79

JhangKhushab
Road/Jhang

Orangewhitish

9

Slightly
straight

19.88 ± 0.73 × 3.47 ± 0.3

Flat

Clavate

7.81 ± 0.77 × 5.44 ± 1.14

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation

70.1±4.56×5.1±1.08

71.3±4.26×5.1±0.82

70.3±7.08×4.8±0.57

76.5±5.47×5.2±0.57

74.2±6.18×5.2±0.44

58.1±14.91×5.1±0.54

63.2±13.13×5.4±0.65

69.28±14.6×6±0.46

74.5±8.94×6.02±0.8
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CLB-80

Arid Zine
Res. Inst./
Bhakkar

CLB-81

Arid Zine
Res.
Inst./
Bhakkar

82

80

Flat

Orangewhitish

Compa
ct

Blacksalmon

CLB-82

Kloor Kot/
Bhakkar

Flat

Irongrey

83

CLB-83

Kloor Kot/
Bhakkar

Flat

84

CLB-84

Mankera/Bha
kkar

85

CLB-85

86

81

87

10

Slightly
straight

18.97 ± 1.45 × 3.63 ± 0.56

Rounded to
ellipsoidal

9.05 ± 0.69 × 6.01 ± 1.04

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

69.1±9.31×6.02±0.63

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

76.3±3.96×6.22±1.21

16.63 ± 2.22 × 3.65 ± 0.51

Rounded to
ellipsoidal

7.87 ± 1.11 × 5.89 ± 0.72

10

Slightly
straight

17.48 ± 2.31 × 3.3 ± 0.72

Rounded to
ellipsoidal

8.53 ± 0.98 × 6.57 ± 0.69

Orangewhitish

10

Slightly
Falcate

16.58 ± 2.32 × 3.58 ± 0.37

Flat

Orangewhitish

9

Slightly
falcate

19.71 ± 1.72 × 3.2 ± 0.48

Rounded to
ellipsoidal

8.39 ± 0.58 × 5.05 ± 0.48

Datya Khan/
Bhakkar

Flat

Orangewhitish

10

Slightly
falcate

16.48 ± 1.84 × 3.18 ± 0.2

Rounded to
ellipsoidal

7.71 ± 0.17 × 5.7 ± 1.15

CLB-86

Datya Khan/
Bhakkar

Compa
ct

Orangewhitish

10

Slightly
falcate

18.85 ± 2.28 × 3.56 ± 0.46

Rounded to
ellipsoidal

7.71 ± 0.71 × 6.25 ± 0.79

CLL-87

Chaubara/Lay
yah

Flat

Irongrey

9

Fusifor
m with
acute
ends

9

Slightly
straight
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CLL-88

Chaubara/Lay
yah

Compa
ct

Blacksalmon

9

Fusifor
m with
acute
ends
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CLL-89

Agro. Res.
Sta.

Flat

Irongrey

9

Slightly
falcate

16.76 ± 2.66 × 3.75 ± 0.39

18.59 ± 1.39 × 3.9 ± 0.31

18.57 ± 1.9 × 3.71 ± 0.44

Clavate

Clavate

Clavate

Rounded to
ellipsoidal

7.75 ± 0.47 × 5.38 ± 0.96

7.62 ± 1 × 5.45 ± 0.72

9.23 ± 1.06 × 5.86 ± 0.12

10.58 ± 0.8 × 5.85 ± 0.72

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal

79.5±4.18×5.6±1.19

78.7±10.42×5.5±0.5

80.3±9.62×5±1

70.6±7.24×6±1.11

74.2±6.2×5.4±0.41

76.1±4.66×5.86±0.87

69±9.17×5.7±0.57

75.7±3.96×5.92±0.45
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Karor/Layyah

90

91

92

93

CLL-90

Agro. Res.
Sta.
Karor/Layyah

CLL-91

Agro. Res.
Sta.
Karor/Layyah

CLL-92

Karor Lal
Esan/
Layyah

CLL-93

Karor Lal
Esan/

Compa
ct

Blacksalmon

Flat

Orangewhitish

Flat

Irongrey

Compa
ct

Blacksalmon

10

Slightly
falcate

10

Fusifor
m with
acute
ends

10

Fusifor
m with
acute
ends

9

Slightly
falcate

18.54 ± 1.76 × 3.22 ± 0.42

15.87 ± 1.51 × 3.65 ± 0.51

18.25 ± 2.6 × 3.25 ± 0.62

19.34 ± 0.78 × 3.59 ± 0.31

Rounded to
ellipsoidal

Clavate

Rounded to
ellipsoidal

Clavate

11.04 ± 1.24 × 5.53 ±0.83

9.14 ± 1.56 × 6.02 ± 0.39

70.7±13.33×5.1±1.14

8.88 ± 1.48 × 6.51 ± 0.65

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

64.9±11.73×5.04±0.2
7

CLM-94

Layyah Road/
Muzaafargarh

Flat

Orangewhitish

9

Slightly
falcate

18.5 ± 2.07 × 3.46 ± 0.4

Rounded to
ellipsoidal

9.85 ± 0.28 × 6.62 ± 0.52

95

CLM-95

Layyah Road/
Muzaafargarh

Flat

Blacksalmon

9

Slightly
falcate

19.12 ± 1.28 × 3.48 ± 0.48

Rounded to
ellipsoidal

8.38 ± 1.42 × 6.2 ± 0.57
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CLM-96

Layyah Road/
Muzaafargarh

Compa
ct

BlackSalmon

10

Slightly
falcate

17.54 ± 1.41 × 3.09 ± 0.47

CLM-97

Layyah Road/
Muzaafargarh

Flat

Orangewhitish

8

Fusifor
m with
acute
ends

CLM-98

Layyah Road/
Muzaafargarh

Flat

Irongrey

9

Slightly
falcate

97

98

19.22 ± 0.98 × 3.75 ± 0.35

Clavate

Rounded to
ellipsoidal

66.5±15.16×5.5±0.61

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

94

16.71 ± 2.59 × 3.41 ± 0.31

67.52±14.08×5.3±0.4
4

9.35 ± 1.61 × 6.56 ± 0.66

Layyah

Clavate

septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation

7.98 ± 1.36 × 5.95 ± 0.71

Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

73.3±5.84×5.7±0.8

73.7±13.82×5.1±0.89

61.96±10.09×5±0.61

8.78 ± 1.14 × 5.94 ± 0.31

Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

61.2±15.19×5.26±0.4
8

9.34 ± 1.1 × 6.5 ± 0.63

Tip round, base ±
inflated sometimes
constricted at basal

62.54±12.09×5.7±0.5
7
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99

CLM-99

Kot Addu/
Muzaffargarh

Compa
ct

Irongrey

9

Slightly
falcate

18.22 ± 1.45 × 3.46 ± 0.18

100

CLM100

Kot Addu/
Muzaffargarh

Compa
ct

Orangewhitish

9

Slightly
falcate

18.53 ± 1.62 × 3.51 ± 0.34

101

CLM101

Kot Addu/
Muzaffargarh

Compa
ct

Orangewhitish

10

Slightly
falcate

15.81 ± 2.03 × 3.65 ± 0.5

102

CLM102

Kot Addu/
Muzaffargarh

Flat

Irongrey

10

Slightly
falcate

17.34 ± 1.87 × 3.22 ± 0.53

a Length and width of conidia ± standard deviation (SD)
b Maximum and minimum diameters of appressoria ± SD
c Length and width of setae ± standard deviation (SD)
* Based on mean of ten readings per isolate

