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Propositions (Stellingen)
1.

Transgressive segregation towards increased resistance in wheat to Septoriatritici
is not anoccasional phenomenon (thisthesis).

2.

True resistance ofa range of entries toSeptoria triticicanbe assessed provided the
disease severity is measured atthe same stage of plant development (this thesis).

3.

To improve the protein contents of bread wheat in Kenya by using high protein
emmer wheat introductions is not likely to succeed.

4.

Scientists build on foundations laid by their predecessors....but they show great
reluctance to inspect these foundations. (Ainsworth, G.C. 1965.Historical introductionto
Mycology. In: The fungi. An advanced treatise. Eds.G.C.Ainsworth and A.S.Sussman).

5.

Things intheir original context contain their ownnatural power, power that iseasily
spoiled and lost when that context is changed (Benjamin Hoff. 1982. TheTaoofPooh).

6.

Man is not a superior animal (Benjamin Hoff. 1982. The Tao ofPooh). Man is a superior
animal

7.

Although the Dutch andKenyans are very different people, they have much more
in common than they differ.

8.

It is no longer social to have polygamous families.

9.

Incest istaboo in most communities in Kenya not because of inbreeding.

10.

Donating food is notthe solution infamine stricken areas.

11.

The 'matatu' isto a Kenyan asthe 'fiets' isto a Dutch.

Stellingen behorende bijhetproefschrift vanPeterFutiArama, getitled "Effects ofcultivar, isolate
and environment onresistance ofwheat to septoria tritici blotch inKenya", teverdedigen op25
september 1996indeAulavandelandbouwuniversiteit teWageningen

Author's abstract
The research described in this thesis focused on the characterization of some of the factors that
influence disease assessment, development and expression ofresistance inwheat cultivars to septoria
tritici blotch. Earliness appeared to have a strong effect and tallness a small effect on disease
severity (DS). A regression equation derived was used to correct the DS in the entries. Another
method that gave good disease assessment was to group the cultivars according to their earliness.
It appeared that the disease developed in each earliness group at the same rate. The importance of
interpiot interference in assessing septoria resistance inwheat was studied. There was no indication
of interpiot interference. TheNitrogen (N) level isanother factor that may affect disease assessment.
In Kenya there was an increase in DS on cultivars exposed to more N while in The Netherlands
there was no similar increase inDS.
When an inoculum mixture or single isolates are used for inoculations, the ranking of the cultivars
was essentially not affected, indicating that inoculum mixtures can be used effectively in screening
wheat genotypes. The correlation coefficients between the DS at the seedling and the adult plant
stages was low. Thus resistance assessed at the seedling stage could not fully explain adult plant
resistance. Isolates from Kenya and The Netherlands were tested on wheat seedlings. It was
concluded that there was variation in virulence (and so in race-specific resistance in the host) of
Septoria tritici populations within both countries. The strong cultivar x isolate interactions observed
on wheat seedlings was also observed on adult plants in the field.
F6lines of36 crosses were evaluated inthefield.Transgressive segregation towards more resistance
and or more susceptibility occurred in most crosses. It can be said that a fair number of genes
operating in an additive manner and epistasis are involved.

Additional Keywords: Mycosphaerella graminicola, Triticumaestivum.
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Chapter 1
General introduction
Wheat area and production
Wheat is grown as a rainfed crop in Kenya at altitudes ranging from 1800 to 3000 m and
occupied about 150,000 ha in 1994. Yields improved nearly threefold from 0.63 t/ha in
1921to 1.76 t/ha in 1981-1990 (Anon., 1991). Wheat iscultivated by both small and large
scale farmers. The areaunder wheat cultivation by small scale farmers isincreasing. Hassan
et al. (1993) reported that in 1960 only 7% of the total wheat area was under small scale
farming, butthishad increased to20%bythe 1970's. Between 1987-1990 wheat accounted
for about 3% of the total value of marketed agricultural production (Anon., 1991). Today
wheat is the second most important cereal crop, after maize, in Kenya.
Until 1974 Kenya was a net exporter of wheat but since then the country had to import
wheat every year to meet rapidly increasing local demand. This local demand is growing
at the rate of 7% per year and considerably exceeds the increase in domestic production.
As a result, wheat imports rose from about 33,000 t in 1977 to approximately 218,000 t in
1987 (Hassan et al., 1993). This islargely due tothe rapidly growing population, increased
urbanisation and changing food preferences. Currently local production meets only 50%of
domestic demand. To meet these challenges the government has proposed several
approaches to stimulate production. One ofthese approaches istoreduce pre-harvest losses
caused by disease through breeding for more resistant cultivars.

History of septoria tritici blotch resistancebreeding
Septoria tritici,the causal organism of septoria tritici blotch (STB), isatpresent the second
most important wheat pathogen after yellow rust {Pucciniastriiformis)reducing yields in
Kenya. The disease isalso of major importance inthe highlands of Ethiopia and Tanzania,
in the coastal areas of the Mediterranean, in South America, in Australia and in Western
Europe (Saari and Wilcoxon, 1974; Rajaram and Dubin, 1977). Almost a complete crop
failure was reported from Kenya as early asthe mid-twenties by Burton (1927) due to STB
and in the following year, he (Burton, 1928) noted that especially plots under irrigation
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were severely infected. The importance of STB in Tanzania was highlighted by Riley
(1960) and in Ethiopia by Pinto (1972). Efforts were made inthe sixties to identify sources
of resistance (Saari and Wilcoxson, 1974). A Regional Disease and Insect Screening
Nursery (RDISN) was subsequently established. Some of the best sources of resistance to
S. tritici in the 1971-1972 nurseries were Kenya wheat lines selected in Ethiopia (Pinto,
1972) and submitted for regional testing in the RDISN.
After this initial work in Kenya, little was done on STB over the next two decades. This
was probably dueto the importance of stem rust (Pucciniagraminis) inthe 1970's and that
of yellow rust (Pucciniastriiformis) inthe 1980's (Danial, pers. comm.). To improve stem
rust resistance and yielding capacity, earlymaturing semi-dwarf lines from the International
Maize and Wheat Improvement Centre (CIMMYT), Mexico were introduced into the
breeding programme. Because of the relationship between plant stature, maturity and
resistance to STB (Danon et al., 1982;Eyal et al., 1983) the more STB resistant germplasm
were unconsciously discarded. Incidences of STB increased gradually and initially
unnoticed. Favourable weather conditions prevailing in Kenya in the 1985 and 1986
growing seasons led to severe STB epidemics and a renewed interest in STB resistance.

