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CHAPTER I 

INTRODUCTION 

Septoria is the name commonly applied to over 1,000 

form-species of fungi, most of wh1ch are plant parasites. 

Approx1mately 100 species are paras1t1c on cereals and 

grasses (Scharen and Sanderson, 1985). Twenty-flve years 

ago, little research had been conducted on septor1a d1seases 

of cereals. However, this has changed since then with 

regular publ1cation of research from most of the wheat 

growing areas of the world. 

Two major pathogens of the septoria group have had the 

greatest 1mpact on wheat product1on: Mycosphaerella 

graminicola (Fuckel) Schroeter (Anamorph: Septor~a tritic~ 

Rob.ex Desm.) and Leptosphaeria nodorum Muller [Anamorph: 

S. nodorum (Berk.) Berk.]. M. gram~n~cola 1nc1tes the 

disease septoria tritici blotch (STB) of wheat and causes 

losses even where cond1t1ons are only marginally conduc1ve 

to development of the d1sease (Eyal et al., 1987). STB can 

be pern1c1ous and y1eld losses from sl1ght to 60% have been 

attributed to natural 1nfection (Brownell and Gilchr1st, 

1979; Eyal, 1972; Eyal et al., 1987; K1ng et al., 1983; 

Sh1pton et al., 1971). Increased occurrence and sever1ty of 

STB have elevated S. trit~c~ to a pathogen of worldw1de 

1mportance, and has resulted 1n numerous research and crop 
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improvement programs worldwide (Brown and Rosielle, 1980; 

DJerbl etal., 1974; Eyal, 1972; Forni and Z1tell1, 1979; 

Gough and Sm1th, 1985; Mann et al., 1985; Tyag1 et al., 

1969; Van Ginkel, 1986; Van G1nkel and Scharen, 1988}. 
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STB, formerly a m1nor d1sease 1n North Afr1ca, 1s now a 

major disease problem of wheat in countries such as Morocco 

and Tunisia. This change 1s due 1n part to large-scale 

plantings of introduced, high-ylelding wheats, and to the 

occurrence of weather cond1t1ons favorable for development 

of septaria diseases (DJerbl et al., 1974; Saar1 and 

W1lcoxson, 1974; Stewart et al., 1972). 

The destruct1veness of STB 1n Morocco has been 

recognized sporadically since the late 1960's. A severe 

epidemic occurred in 1968-1969 when the grow1ng season was 

unusually wet and cool. All h1gh-y1eld1ng var1eties were 

suscept1ble to the disease, particularly S1ete Cerros, wh1ch 

was severely 1nfected by Septor~a (Sant1ago, 1970} . 

Saadaou1 (1975) found s. tr~t~c~ to be the predom1nant 

species, and Schluter and Janati (1976) reported losses up 

to 18% 1n fungic1de exper1ments. The perfect state of 

S. tritici has not yet been reported, although the disease 

1s becom1ng widely distributed 1n Morocco (Saadaou1, 1987). 

Develop1ng res1stance to STB has become an 1mportant 

component of the Moroccan Cereal Breeding Program. Recently, 

a number of bread wheat cult1vars with diverse sources of 

res1stance (mainly from winter wheat germplasm) were 

1ntroduced, and the1r res1stance was further 1ncreased by 



selection (Jl1bene, 1990) . 

Therefore the obJeCtlves of my research were to: 

1. Investigate the components of partial resistance to 

s. tritici in selected bread wheat cult1vars w1th 

different sources of resistance. 

2. Study the mode of 1nher1tance of seedl1ng plant 

resistance to septor1a tritici blotch 1n spr1ng wheats. 

3. Determine the occurrence, distribution and sever1ty of 

septor1a d1seases in Morocco. 
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CHAPTER II 

LITERATURE REVIEW 

Pathogen 

Within the form-class Fungi Imperfecti, s. tritici is 

classified in the order Sphaeropsidales. Slender, elongated 

pycnidiospores (35-98 ~ x 1-3 ~) are produced within 

pycnid1a, which are embedded in the epidermal and mesophyll 

tissues on both s1des of the leaf. When exposed to moisture, 

the spores often exude from ost1oles 1n worm-l1ke masses or 

c1rrhi. The teleomorph state, M. gramin~cola 1s assoc1ated 

with the loculoascomycetes, order Dothideales, in the family 

Dothideaceae. This family has a per1thecioid pseudothecium 

as a fruiting body that contains the asc1. Each ascus 

' 
contains eight ascospores with two cells of unequal size 

(Eyal et al., 1987; Scharen and Sanderson, 1985). The 

pseudothecial structure has two layers w1th the outer layer 

pigmented (Sanderson et al., 1985). 

Prior to 1983, confusion existed 1n the l1terature and 

among workers regard1ng the nomenclature of the organ1sms 

causing the septoria diseases of cereals. In 1983, at a 

workshop on the Septor1a Diseases of Cereals, part1c1pants 

agreed that the taxonomic names of the fung1 1nvolved 1n the 

septaria disease complex would be based on their perfect 
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state, namely Leptosphaeria nodorum E. Muller, L. avenaria 

Web. f.sp. triticea and Mycosphaerella gramin~cola (Fuckel) 

Schroeter. Th1s agreement 1ncluded the common names of the 

d1sease as septaria nodorum blotch, septor1a avenae blotch, 

and septaria tritici blotch, that the lower case "s" be used 

for septaria 1n common names, etc, and that 1tal1cs would 

not be used 1n these common names (Scharen, 1985). 

Environmental Cond1t1ons Requ1red for 
Germination, Penetrat1on, & Infect1on 

Pycnidiospores are exuded through the ostiole of a 

pycnidium and are embedded in a muc1laginous c1rrhus that 

prevents germinat1on ~n s~tu but promotes germ1nat1on when 

water is available. Germination occurs e1ther by elongation 

of the apical cell or by budd1ng. In the laboratory, spores 

germ1nate on moist leaves w1thin 12 hr and penetrate e1ther 

through stomata or d1rectly through the walls of the 

ep1derm1s after 24 hr (Renfro and Young, 1956). Mo1sture 1s 

1mportant at all stages of infection (Hess and Shaner, 1985 

& 1987; Hilu and Bever, 1957; K1ng et al., 1983; Shaner and 

F1nney, 1976; Sh1pton et al., 1971). Plants subJected to a 

96 hr-mo1st period after 1noculat1on develop a more severe 

1nfection type than plants subJected to shorter mo1st 

periods (Shipton et al., 1971). A moist period of only 24 hr 

is generally 1nsuffic1ent to produce d1sease symptoms (Hess 

and Shaner, 1985). 

Temperatures reported for germ1nat1on of s. tr~t~c~ 

con1d1a are a m1n1mum of 2-3 c and a maximum of 33-37 c w1th 
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an optimum of 20-25 (Eyal et al., 1987; Sh1pton et al., 

1971). Two consecutive days with a minimum temperature of 

7 C or less inh1bited 1nfection (Renfro and Young, 1956; 

Shaner and F1nney, 1976). Low temperatures affect spore 

germination, mycelial growth, and les1on and pycn1dia 

development by lengthening the time requ1red for each (Eyal 

et al., 1987). 

The time from 1nfect1on to production of pycnid1a 

depends on env1ronmental conditions (mo1sture, temperature, 

l1ght), cult1var, and the Septaria 1solate. A compensat1on 

between moisture duration and temperature appears to ex1st 

1n susceptible wheat cultivars with severe d1sease result1ng 

from either long mo1st periods followed by cool 1ncubat1on 

cond1t1ons or short moist periods followed by warm 

incubation conditions (Hess and Shaner, 1985 and 1987). The 

opt1mum l1ght 1ntens1ty for spore germ1nat1on 1n s. tr~t~c~ 

and mycel1al growth on leaf surfaces 1s 8,000-12,000 Lux 

(Bened1ct, 1971), wh1le pycn1dial format1on is most rap1d at 

2,000 Lux. It may be concluded that the infect1on process 

occurs best on rainy, cloudy days with temperatures between 

20-25 c. 

Symptom Express1on and D1sease 
Development 

The host range of S. tr~tici 1s l1m1ted to the cereals 

pr1mar1ly w1th the ma1n economic host being Tr~t~cum spp. On 

wheat, symptoms develop seven to 21 days after fungal 

penetration. All above-ground parts may be 1nfected and 
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develop character1stic les1ons, although the symptoms and 

signs are usually conf1ned to the foliage. Root development 

may be reduced (Gough and Merkle, 1977}. After penetrat1on 

the hyphae enlarge sl1ghtly and grow 1n all direct1ons. The 

hyphae are intercellular w1th few exceptions and do not 

produce haustoria (Sh1pton et al., 1971}. In1t1al symptoms 

are chlorot1c flecks that are usually found on the lower­

most leaves. The flecks expand into irregular necrot1c 

les1ons. Lesions tend to be restr1cted laterally and assume 

parallel sides. Initially they appear sunken and grayish­

green. The pathogen advances with1n k1lled t1ssues, but 

necros1s extends beyond colon1zed cells, apparently because 

of d1ffus1ble toxins. A phytotox1n produced 1n cultures of 

S. trit~ci reproduced all the symptoms of the pathogen when 

appl1ed to leaves (Malcolm, 1978}. The coalesc1ng les1ons 

may occupy most of the leaf tissue and abundant pycn1d1a are 

produced within 13 days according to Weber (1922}. Pycnid1a 

range in color from light to dark brown, are scattered 

w1th1n the lesion and can occur on both the upper and lower 

surfaces of the leaf. The size of pycnid1a may vary among 

cultivars and is affected by the number of pycn1d1a present 

(Eyal and Brown, 1976). Pycnid1ospore production may be 

related to cult1var response, w1th lower product1on 

occurr1ng on res1stant cult1vars (Gough, 1978). 

Pycn1d1ospores can rema1n viable in pycn1dia on 

infected stubble for several months (H1lu and Bever, 1957). 

Although s. trit~c~ can colonize w1ld grasses, wh1ch could 



act as a reservo1r of primary 1noculum (Brokensh1re, 1975), 

crop residues are considered the most l1kely source of 

primary inoculum (Holmes and Calhoun, 1975; King et al., 

1983; Sanderson et al., 1985). Whether this inoculum 1s 1n 

the form of pycnidiospores or ascospores depends on the 

weather conditions to which the crop debris are exposed. 

Pycn1d1ospores are responsible for short-range d1spersal 

w1thin crops while ascospores account for long-range 

dispersal between crops (Sanderson et al., 1985). 

8 

Spores are produced 1n a thick, sticky matrix 

containing a high concentration of preserving sugars and 

proteins (Fournet, 1969). This preserv1ng medium permits 

spores to remain viable during periods of dry weather. 

Release of pycnid1ospores occurs when free water is present 

on 1nfected host tissue or when the ambient air is almost 

saturated (King et al., 1983). An oozing drop, or c1rrhus, 

conta1ning pycnidiospores is exuded through the ost1ole at 

the top of a pycnidium following leaf wetting. After dry1ng, 

part of the oozing drop may return 1nto the pycn1d1um or 

remain on the top of the ostial~ (Eyal et al., 1987). 