Rounded to
ellipsoidal

Clavate

Clavate

Clavate

9.3 ± 1.01 × 6.2 ± 0.92

9.23 ± 0.68 × 6.36 ± 0.62

8.7 ± 0.56 × 6 ± 0.35

7.46 ± 0.59 × 6.31 ± 0.52

septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip round, base ±
inflated sometimes
constricted at basal
septum and 1-3
septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation
Tip slightly tapering
towards acute, base
conical to cylindrical
and 2-5 septation

65.9±7.23×5.3±0.44

63.5±10.97×5.2±1.09

64.7±11.18×5.4±0.41

74.2±3.66×5.3±0.44
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4.3.1

Growth Habit, Colony Colour and Number of Days to Fill Nine cm
Petri Plates by C. lentis Isolates
Hypha of C. lentis isolates through their aerial mycelium on growth medium

showed flat and compact (Table 4.3 and Fig. 4.6b) growth pattern and accordingly
isolates were categorized in two groups based on this parameter. Among the
isolates characterized; majority of them i.e. 66 (65%) displayed flat growth
followed by 36 (35%) isolates with compact growth pattern (Table 4.3 and Fig 4.7).
Flat growth was the dominating pattern found in isolates recovered from all the
thirteen districts of Punjab surveyed for the disease.
Colletotrichum lentis isolates manifested a variety of colours on OMA
medium i.e. black-salmon, iron-grey, orange-whitish, and pale salmon. Thirty four
percent (35 isolates) showed orange-whitish colony colour (Table 4.3 and Fig. 4.8,
4.9) followed by 30% (31 isolates) iron-grey, 21% (21 isolates) isolates blacksalmon and 15% (15 isolates) isolates showed pale salmon colour. Number of days
to fill 9-cm-dia Petri plates by isolates varied from 8-10 days (Table 4.3 and Fig.
4.10). The maximum number of isolates 64 (63%) took nine days followed by 27
(26%) isolates ten days and 11 (11%) isolates took 8 days to fill 9-cm-dia Petri
plates.
4.3.2 Shape and Size (Length × Width) of Conidia
Based on shape of conidia of C. lentis isolates; three conidial shapes slightly
falcate, slightly straight, and fusiform with acute ends were observed.
Consequently, isolates were categorized in three groups. Conidial shape in majority
of isolates i.e. 58 (57%) were found slightly falcate followed by 26 (25%) isolates
fusiform with acute ends, and shape of 18 (18%) isolates was slightly straight
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a. Flat growth by isolate CLM-94

b. Compact growth by isolate CLL-93
Figure 4.6b: Growth habits displayed by C. lentis isolates on oat meal agar during
morphological characterization; a. Flat growth exhibited by isolate
CLM-94 and b. Compact growth exhibited by isolate CLL-93.
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Figure 4.7: Groups of C. lentis isolates based on growth habit.
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Figure 4.8: Groups of C. lentis isolates based on colony colour.

82

a. Orange-whitish (isolate CLC-5)

b. Black-salmon (isolate CLS-42)

d. Pale-salmon (isolate CLS-33)

Figure. 4.9: Colony colour of C. lentis isolates expressed on oat meal agar; a.
orange-white b. black-salmon c. pale-salmon.
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Figure 4.10: Groups of C. lentis isolates based on days to fill 9 cm dia Petri plates.
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(Table 4.3, Fig. 4.11 and 4.12).
Variation in size (length and width) of conidia of isolates was also
observed. Hyaline, smooth walled, a-septate conidia ranging from 14-21.75 ×
2.14-4.88 µm (average 15.8-20.02 × 2.86-4.25 µm) n = 1020 conidia were
recorded. Isolates were categorized into two groups on the basis of length; large
one 18.06-20.02 µm (av. of 10 readings) comprising of 71% (72 isolates) and
small one 15.81-17.98 µm (av. of 10 readings) comprising of 29% (30 isolates)
(Fig. 4.13). The maximum length of conidia 20.02 µm followed by 19.88 µm,
and 19.85 µm was observed in case of conidia produced by isolates CLJ-77,
CLJ-79 and CLG-28. However, the minimum length of 15.81 µm was recorded
for conidia produced by isolate CLM-101 (Table 4.3). As regards width of
conidia, only

2% (2 isolates) exhibited large width (4-4.25 µm, av. of 10

readings) in comparison to small width (2.86-3.9 µm, av. of 10 readings) noted
in majority of the isolates i.e. 100, 98% (Table 4.3 and Fig. 4.14). The
maximum width of 4.25 µm was observed for conidia produced by isolate CLR3 followed by CLN-45 (4 µm), while the minimum width of 2.86 µm followed
by 2.91 µm and 2.92 µm was noted for conidia produced by isolates CLM-60,
CLJ-22 and CLA-16, respectively.
4.3.3 Shape and Size (Length × Width) of Appressoria
Isolates exhibited almost equal percentage of two types of shapes of
appressoria i.e. 52 (51%) isolates recorded were round to ellipsoidal, whereas 50
(49%) isolates showed clavate shape appressoria (Table 4.3 and Fig. 4.15, 4.16).
A variation in size of length and width of appressoria of various isolates
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Figure 4.11: Groups of C. lentis isolates based on shape of conidia.
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Figure 4.12: Shape of conidia of C. lentis isolate CLR-1 showing slightly straight
conidia.