Thepathogen
Desmazieres (1842) inFrancepublished adescription ofSeptoriatritici,which heattributed
to Roberge. Septoria tritici Rob. ex Desm. the causal organism of septoria tritici blotch
represents the conidial state of Mycosphaerella graminicola (Fuckel), Schroeter. The
connection between the two stages, for many years supposed, was proven by cultural
experiments by Sanderson (1972). M. graminicola is a hemi-biotrophic parasite belonging
to the family Mycosphaerellaceae (Muller, 1989). Its asexual state produces pycnidia
embedded in the substomatal cavity.
Pycnidiospores germinate on a suitable substrate, following release from the pycnidium
when plants are wet. Moisture is required for all stages of infection: germination,
penetration, development of the mycelium within the plant tissue and subsequent pycnidial
formation (Shaner and Finney, 1976; King etal., 1983). Cardinal temperatures reported for
germination of S. tritici pycnidiospores are a minimum of 2-3°C and a maximum of 3337°C with an optimum of 20-25°C (Georghies, 1974a). Symptoms generally appear after
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14-21 days. The time from infection to production of pycnidia depends on environmental
conditions (moisture, temperature and light), the cultivar and isolate.
The first symptoms of infection onwheat leaves are expressed asirregular chlorotic lesions
that usually appear 5-6 days after inoculation. Three to six days later, at 18-24°C and high
relative humidity, necrotic lesions develop at the chlorotic sites. Necrotic lesions appear
sunken and greyish-green at first. By holding the leaf against the light, the beginning of
pycnidia formation can often beseen, usually after 18days. Thepycnidia, ranging incolour
from light to dark brown, develop in the necrotic lesion. The pycnidia are scattered within
the lesion, and can be on both sides of the leaf surface. The size of pycnidia may vary
among cultivars and is also affected by the density. As the number of pycnidia on the leaf
increases, the size becomes smaller (Eyal and Brown, 1976).
Severe epidemics inthe late sixties, particularly inNorth Africa, and the spread ofS.tritici
to areas where wheat wasnotpreviously commercially grown, initiated increasing attention
in national and international breeding programs (Eyal et al., 1973;Mann et al., 1985). The
spread of the disease has partly been caused by changing cultivation practices such as
reduced crop rotation and leaving infested straw on the soil surface (Brokenshire, 1975),
andthe widespread introduction of early maturing dwarf cultivars which aregenerally more
susceptible to 5. tritici.
Many aspects of the septoria diseases of wheat have been discussed in three literature
reviews (Shipton et al., 1971; Beggren, 1981; King et al., 1983) and four international
workshops (Cunfer and Nelson, 1976; Scharen, 1985; Fried, 1989; Arseniuk et al., 1994).
Eyal et al. (1987) have described concepts and methods of disease management of the
septoria diseases. The intensity of research worldwide on STB over the last two decades
highlights the importance of the disease worldwide.

Pathogenicvariation
There are conflicting reports on the issue of physiologic specialisation in S. tritici.
Significant variation for pathogenicity in S. tritici populations can influence how to best
breed for resistance. Eyal et al. (1973) and Saadaoui (1987) suggested that true physiologic
specialisation existed. Other workers (Prestes and Hendrix, 1977;Ballantyne, 1985;Perello
et al., 1989; Kema et al., 1996) too reported the existence of physiologic specialisation.

Chapter 1
Significant isolate xcultivar interactions have been reported (Eyal etal., 1985;van Silfhout
et al., 1989). Similar results of Eyal and Levy (1987) suggested geographic distribution of
specific virulences in S. tritici.
However, Marshall (1985) assessed STB severity in the field and in the greenhouse and
found a wide variation for aggressiveness but no significant isolate x cultivar interaction.
Van Ginkel (1986) suggested thatS.triticiisolates were specifically adapted toeither bread
or durum wheat but that cultivar specificity was not significant.
From these studies it seems that specificity does exist in S. tritici.However, no clear races
have asyet been identified and described. This may be dueto: lack of stability of the hostpathogen interaction, smallness of the race-specific effects, lack of a good differential set
of cultivars with known specific resistance genes, and/or lack ofagood assessment method.

