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‘ ABSTRACT

A two-year greenhouse and field study was conducted at Giza and
El-Kanater Agricultural Research Stations to (1) estimate heritability of
powdery mildew resistance when disease incidence and disease severity
were used as criteria to evaluate resistance, (2) assess resistance to
powdery mildew of 19 flax genotypes, and (3) quantify the relationship
between disease intensity ratings and agronomic traits. Genotype component
of variance of disease incidence was highly significant (p < 0.01) in two tests,
while that of disease severity was highly significant (P < 0.01) in one test and
significant (P < 0.05) in two tests. In addition, the highly significant and the
significant genotype components of variance of disease incidence and
disease severity were associated with high heritability and with high genetic
advance expected from selection. Significant differences in the disease level
occurred between the 19 genotypes; however, some of these differences
were inconsistent from one test to another, which may indicate the
occurrence of genotype x environment interaction. Most of the tested
genotypes did not have satisfactory levels of powdery mildew resistance.
Moreover, the powdery mildew resistance, which was expressed by few of
the genotypes, was environmentally sensitive. Most of the significant
correlation coefficients between disease intensity variables and agronomic
traits were negative, which implies that selection for powdery mildew
resistance would necessarily lead to an improvement in agronomic traits and
vice versa.

INTRODUCTION

Flax (Linum usitatissumum L.) is considered as the most important bast
fiber crop, it ranks second after cotton (Seedy fiber) in relation to economic
importance and production. Powdery mildew (PM), casued by Oidium lini
Skoric, is currently the most common, conspicuous widespread and easily
recognized foliar disease of flax in Egypt. Over the last decade, the
importance of this disease has increased probably due to the appearance
and rapid distribution of new races capable of attacking the previously
resistant cultivars (Aly et al, 1994). In India, Pandey and Misra (1993)
reported that as the disease increased, yield losses increased ranging from
11.8 to 38.9%, vield losses were greater when the disease appears earlier in
the season. Accurate assessment of losses due to the disease in Egypt has
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not been reported. However, Aly et al. (1994) found significant negative
correlations between disease intensity ratings and agronomic traits (yield and
yield components).

Currently, resistance is not available in commercially grown flax cultivars
in Egypt. Therefore, in years when environmental conditions favor the
development of the disease, foliar application of fungicides has become the
only commerciaily available management practice for the disease (Aly et al.,
1994). However, complete dependence on fungicides for the disease control
carries risks for the producers, in that accurate coverage and distribution of
fungicides may not be achieved and there are potential problems with correct
timing of applications. Furthermore, increasing concern for the environment
will likely mean greater regulation of fungicide usage (Pearce et al., 1996).

Use of cultivars with PM resistance can resolve all these problems.
Therefore, there is a need to improve PM resistance in flax cultivars through
the introgression of resistance genes. The emphasis in flax breeding
programs for PM resistance should placed on adult plant resistance in the
hope that it will be durable and effective against wide range of pathogen
phenotypes (Leath et al., 1991).

Extensive gnetic variation for PM resistance has been identified in some
flax populations. For example, Prasad ef al. (1988) evaluated 2822 linseed
varieties for rust and PM resistance. The germplasm was classified
depending on percentage of leaf area infected/plant. Only 24 lines were free
from both rust and PM, and 17 showed multiple resistance (1-10% leaf area
infected/plant). In addition, 38 genotypes were free from rust and resistant to
PM, and 3 were free from PM and resistant to rust.

Sinha et al. (1993) evaluated 313 flax lines for their reaction to rust and
PM over three years. Twenty two showed resistance towards rust and one
line showed resistance to rust and PM. Basandrai et al. (1994) evaluated 200
indigenous and exotic flax genotypes for resistance to PM under field
conditions. Twenty-four genotypes were free of infection, and 12 genotypes
were resistant to PM and also possessed desirable plant height for fiber flax.
Mahto et al. (1995) found a significant variability among 26 flax genotypes in
resistance to pM. Eleven had above average stability and 7 of these had high
yields. Tomas et al. (1999) found that PM occurred in linseed cultivar trials
every year from 1993 to 1998 in either the south or east of the UK, but not in
the central areas. Significant differences in the level of disease occurred
between 19 cultivars. These differences were consistent from year to year,
and from site to site. No cultivar was immune to PM infection, but high levels
of partial resistance were recorded.

The objectives of the present study were to (1) estimate heritability of PM
resistance when disease incidence (DI) or disease severity (DS) were used
as criteria for evaluating resistance, (2) assess resistance to PM of 19 flax
genotypes, and (3) quantify the relationship between disease intensity (DI
and DS) ratings and agronomic traits.
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MATERIALS AND METHODS

" Greenhouse tests

Seeds of flax genotypes were planted on 15 November 1998 and on
20 November 1999 in a natural soil dispensed in 25-cm diameter clay pots
(20 seeds/pot). The pots were distributed on greenhouse benches in a
randomized complete block design of three replications. PM was allowed to
develop naturally. DI and DS (Nutter et al., 1991) were rated visually on 25
April 1999 and on 19 April 2000. DI was measured as percentage of infected
plants/pot. DS was measured as percentage of infected leaves/plantin a
random sample of 10 plants/pot.

Field tests

Experiments were conducted over two successive growing seasons
at Giza and El-Kanater Agricultural Research Stations, beginning in the fall of
1998. Experiments consisted of a randomized complete block design of 3
replications (blocks). Plots were 2x3 m (6 m?) and consisted of 10 rows
spaced 20 cm apart. Seeds of each genotype were sown by hand at a rate of
70 g/plot. Planting dates were from 10 to 15 November each year. DI and DS
were rated visually on 15 to 25 April each year. DI was measured as
percentage of infected plants in a random sample of 100 plants/plot. DS was
measured as percentage of infected leaves/plant in a random sample of 10
plants/plot.

