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VARIETAL REACTION OF LEAF BLIGHT OF WaEAT CAUSED BY

Bipolaris sorokinlana

ABSTRACT

Subsequently three experiments were conducted in the Seed Pathology Laboratory,

net house and experimental field of Sher-e BangIa Agricultural University, Dhaka,

Bangladesh during the period from October 2005 to April 2006 to study the

varietal reaction of leaf b1ight of wheat caused by Bipolaris sorokiniana. The

wheat seeds of varieties Sonalika, Kanchan, Barkat, Shatabdi, Aghrani, Pavon- 76,

Akbar, Gourab, Sourav and Protiva were collected from Bangladesh Agricultural

Research Institute (BARl), Gazipur. In laboratory experiment the maximum
•

number of conidia/seed (320) was recoded for the variety Sonalika and minimum

number of conidia/seed (100) was recorded in variety Shatabdi. Maximum lesion

length (11.67 em) on inoculated root was recorded from the variety Sonalika. No

lesion i.e. infection (0.00 em) was recorded in the varieties Shatabdi and Akbar. In

blotter test maximum germination (92.00%) was recorded in the variety Shatabdi,

Sourab and Agrani and minimum (72.00%) was recorded in the variety Sonalika.

Maximum (37%) incidence of seed borne Bipolaris sorokiniana was recorded in

the variety SonaIika and minimum (17%) in Shatabdi, At panicle initiation stage,

flowering stage, milking stage and hard dough stage minimum disease severity

was recorded in the variety Shatabdi and maximum in the variety SonaJika. The

highest grain yield/pot (5.97 g) was recorded in the variety Gourab. In the field

maximum disease severity in all the counting periods was recorded in the variety

Sonalika and minimum in the variety Shatabdi. The highest number of healthy

spikelets/ear (26.77), number of grains/ear (38.66), number of healthy grains/ear

(37.41) and IOOO-seedweight (42.12 g) were recorded in the variety Shatabdi. The

highest grain yield/plot (391.77 g) was recorded in the variety Shatabdi and the

lowest yield/plot (183.08 g) was recorded in the variety Aghrani.
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Chapter J

INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most important cereal crops as wen

as staple food all over the world. About two third of the total world's

population consume wheat as staple food (Majumder, 199]). Dubin and Ginkel

(199]) reported that the largest area of wheat cultivation in the warmer climates

exists in the South-East Asia including Bangladesh, India and Nepal. In

Bangladesh it is the second most important cereal crops next to rice that plays a

vital role in the national economy by reducing the volume of import of cereals

for fulfilling the food requirements of the country (Razzaque et al., ]992).

Besides these it also meet the nutrients requirements for the human being, on

the another way wheat and straw are also used as animal feed. Wheat straw is

used as fuel and also shade for the house of the poor man of Bangladesh.

Wheat is well adapted cereal crop for its vegetative growth and development in

our native climatic condition. Though the crop introduced in Bangladesh

former East Pakistan in ]967 but its reputation increased after 1975. Now the

popularity of wheat as'staple food is rising day by day in OUT country. Wheat

cultivation has increased manifolds to meet up the food shortage in the country.

In spite of its importance, the yield of the crop in OUT country is low in

comparison to the other countries of the worJd, where average yield estimated

2.69 tJha (FAO, 1997). Though the area, production and yield of wheat have

been increasing dramatically during the last decade, but still it is too low (2.2

t/ha) in comparison to the developed countries like Japan, France, Germany

and UK producing 3.76, 7.12, 7.28, and 8.00 t/ha, respectively (FAO, 2000). At

present about 706.86 thousand hectares of land in Bangladesh is covered by

wheat cultivation with the annual production of 1570 thousand tons (BBS,

2005).
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All the growth stages of wheat are prone to the attack of numerous diseases

which playa major role among the various factors responsible for reducing the

yield (Rashid, 1996). It suffers from as many as 200 diseases of which leaf

blight caused by Bipolaris sorokiniana is the most destructive one. It is a major

pathogen of wheat in temperate regions of the world also. It causes leaf blotch,

leaf spot, leaf blight, foot rot, seedling blight, discolored grain, black point and

impaired grain filling. The leaf blight disease is considered to be a threat to the

wheat cultivation all over the world (Duveiller and Gilchrist, 1994). In

Bangladesh the disease is also considered as highly devastating (Hossain and

Azad, 1992).

The causal agent of Bipolaris leaf blight, Bipolaris sorokiniana is one of the

most important pathogen, reported to be highly seed transmitted and causes

seedling blight, head blight and black point in the growing crop (Ali and Fakir,

1992; Rashid et al. 1997). Almost all old commercial varieties have been

recorded susceptible to this disease to various degrees resulting sustainable

losses in yield. The severity of the disease increases with plant age and reaches

to its maximum towards crop maturity.

The yield loss due to leaf blight disease in the country has been reported to be

20% in var. SonaJika, where as 14% and 8% in Akbar and Kanchan,

respectively (Razzaque and Hossain, 1991). In fanners field the yield loss is

estimated to be 14.97% (Alam et al., 1995), where as 29% yield reduction was

estimated during 1991and 1992 in Kanchan (Alam et al., 1994). In another

field experiment Ahmed (200]) found that the yield decreased up to 51.17%. In

case of severe attack it may result even ]00% yield loss (Hossain and Azad,

1994). Efforts for controlling the disease through different measures have been

made by many workers (Nene and Saxena, 1971; Pidoplichko and Andreeva,

]980; BARI, 1984; Meisner et al., 1994; Hossain and Azad, 1992; Wildermutf"
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et al., 1992; Malaker et al., 1994; Dewey and Albrechtsen, 1997). Cultivation

of resistant variety is one of the important option to avoid the disease problem

in the field. Hossain and Azad (1992) evaluated 522 wheat gennplasms in the

field. None of the materials were found to be free from the disease. Akram

(2003) evaluated 148 wheat genotypes against leaf blight iBipolaris

sorokinianay. None was immune to this disease. However, the present piece of

research work was carried out to determine the varietal reaction of wheat to leaf

blight (Bipolaris sorokinianai with the fol1owing objectives-

1. To evaluate the wheat varieties to leaf blight caused by (Btpolaris

sorokiniandy.

2. To evaluate the wheat varieties on yield and yield contributing

characters.

3
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Chapter Il

REVIEW OF LITERATURE

Wheat is the second most important cereal crop in Bangladesh. The crop has

acknowledged much concentration by the researchers on various aspects of its

production. Very few studies on the related to the varietal reaction of leaf.blight

of wheat caused by Bipolaris sorokiniana have been carried out in many

countries of the world. The work so far done in Bangladesh and is not adequate

and conclusive. Nevertheless, some of the important and informative works and

research findings so far been done at home and abroad on this aspect have been

reviewed in this chapter.

Adlakha et al. (1984) tested six hundred and twenty five lines for resistance to

B. sorokiniana. Leaf lesions on resistant cultivars of wheat were fewer and

smaller and sprouted less than lesions on susceptible cultivars, The crosses

involved four resistant and four susceptible wheat cultivars. Resistance was

dominant in the FI progenies. Disease reactions of the F2 indicated that

resistance was conditioned by two genes in the cultivar Motia and in lines

E5895 and HD 1927 and Monogenic in line DT 188.

Bazlur Rashid et al. (1987) determined the effect of D. sorokiniana on some

yield components of susceptible wheat cultivars under induced epiphytotic

conditions. The lower leaves became significantly more infected than the flag

leaves, but the infection of flag leaves caused the highest yield loss, and

infection of third leaves caused the least. The maximum loss was incurred in

grain weight per ear at the maximum disease severity score.

Hossain and Azad (1992) studied the severity of leaf blight of 533 wheat

materials of local and exotic origin during the growing season of 1989-1990.

4



None of the materials was highly resistant to leaf blight. Of them 76 were

graded to be resistant and 89 were moderately resistant. The remaining 90, 99

and 179 materials were graded as moderately susceptible, susceptible and

highly susceptible, respectively. In the following year the wheat materials those

showed resistance under field condition were screened by artificial inoculation

against nine H. sativum isolates at the seedling and the flag leaf stage. Seedling

inoculation revealed that some materials were resistant to some isolates but

were susceptible to others. In case of flag leaf inoculated materials were

resistant to all isolates. Moreover, 16 and 31 materials were graded as

moderately resistant at the seedling stage and at the flag leaf stage,

respectively.

Rashid et al. (1992) tested 103 seed samples by the freezing blotter method, 8

species of Bipolaris were isolated, of which the commonest was B.

sorokiniana. Seedbrone infection was highest in cv. Sonalika seed collected

from Mymensingh (27.4%) and Meherpur (25.7%) and lowest (1.5%) in cv.

Kanchan seed collected from Pabna.

In a field inoculation trial Singh et al. (1995) found that only 15 of 257

genotypes were consistent1y resistant to H. sativum. While 47 were moderately

resistant and 158 were moderately susceptible, having 33 rated susceptible and

4 highly susceptible. No genotypes were free from infection during the three

test years (1990-1993).

Cristaldo et al. (1997) assessed twelve wheat genotypes were assessed, in vitro

and in vivo, for resistance to spot blotch by B. sorokiniana. Toxic filtrates were

obtained from 2 fungal isolates and added to the culture medium in which the

wheat callus developed, spore suspensions were also produced and applied to

wheat seedlings. The callus reaction was quantified by the difference between

5



growth of those exposed to the filtrates and the untreated checks. The response

measured by the percentage of necrotic lesions present on the leaves. A smaller

callus growth corresponded to a higher percentage of lesions on the seedling

leaves.

