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“@arents”

Two lives merge to create a life
One that grows in their tender loving care
A father who looRs on, with concern and pride
A mother who nurtures, the child she bears.

They want you to learn life the hard way
Vet, they don't want you to go through the trouble
they are always by your side when you falter
they lift your spirit up when you feelit’s bound to crumble.

No one else can ever give such a wonderful gift,
A gift that can be treasured since my childhood began to drift.

“I've searched the wide world over,
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Chapter — 1
INTRODUCTION

Common beanRhaseolus vulgarisL.) belongs to family.eguminosae and
occupies a premier place among legumes in the vieeldding India, where it is
locally called afRajmash (Sharmeet al., 1994). The crop is distributed worldwide
and can grow under diverse agro-ecosystems rafigingtropical, sub-tropical to
temperate region (Popelleaal., 2004). It is also known as Common bean, Black
bean, Navy bean, Pinto bean, Kidney bean, Dry b®aap bean and Field bean
(Sardanaet al., 2000). It is a native crop of Central and Solitherica where it is
being cultivated extensively and is morphologicatighly variable. In India
French beans rank second to pea in production anextensively grown in
Himachal Pradesh, Uttar Pradesh, Uttrakhand, Kakaat Maharashtra and

Jammu & Kashmir.

It is an excellent vegetable crop valued both aemgivegetable as well as
pulse. It is of paramount significance for direatttan consumption and a dietary
supplement rich in proteins, vitamins and mineglsh as calcium, phosphorus,
iron and zinc (Broughtost al., 2003). Beans are considered as the “meat of the
poor” as they are second most important sourceratem after maize and the
third most important source of calories after maane cassava (Pachico, 1993).
The importance of beans in the human diet cantbéwed to the fact that about
half the grain legumes consumed worldwide is cominesns (Broughtost al.,
2003). As vegetable it is highly nutritious beimnchrin vitamin C and pro-vitamin
A. Quantitatively each 100g edible portion of conmrimean green pod contains
moisture (91.4%), carbohydrates (4.5%), proteing%d, fat (0.1%), fibre (0.5%),
calories (25), vitamin A (321 IU), thymine (0.08 ngiboflavin (0.06 mg),
vitamin C (16 mg), calcium (50 mg), iron (1.7 mg)daphosphorus (28 mg).
Moreover, it also contains sodium (4.30 mg), poatass(12 mg), copper (0.21
mgq), sulphur (37 mg) and nicotinic acid (0.30 migatra and Som, 2005). As a
vegetable crop, common bean is cultivated glgbaler an area of 1.47 million



hectares with an annual production of 17.65 millions, while in India it is

cultivated over an area of about 0.20 million hexgawnith an annual production
of 0.58 million tons (Anonymous, 2010). In Jammu a&ashmir it is cultivated

over an area of 2000 ha with an annual productiod0® tons (Masoodi and
Masoodi, 2003).

The agro-climatic conditions of Kashmir valley offan advantage for
cultivation of beans. However, the cool and molshatic conditions prevalent
during the growing season of beans predispose beares number of biotic
stresses like damage by insect pests, diseasaseamtodes that adversely affect
its production and productivity. The attack by mgipdathogenic fungi is the single

significant factor that results in yield loses eitldirectly or indirectly.

Beans succumb to a number of diseases such asribladight
[Xanthomonas campestris pv. phaseoli (Smith) Dye], white mould clerotinia
sclerotiorum (Lib.) de Bary], brown spotHseudomonas syringae pv. syringae
(Van Hall)], angular leaf spotPfaeoisorio psisgriseola (Sacc.) Ferraris], rust
[Uromyces appendiculatus (Pers.) Unger], anthracnose Cofletotrichum
lindemuthianum) (Sacc. and Magn.) Scrib. and mosaic. Among thaseis the
most devastating disease that warrants a seridastiah as it inflicts heavy
economic losses to the crop, which may reach uf@per cent, under conducive
conditions (De Jesus Junier al., 2001). The disease has been observed to be
predominant and destructive particularly on petygke of beans and often appear
in epidemic proportions in major bean growing areasulting in extensive
damage to the crop causing huge losses ranging4t@ to 69.0 per cent in green
pod yield depending upon cultivar and age of thepaat the time of infection
(Sharma,1989).

Beans in Kashmir valley are grown mainly as intgpcwith maize and no
chemicals are used on maize. Under such circunesandooks better to screen
the available germplasm to identify the resistané(k), if any, to reduce the

dependence on chemicals.



Although a lot of work has been done on differespexts of bean rust
both at national and international levels, no wiagls been done to investigate the
disease under the Kashmir agro-climatic conditidteseping in view the huge
losses caused by the pathogen and the meager atfonravailable on different
aspects like identification of the pathogen, phiygal studies, germplasm
screening and management through cultural and da¢émmethods, the present

investigations were undertaken with the followirgeztives :

1) Study the status of the disease in bean growingsané Kashmir
valley.
2) Study perpetuation of the pathogen.

3) Screen the available germplasm.



Chapter — 2
REVIEW OF LITERATURE

The pertinent literature available on French baast rs being reviewed
under the following aspects:

2.1  Geographical distribution

2.2  Losses

2.3 Symptomatology

2.4  Pathogenicity

2.5 Perpetuation

2.6  Disease Resistance
2.1 Geographical distribution

Bean rust caused byromyces appendiculatus (Pers.) Unger has been
observed to be predominant and destructive dise$gench bean in various
parts of the world. It is a major disease affectilng bean production worldwide
(Yoshi, 1980). The disease was first reported fi@armany in 1795 (Persoon,
1795). Since then the occurrence of the diseaséodé@s reported from various

parts of the world like France (Malencon, 1936).AJ&chandi, 1976). Central
Andes (Chardon and Toro, 1927) and Bulgaria (Ctifist 939).

In India, the disease was first reported as eaxlind918 (Butler, 1918).
Now the occurrence of this disease has been maaggrted from Karnataka
(Sharma, 1989) and Tamil Nadu (Prakasham and Thaanli991).

