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Abstract

Plant disease resistance (PDR) is an imperative element for the effective and timely management of foliar blights in cereals
crops. Because of variations in disease pressure and staggered flowering of wheat germplam material, it is hard to identify
cultivars with stable resistance to spot blotch disease caused by Bipolaris sorokiniana across seasons and locations. To over-
come these problems, current study was conducted to optimise and validate a rapid and reliable detached leaf assay (DLA)
as a phenotyping method to screen wheat genotypes against spot blotch disease. Fifteen wheat genotypes were evaluated
based on partial disease resistance (PDR) components: Incubation Period (IP) and Latent Period (LP), to study whether DLA
could be comparable to field and greenhouse screening against spot blotch of wheat. The time taken by DLA to successfully
screen the genotypes was very less (30 days) as compared to field (80 days) and greenhouse (41 days) experiments. Disease
severity obtained in DLA was positively correlated with greenhouse (r=0.97, P=0.02) and field experiments (r=0.94,
P=0.01). Assessments of the host genotypes indicated that the genotype DBW 39 exhibited resistance, while susceptible
reaction to the disease was observed in genotype K 1317 and PBW 703. A negative correlation was observed between IP
and LP with the disease severity. So, it can be concluded that DLA could be considered as an alternative and reliable way
of phenotyping against spot blotch of wheat.
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Introduction

Wheat (Triticum aestivum L.) is a dominant staple crop cul-
tivated in an area of around 219 million hectares, across
a wide range of latitudes covering around 89 countries of
the world (FAOSTAT 2020). Although wheat production
reached a record 103.5 million tonnes in India alone in
2019-20 (FAOSTAT 2020), the annual yield is compro-
mised by a plethora of biotic and abiotic stresses, spot blotch
of wheat being one of them.

Out of the total area under wheat cover globally, an
estimated 25 million hectare is infected by spot blotch
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disease, of which Indian subcontinent shares 40% (Joshi
et al. 2007). Spot blotch of wheat is prevalent throughout
the wheat growing belts of the country and there is an esti-
mated yield loss with every 1% increase in disease sever-
ity of spot blotch (Devi et al. 2018). Spot blotch (SB) of
wheat is caused by Bipolaris sorokiniana (Sacc.) Shoem.
(syn. Helminthosporium sativum, teleomorph Cochliobol-
ous sativus) which has a broad host range, including 29 crop
species and several grasses (Acharya et al. 2011). The dis-
ease is characterised by elongated to oval dark brown lesions
which turn light brown to tan colour, surrounded by a dark
ring, upon maturity. Severe infections lead to complete defo-
liation, resulting in shrunken and shrivelled grains (Zhang
et al. 2020; Debnath et al. 2021). High relative humidity
with moderate to high temperature (18-32 °C) provides the
most conducive conditions for pathogen growth. Prolonged
periods of leaf wetness, caused by irrigation, fog, rainfall, or
dew during crucial phenological growth stages facilitated the
pathogen development further (Kashyap et al. 2022a; Devi
et al. 2017; Kumar et al. 2019; Kumar et al. 2020; Mahapatra
et al. 2020; Tamang et al. 2021).
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Among the various strategies used for managing spot
blotch, resistance breeding forms a major component attrib-
utable to its economic feasibility and environmental viability.
Besides this, development of resistant wheat cultivars also
ensures the stability of production and offers sanitary and epi-
demiological safety in the wheat field (Kumar et al. 2022).
Since spot blotch is particularly devastating in the North-
eastern Plain Zone (NEPZ) (Kashyap et al. 2022b; Roy et al.
2023), owing to its high temperature and humidity, a number
of resistant varieties for NEPZ such as HD 2733, HD 2888,
K 0307 and K 8027 (Mahapatra et al. 2020) have been rec-
ommended for cultivation in areas vulnerable to spot blotch
disease. However, breeding for resistance is time consuming
as it requires more than 2 years in field evaluation followed by
stability analysis considering the variability by genotype, envi-
ronment and years of interaction (Kumari et al. 2018; Mahapa-
tra et al. 2020; Marak et al. 2018; Mudi et al. 2010; Singh et al.
2015). Hence, the development of a technique which is precise,
fast as well as less labour intensive, as compared to the field
and greenhouse phenotyping, is the need of the hour. Under
such circumstances, detached leaf assay (DLA) could be an
alternate way of phenotyping for disease resistance (Liatukas
and Ruzgas 2009; Al-Sadi 2016), as demonstrated in the case
of net blotch of barley (El-Mor et al. 2018), Fusarium head
blight of barley (Kumar et al. 2011) and leaf rust of wheat
(Patial et al. 2017).