Septoria tritici reportedly is incapable of forming 

pycnidia in dead host tissue (Djerbi et al., 1977), and 

pycnidia are not capable of regenerating new pycn1d1ospores 

after release of spores (Eyal et al., 1987). The bulk of the 

spores in a pycnid1um are released on the f1rst wett1ng 

(Eyal, 1971). After each wett1ng, fewer pycnidiospores are 

released. Due to the dlfficulty in detecting the fru1ting 
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bodies of M. graminicola, the occurrence of the perfect 

state has only been reported in Australia, Brazil, the 

United Kingdom, New Zeland, and the United States (Eyal et 

al., 1987; Madariaga et al., 1989; Metha, 1989; Sanderson et 

al., 1985). 

Sources of Resistance 

There are numerous reports on the existence of sources 

of resistance to s. trit~ci. Amongst the hexaplo1d wheats, 

resistance was first reported by Beach (1919) who found that 

within the ten varieties he tested, six were suscept1ble, 

two intermediate, and two resistant. In 1957, Narvaez and 

Caldwell reported resistance 1n three wheat var1et1es 

following artificial inoculation; namely Nabob, Lerma 52, 

and P 14. Later, Sewell and Caldwell (1960) demonstrated 

high resistance in the varieties Kanqueen and P 14-3H-15H-2H 

using excised seedling leaves maintained on benzim1dazole 

solution. Following artificial 1noculation, Rille and 

Caldwell (1966) reported high res1stance 1n Bulgar1a 88. In 

an extensive screening program in Western Austral1a, 

Rosielle (1972) l1sted 34 res1stant common bread wheat 

accessions. Numerous resistant ~arieties includ1ng PV-18, 

Lerma RoJo, and Sonora 63 were found 1n North-Western PunJab 

by Tyag1 et al. (1969). In Great Br1tain, Baker (1970) 

observed large varietal differences in commerc1al wheat 

var1et1es using a detached leaf techn1que. Forn1 and Zetell1 

(1979) reported that 57 of 108 F5 plants from a cross 
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between Altas 66 and Super X appeared to be resistant. In 

contrast, Weber (1922) found that all 250 w1nter wheats he 

tested using art1ficial inoculation were susceptible. Rosen 

(1947) was able to transfer resistance by hybrid1zat1on 1n a 

cross between (Red Rock x Hope) with CI 12017, and to 

increase resistance levels by select1on. 

Resistance to septaria has been reported in other 

Triticum spp. Beach (1919) found that T. vulgare varieties 

differed in susceptibility and that the fungus failed to 

infect T. dicoccum, T. durum, and T. polonicum. In 1922, 

Weber reported that two accessions of T. dicoccum were 

susceptible, as was one accession of each of the following: 

T. compactum, T. durum, T. monococcum, T. polon~cum, 

T. spelta, and T. turgidum. Weber (1922) also obta1ned 

infection on rye (Secale cereale) and Poa pratens~s. Mack1e 

(1929) could not obta1n immune var1et1es 1n T. vulgare but 

found many immune varieties in other Trit~cum spec1es. No 

indication was given as to the manner of testing. In Punjab, 

India, nearly 1mmune variet1es of T. durum were found by 

Luthra et al. (1938). Resistance was also found 1n two 

var1eties of T. durum with a longer period of 1ncubat1on 1n 

comparison to T. vulgare (Hilu and Bever, 1957). H1gh 

resistance to s. tritici, was observed in T. carthl~cum, 

T. dicoccum, T. polonicum, T. pyramidale and many cultivars 

ofT. durum, and T. aestivum (Rosielle, 1972). Brokenshire 

(1976) reported that the hexaploid wheats T. aest~vum, 

T. spelta, and T. compactum were more suscept1ble than the 
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tetraploid species, except for a highly susceptible 

selection of T. dicoccum. Pycn1dia were absent from leaves 

and heads of triticale, T. timopheevi, and T. polon~cum. 

Resistant entries of T. dicoccum, T. timopheevi, and 

T. spelta were identif1ed after seedl1ng inoculat1on by 

Krup1nsky et al. (1977). 

Populations and access~on lines of diploid and 

tetraploid wild Triticum spp. w1th different genomes were 

evaluated for seedl1ng res1stance to seven s. tr~t~c~ 

isolates (Yechilevich-Auster et al., 1983). Of 22 

T. monococcum boeoticum lines (genome AA), only two were 

susceptible while 25 of 47 w1ld emmer lines (T. turgidum 

dicoccoides) were res1stant. A high level of resistance to 

s. tritici has been detected among populations and 

accessions of T. longissimum, T. speltoides, and 

T. tauschii. 

Res1stance to s. tritici has been transferred from 

' Agropyron elongatum (Gough and Tuleen, 1979; R1llo et al., 

1970), and from triticale (May, 1983) to bread wheat. In 

many countries (Djerbi et al., 1976; Eyal, 1981; Eyal et 

al., 1987; Scharen and Eyal, 1980 and 1983), durum wheats 

show a higher frequency of resistance to s. tritici than 

spring bread wheats. However, 1n Tunisia several bread wheat 

l1nes and cultivars were h1ghly res1stant to s. trit~ci 

whereas few durum wheat cultivars showed good resistance 

(Djerbi et al., 1976). The International Maize and Wheat 

Improvement Center (CIMMYT) requires resistance to all 
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prevalent mex1can isolates of s. tr~tici 1n bread wheat 

distributed internationally from their wheat program, which 

should effectively increase resistant germplasm on a 

worldwide basis (Van Ginkel and Scharen, 1988). 

Resistance to STB appears to be more widely d1stributed 

among T. aesti vum cul ti vars with winter gro,wth habit than 

among those with spr1ng growth habit (Eyal, 1981). The 

utilization of resistant winter wheat germplasm of diverse 

sources in spring wheat breeding programs may enhance 

genet1c protect1on against s. tritici (Eyal., 1981). 

Inheritance of Res1stance to S. tritici 

Although incorporat1on of res1stance to s. tritici 1s 

an objective in many breeding programs and several sources 

of resistance have been reported, little 1s known about the 

number and the nature of the genes controlling res1stance 

and how they relate to each other. 

Simple 1nheritance has been demonstrated 1n some 

cult1vars. Mack1e {1929) showed that res1stance 1n an 

unnamed variety was inherited as a single recessive gene. 

In the spring wheat cultivars Lerma 50 and P 14 res1stance 

was conditioned by a single dom'inant gene (Narvaez and 

Caldwell, 1957). Res1stance of the winter wheat cultivar 

Bulgar1a 88, governed by a s1ngle dom1nant gene expressed 1n 

the adult plant (Rillo and Caldwell, 1966), was incorporated 

1nto the soft red winter wheat cultivar Oasis (Patterson et 

al., 1974). It was reported that inheritance of res1stance 
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in cultivars Veranopolis and IAS-20 m1ght be due to a single 

gene and that the 1nheritance pattern and the breed1ng 

behavior of res1stance were s1m1lar 1n both cult1vars. Th1s 

suggested that these cultivars may have the same gene for 

resistance {Rosielle and Brown, 1979}. Inher1tance of a 

s1ngle dominant gene also was reported by W1lson {1985) 1n 

Veranopolis AUS 1553 and AUS 16144 wheat cultivars; however, 

the gene for resistance in Veranopolis appeared to be 

different than the one in IAS-20. 

Other modes of inher1tance have been reported including 

duplicate dom1nant genes (W1lson, 1985} and single 

incomplete dom1nance (Lee and Gough, 1984; W1lson, 1985). 

Res1stance 1n the tall winter wheat cult1var Nabob appeared 

to be cond1t1oned by two 1ndependent genes, each lack1ng 

dom1nance, but with add1tive effects (Narvaez and Caldwell, 

1957). In contrast, the inheritance of resistance in the 

cultivar Seabreeze seemed to be determ1ned by recess1ve 

genes in at least three loci (Ros1elle and Brown, 1979}. 

Resistance of the four w1nter wheats tested by Danon and 

Eyal (1986}, to isolate ATCC 48507 of M. gram~nicola, was 

controlled by one or two dominant genes. 

Using the Kampmeijer (1981} analysis of host-parasite 

matr1ces, wh1ch 1s based on the assumpt1on of a gene-for­

gene relationship, Yechilevich-Auster et al. {1983} 

est1mated the presence of nine 1nteract1ng genes between 

seven s. tritici isolates and 44 access1ons of bread and 

durum wheats, wild Tr~ticum spp. and trit1cale. An est1mate 
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of seven resistant components were attributed to the spr1ng 

wheat l1ne H 574 and a s1milar number of v1rulence 

components was found in some 1solates of s. tr~t~ci. 

Ut1l1z1ng the same analys1s, Eyal et al. (1985) est1mated 

the presence of 28 dlfferent genes in 97 S. tr~t~c~ 1solates 

secured from 22 countries and tested on 35 wheat and 

tr1t1cale cult1vars. Four hypothet1cal genes were 1nd1cated 

in the spring wheat Bobwhite "S". Eyal and Levy (1987) 

hypothesized 12 complementary genes in 42 M. gram~n~cola 

isolates tested on 16 bread and durum wheat cult1vars. The 

spr1ng bread wheat cult1var Titan w1th seven hypothes1zed 

genes exhibited a h1gh level of res1stance. The 

effectiveness of IAS-20 was much lower (Eyal and Levy, 1987) 

than that reported from Australia (Rosielle and Brown, 

1979) . 

Most studies of wheat resistance were conducted on 

seedl1ngs or mature plants in greenhouse under controlled 

cond1t1ons (Brokensh1re, 1976; Eyal et al., 1985; Gough and 

Smith, 1985; Krupinsky et al., 1977; R1llo and Caldwell, 

1966; Van Ginkel and Scharen, 1988), or in f1elds on mature 

plants (Brokenshire, 1976; Eyal et al., 1983; Ros1elle and 

Brown, 1979; Tyagi et al., 1969; W1lson, 1985). H1gh 

posit1ve correlations ex1sted between seedling and mature 

plant reactions (Rillo and Caldwell, 1966), and s1gn1f1cant 

correlations were obta1ned between fleld and glasshouse 

tests (Brokenshire, 1976). 

Numerous scales descr1b1ng percentage leaf area 
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infected, pycnidial density, or symptom sever1ty have been 

used to evaluate host plant react1on to S. tr~t~c~ (Eyal and 

Brown, 1976; Rosielle, 1972; Saari and Prescott, 1975; 

Shearer and Sm1th, 1978). The Saari-Prescott 0-9 scale and 

its modlfication, the double digit 00-09 scor1ng scale, 

describes the vertical progression of disease and severity. 

The 6-polnt scale of Rosielle is based on symptom 

description, and plants w1th values of two or lower are 

cons1dered resistant. Eyal et al. (1983) stud1ed the relation 

between disease sever1ty [percent pycn1d1a (PCD) of 

S. tritici on the uppermost leaves] and the Septor1a 

Progress Coeffic1ent (SPC), expressed as the ratio between 

disease height/plant height, 1n wh1ch four dist1nct 

cultivar-response classes were categorized. Cult1vars w1th a 

PCD of 15% combined w1th a low SPC were cons1dered 

res1stant. Yechilevlch-Auster et al. (1983) suggested that a 

30% pycnidial coverage be used as the po1nt of 

differentiation between resistant and susceptible classes. 