2.2 Losses

Bean rust funguysU. appendiculatus, is of worldwide importance as a
yield reducing pathogen d¢thaseolus vulgaris L., causing yield loss of about 50
per cent (De Jesus Junigral., 2001). Bean rust mainly infects leaves and cause
yield losses close to 100 per cent depending onséwerity and earliness of
infection (Bassaneat al., 2001). Heavy epidemics occur especially in topits



and subtropics as the condition in these areascameucive for the disease
development (Burmeister and Hau, 2009). Yield rédacdue to the disease has
been documented to vary from 18 to 100 per ceindfirenet al., 1995). Severe
rust infection results in defoliation, stunted gtbvand subsequent reduced vyields
while infected pods may be rejected in the market tb the development of
disfiguring lesions (Partridge, 1997; Jacques, 2002Zarious workers have
reported varying degree of losses due to this desé@m year to year in different
parts of the world. Rust being a polycyclic diseaaa cause serious economic
losses under favourable environmental conditions ppgmature defoliation,
decrease in the number of pods per plant and tbeirced weight (Zaumeyer and
Thomas, 1957). In Kenya 36.7 per cent yield lossese observed in plants
having 79 per cent infection (Singh and Musyimi81p In United States, up to
78 per cent yield lasses in pinto beans were recbfdelly, 1982).

In India losses in green pod yield due to this ageranged between 4.7 to
69.0 per cent depending upon cultivars, age o€tbp at the time of infection and
per cent disease intensity (Sharma, 1989). In AdnOittrakhand, yield losses up
to 60.8 per cent due to this disease has beentegp@harma, 1998). Severity of
the disease varied from 15 to 80 per cent in difielareas of Solan district like
Nauni, Kandaghat, Chail and Kanuri during 2006 geason (Guptet al., 2008)

2.3 Symptomatology

Walker (1952) observed that the disease appeah@ietves as minute
almost white, slightly raised spots, which enlaogesusceptible varieties to form
brownish, powdery lesions up to 2 mm in diametéerosurrounded by a ring of
secondary sori. The sori gradually become very dadwn to black as the
teliospore developed. Similar symptoms appearethermpods and rarely on the
stems and petioles.

As many as 2,000 rust pustules may be found onleafeand since each
is made up of powdery mass of spores, they gietasusty colour to anything

that touches them, even covering the ground witttlfabrownish dust. When the



leaf becomes thoroughly infected it shrivels arits flcom the plant (Chupp and
Sherf, 1960).

Common symptoms of rust develop on leaves and pimigally the
pustules develop on the under surface of the leasesnall, white, slightly raised
spots. These spots enlarge and form reddish-brewast-coloured pustules that
are about 1/8 inch in diameter and contain thousasfdmicroscopic summer
spores (urediniospores). Spores are readily redefiom the pustules and give a
rusty appearance to anything they contact. Rustbeadistinguished from other
leaf spots as these spores rub off onto fingerdevidights and bronzing do not.
Pustules may be surrounded by a yellow border. rSewdection may cause
leaves to curl upwards, dry up, turn brown and dpopmaturely. A severely
damaged bean field often looks as if scorched. g@vdpod fill and seed size can
be reduced if early infection is severe. Green padsl occasionally stems and
branches, also may become infected and developatypist pustules. However,
bean rust is not seed-borne (Schwastzal., 2011). As the host ages, the
uredosorus may be replaced by teliospores whicblack brown in colour. Telial
stage is dark brown to brown coloured and lineaaves may turn yellow and dry
or they may fall off (Sharma, 2007). With the fatmon of teliospores, the lesion
turns dark brown or black. Infected leaves may tygllow and dry or fall off

prematurely.
2.4 Pathogenicity

Yarwood (1960) found that urediniospores mature@ days after
inoculation of greenhouse grown pinto beans. Symptappeared first on 5th and
6th day after inoculation, uredia being produced8Bn and §' day reaching
maximum on 14 day. Maximum infection was obtaindaew inoculated plants
were exposed for 11 h or more to 100 per cent R#l mumber of pustules
increased if exposure was for more than 12 h katithe needed for lesions and
pustules to become visible was confirmed after a@sdof inoculation on to 25
days old French bean plants (Rey and Lozano, 19Gipta et al. (2008)

]



confirmed the pathogenicity of the fungus afterdeys of inoculation on to 25
day old bean plants.

2.5 Perpetuation

Bean rust can survive in cold climate conditions takospores and
urediospores in crop debris as well as in seeditethe field after harvesting
(Singh, 2009). In other areas it survives throgghwn bean and other species of
Phaseolus like broad beans, snap beans, lima beans (BatraStackly, 1994).
Intensive cultivation of beans in areas with atnmasjic humidity is one of the
conditions favourable for the disease developmienthese areas if the crop is
attacked early, there may be a total loss. Theatepe spores (urediospores)
germinate best at 15 to @ About 93 per cent germination of urediospores ha
been observed at 17.5-225 The teliospores in crop debris germinate be0at
15°C. Spores produced at temperature aboViC Zhow reduced germination
(Terhune and Hoch, 1993). The informatiers-a-vis over-wintering of U.
appendiculatus indicate that occurrence of sexual stage is vany r further, high
incidence of pycnia and aecia on lower surfaceteisof infected bean plants
both in the field and green house conditions hdse laeen reported (Schwasiz
al., 2011).

2.6 Host Resistance

Host resistance is the most effective bean rustagement strategy.
Resistance to bean rust is controlled by a sefieseweral genes that are single
and dominant (Kellyet al., 1996). However, the usefulness of host resistanc
under field conditions may be limited by high vente diversity of the bean rust
pathogen. The large number of races of this patihoge a major factor
contributing to rendering dry or snap bean varsetleat are rust resistant in one
location or year, susceptible in another, partidylavhen bean cultivars have
single genes for rust resistance. Thiayal. (2007) identified about 12 single

pustule isolates df). appendiculatus, the etiological agent of common bean rust.



These isolates have been used to select rustamsgenotypes in a bean growing
programme and it was revealed that differentialicans Mexico 309, Mexico 235
and Pl 181996 showed resistance. It was suggdsa¢dhtese cultivars should be
used as a sources of resistance in breeding ofasistant beans. Nine of the rust
resistance genes have been named and mapped onsviamkage groups (LG) of
the consensus linkage mapRifaseolus vulgaris. These rust resistance genes are:
Ur-3 (Pv11),Ur-4 (Pv 01),Ur-5 (Pv 04),Ur-6 (Pv 11),Ur-7 (Pv 11),Ur-9 (Pv
01),Ur-11 (Pv 11),Ur-12 (Pv 07), andJr-13 (Pv 08) (Kellyet al., 2003; Miklas

et al., 2006).