Detached leaf assays (DLA) are acknowledged as one of the
most rapid, low-cost laboratory-based techniques to screen for
resistance against various diseases (Al-Sadi 2016). Generally,
in such types of assays, viable leaf tissue is plated onto cul-
ture media and then inoculated with a test pathogen. A major
merit of such techniques is the requirement of a very minute
quantity of leaf material for each genotype (i.e. approximately
6 cm? leaf area or less), which in turn allows rapid screen-
ing of a large number of genotypes in a relatively small area,
under controlled conditions with minimal planting space and
resources. Wheat breeding programs aiming to devise SB
resistant wheat germplasm would benefit if DLA will be made
available with comparable results to greenhouse (WPAP) or
field (WPAF) screening experiments. Therefore, attempts
have been made to test the hypothesis that detached leaf assay
(DLA) is a reliable substitute for the whole-plant greenhouse
(WPAP) or field (WPAF) screening for wheat resistance to B.
sorokiniana. The major objectives of the study include devel-
oping DLA method and drawing a comparison with conven-
tional methods (WPAP and WPAF), using wheat genotypes
with different resistance levels to SB.

Materials and methods
Fungal and plant material

The pure culture of a highly virulent isolate of B. sorokini-
ana BS7 (NCBI gene accession: MT804348) was used for
the development of a rapid leaf detached assay for the phe-
notyping of SB of wheat (Fig. 1). Briefly, test isolate (BS7)
was grown on Potato Dextrose Agar (PDA) amended in Petri
plates and pure culture of the fungus was harvested by flood-
ing the plates with sterilised distilled water and rubbing the
culture with a sterilised glass rod. 1% TWEEN®20 solu-
tion was added to suspension to aid the emulsification of
the spores. The obtained suspension was filtered through
three-layered muslin cloth, to obtain a dirt free, uniform sus-
pension of fungal spores/mycelial bits. The concentration
of the inoculum was adjusted at 2 x 10> spores ml~! with
the aid of a haemocytometer prior to inoculation. The plant
materials used in present study composed of 15 wheat geno-
types (Table 1), obtained from Indian Institute of Wheat and
Barley Research (ITWBR), which were recommended for
Eastern zone of India. The genotypes were assessed under
field conditions, in a greenhouse and in a detached leaf assay
(Fig. 2).

Whole plant assay under field conditions (WPAF)

The field experiments were conducted at Instructional Farm,
Jaguli of Bidhan Chandra Krishi Viswavidyalaya (BCKYV),
Nadia, West Bengal, India, situated at 23.5 °N and 89.0 °E,
at an elevation of 9.75 m above sea level during rabi season

Fig. 1 Pathogen and symptomatology associated with spot blotch of
wheat a Bipolaris sorokiniana conidia as observed under 10X com-
pound microscope, b Bipolaris sorokiniana culture (Accession no.
MT804348) in petri plate, ¢ leaf symptoms upon inoculation with
Bipolaris sorokiniana
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Table 1 Screening of genotypes against spot blotch of wheat as
whole plant assay in field (WPAF)

GENOTYPES  Disease severity (%) AUDPC  Disease
Reac-
25GS  47GS  59GS tion
PBW 725 17.06" 4584° 86.99°  762.60 MS
PBW 804 12.06° 4198 76.65° 58430 MS
PBW 703 25.93*  71.82* 97.98  1073.18 S
WB 2 6.65 19.02° 2528%  180.85 MR
DBW 173 12.06°  47.31°  66.72°  596.55 MS
DBW 252 18.64° 4296 5590¢  553.60 MR
DBW 39 2418 9.12¢ 13.32" 16938 R
DBW 187 12.88° 3599  4876° 43363 MR
DBW 14 16.23¢  25.45° 4286°  356.80 MR
K 1317 23.89°  63.87° 9298 84870 S
K 1006 2247*  4239°  77.88° 55355 MS
HD 3226 12.47° 2599  46.75° 51045 MS
HD 3086 12.88°  40.88® 60.13¢ 65195 MS
HD 2967 6.82" 25.99¢  38.66 267.55 MR
DBW 221 15334 21.48° 3546 26450 MR
SEM 1.04 5.15 3.89
CD 3.02 1488 1126