87

Figure 4.13. Groups of C. lentis isolates based on size of conidia (length).
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Figure 4.14: Groups of C. lentis isolates based on size of conidia (width).
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Figure 4.15: Groups of C. lentis isolates based on shape of appressoria.
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Figure 4.16: Clavate shape of appressorium.
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was observed. Appressoria ranged from 5.3-12.3 × 4-7.75 µm (av. 7.08-11.04 ×
4.03-7.05 µm) n = 1020 appressoria; and were brown, plane walled, solitary or
occurred in loose clusters. Isolates were classified in two main categories i.e. large
and small length and large and small width appressoria. As regards length, majority
of isolates i.e. 92 (90%) were small (7.1-8.88 µm, av. of 10 readings) in length,
whereas only 10% (10 isolates) were found large in length i.e. 9.14-11.04 µm (av.
of 10 readings) (Table 4.3 and Fig. 4.17). In contrast, in the majority of isolates [70
(69%)] the appressoria possessed large width i.e. 6.02-7.05 µm (av. of 10 readings),
while the rest 32 (31%) isolates possessed small width 4.83-5.98 µm (av. of 10
readings) (Table 4.3 and Fig. 4.18). Individually, the maximum length of
appressorium; 11.04 µm was observed in case of appressorium produced by isolate
CLL-90, whereas the minimum length of 7.1 µm in case of appressoria produced by
isolate CLC-8. The maximum width of appressoria 7.05 µm followed by 6.72 µm
and 6.69 µm observed for isolates CLN-53, CLA-15 and CLS-42, respectively.
However, the minimum width of appressoria 4.83 µm was noted for isolate CLC-6.
4.3.4 Shape and Size (length × width) of Setae
Two shapes of setae were observed in isolates of C. lentis i.e. tip of setae
round, base more or less inflated and sometimes constricted at basal septum along
with 1-3 septation in case of 52 (51%) isolates; and tip slightly tapering towards
acute angle, base conical to cylindrical and setae with 2-5 septation in the
remaining 50 (49%) isolates (Table 4.3 and Fig. 4.19, 4.20). Setae found were
transparent to yellowish brown, plane verruculose, ranging from 40-95.5 × 3.5-7.5
µm (av. 40.7-85 × 4.8-6.4 µm), n = 1020 setae.
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Figure 4.17: Groups of C. lentis isolates based on size of appressoria (length).
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Figure 4.18: Groups of C. lentis isolates based on size of appressoria (width).
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Figure 4.19: Groups of C. lentis isolates based on shape of setae.
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Figure 4.20: Setae of C. lentis isolate CLK-63.
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Based on size; isolates were grouped into large and small length and large
and small width setae. Accordingly, 57 (56%) isolates were bearing large setae,
which ranged from 70-85 µm (av. of 10 readings), whereas the remaining 45 (44%)
were small setae ranging from 40.74-69.4 µm, (av. of 10 readings) (Table 4.3 and
Fig. 4.21). Setae width in the majority of isolates [71 (70%)] ranged from 6-6.4 µm
in case of large and 5 - 5.92 µm in remaining 31 (30%) small width isolates (Table
4.3 and Fig. 4.22). Individually, setae of isolate CLK-63 had maximum length of 85
µm, whereas setae of isolate CLA-16 the minimum one with 40.74 µm length.
Width-wise, setae of isolate CLC-8 possessed the maximum width of 6.4 µm,
whereas the least width of setae was noted for isolate CLN-47 with setae width of 5
µm.
In this investigation, cultural characteristics of C. lentis isolates, specifically
growth habit, colony colour and number of days to fill 9-cm-dia Petri plates were
considered. Accordingly, two growth patterns; flat and compact were observed
among all the isolates raised on OMA medium. Flat growth was the dominating
pattern exhibited by majority i.e. 65% of the total isolates followed by 35% isolates
manifesting compact growth (Fig 4.7). Further, flat growth was uniformly
distributed pattern amid C. lentis isolates belonging to all the 13 lentil growing
districts of the Punjab province. Although, compact fungal growth was observed in
35% isolates belonging to all the 13 lentil growing districts of the Punjab province.
Although, compact fungal growth was observed in 35% isolates belonging to
various districts surveyed but it was more noticeable in isolates recovered from two
districts i.e. Narowal and Sialkot. Damm et al. (2014) also reported flat C. lentis
colonies on OMA. C. lentis isolates manifested a variety of colony colours e.g.
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Figure 4.21: Groups of C. lentis isolates based on size of setae (length).
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Figure: 4.22: Groups of C. lentis isolates based on size of setae (width).
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black-salmon, iron-grey, orange-whitish and pale-salmon among the isolates
examined (Fig. 4.8, 4.9). Scientific literature too, reports diversity in colony colour
of Colletotrichum isolates. Damm et al. (2014) stated pale luteous to amber
colonies of C. lentis on synthetic nutrient agar and pale rosy buff to pale olivaceous
grey colonies on OMA. Armstrong et al. (2006) and Damm et al. (2009) described
salmon-orange colonies of lentil isolates of C. truncatum and somewhat smokegrey to olivaceous-buff colonies of C. lineola, respectively, whereas dark brown to
black colonies of lentil-originating C. truncatum isolates were reported by Ford et
al. (2004).
Number of days to fill 9 cm Petri plates by isolates in question varied from
eight to ten days. Majority of isolates 63% took nine days to fill a 9 cm Petri plate
(mean growth 10 mm/day) followed by 26% isolates taking 10 days @ 9 mm/day
and eight days by 11% isolates @ 8.8 mm/day (Fig. 4.10). Per day colony growth
of a Colletotrichum species varies among its isolates and from species to species of
Colletotrichum. Damm et al. (2009) reported 3 - 3.2 mm colony growth/ day (2122.5 mm in 7 days; 30-34 mm in 10 days) of C. lentis isolates, and 5.1-5.2 mm/day
(36-37 mm in 7 days) on OMA in case of colonies produced by C. lineola , the type
species of the genus Colletotrichum. Ford et al. (2004) described Australian,
Canadian and other international C. truncatum isolates originating from lentil,
soybean, peanut and noogoora burr. Overall, growth of their isolate collection was
6 mm/day; however C. truncatum isolates recovered from non-lentil hosts were
relatively fast growing. Individually, lentil- recovering C. truncatum isolates grew
at different growth rates i.e. 4.3-7.9 mm/day, however the fastest growing isolate
was PDC032; 8.6 mm/day from soybean.
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As regards morphological characteristics of C. lentis isolates; shape and size
(length × width) of conidia, appressoria and setae were taken into account. Three
conidial shapes i.e. slightly falcate, slightly straight, and fusiform with acute ends
were observed, and consequently isolates were categorized in three groups (Fig.
4.11). Conidial shape of most isolates i.e. 57% was slightly falcate followed by
25% isolates fusiform with acute ends, and 18% isolates slightly straight (Fig.
4.12). This finding agrees with already reported conidial shapes; straight-slightly
curved and fusiform with acute ends of C. lentis by Damm et al. (2014). On the
other hand, Ford et al. (2004) reported ellipsoidal conidia of lentil-originating C.
truncatum isolates. In this study; hyaline, smooth walled, aseptate conidia ranging
from 15.8-20.02×2.86-4.25 µm were observed. These conidial characteristics are
fairly consistent with already reported conidial characteristics of C. lentis by Damm
et al. (2009) with an average size of 13-26 × 3-5 µm. Also, previous to this, lentil
originating C. truncatum isolates conidia were discussed by Ford et al. (2004) i.e.
size range between 16-20.7 × 3. 3-4.9 µm, which is similar to findings of this study.
Moreover, conidial sizes being reported here are recomparable to C. truncatum
isolates from hemp i.e. 12.0-18 ×3-5 µm (Van Dyke and Mims, 1991).
Isolates exhibited almost the same percentage of two shapes of appressoria
i.e. 51% rounded to ellipsoidal and 49% clavate shaped (Fig. 4.15, 4.16).
Appressoria were 7.08-11.04 × 4.03-7.05 µm, brown in colour, plane walled,
solitary or occurring in loose clusters. These findings are similar to previously
reported results by Damm et al. (2009) i.e. appressoria single or in pairs, brown and
round with an average size of 5-9 × 3.5-6.5 µm. Ford et al. (2004) too, discovered
lentil-recovering C. truncatum isolates appressoria brown and clavate shaped.
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Damm et al. (2009) further described pale to medium brown, plain walled 40-85 ×
5-6 µm setae along with 1-3 septation and their base more or less swollen and
rarely confined at basal septum. Present study reveals translucent to yellowish
brown setae measuring 40.7-85 × 4.8-6.4 µm.
Result of the investigations revealed that a total 102 anthracnose isolates
recovered from the major lentil growing regions of Punjab, Pakistan, eventually
helped in identifying the isolates of C. lentis as true fungal cultures of C. lentis
together with their use in evaluating resistance in lentil germplasm and breeding
lines.
4.4

