





Peter F. Arama

Effects of cultivar, isolate and environment on

resistance of wheat to septoria tritici blotch in Kenya

Proefschrift

ter verkrijging van de graad van doctor
op gezag van de rector magnificus,
dr. C.M. Karssen,
in het openbaar te verdedigen
op woensdag 25 september 1996
des namiddags te vier uur in de Aula

van de Landbouwuniversiteit te Wageningen












cooperation and for preparing the experimental field in time. My thanks also goes to Theo. Theo
you were a wonderful coordinator and organiser. To my dear friends Hanneke and Tichafa. You are
simply wonderful people. I have learnt a lot from you; humour and above all, how to make friends.
It has been a long journey across the great mountains and valleys. I can now see the Rubicon just

ahead of you. You will cross it, and may God bless you.

I am very much indebted to my promotor Prof. Jan Parlevliet who was fully responsible for this
project. What a great teacher and above all a friend I had in you. Our conversations most often
started with the weather and ended likewise. In between data was critically dissected to reveal its
story. Normally the story was that simple as [ strived to complicate it. Your frequent visits to Kenya
were the most memorable. Jan, thanks for the great experience and confidence that I have gained

from you.

My special thanks to my co-promotor Dr. Cor van Silfhout. Cor, it was all your initiative when you
introduced me to Jan. Together I have made great friends. I have always enjoyed my stay at IPO.
I am still indebted to you for one thing. When you were in Kenya I forgot to take you along for our
‘breakfast’ hunt.

My stay in the Netherlands was like a home away from home. Thanks a lot my Friends from the
Bennekom meeting. Special thanks to Friends: Kees, Hylkia, Pieter, Rita, Cytse, Marlies, Jan
Raemaker and Els. You are my big extended family. I wish also to thank Pieter and Gees Buringh
from whom I have learnt a lot on the Dutch ways of life with a historical perspective. I can not
forget the wonderful time I had during my stay in H79. I wish to thank all the residents for being
friendly, kind, understanding and helpful to me.

Particular thanks to my parents Silfano and Fransisca who encouraged me to pursue higher

education.

Lastly but not least, I wish to thank my dearest friend and companion, Roselyne. You and my
children Frederick, Robert and Susan had to endure lonely times when I was in pursuit of my new
found obsession; septoria. Thanks for your patience and moral support you gave me especially when

my spirits were dampened.

vil

























































Chapter 2

References

Beuningen, L.T. van and M.M. Kohli, 1990. Deviation from the regression of infection on heading
and height as a measure of resistance to Sepforia tritici blotch on wheat. Plant Disease
74:488-493.

Brokenshire, T., 1976. The reaction of wheat genotypes to Septoria tritici. Annals of Applied
Biology 82:415-423.

Danon, T., JM. Sacks and Z. Eyal, 1982. The relationships among plant stature, maturity class and
susceptibility to septoria leaf blotch of wheat. Phytopathology 72: 103 - 1042.

Eyal, Z., 1. Wahl and J.M. Prescott, 1983. Evaluation of germplasm response to Septoria leaf blotch.
Euphytica 32:439-446.

Eyal, Z., A.L. Scharen, J.M. Prescott and M. Van Ginkel, 1987. The Septoria Diseases of Wheat:
Concepts and methods related to management of these diseases. CIMMY T, Mexico, D.F..,
Mexico. 42pp.

Eyal, Z. and H. Talpaz, 1990. The combined effect of plant stature and maturity on the response
of wheat and triticale accessions to Sepforia tritici. Euphytica 46:133-141.

Rosielle, A.A., 1972. Sources of resistance in wheat to speckled leaf blotch caused by Septoria
tritici. Euphytica 21:152-161.

Tavella, C.M.., 1978. Date of heading and plant height of wheat varieties as related to Septoria leaf
blotch damage. Euphytica 27:577-580.