Rahman (1997) conducted an experiment in a glass house with 58 wheat

genotypes to investigate the relationships of the components of resistance at

seedling stage to B. sorokiniana. Infection frequency, lesion size, lesion cover,

necrosis, .spore production, disease severity index and percent disease index

were recorded on 58 wheat genotypes. A clear evidence of relationship among

the above components of resistance was recorded. A similar experiment was

conducted by Sharif (1998) under natural condition with 57 wheat genotypes.

Following multivariate analysis he detected four clusters based on six

components of resistance.

Molan et of. (2001) conducted an experiment with wheat samples affected by

foliar blight were collected from various locations during 2000-2001 in Riyadh,

Saudi Arabia. The pathogen was isolated and identified as a B. sorokiniana.

Experimental design in a randomized complete block with six replications was

carried out in the greenhouse at the college of Agriculture King Saud

University to evaluate two wheat cultivars and 18 wheat genotypes against B.

sorokiniana. The 14 days old seedlings of these genotypes were inoculated

with conidial suspensions adjusted to 2 x 106 conidia/ml of B. sorokiniana.

Disease severity was rated 7 days after inoculation, using a scale ranging from

0-5. Results indicated that four wheat genotypes were resistant and nine

genotypes were moderately resistant and the remaining genotypes were

susceptible.

6



The evaluation of reaction types of 10 wheat genotypes after inoculation by 11

Bipolaris sorokiniana strains collected at different geographical locations was

conducted by Mikhailova et al. (2002) and significant differences between both

fungal strains and wheat samples. were observed. However, the pathogen

genotypes vs. wheat genotypes interaction were not significant, suggesting the

absence of race specialization of B. sorokiniana. Nevertheless, it was supposed

that the search for differentials is more perspective among wheat genotypes

resistant and moderately resistant to spot blotch.

Akram (2003) conducted an experiment on 148 wheat genotypes under

greenhouse conditions during the 1997/1998 cropping season to characterize

the host response to B. sorokiniana. In the following year 24 wheat genotypes

were sown in the field and under green house conditions. Out of 148

genotypes, none was immune to the disease. Twenty six genotypes, which

showed disease leaf area coverage between 1 and 10% on the flag leaf, were

rated as resistant and 33 genotypes as moderately resistant (10-30%). The

response of the genotypes varied depending on the environmental conditions

and different inoculums loads. The incubation period varied between 13 and 6

days in the field and 5 days in the greenhouse for all the genotypes.

Singh et al. (2003) conducted a laboratory experiment to determine the

relationship between the degree of resistance of wheat cultivars M3, Salamouni,

Attila, Katepwa, Chirya 7, NL 623, NL 297, NID 495, Yangmai, Altar, 6B 235,

Bhirukuti, UP 262, GIenlea and CIANO, to Bipolaris sorokiniana and its toxin,

primarily helminthosporol. The toxin was extracted and purified from 2 isolates

of B. sorokiniana. The toxin was assayed using a detached leaf technique. The

pathogen was inoculated into potted plants possessing varying degrees of

resistance to leaf blotch and on detached leaves by observing the number of

fungal spores. Data were recorded for the number of spots produced, infection

7



responses, and rate of necrosis due to helminthosporol toxin. The number of

spots that developed did not significantly differ between the cultivars tested.

However, the rate of necrosis development differed initially between cultivars.

A total of 560 genotypes of wheat and triticale were analyzed by Singh et al.

(2003) for resistance to foliar blight. Entries were tested at 15 multilocation hot

spots in India. Data were recorded on flag leaf and one leaf below the flag 1eaf

at 71-77 stage on Zadok's scale on double digit scale' and satisfactory

coincidence of data obtained from the evaluation of type Oreaction of seedlings

and disease severity.

Hexaploid wheat lines derived from T. durum and T. tauschii were screened by

Mikhailova et al. (2004) for resistance to spot blotch Bipolaris sorokiniana

using field and laboratory tests. The highly and moderately resistant wheat

samples were determined.

Shahidullah (2006) carried out an experiment on varietal screening and

management of leaf blight of wheat caused by Bipolaris sorokiniana. He

evaluated 14 wheat germplasms under natural infection pressure of Bipolaris

leaf blight. Among them 3 germplasms were found to be resistant and I

moderately resistant to this disease.

8





Chapter III

MATERIALS AND METHODS

Subsequently three experiments were conducted in the Seed Pathology Laboratory,

net house and experimental field of Sher-e Bangia Agricultural University, Dhaka,

Bangladesh during the period from October 2005 to April 2006 to study the varietal

reaction of leaf blight of wheat caused by Bipolaris sorokiniana. This chapter

includes major information regarding materials and methods that were used

conducting the experiment. It consists of a short description of locations of the

experimental site, characteristics of soil, climate, materials used for the experiments,

treatment of the experiments, layout and design of the experiment, land preparation,

manuring and fertiJizing, intercultural operations, harvesting, data collection

procedure, statistical analysis etc. The details regarding materials and methods of the

experiments are presented below under the following headings -

3.1. Laboratory experiment

The experiment was conducted at the seed health laboratory of the Department of

Plant Pathology, Sher-e BangIa Agricultural University, Dhaka, Bangladesh during

the period from October to November 2005.

3.1.1. Collection of seeds

The wheat seeds varieties Sonalika, Kanchan, Barkat, Shatabdi, Aghrani, Pavon-76,

Akbar, Gourav, Sourav and Protiva were collected from Bangladesh Agricultural

Research Institute (BARl), Gazipur. After co1iection, the seeds were kept in a plastic

container and were stored in normal room temperature in laboratory of Plant

Pathology Department of Sher-e-Bangia Agricultural University.

9



3.1.2. Determination of seed health status

The blotter method OSTA, 1996) was used for conducting this trail. Four hundred

seeds were randomly taken from the seed samples under each treatment. Twenty-five

seeds were placed on three layers of moist blotter paper contained in each 9 em

diameter glass petridish. The petri-plates were then placed in incubation chamber

under NUV (12/12 hours) at 24° C. After 7 days of incubation data on germination

was recorded. Then incubated seeds were examined under stereobionocular

microscope for the detection of Bipolaris sorokiniana that grew on the seeds.

3.1.3. Determination of the number of conidia/seed of Bipolaris sorokiniana by
deep freezing blotter method (Limonard, 1968)

B. sorokiniana associated with the seeds of different varieties were detected by

following the Deep Freezing Blotter Method (Limonard, 1968). Two hundred seeds

from each variety were examined by placing them on three layered moist filter paper

contained in 9 cm diameter glass petridishes. Twenty five seeds were placed in each

petridish. Then the petri-plates were incubated for 24 hours under NUV (12/12 hours)

at 24-2S°C. After incubation the seeds were kept in refrigerator at -18°C for 6 days.

For determination of number of conidia, ten conical flasks were taken and each was

filled with 30 ml sterilized water and then the flasks were marked by marker. Seeds of

each variety were taken separately into the water contained in each conical flask very

carefully without loss of conidia. Then the volume was made 50 ml with water and

one drop of Tween-20 was added in each flask and stirred for 15 minutes with the

help of magnetic stirrer. Then the number of conidia/sample was determined with the

help of Haem acyto meter.

10
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3.1.4 Determination of lesion size of inoculated roots of different wheat varieties

Wheat seeds of different varieties were allowed to germinate on moist filter paper.

When the roots were about 2 mm long, seeds were then transferred to filter paper

sheet (25 x 25 cm2
). Another paper sheet with a polyethylene sheet layer was placed

on top, and the resulting sand wich was rolled together with the lower end of the roll

placed in distilled water. Inoculum B. sorokiniana was prepared on PDA medium,

where 5 mm agar disk was used as inoculum. When the roots were about 15 ern long,

the paper rolls were then opened, and the fungal inocula were placed on the roots 5

em below the seed. Ten plants were used for each replication, maintaining three

replications per treatment. The extent of the disease symptoms, indicate by a brown

discoloration, was measured on infected roots at 10 days after inoculation.

3.1.5 Assessment of % leaf segment diseased due to the inoculation of Bipolaris
sorokiniana

The seeds of different varieties were sown in pots (50 seeds/pot), where the pot soil

contains soil and compost in 4: 1 ratio. Seedlings at 3-Ieaf stage were inoculated with a

spore suspension (12 x 103 spore/rnl) of Bipolaris sorokiniana using a self

compressed hand sprayer (Hossain and Azad, 1992). The pots were covered with

previously moist ened polythylene bags for 24 hrs in darkness. Then inoculated leaves

were cut into pieces (8 ern) and were tested following detached leaf method (Hossain

and Schlosser, 1993). The cut pieces were placed on Benzimidazole agar medium

(150 mg BenzimidazolellOOO ml of 1% water agar) and incubated at 25°C for 5 days.

After inoculation on Benzimidazole agar, percent leaf segment diseased measured.

11



3.2. Pot Experiment

3.2.1. Preparation of pot for seed sowing

The soil was col1ected from Agronomy field of Sher-e-Bangla Agricultural

University. After drying and cleaning the soil, decomposed cowdung was mixed with

collected soil (1:) and earthen pots of 30 em diameter were filled two third portions

with the mixture. Chemical fertilizers were not used in the pot soil.

3.2.2. Sowing of seeds

The wheat seeds were sown on 25 December 2005. Total number of 50 seeds were

sown in each pot.

3.2.3. Determination of germination percentage

Germination of seedlings was counted and germination percentages were calculated.

