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Abstract

The inheritance of resistance in C.d. 7809 and P.1. 109593 to leaf rust
of wheat, Puccinia recondita tritici was studied. It was found thai
resistance in C.1.7809 to strain 135D was conditioned by a dominant gene
Lrty and two recessive genes Iriy and Irts. The gene Lrty was epistatic to
both the genes Lrty and Lrts. The resistance to strain 68C was conditioned
by gene Lrty and to strain 644 by genes Lriy and irtg. The physiologic
resistance seemed to operate throughout the life of wheat plan:.

The resistance in P.1. 109593 1o strains 135D and 644 was found to be
controlled by hwo recessive genes Irty and lrts. It was further obseryved
that these genes were different and independent of genes Lrt|. lriy and Irty
in C.1. 7809,

Leafl rust caused by Puccinia recondita Rob. ex. Desm. f. sp fritici is =a
serious disease of wheat. It affects yield as well as quality of wheat grain.
Mains (1930) observed that reduction in grain yield varied between 57.2 and
97.4 per cent, depending upon time, length and intensity of infection. The
effect of leaf rust on the quality of wheat grain was studied by Phipps (1938)
who found that severe infection reduced the nitrogen content from 2.869 10
2.673 per cent and leaf volume (rom 578 cc 1o 510 cc.

Efforts have been made to control this disease through the evolution of
resistant varieties. The task of breeding such varieties is complex. This
complexity is aggravated by the capacity of the rust organism to produce new
virulent strains through hybridization and mutation. Samborski (1963) repo}ted
mutation in Puccinia recondita to virulence. The mutant culture 46-60 became
virulent on Transfer. a derivativefrom the cross, Triticum aestivum var. Chinese
Spring x Aegilops umbellulata Zhuk. New sources of resistance have therefore
to be found in the host to combat new genes (or virulence in the pathogen.
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Tetraploid wheats have been found to possess a high potentiality for new
sources of resistance to leal rust (Watson & Stewart 1956, Watson & Luig 1958).
The present paper describes the inheritance of resistance in two durum wheats
to leaf rust of wheat.

Materials and Methods

The following durum wheats selected from Iniernational Rust Nursery of
1954 were studied :

(1) €. 1.7809: ltis an Ethiopian durum wheat, with erect habit of growth.
and short and solid straw. The spikes are awned and middense. The glumes
are red and glabrous ;‘ and the kernels are short and purple. It is highly resistant
to leaf rust strains 135D, 68C, 64A and 163A.

(2) P. 1. 109593 Itis a Turkish durum wheat. The shoots are semierect
and the straws are short and hollow. Its ears are fully 4wned and dense. The
glumes are white and glabrous. The grains are white, long and pointed. It is
maderately resistant 1o leaf rust strains 135D and 64A.

A durum wheat P.I. 173401 was used as a susceptible parent which was fully
susceptible to all the three strains, namely, 135D, 68C, 64A of leaf rust,
Puccinia recondita tritici. The rust tests were performed by usual methods
(P:terson er al. 1948, Stakman ef al. 1944) and the Chi-square test was used
to verify the genetical ratios.

Results and Discussion

C.1.730): The results from seedling tests in the green house on Fy, Fy and Fy
ginerations (Tables | and 2 ) suggest that resistance in C.I. 7809 to leafl rust
strain 135D is conditioned by three genes. All Fy plants were highly resistant.
The F» data could be fitted to the ratio, 3:1 or 49:15; but the F3 results suggested
that more than one gene was operating and the Fj ratio 49: 15 appeared more
likely. The Fjsegregation agreed to the expected ratio of 23 resistant, 34 segregat-
ing and 7 susceptible. These data show that, of the three genes, one is dominant
and the other two recessive. They are designated Lrty. Irty and Irts. The
gene Lrt; is epistatic to both the genes Lrty and Lrt;. From the Fj segregating
lines it was possible to identify individual genes from the phenotypic rust reaction
types. Among the progenies of resistant F2 plants, there were 6 lines in which the
resistant plaants showed reaction type | and the proportions of resistant and
susceptible plants were in the ratio of 3:1. From the progenies of susceptible
F, plants, 5 lines segregated for a similar reaction (;1) and the proportions of
resistant and susceptible plants were of the order of 1:3. There were another
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6 lines which segregated for an x type reaction and proportions of resistant and
susceptible plants approximated to the ratio of 1:3. These observaticns show
that there is a dominant gene conditioning :1 reaction, a recessive gene producing
a similar reaction (;1) and another recessive gene controlling an x type. This
indicates that the dominant geneis Lrty, {he recessive gene responsible for a
similar reaction of :I is Irtz and the recessive gene controlling an X type
reaction is Irts.