Severity of rust varies among host species andvaudt Cultivars having
moderate or low susceptibility show only minute tples. Resistance to rust in
common bean is related to leaf pubescence. Orsigédce having large number
of trichomes (leaf hair) the infection is preventsdnot allowing the germ tubes
from urediospores contact the leaf surface (Mumbagd Steadman, 1992).
Difference in resistance level are more pronoungedadult donors than in
seedlings. Resistance is mainly due to retrictibhawmstorium formation, reduced
colonization of the host and reduced number of toeuas These reduce the size of
uredinia (Silliro and Rubiales, 2002).

Santanat al. (1993) evaluated pod reactions of R.8vwlgaris germplasm
lines (three temperate and 15 tropical) to fo{@anthomonas campestris pv.
phaseoli (XCP) (Smith) Dye strains and sevéh appendiculatus (UA) (Pers.)
Unger races. Line x XCP interaction was significkotleaf and pod reactions.
The common bean lines XAN-159, BAC-6, and XAN-1Ellhe best combined
leaf and pod resistance to XCP. Line x UA raceradions were significant.
Lines IAPAR-14 and BAC-6 had the best combinedstasice to XCP and UA.
Sixteen Alubia lines (15 with long, straight haarsd one with short, hooked hairs
on trifoliolate leaves) derived from single plardlexctions made in an Alubia
landrace (Argentine) were used to evaluate theioelaf abaxial leaf pubescence

to reaction to rust in a greenhouse experiment. gih cultivar Ul-114 (short,



hooked hairs) was used as a susceptible checkplane per pot, replicated six
times, in a randomized complete-block design waslu$he primary leaves and
the sixth trifoliolates of all plants from 12- al®-day-old plants, respectively,
were inoculated with a water suspension of uredpioes (105 cells/ml) of rust
isolate US-NP85-10-1. Pustule size and rust intgngtre assessed 14 days later.
No rust pustules were observed on the sixth tafelileaves of the pubescent
(long, straight hairs) Alubia lines, but large puies were observed on the primary
leaves (short, hooked hairs) of all Alubia linesl gointo ‘Ul-114’. As well as on
the sixth trifoliolate leaf of A-07-2 and pinto ‘l44’ the latter two with short,
hooked hair (Zaiteet al., 1990).

Combination of factors was found responsible faistance to various
races ofU. appendiculatus in varieties like Golden Gate, Wax and Brown
Kentucky Wonder (Dundas, 1942). Varieties like flarBelle and Florida White
Wax were found to combine resistance to some faymsst with tolerance of
heat and drought (Townsend and Wade, 1943). Zaummya Harter (1946)
found two new Pinto beans No. 5 and No. 14 combimesistant to rusty
appendiculatus). Zaumeyer (1947) also found Florida Belle, a shapn variety
resistant to rust.

Frazieret al. (1948) observed that the promising high yieldimg lof pole
green bean which was resistant to rust was thetamieof a progeny of cross in
between Bountiful x Walualei developed at Hawahey further reported a new
pole green bean namely Hawaiian Wonder was alsstaes to rust and was
developed again by crossing between Bountiful x[ladai. This variety was
adapted to high elevation where rust was a limitajor (Frazier and Hendrixn,
1949).

Baggett and Frazier (1959) made some tests on emmsthles which
indicated resistance in some varieties of beangb Most bean varieties grown in
East Africa were found reasonably resistant to bbusWhite Haricot was liable to

severe damage or total loss (Anonymous, 1961).dDdt9 varieties inoculated

]



with rust race 33, only California Small White Né43, Kentucky Wonder Wax
No. 765, Florigreen and Extender were found todsestant (Hikida, 1962).

Kiraly et al. (1972) suggested that pathogen in the host wasdkdks a
result of host resistance and the necrosis wasdhgequence and not the cause of
hypersensitive type of resistance. Field reactibi58 lines of bean to natural
infection by rust indicated that many of the busken and red kidney beans were
only slightly infected and some of them had race specific resistance to rust,
while pole and most dry beans showed either a leigl of specific resistance or
were severely rusted and there was no evidenaefospecific resistance in these
groups (Ballantyne, 1974). Rodriguez (1976) evaddtO5 cultivars at 36 and 50
days after planting to rust and 25 cultivars wesanfl resistant while some
showed intermediate resistance. Gastial. (1980) tested 30 Soviet cultivars in
the field and found only 2 cultivars Fana and Aasarelatively resistant to the
rust. Ohlander (1980) reported that cvs. like Bl&sssie and Negro Mecentral
were resistant to rust while Mexican 142, Tengeswatd Ethiopia 16, all white-

seeded varieties showed moderate resistance to rust

Stavely (1981) screened different accessions fimenltternational Bean
Rust Nurseries and commercial bean cultivars teeslgpathogenically distinct
collections ofU. appendiculatus from Florida, Maryland, Michigan, New Jersey,
North Dakota and Tennessee, none was immune otyhrglistant to allU.
appendiculatus collections while cvs. B190 and Compuesto Negror@henango
were resistant, whereas, 78VEF2327-1, Pinto Seri@ah813624 and S434 were

moderately resistant to all collections.

Kolmer and Groth (1982) reported that crosses nimde/een bean line
814 and Pinto Il (showing minute rust uredium anmodderately resistant reaction
to S 1-5 isolate ob. appendiculatus) indicated that the minute uredium reaction
was controlled by a single dominant gene. Echa&vek (1982) observed that the
resistance of black bean cvs. B190 and 2B5-W.tappendiculatus was derived

from Mexico 309. Cultivars ‘US3’ and Early Gallatwere resistant to rust



pathogen and also concluded that resistance as$,l&fpd, in US3 was expressed
only when the resistance allele was matched tateilence allele at UpAl or
UpV3 locus in P10-1 or S1-5 isolate bf appendiculatus (Christ and Groth,
1982).

Yeh (1983) screened different beans germplasm ésistance toU
appendiculatus and based on the pustule size on the primaryrdoticdlate leaves
different germplasms were categorised as resi§®nmoderately resistant (MR),
moderately susceptible (MS) and susceptible (S)imi€o and Groth (1984)
observed that bean cvs. Early Gallatin and Pintbviére moderately susceptible
and susceptible to rust pathogen, respectivelyn&tdret al. (1984) found that

cv. Nodak was resistant to bean rust.

