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Abstract

Helminthosporium oryzae, the causal organism of bacterial leaf spot (BLS)
has brought a tremendous loss of rice crop in the field. Rice seedlings of
four commercial varieties (Nayab basmati, Kiran 434, Super basmati, and
Pak 386) were screened against BLS in the field by using a randomized
complete block design (RCBD). The present experimentwasencompassed
the evaluation of fermented farmyard manure, leaf manure, Boron, and
NPK solution against BLS. The effect of different fungicides (Score, Flumax,
Melodyduo, and Polyram) was also checked on the mycelial growth of
Helminthosporium oryzae in-vitro and in-vivo. The results showed that Pak
386 was highly resistant with 17.22% disease severity and Super Basmati
was found moderately resistant with 22.31% disease severity; variety Kisan
434 was found moderately susceptible (24.15%) and Nayab Basmati
(24.82%) was susceptible. Amongall NPK solutions showed the best results
in growth enhancement, plant vigoras well as reduction in disease severity
followed by FFYM, boron and leaf manure. Under in-vitro conditions, all the
fungicides performed best at 150 ppm in terms of colony growth reduction.
The maximum growth inhibition was recorded in Score followed by Flumax,
Melodyduo, and Polyram. Score gave a significant reduction in BLS disease
severity and maximized the agronomic attributes. The fungicides performed
bestat 150 ppm in terms of colony growth reduction. The maximum growth
inhibition was recorded in Score followed by Flumax, Melodyduo, and
Polyram. Score gave a significant reduction in BLS disease severity and
maximized the agronomic attributes.
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1. INTRODUCTION

Biotic and abiotic factors decrease rice production to a considerable level. Monetary losses due to diseases
may reach up to S5 billion per annum?. Rice diseases caused by microorganisms are classified as 36 fungal,
21 viral and 6 nematode diseases worldwide?. Brown leaf spot (BLS) disease caused by Helminthosporium
oryzae (Cochliobolus miyabeanus), also known as Dreschslera oryzae, causes maximum yield loss in certain
areas. In severe cases, the losses caused by BLS disease may reach up to 90%3. In addition to reducing the
plant growth and yield, H. oryzae also cause crop discoloration at maturity and hence market value is
lowered®.

Brown leaf spot (BLS) can cause serious damage due to cool summer conditions and nitrogen deficiency.
High humidity (> 92.5% and many drops of water on the leaves) and high temperatures (24°C to 30°C) are
beneficial for the development of the disease®. Brown spot damage is particularly prominent when
potassium levels in nutrients are low®. The pathogen causes brown to dark brown lesions (5-15 x 1-2 mm) in
round stems at the intersection of flagpole leaves and stems. In severe cases, gray mycelial growth is
observed between sheaths and stalks. Sometimes the fungus also produces abrownor gray-brown patch
on the neck comparedto the blackening of the neck’.

One of the most significant management methods worldwide is the use of resistant varietiesand chemical
controls®. Resistant varieties help to sustain yield but approaches to manage brown spot for resistance is
unusualand unstable when new ortoxic pathogens occur®. Most varieties cultivated globally are vulnerable
to H. oryzae. The management of this confusing illness requires the combination of various management
approaches. The major goal of rice disease management strategy is to use integrated management
strategies to preventinfectious diseases'®.

So, there is a suggestion asa managementtoolforthe use of fungicides and the balance of plant nutrition*!
but the frequent application of fungicide in crops can cause plant pathogens and pathogens resistance to
human health and beneficial microbial health. The use of various organic dietary supplements to increase
the resistance of host plants is a suitable method of culture before transplanting the rice plants which may
be a necessary nutrient factor for appropriate growth of the plant and is a method of resistance to
pathogens and defense activator of rice plants that help increase tolerance.

The use of integrated disease management (IDM) consist of resistant or intermediate resistant varieties,
good cultural practices and foliar fungicides is an economical and effective way to decrease harvesting
losses due to these diseases. So, due to lack of acceptable resistance cultivars, fungicides remain an
important option for controlling brown leaf spot.

2. MATERIALS AND METHODS
2.1. Collection of rice germplasm

The seedlings of four rice cultivars i.e. Super basmati, Nayab 2013, Pak-386 and Kisan 434 were obtained
from Ayub Agricultural Research Institute (AARI) Faisalabad (Pakistan).