Diseaseassessment
A reliable assessment of disease severity is essential if resistance to the pathogen is to be
effectively achieved. Various authors have discussed the proper measurements of disease
severity caused by S. tritici (Eyal, et al, 1987). There is at present not a single uniform
assessment method accepted by all septoria workers for either controlled studies in the
greenhouse or for field evaluation. The severity of S. tritici is usually evaluated either by
assessing the percentage coverage of the leaf bypycnidia or by determining the percentage
necrotic leaf area. Host response to the pathogen and therefore disease assessment may be
greatly influenced by factors such as plant growth stage at the time of assessment,
inoculum composition, plant growth habit (tallness and maturity), plant nutrition especially
nitrogen availability and interpiot interference.

i)Plant growth stage
Experiments onthe inheritance of resistance inwheat to STB are often carried out on adult
plants under field conditions (Jlibene et al., 1992; Shaner and Buechley, 1994). Field
experiments have inherent problems regarding plant growth habit (Tavella, 1978; Danon et
al., 1982; van Beuningen and Kohli, 1990; Arama et al., 1994). To avoid these problems
some investigators have evaluated resistance on seedlings under controlled conditions (van
Silfhout et al, 1989; Cohen and Eyal, 1993). Little work has been carried out to compare
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resistance at the seedling and adult plant stages. Kema and van Silfhout (1996) found no
significant correlations between the disease severities of seedlings and adult plants of 22
wheat cultivars tested against two isolates. Arama (1993) found low correlations between
seedling and adult plant resistance. Low correlations indicate thatthe resistance atthe adult
plant stage is difficult to predict from the seedling assessments. However, Brokenshire
(1976) observed a high correlation between seedling and adult plant resistance.

ii)Inoculumcomposition
In breeding programs where breeding materials are evaluated under field conditions, STB
epidemics are initiated or enhanced by artificial inoculation with a mixture of isolates of
S.tritici ofnational origin (Zelikovitch etal., 1986).Studies byZelikovitch andEyal (1989)
and Zelikovitch and Eyal (1991) suggested that mixing two S. tritici isolates differing in
virulence in certain combinations resulted in a marked reduction in pycnidial coverage as
compared topycnidial coverage obtained when eachisolate was applied separately onwheat
seedlings. Gilchrist and Velazquez (1994) didnot observe areduction ofpycnidia coverage
from the mixture of three isolates under field conditions onadult plants of aset of cultivars
differing in resistance to the isolates.

Hi) Plant growth habit (tallnessandmaturity)
Reduced disease severity isoften associated with late maturity and tall stature (Eyal, 1981;
Danon et al., 1982; van Beuningen and Kohli, 1990; Eyal and Talpaz, 1990; Arama et al.,
1994)).Many susceptible semi-dwarf cultivars introduced inthe sixties possess one or both
oftheNorin 10height reducing genes (Rhtl and Rht2) intheir parentage (Gale etal., 1981;
Gale and Youssefian, 1985). It has been suggested that short strawed wheat cultivars get
higher disease severities to STB because reduced distances between consecutive leaves
facilitate the ladder effect of the pathogen progress up the plant (Bahat et al., 1980).
However, experimental results have been inconsistent when comparisons were made
between plant height and disease severity (Tavella, 1978; Danon et al., 1982; Scott and
Benedikz, 1985). Genetic associations between short stature and susceptibility to STB has
also been suggested (Rosielle and Brown, 1979; Danon et al., 1982).
Early maturity has been associated with high disease severity (Arama etal., 1994). Genetic
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linkages between earliness and susceptibility to STBhave alsobeen mentioned (Eyal,1981;
Rosielle and Boyd, 1985). From these studies it is evident that for a proper evaluation of
resistance in wheat germplasm one has to take into account the difference in maturity and
tallness. These conflicting reports reflect one of the difficulties in making aproper disease
assessment.
iv)Plant nutrition
It is common practice for farmers to apply fertilisers to optimise grain yield. Fertiliser and
especially nitrogen applications might increase the susceptibility of wheat to S. tritici.
Increased N levels have been reported to increase septoria severity (Georghies, 1974b).
Fellows (1962) found that more lesions developed on leaves and that a greater percentage
of the leaf was destroyed when plants were fertilized, with 'Vigoro', 7-13 days before
inoculation than when fertiliser was applied at the time of inoculation. However, in other
experiments, Johnson et al., (1979) and Tompkins et al (1992) showed that increased N
fertilization reduced septoria severity in their trials.

v) Interpiotinterference
In early stages of a breeding program for resistance to S. tritici the breeder is limited in
space and seed. The practice is to evaluate large numbers of lines adjacent to each other.
Under these conditions susceptible entries often are planted next to resistant entries.
Susceptible entries may export far more inoculum to their resistant neighbours than they
receive from these neighbours, while the resistant lines may export far less inoculum to the
adjacent plots than they receive from these susceptible neighbours. Assessment of disease
resistance on the resistant lines could result in a too high disease severity assessment and
so isanunder-estimation ofresistance. This interpiot interference hasbeen investigated and
found to occur in varying magnitude in different crop/pathogen systems (van der Plank,
1963; James et al, 1973; Parlevliet and van Ommeren, 1984; Broers and Lopez-Atilano,
1995).Little information hasbeenpublished oninterpiot interference inwheat-STB system.
Burleigh and Loubane (1984) showed that severity ofM graminicola was not significantly
different in large plots 40 x 40 m and small plots of 10 x 10 m. The area under disease
progress curve (AUDPC) from 40 x 40 m plots were significantly different from 20 x 20
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m and 10x 10m plots but that final disease severities were only 2-10% greater. However,
these plots were large compared to the breeders' plots in most stages of a breeding
program.