3.2.4. Intercultural operatioil (irrigation and drainage)

The wheat plant in pots were irrigated were necessary. Drainage system also looks

after for preventing damage of plant.

3.2.5. Recording of disease severity

The data were recorded for disease reaction in four growth stages of the plant namely

panicle initiation stage, flowering stage, milking stage and hard dough stage. Plants

for each pot were selected for collection of data on percent Leaf area diseased (%

LAD). LAD of flag leaf, second leaf (2nd from the top) and 3rdleaf (3rd from the top)

were counted. The grading of the leaves were done followed 0-5 rating scale as used

by Hossain and Azad (1992) and the CIMMYT method (Gilchrist, ) 984).

3.2.6. Harvesting

The crop was harvested on 5st April, 2006 at full ripening stage. The crop was

harvested by cutting the plants just at the soil level and bundled separately. The
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bundles were threshed mechanically by hand and individual bundles of straw were

weighted and recorded.

3.2.7. Data recording

Data on different yield and related to yield contributing characters were recorded and

presented under the following headings-

I. Days required for booting

11. Days required for heading

Ill. Days required for flowering

IV. Days required for milking

v, Days required for maturity

VI. Plant height (ern)

VIJ. Ear length (em)

Vl11. Distance between the point of flag leaf initiation and base of ear (em)

IX. Number of spikelets/ear

x. Number of healthy spikelts/ear

Xl. Number of diseased spikelets/ear

XII. Number of grains/ear

XUL Number of healthy grains/ear

XIV. Number of diseased grains/ear

xv. Weight of grains/ear

XVI. Weight of healthy grains/ear

XVI1. Weight of diseased grains/ear

XVIII. 1000 seed weight (g)

XIX. Grain yield/pot (g)

xx. Straw yield/pot (g)

13



3.3. Field Experiment

3.3.1. Experimental site

The present piece of research work was conducted in the farm of Sher-e-Bangia

Agricultural University, Sher-e-Bangia Nagar, Dhaka, Bangladesh. The location of

the site in 23°74' N latitude and 90°35' E longitude with an elevation of 8.2 meter

from sea level (Anon, 1989).

3.3.2. Experimental period

The experiment was carried out during the period from November, 2005 to April

2006.

3.3.3. Soil type

The soil of the experimental area was non-calcarious dark grey and belongs to the

Modhupur Tract (UNDP, 1988) under AEZ 28. The selected plot was medium high

land and the soil series was Tejgaon (FAO, 1988). The experimental site was a

medium high land and pH of the soil was 5.6. The characteristics of the soil under the

experimental plot were analyzed in the SRDI, Soil testing Laboratory, Khamarbari,

Dhaka and details of the soil characteristics are presented in Appendix I.

3.3.4. Climate

The geographical situation of the experimental site was under the subtropical climate,

characterized by three distinct seasons, the monsoon or rainy season from November

to February and the pre-monsoon period or hot season from March to April and

monsoon period from May to October (Edris et al., 1979). The total annual rainfall of

the experimental site was 218 mm and average monthly maximum and minimum

temperature were 29.450C and 13.860C, respectively. Details of the metrological data

of air temperature, relative humidity, rainfalls and sunshine during the period of the.
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experiment was collected from the Bangladesh Meteorological Department (Climate

Division) and presented in Appendix Il.

3.3.5. Crop

Wheat seed collected from BARl was used in this study.

3.3.6. Treatments

In the experiment ten different varieties of wheat were used for determination of

reaction of wheat leaf blight caused by Bipolaris sorokiniana. The varieties were

Sonalika, Kanchan, Barkat, Shatabdi, Aghrani, Pavon-76, Akbar, Gourav, Sourav and

Protiva.

3.3.7. Layout of the experiment

The experiment was laid out in one factor Randomized Complete Block Design

(RCBD) with three replications. The layout of the experiment was prepared for

distributing the wheat varieties into the every plot of each block. Each block was

divided into 10 plots where 10 varieties were allotted at random. There were 30 unit

plots altogether in the experiment. The size of the plot was 1.0 m x 1.00 m. The

distance maintained between two blocks and two plots were kept 1.0 m and 0.5 m,

respective1 y.

3.3.S. Land preparation

The land was thorough1y prepared by ploughing and cross ploughing with a power

tiller followed by laddering. The clods were broken and the soils were leveled until

the desired tilth was obtained for sowing the wheat seeds. During land preparations

weeds and stubbles of the previous crops were collected and removed from the field.

3.3.9. Manure and fertilizer application

Well decomposed cowdung manure was applied in the time of final land preparation

at the rate of 10 tlha. The sources of fertilizers used for N, P, K and S were urea, TSP,
•
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MP and Gypsum. The entire amounts of TSP, MP, Gypsum, Zinc sulphate and borax

@ ISO, 60, 80 kg/ha were applied during the final preparation of land. Urea 200 kg/ha

was app1ied in three equal instal1ments at 15,30 and 45 days after sowing.

3.3.10. Sowing of seed

Seeds were sown in line on 20 October 2005 at the rate of ]20 kg /ha.

3.3.11. Intercultural operation

3.3.11.1. ] rrigation

The field plots were irrigated three times. First irrigation was done at 25 days after

sowing; Second irrigation was done at 55 days after sowing and third irrigation was

done at 75 days after sowing.

3.3.11.2. Weeding

Weeds growing out in the plot during the growing period of the crop. First weeding

was done at 25 days after sowing and another at 60 days after sowing.

3.3.12. Recording of disease severity

The data were recorded for disease reaction in four growth stages of the plant namely

panicle initiation stage, flowering stage, milking stage and hard dough stage. Twenty-

five plants per plot (5 plants per row) were selected for collection of data on percent .
Leaf area diseased (% LAD). LAD of flag leaf, second leaf (2nd from the top) and 3rd

leaf (3rd from the top) were counted. The grading of the leaves were done followed 0-

5 rating scale as used by Hossain and Azad (1992) and the CIMMYT method

(Gilchrist, ] 984).

3.3.13. Harvesting of crop

The crop was harvested on 5th April 2006 at full ripening stage. The twenty five

selected tagged plants of each plot were harvested separately. The crop was harvested
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by cutting the plants just at the soil level and bundled separately. The bundles were

threshed mechanically by hand and individual bundles of straw were weighted and

recorded.

3.3.14. Data recording

Data on different yield and related to yield contributing characters were recorded and

presented under the following headings-

1. Days required for booting

11. Days required for heading

III. Days required for flowering

IV. Days required for milking

v. Days required for maturity

VI. Plant height (ern)

VB. Ear length (em)

vm. Distance between the point offlag leaf initiation and base of ear (ern)

IX. Number of'spikelets/ear

x. Number of healthy spikelts/ear

XI. Number of diseased spikelets/ear

Xli. Number of grains/ear

XIII. Number of healthy grains/ear

XIV. Number of diseased grains/ear

xv. Weight of grains/ear

XVI. Weight of healthy grains/ear

XVll. Weight of diseased grains/ear

XVIII. 1000 seed weight (g)

XIX. Grain yield/plot (?)

xx. Straw yield/plot (g)
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3.15. Statistical Analysis

The data obtained for different characters were statistically analyzed and the treatment

means were compared by DMRT (Duncan's Multiple Range Test) at 5% level of

probability (Gomez and Gomez, 1984).

3.16 Pathogen isolation and identification

Wheat plant leaves with typica1 leaf spot disease symptom were collected from the

experimental site by using polythylene bag and were taken to the Laboratory of the

Division of Plant Pathology, Sher-e BangIa Agricultural University, Dhaka. The

diseased leaves were then cut into small pieces (about 0.5 cm) with diseased portion

and surface sterilized with HgCI2 solution (0.01%) for 30 second. The cut pieces were

then washed in water at three times and were placed into PDA media in petridish. The

plates were then incubated at 2S± 1°c for 7 days. Later the pathogen was purified

using hypha) tip culture method and grown on PDA media at 25±)oC for 2 week and

identified as B. sorokiniana (plate 1)

'.

Plate 1. Pure culture of Bipolaris sorokiniana on PDA media
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Chapter IV

RESULTS

4.1. Laboratory Experiment

4.1.1 Number of conidia/seed

Number of conidia/seed by deep freezing blotter method on different variety of

wheat seed showed significant variation (Table 1). The maximum number of

conidia (320) was recoded in ·the variety.Sonalika which was closely followed

by variety Kanchan (280). On the other hand minimum number of conidia/seed

(l00) was recorded in variety Shatabdi which was closely followed by the

variety Gourav (150).
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Table 1. Number of conidia/seed of Bipolaris sorokiniana by deep

freezing blotter method on different variety in laboratory

condition

Variety Number of conidia/seed

Sonalika 320 a

Shatabdi 100 f

Akbar 220 cd

Gourab 150 e

Sourav 230 cd

Pavon-76 220 cd

Kanchan 280b

Protiva 210 d

Aghran.i 250 be

Barkat 210 d

LSD(o.os) 31.53

In a column means having similar letter(s) are statistically identical and those

having dissimilar letter(s) differ significantly as per 0.05 level of probability
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4.1.2 Lesion length in root and % Ieaf segment diseased of wheat varieties

The lesion length in root differed significantly from one variety to another

(Table 2). Lesion length varied from 0.00 to 11.67 mm. Maximum lesion

lengths (11.67 mm) was recorded in the variety Sonalika, Sourav and Kanchan.