18


















Chapter 3

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 96.4 993

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 - 8.5 455 98.0 100.0

7 - 1.0 352 96.0 100.0

8 - 0.2 21.3  84.1 100.0

9 - 23 8.6 61.6 87.9

10 - 0.0 0.3 222 42.2

11 - - 9.4 357 86.3  100.0

12 - - 103 498 84.6  100.0

13 - - 3.7 325 63.0 100.0

14 - B 43 13.7 72.9 1000

15 - - 0.0 0.0 8.4 237

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

24










































Chapter 4

Table 3. Response classes derived from means of percentage pycnidia within six isolate

virulence groups and five cultivar resistance groups determined by cluster analysis

Virulence group

Resist. Grp. A B c D E F
1 MR S S S R S
2 MR MR MR S MR MR
3 R R MR MR R R
4 R R R R R R
5 MR S MR MR S MR

Resistant (R) 0-10%; Moderately Resistant (MR) 11-20%; Susceptible (S) >20%

Table 4. Response classes derived from means of percentage necrosis within eight isolate

virulence groups and six cultivar resistance groups determined by cluster analysis

Virulence group

Resist. Grp. A B (& D E F G H
1 MR MR R R R S S R
2 MR S S S MR S S R
3 MR MR S MR MR S S S
) S S S S R S S S
5 MR R MR S . S R S MR
6 R R R R R R R R

Resistant (R) 0-20%; Moderately Resistant (MR) 21-40%; Susceptible (S) >40%
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Chapter 6

Table 2: The percentage necrosis on the uppermost two leaves of 29 wheat cultivars inoculated with three isolates

of Septoria tritici in the field.

Isolate
Cultivar 1PO290 IPO001 IPO323
Baldus 100.0 100.0 100.0
Kenya Plume 95.7 100.0 93.2
Kenya Sungura 100.0 84.8 100.0
Kenya Page 97.1 94.9 87.3
Trophy 100.0 94.8 76.9
Frontatch 98.7 84.3 88.4
HAHN‘S’*PRL‘S’ 100.0 99.8 57.5
Grange 100.0 98.3 93.3
Civet T1.7 91.7 97.7
Token 96.5 91.7 54.7
Ning 8331 91.1 64.3 853
TRAP//ERP/RUSO 94.7 37.8 98.3
Jupat.-Alond. 100.0 843 0.8
Kenya Mamba 100.0 87.2 0.0
RPB/NAC//DOVE 100.0 79.5 7.7
Kenya Hunter 98.7 779 0.8
BOWS’/VEE‘S’ 94.7 78.8 0.0
BUC'S’/BJY‘S’ 79.8 894 0.0
Romany 97.2 41.0 12.4
Enkoy 71.7 23 77:1
Fanfare 75.3 73.8 2.8
CMH79A/BOW 772 11.1 59.0
Kenya Mbweha 76.7 1.3 61.1
Minaret 100.0 0.0 22.7
Jondolar 97.8 6.6 19
YAP/BIY‘S’ 65.3 93 0.0
Fink‘s’ 67.3 23 0.3
Clement 46.4 0.3 4.9
Milan 26.0 0.0 17.2
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Interplot interference

Table 2. The mean, range and standard deviation for area under disease progress curve

(AUDPC) of six wheat cultivars in five plot situations in 1993.

Plot situation

Cultivar I6 NI6 NI2 NIl H Mean*
Baldus 57.7 61.0 550 51.8 423 49.7
Minaret 346 388 343 328 283 31.8
CMH78.390//MRNG.. 46.0 340 30.8 287 26.1 28.5
Jondolar 30.8 25.6 23.0 216 309 252
LOV23/BJY*S’ 2.8 9.9 3.6 0.7 3.0 2.4
BUC'S’/BJY‘S’ 83 33 2.8 15 1.8 2.0
Mean 30.0 28.8 249 229 221 23.3
Range 549 51.1 522 51.1 405 47.7
Standard deviation 212 209 19.8 19.6 16.2 18.4

*Mean of H, NI1 and NI2 representing breeders’ small adjacent plots.

Experiment 2: Wageningen, 1993.

An experiment similar to the one of 1992 was planted in Wageningen on 20 April. Six
cultivars with similar maturity were planted in five plot situations:

H:  Hill plots planted in four rows of 2.0 m length

NI1: Adjacent plots of one row of 2.0 m length

NI2: Adjacent plots of two rows of 2.0 m length

NI6: Adjacent plots of six rows of 2.0 m length

16:  Isolated plots of six rows of 2.0 m length

The setup of the experiment was as described for experiment 1. The experiment was
inoculated with isolate IPO290 collected in The Netherlands. Inoculations were done twice

on June 5 and June 12 at the late tillering stage of development. Inoculum concentration
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Interplot interference

interference, but the disease level on the resistant entries was reduced in the small plots.