Eyal et al. (1985) used 16.6% necrot1c leaf area to 

d1fferent1ate between res1stant and susceptible classes, 

while 28.8 % pycnidial coverage was used to separate between 

the two 1ntermediate response classes (moderate res1stance 

and moderate susceptlble classes) (Eyal and Levy, 1987). 

Most fleld and greenhouse work on 1nher1tance of 

res1stance to S. tr~t~c~ has concentrated on genes presumed 

to condition major effects. When study1ng the host-pathogen 

relat1onsh1ps of durum wheat and s. tr~t~c~, Van G1nkel and 
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Scharen (1988) did not observe complete host resistance. 

Additive gene act1on was of prime 1mportance, although 

dominance effects and transgressive segregat1on also were 

observed. Ep1stasis seemed neglig1ble 1n the durum wheat 

stud1ed (Van Ginkel, 1986 ;Van Glnkel and Scharen, 1987). 

Differences due to cultivars and isolates were highly 

signif1cant while the cultivar x isolate interaction was 

relatively small and not significant. Thus pathogen-host 

species specialization, as opposed to pathogen-host cult1var 

specialization, was proposed to account for the apparent 

absence of differential gene-for-gene relationshlps, and 

variation among different isolate-cultivar combinations 

results from differences in aggressiveness of pathogen 

isolates and horizontal resistance of cultivars (Van G1nkel, 

1986; Van Ginkel and Scharen, 1988). 

While complete immunity to septoria trit1c1 blotch has 

not been found in bread wheats (T. aestivum), many 

wheats possess effective levels of resistance, frequently 

referred to as partial resistance. The expression of part1al 

resistance is complex, as 1s 1ts measurement, because the 

reaction of a host cultivar to a pathogen isolate may occur 

in some or in all phases of the infect1on cycle. Thus 

differences between cult1vars tested w1th one 1solate, or 

differences between isolates tested on one cultivar, may 

1nvolve spore germ1nat1on, penetration, colon1zat1on, 

sporulation, incubation and latent periods, infectious 

period, and so forth. As resistance can be expressed 1n any 



of these phases, overall resistance is thought to reflect 

the sum of act1ve components 1n an isolate-cultlvar 

combinat1on (Zadoks and Sche1n, 1979). 
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Over the past few years, there has been an 1ncreas1ng 

awareness of the 1mportance of the components of part1al 

resistance to disease as res1stance mechan1sms and as 

impediments to the development of ep1demics (Cunfer et al., 

1988; Jeger et al., 1983; Jones, 1985; Parlevliet, 1979). 

Some authors have suggested that the most prec1se approach 

to an evaluation of d1sease resistance is the measurement of 

1nd1v1dual components of partial res1stance (Cunfer et al., 

1988; Jeger et al., 1983; Jones, 1985). These components 

have been evaluated occasionally as parameters to screen for 

wheat with res1stance to STB (Brokenshire, 1976; Gough, 

1978; Shearer and Smith, 1978). 
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CHAPTER III 

COMPONENTS OF PARTIAL RESISTANCE 

TO SEPTORIA TRITICI BLOTCH 

Abstract 

Four bread wheat genotypes (BT4, BT6, BT93, and BT323) 

were evaluated for partial res1stance to a single Moroccan 

isolate (88c) of s. trit~c~. BT93 was the most resistant 

genotype, differing significantly from the other selections 

1n every experiment in wh1ch components of part1al 

resistance were studied, including recept1vity, % leaf 

necrosis, and incubation period. Small pinpoint lesions were 

the only ev1dence of infection on BT93 plants inoculated at 

the second leaf stage. The other three lines were equally 

susceptible with lesions often coalescing to form 1rregular 

patterns of chloros1s and necros1s w1thout pycn1d1al 

formation. Receptivity and total number of lesions per gram 

dry weight in leaves of BT93 were always s1gnif1cantly less 

than in leaves of the remaining three wheat genotypes. 

Infected leaves of BT93 contained higher amounts of total 

chlorophyll per gram leaf tissue and lower amounts of leaf 

necros1s. Dlfferences 1n 1ncubat1on period were detected by 

determining the time (days) within which 50% of the lesions 

appeared on each selection. BT93 had the greatest effect on 
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delaying the appearance of lesions. Resistance of BT93 was 

cons1stently super1or to the other three genotypes and was 

associated w1th lower receptiv1ty, a longer 1ncubat1on 

period, and reduced necrot1c leaf area. These components 

complement each other to retard disease development, and 

ind1cate that BT93 may be a source of resistance to septor1a 

tr1tici blotch 1n breeding programs. 

Introduct1on 

Septaria tritici blotch {STB), caused by Mycosphaerella 

gram~nicola (Fuckel) Schroeter (Septaria tritici Rob.ex 

Desm.), occurs worldwide (Eyal et al., 1987; King et al., 

1983; Scharen, 1985; Shipton et al., 1971) w1th yield losses 

reported to range from 10-50% (K1ng et al., 1983; Scharen 

1985; Shipton et al., 1971). Res1stance to STB was noted 

early in the 20ili century (Beach, 1919; Mackie, 1929), but 

the absence of usable levels of resistance w1th1n Tr~t~cum 

spp. impeded breeding efforts. However, concerns about the 

effects of pest1cides on environmental quality has led to a 

renewed 1nterest 1n breed1ng for d1sease res1stance, and 

wheat l1nes w1th genetic resistance continue to be sought. 

Many lines of hexaploid and tetraploid wheats as well as 

several w1ld relat1ves of wheat have shown high levels 

resistance to STB in field and greenhouse tests under 

naturally and art1f1cially induced epidem1cs (DJerbl et al., 

1974; Eyal, 1981; Lee & Gough, 1984; Rosielle, 1972; Tyag1 

et al., 1969; Yechilevlch-Auster et al., 1983). 
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While immunity to STB has not been found in bread 

wheats (T. aestivum L.), many Tr~t~cum spp. possess 

effective levels of partial res1stance. Th1s partial 

resistance appears to be more widely distributed among bread 

wheat cultivars w1th winter growth habit than among those 

with spr1ng growth habit (Eyal, 1981; Wilson, 1985). 

The expression of partial resistance is complex, and 

consequently so are 1ts measurements, because the react1on 

of a host cultivar to a pathogen isolate may occur 1n some 

or in all phases of the infection cycle. Thus d1fferences 

between cultivars tested w1th one 1solate, or differences 

between isolates tested on one cultivar, may involve spore 

germ1nat1on, penetration, colon1zation, 1ncubat1on per1od, 

latent period, sporulation, infectious period, and so forth. 

As resistance can be expressed 1n any of these phases, 

overall resistance is thought to reflect the sum of active 

components 1n an lsolate-cultivar comb1nat1on (Zadoks & 

Schein, 1979). 

Over the past few years, there has been an increasing 

awareness of the importance of the components of part1al 

res1stance to disease as res1stance mechan1sms and as 

1mped1ments to the development of epidem1cs (Cunfer et al, 

1988; Jeger et al., 1983; Jones, 1985; Parlevl1et, 1979). 

Some authors have suggested that the most precise approach 

to an evaluation of disease resistance is the measurement of 

1ndividual components of part1al res1stance (Cunfer et al., 

1988; Jeger et al., 1983; Jones, 1985). These components 
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have been evaluated occasionally as parameters to screen 

wheat for resistance to STB (Brokenshire, 1976; Gough, 1978; 

Shearer & Sm1th, 1978). 

STB, formerly a minor disease in North Africa, is now a 

major disease problem of wheat in certain countries such as 

Morocco and Tunisia. This change is due in part to large­

scale plantings of 1ntroduced high-yielding wheats, and to 

the occurrence of weather conditions favorable for the 

development of septoria disease (Djerbi et al., 1974; Saari 

& Wilcoxson, 1974; Stewart et al., 1972). 

The destructiveness of STB in Morocco has been noted 

per1odically since the late 1960's. A severe ep1dem1c 

occurred in 1968-1969 when the grow1ng season was unusually 

wet and cool (Santiago, 1970). All high-yielding varieties 

were susceptible to the d1sease, particularly S1ete Cerros. 

Saadaoui (1975) found s. tritici to be the predominant 

species, and Schluter & Janati (1976) reported losses of up 

to 18% in fungicide experiments. Thus, dur1ng the last 

decade STB has become a significant wheat disease 1n 

Morocco {Burleigh et al., 1991; Saadaou1, 1987). An 

intensive effort to 1dentify sources of resistance and 

incorporate this resistance into Moroccan wheats has been 

undertaken by the Moroccan Wheat Breeding Program. Several 

sources of resistance and potential varieties were 

introduced to reduce the genetic vulnerability that results 

from reliance on a few resistance sources (Jlibene, 1990). 

Th1s res1stance was further 1ncreased by selection. 



The purpose of this study was to investigate some of the 

components of partial resistance to S. tritici in selected 

Moroccan bread wheat genotypes w1th d1verse sources of 

resistance to STB. 

Materials and Methods 

Experimental Material 
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Four selected bread wheat genotypes (BT4, BT6, BT93, 

and BT323), w1th diverse genetic background~, were obta1ned 

from the Moroccan Wheat Breeding Program for use in th1s 

study (Table I). 

A single Moroccan isolate of S. tritici, designated 

88c, was obtained from A. L. Scharen (SEA, USDA, Plant 

Pathology, Montana State University, Bozeman, MT 59715) and 

used to provide inoculum in all experiments. This isolate 

was selected because preliminary inoculations conducted w1th 

88c and two other isolates from Oklahoma gave s1m1lar 

disease severity ratings on wheat. 

Experimental Procedures 

Seeds (50 per genotype) were germ1nated in a so1l mix 

(contain1ng sand, peat moss, and top soil in equal 

proportions by volume) in 5 em clay pots. Seedlings were 

transplanted after they reached the f1rst leaf stage into 

15.2 em pots (four seedl1ngs per pot; nine pots per wheat 

genotype). Plants were grown in a growth chamber (model 15, 

Env1ronmental Growth Chambers, Chagrin Falls, Oh1o, U.S.A.) 



Genotypes 

BT4 

BT6 

BT93 

BT323 

TABLE I 

LIST OF PEDIGREES OF FOUR SELECTED 
MOROCCAN WHEAT GENOTYPES 

Ped1grees 

Bobwhite's'= Bow's' CM33203-K-9M-9Y-4M-
4Y-1M-OY-1PTZ. 

IAS20* 5/H567.71 CMH79.243-1Y-5B-4Y-1B­
OY-OPTZ 

Thornblrd's'/3/Burgus(2)jsort 12.13// 
KaljBb SWM 85-29-S3-S1. 