Kardin and Groth (1985) demonstrated that simuttaseinoculations of
the El and F2 progenies froPhaseolus vulgaris crosses Aurora X Pinto 111.
Fleetwood X Pinto 111 and Aurora X Fleetwood widvenU. appendiculatus
isolates, the resistance of Aurora and Fleetwooghth isolate was controlled by
a single dominant gene while Aurora contained astléwo resistance genes and
the small fleck gene in Aurora was epistatic ta tha=leetwood. Steadmaat al.
(1985) found that local cv. Pompadour exhibitedrogc lesions or small pustules
(500 um) in response to all races of rust pathageh cultivars Early Gallatin,
Mexico 309, 51051 and Compuesto Negro Chimaltenamgae moderately to
highly resistant. Rivera (1995) reported that odt tlirty eight local and
introduced cvs./lines of beans screened againgt tlhis best was Negro San
Ramon 5, which was resistant. He further demorestréttat the resistance was
controlled by several genes or at least one dorhigame conferring resistance to

several races of the pathogen.

Sharma (1998) reported the existence of resistances. like SVM-I and
Hans to this disease, while Sikkim Local-2 was mmatiy resistant Cvs./lines A-
801, A-804, Phantom, Apore, Novo, Jalo, CorrenM@OPA, 201-Ouro, USLK-
2 Light Red Kidney, USDK-4 Dark Red Kidney and USV8KWhite Kidney,



Merlot and Condor exhibited resistance to this assefrom various parts of the
world (Kelly et al., 2000; Singtet al., 2000; Riost al., 2001; Miklaset al., 2002;
Silvaet al., 2003; Hosfieldet al., 2004 and Kellt al., 2005).

Pastoret al. (2005) released bean germplasm lines with two géoes
Middle American beans and two genes from Andeambedich were effective
against all known virulence phenotypes of the beast pathogen under
greenhouse and field conditions. Cultivars with ldmgest rust resistance spectra
were Redlands Pioneer, California Small White @®wn Beauty, A x S 37 and
Compuesto Negro Chimaitenango (Sowetaal., 2005). Mienieet al. (2006)
reported that the resistance gene Ur-I3 was prasetite South African large
seeded cuitivar Kranskop, and was used extensiirelyhe local breeding
programme. Hangt al. (2006) developed a cultivar Silver Cloud’, an &erived
Fo line from the cross ‘Lisa/Linden’, white kidneyydibean exhibited tolerance to
bean rust. Cultivars lines like IPR 96-4 (Khati dtooda, 2006) and Arka Anoop
(Aghoraet al., 2007) have also been found as resistant todibease in Almora

and IIHR, Bangalore, respectively.



Chapter — 3
MATERIALS AND MATHODS

The current studies were undertaken in the DivisbriPlant Pathology
Sher-e-Kashmir University of Agricultural Sciencasd Technology of Kashmir.
The materials used and methods adopted in achighmgtudy is described as

under:
3.1 Prevalance of disease

Periodic survey of the commercially important bgaowing areas of the
valley were carried out in four districts viz.,ifgxgar, Pulwama, Budgam and
Baramulla, from July to September during 2013 @eason, to asscess the status
of the disease. The plant parts showing charatiesgmptoms were collected in
paper bags and brought to the laboratory for furshedies.

3.1.1 Disease incidence

Per cent disease incidence was calculated as follow

Per cent disease incidence = No. of leaves/ pods infected

Total no of leaves/pods observed 100

3.1.2 Disease intensity

Per cent disease intensity (PDI) was calculateagusie formula

PDI = Z&)g/) x 100
Where, > = Summation
n = Number of diseased leaves/pods in each category
% = Category value
N = Total number of leaves examined

®
I

Highest category value



The data for calculating the disease severity wasrded as per the scale
proposed by Mayee and Dattar (1986) with slight ifircations:

Score/grade Description

0 No symptoms on leaf/pod

Rust pustules small, scattered, covering 1 per ceniess

1 leaf/pod area

3 Rust pustules more in number, covering 2-10 pet akleaf/pod
area

5 Typical rust pustules covering 11-25 per cerlieaf/pod area

7 Typical rust pustules covering 26-50 per cerleaf/pod area

9 Typical rust pustules covering 51 per cent orarleaf/pod area

3.2 Characterization of pathogen

Infected plants showing characteristic symptomstled disease were
collected from different locations surveyed andugtat to the laboratory for
identification of the associated fungus on the $asimorphological characters as
suggested by Cummins (1959) under binocular miomscThe morphological
characteristics of urediniospores in respect o stzape, colour and echinulations

if any were studied
3.3 Pathogenicity
3.3.1 Raising of plant material

In order to raise the plants for the conduct ohpgenicity tests, plastic
pots (10 cm dia) were washed in running tap water\aere filled with sterilized
formalin 5%) soil consisting of soil + sand + FYM2:1:1 ratio (w/w/w). In each
pot, 3 seeds of french bean cv. Falguni were sawhadter seedling emergence,

two plants pot were maintained.



3.3.2 Preparation of inoculum
3.3.2.1 For inoculation of medium

Fresh urediniospores were brought from field andevesllected in watch
glass by tapping the freshly appeared rust pustiilesn this inoculum was used
for inoculation of the plants with the help of dieed camel hair brush and flat

needle.
3.3.2.2 For inoculation of plant parts

Urediniospore suspension was prepared by brushieghly formed
urediniospores in a Petri-plate containing stexdizlistilled water. Few drops (1-
2) of Tween-20 were added to separate the sporee®ds obtain urediniospore
concentration generally in the range of 50-60 umedipores per microscopic field

(magnifying power).
3.3.3.1 Leaf coating method

In order to inoculate the plants by this metho@dnfd were first sprayed
with water and then gentle rubbing between the teoed thumb and fore finger
was done to remove the waxy coating from the leagesuggested by Melchers
(1915). The wet finger was rubbed on the urediroospnass collected in watch
glass and the same was applied to leaves by gerithing the fore-finger to leaf
surface. The inoculated plants were then maintaingublythene chamber under
high humidity to provide leaf wetness for 24 h ahdn removed to Glasshouse
benches at ambient temperature (20£2°C) and olseregularly for the

appearance of the symptoms.
3.3.3.2 Inoculation of detached stem

In order to conduct pathogenicity test on detactedh, tender stems (5-6
cm long) were surface sterilized with ethanol (70803 placed in Petri plates
(150 mm diameter) containing moist sterilized bhatpapers on both the sides.
The stems were inoculated by leaf coating methabpdaiced in laboratory under

ambient temperature (20+2°C) conditions. Simultaisgg control was also



maintained by spraying drops of sterilized distillevater on stems. Each
treatment was replicated thrice and the experimastrepeated once.

