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ABSTRACT

Leaf rust monegenic lines i.e. Lr27, Lr29 were crossed with four Egyptian
wheat cultivars (Triticum aestivum L.,) also, Lr46 was crossed with 3 wheat cultivars
and Lr2a was crossed with one cultivar (Sakha 93). These parents, F1's and F2's
were tested at adult plant stage under field conditions against race mixtures of the
pathogen (Puccinia triticina Enks.) under the stress of artificial infection. The parents
of monogenic lines Lr2a, Lr46, Lr29 and Lr27 showed low disease severity. While,
Gemmeiza 7, Sakha 61, Sakha 93 and Sids 1, showed high disease severity against
leaf rust disease. The F1's tested plants showed low disease severity with most of
crosses except three crosses i.e. Lr27 + Sakha 61, Lr27 + Sakha 93 and Lr27 + Sids
1, which showed high disease severity. The F2 plants populations were segregated
into two gene pairs. The dominance tend to the direction.of low disease severity
(partial leaf rust resistance) with eight crosses. However, the dominance tend to the
side of high disease sevenity with three crosses that were previously mentioned with
F1's. But no segregates was recorded with the cross Lr2a + Sakha 93 and dominance
tend to the aside of low disease severity (partial leaf rust resistance). The cultivar
Sakha 93 exhibited the adult plant resistance to the gene Lr2a under field conditions.
. These findings may prove that this gene is an effective under the Egyptian
environmental conditions. The partial leaf rust resistance in the tested wheat cultivars
was thought to be controlled by digenic pairs in adult plant stage. The selection for
partial leaf rust resistant matenials in the early generations was possible but delaying it
to late ones is more effective, due to the important role of dominance effect in the
expression of the character.

Keywords: Puccinia trticina Erks. , Lrs:Leave rust resistance genes,( L.D.S):Low
disease severty,(H.D.S):High disease severity, A.P.R.:Adult plant
resistance, P.R.:Partial resistance.

INTRODUCTION

Leaf rust incited by Puccinia triticina Eriks, is a worldwide disease of
wheat. It causes an important yield loss in temperate regions where wheat is
grown. Resistance to leaf rust in wheat cultivars had always been one of the
main objectives in breeding programs. The use of resistance genes
represents an effective procedure and environment-friendly way to control
this disease in wheat. :

Meanwhile, this approach demands, a constant effort to identify,
characterize and incorporate resistance gene , mainly due to the great
capability of rust populations to change host response (McCallum and Seto-
Goh, 2005). Two slow-rusting resistance genes.i.e. Lr34 and Lr46, condition
nonrace-specific adult plant resistant and have provide durable leaf rust
resistance (Martines ef al,, 2001) and Singh et al., 1998). It was reported
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about the likelyhood that Lr34 interacts with complementary genes Lr27 and
Lr31 to produce enhanced resistance under conditions of high disease
incidence. The role of Lr34 in comparing durable resistance to leaf rust,
seems to be similar to stem rust resistance gene Sr2 (Sawhney 1992) .
In Egypt, rust diseases are the most common and dangerous of wheat
plant . leaf rust , in particular , was the cause of eliminating many cultivars i.e.
Giza 139, Mexpake 69, Super x and Chenap 70 because of their
susceptibility. It has been widespread on most cultivars of wheat grown to
Egypt . After 1980, many cultivars having high level of partial resistance were
produced as Giza 155 and Giza 157. Meanwhile, infection might be increased
in the late sowing causing considerabie losses in grain yield which reached
23% on some cultivars (Nazim et al., 1983). Aduit Plant Resistance (APR)
was characterized by Zadoks (1961) as a resistance which is not expressed
in the seedling stage and which develops with advancing plant stages. Partial
- Resistance (PR) is assumed to be stable because it is polygenically inherited
(Parlevliet, 1978) and is temperature insensitive (Parlevliet, 1975). PR (Partial
Resistance ) is characterized by a reduced epidemic development despite a
susceptible infection type (Parlevleit and Van Ommeren, 1975). The study in
this investigation was carried out as an attempt to identify. gene (s) for leaf
rust resistance in wheat cultivars at adult plant stage.

