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Abstract
Good levels of resrstance to septoria trit ici (perfect state: Mycosphaerella

gri*irirotû have been identifiôd in wheat speiies (Triticum aestivum aîdT'

durum)butnotmmunereact ionhasbeenreported.Theobject iveof thepresent
ilôî1; ;creen witd ,"iutilo", of wheat for resisrance to rhe pathogen. one

hundreclandsixtyaccessionsotAegi lopsspecies,c loseanddistant- re lat ivesto
*t"ut, were testêd at the seeclling-stage against two geographically differing

iroiut", ot S. tritici. High level ôf ."iirtan"" and po_ssibly immune reactions

*"." p."t"nt in species that carry the D, S and {J-genomes-in ascending

i;;;;J;"r. a"cerrtons if r. spetioides 45 and T. tauschii 72 showed no leaf

necrosis when inoculai"A *ittt the Arkansas isolate. Triticum tauschii and T'

soeltoides are direct ancestors of wheat. Identified resistance should be readily

tiansfened to wheat due to the common genomes'

Key words : Hessian fly, Tan spot' Wheat' Trit icum aestivum' Morocco'

disease resistance

Résumé
Evaluation des Aegilops pour la résistance à la septoriose

Des niveaux appréciables de résistance à Septoria ,tri.tic.i 
(.stade parfait :

iyriipnorrrlla' graminicola) ontété identifiées dans les blés (Triticurn aestivunt

and Trit icum duru*:1 mais aucune réaction d'immunité n'a été rapportée'

iotlectirdu présent tiavail est de trier les espèces sauvages voisines du blé dur

po"ifu résistance à ce pathogène. Cent soixante accessions des espèces Aegilops

pi".fr* ", lointaines Ou Ute 6nt été testées au stade plantule avec deux isora-s de
's. 

triticid,origine géographique différente. Des niveaux élevés de résistance et des

réactions d'immunité oni eté identifiés dans les espèces qui.portent.les génomes

o ' s o u U e n f r é q u e n c e ç r o i s s a n t e . L e s a c c e s s i o n s d e A e . s p e l t o i d e s 4 5 e t
ÀL. ,quorrosa 72-onr manifesté une absence de nécrose quand elles ont été

i""*ie", par un isolat d'Arkansas uSA. Aegilops squarrosa et Ae. speltoides

,ont a", pàrents lointains du blé. La résistance identifiée dans ces espèces sera

relativemànt facile à transférer au blé grâce à la présence de génomes en commun'

M o t s . c l é s : C é c i d o m y i e , m o u c h e d e H e s s e , t â c h e b r o n z é e , b l é . T r i t i c u m
aestivum, Maroc, résistance aux maladies
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Introduction

Septoria tritici blotch is a world-wide disease causing substantial losses in wheat
fields ranging from 10 to 8o vo in Morocco (Jlibene l99l). search for sources of
resistance within the wheat species (Triticum aestivum) as a means to control
this disease have been rewarding. Several sources of resistance have been
identified after extensive screening of wheat germplasm collections maintained at
different parts of the world (Rosielle 1912; Djerbi et aL 1976: Arjana et al.,
1975; Krupinsky et al. 1917;Eyal et al. 1983). However, presenrly idenrified
sources ofresistance do not provide full protection to the crop. Higher levels of
resistance have been reported in close and distant relatives of wheat, particularly
Agropyron (Rillo er al. 1910; Gough et Tuleen 1979) and Secale (May 1983)
species. T. monococcum which is known to carry the A-genome, also present in
wheat, has been reported resistant to several isolates from the united states and
the Mediterranean Region (Yechilevich et al. 1983). However, no attenûon has
been given to Aegilops species which carry the D or the B-genomes or
equivalent. The objective of the present study was to evaluate 160 accessions
belonging to l8 species of Aegilops for resistance to rwo geographically distant
strains of M.c osphaerella graminicola.
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Material and methods

Eighty seven entries of 9 species of Aegilops, kindly supplied by Dr. Kimber

1U-nlverslty of Missouri) were planted, 10 seeds per entry in trays, November, 8,

1985, and vernalized at 4 oC for 6 weeks. The seedlings in the 1-2 leaf stage

were removed from the vernalizer and inoculated twice with an Arkansas

inoculum (kindly supplied by P.J. Raymond, Monsanto Chemical Co', St'

Louis, Missouri) atarcte of 106 spores/ml. The suspension was uniformly

spread using a pressurized atomizer. Inoculated seedlings were put in a dew

chamber at24oC day (16 hours), 22oC night (8 hours) for 48 hours with no

light during the first 24 hours. A susceptible (cv 'Nasma') and a resistant wheat

(& 'gfgOS;) were included as checks. Three weeks later, percent area infected of

the two top leaves was recorded. Resistant seedlings and seedlings of the

susceptibli wheat check were transferred into pots to the greenhouse and

inocuiated at boot stage. Plants were covered with plastic during the 72 hours

following inoculation to ensure high relative humidity.