The results from Njoro and Wageningen gave no evidence of interplot interference in
adjacent plots infected with STB. This was seen from the high ranking correlations between
the small adjacent plots and the large isolated and non isolated plots in the three
experiments and the similarity in range and standard deviations between the breeder‘s plots
and the isolated plots.

The consistent increase in disease severity (averaged over the entries) from hill plots to
isolated plots in all three experiments could be seen as an interplot interference too, but not
of importance for the breeder. An explanation for this increase in disease severity could be
that within the H plots there was more space between individual plants. The spores
produced by the individual plants are mostly lost in the relatively large open space around
them. In the I8 plot situation the individual cultivar within a plot covered most of the space
uniformly and this means that most of the spores produced are retained or have a higher
chance to be disseminated to the next plant also the micro-climate within the plots might
have changed with increasing plot size and this could also affect the disease situation.
Burleigh and Loubane (1984) used plot sizes between 10 x 10 m to 40 x 40 m to study
interplot interference in wheat infected with STB and reported no significant interplot
interference effect. Results from their experiments showed that septoria tritici blotch
severity in larger plots was always higher than in smaller plots. For instance, at Jamaa
Shaim, the cultivar Sieta Cerros had 70% and 60% DS in plots of 40 x 40 m and 20 x 20
m respectively. In any case these plot sizes are large and are not repfesentative of breeders’
plot situation.

The ranking order remained nearly always the same in the various plot situations and there
was no indications that the resistance level is underestimated in the small plots as the
standard deviation (seen against the mean disease severity) in these small plots is not

significantly smaller than the standard deviation in the large isolated plots.
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Chapter 10

Table 2. Frequency distribution of F6 lines in 10 disease severity classes of 36 crosses obtained from 14 parents.

Disease severity class (percentage)

Cross Mean  0-10 11-20  21-30  31-40 41-50 51-60 61-70 71-80 81-90 100

1 F6 2 1 2 5 15 25° 43° 11 0 0
287° 521
244* 679

2 F6 0 1 3 8 7 19 25 38 5 0
327 506
244 679

3 F6 7 2 11 11 8 21 3 27 12 0
327 506
287 521

4 F6 4 2 5 6 3 7 1 19 1 0
301 729
279 293

5 Fé6 3 9 3 14 3 14 15 22 15 0
396 329
244 679

6 F6 1 2 6 9 20 12 6 21 4 0
343 304
244 679

7 F6 2 6 8 28 32 19 0 8 0 0
127 29.8
244 679

8 F6 1 2 2 T 7 11 2 33 42 0
396 329
287 521

9 F6 0 3 13 16 8 27 9 22 8 1
343 304
287 52.1

10 Fé6 4 3 1 2 T 19 12 41 16 0
327 506
396 329

11 Fé 15 12 12 12 21 18 9 4 0 0
127 29.8
287 521

12 F6 6 10 13 17 5 22 6 17 2 0
244 679
001 132

13 F6 0 5 9 10 9 24 4 31 0 0
343 304
327 506

14  F6 10 8 12 10 ) 12 4 18 15 0
327 506
127 29.8

15 Fé6 ) 11 16 23 22 14 11 5 2 0
303 6.6
244 679

16 Fé6 0 9 7 20 6 19 8 25 0 0
301 729
106 1.4
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Inheritance of quantitative resistance

Table 2. Continued.