MOLECULAR CONFIRMATION OF HIGHLY VIRULENT C.
LENTIS ISOLATE
The ITS (ITS1, 5.8s and ITS4) region of the highly virulent isolate CLK-63

was successfully amplified through PCR (Fig. 4.23). The PCR product after
purification was sent to Macrogen Korea for sequencing. The obtained sequence
was aligned, edited and submitted to NCBI. The sequence when compared with
previously submitted sequences of Colletotrichum isolates, employing basic local
alignment search tool (BLAST) showed 100% similarity with Colletotrichum lentis
(KX890330)

and

Colletotrichum

truncatum

(GQ176277).

Colletotrichum

associated with lentil was identified and named as Colletotrichum truncatum until
2012 (Ford et al., 2004; Gossen et al., 2009; Morrall, 1988; Morrall, 1997).
However, C. truncatum was later on renamed as C. lentis (Armstrong-Cho et al.,
2012). Damn in 2014, also renamed C. truncatum isolates originating from Lens
culinaris as C. lentis on the basis of Internal Transcribed Spacer region.
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Figure 4.23: Polymerase chain reaction amplification products (600+ bp) of
genomic DNA of isolate CLK-63 using ITS1/ITS4 primer.
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The 99-100% similarity of the nucleotides sequence of ITS region of isolate
CLK-63 with C. truncatum and C. lentis may be attributed to the aforementioned
fact. Therefore, the highly virulent isolate selected during the study was in fact C.
lentis. Moreover, the cognizance may be taken from the findings of Datta et al.
(2011) where the use of ITS sequence along with morphological and pathogenic
data for characterization of the Colletotrichum isolates was found a significant tool
for the understanding of species identification. The ribosomal internal transcribed
spacer (ITS) sequence is extensively used to determine the species groupings, the
genetic characterization and subsequent taxonomy of the Colletotrichum genus
(Damm et al., 2014; Sherriff et al., 1994).
4.5

PATHOGENICITY DETERMINATION
Fifty one C. lentis isolates representing three groups (on the basis of radial

growth) were subjected to pathogenicity determination in cell trays carried out on
lentil genotype Masoor-85 (susceptible). Disease data were recorded seven days
following inoculation using 1-9 anthracnose rating scale. Purpose of this trial was
the confirmation of C. lentis isolates as true causal organism of lentil anthracnose.
All isolates evaluated in this trial produced typical anthracnose symptoms
on seedlings of test genotype (Fig. 4.24) including necrotic lesions with depressed
centers, initially concentrated on the stem base and lower branches before spreading to
leaves (Bailey, 2003; Kaiser et al., 1998; Bernier et al., 1992 ) causing premature
defoliation and deep penetrating lesions on stems leading to wilting and plant death
(Shaikh et al., 2013). As a result, isolates investigated were classified in four
categories based on the virulence i.e. slightly virulent, moderately virulent, virulent
and highly virulent isolates (Fig. 4.25).
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Figure 4.24: Sunken necrotic lesions caused by C. lentis isolate on lentil
seedlings.
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Figure 4.25: Pathogenicity determination of fifty one C. lentis isolates on lentil
genotype Masoor-85 showing number/ percentage of different
isolates falling in four virulence groups.

Slightly
virulent
/3

9
(18%)

CLG-25, CLM-60, CLA-18, CLJ-23, CLG26, CLG-29, CLM-59, CLG-30, CLJ-77.

Moderately
virulent
/5

13
(25%)

CLC-13, CLR-1, CLR-3, CLC-4, CLC-8,
CLA-15, CLJ-21, CLJ-76, CLB-81, CLB84, CLA-20, CLB-85, CLL-91.

Virulent
/7

23
(45%)

CLS-33, CLN-47, CLS-32, CLS-35, CLS36, CLS-43, CLN-45, CLN-50, CLN-56,
CLK-66, CLK-70, CLK-74, CLL-87, CLL93, CLM-99, CLR-2, CLC-9, CLS-37, CLN51, CLM-57, CLK-71, CLB-80, CLM-101.

Highly
virulent
/9

6
(12%)

CLK-68, CLS-40, CLK-63, CLK-69, CLM95, CLM-100.
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Maximum isolates 23 (45%) manifested virulent followed by 13 (25%)
isolates moderately virulent response towards anthracnose. However, 6 (12%)
isolates exhibited highly virulence response towards disease. Pathogenicity of
individual C. lentis isolates varied from slightly to highly virulent. Six isolates;
CLK-63, CLK-68 and CLK-69 recovered from disease samples collected from
district Khushab; two isolates CLM-95 and CLM-100 recovered from samples of
district Muzaffargarh, and one isolate CLS-40 from district Sialkot were found
highly virulent in causation of all the typical anthracnose symptoms on seedlings of
genotype Masoor-85.
4.6

PATHOGENIC VARIABILITY
Determination of pathogenic variability was done employing 51 C. lentis

isolates (earlier confirmed through pathogenicity as true causal fungi of
anthracnose) on germplasm/ accessions; NIAB Masoor-2006, Punjab Markaz-2009,
Punjab Masoor and NIAB Masoor-2002, which were arbitrarily taken as
differential lines [Dr. S. M. Iqbal, ex. Principal Scientific Officer (Plant Pathology),
Pulses Program, National Agricultural Research Centre, Islamabad]. Data on
disease reaction types were recorded using 1-9 anthracnose rating scale described
earlier (Fig. 4.26).
As a result of study; variation in virulence of C. lentis isolates (from
slightly - highly virulent) and genetic makeup of germplasm accessions (from
resistant - highly susceptible) were observed. Overall, the majority of isolates
showed virulent response towards germplasm accessions and, consequently all
the accessions were found susceptible to the maximum number of isolates
investigated (Table 4.4).
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Figure 4.26: Diseased lentil seedlings manifesting anthracnose ratings (a) Rating
3; Resistant (b) Rating 5; Moderately Resistant (c) Rating 7;
Susceptible (d) Rating 9; Highly Susceptible.
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Table 4.4: Virulence of C. lentis isolates on four lentil germplasm accessions.