The same entries and others supplied by Dr. Amri, a total of 160 entries

belonging to 19 species were grown in a growth chamber at the Centre Régional

de la-Recherche Agronomique, Settat, Morocco (Aridoculture Program) and

inoculated at the tiliering stage, with an isolate from Morocco. A concentrated

solution of spores increased in a liquid medium was spread using an atomizer.

Seedlings weie put for incubation in a dew chamber for 48 hours. Upon removal

from thè incubaior, seedlings were put in a growth chamber where disease rating

was done three weeks later. Seedlings were rated 'R' if no apparent symptoms

were observed, 'MR' if some discoloration on lower leaves was visible, 'MS'

when up to 25 Vo necrosis occurred and 'S' with more than 25Vo necrosis. Species

and their genomic formulae are given in table 1.

Results
Reaction to Arkansas isolate

A wide variation in reaction to the disease was observed among species and

among accessions within the same species (Table 2). Two thirds of the

uccestiont scored less than 20 Vo disease necrosis, among which 75 Vo were in

the range 0-10 Vo. Because we seek a high level of resistance and because of the

abundance of resistance in Aegilops species tested, accessions showing more than

20 Va neqosis were considered as susceptible. Entries were considered resistant
'R' if a disease score was less than 10 7o necrosis and moderately resistant'MR' if

more than l0 Vo and less than 20 7o.The resistant bread wheat check'BT908'

scored L5.25 Vo and the susceptible check'Nasma'scored 28.24 Vo. Only one

third of the accessions tested scored more than 20 Vo infection. Also 60 Vo of the

accessions showed higher levels of resistance than the resistant wheat check cv
'BT908', stressing the importance of wild species as a reservoir of valuable

sources of resistance to this disease. Resistance was found in 7 of 8 species (I.

bicorne was the exception), with high frequencies in T. crassum, T. cylindricum,

T. tauschii, T. ventricosum and T. speltoides. Two accessions (C 45 and CI 72)

of T. speltoides and T. tqaschii respectively showed no symptoms of the disease.
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Table 1. Aegilops species tested for
(Morocco and Arkansas isolates),
cytoplasm

reaction to Mycosphaerella graminicola
their genomic formulae and origin of

Species Genomel Plasmal

T. cylindricum
T. tauschii
T. ventricosum
T. juvenale
T. crassum
T. crassum
T. aestivum
T. monococcunt
T. beoticunt
T. speltoides
T. longissima

T. bicorne
T. kotschyi
T. dichasians
T. triaristatum 4X
T. triaristatum 6X
T. triunciale
T. columnare
T. comosum
T. ovatum

T. uniaristatum

CD
D
DN
DMU
DM
DDM
ABD
A
A
S
S I
S b
US
C
UM
UMN
Uq
UM
M
LM
N

D
D
D
D2
D2
D2
B
A
A
S , G
s1
S b
S 2
C
U
U
C , U
U2
M
Mo
N

lunderlining indicates modified genomes (source : Kimber and Tsunewaki 1988)

45 and CI'72) of T. speltoides and L tauschii respectively showed no symptoms
of the disease (Table 3). All the three T. crassum lines were resistant and all 16
T. cylindricum lines tested were either resistant or moderately resistant (Table
2). Seventy five percent of the 3l T. tauschii accessions and 56Vo of the 16 Z.
speltoides were either resistant or moderately resistant (Table 2). Accessions of
T. kotschyi, T. juvenale and T. bicorne were mostly susceptible (Table 2).

Some resistant accessions were transferred into pots and inoculated at heading
stage with the same isolate. The results showed that lines whose seedlings were
selected as resistant were also resistant at adult plant stage. Pycnidia developed on
the susceptible check 'Nasma'.

Reaction to Morocco isolate

The percentage of resistant lines to the moroccan isolate identified for each
species was less than that obtained with the Arkansas isolate (Table 4). For
example, only 82 % (vs 100 Vo) of T. Cylindricum, 5ï Vo (vs 75 Vo) of
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T. Tauschii and 50 vo (vs 56 Vo) of T. speltoides entries were found resistant'

This could be due to higher aggressiveneis of the Moroccan isolate or to the use

of concentrated inoculim of iËe rno.occan isolate or both. Many reports have

indicated differences tn virulences of the pathogen. Accessions caracterized as MS

with the Morocco isolate may in fact bà considered as resistant. However, 85

accessions out of 1g5 G6 Eoj belonging mostly to T. cylindricum, T. tauschii

and T. triunciale were rated resistani(ràut" 4). Accessions of T. triunciale were

not tested with Arkansas isolate due to shortage of space. Nasma, used as check,

was highly susceptible to the Moroccan isolate'

Table 2. Frequency of accessions of Aegilops species-grouped into four classes

oi."u.tlonr, àsistant (R), medium resist"ant itrlnJ, meOium susceptible (MS) and

,"r*ptrUf" iS) to an Arkansas isolate of Mycosphaerella graminicola at seedling

stage.