The studies with strain 68C indicate that C.1. 7809 have one dominant gene
for resistance to this strain, The F» and F3 results (Tables | and 2) agree to one
gene ratio and the resistant plants showed a ;I reaction. In order to siudy the
relationship between strains 135 D and 68C, 79F; lines of the cross. P.1. 173401
® C. 1. 7809, were tested with both these strains. The resulis show that genes Tor
resistance o strains 135D and 68C, are same or allelic. All the lines resisiant to
135D were either resistant or segregating and none was susceptible 1o 68C,
Similarly lines which were susceptible 1o 135D were also susceptible 1o 68C, except
2 lines which could be due to error in classification. The analysis of F3 lines and
the reaction types of resistant plants in the segregating lines indicated that gene
Lrty is effective against both the strains 135D and 68C.

The results from rust tests with strain 64A on Fjlines (Table 2) suggest that
resistance in C.1. 7809 to this strain is controlled by two genes. Of the 43 segregat-
ing lines, 11 segregated fora dominant gene conditioning high resistance (;1), 9
segregrated for recessive gene also conditioning high resistance (;1) and
remaining 23 lines appeared to be segregating for both the genes. The results
from cross C.1. 7809 x P.1. 173401 were similar. These data show that resistance
to strain 64A is conditioned by two genes, one dominant and the other recessive.

The relationship studies between strains 135D and ¢4A show that lines which
were resistant to 135D were either resistant or segregating and none was susceptible
to 64A except on: line (a case of misclassification). Five lines segregated for a
dominant gene for resistance to both thestrains. Another 5 lines segregated for
a recassive gene for resistance to both the strains. Lines which segregated for a
genz conditioning moderate resistance (type x) to 135 D were susceptible (o 64A.

These observations suggest that genes Lrty and Irt; which condition high
resisiance 1o 135D are also effective against 64A. The gene I3 which conditions
moderate, resistance to 135D is not effective against 64A. On the basis of results
presented so far, the probable genotypes of C.1. 7809 for seedling resistance to
strains 135D, 68C and 64A are given below:
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Strain of rust Probable genorype of C.1. 7809
135D Lrty Loty Irts Irte Irt3 Irty
68C Lty Ly
64 A Lrty Lrty I Irty

The results of the field tests on adult plants of Fy, Fz and F generations of
reciprocal crosses of C.1. 7809 with P.I. 173401 (Tables 3 and 4) can be explained
on the hypothesis of two dominant genes Tor resistance in C.1. 7809, The F; and
P, data agreed with expected ratios of 15: 1 and 7:8:] respectively. Strains of
rust in the field were 135D, 68C and 64A.

The siudies on the relationship of seedling and aduft plant resistance
were made on 79 F3 lines from cross, P.1. 173401 x C.1. 7809. Thése were tested
with 3trai11 135 D in the green house, and then trapsplanted in the field where an
amiﬁdizﬂl epidemic of rust strains 135D and 64 A was prodiced. Theresults (Table 5)
’shdwed that, of 79 lines, 21 (26.58 %) were resistant at both the Stages of plant
growd. ‘No line which was resistant as seedling was susceptiblée in the field. On
thz other hand, of 10 susceptible lines. 4 became {ully resistant as adult pldants in
the fisld. These dara (Table 5) suggest that genes which confer seedling resistance
0a C.I. 7809 are either allelic or very closely linked 1o the genes conditioning
adull plant resistance. In addition there are one or more minor genes operating
opnly in the adult plant stage. Apparently these are responsible for conferring
adult plant resistance to the plants which were susceptible as seedlings.