Agronomic traits (yield and yield components)

At harvest, a random sample of 10 plants was taken from each
replication (pot in greenhouse tests or plot in field tests) and observations
were recorded for each of the following agronomic traits:

- 1. Total length (cm): Plant height from the cotyledonary node to the apical
bud of each plant.

2. Technical stem length (cm): the length of the main stem from the

cotyledonary node to the first or lowest branching point.

Straw yield/plant (g): weight of the mature air-dried straw per plant after

removing the capsules.

Straw yield/feddan (ton): estimated based on the area of the whole plot.

Number of capsules per plant: number of harvested capsules per plant.

Number of seeds per capsule: number of harvested seeds per capsule.

Number of seeds per plant: number of harvested seeds per plant.

Apical branching (flowering) zone length (cm): The length from the first or

lowest branching point to the top of the plant.

9. Seed yield/plant (g): weight of harvested seeds per plant.

10. Seed yield/feddan (kg): estimated based on the area of the whole plot.

11. Seed index (g): weight of 1000 seeds.

12. No. of apical branches: total number of apical branches of the plant.

Genetic parameters:

1. Heritability in the broad sense (h?) was calculated according to the
following formula:

w

@ N oA
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Genotypic variance (o%)

x 100 (Miller et al., 1958)
Phenotypic variance (o?y)
Where o®g = [(0%+ ro?g) - o2 ]I
o’ph = (c%+ ra?y)ir
2. Genetic advance expected from selection (GA) was calculated according
to the following formula: (o%g/ o?ph) K x (s%ph)* where K = 2.06 at 5%
selection intensity (Miller et al., 1958). -

Statistical analysis of the data

Analysis of variance (ANOVA) was performed on agronomic traits
and disease intensity variables to determine genotype effects. Mean
comparisons for variables were made among genotypes by using least
significant difference (LSD). The degree of association between disease
intensity variables and agronomic traits was evaluated by calculating
Pearson’s correlation coefficient (r). ANOVA and correlation analysis were
performed by computerized programs.

- RESULTS AND DISCUSSION

The present study was conducted in 1998/1999 and 1999/2000 growing
seasons (hereafter referred to as years 1998 and 1999, respectively) to
evaluate the relative resistance of 19 flax genotypes to PM. The precision of
field evaluation for genetic resistance is adversely affected by environmental
variation and heterogeneous leveis of natural inoculum. In addition, field
evaluation is expensive. Thus, screening of genotypes for disease resistance
under greenhouse conditions would overcome these difficulties and improve
the selection process. Therefore, the tested genotypes were screened for PM
resistance under both greenhouse and field conditions.

Genotype component of variance of DI was highly significant (P < 0.01) in
two tests, while that of DS was highly significant (P < 0.01) in one test and
significant (P < 0.05) in two tests (Table 1). In addition, the highly significant
and the significant genotype component of variance of DI and DS was
associated with high heritability and with high genetic advance expected from
selection (Table 2). Taken together, these results suggest that considerable
progress in breeding for PM resistance could be expected in current breeding
programs if DI or DS is used as criteria for evaluating resistance. However,
from practical point of view, DI is more appropriate than DS for evaluating
resistance because it is more precise and more easily acquired (Rouse et al.,
1981), which would greatly facilitate the selection process.

Natural conditions and levels of inoculum of all the tests resulted in high
levels of flax PM, and all the 19 genotypes under evaluation were
symptomatic (Table 3). Significant differences in the disease level occurred
between the 19 genotypes; however, some of these differences were
inconsistent from one test to another, which may indicate the occurrence of
genotype x environment interaction. For example, cultivar Ariana sustained
statistically significant higher DS than cultivar Bleinka under Giza field
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conditions in 1998; however, the difference in DS between the two cultivars
was nonsignificant under Giza greenhouse conditions in 1999. Cultivar Wiera
expressed statistically significant higher DI than line 2465/1/13 under Giza
field conditions in 1998; however, DI on Wiera was statistically less than DI
on line 2465/1/3 under Giza greenhouse conditions in 1999. Line 2465/1/3
and line 282/98/16 showed highly significant difference in DI under Giza field
conditions in 1998, while the difference in DI between the two lines was
nonsignificant in the same site in 1999. This extreme variation in PM
resistance could be due to environmental conditions and the physiological
races of the pathogen, which may differ from one test to another (Leath et al.,
1991). The results of greenhouse and field tests led us to conclude that most
of the tested genotypes did not have satisfactory levels of PM resistance.
Moreover, the PM resistance, which was expressed by few of the genotypes,
was environmentally sensitive. For example, line 282/98/10 was highly
resistant under Giza field conditions in 1998, highly susceptible in the same
site in 1999, and moderately resistant under El-Kanater field conditions in
1999. Line 2465/1/3 was moderately resistant under El-Kanater field
conditions in 1999, while it was highly susceptible under Giza greenhouse
conditions in the same year. Cultivar Sakha I, which was resistant under El-
kanater field conditions in 1999, showed high susceptibility under Giza
greenhouse conditions in the same year.

It is well known that the type and degree of correlation between characters
may facilitate or complicate selection process in breeding programs.
Selection for a character may result in an improvement or deterioration in
other characters according to the type and degree of correlation. Hence, it
was desirable to assess the type and degree of association between disease
intensity variables (DI and DS) and agronomic traits.

Most of the significant correlation coefficient between disease intensity
variables and agronomic traits were negative (Table 4), which implies that
selection for PM resistant would necessarily lead to an improvement in
agronomic traits and vice versa. This negative correlation between disease
intensity variables and agronomic traits was also cbserved by Aly et al.
(1994).
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