Resistance
Most of the high yielding wheat cultivars grown in Kenya today are quite susceptible to
STB. Breeding for resistance is the economically most feasible control measure for many
wheat diseases. Septoria tritici blotch has been no exception. Undoubtedly most breeders
andpathologists want a form ofresistance thatkeeps itseffectiveness over time,and which
is easy to transfer across genotypes, easy to identify in segregating progenies and effective
under disease conducive conditions. However, germplasm resistant to STB israther scarce,
and little isknown about the types of resistance and the mode of inheritance (Eyal, 1981).
Conflicting reports are found in the literature regarding the nature of genetic resistance to
STB. These range from simple Mendelian genetics to complex quantitative inheritance
patterns. Mackie (1929) found by analyzing F2 populations that a single recessive gene
provided resistance in an unidentified cultivar. Single dominant genes for resistance have
been reported to be present in Lerma'50' and P14 (Narvaez and Caldwell, 1957), Bulgaria
88 (Rillo and Caldwell, 1966), Veranopolis (Rosielle and Brown, 1979; Wilson, 1979),
Carifen 12 (Lee and Gough, 1984), Vilmorin (Gough and Smith, 1985) and IAS20/#567.1
(Jlibene , 1990).
Wilson (1985), in evaluating 28 sources of STB resistance found that a single dominant
gene was the most common type of genetic resistance. However, there were some
exceptions including duplicate dominant, single incomplete dominant models, and for the
cultivar Seabreeze, a two recessive gene model was suggested. In other studies CamachoCasas et al., (1995) reported that additive and dominance effects were responsible for the
resistance toSTBinII50-18/VGDWF/3/PMF. Wilson (1985)proposed threedifferent genes
conferring resistance to STB. These were designated Slbl, Slb2 and Slb3 for the genes in
Bulgaria 88,Veranopolis and Israel 493respectively. Van Ginkel (1986) suggested that the
search for single gene resistance to STB may be ineffective because of the presence of
modifier genes, lack ofdiscrete classes insegregating populations, evidence oftransgressive
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segregation, disagreements on where to place the segregation between resistance and
susceptibility and environmental influence.
The experiments reported here were aimed at investigating several pathogen, cultivar and
environmental factors that affect STB epidemics in Kenya. These included studies on
resistant wheat genotypes, inheritance of resistance, influence of maturity and tallness,
interpiot interference, nitrogen fertilisation, inoculum composition and isolate virulence.
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Chapter 2
'Effect of plant height and days to heading on the expression of
resistance in Triticum aestivum to Septoria tritici in Kenya

Arama, P.F., J.E. Parlevliet and C.H. van Silfhout

Summary
The effect of plant height (HT) and days to heading (HD) on disease severity was studied
in the field using 57 wheat cultivars. The linear correlation between the area under disease
progress curve (AUDPC) and HD was -0.68 and between AUDPC and HT was -0.25. A
multiple regression equationVAUDPC = 145.5 - 1.5HD + 0.0056HT was derived from the
data to correct the observed disease severity for the effects of HD and HT. After the
correction for differences in HD the differences between the earliness groups had
disappeared to a large extent.

Introduction
Septoria tritici blotch of wheat, anamorph of Mycosphaerella

graminicola

(Fuckel)

Schroeter is a major wheat disease in many parts of the world (Eyal et al., 1987).
Resistance to the pathogen is often associated with undesirable late maturity and tallness
(Brokenshire, 1976; Danon et al., 1982; Eyal et al., 1983). Also Tavella (1978) concluded
that the taller the wheat cultivar the lower its disease severity tended to be. The objective
of this study was to investigate the combined effects of plant height and maturity on disease
severity, caused by Septoria tritici, under field conditions in Kenya.

'This chapter has been published ina slightly modified version as:Arama et al. (1994). Effect ofplant
height and daystoheading ontheexpression ofresistance in Triticum aestivum toSeptoria tritici inKenya.
In:Arseniuk, E.,T.GoralandP.Czembor. (Eds.).Proceedings ofthe4thInternational workshop on:Septoria
of cereals. July 4-7, 1994. IHAR, Radzikow, Poland. 153-157
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Materials and Methods
From a largenumber ofentries, 57wheat genotypes varying indisease severity for Septoria
tritici blotch, heading date,tallness and resistant toyellow rust were selected for this study.
The entries were planted at Timau and Njoro in 1990 main season and off-season (Njoro
only) and 1991 main season. The five trials were planted in randomized complete block
designs with three replications. Plots were planted three rows, 2 m long. Observations
started about 65 days after seedling emergence and thereafter every 14 days for three
consecutive times. Septoria infection was visually estimated onthethree upper leaves (flag
leaf and the two leaves below the flag leaf) of ten tillers taken at random from each plot
using a modified Cobb scale. The area under disease progress curve (AUDPC) was
calculated as 7DS1 + 14DS2 + 7DS3, where DS (disease severity) refers to the mean
percentage of the three upper leaves affected by septoria tritici blotch at the first, second
and third observation date. This AUDPC represents the surface under the straight line
which connects the three observation dates. For statistical analysis the AUDPC data were
square root transformed.

Results
The AUDPC is considered to represent the degree in which the entry was diseased. The
data over the five trials were taken together because the variance for host genotype x trial
interaction was small for DS at any date, for AUDPC, days to heading from seedling
emergence (HD) and plant height (HT) in cm to flag leaf basis. AUDPC, HD and HT
varied greatly between entries and appeared associated with each other. The linear
correlation coefficient between square root transformed AUDPC and HD, square root
transformed AUDPC and HT, and HD and HT were -0.68***, -0.25* and 0.37**
respectively (*, **, *** significant at the 10%, 1% and 0.1%level).
Table 1gives the data for 11entries, that represent the range of variation for HD, HT and
relative AUDPC. Asthe three variables are correlated the AUDPC should be corrected for
the differences in HD and HT. A multiple regression equation was derived from the data
to correct the observed AUDPC for the effects of HD and HT. The equation derived was:
VAUDPC = 145.5 - 1.50HD + 0.0056HT
Using the multiple linear regression equation, the AUDPC of all entries was corrected to
14
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Table 1. Heading date (HD), plant height (HT) and the relative area under the disease
progress curve (AUDPC) before and after correction for differences in HD and HT of 11
wheat entries (observed AUDPC of entry 48 is set at 100%).
Entry