CD critical difference, SEM standard error of mean, AUDPC area
under disease progress

of 2019-20. Each genotype (Table 1) was grown in 2 rows
of 1 m long plots with 23 cm distance between rows, fol-
lowing recommended agronomic practices. Highly viru-
lent Bipolaris sorokiniana isolate BS7 (NCBI gene acces-
sion: MT804348) was used for the development of a rapid
detached leaf assay for the phenotyping of spot blotch of
wheat. The methodology of Kumar et al. (1998) was used
for inoculating the pathogen suspension (2x 10° spores
ml~!) uniformly on the wheat plants using a hand sprayer
on 3-week-old plants and sprayed again after 15 days. After
inoculation, the plants were regularly observed for symptom
development. Upon disease development, disease severity
was recorded for the genotypes till 80 DAS after sowing.

Whole splant assay under pot conditions (WPAP)

Same 15 wheat genotypes, used in WPAF, were grown in
pots containing nutrient rich soil, under greenhouse condi-
tions. The pots were placed in Randomised Block Design
(RBD), with 3 replications. A mixture of N:P:K (14:14:14)
was added to the soil @ 350 g per 30 kg of soil medium. The
seeds were sown in a circular fashion with 10 seeds per pot
(15x13x 11 cm), at a depth of 6 cm. Irrigation was given
as per requirement.

The pathogen suspension of concentration 2 X 10°
spores ml~' was sprayed on 3-week-old plants using a
hand sprayer in the evening hours till run-off, according
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to Mahapatra and Das (2013). After inoculation, the plants
were transferred to a humid chamber at 15-18 °C under
moist conditions (100% RH) for 14 h, to facilitate pathogen
infection. Plants were then transferred to the greenhouse,
and seedlings were recorded for three days after inocula-
tion. Disease ratings in the percentage area affected were
determined at three DAI and thereafter every 4 days until
20 DAL Disease estimation was conducted using AUDPC
and the whole experiment was conducted twice for con-
firmation of the results obtained. Disease assessment was
done on a 1-9 scale, as given by Liatukas and Ruzgas
(2009). As per the scale, 1 =0% infection, very resistant
reaction (VR); 1.1-3.0= > 0-10.0% infection, resistant
reaction (R); 3.1-5.0=10.1-50.0% infection, moderately
resistant reaction (MR); 5.1-7.0=50.1-75.0% infection,
moderately susceptible (MS); 7.1-8.0 =75.1-90.0% infec-
tion, susceptible reaction (S); 8.1-9.0=90.1- 100% infec-
tion, very susceptible reaction (VS). The assessment was
done every 3 days till 42 days after inoculation (DAI).
The virulence was assessed based on the mean disease
severity scores in three different stages of the crop (25,
47 and 59 GS).

Detached leaf assay (DLA)

Same set of fifteen wheat genotypes (Table 2) was used
to evaluate the partial disease resistance (PDR) compo-
nents in vitro using a detached leaf assay. The practices
for WPAP were followed for growing the wheat seedlings.
After 14 days, 5 cm long leaf segments were excised from
the first, second and third leaf. The segments were placed
on the surface of 0.5% water agar containing 10 mg L™!
kinetin as a senescence retarder, on Petri dishes (90 mm).
The leaf segments were inoculated with 10 pL droplet of
spore suspension of Bipolaris sorokiniana accessions at
a concentration of 2x 10° spores ml~! containing 0.08%
of Tween 20, as used by Arabi and Jawhar (2013). The
inoculated samples were incubated in a laboratory incuba-
tor at low temperature (10 +2 °C) under continuous white
light or room temperature (21 +2 °C). Disease severity
of the inoculated leaf samples was assessed from 2 to 14
DALI based on percentage of leaf area affected. The scor-
ing was done according to the scale given by Liatukas and
Ruzgas (2009).