RPB 709.71/COC SWM//Bow's' 85-74-S2-S2. 
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at 27 c, 70% relat1ve humidity, and an 18 hr photoper1od 

(800 J.i.E m-2 sec-1). 
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When 1noculum was needed, cultures of 1solate 88c were 

transferred to 250-ml Erlenmeyer flasks containing 100 ml 

of l1quid med1um (10 g yeast extract, 10 g sucrose 1n 1 L 

dist1lled water), placed on a shaker, and incubated at 21 C 

under continuous light provided by cool white fluorescent 

tubes. After 5-6 days, 1-2 ml of broth were transferred to 

each of several petri d1shes that conta1ned fresh yeast-malt 

extract agar (4 g yeast extract, 4 g malt extract, 4 g 

sucrose, 15 g agar 1n 1 L dist1lled water) and 1ncubated for 

one week at 21 c in an incubator (model 1-35 LL, Perc1val 

Instruments, Boone, Iowa, U.S.A.) under continuous 

fluorescent light. Under these conditions, s. tritic~ formed 

typ1cal yeast-like colonies composed of budding con1d1a. A 

spore suspensio~ was prepared by adding 3-5 ml sterile 

d1st1lled water to each plate and gently scrap1ng the agar 

surface with a rubber spatula. The result1ng suspens1on was 

strained through two-layers of cheese cloth and glasswool to 

remove the small mats of mycelium that 1nterfered w1th 

inoculation of the plants. The concentrat1on was adJusted to 

107 spores per ml with an hemacytometer, and an all-purpose 

surfactant (Amway Corp., Ida, MI 49201) was added (0.3 ml/L) 

to the suspens1on as a wetting agent (Far1h et al., 1991). 

Seedlings were inoculated shortly, after the second 

leaf was fully unfurled. Inoculum was atomized onto 

seedlings by means of a hand held utility pa1nt sprayer. 



32 

Each block of plants was sprayed as uniformly as poss1ble 

from all directions unt1l incipient run-off. Controls were 

sprayed only with water + surfactant. Seedlings were placed 

in a mist chamber equipped to provide a water-saturated 

atmosphere that is conducive to infection. After 96 hr, 

plants were moved to a growth chamber (model 15, 

Env1ronmental Growth Chambers, Chagrin Falls, Oh1o, U.S.A.) 

maintained at 21 c with an 18 hr photoperiod {800 J...l.m m-2 

sec-1), with over 95% relative humidity. The experimental 

des1gn was a randomized complete block with four genotypes 

as treatments and three blocks with eight subsamples per 

combination. 

Incubat1on period (IP) data were collected 1n 

accordance with the operational definition given by Shaner 

{1980). To ascertain IP, the number of les1ons per leaf 

surface (first & second leaves) was recorded within 18-22 

days of inoculation. Les1ons were marked by a small dot on 

alternate days w1th an indelible pen at each assessment 

period. Only the new v1s1ble lesions were marked and counted 

during subsequent assessment periods. Using the Statistical 

Analysis System {SAS Institute, Inc., Cary, North Carol1na), 

lesion numbers at each assessment period were d1v1ded by the 

final number of lesions for each treatment combination, and 

the proportions of lesions visible, treated as 

probabilities, were transformed to Z values: Z = probit 

(proportion) . Equations relating time (days) after 

inoculation to Z were calculated by linear regress1on. 
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The equation solved was of the form: 

T = b 0 + b 1 Z. T50 (the number of days required for 50% of the 

lesions to appear) was readily obtained from the computer 

print-out of the regression analysis: T50 = b0 (y-intercept 

for Z=O) . Receptivity was determ1ned as the final number of 

lesions visible per square centimeter of leaf tissue. The 

percentage necrotic leaf area was estimated indirectly by 

determin1ng the relat1ve water content (RWC} and total 

chlorophyl~ content in the leaf tissue. Relative Water 

Content was determined using the formula: 

fresh weight dry weight 
RWC = --------------------------------- X 100. 

sat. fresh weight - dry weight 

The arcs1n-square root transformat1on of RWC was used before 

statistical analysis (Steel & Torrie, 1980}. The saturated 

fresh weight was determined by soaking leaves cut into 2-3 

em lengths, in 20 ml of d1st1lled water in petri plates for 

24 hr. The leaf segments were then blot-dried and weighed 

for their saturated fresh we1ght, placed in a drying oven at 

50 c for 48 hr and weighed again. 

Determination of total chlorophyll content in leaf 

' 
tissue was accomplished by immers1ng wheat leaf tissue in a 

test tube containing 10 ml of dimethyl sulfoxide (DMSO} 

(B.D.H. Chemicals Ltd., Toronto) and 1ncubating in a water 

bath at 65 C for two hours. A 5 ml sample of chlorophyll 

extract was transferred to a cuvette and the optical density 
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(00) values at 645 and 663 nm were read in a 

spectrophotometer against a OMSO blank (Hiscox & Israelstan, 

1979). The amount of chlorophyll present in the extract was 

calculated on the bas1s of milligrams of chlorophyll per 

gram of leaf tissue extracted according to the following 

equation (Arnon, 1949): 

v 
Mg tot. chlor.jg tis.= [20.2(0645 ) + 8.02(0663 )] x --------

1000xW 

where: 

o = oo reading of the chlorophyll extract at the 

specific indicated wavelength. 

V = final volume of the DMSO-chlorophyll extract. 

W = fresh weight in grams of the wheat tissue 

extracted. 

Results 

Four bread wheat genotypes, at the second-leaf stage, 

were evaluated for partial resistance to S. tritici under 

controlled conditions. The mist chamber-growth chamber 

- cond1tions were conducive to development of STB. Components 

of partial resistance studied were total number of lesions 

per gram dry weight, receptivity, percentage leaf area 

necrosis, and incubation period. No lesions appeared on 

noninoculated control plants sprayed w1th distilled water + 

surfactant. Differences between BT93 and the other three 

genotypes were significant 1n every exper1ment for all the 
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components of partial resistance studied. BT93 was the most 

resistant showing either no lesions or small pinpoint 

lesions, while BT4, BT6 and BT323 were, in general, equally 

susceptible w1th les1ons often coalescing to form 1rregular 

patterns of chlorosis and necrosis without pycnidial 

formation. Differences between these susceptible genotypes 

usually were not significant. The total number of lesions 

per gram dry weight was significantly lower in leaves of 

BT93 and higher in the remaining genotypes (Table II). 

Dlfferences in recept1v1ty between wheat select1ons 

were detectable within 18-20 days of inoculation with BT6 

the most receptive and BT93 the least receptive (Table III). 

Estimated damage caused by s. tritici in leaves of the four 

wheat genotypes studied, as determined by RWC and total 

chlorophyll content, was high on BT4, BT6 and BT323 and low 

on BT93 (Tables IV and V). Dlfferences in incubat1on period 

on the second leaf were consistent with each genotype 

through the four experiments (Table VI) . Incubation period 

was significantly longer in BT93 than in the other three 

genotypes. The range of number of days for incubat1on 

period was 5-8 days among the resistant and suscept1ble 

genotypes. 

Discussion 

We used one Moroccan 1solate of s. tritici to 

demonstrate the effects of host genotype on components of 

resistance to STB in selected Moroccan wheat genotypes. All 



TABLE II 

LESIONSx OF SEPTORIA TRITICI BLOTCH ON 
LEAVES OF FOUR SELECTED MOROCCAN 

WHEAT GENOTYPES 
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Genotypes E.2 E.3 

BT4 7536 b 5901 b 

BT6 3757 b 9314 b 7825 b 

BT93 871 a 1756 a 1285 a 

BT323 3823 b 7681 b 5096 b 

X 

y 

z 

Lesions per gram dry weight of the first and ~econd 
leaves 

Experiment number; Seedlings were inoculated us1ng a 
concentration of 107 spores of S. trit~ci per ml, left 1n 
a m1st chamber for 96 hr at ~ 100% RH and then placed in 
a growth chamber for 18-22 days at 21 c, 90% RH and an 
18hr photoperiod {800 J..I.E m-2 sec-1). 

Means in columns followed by the same letter are not 
significantly different according to Tukey's W procedure 
{P=0.05). 
Each number represents a mean of 24 counts per 
treatment. 
Noninoculated control seedlings showed no lesions. 



TABLE III 

RECEPTIVITYx AS MEASURED BY NUMBER OF LESIONS PER CM2 

OF LEAF TISSUE OF FOUR SELECTED 
MOROCCAN WHEAT GENOTYPES 
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Genotypes E.5 E.6 

BT4 5. 2 b 2.7 b 

BT6 8.4 b 8.8 c 5.8 c 

BT93 2.5 a 1. 8 a 0.4 a 

BT323 8.1 b 3.2 ab 2.9 b 

X 

y 

z 

Receptivity= final number of lesions visible per square 
centimeter of leaf tissue 

Experiment number; Seedlings were inoculated using a 
concentration of 107 spores of s. tritici per ml, left in 
a m1st chamber for 96 hr at ~ 100% RH and then placed 1n 
a growth chamber for 18-22 days at 21 c, 90% RH and an 18 
hr photoperiod (800 J.£E m-2 sec-1) • 

Means in columns followed by the same letter are not 
significantly different according to Tukey's W procedure 
(P=0.05). 
Each number represents a mean of 24 counts per 
treatment. 
Noninoculated control seedlings showed no lesions. 



TABLE IV 

LEAF DAMAGE ESTIMATED BY RELATIVE WATER CONTENT (%) 
IN LEAVES OF FOUR SELECTED MOROCCAN 

WHEAT GENOTYPES 

Genotypes E. 3 E.7 Control 

BT4 60. 4 cY 59.2 c 63.6 c 91.4 a 

BT6 71.7 b 73.0 b 75.4 b 91.1 a 

BT93 88.0 a 86.2 a 89.3 a 92.4 a 

BT323 71.1 b 71.0 b 74.6 b 93.6 a 

X Experiment number; control corresponds to non1noculated 
seedlings. 
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y Means in columns followed by the same letter are not 
significantly different according to Tukey's W procedure 
(P=0.05). 
Each number represents a mean of 24 measurements. 



TABLE V 

LEAF DAMAGE ESTIMATED BY TOTAL CHLOROPHYLL CONTENTx 
IN LEAVES OF FOUR SELECTED MOROCCAN 

WHEAT GENOTYPES 

Genotypes E.5 E.6 Control 

BT4 1. 38 b 1.42 b 1. 97 a 

BT6 1.17 ab 1.47 b 1. 43 b 1. 94 a 

BT93 1.58 a 1.98 a 1.88 a 2.01 a 

BT323 1.18 ab 1. 52 b 1. 49 b 1. 96 a 

X Total chlorophyll content in mgjg leaf t1ssue. 

y Experiment number; control corresponds to non1noculated 
seedlings. 
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z Means in columns followed by the same letter are not 
significantly different according to Tukey's W procedure 
(P=O. 05) . 
Each number represents a mean of 24 measurements. 