MATERIALS AND METHODS

This investigation was' carried out at the farm of Tag EL-Ezz
agricultural research station Temie-Amdid Dakhlyia Egypt, aiming to identify
gene(s) for leaf rust resistance in the wheat cultivars i.e. Gemmeiza 7, Sakha
61, Sakha 93 and Sids1 showing high infection type. Crossess were

“conducted between them and selected monogenic lines i.e. Lr27, Lr29, Lr46
and Lr2a which displayed low infection type of leaf rust resistance Table (1).

The parental cultivars and monogenic lines were grown in 2008 /2009
growing season, in three successive dates at 15 days intervals to overcome
differences in the time of flowering. The monogenic lines under study were
used as male parents for crosses with each of commercial cultivars Table (1).
Their parents were crossed and resulted in 12 cross. The parents were sown
in 1.5 m long rows and 30 cm apart. Each row was sown to 15 seed with a
distance of 10 cm. The experimental unit included 4 rows of each parent. The
parents were selected according to their susceptibility or resistance on the
basis of their reaction to leaf rust in the field during the elapsed growing
seasons. Any doubtful of crosses hybrid seeds were discarded and the others
were separately harvested .

In 2009/2010 growing season, part of the twelve (Lr's x Cvs.) cross
hybrid seed were sown to produce F1's plants and the other part was kept for
the final experiment in the next growing season. In 2010/2011 growing
season, the evaluation of parents, F1's, and F2's, plant populations was done
against natural and artificial infection with race mixtures of leaf rust pathogen
caused by P. trticina Eriks. under field conditions. Twelve plots, each one
included sixteen rows, one row for each parent and F1's as well as 13 row for
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F2 plant populations. Each row with 2 m long, spaced 30 cm apart and seeds
were 10 cm apart within row. Each row was planted with 20 seed. The
adjacent plots were separated with 1 m wide belt. All plots were surrounded
by a spreader area of one meter in width, planted with a mixture of highly
susceptible cultivars to the leaf rust pathogen i.e.-Giza139, Thatcher, Triticum
Spelta Saharensis and Morocco .

For the inoculation , the spreader plants were moistened and dusted
with spore — powder mixture of the most prevalent leaf rust races in Egypt
(one volume of fresh urediospore mixtures : 20 volume of Talcum powder) .
Dusting was carried out in the early evening at (sunset) before dew formation
and when air was still in. Seedlings of the susceptible wheat cultivars were
placed outside after emergence. The plants were transplanted neighbour of
field plots as a.race nursery (Zadoks, 1964) with difference that the
genotypes . were randomized. On both sides and .perpendicular to the
spreader row, placing about 200 infected plants of the susceptible cultivar in
the spreader row, just before they started to sporulate.

The inoculation of the tested plants was carried out at booting stage
according to the method suggested by Tervet and Cassel (1951). Data of leaf .
rust severity were recorded on .the adult plant stage of tested plants
according to the method of modified cob scale (Peterson et al., 1948). ‘

All regular cultural practices were applied during the growing season. .
Data were reported according to the technical recommendation as rust
severity for each plant. Plants were divided into two classes according to
level of rust severity i.e.( 0-10 ,11-20,21-30-31-40) and (41-50-51-60,61-
70,71-80). Plants grouped in the first four classes were considered as having
low disease severity (Phenotypes), while other classes (more than 40%) were
considered as having high disease severity (phenotypes) {Negm (2004) and
Shahin (2005)}.

Statistical and genetlc analysis : Frequency distribution values were
computed for parental, F1 and F2 plant populations for leaf rust disease
severity under field conditions. In respect to mode of inheritance, goodness of-
fit of the observed to the expected ratios of phenotypic classes concemlng
leaf rust infection types and disease severity were determined by X? analysis
according to Steel and Torrie (1960).