No lesion i.e. infection (0.00 mm) was recorded in the varieties Shatabdi,

Akbar, Pavon-76 and Protiva and which was closely fol1owed by the variety

Aghrani (5.00 mm). Statistically significant variation was recorded in respect

of % leaf segment diseased on leaf under the present trail. Maximum % leaf

segment diseased (96.67%) was recorded in the variety Sonalika (Table 2)

which was closely followed by the variety Kanchan (76.67). No lesion was

found on the leaf of the variety Shatabdi.

In a column means having similar letter(s) are statistically identical and those

having dissimilar letter(s) differ significantly as per 0.05 level of probability

Data in parenthesis are Arcsine transformed value
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Table 2. Lesion length in root and % leaf segment diseased of wheat

varieties due to the inoculation of Bipolaris sorokiniana in

laboratory condition

Variety Lesion length (mm) % Leaf segment diseased

Sonalika 11.67 a 96.67a
(72.45)

Shatabdi 0.00 d O.OOh
(0.00)

Akbar O.OOd 70.00c
_(58.7)

Gourab 8.33 b 61.30d
(51.5)

Sourav 11.67 a 15.00f
(22.8)

Pavon-76 O.OOd 5.00g
(14.6)

Kanchan 11.67 a 76.67b
(60.6)

Protiva O.OOd 61.30d '"

(51.5)
., .

Aghrani 5.00 c 75.60b
(60.4)

Barkat 5.66c 50.50e
(45.3)

LSD(o.os) 0.898 4.858

In a column means having similar letter(s) are statistically identical and those

having dissimilar letter(s) differ significantly as per 0.05 level of probability
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4.1.3 Seed germination and incidence of Blpolaris sorokiniana

% Seed germination of different wheat varieties varied significantly (Figure 1).

Maximum % germination (92%) was recorded from the variety Shatabdi,

Sourav and Aghrani. Lowest percentage of germination (72%) was recorded in

the variety Sonalika was statistically significant different. In respect of the

percentage of B. sorokiniana on seed of different variety under the present

study. Maximum % B. sorokiniana (37%) on seed was recorded from the

variety Sonalika (Figure 2) which was closely followed by the variety Gourab

(34%). On the other hand the minimum (17%) incidence was recorded in the

variety Shatabdi.
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4.2. Pot Experiment

4.2.1 Germination of seed

Percentage of seed germination varied significantly among the wheat varieties

tested (Table 3). Among the variety Shatabdi attained maximum germination

(88.67%) after 21 DAS. The minimum germination (75.33%) was recorded in

the variety Gourab,



Table 3. Germination of different wheat varieties in pot

Variety Germination (%)

7 Days after 14 days after 21 days after

sowing sowing sowing

SonaJika 37.33 f 62.67 b 80.00 cd

Shatabdi 48.00 a 68.67 a 88.67 a

Akbar 46.67 b 60.67 c 79.33 d

Gourab 35.33 g 57.33 d 75.33 e

Sourav 43.33 cd 63.33 b 79.33 cd

Pavon-76 37.33 f 60.00 c 78.33 cd

Kanchan 44.67 c 58.33 d 81.33 c

Protiva 40.67 e 60.00 c 84.00 b

Aghrani 42.67 d 58.67 d 77.00 de

Barkat 44.67 c 61.33 b 79.00 cd

LSD(o.o5) 2.025 ].895 2.152

In a column means having similar letter(s) are statistically identical and those

having dissimilar Jetter(s) differ significantly as per 0.05 level of probability
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4.2.2. Disease severity at panicle initiation stage and flowering stage

Disease severity at panicle initiation stage was estimated on flag leaf, 2nd and

3rd leaf of different wheat variety were used in this trail and found to differ

statistically (Table 4). In flag leaf maximum disease severity was recorded in

the variety Akbar (0.28) which was closely followed by the variety Sonalika

(0.22) and no infection was recorded in the variety Shatabdi, Sourav, Pavan-76,

Kanchan, Protiva and Barkat. In 2nd leaf maximum disease severity (1.00) was

recorded in the variety Sonalika and minimum in the variety Shatabdi (0.05). In

3rd leaf maximum disease severity was recorded in the variety So~alika (2.97)

and the minimum (0.] 9) was recorded in the variety Shatabdi.

Leaf blight severity of wheat varieties varied Significantly on flag leaf at

flowering stage (Table 4). In flag leaf maximum disease severity was recorded

in the variety Sonalika (0.55) and no infection was recorded in Shatabdi. In 2nd

leaf maximum disease severity (1.67) was recorded in the variety Sonalika and

the minimum infection (0.35) was recorded in the variety Shatabdi but the

variation was non significant. In 3rd leaf maximum disease severity (3.09) was

recorded in the variety Sonalika and the minimum (1.97) was recorded in the

variety Shatabdi.

27



Table 4. Leaf blight severity of wheat varieties at panicle initiation

stage and flowering stage

Variety Disease severity

Panicle initiation stage Flowering stage

Flag leaf 2n
(J leaf 3rdJeaf Flag leaf 2nd leaf 3m leaf

Sonalik a 0.22 a 1.00 a 2.97 a 0.55 a 1.67 3.09

Shatabdi o.oo s 0.05 d 0.19 d O.OOe 0.35 1.97

Akbar 0.28 a 0.43 c 1.55 be 0.39 ab 0.97 2.55

Gourab 0.07b 0.19 cd 0.67 cd 0.17 be 0.61 2.02

Sourav O.OOb 0.21 cd 0.69 cd 0.04e 0.71 2.31

Pavon-76 O.OOb 0.27 cd 1.35 be 0.05 c '0.4] 2.04

Kaneban O.OOb 0.79b 1.73 b 0.19 be 0.87 2.95

Protiva O.OOb 0.10 d 1.41 be 0.03 c 1.54 2.67

Aghrani 0.08 b 0.28 cd 1.41 be 0.21 be 0.54 2.61

Barkat O.OOb 0.20 cd 1.27 be 0.00 c 0.45 2.87

LSD(o.os) 0.139 0.258 0.917 0.252 NS NS

In a column means having similar letter(s) are statistically identieaJ and those

having dissimilar letter(s) differ significantly as per 0.05 level of probability

NS = Not Significant
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4.2.3 Disease severity at milking stage and hard dougb stage

Statistically non significant variation was recorded in respect of disease

severity at milking stage on flag leaf and 2nd leaf of different wheat variety

(Table 5). In flag leaf maximum disease severity was recorded in the variety

Sonalika (0.52) and minimum (0.02) in Shatabdi. In 2nd leaf maximum disease

severity (1.84) was recorded in the variety Sonalika and the minimum (0.59)

was recorded in the variety Shatabdi but the difference was non significant. In

3rd leaf maximum disease severity (3.87) was recorded in the variety Sonalika

and the minimum (2.69) was recorded in the variety Shatabdi but. the variation

was statistically significant. Statistically non significant variation was recorded

in respect of disease severity at hard dough stage on .flag leaf and 2nd leaf of

different wheat variety (Table 5). In flag leaf maximum disease severity was

recorded at hard dough stage in the variety Sonalika (1.45) and minimum

infection (0.72) was recorded in the variety Akbar. In 2nd leaf maximum

disease severity (2.92) was recorded in the variety Sonalika and the minimum

infection (l.48) was recorded in the variety Shatabdi. In 3m leaf maximum

disease severity (4.89) was recorded in the variety Sonalika which was

statistically similar with the variety Kanchan (4.69) and Protiva (4.55) and the

minimum (4.11) was recorded in the variety Shatabdi but the variation was

significant.
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Table 5. Leaf blight severity of wheat varieties at milking stage and hard

dough stage

Variety Disease severity

Milking stage Hard dough stage

Flag leaf 2nd leaf 3rd leaf Flag 2nd 3rd leaf

leaf leaf

Sonalika 0.52 1.84 3.87 a 1.45 2.92 4.89a

Shatabdi 0.02 0.59 2.69b 1.05 1.48 4.11 b

Akbar 0.25 1.72 2.88 ab 0.72 2.77 4.58 ab

Gourab 0.50 1.]5 3.11 ab 1.21 2.25 4.38 ab

Sourav 0.13 0.78 2.82b 0.88 2.18 4.42 ab

Pavon-76 0.25 1.25 3.38 ab 0.95 2.48 4.45 ab

Kanchan 0.16 1.35 3.55 ab 0.97 1.92 4.69 a

Protiva 0.09 1.48 3.82 ab 0.77 2.07 4.55 a

Aghrani 0.14 1.14 2.79 b 1.12 2.35 4.61 ab

Barkat 0.31 1.42 3.35 ab 0.95 2.47 4.47 ab

LSD(o.05} NS NS 1.002 NS NS 0.488

In a column means having similar letter(s) are statistically identical and those

having dissimilar letter(s) differ significantly as per 0.051evel of probability

NS = Not Significant
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4.2.4 Days to attain different growth stage

Days to attain particular growth stage of different wheat varieties are shown in

Table 6. The variety Pavon-76 required maximum days (55.00) for booting

which was closely followed by the varieties Kanchan (49.00 days). On the

other hand Sonalika required the minimum days (35.00) for booting. Pavon-76

and Kanchan required maximum days (64.00) to attain heading stage which

was closely followed by the varieties Gourab (51.67 days) and the variety

Sonalika required the minimum days (42.00) for heading. The variety Pavon-

76, Kanchan, Protiva, Agbrani and Barkat showed the maximum days (78.00)

for flowering which was closely followed by the varieties Gourab and Sourav

(64.00 days). On the other hand Sonalika required the minimum days (49.00)

for flowering. Pavon-76, Kanchan, Protiva, Aghrani and Barkat showed the

maximum days (88.00) for milking stage which was closely followed by the

varieties Gourab and Sourav (78.00 days) and the variety Sonalika, Shatabdi

and Akbar required the minimum days (64.00) for milking. The variety Pavan-

76, Protiva and Aghrani required maximum days (110.0) to get maturity. On

the other hand variety Sonalika, Shatabdi and Akbar showed the minimum days

for maturity (87.00 days).
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Table 6. Growth performance of different wheat varieties in pot