2.1.1. Transplanting of germplasm

The seedlings of all the cultivars were transplanted in the research area Department of Plant Pathology,
University of Agriculture Faisalabad (UAF-Pakistan). Plants were transplanted in a randomized complete
block design (RCBD) by maintaining 6 inches plant to plant distance and 18 inches row to row distance.

2.1.2. Infected sample collection

The samples of rice plants with brown leaf spot (BLS) disease were collected from the research area of Plant
Pathology, UAF (Pakistan). Leaf selection was done on the basis of sighsand symptoms (brown spots with
grey center.) of BLS of rice. Leaves were collected, preserved and labeled carefully in polythene bags with
the name of disease, name of researcher, name of crop, location and date of collection.

2.2. Pathogenicity test

2.2.1. Isolation of Helminthosporium oryzae from diseased sample
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Potato dextrose agar (PDA) was used for the isolation of fungus. Infected lesions were taken from leaf
margins 0.5-1 cm section and after this 1.0% sodium hypochlorite was used for sterilization followed by
washing with distilled waterto remove the extraneous surface sterilant. Blotter paperwasusedto absorb
moisture from sterilized samples. These pieces were placed on PDA platesin a laminar flow and incubation
was done at 27 °C and purification was done after 5-7 days of incubation.

2.2.2. Identification

A compound microscope was used to identify Helminthosporium oryzae on the basis of physical
appearance. Fungus growth on PDA was grey to dark greenish-grey. Sporulation generally sparse and
cottony, aerial and fluffy mycelium was identified.

2.2.3. Inoculation of Helminthosporium oryzae on healthy plants

Distilled water was used for fungal spore suspension and adjusted at 10° spores/ml with the help of
hemocytometer. Inoculated plants were sprayed for up to five days 3-4 times perday.

2.2.4. Re-isolation and identification
From inoculated plant nodes and leaves fungus was isolated and identified as described previously.
2.2.5. Purification and storage of pathogen

Greyish green colonies on PDA plates were taken and streaked on new PDA plates with the help of a wire
loop. PDA slants were prepared (2% Potato dextrose, 2% glucose and 2% agar in test tubes) for long-time
preservation of fungus (Helminthosporium oryzae). Slants were keptin refrigerator forfurtherstudies and
in the freezerforalonger period storage.

2.3. Evaluation of different fungicides againstthe Helminthosporium oryzae in-vitro
2.3.1. Poisoned Food Technique

In-vitro evaluation of four various fungicides (Polyram, Melodyduo, Flumax, Score) with different
concentrations (100 ppm and 150 ppm) were done to find out the most efficient fungicide. The
concentration of 1000 ppm solution of every fungicide was made by dissolving 1g of fungicide in 1000 ml of
water. The 100-ppm concentration was prepared by taking 1.0 ml from 1000 ppm stock solution and
dissolving in 100 ml of PDA media. Similarly, a concentration of 150 ppm was made by adding 1.5 ml from
1000 ml fungicide solutioninto 100 ml of PDA media.

Agar disc of 5 mm of pathogen culture was put at the center of petri plates containing media having
fungicides. Plates were wrapped with parafilm and incubated at optimum temperature. Data of mycelial
sporulation was recorded after 48, 72 and 96 hours of incubation and compared with the control. The
effective fungicides were further used for evaluationin the field.

2.4. Management

Three moderately resistant to moderately susceptible varieties were sown in RCBD for management trial.
BLS disease was managed by nutritional amendments and fungicides.

2.4.1. Collection of organic waste materials

Organic matter i.e. fermented farmyard manure (FFYM) was collected from the cowshed, UAF. Farmyard
manure and fallen leaf were fermented with sugarcane and yeast extracts. This waste organic matter was
completely fermented and decomposed by keeping in a polythene bag under sunlight and used as
nutritional amendments.

2.4.2. Incorporation of nutritional amendmentsinsoil

Before transplantation of rice seedling, soil was properly pulverized and four blocks were made in a plot
having 10ft wide and 30 ft long size. In each block, 1kg of fermented organic waste material like farmyard
manure, leaves manure, nutrients, and boronin single and in different combinations with three replications
were applied separately. Complete incorporation of soil followed by irrigation was done by deep ploughing.