Evaluation of inoculated samples for PDR components
was conducted daily by using a compound microscope
(40X). PDR components assessed were the incubation
period (days from inoculation to symptom development
in the plant) and the latent period (days from incubation
to development of conidia on wheat leaf). The experiment
was conducted twice to minimise the error.
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Fig.2 Comparison between
resistant (R) and susceptible (S)
genotypes: DBW 39 (R) under
WPAF (a), WPAP(b), DLA (c);
K 1317 (S) under WPAF (d),
WPAP (e), DLA (f); PBW 703
(S) under WPAF (g), WPAP
(h), DLA (i)

Calculation of disease severity

For estimating the disease severity based on blighted leaf
area, the following formula was used, as recommended
by Osman et al. (2015). Here, D1 indicates the progress
of the disease in the height of the plant canopy from the
ground level and D2 refers to the disease severity as dis-
eased leaf area.

Severity (%) = (D1/9) x (D2/9) x 100.

In keeping with previous studies (Mahapatra et al.
2020), the observed responses were classified on the
basis of their varietal response as percent disease infec-
tion into six categories according to Zadok’s scale (Zadoks
et al. 1974). The disease severity was assessed by visu-
ally scoring the flag (F) and penultimate (F-1) leaves, as
per the double-digit scale (00-99), mentioned by Kumar
et al. (1998). The observations recorded were taken from
middle rows to avoid the buffer effect associated with the
terminal rows.

Data analysis

The recorded data from the experiments were statistically
evaluated by employing SPSS (version 20.0 SPSS Inc., Chi-
cago IL, USA) software package. One way analysis of vari-
ance (ANOVA) was performed. Tukey’s test was used for the
mean separation of disease severity values. The area under
the disease progress curve (AUDPC) is another criterion that
represents the spread of the disease in the evaluated geno-
types. AUDPC was calculated from the three evaluations
using the following formula (Campbell and Madden 1990):

Y = YUK + Xy ) /216, — 1)
i=1

where, Yis AUDPC value, X;=disease severity at time t;,
t(i+ 1) — tiis thetime interval between two disease scores
expressed as Days After Sowing (DAS), nis the total number
of observations. AUDPC data obtained from all three experi-
ments were analysed together (i.e., DLA, greenhouse, and
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Table 2 Assessment of wheat genotypes under WPAP and DLA

Genotypes WPAP DLA Disease
Mean Mean IP LP Reac—
tion
scores scores
PBW 725 6.8" 6.8g 5704  8.883% MS
PBW 804 5.7 5.4f 6.426™ 11.437% MS
PBW 703 8§ 7.6h 4.624*  7.509° S
WB 2 3.5% 3.1° 8.312¢ 13.4288" MR
DBW 173 5.5 5.7 5.675%  10.446% MS
DBW 252 5.5 5.6f 5.652"  10.361cd MS
DBW 39 22 2.5 10.138° 14.487h R
DBW 187 4.5% 4.7° 7.378%¢  12.426°f MR
DBW 14 4.0 4.6% 7.596°0 12408 MR
K1317 7.0 6.92 5.344® 9379  MS
K 1006 6.0 6.62 5471% 9584  MS
HD 3226 5.1° 5.5° 6.748>4 11.625%F MS
HD 3086 6.58" 7.1 5384  8.668" MS
HD 2967 3.2° 3.5% 8.088¢  13.135"" MR
DBW 221 3.5 4.1 74584 12.513%f MR

Treatment data calculated and assessed on the basis of Tukey’s test at
P=0.05

Bold indicates the resistance genotypes

WPAP whole plant assay under pot conditions, DLAdetached leaf
assay

field). For each genotype, means of transformed AUDPC
values from DLA, greenhouse, and field experiments were
compared using Pearson’s correlation (a=0.05).