Reaction type* on four lentil genotypes

Sr.

Isolates

1 CLC-13
2 CLG-25
3 CLS-33
4 CLN-47
5 CLM-60
6 CLK-68
7
CLR-1
8
CLR-3
9
CLC-4
10 CLC-8
11 CLA-15
12 CLA-18
13 CLJ-21
14 CLJ-23
15 CLG-26
16 CLG-29
17 CLS-32
18 CLS-35
19 CLS-36
20 CLS-40
21 CLS-43
22 CLN-45
23 CLN-50
24 CLN-56
25 CLM-59
26 CLK-63
27 CLK-66
28 CLK-69
29 CLK-70
30 CLK-74
31 CLJ-76
32 CLB-81
33 CLB-84
34 CLL-87
35 CLL-93
36 CLM-95
37 CLM-99
38 CLM-100
39 CLR-2

NIAB
Masoor
-2006
S/V
R/SV
S/V
R/SV
R/SV
S/V
S/V
R/SV
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
HS/HV
S/V
S/V
S/V
S/V
R/SV
S/V
S/V
S/V
S/V
HS/HV
S/V
HS/HV
S/V

Punjab
Markaz2009
S/V
R/SV
S/V
S/V
R/SV
S/V
S/V
S/V
S/V
S/V
S/V
R/SV
S/V
R/SV
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
HS/HV
S/V
HS/HV
S/V
S/V
R/SV
S/V
S/V
S/V
S/V
HS/HV
S/V
HS/HV
S/V

Punjab Masoor

NIAB Masoor2002

R/SV
S/V
S/V
S/V
S/V
S/V
R/SV
S/V
S/V
S/V
S/V
S/V
R/SV
S/V
S/V
S/V
S/V
S/V
S/V
HS/HV
S/V
S/V
S/V
S/V
S/V
HS/HV
S/V
HS/HV
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V

S/V
R/SV
S/V
S/V
S/V
HS/HV
S/V
S/V
S/V
S/V
S/V
R/SV
S/V
R/SV
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
HS/HV
S/V
HS/HV
S/V
S/V
S/V
S/V
S/V
S/V
S/V
HS/HV
S/V
HS/HV
S/V
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40 CLC-9
41 CLA-20
42 CLG-30
43 CLS-37
44 CLN-51
45 CLM-57
46 CLK-71
47 CLJ-77
48 CLB-80
49 CLB-85
50 CLL-91
51 CLM-101

S/V
S/V
R/SV
S/V
R/SV
S/V
S/V
S/V
S/V
S/V
S/V
S/V

S/V
R/SV
R/SV
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V

* R/SV= Resistant/ slightly virulent
S/V= Susceptible/ virulent
HS/HV= Highly susceptible/ highly virulent

S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V
S/V

R/SV
S/V
S/V
S/V
S/V
S/V
S/V
R/SV
S/V
S/V
S/V
S/V
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As regards slightly virulent C. lentis isolates; isolates CLR-3 from district
Rawalpindi, CLG-25 and CLG-30 (from district Gujrat), CLN-47 and CLN-51
(from district Narowal), CLM-60 (from district Mianwali) and CLJ-76 (from
district Jhang) were found slightly virulent on accession NIAB Masoor-2006;
whereas isolates CLA-18 and CLA-20 (from district Attock), CLG-25 and CLG-30
(from district Gujrat); CLM-60 (from district Mianwali), CLJ-23 (from district
Jhelum) and CLJ-76 (from district Jhang) showed slightly virulent response
towards accession Punjab Markaz-2009. On Punjab Masoor;

isolates CLC-13

(from district Chakwal), CLR-1 (from district Rawalpindi) and CLJ-21 (from
district Jhelum) exhibited slightly virulent response; and on accession NIAB
Masoor-2002, isolate CLG-25 (from district Gujrat), CLA-18 (from district
Attock), CLJ-23 (from district Jhelum), CLC-9 (from district Chakwal), and CLJ77 (from district Jhang) expressed slightly virulent response towards anthracnose.
Consequently, these accessions were found resistant to C. lentis isolates mentioned
above. Individually, isolate CLG-25 was found slightly virulent on NIAB Masoor2006, Punjab Markaz-2009 and NIAB Masoor-2002; Isolates CLM-60 and CLJ-76
on NIAB Masoor-2006 and Punjab Markaz-2009; isolates CLA-18 and CLJ-23 on
Punjab Markaz-2009 and NIAB Masoor-2002; and CLN-47 on NIAB Masoor2006. Consequently, above accessions were found resistant to C. lentis isolates
mentioned above.
As regards highly virulent isolates, individually, isolate CLK-63 (from
district Khushab) was found the most virulent isolate in causing typical anthracnose
symptoms on all the germplasm accessions evaluated rendering all accessions
highly susceptible to isolate CLK-63 followed by isolate CLK-69 (also from district