However, the minimal number of effective genes controlling slow —
rusting resistance in each cross were estimated by the formula of Wright
(1968). Degrees of dominance were calculated according to the method
suggested by Romero and Frey (1973). Heritability in broad - sense was
estlmated according to Lush (1949) as follows:

VG
H2= — x100
VP
Where :
H2 = broad — sense heritability
VP = phenotypic variance of F2 individuals
VG = genotypic variance of F2 individuals
VE = environmental variance estimated from vanatlon with the non—
segregating populations, i.e. parent and F1 plants.
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RESULTS

The present investigation was carried out to study the inhertance of
leaf rust resistance in four Egyptian commercial wheat cultivars which were
crossed with four wheat monogenic lines, these parents having different
levels of high and low leaf rust disease severity. ‘

Data presented in Tables (1 and 2) were qualitatively and quantitatively
analyzed as follows : Evaluation of parents, F1 and F2 plant populations
against race mixtures of P. triticina f.sp. tritici at adult plant stage . Data
obtained in Table (1) reported that the monogenic lines parents i.e. Lr2a,
Lr46, Lr29, and Lr27 displayed low disease severity (partial leaf rust
resistance). However, the Egyptian commercial wheat cultivars parents
showed high disease severity (susceptible) fast-rusting. The twelve crosses
could be arranged into two categories i.e. low disease severity (L.D.S.) and
high disease severity (H.D.S.). The F1's tested plants exhibited the same
trend with one parent and showed low disease severity (partial leaf rust
severity) with nine crosses. However, the late three crosses recorded high
disease severity i.e. Lr27+ Sakha 61, Lr27 + Sakha 93 and Lr27 + Sids 1.

Meanwhile, the F2 plant populations showed that one cross out of
twelve showed no segregates i.e. (Lr2a + Sakha 93), the dominance tend to
the side of partial leaf rust resistance. Meanwhile, the rest of crosses
displayed segregation with numbers of plant with low and high disease
severity as clarefied in Table(1) i.e. 113:97 ,170:46, 200:17, 45,164, 167:48,
200:18, 47:167, 162:47, 45:158, 191:17 and 162:45, respectively.

These observed ratios fitted the theoretical expected ratios i.e. 9:7,
13:3, 15:1, 3:13, 13:3,15:1, 3:13, 13:3, 3:13, 15:1, and 13:3 with probable
values 0.500. 0.250, 0.500. 0.250, 0.500.0.250, 0.500.250, 0.250.0.100,
0.250.0.100, 0.250.0.100, .0.250.0.100, 0.250.0.100, 0.250.0.100 and
0.500.0.250, respectively, Table (1} .

Quantitative analysis : The genetic behaviour of Egyptian commercial
wheat cultivars to leaf rust quantitatively, the parents, F1's and F2's plant
population for each of the twelve crosses were tested at adult plant stage
under field conditions against race mixtures of the pathogen P. triticina is
" clarified in Table (2). Data obtained in this table explored that the disease
severity (%) recorded with eight parents i.e. Lr27, Lr29, Lr46, Lr2a,
Gemmeiza 7, Sakha 61, Sakha 93 and Sids 1 were : 34.0, 24.5, 6.0, 6.0;
66.0, 64.5, 64.0 and 65.5, respectively. The F1 and F2 means showed values
lower than those calculated for their respective mid-parents, revealing the
presence of partial dominance for low disease severity (partial leaf rust
resistance) which is in accordance with the results obtained from F1's and
F2's Table (2).