HD (days)

HT(cm)

AUDPC before

AUDPC after

correction

correction

48*

58"

36

100.0 (1)

69.2 (1)

41

78

59

42.9 (3)

59.0 (2)

14

98"

77

4.2 (10)

35.8 (3)

12

60

73

43.5 (2)

26.9 (4)

47

76

62

15.8 (5)

23.3 (5)

33

88

91

2.6(11)

17.1 (6)

22

59

33"

28.0 (4)

14.0 (7)

50

70

97"

10.3 (7)

10.3 (8)

54

61

53

14.8 (6)

6.7 (9)

11

64

48

7.6 (9)

3.6 (10)

8

60

52

8.4 (8)

2.2 (11)

An extremely susceptible entry, which reached a disease level of 70% to 90% affected
leaf area in most trials.
Extreme values, indicating the range in HD and HT among the 57 entries.
a HD of 70 days and to a plant height of 60 cm. The last column of Table 1shows the
corrected relative AUDPC, which is assumed to represent the real level of
susceptibility/resistance. The linear correlation coefficient between the observed AUDPC
and the corrected one (after square root transformation) was 0.735***, which means that
about 50% of the observed variance in AUDPC (square root transformed) is explained by
differences in HD and HT.
Tables 2 and 3 show the mean AUDPC of four maturity groups and four plant height
groups before and after correction for heading date and plant height respectively.
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Table 2. Mean relative area under disease progress curve (AUDPC) of four heading date
groups before and after correction for differences in days to heading (relative to most
susceptible entry, see table 1).
Group

Days to

No. of

AUDPC before

AUDPC after

heading

entries

correction

correction

I

Up to 60

8

35.5

20.3

II

61 -70

27

21.2

15.6

III

71 - 80

16

10.0

10.0

IV

Above 80

6

2.2

15.2

Table 3. Mean relative area under disease progress curve (AUDPC) of four plant height
groups before and after correction for differences in tallness (relative to most susceptible
entry, see table 1).
Group

Plant height

No. of

AUDPC before

AUDPC after

(cm)

entries

correction

correction

I

<51

8

33.7

33.5

II

51 -60

21

17.1

17.1

III

61 - 70

14

12.9

12.9

IV

>70

14

16.9

17.1

Maturity had a pronounced effect onthe AUDPC (Table 2).The group means for AUDPC
were highly significant (***). After correction for differences in HD the differences
between the groups had disappeared to a large extent. After correction some differences
between the four groups remained, which did not seem to be related to differences in
maturity. Such differences are expected when the number of entries per group are fairly
16
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small and when the individual differences are large (Table 1, last column) as is the case
here. Plant height, on the contrary, had hardly an effect, if at all (Table 3). The few very
short entries appeared really more susceptible than the other entries.
After correction for differences in days to heading and plant height large differences in
AUDPC between entries remained. The relative values ranged from 69.2 for the most
susceptible entry to 2.2 for the most resistant one, a large difference (Table 1). Between
these extremes there was a continuous variation in the AUDPC.
Discussion
The present set of experiments confirmed the strong influence of heading date on the
observed disease severity butnot oftheeffect oftallness reported byothers (Rosielle, 1972;
Tavella, 1978; Danon et al, 1982). The equation derived in this study deviates from those
of Eyal and Talpaz (1990) and van Beuningen and Kohli (1990). The equations of Eyal
and Talpaz (derived in Israel) and of van Beuningen and Kohli (derived in Paraguay),
though somewhat different from one another, both showed significant effects of heading
date and plant height. There can be several reasons why inthis study hardly any effect of
tallness was observed. It could be due to the inoculation procedure used, which involved
infested straw spread between the rows and spore suspension inoculation at the tillering
stage. Other reasons of the absence of a tallness effect might be in the sample of entries
used. The range in this population was 33 to 97 cm (measured to the flag leaf), which
means that even the tallest entry could not be considered tall. The population of entries
started from and the rather vigorous selection applied (for yellow rust resistance) may have
resulted in a sample not fully representative for bread wheat. A third reason could be the
climatic conditions in Kenya.
The observations reported here suggest that studies into the effect of days to heading and
plant height should not be used indiscriminately. One has to correct the observed disease
level of the entries for the effect of heading date and tallness when one is selecting for
resistance to Septoria tritici blotch, butthe correction should bebased onones own dataand
not on a formula derived from another population under other conditions.
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Influence of assessment date in relation to heading date on the
evaluation of cultivar response to septoria tritici blotch in the field
Summary
Nineteen cultivars were evaluated for their response to septoria tritici blotch in two
experimental setups. All cultivars were evaluated for disease severity at the same time
irrespective of the developmental stage inExperiment 1 while inExperiment 2the cultivars
were evaluated at the same developmental stage. Measured at the same time, the disease
severity was highest in the early maturing cultivars and lowest in the late maturing
cultivars. When assessed at the same development stage the disease buildup was
independent of earliness but depended on resistance level. This is expressed in the
correlation coefficients between disease severity and heading date ,which was -0.78 when
disease was assessed atthe same time and -0.10 when assessed at the same developmental
stage.