Results
Whole plant assay under field conditions (WPAF)

With an increase in growth of the plant, the disease sever-
ity also increased simultaneously. In 25 GS, the maximum
disease was noticed in PBW 703 (25.93%) which was signifi-
cantly at par with K 1317 (23.89%), and K 1006 (22.47%)
whereas minimum disease was recorded in DBW 39 (2.41%)
followed by WB2 (6.65%) and HD2967 (6.82%) and their
difference was statistically significant. Similarly, at 47GS,
maximum disease severity was observed in PBW 703
(71.82%) significantly at par with K1317 (63.87%) followed
by PBW 725 (45.84%), K1006 (42.39%) HD 3086 (40.88%),
while DBW 39 (9.12%) recorded minimum disease severity,
followed by WB 2 (19.02%). At 59GS, PBW 703 (97.98%)
and DBW 39 (13.33%) exhibited maximum and minimum
disease severity, respectively (Table 1). The resistant geno-
type DBW 39 exhibited a mean disease severity of 8.28%,
which was lowest among the evaluated genotypes. Statisti-
cally, highest severity was recorded in PBW 703, PBW725
and K1317 which indicated a susceptible response to the
pathogen. The progress of the disease was observed to be
rapid in the susceptible genotypes, while the reverse was
observed in resistant genotypes (Fig. 3).

Whole plant assay under pot conditions (WPAP)

The response of wheat genotypes against B. sorokiniana
accession was assessed under artificial conditions in a green-
house. Disease severity varied significantly (P <0.05) among
the genotypes (Table 2). In vitro study revealed that geno-
type DBW 39 was resistant, 5 genotypes were moderately
resistant, viz., WB 2, DBW 187, DBW 14, HD 2967, DBW

Fig.3 Progress of disease 120 1200
severity in the evaluated wheat
genotypes at 25, 47 and 59 100 A 1000
growth stage (GS) along with 9 / \
the Area under Disease Progress E 800
Curve (AUDPC) '5 9)
> a
5] 600 g
[ <
3 400
2
200
-0

25 GS w47 GS
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221, 8 genotypes were moderately susceptible, viz., PBW
725, PBW 804, DBW 173, DBW 252, K 1317, K 1006, HD
3226, HD 3086, and one genotype (PBW 703) was rated as
susceptible to pathogen infection. Among the genotypes, the
lowest score was obtained in DBW 39 (>0-10.0% infec-
tion) while the highest score was recorded in PBW 703
(75.1-90.0% infection).

Detached leaf assay (DLA)

The leaf segments were evaluated on a daily basis after inoc-
ulation with the pathogen. Symptoms initially appeared in
the form of chlorotic lesions, which soon turned necrotic and
enlarged in size. However, disease severity varied signifi-
cantly (P <0.0001) among the evaluated genotypes. DBW 39
showed the lowest mean severity score (2.5) while PBW 703
had the highest severity score (7.6). The resistance response
was similar to one observed in the case of WPAF and WPAP
(Table 2).

PDR components evaluated, viz., IP and LP, also var-
ied significantly among the genotypes. All leaves exhibited
symptoms with significant pathogen growth from 4 days
after inoculation, till 9 days after inoculation. IP values
ranged from 4.624 days to 10.138 days in PBW 703 and
DBW 39, respectively. LP values were in the range of
8—15 days, with PBW 703 (7.509 days) having the low-
est and DBW 39 (14.487) having the highest LP values
(Table 2).

A correlation study was drawn between the disease scores
and PDR components under DLA (Table 3). In the study,
IP and LP values were negatively correlated with the mean
disease scores, while PDR components were observed to
have significant positive correlations with each other.

Comparison between DLA, WPAP, WPAF

AUDPC obtained under three screening methods is repre-
sented in Table 4. It was observed that the values obtained
were higher in each individual genotype under WPAF, fol-
lowed by WPAP and DLA (Table 4). A significantly posi-
tive correlation was observed between DLA and WPAP
(r=0.975, n=15), between WPAP and WPAF (r=0.937,

Table 3 Correlation coefficient of disease severity with partial dis-
ease resistance components under detached leaf assay

X, X, Y Regression equation
X, 0.9195%* —0.824* y=—11.188x+109.95
X, —0.89041* y=-7.1731x+116.3

X;incubation period, X, latent period, Y mean disease score

Values with an asterisk (*) are significantly correlated (a=0.05)

Table4 Mean area under disease progress curve (AUDPC) caused
by a Bipolaris sorokiniana isolate on 15 wheat genotypes under three
methods of evaluation