Expression of gene action measured as the degree of dominance h1
and h2 is shown in Table (2). The estimated values of h1 and h2 exhibited
regative values in these twelve crosses suggesting the manifestation of
partial dominance for leaf rust resistance and this is supported the F1's
results .
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Table (1): Leaf rust severity. (%) frequency distributions of the two -
parents, F1 and F2 plant populations. Phenotype classes,
expected ratios, X? and probable values of F2 plant population
of 12 (Lr's x Commercial cultivars) crossess as affected by
inoculation with race mixtures of wheat leaf rust (P. triticina) at
adult plant stage under field condltlons in 2010/2011 grown

seasons.
Disease severity classes % OW"E"I”' '
18 —| ved | cted °
. |-¥- Low High ratio | ratio 3§
$(Crossname| | § N _| X2 -g—
B 0- |11-|21-|31-|44-(51-161-(71-| 2 T E| 31§ 25
2 (10|20|30(40|50(60|70 (80| 2 | |3 [T
Tow+High ' P — —]
1 w27z P 20 2|18
Gemmeza 7 2 20 - B2
2] 212 | 5 |18 (46 | 3219 1397 9 AB210.500-0.250
Z 29 . % 1119 5
L
7] 37 T
y. 9110 (5080321 9 5 170 1313]0.97
3 Lr 20 [18] 2
Gemmeiza 7 |P2]_20 - 18 2
2] 217 [ 23 1202014 3T 2017151 10
7 727 D Z 18
Sakha 61 _[P2] 20 - 1 19
2209 [ 3 (10| 15176555148 3
5| 29 T 119
Sakha 61 20 1 T19
1
5 2016087 3018 1671481 13| 3 |1.805/0.250-0.100
L[r48 120 (18] 2 [
Sakha 61 1T [19
T B2
7 73 T (161 2 Z00[ 18 | 15 [ T[T51710.
7 Lr2a 18] 2
Sakha 93 |P2]| 20 18
20 19 1
35 ] 20 208[ 0 1(0] 0 >0.99
B 27 |20 2 18
Sakha 93_[P2[ 20 19~ % 1
2] 214 103718961 47 [167] 3 [13[T-
g ) 20 T 19
g3 P2 218 ]
20 Z T -
212 22 60 [ 80 9 162137 [ 13 [ 3 [1.91
0] Lr27 A 20 Z 18
Sids 1 20 971
F1 5 1812 =7
213 6| 79 13 3 [T3[1.5370.250-0.100
11 29 20 1119 :
SIS 1 2 7 91
IF2| (2635 57 [ 3116 TSI I7 5T
12 Trd6 [P 20 | 2
Sids T 2 20 1
- 3 17
i 14 (B2 (3510 16245 13 3 1.A
Low = ow dlsease severity (resistance) )

High = high disease severity (susceptibie)
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The heritability values for all tested crosses at adult plant stage are
considered to be high i.e. 86.64, 94.5, 91.25, 97.02, 94.39, 93.1, 88.25,
91.85, 94.36, 93.62, 94.97 and 90.82, respectively, Table (2).

Table (2):. Mean of P1, P2, F1, F2 and mid-parents, degree of dominance
of F1 and F2 as well as broad-sense heritabllity and number
of genes for rust severity (%) of 12 (Lr's x Cvs.) crosses
Inoculated with race mixtures of P. triticina under field

conditions in 2010/2011 growing season.
Degree of

No Cross name Mean of rust severity (%) dominance |Heritability No. of
P1 P2 [F1] F2 | MP | h1 | h2 genes
Low + High

1 [Lr27 + Gemmeiza 7| 34.0 [66.0 [34.5[ 386 | 500 | -16 |-237| 9664 |0.578
2 [Lr29 + Gemmeiza 7 [ 24.5 [ 66.0 [33.5]| 31.53 [ 45.25 | -0.566 [-1.322 94.5 1.455
3 [Lr46 + Gemmeiza 7| 6.0 [66.0 [24.0|23.89| 36.0 | -0.4 | 0.807 91.25 4.913
4 Lr27 + Sakha 61 |34.0|64.5 |45.5]| 47.58 | 49.25 |-0.245)| 0.219 97.02 0.575
5 Lr29 + Sakha 61 |24.5]64.534.0(33.49| 445 [-0.525| 1.1 94.39 1.97
6 | Lr46+ Sakha61 | 6.0 [64.516.0(25.27 | 35.25 |-0.658(-0.682| 93.107 [4.234
7 Lr2a+ Sakha 93 | 6.0 |[64.0|15.0(16.35] 35.0 |[-0.643|-1.286| 88.25 |7.034
8 Lr27 + Sakha 93 |34.0 |64.0 |45.5(46.78 | 49.0 [ -0.23 |-0.296 91.85 1.273
9 | Lr29+8Sakha93 [24.5/64.0/34.0] 33.5 [44.25] -0.52 | -1.09 94.36 1.55
10 Lr27 + Sids 1 34.065.5[46.0| 46.2 | 49.75(-0.238]|-0.451| 93.62 1.13
11 Lr29 + Sids 1 24.5]65.5 [33.5(26.25| 45.0 |-0.561| -1.83 94.97 1.56
12 Lrd6 + Sids 1 6.0 [65.5/23.5/32.25]35.75 |-0.412/-0.235] 90.82 [5.298

