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ARTICLE INFO ABSTRACT

Rusts cause considerable qualitative and quantitative losses to the wheat crop.
However, their severity and losses can be minimized through the deployment of
resistant cultivars. Current investigations were made to conduct surveys for leaf
rust in Sindh province to scrutinize wheat germplasm against the disease and to
check the efficacy of potential fungicides in controlling leaf rust of wheat.
Experiments were conducted under artificial conditions at Nuclear Institute for
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Resistant line exhibited moderately susceptible reaction. Moreover, the correlation between

Susceptibility severity ratings (area under disease progress curve (AUDPC) and yield traits

Rusts unveiled that there was a negative correlation between AUDPC and spike length,

awn length, plants/sq.ft,, and grain yield while a positive correlation for remaining
traits. Among fungicides, Tilt and Bloom were found to be the most effective in
controlling leaf rust. It is, therefore, recommended that the resistant genotypes
should be used in future breeding programs to evolve resistant materials against
leaf rusts of wheat and the most effective fungicides be used for the management of
the disease to minimize yield losses.
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INTRODUCTION evolve new races and spread quickly (Duveiller et al,

The severe fungal infection in wheat could cause a 20%
reduction in crop. These fungal infections reduce plant
photosynthetic rate and may cause crop leaves to
become necrotic, which reduces nutrient uptake and
causes only partial filling of grains. Food insecurity in
the area may result from the significant yield losses. The
biggest threat to food security comes from rust entities,
which have numerous reproductive rates, have ability to
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2007). It is very important to protect crops from the
devastations caused by wheat rusts, particularly leaf
rust, to ensure the availability of wheat on a global scale.
In wheat breeding programmes, disease-resistant wheat
cultivars are a key component. Finding new sources of
resistance is a good strategy for permanently reducing
the threat posed by rust races. Recent efforts by
agricultural experts believe on the application of
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breeding techniques, but these processes take time. On
the other side, chemical control can be used to prevent
diseases from spreading too quickly and to minimise
yield losses. The majority of the primary diseases that
affect growing crops have been successfully controlled
by various types of fungicides. Among them, leaf spots,
late blight, downy mildew, fruit rots, powdery mildews,
cereal seed-borne diseases, rusts, and smuts are among
the commercially significant diseases.

Despite being a relatively old method, the use of
pesticides in disease management is still important for
maintaining food supply globally. Many publications,
especially those utilizing Azoles and strobilurin
chemicals, claimed that disease control for the majority
of the yield improvement brought on by the use of
fungicides. According to Weinert and Wolf (1999), when
fungicides were administered to wheat during the
blooming stage, head blight in the crop was reduced by
up to 80%. Gerhard (2001) investigated the
physiological mechanisms involved in yield increase in
winter wheat cultivars sprayed with strobilurin
fungicides. According to his findings, the wuse of
strobilurin fungicides increased absorption intensity
preventing the side effects of fungal attack.
Transpiration was also enhanced, and the plants
displayed improved water use efficiency as well as
longer green leaf life. Fungicide applications between the
full elongation of the flag leaves and anthesis typically
result in the greater reductions in disease severity and
increases in wheat output or grain quality. To picture the
prevalence of leaf rust, to explore resistant germplasm
against rusts and to evaluate the efficacy of fungicides,
current studies were designed.

MATERIALS AND METHODS

Leaf rust surveillance and monitoring

In three districts i.e. Hyderabad, Tando-Muhammed-
Khan, and Thatta, surveys for the wheat leaf rust disease
were carried out during the growing seasons of 2020 -
2021. Samples were collected from each ten kilometers
of surveying areas. Random samples were collected from
farms and farmers’ fields. Between February and March
2021, survey sites were visited three to four times.
Following formulae were used to display information on
disease incidence and severity as described by (Figlan et

al,, 2020; Omara,, 2021).
Numbers of rust infected plants

Disease incidence = . X
Total numbers of plants examined
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) ) Total lesion length (cm)
Disease severity =
Total leave length(cm)