Genotypes WPAF WPAP DLA
PBW 725 762.60°F 255.27% 178.198
PBW 804 584.30¢def 223.97% 147.19¢f
PBW 703 1073.18¢8 441.30" 211.63"
WB 2 178.85% 65.18 53.85%
DBW 173 596.55¢4f 252.22° 155.63f
DBW 252 553.60°% 190.30¢ 134.12%
DBW 39 169.382 60.04* 50.04
DBW 187 433.632ed 114.29° 90.30°
DBW 14 356.80%° 102.83° 88.78¢
K 1317 848.7' 400.378 203.70"
K 1006 553.55¢d¢ 183.64° 116.04¢
HD 3226 510.455d¢ 119.15° 93.54¢
HD 3086 651.95%f 356.96 197.46%"
HD 2967 267.55% 91.34% 74.61%
DBW 221 264.5% 86.58% 66.80%
Mean 520.37 196.23 124.13
p <0.0001 0.0002 <0.0001
SE 38.76458 18.11534 8.16204

Treatment data calculated and means were separated on the basis of
Tukey’s test at P=0.05

Table 5 Estimation of correlation coefficient between WPAP, WPAF

and DLA
WPAF WPAP DLA
WPAF 1
WPAP 0.937128* 1
DLA 0.944701%* 0.975004* 1

WPAF whole plant assay in field, WPAP whole plant assay in plant,
DLA detached Leaf Assay

n=15) and between DLA and WPAF (r=0.945, n=15)
(Table 5).

Discussion

Resistance and symptom development are influenced by
the stage of crop as well as the pathogen load (Kumar et al.
2020). Therefore, it becomes indispensable to devise rapid
methods to detect resistance against devastating diseases,
such as spot blotch caused by fungus B. sorokiniana. In
this context, DLA has been explored as a useful tool to
screen crop cultivars against an array of diseases (Liatu-
kas and Ruzgas 2009; Al-Sadi 2016; El-Mor et al. 2018;
Kumar et al. 2011; Patial et al. 2017). Similarly, in the
current study, attempts have been made to optimize and
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test a rapid and reliable DL A to screen wheat genotypes
for resistance to SB disease. Published literature (Twizeyi-
mana et al. 2007; EI-Mor et al. 2018) indicated that DLA
has manifold advantages over other conventional disease
phenotyping methods. For instance, in the case of DLA,
each cycle of disease evaluation can be rapidly completed
within 4-5 weeks. Moreover, different disease phenotyp-
ing data required for determining the rate of pathogen
development and components of resistance in a large num-
ber of genotypes can be recorded at a uniform time span
on the same experimental leaf. More importantly, all the
fungal pathogen handling steps can be performed effort-
lessly on the detached leaves. Besides this, DLA is a useful
tool for studying pathogenic variability that requires pure
cultures of the fungus, a version of cross contamination
between different fungal cultures, inoculation of a large
number of isolates on different genotypes and hosts, along
with precise quantification of pathogen inoculum load
and their reproduction behaviour, etc. Hence, the study
on development, validation and comparison of DLA assay
with greenhouse and field screening experimentation with
fifteen different wheat genotypes has been conducted.

It has been reported that the preliminary screening is
more consistent and time saving approach under controlled
conditions (Singh and Rajaram 2008; Twizeyimana et al.
2007). Field screening is resource intensive and time con-
suming, which makes artificial screening a preferred method
for resistance screening, as evident from the results of the
present study, where WPAF took more than 80 days to com-
plete field evaluations. In addition, DLA developed and vali-
dated in the present investigation permits rapid screening
and evaluation of wheat germplasm at a minimal cost in
comparison to the cost incurred on the greenhouse or field-
based screening of germplasms. Additionally, DLA allows
phenotypic screening of a large number of wheat geno-
types and therefore, serves as a valuable tool for resistance
evaluation against SB fungus. Comparison made in current
study regarding the responses of 15 wheat genotypes under
DLA, WPAP and WPAF revealed that reliable resistance
assessment can be achieved within 4 days after inoculation
i.e. approximately 30 DAS, in the case of DLA, whereas
WPAP and WPAF evaluations required a minimum of 41
and 80 DAS, respectively. Recently, similar trends have been
noticed by Aregbesola et al. (2020), who reported that DLA
requires a minimum time span of four weeks for resistance
assessment in maize against Bipolaris maydis, when com-
pared with screen house (33 DAS) and field level resist-
ance assessment (72 DAS). In addition, DLA allows for the
simultaneous screening of wheat genotypes and can aid in
enhancing the breeding process by offering multiple cycles
of screening and selection in a single year at a nominal cost.
Based on research findings and the essential requirement
for high-throughput screening, it has been concluded that
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DLA is a very promising and advantageous tool for screen-
ing wheat for SB resistance.