111

Khushab), the most virulent on three accessions, except NIAB Masoor-2006, on
which exhibited virulent response. Likewise, isolate CLM-95 and CLM-100 (from
district Muzaffargarh) were found highly virulent on all accessions, except Punjab
Masoor (virulent), accordingly these three accessions were found highly susceptible
and Punjab Masoor susceptible to these isolates. Isolates CLK-68 (from district
Khushab) and CLS-40 (from district Sialkot) were found highly virulent only to
NIAB Masoor 2002 and Punjab Masoor, respectively, and hence these two
accessions were found highly susceptible to these isolates.
On the basis of above results, C. lentis isolate CLK-63 was figured out as
the most virulent isolate in causation of all the typical anthracnose symptoms on all
the germplasm accessions evaluated, therefore, was chosen for subsequent studies
pertaining to screening of available lentil germplasm against the highly virulent C.
lentis isolate.
Colletotrichum lentis has a broad host range which maintains its survival
better. Pathogenic variations in different isolates of C. lentis might be due to
differences in temperature, moisture, soil types, and other edaphic factors of
various locations from where the isolates were collected. Further, variability among
isolates of C. lentis might be due to genetic and physiological differences among
the isolates investigated. Pathogenesis along with genetic diversity plays a specific
role in host-plant resistance. Isolates having morphological similarity are not
necessarily identical genetically, they might have some differences. The variable
genetic pattern contributes to variation in morphology and pathogenesis, which has
been confirmed by using different molecular tools (Fuhlbohm, 1997; Mayek-P´erez
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et al., 2001; Almeida et al., 2003; Jana et al., 2003; Reyes-Franco et al., 2006;
Rajkumar et al., 2007; Allaghebandzadeh et al., 2008).
Variability in isolates of various pathogens have been reported by many
researchers (Iqbal et al., 2004; Ali et al., 2009). Pathogenic variability may be
related to the phenomena of host specialization as has been observed in plant
pathogenic fungus Macrophomina phaseolina. Su et al. (2001) found host
specialization in maize on the basis of pathogenic, genetic and physiological
differences. Similarly, Cloud and Rupe (1988) analyzed host specialization in
soybean. This mechanism takes long time to establish within a specific host.
It is pretty evident that variability in morphology, pathogenicity is
imperative for the fungus to have better adaptation in response to diversified
environmental conditions. It also leads to host plant resistance, development of
resistant varieties of different crops against anthracnose of lentil, and
implementation of new disease controlling strategies.
4.7

MANAGEMENT OF LENTIL ANTHRACNOSE THROUGH HOST
PLANT RESISTANCE
For the management of lentil anthracnose based on host plant resistance,

screening of 31 available lentil germplasm accessions against the known highly
virulent C. lentis isolate CLK-63 was done at seedling and flowering stage.
Genotype Masoor-85 served as check/spreader during the trial.
At seedling stage, the majority of lentil accessions i.e. 64.5% were found
susceptible to highly susceptible (35.5% susceptible and 29% highly susceptible) to
C. lentis isolate CLK-63, whereas, 9.7% accessions moderately resistant and 25.8%
accessions resistant to anthracnose (Fig. 4.27, 4.28).
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Figure 4.27: Response of lentil accessions (%) towards anthracnose caused by C.
lentis isolate CLK-63 at seedling stage under greenhouse conditions.
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Figure 4.28: Identification of anthracnose resistance in lentil accessions against C.
lentis isolate CLK-63 at seedling stage under greenhouse conditions in
progress.
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Table 4.5. Response of lentil germplasm accessions towards C. lentis isolates CLK-63 for
management of anthracnose through host plant resistance at seedling stage.
Sr. #

Accessions

Rating

Disease reaction

1

Masoor-93

7

Susceptible

2

NIA Masoor-2005

9

Highly Susceptible

3

Masoor-89

3

Resistant

4

NARC-08-1

9

Highly Susceptible

5

Masoor-86

3

Resistant

6

Masoor-89 Bold Seeded

3

Resistant

7

9-207-Lentil

9

Highly Susceptible

8

12-308-Lentil

5

Moderately Resistant

9

Masoor-2004

3

Resistant

10

13-108-Lentil

7

Susceptible

11

BL-2

9

Highly Susceptible

12

NL-1

7

Susceptible

13

NL-2

5

Moderately Resistant

14

NL-3

9

Highly Susceptible

15

NARC-08-2

7

Susceptible

16

NARC-11-1

3

Resistant

17

NARC-11-2

9

Highly Susceptible

18

NARC-11-3

7

Susceptible

19

NARC-06-1

9

Highly Susceptible

20

08504

7

Susceptible

21

08505

3

Resistant

22

09506

7

Susceptible

23

01505

7

Susceptible

24

03501

5

Moderately Resistant

25

04533

7

Susceptible

26

06513

7

Susceptible

27

Masoor-2002

9

Highly Susceptible

28

Punjab Massor-2009

3

Resistant

29

RK-2004

9

Highly Susceptible

30

Shiraz-96

3

Resistant

31

Mansehra-89

7

Susceptible

Masoor-85 (check)

9

Highly Susceptible
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Accessions, specifically Masoor-89, Masoor-86, Masoor-89 bold seeded,
Masoor-2004, NARC- 11-1, 08505, Punjab Massor-2009 and Shiraz-96 were among
the resistant accessions, whereas Masoor-93, 13-108-Lentil, NL-1, NARC-08-2,
NARC-11-3, 08504, 09506, 01505, 04533, 06513 and Mansehra-89 susceptible
(Table 4.5) and NIA Masoor-2005, NARC-08-1, 9-207-Lentil, BL-2, NL-3, NARC11-2, NARC-06-1, Masoor-2002 and RK-2004 highly susceptible to anthracnose.
Three accessions; 12-308-Lentil, NL-2 and 03501 were found moderately resistant to
anthracnose at this stage.
At adult stage, similar to seedling stage, the maximum accessions i.e. 61.3%
were found susceptible to highly susceptible to isolate CLK-63 (29% susceptible
and 32.3% highly susceptible) followed by 25.8%) accessions resistant and 12.9%
moderately resistant to disease (Fig. 4.29, 4.30 and Table 4.6). Therefore,
accessions behaved in the same manner towards isolate CLK-63; except at adult
stage accession NL-1 was found highly susceptible compared to at seedling stage
where it was susceptible to anthracnose. Second exception was, accession Masoor93, which was found moderately resistant to isolate CLK-63 in contrast to its
susceptible response towards anthracnose at seedling stage. This slight shift of
response of two accessions or variation in symptom induction by various isolates of
C. lentis could be due to various physical factors or age of the host together with
variation in genetic make-up of the germplasm accessions evaluated.
Environmental factors favouring lentil anthracnose leading to harvest losses
comprise temperatures (over 250 C)