Disease severity class (percentage)

Cross Mean 0-10 1120 21-30 3140 41-50 51-60 61-70 71-80 81-90 100

17 F6 61 14 B 6 1 8 2 6 2 0
244 679
019  14.1

18 Fé6 43 16 6 3 3 5 0 21 9 0
267 415
279 293

19 F6 0 1 4 18 12 39 8 16 6 0
282 256
267 415

20 Fé6 0 1 6 3 4 7 7 28 42 7
327 506
001 132

21 Fé6 0 5 11 14 19 23 9 32 3 0
343 304
396 329

22 F6 7 9 14 18 21 17 14 11 1 0
127 29.8
396 329

23 F6 1 2 13 16 20 25 3 25 1 0
343 304
127 2938

24 F6 8 8 13 21 15 14 9 3 1 0
303 6.6
287 521

25 F6 6 13 12 21 10 15 17 8 1 0
303 6.6
327  50.7

26 Fé6 2 1 11 19 10 11 4 20 6 0
282 256
343 304

27 Fé6 6 18 8 5 6 13 1 20 21 0
267 415
019 144

28 F6 6 4 6 7 4 21 4 25 16 0
282 256
279 293

29 F6 22 4 10 11 2 5 2 19 19 0
396 329
001 132

30 F6 0 2 7 15 3 21 6 42 3 0
343 304
001 132

31 Fé6 3 3 6 14 11 18 9 11 4 0
127 298
001 132

32 F6 22 8 3 10 3 10 3 5 1 0
282 256
019 144
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Inheritance of quantitative resistance

Table 3. Mean disease severity of parents (P1, P2), F6 and the midparent (MP), percentage decrease (-) or increase
(+) in mean disease severity in the F6 compared to the MP value, and the range in the disease severity, where tr
= trace, in the F6 of 36 crosses.

Change of F6

Cross P1 P2 F6 MP from MP, % Range
287 x 244 52.1 67.9 56.9 60.0 -5.2 5 = B
327 x 244 50.6 67.9 62.5 59.3 +5.4 25 - 85
327 x 287 50.6 52.1 537 51.4 +4.5 tr - 85
301 x 279 729 29.3 317 511 +1.2 5 - 80
396 x 244 329 67.9 56.3 50.4 +11.7 5 - 8
343 x 244 304 67.9 52.9 49.2 7.5 15 - 85
127 x 244 29.8 67.9 424 48.9 -13.3 5 - 75
396 x 287 329 52.1 69.4 425 +63.3 10 - 80
343 x 287 30.4 52.1 50.1 423 +18.4 15 - 85
327 x 396 50.6 329 64.1 41.8 +53.3 10 - 85
127 x 287 29.8 52.1 36.8 41.0 -10.2 r - 75
244 x 001 67.9 132 44.6 40.6 +9.9 ir - 75
343 x 327 304 50.6 53.9 40.5 +33.1 5 - 75
327 x 127 50.6 29.8 49.0 40.2 +21.9 tr - 85
303 x 244 6.6 67.9 41.5 373 +11.3 5 - 85
301 x 106 729 14 50.2 372 +34.9 15 - 75
244 x 019 679 14.1 19.8 36.0 -45.0 tr - 85
267 x 279 415 29.3 326 35.4 -7.9 tr - 85
282 x 267 256 41.5 54.4 33.6 +61.9 15 - 85
327 x 001 50.6 132 76.6 319 +140.1 5 - 85
343 x 396 304 329 53.4 313 +68.5 5 - 85
127 x 396 29.8 329 433 314 +37.9 tr - 80
343 x 127 30.4 29.8 50.7 30.1 +68.4 5 - 8
303 x 287 6.6 52.1 38.7 29.4 +31.6 tr - 80
303 x 327 6.6 50.6 42.0 28.6 +46.9 tr - 80
282 x 343 25.6 30.4 51.1 28.0 +82.5 5 - 8
267 x 019 41.5 14.1 51.1 27.8 +83.8 tr - 85
282 x 279 256 29.3 51.6 21.5 +87.6 5 - 8
396 x 001 329 13.2 46.2 23.1 +100.0 20 - 95
343 x 001 304 13.2 59.3 21.8 +172.0 15 - 85
127 x 001 29.8 132 49.8 215 +131.6 tr - 85
282 x 019 25.6 14.1 30.5 198 +53.3 20 - 85
303 x 396 6.6 329 47.8 19.8 +141.4 20 - 85
303 x 127 6.6 29.8 19.7 18.2 +8.2 tr - 55
282 x 106 25.6 14 346 13.5 +156.3 tr = 75
303 x 001 6.6 132 277 9.9 +179.8 tr - 75
Mean 47.7 34.8 +51.3