Introduction
Septoria tritici is a major foliar pathogen of wheat in many parts of the world (Saari and
Wilcoxson, 1974; Rajaram and Dubin, 1977; King et al., 1983). Increased severity of
septoria tritici blotch (STB) isthought tobedueto the widespread replacement of tall, late
maturing local cultivars by high yielding early maturing semi-dwarf wheats (Eyal et al.,
1987; Saadaoui, 1987). Many reports have been published associating reduced disease
severity with tall stature and late maturity (Shaner et al., 1975;Tavella, 1978; Rosielle and
Brown, 1979; Eyal, 1981;Danon et al., 1982; Eyal et al., 1983; Rosielle and Boyd, 1985;
Jlibene et al., 1992; Camacho-Casas et al., 1995).
Many susceptible semi-dwarf cultivars introduced in the 1960's possessed one or both of
the Norin 10 height reducing genes (Rhtl or Rht2) in their parentage (Gale et al,. 1981;
Gale and Youssefian, 1985; Baltazar et al., 1990). Ithas been suggested that short strawed
wheat cultivars get higher disease severities to STB because the reduced distances between
consecutive leaves facilitate the pathogen progress up the plant (Bahat et al., 1980).
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However, experimental results have been inconsistent when comparisons were made
between plant height and disease severity (Tavella, 1978, Danon et al., 1982). Genetic
associations between short stature and susceptibility to STB have been suggested (Rosielle
and Brown, 1979; Danon et al., 1982). Early maturity has also been associated with high
disease severity (Eyal et al., 1983; van Beuningen and Kohli, 1990; Arama et al., 1994;
Camacho-Casas etal., 1995).Genetic linkages between earliness with high disease severity
have been mentioned (Eyal, 1981;Rosielle and Boyd, 1985).
To help interpret the effect of days to maturity and tallness, it becomes necessary to
measure the pattern of variation of these factors together with that of the disease severity.
Some methods are available enabling a proper interpretation of the data collected. This in
turn then gives insight into the effect of each of the two variables (earliness, plant height)
onthe disease severity (Eyal and Talpaz, 1990; van Beuningen and Kohli, 1990; Arama et
al., 1994). From the data collected by Arama et al. (1994) it appeared that the differences
in earliness had a much stronger effect on disease severity than differences in plant height.
An experiment was designed to investigate the effect of earliness on disease severity in
more detail in order to assess the true resistance ofacultivar. Four groups of cultivars were
chosen. Within each group the cultivars had a similar plant height and a similar earliness.
The groups differed in their mean earliness. The experiment was designed in such a way
that the disease severity of the cultivar groups could be assessed either atthe same time or
at the same stage.

Materials and Methods
The experiments were planted in 1992 at the experimental farm of the National Plant
Breeding Research Centre, Njoro (Altitude 2160m).Nineteen cultivars and breeding lines
were chosen from the 1991septoria observation nursery maintained atthe Centre. Selection
was primarily based ondaystoheading (HD) and secondly onplant height to flag leaf. The
cultivars were classified in four heading date groups differing from each other by
approximately 10days: Group I, about 55 days (cv. nrs. 1-5); Group II, about 65 days (cv.
nrs. 6-10); Group III,about 75days (cv. nrs. 11-15); Group IV, about 85days (cv. nrs. 1619) (Table 1). Within each group the cultivars had a similar plant height to flag leaf (F).
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Experiment I.
The cultivars were planted in a randomized complete block design without regard for
maturity (days to heading) or tallness. Three replicates were planted and these were
separated with 2 m of oat. Plots within replicates consisted of four rows of2 m with arow
distance of 20 cm. The plots within a replicate were spaced 30 cm from one another. At
the seedling stage septoria infected straw was spread between therows.Additional artificial
inoculation with a spore suspension was done at growth stage 30 (GS 30) (Tottman and
Makepeace, 1979). Inoculum preparation was as described by Eyal et al., (1987). Leaf
segments 3-5 cm long were placed onamicroscope slide inapetri-dish onmoistened filter
paper for 2 hrs. Pycnidiospores were extruded from pycnidia in cirri. A single cirrus was
removed from the leaf segment and inoculated onto freshly prepared Malt Yeast Agar
medium. Sub-cultures were made toincrease inoculum. Atthetime offieldinoculation, the
cultures were scraped off the petri-dishes into 1L of distilled water. Spore suspension was
filtered through cheese cloth to remove agar fragments. The spore suspension was diluted
with distilled water and the concentration adjusted to 106spores/ml. A 15LCP15 knapsack
sprayer was used for inoculations. After the inoculations, sprinkler irrigation was applied
every three days whenever there wasnorainfall inthat time interval. Irrigation was applied
until the time of last observation. The first observation was made 55 days after planting
when the earliest maturing cultivars were at the heading stage. Four consecutive
observations were made at an interval of 10 days. The last observation was made 85 days
after planting. For each observation twenty main tillers were sampled at random from the
inner two rows. Percentage leaf area necrotic due to STB was estimated on the upper two
leaves that were fully developed. Data were also taken for heading date in each plot. The
plant height to the flag leaf of five representative main tillers in each plot was measured
90 days after planting for the early maturing cultivars and 120 days for the late maturing
cultivars.

Experiment 2
The cultivars were grouped into four heading date groups differing by approximately 10
days. The experiment was planted in three replicates adjacent to Exp. 1. Plot size and
spacing was as inExp. 1.The cultivars were planted according toheading date groups with
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five cultivars per group. Theheading date groupposition inthe replicates was randomized.
The cultivar position was randomized within the groups. A 2 m crop of oat was planted to
separate the replicates. Straw spread, inoculum preparation and inoculations were as
described in exp.l. Overhead sprinkler irrigation was supplemented as in exp.l until the
time of last observation.
Disease assessments were made according to the heading date group so that the first
assessment was made when the cultivars within agroupwere atheading stage and had fully
expanded flag leaves. Thusthe first disease observations were made 55,65,75,and 85days
after planting in Group I, Group II,Group III and Group IV respectively. Four assessments
were made in each group at an interval of 10days such that the last assessment was made
115days after planting in group IV. Twenty maintillers were sampled asdescribed inExp.
1. Percentage necrosis was estimated on the flag leaf (F) and the first leaf below the flag
leaf (F-l).