TABLE VI 

INCUBATION PERIODx OF SEPTORIA TRITICI BLOTCH IN 
LEAVES (f1rst & second) OF FOUR SELECTED 

MOROCCAN WHEAT GENOTYPES 
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Genotypes E.2 E.3 E.4 

BT4 3.2 b 4. 2 b 5.1 b 

BT6 4.3 be 3.6 b 5.1 b 5.7 b 

BT93 14.4 a 12.2 a 10.8 a 10.9 a 

BT323 5.4 b 3.8 b 4.3 b 5.9 b 

X 

y 

z 

Incubation period determined as the time (days) w1th1n 
which 50% of lesions appeared on each wheat genotype. 

Experiment number; Seedlings were inoculated using a 
concentration of 107 spores of s. trit~c~ per ml, left 1n 
a m1st chamber for 96 hr at ~ 100% RH and then placed 1n 
a growth chamber for 18-22 days at 21 C, 90% RH and an18 
hr photoper1od (800 JJ.E m-2 sec-1). 

Means in columns followed by the same letter are not 
s1gn1ficantly d1fferent accord1ng to Tukey's W procedure 
(P=0.05}. 
Each number represents a mean of 24 counts per 
treatment. 
Noninoculated control seedlings showed no les1ons. 
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isolates (three) tested previously on these wheat select1ons 

have resulted in the same ranking of wheat cultivars based 

on lesion number per gram dry weight (Farih and Hunger, 

1990) • 

Under the controlled growth chamber conditions used in 

the present study, BT93 was consistently more resistant than 

the other three selections, with sign1ficant d1fferences in 

every experiment for all components of partial resistance 

stud1ed. 

Infected leaves of the resistant cult1var BT93 

contained higher amounts of total chlorophyll per gram leaf 

tissue and lower amounts of leaf necrosis which indicated 

limited growth of S. tritici. In most cases, disease 

symptoms with plant pathogens are assessed with the 

assumption that they reflect quantitat1vely the growth of 

the pathogen in the host (Parlevliet, 1979). 

Although BT6 was the most receptive (Table III), the 

amount of leaf necrosis in leaves of BT4 (as estimated by 

RWC) was the highest (Table IV). Lesions in leaves of BT4 

were larger and tended to coalesce. 

In obligate parasite systems, the latent per1od has 

been defined as the time from 1noculation to the t1me when 

50% of the les1ons (pustules or colonies) are visible 

(Parlevliet, 1979; Shaner, 1980). However, facultat1ve 

paras1tes sporulate on necrotic tissue following mo1sture 

per1ods of sufficient duration. Thus, latent per1od, as 

defined above, would be dependent on suff1c1ent per1ods of 
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free moisture following the appearance of necrotic leaf 

areas (Nutter & Pederson, 1985) . In the Septaria - wheat 

association, pycnidial formation is favored by relat1vely 

long humid periods (Hilu & Bever, 1957; Holmes & Colhoun, 

1971; Shaner, 1981; Shearer & Zadoks, 1972; Sh1pton et al., 

1971). In such systems, the incubation period (visible 

lesions) may provide a measurement that closely parallels 

the latent period as defined for obligate parasites. 

Differences in 1ncubation period were detected by 

determining the time (days) within which 50% of les1ons 

appeared on each wheat genotype. Delay in the appearance of 

lesions was greatest in BT93. Differences in incubation 

period are often assumed to reflect differences in growth 

rate of the pathogen in the host (Neervoort & Parlevllet, 

1978; Parlevliet, 1979). Marked differences in disease 

severity occurred among T. aestlvum var1et1es tested by 

Brokensh1re (1976) and signif1cant d1fferences were also 

apparent for the incubation period. 

Although only four selected Moroccan genotypes were 

studied, resistance of BT93 was consistently superior to the 

other three lines as evidenced by lower receptivity, reduced 

amount of leaf necrosis, and longer incubat1on per1od. These 

components could complement each other to retard d1sease 

development, and 1nd1cate that BT93 may be a source of 

resistance to septoria tritic1 blotch in breeding programs. 
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CHAPTER IV 

MODE OF INHERITANCE OF SEEDLING PLANT 

RESISTANCE TO SEPTORIA TRITICI 

BLOTCH IN SPRING WHEATS 

Abstract 

Inheritance of seedl1ng plant resistance to septor1a 

tr1tici blotch (STB) was studied 1n a cross of two spring 

wheat selections, resistant BT93 and susceptible BT4. The 

parent genotypes, and the F1 , F2 , and F3 generat1ons were 

1noculated with con1dia of Moroccan isolate 88c of Septaria 

tritici. Ind1vidual plants were classed as res1stant or 

susceptible based on percentage of necrotic t1ssue that 

developed in inoculated leaves after incubation. F3 families 

were classed as either homozygous res1stant, segregat1ng, or 

homozygous susceptible. The reaction of F1 plants and 

segregat1ng ratios in F2 plants and F3 fam1lies indicated 

that resistance was condit1oned by two 1ndependent dom1nant 

genes. 

Introduction 

Mycasphaerella graminicala (Fuckel) Schroeter (Anamorph: 

Septaria tritici Rob. ex Desm.) causes septor1a trit1ci 

blotch (STB) of wheat. The d1sease occurs 1n most maJor 
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wheat producing areas of the world and the pathogen 1s 

omnipresent even where conditions are only marginally 

conducive (Eyal et al., 1987; K1ng et al., 1983; Shipton et 

al., 1971}. STB can be pernicious and yield losses of 

slight to 60% have been attributed to natural infection 

(Brownell & Gilchrist, 1979; Eyal, 1972; Eyal et al., 1987; 

King tal., 1983; Sh1pton et al., 1971). Reports of 

increased occurrence and disease levels have elevated 

S. 'tritici to a pathogen of worldwide importance and have 

resulted in numerous research and crop improvement programs 

worldwide (Brown & Rosielle, 1980; DJerbi et al., 1974; 

Eyal, 1972; Forni & Zitelli, 1979; Gough & Smith, 1985; Mann 

et al., 1985; Metha, 1989; Scharen, 1985; Tyagi et al., 

1969; Van Ginkel, 1986). 

The increase in importance of the disease is largely 

due to the widespread replacement of tall, somewhat 

resistant cultivars with high-yielding, early maturing, 

short-strawed wheat cultivars (Djerbi et al., 1974; Saari 

and Wilcoxson, 1974; Stewart et al., 1972). Since the 

currently grown high-yielding wheat cultivars are 

disturbingly vulnerable to STB, the incorporation of 

res1stance to s. trit~ci rema1ns a high-prior1ty breeding 

ob]ect1ve, worldwide. 

Although incorporation of resistance to S. tr~tici into 

cultivated wheat is an objective in many breeding programs 

and several sources of resistance have been reported, 

little is known about the number and the nature of genes 



49 

controlling resistance and how they relate to each other. 

Monogenic resistance was reported to be recessive in an 

unnamed variety (Mackie, 1929), and to be dom1nant 1n 

cult1vars Lerma 50 and P14 (Narvaez & Caldwell, 1957), 

Bulgaria 88 (Rille & Cadwell, 1966), and Veranopol1s and 

IAS-20 (Rosielle & Brown, 1979). Other reported modes of 

inheritance include duplicate dominant genes (Wilson, 1985) 

and single, incompletely dominant genes (Lee & Gough, 1984; 

Wilson, 1985). Digenic additive resistance was reported in 

cultivar Nabob (Narvaez & Caldwell, 1957), while two 

dominant genes appeared to control resistance of four w1nter 

wheats tested by Danon & Eyal (1986) to isolate ATCC 48507 

of M. graminicola. Rosielle & Brown (1979) showed that 

resistance in the cultivar Seabreeze is determined by 

recessive genes at no less than three loci. 

Severe outbreaks of septoria diseases have occurred 1n 

arid and semi-arid countries along the Mediterranean 

seacoast. In Morocco, a severe ep1demic during the 

1968-1969 season highlighted the potential importance of 

STB (Saari and Wilcoxson, 1974; stewart et al., 1972). As a 

consequence, studies investigating the importance of the 

Septoria species and yield losses due to STB have been 

1n1t1ated (Saadaou1, 1975; Schluter & Janat1, 1976), and STB 

was found to adversely affect a s1gn1f1cant port1on of wheat 

production (Burleigh et al., 1991; Saadaou1, 1987). As a 

result, wheat lines w1th genetic res1stance are be1ng 

sought, and a number of bread wheat cultivars with diverse 
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sources of resistance were introduced and the1r resistance 

was further increased by selection {Jlibene, 1990). 

This paper reports the mode of inheritance of 

seedling resistance to STB in a cross of a resistant wheat 

genotype, designated BT93, with a susceptible genotype, 

des1gnated BT4. Both wheat l1nes are new 1ntroductions to 

the Moroccan Wheat Breeding Program from the Internat1onal 

Maize and Wheat Improvement Center {CIMMYT) headquartered in 

Mexico. 

Materials and Methods 

Two spr1ng wheat lines, BT93 (Thornbird 'S'/3/ 

Burgus{2)/ sort 12.13//Kal/Bb 85-29-S3-S1) and BT4 {Bow'S' 

em 33203-k-9M-9Y-4M-4Y-1M-OY-1PTZ), with contrasting 

reactions to s. tritici {Farih & Hunger, 1990) were used as 

parents in this study. Crosses between the cultivars were 

made 1n the greenhouse in 1989. Seeds produced by self­

polllnatlon of F1 plants were compos1ted to provide the F2 

generation, while seeds from individual F2 plants prov1ded F3 

fam1lies., Seedlings representing F1 , F2 , and F3 generations 

were grown in a growth chamber (model 15, Environmental 

Growth Chambers, Chagrin Falls, Ohio, U.S.A.) maintained at 

27 c, with an 18 hr-light period and 70% relative hum1d1ty. 

The two parents were always grown as checks next to the 

seedlings of each filial generation . 

Inoculum preparation and application was essentially 

the same for all tests. Cultures of s. tritici 1solate 88c 
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were grown f1rst in 250 ml flasks contain1ng 100 ml of 

liquid medium {10 g yeast extract, 10 g sucrose in 1 L of 

distilled water) for one week on a shaker at 21 C under 

continuous light provided by cool white fluorescent tubes. 

Plastic petri plates c~ntaining freshly prepared yeast malt 

extract agar (4 g yeast extract, 4 g malt extract, 4 g 

sucrose, 15 g agar in 1 L distilled water) were inoculated 

with 1 ml of liquid shake culture and incubated under 

continuous light at 21 c. 

S. tritic~ produced yeast-like colon1es composed of 

budding conidia on the agar surface. Spore suspensions were 

prepared by adding 2-3 ml of sterile d1stilled water to 

each plate and scraping the surface of the medium w1th a 

rubber spatula to dislodge the spores. Conidial suspensions 

derived from several plates were pooled and strained 

through two-layers of cheesecloth and glasswool. An 

all-purpose surfactant {Amway Corp., Ida, Ml 49201) was 

added (0.3 ml/L) to the suspension as a wetting agent 

(Farih et al., 1991), and spore concentration was determined 

with a hemacytometer. Unless stated otherw1se, the inoculum 

concentration used was adjusted to 107 sporesjml. 