2.4.3. Use of fungicides against H. oryzae
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Defense activatorviz. fermented organic materials were tested to reduce the prevalence of pathogens and
disease preparing their concentrations at standard doses. Foliar application of different fungicides like
score and moledyduo 5 ml/liter and boron 4 ml/liter was used with irrigation at 15 days intervals. Three
sprays were applied; the first application was done after thirty days of transplanting, to increase plant
strength by increasing resistance against BLS of rice.

2.5. Data recording:

At various stages of growth and disease cycle, data were recorded and calculated disease incidence by
using formula.

Disease severity %= Numberof diseased leaves x 100

Total number of leavesinspected
Disease assessments weredone by using a standard disease rating scale developed by SES IRRI, 1996.

Disease Rating Scale:

Lessthan 1% of the leaf Highly resistant
1-10% Resistant

11-20% Moderately resistant
21-50% Susceptible

51% or more Highly susceptible

2.5.1. Statistical analysis
For lab experiment, CRD design was used and data was recorded which is subjected to analysis of variance
(ANOVA) ata5% level of significance. This data was analyzed by using LSD test using “Statistics”*2.

3. RESULTS AND DISCUSSIONS
3.1. Response of rice germplasm against Brown Leaf Spot Disease

The results showed thatamong four varieties screened against brown leaf spot of rice, one variety Pak 386
was highly resistant with 17.22% disease severity and Super Basmati was found moderately resistant with
22.31% disease severity; variety Kisan 434 was found moderately susceptible (24.15%) and Nayab Basmati
(24.82%) were susceptible. Nayab Basmati showed maximum disease severity while Pak-386 showed
minimum disease severity (Fig. 1).
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Figure. 1. Temporal assessments of disease severity on differentrice cultivars (V,=superbasmati, V,= Pak
386, V3= Kisan 434, V,= Nayab basmati).

Rice production in Pakistan is limited due to diseases such as brown leaf spot!®. However, the most
important method in the world is to use susceptible cultivars and chemical management. Susceptible
cultivars contribute to the stabilization of yield, but methods to control brown spot for resistance are not
stable due to the presence of more serious pathogenic strains* °. The cultivars which are used for
screening against Helminthosporium oryzae exhibited variable response. Within 28 strains selected from
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the Nuclear Institute for Agriculture and Biology (NIAB) for 2 years, RSP-4 was resistant and PS-2 showed
moderate resistance to H. oryzae. RSP-4 and PS-2 can be useful to develop a variety of rice for BLS
disease®®.
Partial resistance to brown spots in five rice genotypes for three years under field conditions was
investigated. BLS disease severity on leaves, panicles and NBLS disease was used to determine visible
infectivity rate (r) and Area of disease progression curve (AUDPC). Resistance parameters such as
incubation time, frequency of infection, latency and production of spores were determined by using six
strains of Magnaporthe grisea. A significant correlation was found between the (r) and AUDPC values of
panicle and neck?®.
Guilli*” conducted a test to determine the resistance to brown spots of rice varieties used with Diner, Iram
6, Thaibonnet, Bhaja, Elio, Hayat, Kenz, Magherb, Match-97, Farah, Ariete and Maratelli. Eight species are
vulnerable. Such as Thaibonnet, Dinar and Iram-6 had the slightest resistance gene forsome isolates. Farah
has completely resisted every Moroccan state. Elio and Thaibonnet showed incomplete resistance to the
disease.
3.2. Effect of nutritional amendments on the severity of brown leaf spot disease and agronomic
attributes of rice
The use of various fermented organic nutrient additives prior to transplanting rice to increase the
resistance of host plants was a suitable method of cultivation that provided the essential nutrient elements
for proper plant growth and was more resistant to pathogens. Fermentation additives play a vital role not
only in increasing the rice yield but also in spraying rice deactivators, which increases the resistance of
plants. The effect of nutritional amendments on BLS disease severity was assessed three times at fifteen
days interval. The maximum disease severity was recorded in plants treated with leaves manure (28.76%)
followed by boron application (27.26%), fermented farmyard manure (25.31%) and less disease severity
was recorded in NPK (18.84%) compared with control (32.08%) (Table. 1). For the enhancement of
resistance in rice varieties against BLS environment-friendly strategies were used as an application of
organic nutrients just before the transplantation which enhanced the plant yield and vigor of the plant to
provide the basic nutrients to the soil. The use of composite materials increases the concentration of
organic materials and yields. The physical appearance of the soil can be enhanced through the use of
compost materials such as fermented farmyard manure (FYM) etc. hasimproved efficiently*®.