Lr's = Leaf rust resistance genes

C.v. = Gommercial variety

h1 and h2 = Degree of dominance of F1 and F2 plant populatlons

MP = Mid-parents

Low = Low disease severity (resistance)

High = High disease severity (susceptible)

Number of genes: The minimum number of effective genes controlling
the partial leaf rust resistance or susceptibility was digenic for each of the
tested crosses except for the cross number seven (Lr2a + Sakha 83) that
exhibited no segregation. The estimated numbers were tabulated in Table
(2).

DISCUSSION

Wheat rusts are the most important diseases of wheat cultivars in
Egypt. Leaf rust, in particular, was the main cause of eliminating many
cultivars i.e. Giza 139 , Mexpak69, Super x and Chenap70 , because of their
susceptibility under field conditions. Moreover, some wheat cultivars were
discarded very shortly after their release such as Giza 139 (Gomma 1978).
The failure of such cultivars was mainly due to the dynamic nature in
population of the causal organism which produces new virulence having the
ability to breakdown their resistance. However, the use of effective resistance
genes is the most economic and desirable method for controlling the disease.
Such information is very useful in efficient incorporation of different genes
into cultivars for a long-lasting resistance. The Egyptian wheat variety
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Giza155 had high level of partial resistance under field conditions (Nazim et
al., 1983). They added that , the good method to ‘evaluate a wheat variety to
leaf rust, is to test under different epiphytotic levels and different locations.
Intercrosses among slow-rusting parents -also were-made to investigate the
genetic diversity of this type of resistance (Herrera Fossel et al., 2007). Singh
et al., (2000) mentioned that high yielding cultivars of bread wheat that were
nearly immune to leaf rust and stripe rust could be developed by
accumulating four or five slow-rusting resistance genes through intercrossing
parents that show intermediate disease levels. Also; they pointed to several
slow-rusting durum's identified being utilized to develop high yleldlng cultivars
with high levels of slow-rusting resistance to leaf rust..
This investigation represents the evaluation of four monogenic lines i.e.

Lr27, Lr29, Lr46 and Lr2a; and four Egyptian commercial wheat cultivars i.e.