Number of
Accessions

Classes ofreactiou

Species

T. crassunt
T. cylindricum
T. tauschii
T. ventricosum
T. speltoides
T. kotschYi
T. juvenale
T. bicorne
Total

22
1 3
25
20
J J

100
20

3

25
19
60
61

I J1 5

3
1 6
3 l
I

1 6
5
J

J

6 )

R

100
88
65
I J

J I

20

J Z

MR

l 2
10
50
25

M S

Entries resistant to Morocco and Arkansus isolates

Accessions tested under both isolates and showing resistance in both situations

"r"-pi"r"^t"d in Table 5. Among 32 entries tested, 20 were resistant to both

isolàtes (ie, 62 7o). The freqiency of resistanr l ines was higher in the

i. cylnd)fcum (88 Vo) tlian in the T. iauschii (53 7o) species, both carrying the

p-n"n"-". The trread wheat check'Nasma' was susceptible to both isolates' but

lesi so to Arkansar isclate.

T. tauschii (DD) is a direct ancestor of wheat, contributing to the D-genome'

itr" *ft"u, group "un be divided into three clusters of species' the A' D and U-

;;;";; "tuit"., (Kimber, c, 198S). The A-genome cluster included accessions

of T. monococcum and ?- beoticum' The 12 T' monocaccum and the 3

T. beoticumentrres carrying the A-genome did not show good resistance to the

Moroccan isolate. yectriteiictr et â1. reported T. monococcum as having high

t,"qu"n.yofresistancetosevengeographicallydifferingisolatesincludingsome
from the Mediterranean region. Howèver, the high level of stress imposed in

this study, ie concentrated iioculum, may be responsible fg th9 observed results'

fÀ" U-gËno-e cluster included T' ovatum, T' columnare' T' triunciale



8 8 Al Awamia 97 Décembre 1995

Table 3. Aegilops accessions resistant to Arkansas isolate of M. graminicola
(7o necrosis less than lÙVo) at seedling stage

Specles PI/CI Number of Zo Necrosis Standard error
number

T. speltoides
T. tauschii
T. tauschii
T. cylindricum
T. cylindricum
T. cylindricum
T. tauschii
T. cylindricum
T. tauschii
T. tauschii
T. cylindricum
T. cylindricum
T. tauschii
T. tauschii
T. crassum
T. cylindricum
T. tauschii
T. cylindricum
T. tauschii
T. cylindricum
T. tauschii
T. cylindricum
T. tauschii
T. tauschii
T. cylindricum
T. speltoides
T. tauschii
T. cylindricum
T. speltoides
T. tauschii
T. crassum
T. tauschii
T. tauschii
T. tauschii
T. cylindricum
T. tauschii
T. cylindricum
T. kotschyi
T. venfficosum
T. tauschii
T. crassum
T. speltoides
T. tauschii
T. speltoides

000045
000072
000025
t72357
37 4353
37 4347
000026

000017
000021
330484
1 7  2 3  5 8
000009
000018
276972
37 4345
000027
266814
0000 I 0
428561
000019
344778
000020
0000 1 3
27 6977
3695  83
000022
27 697 4
393493
00001 1
392330
000008
000024
276985
37 4320
000004
276976
000036
27 6999
300489
330483
000061
452130
449340

5
5
J

8
2
7
6
4
9
8'7

t 1
9
9
9
J
,|

7
8
9
9
5
,7

8
6
6
8
)
9
4
6
1

8
t 1
5
7

t 0
7

l 1
10
7
6
7

0.00
0.00
U . J J

v . J  I

0 . 5 0
0.1r
0.83
1.00
1 . 1 1
t . t 2
t . 1 4
1 . 1 8
1 .22
1 . 2 2
r . 2 2
1 .33
t . 57
1 . 7  |
1 .75
1 .78
1 .78
I  . 8 0
1 .86
1 .87
l . 9 l
2.60
2.71
3.00
3 . t 7
3 . 8 3
3 .87
4 .40
4.44
4 . 5 0
5 . 1 7
5. ' t  1
7 . 4 0'1.43