Days Days Days Days Days
required required required required required

Variety for booting for heading for for milking for
flowering maturity

Sonalika 35.00 d 42.00 c 49.00 d 64.00 c 87.00 c

Shatabdi 42.00 c 49.00 b 55.00 c 64.00 c 87.00 c

Akbar 42.00 c 49.00 b 55.00 c 64.00 c 87.00 c

Gourab 42.00 c 51.67 b 64.00 b 78.00 b 101.3 b

Sourav 42.00 c 49.00 b 64.00b 78.00 b 101.0 b

Pavon-76 55.00 a 64.00 a 78.00 a 88.00 a 109.0 a

Kanchan 49.00 b 64.00 a 78.00 a 88.00 a 110.0 a

Protiva 42.00 c 49.00 b 78.00 a 88.00 a 110.0 a

Aghrani 42.00 c 49.00 b 78.00 a 88.00 a 110.0 a

Barkat 42.00 c 49.00 b 78.00 a 88.00 a 109.0 a

LSD(o.05) 3.754 3.692 3.074 3.214 2.294

In a column means having similar letter(s) are statistically identical and those

having dissimilar letter(s) differ significantly as per 0.05 level of probability
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4.2.5 Plant growth and spikelet formation of wheat varieties

Wheat varieties showed significant variation in respect of plant height under

the present experiment. Plant height varied from 93.16 em to 100.19 cm (Table

7). The taller plants (100.19 ern) were produced by the variety Sourav which

was closely followed by the variety Shatabdi (99.75 cm). The shortest plants

(91.20 em) were recorded in the variety Sonalika which was closely followed

by the variety Barkat (93.16 em).

No significant variation was found in respect of ear length. Ear length among

the varieties ranged from 12.52 to 14.37 cm. Maximum ear length (14.37 ern)

was recorded in the variety Sourav (Table 7). The shortest ear length (12.52

em) was recorded in the varieties Protiva which was closely followed by the

variety Kanchan (12.58 em). Wheat varieties did not showed non significant

variation in consideration of distance between the point of flag leaf initiation

and base of ear. The maximum length between flag leaf and base of ear (10.73

em) were produced by the variety Sourav (Table 7) and the minimum (8.40 ern)

was recorded in the variety Shatabdi.

The highest number of spikelets/ear (29.00) was recorded in the variety Akbar.
(Table 7) and the lowest number of spikelets/ear (23.56) was recorded in the

variety Pavan-76. Number of healthy spikelets/ear varied from 21.00 to 27.67.

The highest number of healthy spikelets/ear (27.67) was recorded in the variety

Shatabdi (Table 7). The lowest number of healthy spikelets/ear (21.00) was

recorded in the variety Sonalika. The number of diseased spikelets/ear varied

significantly and ranged from 0.67 to 3.22 (Table 7). The highest number of

diseased spikelets/ear (3.22) was recorded in the variety Sonalika. The

minimum number of diseased spikelets/ear (0.67) was recorded in the variety

Shatabdi.
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Table 7. Plant growth and spikelet formation of wheat varieties

Variety Plant Ear Distance Number Number Number
height between the of of of diseased
(em) length point of flag spikeletsl healthy spikelets/ear

(em) leaf initiation ear spikeletsl
and base of ear

ear_(em)_
Sonalika 91.20 13.71 9.55 21.00 c 3.22 ab

ab 24.22 be
Shatabdi 99.75 13.61 8.40 27.67 a 0.67 e

e 28.34 a
Akbar 97.]9 ]4.02 9.76 26.33 d 2.67 abe

be 29.00 a
Gourab 98.34 ]4.04 10.29 23.37 be 3.67 a

ab 27.04 ab
Sourav 100.19 14.37 10.73 24.33 be 1.56 abe

a 25.89 abe
Pavon- 98.57 13.01 10.29 22.00 be 1.56 abe
76 be 23.56 e
Kan ch an 99.58 12.58 8.47 23.00 e 2.89 be

be 25.89 abc
Protiva 96.85 12.52 9.75 26.67 a 2.32 abe

be 28.99 a
Aghrani 96.25 14.31 9.22 23.33 be 1.44 abe

ab 24.77 be
Barkat 93.16 14.18 10.04 25.33 be 1.56 e

ab 26.89 ab
LSDw.os) 8.755 NS NS 2.95] 2.352 2.089

In a eolumn means having similar letter(s) are statistieally identical and those

having dissimilar letter(s) differ significantly as per 0.05 level of probability

NS = Not Signifieant
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4.2.6 Grain formation and grain yield of wheat .

Wheat varieties showed statistically non significant variation in consideration

of number of grains/ear. Number of grains/ear varied from 33.55 to 36.95. The

maximum number of grains/ear (36.95) was recorded in the variety Shatabdi

(Table 8) and the minimum number of grains/ear (33.55) was recorded in the

variety Aghrani. Wheat varieties showed statistically non significant variation

on number of healthy grains/ear. Number of healthy grains/ear varied from

31.67 to 36.43. The maximum number of healthy grains/ear (36.43) was

recorded in the variety Shatabdi and the lowest number of healthy grains/ear

(31.67) was recorded in the variety Gourab. Number of diseased grains/ear

varied significantly and ranged from 0.52 to 3.22 (Table 8). The highest

number of diseased grains/ear (3.22) was recorded in the variety Sonalika and

the lowest number (0.52) was recorded in the variety Shatabdi.

Wheat varieties showed statistically non significant variation in terms of weight

of grains/ear. Weight of grains/ear varied from 1.42 g to 1.52 g. The maximum

weight of grains/ear (1.52 g) was recorded in the variety Shatabdi (Table 8) and

the lowest weight of grains/ear (1.42 g) was recorded in the variety Sourav. In

pot experiment wheat varieties showed statistically non significant variation in

terms of weight of healthy grains/ear. Weight of healthy grain/ear varied from

1.3] g to 1.42 g. The maximum weight of healthy grains/ear (1.42 g) was

recorded in the variety Shatabdi (Table 8) and the lowest weight of healthy

grains/ear (1.31 g) was recorded in the variety Sourav. The weight of diseased

grains/ear varied from 0.] 1 g to 0.15 g (Table 8). The highest weight of

diseased grains/ear (0.15 g) was recorded in the variety Gourab and the lowest

weight (0.10 g) was recorded in the variety Shatabdi. No significant variation

among the varieties was found in respect of 1000 seed weight. Weight of 1000

seeds varied from 35.56 to 43.10 g. The highest weight of 1000 seeds (43.10)

was recorded in the variety Gourav (Table 8). The lowest weight of 1000 seeds
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(35.56 g) was recorded in the variety Protiva. In pot experiment wheat varieties

showed non significant variation in respect of grain yield/pot. But grain

yield/pot varied from 4.40 to 5.97 g. The highest yield/pot (5.97 g) was

recorded in the variety Gourab (Table 8) and the lowest yield/pot (4.40 g) was

recorded in the variety Pavon- 76. Wheat varieties showed significant variation

in respect of straw yield. Straw yield/pot varied from 9.10 to 14.13 g. The

highest straw yield/pot (14.13 g) was recorded in the variety Barkat (Table 8)

which was closely fol1owed by the variety Sonalika (12.80 g). The lowest straw

yield (9.10 g) was recorded in the variety Shatabdi which was closely followed

by the variety Kanchan (10.63 g).
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T bl 8 G . ~ d . Id f ha e • ram ormation an _gram _)lIe o w eat
Variety Number of grains/ear Weight of grains/ear (g) 1000 seed Grain Straw yield

Total Healthy Diseased Total Healthy Diseased weight (g) yield! pot /pot (g)
(g)

Sonalika 36.22 33.00 3.22 ab 1.52 1.39 0.13 41.52 4.70 12.80ab

Shatabdi 36.95 36.43 0.52 c 1.52 1.42 0.10 42.55 4.60 9.10b

Akbar 36.34 33.67 2.67 abc 1.52 1.38 0.14 42.55 5.23 11.63 ab

Gourab 35.34 31.67 3.67 a 1.49 1.34 0.15 43.10 5.97 11.53 ab

Sourav 33.56 32.00 1.56 abc 1.42 1.31 0.11 37.54 5.17 12.77 ab

Pavon-76 36.89 35.33 1.56 abc 1.47 1.35 0.12 36.28 4.40 11.13 ab

Kanchan 33.56 32.67 0.89 be 1.47 1.34 0.13 39.03 5.17 10.63 ab

Protiva 35.15 33.78 1.37 c 1.49 1.38 0.11 35.56 5.40 11.63 ab

Aghrani 33.55 32.11 1.44 abc 1.52 1.37 0.15 37.02 5.67 12.47 ab

Barkat 35.83 34.67 1.16 c 1.45 1.33 0.12 39.21 5.13 14.13 a
LSD(Q.os) Ns NS 2.089 NS NS NS NS NS 3.490

In a column means having similar letter(s) are statistically identical and those having dissimilar Ietter(s) differ significantly as per

0.05 level of probability

NS = Not Significant
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4.3 Field Experiment

4.3.1 Disease severity at panicle initiation stage and flowering stage

Disease severity at panicle initiation stage was estimated on flag leaf, 2nd and 3rdleaf

of different wheat variety were used in this experiment and found to differ statistica11y

(Table 9). In flag leaf maximum disease severity was recorded in the variety Sonalika

(0.30) which was closely followed by the variety Aghrani (O.lO) and no infection was

recorded in the variety Shatabdi, Sourav, Pavan-76, Kanchan, Protiva and Barkat, In

2nd leaf maximum disease severity (1.00) was recorded in the variety Sona1ika and no

infection was recorded in the variety Shatabdi. In 3rd leaf maximum disease severity

was recorded in the variety Sonalika (2.83) and the minimum (0.17) was recorded in

the variety Shatabdi.