along with

continued

leaf

dampness

(Sinclair, 1982). Plants which are younger take more time in developing syrnptoms
and look resistant compared to those inoculated at flowering (four to six weeks
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age) and likewise at low temperature. Managing weeds (McLean and Roy, 1988;
Hepperly et al. , 1980) and practicing rotations to evade interaction with infected
stubbles may lessen disease outbreaks (Sinclair, 1991). Several Colletotrichum spp.
can live/ overwinter on host stubbles lying on soil, however unable to germinate
when covered up with soil. Also, insignificant tillage lead to rise in inoculum
compared to those with traditional tillage, which bury harvest residues (Naylor and
Leonard , 1977).
Identification of host plant resistance through screening of germplasm is a common
practice to figure out resistance sources against a particular pathogen (s) of a crop.
Such studies with regard to lentil anthracnose at international level are available in
scientific literature. Buchwaldt et al. (2004) systematically screened 1767 lentil
germplasm accessions for resistance to anthracnose and found 16 accessions
resistant proposing slight genetic variability for resistance. Following this a
resistant line “Indianhead” was used as a basis of resistance in breeding program of
the Crop Development Centre of the University of Saskatchewan, culminating in
release of cv. CDC Robin (Vandenberg et al., 2002). A mixture of a major and a
minor genes for resistance was reported in Indianhead and accession PI 32093
(Tar'an et al., 2003; Tullu et al., 2003). In another study, Tullu et al. (2006)
screened 574 wild lentil accessions representing six wild lentil species from
collections of Germany and North America for anthracnose resistance and found
sixteen lines having resistance. Lens ervoides (Brign.) Grande. germplasm
manifested the maximum resistance with a score of 3-5 on a 1-9 disease rating scale
under field and glasshouse environments. Accessions from Turkey and Syria
showed resistance, specifically in L. ervoides (Brign.) Grande.
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Figure 4.29: Response of lentil accessions (%) towards anthracnose caused by C.
lentis isolate CLK-63 at adult stage under greenhouse conditions.
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Figure 4.30: Identification of anthracnose resistance in lentil accessions against
C. lentis isolate CLK-63 at flowering stage under greenhouse
conditions.
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Table 4.6: Response of lentil germplasm accessions towards C. lentis isolate CLK63 for management of anthracnose through host plant resistance at adult
stage.
Sr. #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Accessions
Masoor-93
NIA Masoor-2005
Masoor-89
NARC-08-1
Masoor-86
Masoor-89 Bold Seeded
9-207-Lentil
12-308-Lentil
Masoor-2004
13-108-Lentil
BL-2
NL-1
NL-2
NL-3
NARC-08-2
NARC-11-1
NARC-11-2
NARC-11-3
NARC-06-1
08504
08505
09506
01505
03501
04533
06513
Masoor-2002
Punjab Massor-2009
RK-2004
Shiraz-96
Mansehra-89
Masoor-85(check)

Rating
5
9
3
9
3
3
9
5
3
7
9
9
5
9
7
3
9
7
9
7
3
7
7
3
7
7
9
3
9
3
7
9

Disease reaction
Moderately Resistant
Highly Susceptible
Resistant
Highly Susceptible
Resistant
Resistant
Highly Susceptible
Moderately Resistant
Resistant
Susceptible
Highly Susceptible
Highly Susceptible
Moderately Resistant
Highly Susceptible
Susceptible
Resistant
Highly Susceptible
Susceptible
Highly Susceptible
Susceptible
Resistant
Susceptible
Susceptible
Moderately Resistant
Susceptible
Susceptible
Highly Susceptible
Resistant
Highly Susceptible
Resistant
Susceptible
Highly Susceptible
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In a similar study for investigation of resistance in wild lentil species, Fiala
et al. (2009) identified several resistant accessions in L. ervoides (Brign.) Grande.
To study genetics, a cross was made between the susceptible lentil cv. Eston and
the resistant L. ervoides accession L-01-827A. Offspring showed resistance
providing proof for the successful transfer of resistance from wild to cultivated
species of lentil. More recently, Shaikh et al. (2013) evaluated 579 lentil
germplasm (received from Hungary, Poland, Russia and Bulgaria originating from
20 states (collected between 1923 and 1988) under controlled environmental
conditions. Lentil plants of each germplasm line were inoculated individually with
C. lentis isolate 95A8 and isolate 95B36 at flowering initiation. Resistance sources
were achieved by single plant selection in 4.0% (23); out of which fifteen (2.6%)
lines were found having resistance to isolate 95B36 and seven (1.2%) with
resistance to isolate 95A8 and one accession with resistance to both the isolates.
investigation revealed the first report on resistance in L. culinaris to C. lentis isolate
95A8 as well as to the isolate 95A8 and isolate 95B36 combined.
Prior to current study, no local record/data on screening of lentil germplasm
accessions against anthracnose pathogen was available in scientific literature.
Accordingly, the recent screening of lentil germplasm under report highlights eight
germplasm accessions; Masoor-89, Masoor-86, Masoor-89 bold seeded, Masoor2004, NARC-11-1, 08505, Punjab Massor-2009 and Shiraz-96 as resistant lentil
accessions; and three accessions 12-308-Lentil, NL-2 and 03501 moderately
resistant to lentil anthracnose. Consequently, these germplasm accessions may be
used as a baseline material for resistance in breeding program of various research
institutes of Pakistan like Pulses Program of the National Agricultural Research
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Centre, Islamabad; Nuclear Institute of Agriculture and Biology, Faisalabad; and
other provincial pulse research institutes. Moreover, future studies could be
undertaken on evaluation of resistance in lentil cultivars, breeding lines and
landraces of C. lentis together with mating system and population structure of C.
lentis, a multilocus molecular phylogenetic analysis of C. lentis isolates (ACT, βTub2, CHS-1, HIS3, GAPDH) and integrated disease management.
It’s worth mentioning here that though scientists mention about lentil
anthracnose in the area under study but there is no published report on the disease.
Therefore, this study comprise the first report on lentil anthracnose caused by C.
lentis.

SUMMARY
Lentil anthracnose caused by fungus Colletotrichum lentis Damm is one of
the most significant threats to lentil (Lens culinaris Medikus) cultivation
worldwide. Lots of information regarding the problem has been published all over
the world, however, no detailed data on lentil anthracnose prior to this work was
available in Pakistan. Current work encompasses this gap with reference to disease
incidence (DI) and disease severity (DS) in the major lentil growing districts of the
Punjab province, correct identification of the causal organism along with
morphological characterization of its isolates, and status of available lentil
germplasm accessions towards disease. Consequently, the study was initiated with
the objectives; anthracnose disease documentation in major lentil growing areas,
pathogenic/ morphological variability in C. lentis isolates, molecular confirmation
of the highly virulent isolate recovered from infected lentil samples, and
management of anthracnose through host plant resistance. To start with; a two year
disease survey (2014 and 2015 crop seasons) was done in 13 lentil growing districts
of Punjab comprising of Rawalpindi, Chakwal, Attock, Jhelum, Gujrat, Sialkot,
Narowal, Mianwali, Khushab, Jhang, Bhakkar, Layyah and Muzaffargarh.
Consequently, 162 disease samples were collected from private lentil farms/
government research institutes (82 during 2014 and 80 during 2015). Samples
yielded 102 C. lentis isolates.
Result of survey revealed disease prevalence in all areas/ districts. However,
DI and DS varied considerably among areas/ districts surveyed. At individual
locality, the maximum (mean) DI 85% during 2014 and 84% during 2015 was
observed in Noor Pur Thal (Khushab), whereas the minimum (mean) DI 5% during