P.1. 109593 The results given in tables | and 2 sugges1 that the resistance of
P.1. 109593 to leaf rust scrain 133 D is conditioned by two recessive genes. All
the F plants were susceptible and the Fj plants segregated into a rado of
1 resistant to 135 susceptibie, The Fj results (Table 2) agree to the expected ratio
of 1 resistant, 8 segregating and 7 susceptible. Of 48 segregating lines 11 segre-
gated for a type 2 redction, [0 segregated for an X reaction and the remaining 27
lines showed reactions ranging from type | 1o n. From the studies on both the
strains 135D and 64A it is indicated that genes which confer resistance 10 strain
135 D are also effective against strain 64A. They appear to be allelic or linked.
Of the 65 F3 lines tested. 24 lines were susceptible and 28 segregated to both the
strains. The F; daia for boch the strains agree significantly to the expected ratio
of 1:8:7, showing that resistance is controlled by two recessive genes. The
genetic relationship between varieties C.1. 7809 and P.1, 109593 was studied. in
crosses among them. The results of F)and F» seedling tests (Table 6) suggest that
genes for resistance in C.I. 7809 are independent of genes for resistance in
P.1. 109593, The F, segregation fits to a 5 factor ratio of 769 resistant 1o 255




Pakistan J. Botany 165

susceptible. Fj lines from susceptible I3 plants were homozygous susceptible.
This shows that genes in C.1. 7809 and P.1. 109593 are different. Therefore the
recessive gene in P.I. 109593 which conditions a type 2 reaction is designaied
Irts and the second recessive gene which produces an X type reaction is pamed
Irts.-On the basis of these results the probable genotype of P.I. 109593 is Irty
Irig Irts [ris (Table 7).

The gene expression and reactions to leal rust strains are shown in table 8.
Genetics of leaf rust resistance in 8 differential wheat varieties studied by Soliman
et al. (1964) revealed that Carina, Brervit, Loros, Webster and Malakofl each
carried a dominant gene for resistance io race 15. Soliman (1964) in another
study of monosomic analysis assigned this gene (o chiomosome 1B. The gcne in
Hussar for resistance to race | 5B was placed on chromoesome 2B: and the gene for
resistance to race 9 in Mediterranean and Democrat belonged to chromosomre 6B.
Although the strains of leaf rust used in the presem studies are different. yet the
dominance of resistance in C.1. 7809 was similar to the observations by Sol'man
et al. (1964). Resistance was also found to be dominant by Anderson (1961} who
postulated that a dominant gene Lr. conditioned resistance in Lee, Gabo and
Timstein to races la and |5a. Gabo and Timsiein have received their resistance
from tetraploid wheats Gaza and Triticvm timopheevi respectively (Watson &
Stewart 1936, Watson & Luig 1958).
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Tabis 1. Reactions of F; and F» seedlings of crosses of C.I, 7809 and P.T.
109393 with P.I. 173401 to strains 135D & 68C of Puccinia recondita

tritici
Cross. generation & Number of plants Ratio
SUEAIN OF FUST L it it tieni i e P
R¥ Int S Total (R+4Int): S
P.T. 173401 x
C.1. 7809
Fi 135D 17 —- == 17
F> 135D 300 22 92 414 3t or 0.10—.20
49:15
68C 226 e 83 311 3:1 0.30-.50
C.I. 7809 x
P.1. 173401
Fy 135D 11 en o 11
Fz 135D 231 e 72 303 49:15 0.80~—.90
P.I. 109393 x
P.L. 173401
Fi 135D o e 21 21
F> 135D 13 17 483 513 1:15 0.70-—.80
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Table 2. Reactions of Fj seedlings of crosses of C.1. 7809 and P.1. 109593 with
P.1. 173401, to strains 135D, 68C and 64A of Puccinia recondita tritici