Data analysis
The percentage necrosis in both experiments were logit transformed using the formula:
Logit = Log((%necrosis)/(100 - %necrosis))+7.
Analysis ofvariance was carried outonthetransformed data. Correlations between heading
date, plant height and disease severity were determined in both experiments. In group IV
one cultivar appeared to have a HD of 100 days, which did not fit into the earliness class
meant (about 85 days). This cultivar was excluded from the analysis.
Results
Experiment 1
Table 3a shows thatthe mean disease severity for cultivars 16-19 (latest maturing) was less
than 5% at day 85. At that time, cultivars 1-5 (early maturing) were all 100% necrotic.
Disease severity was highest in the early maturing cultivars and lowest in the latest
maturing cultivars (Tables 1and 3a). The cultivars differed considerably indisease severity
(DS) within groups (Table 1).The group means for DS were quite similar when compared
at a similar stage; for instance observation date 1,2, 3and 4 for the groups I, II,III and IV
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Table 1. Plant height (HT) in cm to flag leaf, heading date (HD) in days from sowing and
percentage necrosis caused by septoria tritici blotch of 19wheat cultivars grouped into four
maturity groups assessed at the same time for four consecutive assessment times.
Days after sowing
Cultivar

Grp. HT

HD

55

65

75

85

1

Frontatch

56.3

59

12.8

43.8

95.9

100.0

2

PEL.72380/ART71/3A.

59.8

58

8.3

23.3

99.3

100.0

3

COOK/VEE/DOVE/SERI

54.3

55

3.5

17.6

95.1

100.0

4

L2266/1406.101//BUC.

58.0

56

0.7

7.5

93.7

100.0

5

VEE'S'

49.5

59

2.5

7.2

87.1

100.0

6

CMH78.390//MRNG/ALDAN

40.0

63

0.0

13.9

48.8

87.6

7

PAK/BJY/GJO/EMU

48.4

64

0.3

7.6

48.2

95.9

8

IAC 168

58.0

65

0.0

0.6

25.7

87.5

9

TRAP#l*2//ERP/RUSO

56.7

63

0.0

0.2

12.3

65.0

10 BUC/BJY

54.0

62

0.0

0.0

2.0

21.1

11 Kenya Sungura

70.2

75

0.0

7.5

18.6

40.4

12 Selpek

68.3

78

0.0

1.8

16.9

48.7

13 YAP/BJY

69.7

75

0.0

0.0

0.0

28.9

14 Ning 8331

68.8

76

0.0

0.5

1.7

19.1

15 Milan

69.0

75

0.0

0.0

0.0

0.4

16 KVZ/3/BB/CHA//TRM..

IV

59.4

85

0.0

0.1

0.0

5.7

17 ND/VG9144/3/KAL/BB..

IV

52.2

85

0.0

0.0

0.5

2.0

18 BOW/NAC

IV

59.2

89

0.0

0.0

0.5

1.8

19 Unknown (8thLACOS246)

IV

53.0

86

0.0

0.0

0.6

1.2
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Table 2. Percentage necrosis of 19 wheat cultivars assessed on heading date group (see
table 1) basis at the same developmental stage, but different days after sowing.
Days after sowing
Cultivar

55

65

75

85

95

105

115

1

11.4

50.5

96.4

99.3

2

8.8

29.1

63.9

100.0

3

5.4

21.0

69.6

100.0

4

1.5

8.4

91.7

100.0

5

0.4

5.3

71.4

96.9

6

-

8.5

45.5

98.0

100.0

7

-

1.0

35.2

96.0

100.0

8

-

0.2

21.3

84.1

100.0

9

-

2.3

8.6

61.6

87.9

10

-

0.0

0.3

22.2

42.2

11

-

-

9.4

35.7

86.3

100.0

12

-

-

10.3

49.8

84.6

100.0

13

-

-

3.7

32.5

63.0

100.0

14

-

-

4.3

13.7

72.9

100.0

15

-

-

0.0

0.0

8.4

23.7

16

3.3

14.6

72.1

100.0

17

0.0

6.8

39.6

96.7

18

1.2

14.3

57.8

100.0

19

0.2

13.8

54.5

96.7
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Table 3a. Means for heading date (HD) in days and percentage necrosis due to septoria
tritici blotch at four observation dates for the 19 cultivars grouped according to days to
heading groups (I-IV) and whose assessments were carried out at the same time.
Observation date
Heading date group

HD

1

2

3

4

I
II
III
IV

57
63
76
86

5.6
0.1
0.0
0.0

20.5
4.5
2.0
0.0

94.2
27.4
7.4
0.4

100.0
71.4
27.5
2.7

Table 3b. Means for heading date (HD) in days and percentage necrosis due to septoria
tritici blotch at four observation dates for the 19 cultivars grouped according to days to
heading groups (I-IV) and whose assessments were carried out at the same stages of
development.
Observation date
Heading date group

HD

1

2

3

4

I
II
III
IV

57
63
76
86

5.5
2.4
5.5
1.2

22.9
22.2
26.3
12.4

78.6
72.4
63.4
56.0

99.2
85.9
84.7
98.4

Table 3c. Means for heading date (HD) in days and percentage necrosis due to septoria
tritici blotch for the 19cultivars grouped according to days to heading groups (I-IV) at the
first, second and third observation dates (1, 2, 3) from heading for two experiments (El,
E2).
1
Heading date group HD
I
II
III
IV

57
63
76
86

El

E2

El

E2

El

E2

5.6
4.5
7.4
2.7

5.5
2.4
5.5
1.2

19.9
27.4
27.5
-

22.9
22.2
26.3
-

94.2
71.4
-

78.6
72.4
-
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Table 4. Plant height (HT) in cm to flag leaf, heading date (HD) in days and logit
transformed area under disease progress curve (AULOGDPC) of 19 wheat cultivars
observed at the same development stage.
Cultivar Nr.