Table. 1. Effect of nutritional amendments on BLS disease severity and agronomic attributes of rice

Treatment [Disease Plant Length of No. of panicle Weight of
severity Height(cm) | panicle panicle
NPK 18.84 e 44.55 a 891a 3.33a 1523
FFYM 25.33 d 41.45 b 8.82b 2.67b 145b
Boron 27.26 ¢ 40.25 b 875c 2.58b 1.36¢
Leaf 28.76 b 37.34 c 8.67d 217 c 1.28 d
Manure
Control 32.08 a 36.49 ¢ 7.94 e 2.00 c 1.25d
HSD value | 0.26 0.23 0.25 0.27 0.22

Symptoms of brown leaf spots appearat the plant tillering stage. It has been observed that stress interferes
with the growth of the plant due to disease, which may or may not limit yield characteristics. The plant
height was measured by measuring tape in the area of the stem of the plant at the surface of the soil with
stemsin the leaves above therice. The plant height was compared with the control of all infected plants. A
slight difference was observed between controland infected plant height.

The yield parameter of the plant growth is infected due to disease which may be limited by this factor.
Stress or disease affectsthe vegetative growth of the plant. According to the data recorded atfifteen days
interval of transplantation, plant height with NPK treatment was (44.55 cm) followed by fermented
farmyard manure (FFYM) treatment was showing (41.45 cm), Boron treatment (40.25 cm), fermented
leaves manure treatment showing (37.34 cm) as compared to control (36.49 cm).
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Panicle length was examined by the measuring tape from starting region of the panicle at the stem. Panicle
length was compared in all treatments with a control. Some varieties were showing the short length of
panicle as compared to control plants. The average length of panicle with NPK was (08.91cm) followed by
FFYM (08.82 cm), Boron was (08.75 cm) leaf manure (08.67 cm) as compared to control (07.94 cm).

It was observed that stress disturbs the vegetative growth of the plant due to the disease which limits the
yield traits or not. A number of panicles is important trait that affects the yield parameter of the plants. A
number of panicles were measured by counting the panicles of each plant. Those were compared with the
control. The average no. of panicles with NPK (3.33), Fermented farmyard manure (2.67), boron (2.58), and
leaf manure (2.17) as compared to control (2.00). Average weight of panicles of Superbasmati treated with
NPK was (1.52 g) followed by FFYM (1.45 g), boron (1.36 g), leaf manure (1.28 g) as compared to control
(1.25 g).

Sarker'® observed that the physical condition of soil is improved due to microbial attack on organic source
and then important nutrients are available to soil. Because of the improved condition of soil yield
components of soil increased as height of plant, no of spikelet, panicles no, grain yield, weight of grain and
tillers per plant. Salem?° reported that by using nitrogen fertilizer with FYM higher no of panicles its length
and panicle weight of rice was estimated.

Magar?! et al., (2015) evaluated rice cultivars against brown leaf spot resistance, thousand-grain weight and
grain yield. Hl-G1and HJ-G2had the lowest severity of disease with a high yield.

In-vitro evaluation of fungicides against H. oryzae

Colony growth of Helminthosporium oryzae was recorded at different fungicides concentrations (Table 2).
The results showed that various fungicides have different impact on colonial growth. Statistical analysis
shows that maximum growth of colony was recorded in control and maximum growth inhibition was
observed in Score, followed by Flumax, Melodydue and Polyram. Maximum growth of colony was found
after 48 that gradually reduced after 72, 96 hours respectively.

Table 2. In-vitro evaluation of fungicides against H. oryzae

After 48

Treatment Hours After 72 Hours | After 96 Hours
FLUMAX@OPPM 3.5300c 2.1733c 1.4967e
FLUMAX@100PPM 3.1333de 1.4967d 1.3100e
FLUMAX@150PPM 2.9567e 1.3567d 1.1233e
MELODYDUO@OPPM 3.4933cd 2.7267b 1.6333de
MELODYDUO@100PPM 2.9500e 2.1333c 1.5233e
MELODYDUO@150PPM 2.5600f 2.0333c 1.4200e
POLYRAM@0Oppm 5.2533a 3.6967a 3.2600a
POLYRAM@100PPM 4.8467b 2.8000b 1.9000cd
POLYRAM@150PPM 3.9867ab 2.4667a 1.7667b
SCORE@OPPM 3.2767cde 2.5533b 1.9833c
SCORE@100PPM 2.4400f 1.5733d 0.5767f
SCORE@150PPM 2.3067f 1.4167d 0.4267f
Alpha 0.05 HSD = 0.3463 HSD = 0.3376 HSD = 0.3766