After the second leaf was fully unfurled, seedl1ngs 

were inoculated. At th1s stage of growth, no sign of 

senescence was apparent on the seedlings includ1ng the first 

leaf. Inoculum was applied with a hand held ut1lity paint 

sprayer, as uniformly as possible from all directions until 

incipient run off. Seedlings were then placed in a mist 



chamber at 21 C equipped to mainta1n free moisture on the 

fol1age. After 96 hr seedlings were moved to a growth 

chamber maintained at 21 c, with an 18 hr light per1od and 

at 95% relative humidity. 
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Visual assessment of symptoms were made when les1ons 

became distinct, which was between seven to 15 days after 

1noculat1on. Assessment was conducted by est1mat1ng the 

percent leaf area covered by les1ons on an 1nd1v1dual 

seedling basis, on both leaves. In general, seedlings with 

percent necrotic leaf tissue equal to the res1stant parent 

BT93 (characterized by no visible lesions, small p1npoint 

lesions, or little necrosis or chloros1s) were classed 

res1stant wh1le those s1m1lar to the suscept1ble parent BT4 

(characterized by v1s1ble lesions or necrosis or both) were 

classed as susceptlble. The F3 famil1es were classed as 

homozygous resistant, segregat1ng, or homozygous 

susceptible. Seedlings per family ranged from 4-30, with 

mean of 14.2. Mature F2 plants became lnfected with 

Pseudomonas sp. (lnoculum source unknown) wh1ch severely 

reduced the quant1ty and the quality of seed produced. 

Chi-square tests were used to analyze data from the 

segregating populations. 

Results and D1scuss1on 

Seven days after 1noculat1on, les1ons developed 1n the 

inoculated leaves of the suscept1ble parent BT4. W1th1n 15 

days after 1noculat1on, the lesions coalesced to form 
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irregular patterns of chlorosis and necrosis. Either no 

v1sible or very small p1npoint les1ons developed 1n leaves 

of BT93. Reaction of F1 plants were similar to the reaction 

of BT93, the resistant parent. The absence of les1on 

development 1n the F1 seedlings indicated that resistance of 

BT93 to culture 88c of S. tritic~ was condit1oned by one or 

more dominant gene(s). 

A total of 167 F2 plants of BT93 x BT4 were class1fied 

for reactions to S. tritici (Table VII). Of the total, 154 

seedlings were class1fied as res1stant as BT93 and F1 

seedlings, and 13 developed large, spreading les1ons similar 

to those in BT4. These numbers were a close fit to a 15:1 

ratio expected when two independent dom1nant genes are 

segregating. 

Mature F2 plants became infected with Pseudomonas sp. 

(1noculum source unknown) wh1ch severely reduced the 

quantity and quality of seed produced. Consequently, only 64 

F3 fam1l1es from tested F2 plants were available for test1ng. 

The number of plants w1thin segregating F3 fam1l1es 

frequently was too small to confldently separate those 

fam1lies segregating 1n a 3:1 ratio from those segregating 

in a 15:1 ratio. Thus, reactions of the F3 families were 

classed into three groups as follows: 29 homozygous 

resistant, 31 segregat1ng, and 4 homozygous suscept1ble 

(Table VII). Th1s segregat1on was a close f1t (P=0.75-0.90) 

to a 7:8:1 ratio (Table VIII) expected for two 1ndependent 

dominant genes that condit1on similar phenotypes. This 



TABLE VII 

SEGREGATION FOR RESISTANCE AND SUSCEPTIBILITY TO 
SEPTORIA TRITICI AMONG F2 PLANTS AND F3 FAMILIES 

FROM A CROSS OF RESISTANT GENOTYPE BT93 WITH 
SUSCEPTIBLE GENOTYPE BT4 

Parents and Numbers of F2 plants and F3 famil1es 
fil1al 

generat1ons Res 1st Int. (F2) susc. px 
Seg. (F3) 

BT4 0 0 20 

BT93 20 0 0 

Fl 60 0 0 

F2 154 0 13 0.25-0.50 

F y,z 3 29 31 4 0.75-0.90 

X Probability of fit to a 15:1 ratio of resistant and 
susceptible F2 plants and to a 7:8:1 rat1o of homozygous 
resistant, segregating, and homozygous suscept1ble F3 
families. 
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y Among 167 F2 plants tested only 76 produced seed because 
ofPseudomonas contamination that occurred 1n growth 
chambers. When planted only 64 F3 fam1l1es grew and were 
inoculated. 

z Plants were rated tw1ce within 7 and 15 days of 
1noculation by visual observat1on of les1ons and 
comparing them to the two parents: res1stant and 
susceptible. 



TABLE VIII 

OBSERVED REACTIONS OF F2 PLANTS AND F3 FAMILIES 
OF BT93 X BT4 INOCULATED WITH ISOLATE 88c OF 
SEPTORIA TRITICI, AND PROPOSED F2 GENOTYPES 

AND SEGREGATION RATIOx 
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Reaction of Proposed F2 Proportion 

F2 plants genotype Of 16 

R 

R 

R 

R 

R 

R 

R 

s 

X 

y 

z 

Homo. Res. AABB 1 

Homo. Res. AABb 2 

Homo. Res. AAbb 1 

Homo. Res. AaBB 2 

Seg. 15: 1z AaBb 4 

Seg. 3: 1z Aabb 2 

Homo. Res. aaBB 1 

Seg. 3: 1z aaBb 2 

Homo. sus. aabb 1 

Based on data (text and Table VII) indicating that 
resistance was cond1tioned by two independent dominant 
genes. 

R = resistant, S = susceptible. 

Because some F3 family sizes were too small to 
differentiate 3:1 and 15:1 ratios (P = 0.05), segregating 
fam1lies were combined in a single class representing 50% 
(8/16 ths) of all families. 
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supports the results obta1ned from tests of the F2 plants. 

Data derived from testing the F2 and F3 generations 

strongly suggest that resistance of BT93 is governed by two 

dominant genes. These genes confer a h1gh level of 

resistance manifested by little or no necros1s. such 

genetic control has also been reported by Danon and Eyal 

(1986) who found that resistance of four winter wheats to 

isolate ATCC 48507 of M. graminicola seemed to be controlled 

by two dominant genes. 

Previous studies of host resistance have been conducted 

in the field where qualitative express1on of resistance was 

difficult to detect. This may account for failure to 

identify other similarly controlled resistance. 

Results from these experiments indicate that BT93 may 

provide effective resistance against STB. However, these 

experiments were conducted us1ng only one isolate of 

S. tritici, and testing with additional S. tritici isolates 

is needed before BT93 should be cons1dered as a source of 

resistance to STB. 
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CHAPTER V 

OCCURRENCE, DISTRIBUTION, AND SEVERITY 

OF SEPTORIA DISEASES IN MOROCCO 

Abstract 

Commercial fields were surveyed in 1991 for the 

occurrence, distr1bution and severity of septoria d1seases 

on wheat in Morocco. Septor1a blotch (SB) occured in 62% of 

fields examined throughout the wheat growing areas of 

Morocco. Seventy two percent of f1elds in the southern 

region (SR) were infested compared to 52% 1n the northern 

region (NR). Prevalence of SB on bread wheat was almost 

twice of that on durum wheat. Both species of Septaria 

occurred on wheat, with S. tritici being found in 82% of 

fields and s. nodorum be1ng found less frequently (24%). On 

bread wheat s. tritici was e1ght times more frequent (96%) 

than s. nodorum; however, the frequency of occurrence of 

both species on durum wheat was the same. s. trit~ci was 

common in both regions surveyed while S. nodorum occurred 

twice as frequently 1n the SR as compared to the NR. SB 

severity was higher on bread wheat than on durum wheat, 

irrespective of the region surveyed. The ascogenous state 

(Mycosphaerella graminicola) of s. tr~t~ci was not 

found 1n Morocco, and further invest1gat1ons are needed to 
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establish its presence. These results represent the first 

step in studying septoria diseases in Morocco. 

Introduct1on 
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Wheat is a nutr1tious, convenient, and economical 

source of food. It provides about 20% of the world's food 

calories, and is a staple for nearly 40% of the world's 

populat1on (W1ese, 1987) . Diseases are considered one of the 

main limit1ng factors for wheat product1on. Over a hundred 

pathogens are descr1bed as causal agents of wheat d1seases 

(Wiese, 1987), and septoria diseases caused by Septaria spp. 

are considered among the most important diseases of wheat. 

There are two maJor d1seases caused by Septaria spp., 

which are generally referred to collectively as septor1a 

blotch (SB) (Eyal et al., 1987; King et al., 1983; Sh1pton 

et al., 1971). These are septor1a trit1c1 blotch (STB) 

inc1ted by the fungus Mycasphaerella gramin~cala (Fuckel) 

Schroeter (Anamorph: s. tritici Rob. ex Desm.) and septor1a 

nodorum blotch (SNB) caused by Leptasphaeria nadarum E. 

Muller [Anamorph: s. nadarum (Berk.) Berk.]. Both pathogens 

can be pernicious and yield losses attributed to these 

d1seases have been reported to range from sl1ght to 60% 

(Eyal et al., 1987; k1ng et al., 1983; Saari and W1lcoxson, 

1974; Shipton et al., 1971; Stewart et al., 1972}. 

Normally s. tritici affects only leaves and sheaths, 

but in severe ep1demic conditions, glumes and awns may 

become 1nvolved. S. nadarum usually affects all above-ground 
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parts including the glumes. Both species cause irregular, 

dead spots in which pycnid1a are eventually produced. 

Pycnid1a are just v1sible to the unaided eye and appear on 

leaf lesions 10-20 days after infection (Eyal et al., 1987; 

Shipton et a1., 1971; Weber, 1922). SB 1s assoc1ated w1th 

hum1d condit1ons, w1th S. tr~tic~ more prevalent 1n cooler 

climates and being active during the cooler portions of the 

growing season (Wiese, 1987). 

The proliferation of susceptible wheat cultivars also 

has exacerbated the importance of SB in dryland wheat­

growing areas. severe outbreaks of septor1a diseases have 

occured in ar1d countr1es along the Med1terranean seacost 

(Saari and Wilcoxson, 1974; Stewart et al., 1972). In North 

Africa, SB, formerly a minor disease, is now a maJor d1sease 

problem of wheat. This change is due in part to large-scale 

planting of introduced high-yielding wheats, and the 

occurrence of weather conditions favorable for the 

development of Septaria diseases (Djerbi et al., 1974; Saar1 

and Wilcoxson, 1974; Stewart et al., 1972). In Morocco, a 

severe epidemic during the 1968-1969 season highlighted the 

potential importance of SB of wheat (Saari and Wilcoxson, 

1974; Stewart et al., 1972). As a consequence, some studies 

1nvest1gat1ng the importance of the Septaria spp. and y1eld 

losses due to SB have been initiated (Saadaoui, 1975; 

Schluter and Janati, 1976). Although no informat1on has been 

published since then, SB has been observed annually on wheat 

and has been particularly important s1nce the mld-1980's 



(Burleigh et al., 1991; Jlibene, 1990; Saadaoui, 1987). 

The objective of th1s study was to determ1ne the 

relative inc1dence of each septor1a d1sease present on 

wheat, its geographic distribution, and the severity of SB 

on the species of Triticum grown in the different wheat 

growing areas surveyed in Morocco. 