Plant material
Ten genotypes were acquired from the NIA wheat
breeder to test for resistance and susceptibility to leaf
rust. In December, the material was planted. For sowing,
a hand drill was used. Each entry's length was kept at 1
metre. There were four replicates of the experiment. All
agronomic inputs were given to the crop.
Artificial inoculation of Puccinia triticina
Crop was artificially infected by urediospore suspension
of leaf rust using a hand sprayer. With help of
hemocytometer, spores rough
adjustment was made to the final concentration of 106
spores/ml). Tween-20 (0.05%) was also added to the
suspension to improve the sticking power of rust spores.
Up until the onset of rust symptoms, inoculations were
repeated.
Disease assessment
The Field was frequently visited. Data were collected at
every 10 days until the crop reached maturity. A
modified Cobb's scale was used to measure the severity
of the leaf rust disease (Peterson et al,, 1948), and a 0-1
scale was used to measure host response as shown in
Table 1.
Area under disease progress curve (AUDPC) was
calculated by using following formula.
AUDPC =D1/2(Y1+Yx) +Y2+Y3+.ceerruue -
Where: D = days
recording; Yi = last disease recording.
Yield parameters
Plant growth and yield metrics such as plant height,
spike length, awn length, number of spikes per plant,

x100

were counted. A

“Yi1.

between reading; Y7 =first disease

number of spikes per spike, and 100 grain weight were
measured at crop maturity.

Effectiveness of fungicides for the management of
leaf rust

Five fungicides viz. Boom, Tilt, Mancozeb, Sulfur and
Topsin-M were evaluated for their effectiveness against
leaf rust. The fungicides were sprayed on wheat at
recommended doses. Distilled water served as control
and data regarding efficacy fo fungicides were recorded
as described by Igbal and Mukhtar (2020).

Statistical analysis

Using Statistix 8.1 software, the data were statistically
analyzed by (ANOVA). RCBD design was employed.
Additionally, the least significant difference at (p 0.05)

was employed to compare treatment averages.
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Table 1. Scale for host plant response to leaf rust infection.
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S.No. HostResponse Host reaction value
1 Immune (1) 0.0
2 Traces (T) 0.1
3 Resistant (R) 0.2
4 Resistant to moderately resistant (RMR) 0.3
5 Moderately resistant (MR) 0.4
6 Moderately resistant to moderately susceptible (M) 0.6
7 Moderately susceptible (MS) 0.8
8 Moderately susceptible to susceptible (MSS) 0.9
9 Susceptible (S) 1.0
RESULTS AND DISCUSSION resistant may have a stable gene set that is resistant. The
Survey results genotypic behavior of advance wheat lines may be the

In three lower Sindh districts, different survey locations
revealed a wide variation in the frequency of leaf rust. In
diverse fields, the disease incidence of leaf rust ranged
from 28.40% to 85.40%. Usman Pahwar Farm (85.40%)
and Yusuf Naik Farm (75.67%) and farmer field
(75.60%) displayed the highest prevalence of disease.
These three fields are located in district Thatta. The
Junejo farm (28.40%), Khadim farm (39.2%), and Latif
farm SAU (40.45%), Tandojam showed the lowest
disease incidence rates. These three fields are all
situated in Hyderabad district. On a district-wide basis,
Thatta district had the greatest mean incidence of leaf
rust disease (85.40%), followed by T.M.K. (51.5%) and
Hyderabad (28.40%) (Figure 1).

Varietal Screening

One of the screened wheat lines was evaluated to be
resistant to leaf rust, two were shown to be moderately
resistant, six displayed MRMS-type reactions, and one
displayed a moderately susceptible response.
results are consistent with those of other researchers
(Channa et al., 2022; Hussain et al., 2011). Wheat that is

Our

cause of their variable pathogenicity attribute (Hussain
etal,, 2011; Iqra et al,, 2020; Islam et al., 2017). To avoid
severe yield losses, wheat can be given these new
sources of Lr resistance.