The data revealed that when score was used at 150ppm concentration, (0.426mm) maximum inhibition of
growth was recorded and on 100ppm, colony growth was (0.576mm) while in control maximum growth
(1.983mm) was recorded. Flumax at 100ppm concentration depicted (1.31mm) and at 150ppm growth was
(1.123mm) while control showed maximum growth (1.496mm) followed by Melodydue at 100ppm
(1.523mm) and at 150ppm colony growth was (1.42mm) while control showed maximum growth
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(1.633mm) and minimum growth inhibition was on Polyram on 100ppm (1.90mm) and on 150ppm
(1.76mm) while maximum growth was observed on control (3.26mm).

Due to the reduced availability of resistant sources, the use of fungicides as a balanced method to reduce
brown spot disease is also a successful treatment. The fungicides used for Helminthosporium oryzae
showed reductions in the severity of the disease. All the fungicides at 150 ppm were evaluated in-vivo
against BLS disease severity and growth parameters (Table 3).

Table. 3. Effect of fungicides on BLS disease severity and agronomic attributes of rice

Treatment |Disease Plant Length of | No. of Weight of
severity Height(cm) | panicle panicle panicle

Flumax 14.85 d 4541b | 815b 2.06 b 1.78 b
Melodyduo | 17.57 ¢ 43.59 ¢ 8.04 c 1.93c¢c 1.54 c
Polyram 21.62 b 41.72 d 7.12d 1.48d 1.27d
Score 12.13 e 47.07 a 9.13 a 3.08 a 2.01a
Control 48.23 a 3143 e 6.52 e 1.34e 1.12e
HSD value 0.11 0.13 0.14 0.19 0.15

Gupta?? performed experimentsin lab to check seven fungicides (propiconazole, carbendazim, triadimefon,
hexaconazole, triciclazole, mancozeb and azoxystrobin). Propiconazole exhibited the highest inhibition of
97%. Three varieties of rice, Basmati-370, Jaya and PC-19 were used to test fungicide from 2011 to 2012
under field, and the use of propiconazole increased the grain yield of all varieties compared to their
respective controls. As a result, propiconazole has been shown to enhance rice yield by reducing the
severity of the disease when properly sprayed.

Shabana?® stated that resistance activators like benzoic acid, salicylic acid and hydroquinone at various
concentrations decreased the disease severity with the benzoic acid at 20mM was found most efficient.
Jatoi?* sprayed fourinhibitors, Mencozeb, thiophanate methyl, proprie iprovalicarb + and propineb, at four
concentrations of 50, 100, 150 and 200 ppm in which growth of pathogenicfungiwas inhibited in-vitro.

Pandey? evaluated the efficiency of fungicides against H. oryzae and it was found that Bavistin @ 1500
ppm was quite effective in inhibiting radial growth of mycelium and second treatment chitosan was found
after 144 hours of incubation at the same concentration.

Kumar?® et al., (2017) tested four antifungal agents (Carbendazim (Bavistin) 50 WP, Carboxin (Vitavax) 50
WP, Propiconazole (Tilt) 25 EC and Hexaconazole (Contaf) 25 EC) against bacterial leaf spot disease. The
analyzed substances at various concentrations were observed for the antifungal activity against D. oryzaein
vitro and in vivo. Propiconazole (Tilt) inhibited the growth of D. oryzae up to (96.58%) at 500 ppm.
Treatment of seeds with Bavistin @ 0.2 g ai / kg and Tilt @ 1 ml / L leaf spray (FS) under field conditions
significantly reduced the disease severity (37.26%) and showed a significant increase in grain yield (55.49%)
and its component.

4. CONCLUSIONS

It is concluded that the NPK found effective against BLS among nutrients and maximum growth parameters
were recorded. Score at 150 ppm showed best results among all the fungicides and enhanced agronomic
parameters were observed.
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