In the current study, it has been observed that PDR com-
ponents, viz., Incubation Period (IP) and Latent Period (LP),
correlated significantly with the disease ratings observed
in the field, greenhouse and DLA. Longer IP and LP were
observed in moderately resistant and resistant genotypes,
viz., WB 2, DBW 187, DBW 14, HD 2967, DBW 221 and
DBW 39. The reverse was recorded in moderately sus-
ceptible and susceptible genotypes, viz., PBW 725, PBW
804, DBW 173, DBW 252, K 1317, K 1006, HD 3226, HD
3086, and PBW 703. Similar trends have been noticed by El-
Shamy and Mousa (2004) and Li et al. (2010). Kumar et al.
(2011) reported that parameters such as lesion size, density
of lesions and sporulation at room temperature, in addition
to IP and LP, were highly reliable in screening the geno-
types for resistance against pathogens. Similar observations
were reported by Parlevliet and Ommeren (1975) in barley
against leaf rust. However, in the present study, it has been
observed that the latent period had a negative correlation
with disease scores taken. This suggests that B. sorokiniana
development as reflected by lesion expansion, and sporula-
tion on detached leaf sections may not simply be a function
of IP and LP, and that components of PDR may be under
distinct genetic control. Therefore, further investigation is
warranted to determine which individual components are
best correlated to SB resistance in whole plants. A similar
conclusion has already been drawn by Browne and Cooke
(2004), while developing in vitro DLA for pre-screening
resistance to Fusarium head blight in wheat.

Disease severity responses observed under DLA were
similar to the results observed under field conditions as evi-
dent from the significant correlation between DLA, WPAP
and WPAF data. Similar observations of significant correla-
tions between DLA and greenhouse (r=0.79; P<0.0001)
and between DLA and field resistance (r=0.83) across
genotypes have been documented by Twizeyimana et al.
(2007). It has been further suggested by Singh et al. (1997)
that the screening of genotypes under artificial conditions
identifies the resistant sources under maximum disease pres-
sure and hence, is highly reliable. Among the fifteen geno-
types screened, we observed DBW 39 to exhibit a resistant
reaction to spot blotch disease, which was also reported
by Kumar et al. (2020). Singh et al. (2017) reported HD
2967 and WB 2 as moderately resistant, while HD 3086
was reported as moderately susceptible by Mahapatra et al.
(2020), which is similar to the resistance response observed
in the present study. Among the genotypes assessed, DBW
39 exhibited resistance under both natural and artificial
conditions. Thus, it could be concluded that the genotype
contains several genes responsible for imparting resistance
against B. sorokiniana. Under Indian conditions, where the
weather is highly conducive to pathogen development, wheat
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cultivars with improved spot blotch resistance are desirable.
However, under limited time and resource availability, an
informative detached leaf assay, complemented with reliable
PDR components such as the incubation period and latent
period, would be an asset to breeding programmes for spot
blotch resistance.

In conclusion, our study has established that the detached
leaf assay can be utilized as a rapid and reliable screen-
ing technique for phenotyping resistance sources of wheat
against spot blotch disease. Additionally, the genotype DBW
39 has been observed to exhibit resistance, while a suscep-
tible reaction to the disease has been observed in genotype
K 1317 and PBW 703 against B. sorokiniana. However, our
study also revealed a negative correlation between the incu-
bation period (IP) and latent Period (LP) with the disease
severity. Further research can be conducted on increasing
the number of genotypes for resistance screening. DLA can
also be optimized for other economically important foliar
diseases of wheat.

Data availability The data that support the findings of this study are
available upon request from the corresponding authors.
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