Mater1als and Methods 
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Morocco was divided into two large regions (North and 

South) based on moisture and temperature differences, with 

the northern region (NR) being, in general, more mo1st and 

cooler than the southern reg1on (SR) (Burleigh et al., 1991). 

These two regions 1nclude the most d1stinctive and important 

wheat growing areas in the country. The survey covered most 

of the wheat growing areas w1thin each region. The routes 

followed and some reference points are shown in F1gs 1 & 2. 

The first f1eld was selected at random and thereafter, a 

stop was made every 10-20 Km. The survey was made when the 

growth stage was flower1ng to milky-ripe accord1ng to the 

Feekes'scale (Large, 1954). One hundred thirteen commercial 

fields in the SR and 115 fields in the NR were 1nspected. In 

each field 50-100 plants were examined for Septaria 

symptoms. When necrotic lesions conta1ning pycn1d1a were 

found, e1ther on leaves or on splkes, 5-10 plants were 

collected for examinat1on in a laboratory to determine the 

species of Septaria on the tissue. Disease prevalence was 

def1ned as the number of f1elds where SB was present d1vided 
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Figure 1. Important Wheat Growing Areas (NRl, NR2, NR3, and 
NR4), Routes Followed, and Reference Po1nts 
in the Northern Region of Morocco 
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Figure 2. Important Wheat Growing Areas (SRl, SR2, SR3, and SR4), Routes Followed, and Reference Po1nts in the southern Reg1on of Morocco. 



by the total number of fields sampled (Nutter, Jr. et al., 

1991) . 
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Plants in each f1eld were evaluated using a scale of 1-

10 for an average severity index graduated 1n 10% 1ncrements 

from 0-90% necrosis of the leaf area on the upper half of 

the plant. An average rating was recorded for each surveyed 

field from the individually assessed plants and then for the 

area with1n each reg1on (G1lchrist et al., 1982). 

To identify the Septoria spec1es present, t1ssue w1th 

necrotic lesions bearing pycnidia were moistened with 

ster1le water to induce pycnidiospore liberation. 

Microscopic exam1nation of spore morphology and d1mens1ons 

were used to confirm the identity of the Septaria spp. 

present (Eyal et al., 1987). Isolat1ons of random, s1ngle 

pycn1d1al culture were made to establish cultures 

representative of the area where the disease occurred for 

conf1rmat1on of pathogenicity and examination of con1dia 

produced in culture. 

Results 

Laboratory evaluat1on of lesions on leaf and sp1ke 

specimens collected from all diseased fields in 1991 survey 

showed SB to occur throughout the wheat growing areas in 

both regions of Morocco. D1sease prevalence (DP), def1ned as 

the number of fields where the d1sease is present d1vided by 

the total number of fields sampled (Nutter, Jr. et al., 

1991), averaged 62% in the two regions (NR & SR) surveyed 
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(Table IX). A difference between the two regions was 

observed with higher DP in the SR: 72%, compared to 52% in 

the NR (Table IX). SB was almost twice as prevalent (81%) on 

T. aestivum L. than on T. durum D. (43%) (Table X). Other 

fol1ar diseases also were observed, including stem, leaf, 

and yellow rusts; tan spot; and powdery mildew. 

For the period studied SB symptoms on leaves were 

caused by S. tritici and S. nodorum. Symptoms on ears were 

observed only 1n one and four fields 1n the NR and the SR, 

respectively (Tables XI, XII, & XIII). S. tritici was the 

most prominent species, being identified in 82% of the 

samples. s. nodorum was found in 24% of the samples 

(Table XI) . 

On bread wheat S. tritici was eight times more frequent 

(96%) than s. nodorum (12%). However, on durum wheat there 

were almost no dlfferences between the frequency of 

occurrence of the two species (Table XI). 

During 1991, s. tritici was recorded at h1gh frequency 

in both regions surveyed (NR: 85% and SR: 79%), b~t 

S. nodorum was recorded more frequently 1n the SR (32%) than 

1n the NR (13%) (Tables XII & XIII). A comparison between 

STB and SNB showed the proportion of fields with STB was 6 

times (85 vs 13%) and 2.5 times (79 vs 32%) more frequent 

than SNB in the NR and SR, respectively (Tables XII & XIII). 

The distribution of the two species within the four areas of 

the NR was consistent (Table XII); however, in the SR, a few 

fields w1th SB were found 1n the SR3 (Benguerir-Sldl 



TABLE IX 

PREVALENCE OF SEPTORIA BLOTCH IN NORTHERN 
AND SOUTHERN REGIONS OF MOROCCO 

Fields North South Total 

Surveyed 115 113 228 

With Septor~a 60 82 142 

Prevalencex (%) 52 72 62 
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X Prevalence def1ned as the number of f1elds where the 
disease is present div1ded by the total number of flelds 
surveyed. 



TABLE X 

PREVALENCE OF SEPTORIA BLOTCH IN COMMERCIAL 
BREAD AND DURUM WHEAT FIELDS 

Bread Durum 
Flelds wheat. wheat Total 

Surveyed 116 112 228 

With Septaria 94 48 142 

Prevalencex (%) 81 43 62 
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X Prevalence defined as the number of flelds where the 
disease is present d1v1ded by the total number of f1elds 
surveyed. 
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TABLE XI 

INCIDENCE OF THE SEPTORIA SPP. IN COMMERCIAL 
BREAD AND DURUM WHEAT FIELDS 

Septaria spp. Bread wheat Durum wheat Total 

Number (%) Number (%) Number (%) 

s. tritici 90x ( 96) 26Y (54) 116z ( 82) 

s. nodorum 11 (12) 23 (48) 34 (24) 

s. trit~ci + 
s. nodorum 10 ( 11) 11 (23) 21 (15) 

X Total number of bread wheat f1elds w1th SB 1s 94. 

y Total number of durum wheat fields Wlth SB is 48. 

z Total number of wheat fields w1th SB is 142. 



TABLE XII 

INCIDENCE OF THE SEPTORIA SPP. ON WHEAT IN 
THE DIFFERENT AREAS OF THE NORTH REGION 

Septoria NRlx NR2 NR3 NR4 TotaF 

s. 

s. 

s. 
s. 

X 

tritici 12 15 12 

nodorum 3 2 

tritici + 
nodorum 2 0 

NRl 
NR2 
NR3 
NR4 

Rabat-Khmlsset. 
Meknes-Fes. 
Belksirl-Ksar-Chaouen. 
Larache-Tanger-Tetouan. 

1 

1 

12 51 

2 8 

3 6 

71 

(%) 

(85) 

(13) 

(10) 

Y The number of fields with Septoria in the NR was 60 out 
of 115 surveyed. 



TABLE XIII 

INCIDENCE OF THE SEPTORIA SPP. ON 
THE DIFFERENT AREAS OF THE SOUTH 

Septaria SR1x SR2 SR3 SR4 

s. 

s. 

s. 
s. 

X 

tritici 24 18 1 22 

nadarum 8 12 2 

tr~tic~ + 
nadarum 4 6 

SR1: Settat-El Jadida-Sidi Bennour. 
SR2: Khmiss Zmamra-Safi-Youssoufia. 
SR3: Benguerir-Sidi Othmane-El Kelaa. 

4 

5 

WHEAT IN 
REGION 

TotaF 

65 

26 

15 

SR4: Souk Sebt-Beni Mellal-Kasba Tadla-El brouJ. 

72 

(%) 

(79) 

(32) 

(18) 

Y The number of fields w1th Septaria 1n the SR was 82 out 
of 113 surveyed. 



Othmane-El Kelaa) area 1n comparison to other three SR 

areas. Mixed infection by S. trit~ci and S. nodorum was 

present but less important (Tables XII & XIII). 

The severity of septoria blotch diseases, which was 

based on total area affected on the upper half of leaves, 

was higher on bread wheats than on durum wheats in all 

regions surveyed (Tables XIV & XV). In general, no 

differences existed in the sever1ty of SB between the 

different areas within the NR for both classes of wheat 

grown (Table XIV); however, within the SR, SB was less 

severe in SR3 and SR4, and was mainly on bread wheat 

(Table XV). 
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Sanderson (1976} l1nked a Mycosphaerella spec1es with 

S. tritici in New Zeland and proposed a new comb1nat1on for 

the perfect state as M. graminicola. A survey was conducted 

in summer 1991, along the road Berrechld-Casa-Rabat to 

search for the sexual form of this fungus in Morocco. No 

pseudothecia were found on samples of wheat plants observed 

either in the field or under m1croscopic exam1nat1on in the 

laboratory. 

Discuss1on 

Our investigation revealed that there are two species 

of Septaria on wheat 1n Morocco, namely s. tritici and s. 

nodorum. These two spec1es w1th s. avenae f. sp. tr~ticea 

are the most frequently reported causal agents of septoria 

d1seases on wheat around the world but with different 



TABLE XIV 

SEVERITYx OF SEPTORIA BLOTCH IN COMMERCIAL BREAD AND 
DURUM WHEAT FIELDS WITHIN THE DIFFERENT 

AREAS OF THE NORTH REGION 
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Wheat field NR2 NR3 NR4 

Bread wheat 30.0 15.0 25.0 20.0 

Durum wheat 5.0 8.0 5.0 5.0 

X Plants in each field were evaluated using a scale of 1-10 
for an average severity index graduated 1n 10 % 
increments from 0-90 % necrosis of the leaf area on the 
upper half of the plant. An average severity rating was 
recorded for each surveyed field from the indiv1dually 
assessed plants and then for the area within the reg1on. 

Y NR1: Rabat-Khemisset. 
NR2: Meknes-Fes. 
NR3: Belksiri-Ksar-Chaouen. 
NR4: Larache-Tanger-Tetouan. 



TABLE XV 

SEVERITYx OF SEPTORIA BLOTCH IN COMMERCIAL BREAD AND 
DURUM WHEAT FIELDS WITHIN THE DIFFERENT 

AREAS OF THE SOUTH REGION 
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Wheat field SR2 SR3 SR4 

Bread wheat 20.0 20.0 5.0 10.0 

Durum wheat 5.0 8.0 5.0 5.0 

X Plants 1n each f1eld were evaluated us1ng a scale of 1-10 
for an average sever1ty index graduated 1n 10 % 
increments from 0-90 % necrosis of the leaf area on the 
upper half of the plant. An average severity rat1ng was 
recorded for each surveyed field from the indivldually 
assessed plants and then for the area within the region. 

Y SR1: Settat-El Jadida-Sidi Bennour. 
SR2: Khmiss Zmamra-Safi-Youssoufia. 
SR3: Benguerir-Sidi Othmane-El Kelaa. 
SR4: Souk Sebt-Beni Mellal-kasba Tadla-El Brouj. 
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relative importance in each country (Eyal et al., 1987; King 

et al., 1983; Richardson & Noble, 1970; Shearer & Calpouzos, 

1973). F1eld and laboratory observat1ons 1nd1cated that 

prevalence, distr1but1on, and severity of SB are 1mportant 

on the two species of wheat in the cereal grow1ng areas of 

Morocco. The much larger number of f1elds from which the SB 

causal agents were recovered in this study in compar1son to 

earlier investigations (Burleigh et al., 1991; Saadaoui, 

1975; Schluter & Janati, 1976) gives a more complete 

1ndication of the distribution of the Septor~a spp. based on 

geographical location and wheat spec1es grown. 