Leaf blight severity of wheat varieties varied significantly on flag leaf at flowering

stage (Table 9). In flag leaf maximum disease severity was recorded in the variety

Sonalika (0.50) and no infection was recorded in the variety Shatabdi, Protiva, Barkat.

In 2nd leaf maximum disease severity (1.37) was recorded in the variety Sonalika and

the minimum infection (0.30) was recorded in the variety Shatabdi but the variation

was non significant. In 3rd leaf maximum disease severity (3.50) was recorded in the

variety Sonalika and the minimum (1.93) was recorded in the variety Shatabdi (1.73)

and Pavan-76 (1.93).
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Table 9. Leaf blight severity. of wheat varieties at panicle initiation stage and

flowering stage

Variety Disease severity
Panicle initiation stage Flowering sta e

Flag leaf 2nd leaf 3rd leaf Flag leaf 2nd leaf 3rd leaf

0.30 a 1.00 cd 2.83 a 0.50 a 1.37 3.50

O.OOb O.OOd 0.17 d 0.00 c 0.30 1.73

0.07b 0.73 b 1.53 be 0.03 c 0.83 2.23

0.07 b 0.17 cd 0.67 cd 0.18 be 0.65 2.11

O.OOb 0.17 cd 0.69 cd 0.18 be 0.57 2.59

O.OOb 0.10 d 1.81 b 0.17 be 0.43 1.93

O.OOb 0.27 cd 1.83 b 0.03 c 0.94 3.28

O.OOb 0.27 cd 1.44 be 0.00 c 0.96 2.43

0.10 a 0.43c 1.43 be 0.33 ab 0.60 2.60

Sonalika

Shatabdi

Akbar

Gourab

Sourav

Pavon-76

Kanchan

Protiva

Aghrani

Barkat 0.00 b 0.20 cd 1.73 b 0.00 c 0.87 3.03
. Lsb{o'~O'5) .::::.(: ::':::,:;::rQ'3J44{f? yt~f.);:2~,9.:§r??j;;-,~t92,5.:MHMXQ>2,ri(i:;'?t' /E%$t~}t.H@ WfMtSS;MfYJ
In a column means having similar letter(s) are statistica11y identical and those having

dissimilar letter(s) differ significantly as per 0.05 level of probability

NS = Not Significant
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4.3.2 Disease severity at milking stage and hard dough stage

The varieties significant variation did not show in respect of disease severity at

milking stage on flag leaf and 2nd leaf of different wheat variety (Table 10). In flag

leaf maximum disease severity was recorded in the variety Sonalika (0.50) and

minimum (0.03) in Shatabdi and Sourav. In 2nd leaf maximum disease severity (1.53)

was recorded in the variety Sonalika and the minimum (0.53) was recorded in the

variety Shatabdi but the difference was non significant. In 3rd leaf maximum disease

severity (3.93) was recorded in the variety Sonalika and the minimum (2.77) was

recorded in the variety Sourav and Aghrani but the variation was significant.

Statistically non significant variation was recorded in respect of disease severity at

hard dough stage was estimated on flag leaf and 2nd leaf of different wheat variety

(Table 10). In flag leaf maximum disease severity was recorded at hard dough stage in

the variety Sonalika (1.13) and minimum (0.65) was recorded in the variety Protiva. In

2"tl leaf maximum disease severity (2.89) was recorded in the variety Sonalika and the

minimum (1.40) was recorded in the variety Shatabdi. In 3rd leaf stage the varieties

showed significant difference giving maximum disease severity (4.73) in the variety

Barkat which was statistically similar with the variety Kanchan (4.66) and Protiva

(4.62) and the minimum (4.07) was recorded in the variety Shatabdi.
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Table 10. Leaf blight severity of wheat varieties at milking stage and hard dough

stage

Variety Di sease severity

Milking stage Hard dough stage

Flag leaf 2 leaf 3 leaf Flag leaf leaf

Sonalika 0.50 1.53 3.93 a 1.13 2.89 4.53 ab

Shatabdi 0.03 0.53 2.86 ab 0.93 1.40 4.07 b

Akbar 0.47 1.47 2.82 ab 1.13 2.63 4.57 ab

Gourab 0.50 1.01 3.07 ab 1.08 2.13 4.43 ab

Sourav 0.03 0.67 2.77b 0.80 2.07 4.38 b

Pavon~76 0.17 1.17 3.33 ab 0.83 2.20 4.40 ab

Kanchan 0.11 1.23 3.47 ab 0.94 1.86 4.66 a

Protiva 0.07 1.39 3.80 ab 0.65 2.12 4.62 a

Aghrani 0.10 0.97 2.77b 1.03 2.26 4.57 ab

Barkat 0.27 1.37 3.30 ab 0.87 2.33 4.73 a

In a column means having similar letter(s) are statistically identical and those having

dissimilar letter(s) differ significantly as per 0.05 level of probability

NS = Not Significant
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4.3.3 Days to attain different growth stage

Days to attain particular growth stage at different wheat varieties are shown in Table

11. Variety Barkat required maximum days (54.00) to attain at booting stage which

was statistically identical with the varieties Protiva (53.33 days), On the other hand

Pavan-76 required the minimum days (44.00) to attain at booting stage.

Protiva and Barkat required maximum days (62.67) to attain heading stage which was

statistically similar with the varieties Shatabdi (62.00 days) and the variety protiva

required the minimum days (52.00) for heading. Variety Sourav and sonalika required

the minimum days (60.00) for flowering and Shatabdi, Akbar, Gourav, Kanchan,

Protiva, Agrani, and Barkat required the maximum days (68.00) for flowering. Wheat

variety Gourav showed the maximum days (80.00) for milking and the variety Pavan-

76 required the minimum days (68.00) for milking. The variety Sonalika required

maximum days (110.00) for maturity which was closely followed by the varieties

Gourav (103.0 days) and the variety Pavan-76 required the minimum days (93.00) for

maturity.
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Table 11. Growth performance of wheat varieties in the field

Variety Days Days Days Days Days

required for required for required for required for required for

booting heading flowering milking maturity

Sonalika 45.00 ab 53.33 b 60.00 b 6S.33 b 110.00 a

Shatabdi 51.00 ab 62.00 a 6S.00 a 71.00 b 9S.00 c

Akbar 51.33 ab 60.00 ab 6S.00 a 71.00 b 9S.00 c

Gourab 50.00 ab 60.00 ab 6S.00 a SO.OOa 103.00 b

Sourav 50.33 c 52.00 ab 60.00 b 70.67 b 98.00 c

Pavon· 76 44.00 b 53.33 b 60.00 b 6S.00 b 93.00 d

Kanchan 52.00 ab 60.00 ab 6S.00 a 71.00 b 9S.00 c

Protiva 53.33 a 62.67 a 6S.00 a 70.67 b 9S.00 c

Aghrani 45.00 ab 53.33 b 6S.00 a 70.67 b 9S.00 c

Barkat 54.00 a 62.67 a 6S.00 a 71.00 b 9S.00 c

LSD(o.05) 8.00S 6.191 7.194 3.557 3.945

In a column means having similar Jetter(s) are statistically identical and those having

dissimilar letter(s) differ significantly as per 0.05 level of probability
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4.3.4 Plant growth and spikelet formation of wheat varieties

Wheat varieties showed significant variation in respect of plant height under the

present experiment. Plant height varied from 97.00 em to 107.50 cm. The taller plants

(107.50 em) were recorded by the variety Sourav (Table 12) which was statistically

identica1 with the variety Aghrani (107.35 em). The shortest plants (97.00 em) were

recorded in the varieties Sonalika. Statistica1ly significant difference was found in

respect of ear length under the present experiment in field condition. All the varieties

used in the experiment as treatment performed maximum ear length among the

varieties ranged from 13.09 to 16.69 em. Maximum ear length (16.69 ern) was

recorded in the variety Kanchan (Table 12) which was statistically identica1 with the

variety Sourav (15.44 ern). The shortest ear length (13.09 ern) was recorded in the

variety Aghrani.