Yield parameters of wheat plants

All cultivars' parameters for plant growth and yield were
retrieved at the time of harvest. Regression analysis was
used to examine that how the development of leaf rust
affected these characteristics. When AUDPC and other
yield characteristics were correlated, it was discovered
that the remaining features had positive correlations
whereas the number of tillers, number of pants/sq?, and
100 grain weights had negative correlations.

Efficacy of fungicides

Among fungicides, Tilt and Bloom were found the most
effective (Table 2) in controlling leaf rust which
reduced rust severity up to 5% as compared to control
(100% severity) (Figure 2). In every part of the world
where wheat is grown, leaf rust poses a substantial
threat to crop output, leading to significant yield losses
(Rehman et al., 2013).
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Figure 1. Relative among parameters of wheat AUDPC.
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Figure 2. Effectiveness of fungicide reducing the severity of Wheat Rust.

Table: 2 Survey results of leaf rust of wheat in wheat growing of Sindh.

Sr. No Distt. Locations

No: of fields

Samples taken field Disease incidence (%)

Juneju farm
Syed khadim Sha farm
Latif farm SAU
Farmer Field

1 Hyderabad

2 TMK Sarhandi Farm
Nakargi Farm
Yousaf Naik Village
3 Thatta Local Field

Usman Pehwar Farm
Vegetable Farm

1 10 28.40%
1 10 39.42%
1 10 40.45%
1 10 55.60%
1 10 62.55%
1 10 68.60%
1 10 75.67%
1 10 75.60%
1 10 85.40%
1 10 61.70%

Environmental factors that favor disease development as
well as vulnerable cultivars play a role. The production
of resistant cultivars is the only sustainable and effective
strategy for averting disease epidemics. Low AUDPC
scores in the current study indicated genotypes with
high to moderate levels of resistance to leaf rust. These
results agreed with those of Prabhu et al. (1993) and
Pretorious (1983), who employed AUDPC to pinpoint
the causes of leaf rust resistance. Similar to this, while
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evaluating leaf rust resistance, Ahmad et al. (2019), and
Khan et al. (2017) reported the same infection results.
Epidemiological factors have regularly shown to have a
significant influence on the beginning of disease. The
amount of urediniospores produced per unit area of
infected leaves rose considerably with temperature
(both lowest and maximum), increasing the number of
spores produced each day (Milus et al., 2009; Geagea et
al, 1997; Yamin et al,, 2020). Under conditions of high
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relative humidity, fungus appressoria germination
increased between 4 and 25 °C for maximum and
minimum temperature.

Rainfall and wind speed are also positively connected
with the emergence of leaf rust on the majority of
treatments. At a rate of 5 to 10 millimeters per hour, the
rain drops promote the release of fungal spores through
splashing or direct impact. Much like how increasing
wind speed and wind blast led to better spore dispersion
(Rizwan et al., 2017).

Fungicides are the most reliable form of disease
management in the absence of resistant cultivars
Disease can be controlled by planting disease free seed
as soon as possible after deep ploughing, practicing
hygienic cultivation, eliminating weeds, and keeping a
healthy population (Channa et al., 2021). Fungicides
must be applied several times to infected crops in order
to achieve a sufficient yield. Khan et al. (2017) evaluated
three systemic fungicides viz. Thiophanate methyl],
Carbendazim, and Ridomil MZ (Mancozeb 64% +
Metalaxyl 8%) in the field at a concentration of 0.2%
each. The only one of these, Ridomil MZ proved
successful followed by the mixture of Carbendazim and
Captan. The results of this inquiry are substantially
supported by these findings. In our study, Tilt and Bloom
were proven to be the most helpful. Additionally,
according to Singh et al. (2014), three consecutive
sprays of Mancozeb had the greatest impact in
controlling the severity of Alternaria leaf blight followed
by a schedule that included two consecutive sprays of
Mancozeb (0.2%) and a third of Rodomil MZ (0.25).
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