HT

HD

AULOGDPC

15

69.0

75

111.0 a

10

54.0

62

126.8 b

17

52.2

85

175.3 c

9

56.7

63

181.4 c

5

49.5

59

183.5 cd

19

53.0

86

187.8 cd

18

59.2

89

196.1 de

16

59.4

85

207.0 ef

14

68.8

76

209.1 ef

3

54.3

55

213.4 f

13

69.7

75

214.5 f

8

58.0

65

214.8 f

4

58.0

56

215.4 f

2

59.8

58

218.0 f

11

70.2

75

234.2 fg

12

68.3

78

239.4 g

7

48.4

64

241.7 g

1

56.3

59

258.6 h

6

40.0

63

Means followed by the same letter in a column are not significantly different using LSD
P>0.05
respectively, or observation dates 2, 3and 4 for the groups I, IIand III respectively (Table
3a). The correlation for Area under Logit transformed Disease Progress Curve
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(AULOGDPC) and heading date was -0.78.
Experiment 2
Disease development in this experiment was similar to that in experiment 1. There was
reduced rainfall in August when the group IV cultivars were heading. This necessitated
more frequent overhead sprinkler irrigation to maintain conducive conditions for disease
development. Results in Table 2 and 3b indicated that the disease buildup in the four
heading date groups was similar. The disease started to buildup at orjust before heading
stage in all groups. As in exp. 1there were clear cultivar differences within groups. The
correlation between assessments in exp. 1 and exp. 2 when measured at heading (first
observation inTable 2)was0.85.When measured 10dayslater (second observation intable
2) for groups I, II and III it was 0.96. The disease developed in the same way in all four
groups. It started around heading and had progressed to 100% or nearly so after 30 days
except for the resistant ones. In table 4 the cultivars are ranked according to their area
under disease progress curve. The correlation between this AULOGDPC and heading date
was -0.10 (not significant). The cultivars Milan and BUC'S'/BJY showed high levels of
resistance. Milan was in Group III and BUC'S'/BJY was in Group II.

Discussion
In exp.l the start of observations at 55 days after planting had some implications. At that
time the earliest maturing cultivars nr. 1-5 (Table 1) had fully expanded F and F-l leaves
and these were assessed. At the same time cultivars nr. 16-19 were at the tillering or stem
elongation growth stage. Assessment was made on the second to fourth lower leaves after
the flag leaf (F-2 to F-4) leaves. Such assessments were not comparable because plants
were assessed at different developmental stages. Fully emerged F and F-l leaves were
observed in these cultivars nr. 16-19 at date 85. The disease exposure was also less than
in the early maturing cultivars.
The experimental setup represented by table 1 is the usual approach when comparing
resistance of a range of cultivars. In such an approach the differences in disease severity
are often for a large part attributed to differences in resistance. In reality the differences in
disease severity are far more affected by the differences in days to heading than in
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differences in resistance. Table 2 and 3b shows clearly that the four HD groups had the
same epidemic development taken from themoment ofheading. The epidemic started atthe
same development stage of the plant in early and in late maturing cultivars and the rate of
epidemic development also didnotdiffer. Among the 19cultivars onlytwoare clearly more
resistant than the others; BUC/BJY (nr. 10)and Milan (nr. 15).There are afew others such
as nrs. 8, 9, 13 and 14 which appear to have some resistance compared to the more
susceptible ones. But as a whole the differences in disease severity due to resistance are
small compared to the differences due to HD. The fact that the disease severity started at
the same time and developed ata similar rate irrespective ofthe earliness group means that
the late maturing cultivars do not have some inherent resistance to STB.
In exp. 1the cultivars were fully randomised. Late and early cultivars could be adjacent to
one another. In such a case the late cultivar is exposed to the inoculum produced by the
early cultivar (where the disease develops much earlier). If there is considerable interpiot
interference, the later cultivars would be more affected in this randomized setting than in
the setting in exp. 2 where the cultivars were planted in maturity groups and therefore not
exposed tomore diseased earlier cultivars. Ifinterpiot interference wasof some importance,
one should expect the later maturing cultivars more affected in exp. 1 than in exp. 2;
especially in the earlier stages of disease development i.e. in the first and second
observation after heading. Inexp. 1 the average disease severity for the heading date groups
IIto IVwere marginally higher in exp. 1 than those inexp. 2(Table 3c).This might be due
to a slight interpiot interference, but this effect is so small that it did not affect the
conclusions one should make. Theresults obtained from exp. 1and those from exp. 2when
taken at the same stage of plant development were very similar (Table 3c) . For instance
the correlation coefficient for the second observation after heading ofthe cultivars between
exp. 1and exp. 2 was 0.96. This is the stage at which the disease severity is around 20 to
50% for the more susceptible cultivars, a good stage for comparing. From this experiment
it can be concluded that one can assess true resistance of a range of cultivars provided one
measures the disease severity not at the same moment, but at the same stage of plant
development. It becomes easier if one is able to group the genotypes to be tested in
maturity groups.
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