3.3.3.3 Inoculantion of detached pods

In order to conduct pathogenicity test on detaghads, tender pods were
surface sterilized with ethanol (70%) and placedPatri plates (150 mm dia)
containing moist sterilized blotting papers on btith sides. The uninjured pods
were inoculated by coating method (3.3.3.1) anccqaain laboratory under
ambient temperature (20+2°C) conditions. Simultaisgg control was also
maintained by spraying drops of sterilized distillgater on uninjured pods. Each
treatment was replicated thrice and the experimastrepeated once.

3.4  Perpetuation of pathogen
3.4.1 Role of plant debris in survival of the pathogen

To unveil the role of plant debris in the perpetatof the pathogen,
naturally infected plant parts including pod andvies were collected from the
commercially grown bean fields in the last weekQaftober 2013 and placed in
nylon pouches that permit free exchange of wa@seg and microorganism. The
pouches were placed in soil at 0.0, 7.5 and 15.@epths. The pouches left on
the surface of soil were held in position with thedp of rocks while the position
of the pouches kept inside soil was marked with hieép of flags. A set of
pouches from each depth was retrieved at regutarvials to check the viability

of the fungus.
3.5 Resistance spectrum

Seeds of thirty varieties/lines obtained from tharMa Damudar Farm,
Old Airfield, Srinagar, Kashmir for their susceplitly/tolerance against the
pathogen under natural epiphytotic conditions. Tihes were sown in 2m long
rows in a replicated field trial. Disease reactioh the varieties/lines was
evaluated as in 3.1, using the scale given by Vaho&hoven and Pastor-
Corrales (1987):-



Grade Category Description

1 Immune No visible rust pustules

3 Resistant Presence of only a few and small ternmediate
pustules covering less than 2 per cent of foliaaar

5 Intermediate Presence of small and intermedipiestules
covering approximately 5 per cent of foliar area

7 Susceptible Presence of mostly large pustidtes surrounded
by chlorotic halos covering approximately 10 per
cent of foliar area causing some premature
defoliation

9 Highly susceptible  Presence of large and vergelapustules with

chlorotic halos covering more than 25 per cent of
foliar area and causing premature defoliation




Chapter — 4
EXPERIMENTAL FINDINGS

The current studies on bean rust were conductedeirDivision of Plant
Pathology, SKUAST-Kashmir, Shalimar and DepartmeftPlant Pathology,
Faculty of Agriculture, Wadura, Sopore, with thgemives of working out the
status of disease, to screen the available germpdasl to determine the mode of

perpetuation of pathogen.
4.1 Occurrence and severity of disease

In order to determine the occurrence and sevefitdigease extensive
survey of the major bean growing pockets of valleg;, Baramullah, Budgam,
Srinagar and Pulwama of Kashmir valley were carmed during 2013. The
disease was found on all aerial plant parts (Platdhe data regarding incidence

and intensity of bean rust is presented in Takded Table-2, respectively.
4.1.1 Disease incidence
4.1.1.1 Disease incidence on leaves

The data presented in Table-1 revealed that tleaskswas prevalent in all
the bean growing areas of Kashmir valley in varyipgportions. Highest
incidence on leaves was found in district Srinafidlowed by Baramullah,
Budgam and Pulwama. During the crop season diseas®ence ranged from
22.36-30.28 per cent in Srinagar, 14.39-23.46 pat m Baramulla, 16.98-19.08
per cent in Budgam and 15.50-18.50 per cent in 8ulsv

The data further revealed that among differenttlona surveyed, disease
incidence (30.28 %) on leaves was highest in Malagegion of district Srinagar
while lowest (14.39 %) disease incidence was rembrdt Gulmarg region of
district Baramullah. Significant variation in diseaincidence on leaves was

observed both among and within districts surveyed.



Table-1 : Incidence and intensity of bean rust oneéaves at various
locations of Kashmir valley during the year 2013
District Location Per cent disease Per cent c_jisease
incidence intensity
Baramulla Wadoora 23.46 9.10
Pattan 22.41 8.10
Gulmarg 14.39 6.13
""""" Mean 2008 178
‘Budgam  Kuura 1908 730
Razwan 16.98 6.97
Beeru 18.50 7.53
""""" Mean 1818 720
‘Srinagar ~ Maloora 028 1186
Herwan 22.36 8.50
Shalimar 23.00 9.40
""""" Mean  2s2f 992
‘Puwama  Liter 1550 643
Newa 16.70 6.40
Babar 18.50 6.76
""""" Mean 1690 658
""""""" Overall mean 2000 787
CD(p<0.05)
District 0.26 0.46
Location 0.22 0.40




Plate-1 : Rust on different parts of French bean



4.1.1.2 Disease intensity on leaves

Perusal of data in Table-1 revealed that disease psevalent in all the
bean growing areas with varying intensities depampdupon the climatic
conditions and cultural practices adopted in comtiam with the variety of beans
under cultivation. Highest (11.86 %) disease intgren leaves was recorded at
Maloora followed by Shalimar (9.40 %) of distriatirg&agar and Wadura (9.10 %)
of district Baramullah. The overall disease intgnsin leaves was highest in
district Srinagar (9.92 %) followed by district Banullah (7.78 %), Budgam
(7.26 %) and Pulwama (6.53 %). Non-significant a&oins in disease intensity on

leaves was recorded for Litter (6.43 %), Newa (84)0and Babar (6.76 %).
4.1.1.3 Disease incidence and intensity on pods

Perusal of Table-2 data revealed that diseaseencal on pods varied
from 2.86 per cent at Gulmarg, Baramulla to 6.08qent at Maloora in district
Srinagar which correspond to the lowest and highdisease incidence,
respectively. Among the districts highest diseaseidence was recorded at
Srinagar (5.02 %) followed by Baramulla (4.00 %)dgam (3.62 %) and
Pulwama (3.35 %).