Wheat varieties showed non significant variation in consideration of distance between

the point of flag leaf initiation and to base of ear. The maximum length between flag

leaf and base of ear (8.57 em) were recorded by the variety Shatabdi (Table 12) and

the minimum distance (6.64 em) was recorded in the variety Protiva. Number of

spikelets/ear varied from 24.57 to 29.44. The highest number of spikelets/ear (29.44)

was recorded in the variety Shatabdi (Table 12). The lowest number of spikelets/ear

(24.57) was recorded in the variety Pavon- 76. Number of healthy spikelets/ear varied

from 22.00 to 26.77. The highest number ofhea1thy spikelets/ear (26.77) was recorded

in the variety Shatabdi (Table 12). The lowest hea1thy number of spikelets/ear (22.00)

was recorded in the varieties Provon- 76. The number of diseased spikelets/ear varied

significantly and ranged from 2.27 to 3.10 (Table 12). The highest number ot diseased

spikelets/ear (3.10) was recorded in the variety Sonalika (Table 12). The minimum

number of diseased spikelets/ear (2.27) was recorded in the variety Gourab.
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Table 12. Plant growth and spikelet formation of wheat varieties

Variety Plant Ear Distance Number Number Number of
height length between the of of diseased
(cm) (cm) point of flag spikeletsl healthy spi.kelets/ear

leaf initiation ear spikeletsl
and base of ear ear

(cm)
Sonalika 97.00 13.40 7.43 22.15 3.10

e d 25.25
Shatabdi 100.00 15.32 8.57 26.77 2.67

d b 29.44
Akbar 100.33 14.96 6.77 24.35 2.77

c c 27.12
Gourab 102.00 12.31 8.05 25.30 2.27

c e 27.57
Sourav 107.50 15.44 8.37 23.65 2.56

a b 26.21
Pavon-76 102.00 ]4.39 7.53 22.00 2.57

c c 24.57
Kan chan 100.45 16.69 8.11 23.00 2.89

d a 25.89
Protiva 105.00 15.29 6.64 26.67 2.32

b b 28.99
Aghrani 107.35 13.09 8.00 23.33 2.44

a d 25.77
Barkat 102.70 13.70 8.43 25.33 2.56

c d 27.89
LSDw.os) 1.810 1.435 NS NS NS NS

In a column means having similar Jetter(s) are statistically identical and those having

dissimilar letter(s) differ significantly as per 0.05 level of probability

NS = Not Significant
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4.3.5 Grain formation and grain yield of wheat

Wheat varieties showed significant variation in consideration of number of grains/ear

(Table 13). Number of grains/ear varied from 34.23 to 38.66. The maximum number

of grains/ear (38.66) was recorded in the variety Shatabdi (Table 13) and the lowest

number of grains/ear (34.23) was recorded in the variety Kanchan. Number of healthy

grains/ear varied significantly and ranged from 32.12 to 37.41. The maximum number

of healthy grains/ear (37.41) was recorded in the variety Shatabdi and the lowest

number of healthy grains/ear (32.12) was recorded in the variety Kanchan. The

number of diseased grains/ear varied significantly and ranged from l.25 to 3.67 (Table

13). The highest number of diseased grains/ear (3.67) was recorded in the variety

Gourab and the minimum number of diseased grains/ear (1.25) was recorded in the

variety Shatabdi.

Weight of grain/ear varied from 1.42 g to 1.57 g. The maximum weight of grains/ear

(1.57 g) was recorded in the variety Shatabd.i (Table 13) and the lowest weight of

grains/ear ().42 g) was recorded in the variety Sourav. In pot experiment wheat

varieties showed statistically non significant variation in terms of weight of healthy

grains/ear. Weight of healthy grain/ear varied from 1.31 g to ] .45 g. TIle maximum

weight of grains/ear (1.45 g) was recorded in the variety Shatabdi (Table 13) and the

lowest weight of grains/ear (1.31 g) was recorded in the variety Sourav. The weight of

diseased grains/ear varied from 0.10 g to 0.18 g (Table 13). The highest weight of

diseased grains/ear (0.18 g) was recorded in the variety Sonalika and the lowest

weight (0.10 g) was recorded in the variety Shatabdi,
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Table 13. Grain formation and grain yield of wheat

Variety Number of grains/ear Weight of grains/ear (g) 1000 seed Grain yield! Straw yield
Total Healthy Diseased Total Healthy Diseased weight (g) plot (g) /plot (g)

Sonalika 37.87 34.22 3.65 a 1.57 1.39 0.18 40.34 239.35 be 590.41 be

Shatabdi 38.66 37.41 1.25 d 1.55 1.45 0.10 42.12 391. 77 a 973.17 a

Akbar 36.56 34.25 2.31 b 1.52 1.38 0.14 41.15 283.00 abc 700.02 abc

Gourab 36.00 32.33 3.67 a 1.49 1.34 0.15 41.33 357.33 ab 885.47 ab

Sourav 34.41 32.85 1.56 cd 1.42 1.31 0.11 39.24 383.33 a 959.17 a

Pavon-76 36.56 35.00 1.56 cd 1.47 1.35 0.12 38.82 188.33 c 478.08 c

Kanchan 34.23 32.12 2.11 be 1.47 1.34 0.13 38.93 273.00 abc 678.85 abc

Protiva 34.68 32.7] 1.97 be 1.49 1.38 0.11 37.96 304.00 abc 754.80 abc

Aghrani 34.96 33.14 1.82 be 1.52 1.37 0.15 39.15 183.08 c 458.55 c

Barkat 35.7 34.25 1.45 cd 1.45 1.33 0.12 38.38 286.07 abc 704.20 abc
LSD{o.os) NS NS 0.458 NS NS NS NS 113.6 274.8

In a column means having similar letter(s) are statistically identical and those having dissimilar letter(s) differ significantly as per

0.05 level of probability

NS : Not Significant
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Chapter V

DISCUSSION

The present research work was carried out to determine the varietal reaction of

wheat to leaf blight caused by Bipolaris sorokiniana. The selected wheat varieties

were Sonalika, Kan chan, Shatabdi, Aghrani, Pavon-76, Akbar, Gourab, Sourav

Barkat and Protiva.

In the laboratory significant variation in respect of conidia production of B.

sorokiniana per seed was observed among different varieties. The maximum

number of conidia/seed (320) was recoded for the variety Sonalika which was

closely followed by variety Kanchan (280) and the minimum number of

conidia/seed (100) was recorded in variety Shatabdi which was cJosely followed by

the variety Gourab (150). Statistically significant variation among the variety was

recorded in respect of % leaf segment diseased under the present trail. Maximum %

leaf segment diseased (96.67%) was recorded in from the variety Sonalika and the

minimum (0.00) was recorded in the variety Shatabdi. Lesion length inoculated

roots was also found to differ significantly from one variety to another. Highest

lesion (1] .67 mm) was recorded in the variety Sonalika, Sourav and Kanchan and

No lesion i.e, infection (0.00 mm) was recorded in the varieties Shatabdi, Pavon-76

and Protiva. An the varieties used in the experiment as treatment showed different

% germination. Maximum % germination (92%) was recorded from the variety

Shatabdi, Sourav and Aghrani. Lowest percentage of germination (72%) was

recorded in the variety SonaJika. Statistica11y significant difference was recorded in

respect of % seed yielding B. sorokiniana. Maximum % B. sorokiniana (37%) was

recorded from the variety Sonalika which was closely followed by the variety

Gourab (34%). On the other hand minimum (17%) incidence was recorded in the

variety Shatabdi.
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In pot experiment the highest disease severity was recorded in the variety Sonalika

and lowest severity was recorded in Shatabdi in all the counting periods. Similar

results were also found in field condition. In field condition maximum disease

severity (4.53) was recorded in the variety Sonalika and the minimum (4.07) was

recorded in the variety Shatabdi in hard dougb stage. Lesion of wheat germplasms

to B. sorokiniana depends on genetical constituents of gennplasm. Moreover, the

fungus B. sorokiniana is polycyclic in nature, so there is possibility to break up the

resistance easily. For instance, Kanchan is very popular variety in Bangladesh

context. It was released as resistant variety but at present the variety is highly

susceptible to Bipolaris leaf blight. Wheat Research Centre, BARl, Gazipur has

a1ready suggested for with drawn of Kanchan from cultivation. Now BADC

(Bangladesh Agricultural Development Corporation) has cut the seed production

area of Kanchan and inspiring the growers to cultivate Shatabdi instead of

Kanchan. Throughout the world massive researchers are being done to achieve

Bipolaris leaf blight resistant varieties but little success has been obtained (Fader et

al., ]989; Sinha et al., 199]). Hossain and Azad (1992) evaluated 533 wheat

gennplasms against leaf blight (E. sorokiniana) and none of the materials were

found to be free from the disease. Reza et 01. (2004) evaluated 30 wheat genotypes

against leaf blight of wheat caused by B. sorokiniana and they found 4 genotypes

resistant, 3 moderately resistant, 6 moderately susceptible )2 susceptible and 5

highly susceptible to the disease. Ahmed et 01. (2005) evaluated 529 entries of

wheat against B. sorokiniana in the field under natural condition and among 529

entries only 42 showed resistant to moderately susceptible reaction. The finding of

the present study is also supported by Shahidullah (2006). He evaluated )4 wheat

genotypes against leaf blight (B. sorokiniana). Among 14 materials 3 found to be

resistant to the disease which were Shatabdi, Chirya-7 and BAW-966. In the

present study disease severity was higher in third leaf fol1owed by second leaf and

first leaf which was supported by Bazlur Rashid et al. (1988). They estimated
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disease severity caused by Drechslera sorokiniana on the top 3 leaves (Flag leaf,

second leaf and third leaf) of wheat on 3 occasions and found that lower leaves

became significantly more infected than the flag leaves.