123

124

the both years was observed in Bhadder (Gujrat). Correspondingly, DS too, varied
greatly in individual localities. The highest (mean) DS 9 during both the years was
recorded in Chowinda (Sialkot), Kot Nainan (Narowal) and Noor Pur Thal
(Khushab), while the lowest (mean) DS 2 during both the years was noted at Fateh
Jang and Dhulian (Attock), Sohawa (Jhelum), Dolat Nagar, Bhadder ( Gujrat),
Jhang-Khushab Road (Jhang), Darya Khan (Bhakkar) and Karor Lal Esan
(Layyah).
Year-wise, the maximum districts mean DI 69% (2014) and 67% (2015)
together with DS 7 during both the years was recorded in district Khushab. In
contrast, the minimum districts mean DI 20% in 2015 and 22% in 2014 with DS 3
in both the years was observed in Jhang. Based on two years districts mean data; the
highest DI 68% and DS 7 was found in district Khushab, however, the lowest DI
21% and DS 3 was observed in district Jhang. Also, substantial variation in DI and
DS showed disease is established in the visited areas but disparity in disease
intensity may be due to different levels of susceptibility/ resistance in the
germplasm.
Morphological characterization of C. lentis isolates exhibited two growth
patterns; flat and compact. Flat being the dominating pattern was exhibited by the
majority of isolates i.e. 65%, moreover, pattern was uniformly distributed among
all the isolates recovered from 13 lentil cultivating districts of Punjab. However,
compact growth (35%) was more noticeable in isolates belonging to districts
Narowal and Sialkot. Likewise, isolates manifested a variety of colours on oat meal
agar i.e. black-salmon, iron-grey, orange-whitish, and pale salmon; orange-whitish
being the dominating in 34% isolates. Number of days to fill 9 cm dia. Petri plates
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by isolates varied from eight to ten days, however the maximum isolates i.e. 63%
took nine days (mean growth 10 mm/day) to fill.
Regarding shape and size (length × width) of conidia; three shapes slightly
falcate, slightly straight, and fusiform with acute ends were noted. Conidial shape
in majority of isolates (57%) was slightly falcate. Conidia were hyaline, smooth
walled, aseptate ranging from 15.8-20.02 × 2.86-4.25 µm. Isolates exhibited almost
equal percentage of two shapes of appressoria i.e. 51% rounded to ellipsoidal and
49% clavate. Appressoria were 7.08-11.04 × 4.03-7.05 µm, brown in colour, plane
walled, solitary or occurring in loose clusters. Present study reveals translucent to
yellowish brown setae measuring 40.7-85 × 4.8-6.4 µm.
For confirmation of C. lentis isolates as true causal organism of
anthracnose, 51 C. lentis isolates representing three groups of isolates (based on
radial growth) were subjected to pathogenicity determination and all the isolates
produced typical anthracnose symptoms on seedlings of genotype Masoor-85.
Pathogenic variability was done employing 51 C. lentis isolates confirmed through
pathogenicity on accessions; NIAB Masoor-2006, Punjab Markaz-2009, Punjab
Masoor and NIAB Masoor-2002 taken as differential lines. Overall, the majority of
isolates showed virulent response towards accessions, accordingly all accessions
were found susceptible to the maximum number of isolates. Individually, isolate
CLK-63 (recovered from samples collected from district Khushab) was found the
most virulent isolate causing typical anthracnose symptoms on accessions evaluated
rendering all of them highly susceptible to disease. Consequently, C. lentis isolate
CLK-63 was figured out as the most virulent isolate and was chosen for subsequent
study; screening of available lentil germplasm accessions against the highly
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virulent C. lentis isolate. For molecular confirmation of C. lentis isolate CLK-63 as
true causal organism of lentil anthracnose, the ITS (ITS1, 5.8s and ITS4) region
was successfully amplified through PCR, purified and obtained sequence was
aligned, edited and compared with previously submitted sequences of
Colletotrichum isolates which showed 100% similarity with Colletotrichum lentis
(KX890330, NR137781) and Colletotrichum truncatum (AF451899, AF451900,
AF451902).
For management of lentil anthracnose based on host plant resistance,
screening of 31 lentil accessions were conducted at seedling and flowering stage
against the highly virulent isolate CLK-63. Accession Masoor-85 served as
check/spreader in the trial. At seedling stage, majority of accessions; 20 (64.51%)
were found susceptible (11, 35.48%) to highly susceptible (9, 29.03%) to isolate
CLK-63, whereas three (9.67%) moderately resistant and eight (25.80%) resistant
to anthracnose. At adult stage, similar to seedling stage, maximum accessions 19
(61.29%) were found susceptible to highly susceptible to isolate CLK-63 followed
by eight (25.80%) resistant and four (12.90%) moderately resistant to anthracnose.
Thus, almost all accessions responded towards isolate CLK-63 in the same manner.
Accessions, specifically Masoor-89, Masoor-86, Masoor-89 bold seeded, Masoor2004, NARC- 11-1, 08505, Punjab Massor-2009 and Shiraz-96 were found
resistant, while accessions 12-308-Lentil, NL-2 and 03501 were found moderately
resistant to disease at both the stages; seedling and adult stage.

CONCLUSIONS AND RECOMMENDATIONS


Present study shows scenario of lentil anthracnose caused by Colletotrichum
lentis in 13 major lentil growing districts of the Punjab, Pakistan; however
its incidence and severity varied from mild to severe in different localities/
districts. Disease was found most widespread and destructive in district
Khushab followed by Sialkot and Narowal. Therefore, this situation may
not be ignored as favorable disease conditions can pose a serious threat to
lentils. Accordingly, regular and organized surveillance of disease may be
done to develop and implement effective disease management strategies.



Although, scientists mention about lentil anthracnose in the area under study
but there is no published report on this disease. Therefore, this is the first
report on lentil anthracnose caused by C. lentis.



Significant variations regarding cultural and morphological characters
among isolates of C. lentis were observed, which indicate diverse
population structure in C. lentis isolates. Accessions; Masoor-89, Masoor86, Masoor-89 bold seeded, Masoor-2004, NARC- 11-1, 08505, Punjab
Massor-2009 and Shiraz-96 were found resistant to anthracnose during
screening against the highly virulent isolate CLK-63. Consequently, these
accessions may be used in breeding program of lentil by concerned
departments and their cultivation by lentil farmers may be encouraged.



Scarce and scattered lentil fields observed during survey in the major lentil
growing areas/ districts indicates an alarming situation of lentil crop in
Pakistan. Therefore, the situation needs to be taken care of for necessary
actions regarding increase in lentil acreage by concerned quarters.
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Preparation and distribution of educational materials pertaining to lentil
anthracnose for awareness of farmers, agricultural extension staff and
community workers.



To enhance the professional capability of researchers and extension staff,
workshops and training programs may be arranged to develop awareness
about disease and its management.
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