Highest disease intensity on pods was recorded abdvia (2.36 %)
followed by Wadura (1.88 %) and Shalimar (1.87 #shong the districts highest
disease intensity was recorded at Srinagar (1.97fdkgwed by Baramullah

(1.56%), Budgam (1.44 %) and Pulwama (1.29 %).



Table-2 :

Incidence and intensity of bean rust on @ds at various

locations of Kashmir valley during 2013

Per cent disease

Per cent disease

District Location incidence intensity
Baramulla Wadoora 4.68 1.88
Pattan 4.47 1.61
Gulmarg 2.86 1.20
""""" Mean 400 156
‘Budgam  Kuura 383 148
Razwan 3.38 1.35
Beeru 3.39 1.49
""""" Mean 362 144
‘Srinagar  Maloora 603 236
Herwan 4.46 1.69
Shalimar 4.59 1.87
""""" Mean 502 197
Puwama  Liter 303 128
Newa 3.33 1.27
Babar 3.69 1.35
""""" Mean 335 129
""""""" Overall mean 397 155
CD(p<0.05)
District 0.010 0.007
Location 0.140 0.006




4.2  Symptomatology

During the course of surveys, the characteristogpms of the disease
were found to appear on all aerial parts of plants.

421 Onleaves

The symptoms on leaves appeared as small yellomhite slightly raised
lesions on either surface of the leaves (Plate-@ Blate-2a). These lesions
enlarged in size and covered most of the area enld¢hf blade. Later these
pustules developed into reddish brown or rust aeldyustules. A yellow border
surrounded the pustules. These pustules contaursty coloured mass of spores.
Severely infected leaves curled upwards, driedtumed brown and dropped
prematurely.

4.2.2 On stems

Symptoms on stems appeared only when the sevdrityeodisease was
very high on the leaves. The symptoms on stemsaapgeas small elongated and
raised lesion (Plate-1). These lesions enlargesizim and merged together. Later
these lesions were covered with brown rusty maspaoies.

4.3 Identification of the pathogen

The rust samples collected from various locatiamgained rusty coloured
masses of spores which were identified as uredioies (Plate-3). The
urediniospores were light brown. echinulated, oatge, one called and thin
walled. The associated fungus on the basis of ni@spores characteristics when
compared with standard keys (Cummins, 1959) wastifted as Uromyces
appendiculatus (Pers.) Unger.

4.4 Pathogenicity
4.4.1 On leaves

Inoculations were made with leaf coating methodcotyledénary and
primary trifoliate leaves of French bean cv. Fregelow. It was observed that
symptoms appeared after an incubation of 6-7 dagis7a8 days on cotyledonary

and primary trifoliate leaves, respectively.



L.

Aecia on under surface of leaves Magnified view of Aecia

Aecial Spores

Plate-2: Aecia and Aecio spores on host



Plate-2a: Pycnia on upper surface of leaves



4.4.2 On stems
The pathogenicity test on stem revealed that tlagadteristic symptoms

of the disease appeared after an incubation pefi@el0 days.
4.4.3 On pods

The pathogenicity test on pods revealed that tlaeadheristic symptoms

of the disease did not appear on the pods.
4.5 Morphological characteristics

Perusal of data revealed that appendiculatus being an obligate parasite
could not be cultured on artificial media, so therphology of casual pathogen
was studied on host tissue and is presented ineTablhe urediniospores were
aseptate redish brown in colour measuring abo&-20.8 x 20.4-26.5 um in size
with an average of 23 x 21 um while the teliospavese ellipsoidal, umbonate at
apex, brown to dark brown in colour measuring al&u1-35.5 x 21.6-26.8 (31 x
24) (Plate-3 and 4).

4.6  Germplasm screening

Thirty one germplasm lines/cvs./local sets wereluwatad for their
reaction toU. appendiculatus under natural epiphytotic conditions during 2013
croping season. The data on per cent disease imugdand per cent disease
severity was recorded 15 days after inoculation iangresented in Table-4. The
data revealed that disease intensity varied froB® 20 28.42 per cent and
revealed that among the 31 genotypes screened SKIBRexhibited lowest
(2.99 %) disease intensity while as SKU R 506 esxdwbthe highest (28.42 %)
disease intensity. The disease incidence ranged Trd7 to 56.05 per cent with
SKU-R-615 exhibited the lowest disease incidencé&.47 per cent and SKU-R-
506 exhibited the highest disease incidence ofbpdl cent. The test genotypes
were allotted to different reaction groups on thsib of disease intensity recorded

in each genotype (Table-4).



Table-3 : Morphological characters ofU. appendiculatus

Size (um)
Propagule Type Colour s Shape/Structure Septations
On Host
Urediniospores Redish brown 20.20-30.80 x 20.4626. Ellipsoidal to ovoidal with Aseptate
(23 x 21¥ spines at surface
Teliospores Brown to dark 27.1-35.5x 21.6-26.8 Ellipsoidal, umbonate at apex -
brown (31 x 24¥

*Figures in parenthesis are average values



Table-4 : Studies on screening of gemrmplasm agatU. appendiculatus

Per cent Per cent
S. No. Germplasm Disease Disease Reaction
Incidence Intensity

1. SKU-R-925 10.8 4.32 I
2. Masterpiece 11.92 4.44 I
3. SKU-R-916 7.84 3.42 I
4. SKU-R-71 11.24 491 I
5. SKU-R-204 23.25 9.62 S
6. SKU-R-924 9.42 3.80 I
7. Kanchan 7.90 3.16 I
8. SKU-R-616 9.42 3.96 I
9. DARS-R-26 9.85 3.94 I
10. SKU-R-506 56.05 28.42 HS
11. SKU-R-927 18.25 7.64 S
12. SSGB-729 24.92 9.97 S
13. Contender 17.57 7.43 S
14. SKU-R-23 20.85 8.34 S
15. SKU-R-91 10.54 4.62 I
16. SKU-R-114 12.47 4.99 I
17. DARS-R-42 10.73 4.31 I
18. SKU-R-76 9.72 3.89 I
19. SKU-R-9 10.10 4.44 I
20. SKU-R-914 8.40 3.56 I
21. SKU-R-615 7.47 2.99 I
22. SKU-R-104 8.70 3.56 I
23. SKU-R-107 12.4 5.00 I
24. DARS-R-60 18.35 7.34 S
25. SKU-R-908 18.33 7.21 S
26. DARS-R-65 21.64 8.26 S
27. SKU-R-928 23.24 9.29 S
28. DARS-R-4 8.45 3.42 I
29. DARS-R-88 47.2 27.24 HS
30. SKU-R-105 21.6 8.64 S
31. SKU-R -606 14.06 5.24 S

| = Intermediate; HS = Highly susceptible; = Susceptible



Uredial pustules on twig

Uredial pustules on pod Magnifiedredial pustules on leaf

Uredio spores (40X)