7 . 7 3
8.20
8.43
8.50
9.29
9 . 6 0

0.00*
0.00*
0.33

0 . 1  8 *
0 . 5 0

0 . 1 8 *
0.48*
0 . 7  |

0.39*
0 .44*
0.83*
0.55*
0.36*
0 . 3 6 *
0.36*
0.88

0 . 7 5 *
0 .52*
0 . 3 7  *
0.40*
0.57*
1.07*

0.40 *
0 .44*
0 .51*
2 . 3 6

0 . 7  l *
1.46
1 .28
1 .01
1 .80
1 . 0 3

2 .60*
0.87
3 . 9 9
i . z g
2.97
3 . 2 2
2 . 1 9
2 . 2 6
3.06
1.63

3  . 0 5
5 . 2 4

* Seedlings transplanted to test adult plant reaction to the disease
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Species %oR 7o MR ToMS 7 o S

T. cylindricum
T. tauschii
T. triaristatum
T. tiunciale
T. juvenale
T. ovatum
T. monococcum
T. speltoides
T. bicorne
T. aestivum
T. dichasians
T. beoticum
T. crassum
T. Kotschyi
T. columnaris
T. comosum
T. ventricosum
T. uniaristatum
T. longissimum
Total

R, MR, S and MS refer to Resistant, Medium Resistant, Susceptible and Medium

Susceptible. resPecti  velY.

and T. kotschyi. High frequency of resistance to the Moroccan isolate was

observed in this groJp. However, the number of entries tested did not exceed 5

except for T. triinciàle species which included 40 accessions. The D-genome

cluster was represent"d by accessions of Z. tauschii, T. cylindricum,

T. ventricosum, T. crassum and T. juvenale, all of them had high level of

resistance to the Septoria tritici blotch disease.

Resistance to M. graminicola appears to be present in high frequencies in the D'

U, and S-genome carrying speciei and with less frequency in A-genome carrying

species. 
-Methods 

to transfèr resistance genes from T. tauschii to wheat have

been devised and used with relative success to transfer Hessian fly resistance

genes (Amri 1989). Among accessions resistant to both isolates, five T. tauchii

icr S, q, t9,24 and27) aid three Z. cylindricum (CI ti2357, Cl 112358, CI

314353), all carrying the D-genome, have been reported to be resistant to

Moroccân populaiion of Hessiàn f1y (Mayetiota destructor) (Amri et aI. 1992).

The three "ntil"t of T. cylindricum were also found resistant to a US isolate of

Pyrenophora tritici-ripentis, the causal organism of Tan-spot (Alam and

Curtufôn 1988). Theseèntries should constitute excellent soufces for multiple

resistance to a complex of parasites. Our experience in the field indicated that

wheat with resistance derivèd fromTriticum tauschii possesses good adaptation

to Moroccan environments. The source parent used was developed at Kansas

State University and supplied by Dr. R. sears to Amri as part of the PhD thesis

material (Amri, pe.s. iô--'). Some entries, resistant to H' fly and rusts

(puccini ipp.),hive been identified and are in the stage of advanced yield tests.

Release of some of these lines is expected'
Tableau 4. Frequency of resistance to M. graminicola found in Aegilops

species seedlings (Morocco isolate)

1 1

l 6
40
3
8
1 2
Â
'2

I

2
3
2
4
3
I
5
2
I

1 6 0

9 2 7
1 ) 4

1 3  2 5
1 8  2 5
3 0  3 0

t 2
1 a

2 5
5 0
2 5
5 0

À <

2 4
2 5
3 0

3 8
8
2 5

1 8
4 9
3 8
2 8
3 0
5 0
7 5
) U

2 I

7 5
5 0

6'�7 33
5 0  5 0
1 <  ) 5

1 0 0
1 0 0

5
2 lo0
1 0 0  1 0 0
2 8  4 3
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Table 5. Aegilops accessions resistant to both Morocco and Arkansas isolates
of Mycosphaerella graminicola, at seedling stage

!pecies CIÆI number Reaction to isolate from
Arkansas Morocco

T. cylindricumlz

T. cylindricuml2

T. cylindricum2

T. cylindricumlz
T. cylindricum

T. cylindricumz
R. cylindricum

T. cylindricum.z
T. tauschiil
T. tauschiil
T. tauschiil

T. tauschii2

T. tauschiiZ

T. tauschii2

T. tauschiil

T. tauschiil
T. tauschii

T. tquschiP
T. spehoides

T. crassum2
T. aestivum (check)

172357 *

374353
330484
172358
344778
374320
000044
349035
000008
000024
000009
000005
000026
000021
000027
000019
000020
216985
393493
392330
Nasma

R
R
R
R
R
R

M
M
R
R
R
M
R
R
R
R
R
R
R
R
S

MR

MR

R

R

MR
R

MR
MR

R
R
R
R

MR

MR

MR

MR

MR
MR

R
MR

S '

R
R

R

R, MR, S : Resistant, Moderately resistant and Susceptible, respectively.
(+) indicates the presence ofpycnidia;
I : Resistant to Hessian fly (Amri et al., 1993)
2 : Resistant to Tan-spot (Alam and Gustafson, 1988)
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