Gemmeiza 7, Sakha 61, Sakha 93 and Sids 1 under field conditions during
elapsed growing seasons was carried out. All of these parents (Lr's and-C.v.)
showed susceptibility to leaf rust disease all over the seasons. However,
Lr27, Lr29, Lr46 and Lr2a exhibited different levels of low rust severity (adult
plant resistance), while Gemmeiza7, Sakha 61, Sakha 93 and sids1, showed
high disease severity to leaf rust disease. The obtained results explored that
most of the F1's plants displayed low disease severity (partial leaf rust
resistance) slow-rusting except for three crosses i.e. Lr27 + Sakha 61, Lr27 +
Sakha 93 and Lr27 + Sids 1 which showed high disease severity. On the
other hand, F2's plant populations with all crosses behaved in the same trend
with the F1's plants. Results of the present study demonstrated that all of the
tested F2 plant populations of the cross between Lr2a + Sakha 93 displayed
low rust severity with no segregations indecating that this cultivar possess
this gene. These findings showed that this gene. is effective under the
Egyptian environmental conditions. Therefore, it may be transferred to the
Egyptian genetic materials as a leaf rust resistance source in breeding
programs. Oelke and Kolmar (2005) mentioned that wheat cultivar Alsen
proved to have genes Lr2a, Lr10, Lr13, Lr23 and Lr34. Effective leaf rust
resistance in this cultivar is conditioned by the combination of Lr13, Lr23 and
Lr34. Also, they added that virulence to Lr2a also very common. Mclntosh
and Dyck (1972) showed that in some crosses Lr23 was recessive, while in
other crosses it was partially dominant. The dominance effect of Lr23
increased at higher temperature. Also they mentioned that spring wheat
cultivars grown in Minnesota and Dakota may have a fairly complex
inheritance of leaf rust resistance based on the genetics of Aisen and Norm.
Meanwhile, the rest of crosses were segregated with digenic pairs. Results of
the present study demonstrated that the F2 plants of the cross between Lr27
and wheat cultivar Gemmeiza7 showed complementary gene action with the
dominance of resistance over susceptibility. The -additve gene action
(duplicate dominance) was shown with crossess Lr46 + Gemmeiza 7, Lr46 +
Sakha 61 and Lr29 + Sids 1 with dominance of resistance. Also, the inhibitory
gene actions were reported with Lr29 + Gemmeiza 7, Lr29 + Sakha 61 and
Lr29 + Sakha 93 and Lr46 + Sids1, the resistance was dominant over
susceptlblllty However, the susceptibility was dominant and resistance was
recessive i.e. Lr27 + Sakha 61, Lr27 + Sakha 93 and Lr27 + Sids 1. Similar
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results were recorded by Sawhney (1992) who mentioned that the leaf rust
responses of wheat lines carrying the complementary genes Lr27 and Lr31
and some genes in a Chinese spring background having Lr34, which
interacts with the complementary genes gave enhanced levels of field
resistance to leaf rust Likewise, Dyck and Samborski (1982) and Ezzahiri
and Roelfs (1985) showed that resistance was controlled by two
complementary genes. They added that no segregation was recorded for
adult plant resistance in the F2 families derived from a cross between the
wheat cultivars Era and Frontana having adult plant resistance gene Lr13.
Similar results were reported by Knott and Yadav (1993) who found that in
eight lines, the resistance was recessive or partially recessive and was
controlled by two or more genes in each line. Hussain et al, (1998)
determined the leaf rust resistance genes in four wheat varieties, these
varieties exhibited field resistance, probably due to additive effect of aduit
plant resistance genes. The durable resistance mechanism in wheat is
achieved through incorporation of partially resistant minor genes which
seems to be more appropriate solution for susceptible wheat production. The
obtained results were in accordance with the findings of Kuhn et al., (1980);
Bjarko and line (1988); Das et al., (1993); Boulat (1997); Negm (2004) and
Shahin (2005) who mentioned that the quantitative analysis demonstarted
that the F2 means of leaf rust severity in the eleven crosses were in general,
lower than the estimated means for their respective mid-parents. These
results clarified the existence of partial dominance for low disease severity in
all crosses. Also, the degree of dominance (h1 and h2), were significant and
negative in all of the tested crosses. Similar results were confirmed by those
obtained with Millus and line (1986) Shehab El Din et a/ ., (199la, 1991b and
1996); Youssef et al (2007).

The heritability in its broad-since estimated from parents, F1's and F2's
for partial leaf rust resistance is considered to be high in magnitude, since
values ranged from 88.25 to 97.02.

Meanwhile, high heritability values are indicative for high rates of
success in recovering the desired genes in future generations. These high
estimates indicates that selection for this character in early segregating
generations could be possible. However, delaying it would be more effective.
The obtained results were in accordance with those of Bjarko and Line
(1988), Das et al, (1993); Abd-EL-Latif et al., (1995); Boulot (1997); Negm
(2004) and Shahin (2005). These findings would be of great importance in
wheat breeding programs from the view point of disease resistance.
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