Plate-3 : Uredial pustules and spores on differerparts of french bean
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Plate-4 : Telial pustules and spores on differergarts of french bean



Perusal of the data revealed that most of the gpaet(58.06 %) were moderately
resistant or intermediate in reaction, 35.48 partt aeere susceptible while as
remaining 6.45 per cent were highly susceptiblethite disease. Among the
germplasm screened against the disease , SKU-RM@&erpiece, SKU-R-916,
SKU-R-71, DARS-R-4, SKU-R-924, KANCHAN, SKU-R-618)ARS-R-26,
SKU-R-91, SKU-R-114, DARS-R-42, SKU-R-76, SKU-R3KU-R-914, SKU-
R-615, SKU-R-104 AND SKU-R-107 were moderatelyisest/ intermediate in
reaction to disease with disease intensity ran@iam 2.99 to 5.00 per cent.
Further, the genotypes DARS-R-88 (27.24 %) and $bB0O6 (28.42 %) were
categorised as highly susceptible lines.

4.7  Overwintering/ Perpetuation

Perusal of data in Table-5 revealed that pathogenonters as teliospore
on crop debris. The average number of teliosoporeleaf area (million per ml)
decreased as the bean debris gets incorporatetieirsdil. The data further
revealed that teliospores were recovered from bleans placed on the surface of
soil throughout the overwintering period, howevéne average number of
teliospores/crth leaf area recovered decreased from 46.6 to 8.4 widbility
decreasing from 88.4 at the start of experiment2alO per cent at the end of
experiment. It is also evident from the data thaspores were recovered beyond

21% and 14 of March from 7.5 and 15 cm depths, respectively.



Table-5 : Studies on overwintering olJ. appendiculatus for the year 2013

Average no of teliosopore/crh

Date of leaf area (million per ml)
ObSErVatioN ~—---- -
Surface 7.5cm 15cm Surface 7.5cm 15cm

Viability (%)

01-03-2014 466 15.8 12.2 88.4 35.2 19.5
07-03-2014 43.4 14.5 10.4 85.6 27.2 15.1
14-03-2014 43.4 12.2 - 84.0 19.3 -
21-03-2014 40.3 - - 76.8 - -
28-03-2014 38.4 - - 67.2 - -
04-04-2014 36.5 - - 65.3 - -
10-04-2014 28.6 - - 55.9 - -
17-04-2014 24.7 - - 47.5 - -
24-04-2014 24.2 - - 36.4 - -
01-5-2014 19.9 - - 35.4 - -
08-5-2014 18.4 - - 30.2 - -
15-5-2014 16.2 - - 24.9 - -
22-5-2014 11.1 - - 18.6 - -
28-5-2014 8.9 - - 17.4 - -
04-06-2014 8.1 - - 12.4 - -




Chapter -5
DISCUSSION

Common bean Rhaseolus wulgaris L.) is one of the most important
leguminous crops cultivated round the globe (Braoghet al., 2003). The
cultivation of crop has increased manifolds owingits high palatability and
economic value. However, it succumbs to a numbdiaifc and abiotic stresses,
most destructive being the rust disease which ésajrthe main constraints to its
production especially in regions with cool and maigro climatic conditions. The
disease often assumes epiphytotic proportions gutie months of August and
September and reduces potential yields by causangade to foliage and stems
resulting in premature defoliation of the plantb&8na, 1989; Guptet al., 2008).
Keeping in view the economic importance of the alése research gaps and
meagre information available in literature from tkashmir valley on different
aspects, it was worthwhile to investigate the diseaith objectives as outlined in
the introductory chapter and the results obtained discussed in the light of

available literature as follows:

In the present studies disease incidence and ihtems leaves ranged
from 16.90 to 25.21 and 6.53 to 9.92 per cent, gebgely, while on pods it
ranged from 3.35 to 5.02 and 1.29 to 1.97 per aespectively. Highest disease
incidence and intensity on leaves and pods werarded in the district Srinagar
while as lowest disease incidence on leaves and wad recorded in the district
Pulwama. Further among different locations survelyigghest disease incidence
and intensity on leaves (30.28 and 11.86 %) and §6d3 and 2.36 %) was
recorded at Maloora while it was lowest (14.39 &nti3, 2.86 and 1.20 %) at
Gulmarg of district Baramullah.

The disease has been recorded from various pavsrtd including India.
In India occurrence of the disease has been repben Karnataka, Tamil Nadu,
Uttarakhand, Orissa, Meghalaya and Sikkim (Shart8&89; Prakasham and



Thamburaj, 1991; Sharma, 1998; Misletaal., 1998; Bhatet al., 1999; Bhat
2002). Gupteet al. (2008) have already reported about 15 to 80 petr everity
of rust in different areas of Solan district durithgg season of congenial weather
(cool and humid) in the locations surveyed durif@0& crop season. The
characteristic symptoms of the disease observedeaves and stems in the
present investigations are in accordance with tlieseribed by earlier workers
(Walker, 1952; Chupp and Sherf, 1960, Dixon, 19Bitigh, 1985; Guptat al.,
2008).

The morphological characters of the urediniospofehe fungus such as,
colour, size and shape of spores were studied erhtist tissue and it was
observed that urediospores were light brown tasheirown spores in colour,
ellipsoidal to ovoidal with spines at surface, aredled, 13.32-23.84 x 19.98-
27.89 pm with an average size of 18.58 X 23.98 while the teliospores were
brown to dark brown in colour, ellipsoidal, umbamait apex in shape measuring
about 27.1-35.5 X 21.6-26.8 um with an average efZ31 X 24 um which is in
accordance with the earlier findings (Walker, 1982umeyer and Thomas, 1957
and Guptaet al., 2008).