Std. dev. 12.3 123
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General discussion

ranking order for resistance, can be made when assessing in hills or small plots of one or
two rows adjacent to each other. But which error and how severe an error one makes
depends apparently on the pathosystem (Parlevliet and Danial, 1992). In case of the wheat-
Septoria tritici pathogen system, there was no evidence of interplot interference in the
breeder’s point of view (Chapter 8). The cultivars showed nearly always the same ranking
order in the small adjacent plots and the standard deviation in these small plots was not
significantly smaller than the standard deviation in the large plots four to eight rows
(depicting breeders’ yield trial plots) and isolated six to eight row plots representing the
farmers’ fields. This means that satisfactory assessment of resistance in wheat to STB can

be carried out in small adjacent plots.

Nitrogen

The effect of nitrogen level on STB was also studied in the field in Njoro (Kenya) and
Wageningen (The Netherlands). These experiments represented completely different
environments. The data reported in Chapter 9 shows that in Njoro, increase in N level
resulted in a clear increase in disease severity, while in Wageningen, such an increase in
N did not result into a significant increase in DS. The experiment was planted on sandy soil
in Wageningen and on volcanic soil in Njoro. It was expected that part of the CAN
fertilizer that was applied at GS30 (stem elongation) in Wageningen was leached long
before the onset of disease. Soils in Njoro (Mollic Andosols) had a higher capacity to retain
N resulting in less leaching. Under the circumstances as in Wageningen, timing of
application may have affected the results considerably. It can be said that the high increase
in STB epidemics in Eldoret Timau, Narok and Nakuru can also be explained by the high

N application to the wheat crop in these areas especially by the large scale farmers.

Race specific effects

In order to develop a sound breeding program for resistance to STB in Kenya, it is
necessary to have an insight into the pathogen population. Some preliminary work on the
virulence spectrum was carried out in 1987 (Arama et al., 1989) on a small number of
isolates collected from Njoro, Eldoret, Timau and Mau Narok. The isolates were found to

be highly virulent on the differential set used. However no attempts were made to separate
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Samenvatting

toegepast. Bij de pycnidia-aantasting konden de 16 islolaten in 6 virulentiegroepen worden
ingedeeld, de rassen in 5 resistentiegroepen. Op basis van de necrose-waarnemingen waren
er 8 virulentie- en 6 resistentiegroepen. Blijkbaar zijn pycnidiavorming en necrose
gedeeltelijk onafhankelijk van elkaar. Zowel in Kenia als in Nederland bestaat variatie voor
virulentie en dus voor fysiospecifieke resistentie.

In een veldproef in Nederland werden 29 rassen vergeleken bij drie Nederlandse pathogeen-
isolaten. Voor één isolaat waren vrijwel alle rassen vatbaar. Alleen de rassen Milan en
Clement vertoonden een bescheiden niveau van resistentie. Bij de twee andere isolaten werd
veelvuldig fysiospecifieke resistentie waargenomen. Fysiospecificiteit komt dus veel voor

en de kwekers moeten daar wel rekening mee houden.

Overerving van quantitatieve resistentie

Veertien rassen, vari€rend van behoorlijk resistent tot zeer vatbaar werden in vele richtingen
met elkaar gekruist. Van 36 kruisingen werd voldoende F2 zaad verkregen. Deze werden
via de "single seed descent" benadering tot de Fs doorgeteeld. Per kruising werden tot 100
Fé lijnen te velde met hun ouders vergeleken op hun aantasting na inoculatie met één
isolaat. Bijna alle kruisingen vertoonden transgressie. De hoge frequentie van transgressie
duidt op de aanwezigheid van op zijn minst een redelijk aantal resistentiefaktoren. Bij de
meeste kruisingen was de gemiddelde aantasting van de Fé hoger tot beduidend hoger dan
het oudergemiddelde. Dit duidde op de aanwezigheid van epistasie. Bij de kruisingen met
een van zeer vatbare ouder leek deze epistasie niet op te treden en was de overerving
voornamelijk van additieve aard. Ook de zeer vatbare rassen bleken nog resistentiefaktoren

te bevatten. Kruisingen tussen zulke vatbare rassen leverden zelfs vrij resistente Fé lijnen

op.
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