Days required for booting is a varietal characteristic, but it may be regulated by

different cultural and management practices and also climatic factors, such as,

disease severity influence days required for booting. From the results it was

decided that the leaf blight infested variety showed the lowest nwnber of days for

booting. Early booting is the resultant effect of incomplete growth and development

and as well as lowest yield. Duveiller and Gilchrist (1994) also reported the same

result from their experiment earlier. Days required for heading is also a varietal

characteristic, but disease severity influence days required for heading. Leaf blight

susceptible variety showed the lowest number of days for heading. Early heading is

the consequential effect of imperfect growth and development and as welJ as

minimum yield. Days required for flowering is also a varietal characteristic, but it

may be regulated by different factors. Disease severity is one of the most effective

among the other factors for days required for flowering. Fakir (2000) reported the

same results. Days required for maturity is a also varietal character, but it may be

regulated by different cultural and management practices and also climatic factors,

such as, low temperature delay maturity, where as high temperature enhances

maturity period (Rahim and Gaffer, 1991). Maturity period greatly influences the

different yield contributing characters as well as yield (Mayeenuddin, ]995)

The results indicated that in case of pot culture wheat plant perform different plant

height for different variety. Plant height is a hereditary character, and it is expected

that the different variety would have different plant height. Ear length is a

hereditary character, and it is predictable that the different variety would have

different ear length but disease incidence may regulate it. Khan and Hossain (1993)

also reported highest ear length in fungicidal treated condition where as in control
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condition recorded the lowest length of ear. Proper growth and development ensure

the maximum growth of panicle which also ensures the maximum number of

spikelets/ear. On the other hand disease incidence hinders the plant growth resulted

minimum number of spikelets/ear. Proper growth and development ensure the

maximum growth of panicle which also ensures the maximum healthy spikelets/ear

and ultimate result is the highest weight of 1000 seeds. Proper growth and

development ensure the maximum growth of plant which also ensures the health

panicle, maximum number of spikelets/plant as well as maximum ear and the

ultimate result is the highest yield. The findings of the present study is supported by

Shahidullah (2006).

The highest yield/pot (5.97 g) was recorded in the variety Gourab and the lowest

yield/pot (4.40 g) was recorded in the variety Pavon-76. In field condition wheat

varieties showed statistically significant variation in respect of grain yield/plot. The

highest yield/plot (391.77 g) was recorded in the variety Shatabdi and the lowest

yield/plot (183.08 g) was recorded in the variety Aghrani. Disease free condition

ensures the proper growth and development which also ensures the maximum

number of spikelets lear, total number of ear as well as highest yield. On the other

hand disease infection plants hinders the plant growth as wen as low yield. The

fiiidings of the present study corroborate with the findings of Shahidullah (2006).

He obtained highest grain yield (531.9 g/plot) in the variety Shatabdi among the ]4

wheat variety tested.
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Chapter VI

SUMMARY AND CONCLUSION

Subsequently three experiments were conducted in the Seed Pathology Laboratory,

net house and experimental field of Sher-e BangIa Agricultural University, Dhaka,

Bangladesh during the period from October 2005 to April 2006 to study the varietal

reaction of leaf blight of wheat caused by Bipolaris sorokiniana. The wheat seeds

varieties Sonalika, Kan chan, Barkat, Shatabdi, Aghrani, Pavon-76, Akbar, Gourab,

Sourav and Protiva were collected from Bangladesh Agricultural Research lnstitute

(BARI), Gazipur that were used in this experiment.

The maximum number of conidia/seed (320) was recoded for the variety Sonalika and

minimum number of conidia/seed (100) was recorded in variety Shatabdi. Maximum

lesion length (1] .67 em) was recorded in the variety Sonalika. No lesion i.e. infection

(0.00 em) was recorded in the variety Shatabdi. Maximum seed germination (92%)

was recorded in the variety Shatabdi, Sourav and Aghrani and minimum (72%) was

recorded in the variety Sonalika.

In pot experiment disease severity at panicle initiation stage was estimated on flag

leaf, 2nd and 3m leaf of different wheat variety. In flag leaf maximum disease severity

was recorded in the variety Akbar (0.28) and no infection was recorded in the variety

Shatabdi, Sourav, Pavan-76, Kanchan, Protiva and Barkat. In 2nd and 3rd leaf

maximum disease severity (1.00 and 2.97, respectively) was recorded in the variety

Sonalika. At flowering stage in flag leaf maximum disease severity was recorded in

the variety Sonalika (0.55) and no infection was recorded in Shatabdi. In 2nd and 3m

leaf maximum disease severity (1.67 and 3.09, respectively) was recorded in the

variety Sonalika. At milking stage maximum disease severity was recorded in the

variety Sonalika and minimum in Shatabdi. Similar results were also found regarding

disease severity in hard dough stage where minimum severity was recorded in the

variety Shatabdi and maximum severity was recorded in the variety Sonalika.
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The taller plants (100.19 ern) were produced by the-variety Sourav and the shortest

plants (91.20 em) were recorded in the variety Sonalika. The maximum ear length

(14.37 cm) was recorded from the variety Sourav and shortest ear length (12.52 ern)

was recorded in the variety Protiva. The highest number of healthy spikelets/ear

(27.67) was recorded in the varieties Shatabdi and lowest (21.00) in the variety

Sonalika. The highest number of diseased spikelets/ear (3.67) was recorded in the

variety Gourab and minimum number of diseased spikelets/ear (0.67) was recorded in

the variety Shatabdi. The maximum number of healthy grains/ear (36.43) was

recorded in the variety Shatabdi and the lowest (3l.67) was recorded in the variety

Gourab. On the other hand the highest number of diseased grains/ear (3.67) was

recorded in the variety Gourab and the lowest (0.52) in the variety Shatabdi. Highest

weight of 1000 seeds (42.55 g) was recorded in the variety Shatabdi and Akbar and

the lowest weight of 1000 seeds (35.56 g) was recorded in tIle variety Protiva. TIle

highest yield/pot (5.97 g) was recorded in the variety Gourab and the lowest yield/pot

(4.40 g) was recorded in the variety Pavon-76.

Disease severity at panicle initiation stage was estimated on flag leaf, 2nd and 3rdleaf

of different wheat variety in the field and in flag leaf maximum disease severity 'was

recorded in the variety Sonalika (0.30) and no infection was recorded in the variety

Shatabdi, Shurav, Pavan-76, Kanchan, Protiva and Barkat and in 2nd leaf maximum

disease severity (1.00) was recorded in the variety Sonalika and no infection was

recorded in the variety Shatabdi. Again in 3rd leaf maximum disease severity was

recorded in the variety Sonalika (2.83) and the minimum (0.17) was recorded in the

variety Shatabdi. In flag leaf maximum disease severity was recorded at flowering

stage in the variety Sonalika (0.50) and no infection was recorded in the variety

Shatabdi, Protiva and Barkat. In 2nd leaf maximum disease severity (1.37) was

recorded in the variety Sonalika and in 3rt!leaf maximum disease severity (3.50) was

recorded in same variety. In milking stage maximum disease was recorded in the

variety Sonalika and the minimum infection was recorded in the variety Shatabdi. In

53



hard dough stage maximum severity was recorded in the variety Sonalika the

minimum infection was recorded in the variety Shatabdi.

The taller plants (107.50 em) were produced by the variety Sourav and shortest plants

(97.00 em) were recorded in the varieties Sonalika. Maximum ear length (15.32 em)

was recorded from the variety Shatabdi. The highest number of spikelets/ear (29.44)

was recorded in the variety Shatabdi. The highest number of diseased spikelets/ear

(3.10) was recorded in the variety Sonalika. The maximum number of healthy

grains/ear (37.41) was recorded in the variety Shatabdi and the lowest (32.12) was

recorded in the variety Kanchan. The highest number of diseased grains/ear (3.65) was

recorded in the variety Sonalika and the minimum number of diseased grains/ear

(1.25) was recorded in the variety Shatabdi. The highest weight of 1000 seeds (42.12

g) was recorded in the variety Shatabdi. The highest yield/plot (391.77 g) was

recorded in the variety Shatabdi and the lowest yield/plot (183.08 g) was recorded in

the variety Agbrani. Based on the present study it has been found that leaf blight

severity was comparatively lower in the variety Shatabdi which may be advocate for

cultivation by growers.
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APPENDICES

Appendix I. Results of mechanical and chemical analysis of soil of the

experimental plot Mechanical analysis

Clay 6.15

::::!:;'i);:-Cq.n.#itu#lt~}!YJ/t}i(rULfY)nNUUH/ FFNHtPtP){PsPii)!!Iefc.e#fttt}/fCUf./i/CUfU
Sand 33.55

Silt 60.20

Textural class Silty loam

Chemical analysis

;~:»('r$o.UJJfop.ft#es~;!.UrH/rUr1F}U)2Ur<f .!lX!!!-UtffUbDf!.!dN#iQl#.iiiLY{fU)/)HtJF!};.
Soil pH 6.07

Available P (ppm) 20

Organic carbon (%) 1.32

Total nitrogen (%) 0.08

Exchangeable K (%) 0.2
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Appendix II. Monthly average temperature, relative humidity and total

rainfall of the experimental site during the period from

October 2005 to April 2006

Month Air temperature ('e). . RH Total: Sunshine

Maximum Minimum Mean . (%) rainfall . (hrs/day).
.. : . ,:'"

... ·9·am (rom) .. . .
.. . . .. . .. . .

October 05 30.97 23.31 27.14 75.25 208 208.9

November 29.45 ]8.63 24.04 69.52 00 233.2

05

December 05 23.85 16.23 21.54 70.61 00 210.5

January 06 20.80 ]5.55 18.45 81.45 13 215.8

February 06 20.12 14.25 17.45 87.50 20 220.5

March 06 31..25 2].55 26.25 85.55 25 235.8

April 06 33.74 23.87 28.80 81.00 38 231.2
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