The pathogenicity tests revealed that differenhplaarts namely leaves
(cotyledonary and primary trifoliate) and stems eveeadily infected by the
pathogen. On cotyledonary and primary trifoliatavies, the symptoms appeared
after 6-7 days and 7-8 days of incubation, andsgmptoms on stems appeared
after 9-10 days of incubation. The longest incudatperiod of the disease on
stems (9-10 days) may be due to the presence ofen@gsues as compared to the
shorter incubation periods (6-8 days) observedse®f leaves supporting tender
and juvenile tissues. These observations are iardance with Rey and Lozano
(1961) and Guptat al. (2008). In present investigations these obsematare in
consonance with Singh (1985) who reported thatpitdds are rarely infected by

this disease.



Thirty one different germplasm/lines were screenadainst U.
appendiculatus under natural epiphytotic conditions. Among thernggasm
screened against the disease, SKU-R-925, Masterp&€U-R-916, SKU-R-71,
DARS-R-4, SKU-R-924, Kanchan, SKU-R-616, DARS-R-3KU-R-91, SKU-
R-114, DARS-R-42, SKU-R-76, SKU-R-9, SKU-R-914, SIRJ615, SKU-R-
104 and SKU-R-107 were immune to disease with des@atesity ranging from
2.99 to 5.00 per cent. Further, the genotypes DARRE (27.24 %) and SKU-R-
506 (28.42 %) were categorised as highly susceptibl

No information is available regarding the resis@anspectrum of
germplasm lines screened, so data cannot be codigaeever, high levels of
resistance have been identified in both Andean Mutlle American cultivars
(Liebenberget al., 2006). Our findings are also in collaboratiorthvihose of
Rodriguez (1976), who evaluated 105 cultivars aa3@ 50 days after planting, to
rust and found 25 cultivars resistant while somews#d intermediate resistance.
Bhatet al. (1999) also evaluated twenty nine bean accessigaisist this disease
under natural epiphytotic conditions and found ¢haecessions like IC 47643, PI
201489 and P1 247761 to be highly resistant taltbease.

From the current studies it is evident that infdgiéant debris left on the
surface of soil acts as source of inoculums forrbet year where as the plant
debris that gets incorporated in the soil has e irothe disease recurrence the
next year. From the current studies it is cleat tha pathogen overwinters as
teliospore on the infected plant debris, howeveirtviability gets decreased with
advance in crop season. The current studies agreement with those of Gross
and Venette (2001) who have reported that deeppocation of bean debris of
rust infected residues from previous growing seasoih reduce or eliminate the
potential for overwintering and initiation of sexw@ad asexual stages of bean rust
pathogen the following season or crop cycle andretbee reduce initial

inoculums and delay infection of new crop plants.



Chapter — 6
SUMMARY ANDCONCLUSION

The present investigations on bean fustappendiculatus (Pers.) Unger
were undertaken in relation to occurrence, idergtion, pathogenicity, screening
of the germplasm against the pathogen and to utiveimode of perpetuation of

the pathogen. The results obtained are summargzedder:

The rust disease of beans was prevalent in all geaming areas of valley
with varying degrees of incidence and intensity.e Téhsease incidence and
intensity on leaves varied from 16.90 to 25.21 et and 6.53 to 9.92 per cent
respectively. However the disease incidence anehgity on pods varied from
3.35 to 5.02 per cent and 1.29 to 1.97 per cespedively. Highest disease
incidence and intensity both on leaves and podsre@wded in district Srinagar

while it was lowest in district Pulwama.

Characteristic symptoms appeared as small whitghtt raised spots on
either surface of the leaves. These spots enlargside and covered most of the
area on the leaf blade which later on developeal rietldish brown rust coloured
pustules surrounded by a yellow border. On stem$pgyns appeared as small
elongated and raised spots. These spots enlargeidanand coalesed together.
Later these spots were covered with brown rustysnasspores. When the
severity of the disease was high, severely infetdéedtes curled upwards and
dropped down prematurely.

The various samples collected from different lcwadi of Kashmir were
infected with brown rusty coloured masses of uredipores. These
urediniospores were light brown, echinulated, caltge, one celled, thin walled,
globose to ellipsoidal, measuring 20.2-30.8 x 226460 um in size.

Pathogenicity of the fungus was proved on leavedyl@donary and
trifoliate) and stems of French bean cv. Frenchioviel Incubation period was

less on leaves i.e. 6-7 and 7-8 days on cotylegoaad trifoliate leaves,



respectively, while it was 9-10 days on stem. Fhome different germplasm/lines
were screened againkt appendiculatus under natural epiphytotic conditions.
Among germplasm lines screened against the dis&dd;R-925, Masterpiece,
SKU-R-916, SKU-R-71, DARS-R-4, SKU-R-924, Kanch&KU-R-616, DARS-
R-26, SKU-R-91, SKU-R-114, DARS-R-42, SKU-R-76, SIRJ, SKU-R-914,
SKU-R-615, SKU-R-104 and SKU-R-107 were moderatelsistant to disease
with disease intensity ranging from 2.99 to 5 pentc Further, the genotypes
DARS-R-88 (27.24 %) and SKU-R-506 (28.42%) wereegatised as highly
susceptible germplasm lines.

The studies on overwintering/survival of pathogesvealed that the
pathogen overwinters as teliospores on plant dédftion the soil surface while
infected plant debris incorporated deep (7.5 ocib) in the soil has no role in
the recurrence of disease next year. It is partitemention here that in Kashmir
valley beans are harvested in late October wHhadls close to winter season and
most of the plant debris remain on the surface lzamlthe potential to act as
inoculums for the next season. Keeping in viewfihding of current studies it is

concluded that:

<> The disease is present in all the bean growingsanédhe valley but in
varying proportion depending upon the agro climatinditions of locality
and the cultural practices adopted by the farmers.

X The disease is more severe on leaves and sterhe pfant and very mild
on the pods owing to the hard nature of pod tissue

X The germplasm available with the Drylanafewa) Agriculture Research

Station, Budgam, does not exhibit a great degrees$tance which is a

challenge to the plant breeders to curb the disgagbe present day

scenario were people prefer organic food and adies. However, the

lines showing some resistance may be incorporatetuture breeding

programmes.
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