Septoria tritici was present almost as the s1ngular 

species in all the samples with SB on bread wheat. 

Information collated by Burleigh et al. (1991), Saari & 

W1lcoxson (1974), Saadaou1 (1975), and Schluter & Janat1 

(1976) listed s. tritici as the predominant spec1es on wheat 

1n Morocco. Our results agree with th1s assessment and 

confirm that the main wheat growing areas of the country are 

all prone to serious STB epidemics. In a two-year study 

conducted on winter wheat in commerc1al f1elds in M1ch1gan, 

d1st1nct dlfferences 1n the occurrence of M. gram~n~cola and 

L. nodorum were observed (Hart et al., 1984). 

Th1s report conf1rms the presence of s. nodorum 1n 

Morocco. Although th1s spec1es apparently is more l1m1ted 1n 

d1str1but1on and is ma1nly on bread wheat, 1ts disease 

potential presents a concern for future spread and impact on 

wheat production in Morocco. 



Although the presence and distribution of the two 

Septaria spp. have been mapped in a large extent of the 

cerealiculture, some important wheat growing areas (North­

eastern part: Taza and Oujda provinces) have not been 

sampled. These regions should be surveyed in the future to 

fully assess the occurrence and distribution of SB in 

Morocco. 
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Symptoms caused by s. tritici and s. nodorum were 

frequently found on leaves and leaf sheaths, while symptoms 

on ears were observed only rarely. It is important to note 

that these fungi frequently occur in complexes and 1t 1s 

common to encounter the two Septaria spp. together on the 

same plant. Thus, 10% of the fields in the NR and 18% in the 

SR had mixed infections. 

Morphology and size of conidia of S. tritici and 

s. nodorum found in Morocco were similar to those descr1bed 

in the literature (Eyal et al., 1987; Scharen & Sanderson, 

1985) . 

SB prevalence was higher in the SR than in the NR 

(Table IX). This variability is due to the high frequency of 

occurrence of SNB 1n the SR (32%) compared to the NR (13%), 

since STB prevalence was sim1lar between the two reg1ons. It 

is not poss1ble to deduce from this survey the reason for 

the variability in occurrence of SNB between the two 

regions; however, differences in date of seeding, rainfall, 

growth stage at the optimum time of infection, and 

temperature are contributing factors in explaining this 
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variab1l1ty (Hart et al., 1984; Hess & Shaner, 1987; Holmes 

& Colhoun, 1974; Shaw & Royle, 1989; Shearer & W1lcoxson, 

1980; Wainshilbaum & Lipps, 1991; Wiese, 1987}. 

The sexual state of S. tr~t~ci was not found 1n 

Morocco, and the imperfect state 1s the most 1mportant means 

for spread of the pathogen between success1ve crops. In some 

countries where weather conditions are favourable for the 

development of the perfect state, ascospores play a major 

role as the primary source of 1noculum (Sanderson et al., 

1985). Further investigations and more extens1ve f1eld 

surveys are needed to establish the presence and the 

significance of the perfect state of s. tritic~ 1n Morocco. 

The results of the present investigation are the first 

step in studying of septoria diseases in Morocco. A culture 

collection including a number of isolates from different 

reg1ons and from the two spec1es of Trit~cum, w1th d1verse 

v1rulence patterns, has been establ1shed. These 1solates 

will be used to screen for sources of resistance to Septaria 

and to facilitate a program of breeding for res1stance. 

Jlibene (1990}, has been selecting cult1vars and breeding 

lines for STB to find sources of resistance effective for 

the cond1t1ons of our country. 
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APPENDIX 

EFFECT OF SURFACTANTS AND WHEAT LEAF LEACHATE ON 

PRODUCTION GERMINATION AND INFECTION 

OF SEPTORIA TRITICI CONIDIA 

To facilitate infection of wheat by s. tritici, 

researchers have added Tween 20, 0.5% gelatin, or noth1ng at 

all, to conidial suspensions of S. tritici prior to 

inoculating plants. Results from these inoculations have 

been inconsistent. The present work was undertaken to 

compare the effects of adjuvants on germination of conidia, 

length of germ tubes, and lesion development, and to 

determine if wheat leachate enhaces germination of con1d1a, 

growth by budding in culture, and production of lesions on 

inoculated plants. 

Three 1solates of s. trltici were used 1n these 

experiments; isolate 88C obtained from Morocco, and 1solates 

83A and AF12-3 obtained from Oklahoma. Three drops (0.075 

ml) of a conidial suspension, containing about 200 con1d1a 

per ml, were placed on plain water agar and water agar 

amended with 0.3 ml of Tween 20 or Amway surfactant (Amway 

Corp., Ida, MI 49201). Conidia were considered to have 

germinated if, after either 20 or 24 hr at 21 c, they had 

terminal germ tubes at least as long as the parent con1d1um. 

Germ tubes were measured 1n ~m; when more than one germ tube 
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was present, the longest was measured. 

Wheat leaf leachate was prepared from 30 gm of fresh 

green wheat leaves (cultivars BT4, BT6, BT93, and BT323) by 

either soaking leaves in distilled water for 36 hr or by 

boil1ng in water for 1 hr. The leachate was then flltered, 

first through cheesecloth and glasswool, then through filter 

paper plus charcoal at least three times. Lesion counts were 

made 14 to 15 days after 1noculat1on wh1le les1ons were 

st1ll chlorotic flecks and coalesc1ng was min1mal. 

As compared to the control, Tween 20 suppressed 

germination of conidia of s. tritici isolates 83A and 88C by 

59-70% and 27-47%, respectively, {Table XVI). Germ tube 

growth was 1nhibited by 58-62% and 59% for each isolate 

{Table XVII), and Amway surfactant was less 1nh1b1tory for 

both germ1nat1on and germ tube growth than Tween 20 

{Tables XVI and XVII). 

Leachate from resistant and susceptible wheat cult1vars 

did not affect germinat1on of con1dia of the s. tr~t~c~ 

isolates on water agar {Table XVIII). Tests comparing 

autoclaved and f1ltered leachate ind1cated that autoclav1ng 

for 20 m1n at 14 ps1 had no effect on germ1nation of con1d1a 
I 

(the percent germination did not deviate sign1ficantly from 

the control). 

Inocula consist1ng of s. tr~t~c~ con1d1a suspended 1n 

water supplemented w1th leachate from green wheat leaves, 

w1th or w1thout Tween 20 or Amway, el1c1ted more les1ons per 

gram of 1noculated leaf tissue than s1milar inocula lacking 



Treatment 

Water agar 

Amway 

TABLE XVI 

EFFECT OF SURFACTANTS ON GERMINATION OF 
CONIDIA OF S. TRITICI isolates 

Exper 1mentx,yi Experiment II 
Isolate Isolate 

83A 88c 83A 88c 

74.3 az 73.0 a 70.0 a 85.0 

65.0 b 75.0 a 55.0 b 62.0 
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a 

b 

Tween 20 22.0 c 53.0 b 29.0 c 45.0 c 

X 

y 

z 

Randomized complete block design. EI: six blocks; EII: 
eight blocks, 100 conidia I treatment 1 block. 

Incubation: EI~ 20 hr, EII~ 24 hr, 21 c, constant l1ght. 

Analysis: Tukey's W procedure p=0.05. Data transformed 
before analys1s. 



TABLE XVII 

EFFECT OF SURFACTANTS ON GERM TUBE LENGTH (Mm) OF 
CONIDIA OF SEPTORIA TRITICI ISOLATES 

Exper imene,YI 
Isolate 

Experiment II 
Isolate 
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Treatment 83A 88c 83A 88c 

Water agar 58.7 a 51.2 a 71.5 a 

Amway 28.2 b 48.5 b 34.3 b 50.6 b 

Tween 12.9 c 24.3 c 21.4 c 29.6 c 

X 

y 

z 

Randomized complete block design. E.I: 6 blocks, E.II: 8 
blocks, 20 observations/treatment/block. 

Incubation: E.I: 20 hr, E.II: 24 hr, 21 c, constant 
light. 

Analysis: Tukey's W procedure P=0.05. 



TABLE XVIII 

GERMINATION OF S. TRITICI CONIDIA ON WATER AGARw,x 
CONTAINING LEAF LEACHATEY FROM RESISTANT 

AND SUSCEPTIBLE WHEAT LINES 

Wheat source of leachate Germination 

Water agar 
BT4 
BT6 
BT93 
BT323 

71.0 az 
72.0 a 
65.0 a 
68.0 a 
69.0 a 

w Randomized complete block design, 6 blocks, 
100 conidiajtreatmentjblock. 

X Incubat1on: 24 hr., 21 c, constant llght. 

y Leachate: 30 g leaf t1ssuejL. 

z Analysis: Tukey's W procedure, P=O.OS. 
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leachate (Table XIX). Conidia production by three 1solates 

of S. tr~tic~ was not stat1st1cally d1fferent on the 

commonly used medium (yeast malt agar)and the newly mod1fied 

yeast-sucrose medium with leaf leachate (Table XX). 



TABLE XIX 

EFFECT OF SURFACTANTS AND LEAF LEACHATE ON 
DEVELOPMENT OF SEPTORIA TRITICI 

BLOTCH LESIONSv,w,x 

Treatment 

Amway + leachateY 
Leachate 
Tween + leachate 
Amway 
Water 
Tween 20 

Lesionsjg. dry weight leaf tissue 

2046 az 
1241 ab 
1184 ab 
1045 b 

832 b 
620 b 

v Randomized complete block des1gn, 3 blocks, 
7 plants/treatment/block. 

w Inoculation: 107 con1d1ajml., 4 days 1n mist chamber. 
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X Incubation: 15 days in growth chamber, 21 C, 16 hr light. 

y Leachate: 30 gm tissuejL. Surfactant: .3 ml/L. 

z Analys1s: Tukey's W procedure p= 0.05 



TABLE XX 

CONIDIA PRODUCTIONv BY THREE ISOLATES OF 
SEPTORIA TRITICI IN A MODIFIED 

YEAST-SUCROSE MEDIUM 

Conidiajml ( 108 ) 

Expt.w Medium 88c 83A AF12-3 

I 

II 

v 

YMAX 
YLV 

YMA 
YLL 

1.9 
2.5 

2.1 
2.4 

az 
a 

a, 
a 

2.3 a 0.9 
2.5 a 0.8 

2.0 a 1.0 
2.3 a 1.0 

Incubation: 6-7 days growth, 21 C,constant l1ght. 

w Randomized comlete design, 3 blocks. 

X YMA: 4 g sucrose, 4 g yeast, 4 g malt in 1000 ml; 

y YLL: 2 g sucrose, 2 g yeast, 30 g fresh leaf t1ssue. 

z Analysis: Tukey's W procedure P=0.05. 

a 
a 

a 
a 
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