Cross and strain Number of lines Ratio
of rust L. AU R:Seg: S P

TR T

C.I. 7809
135D 42 64 11 17 23:34:7 0.80—.90
68C 28 60 22 110 1:2:1 0.50--.70
64A 43 43 6 92 7:8:1 . 0.80—.90

C. 1, 7809 x

P.l. 173401
135D 39 46 10 95 23:34:7 0.50--.70
68C 18 37 14 69 1:2:1 0.50—.70
04A 36 38 6 30 7:8:1 0.80—.90

P.L. 109593 x

P.I. 173401
135D 6 48 51 105 1:8:7 0.50—-.70

#R =Resistant, Seg ~Segregating, S —Susceptible.

Table 3. Reactions of F; and F» adult plants of crosses of C.I. 7809 with P.I.
173401 to strains 135D and 64A

Cross and generation Number of plants Ratio
......................................... P
R* Int S Total (R-{Int): S

P.I. 173401 x
C.1.7809

F( ¥ — [

¥l 536 36 42 614 15:4 0.80—.90
C. 1, 7809 x
P.1. 173401

Fi 7 o —— 7

F 362 27 25 414 15:1 0.80--.90

*Resistant (R) =0—~259 . Intermediate (Int) - 25-40%.
Susceptible (S) ~65 to 1009, (Peterson es al. 1948),
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Table 4. Reactions of adult plants of 117 F;3 lines of cross P.1. 173401 x C.J1.
7809 to a mixture of strains 135D and 64A

Number of lines Ratio
G085 i e e P
R Seg S Total R: Seg.:S
P.I. 173401 x 58 55 4 117 7:8:1 0.20—_30

C.1 7809

Table 5. Reactions of seedlings and adult plants of 79 F3 lines of ¢ross P.1.
173401 x C. I, 7809 to strains, 135D & 64A

Seedling reaction Adult plant reactions Ratio for P
to 135D seedling for seedling
R Seg S Total resistance resistance

Resistant (R) 21 5 —_ 26
Segregating (Seg.) 19 24 — 43
Susceptible (S) 4 4 2 10

Total 44 33 2 79 23:347 0.80
Ratio for adult
plant resistance 7:8:1
“P” for adult plant

resistance 0.10 -.05

Table 6. Reactions of Fy and F» seedlings of crosses between P.1. 109593 and
C. 1. 7809 to strain 135D

Cross and No. of seedlings Ratio P
gmeration e (Int ~R): S
R Int 5 Total

P.L 109593 x
C.I. 7809

Fi 22 - o 22

F2 274 [l 92 377 769:255  0.80—.90
C. 1. 7809 x
P.1. 109593

I’y 16 . e 16

F2 180 8 53 241 769:255  0.80—.90
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Table 7. Probable genotypes of two varieties of Tritcum durum for resistance to

Puccinia recondita tritici

Variety Genotype
C.T. 7809 Lrty Lrty Irtz [rtp Irty Irts
P.1. 109593 Irty Irty Irts lIrts

Table 8. Genz expression and reactions of homozygotes to Puccinia recondira

tritici
Gene Gene Possessed by  Reactions of homo-  Adult plant reactions
symbol expression varieties zygotes as seedlings  to 135D, 64A & 68C
to strains in the field
135D 64A  68C
Lm Donﬁném C.1. 7809 ;1 ;1 i H{thy resmam o
Iriy Recessive C.1. 7809 ;1 ;1 34 Resistant**
Irts Recessive C.1. 7809 X— 3+ 3+ Moderately resisiant®
Irts Recessive P.L. 109593 2 2 3-+ Moderately resistant®*
Irts Recessive  P.L 109593 X- X 3+ Moderately resistant*#

*Susceptible when strain 68 C or 64A is prevalent in the field.
**xSusceplible when strain 68C is prevalent.






