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Abstract .

Winter wheat croppi.ng has changed considerahly ‘over the years 1974-1986 1n T FPR
the Netherlands, Yield has been increased from 5 to 8 ton/ha, due to short-
" strawed cultivars and higher levels of agrochemical inputs. The changas .-
_were described Epidemics and damage relations of powdery mﬂdew were
studied, to construct an advisory system. o
In- surveyed fields, mildew intensity in spring was correlated with mean .} *
temperature in October and with the average temperature during December, ..
January, February and March and with the susceptibility of the cultivars .
-grown. The development of mildew during May-July was correlated with the
area gown with a cultivar and with its susceptibilitvy. The high variation
in mildew Intensity between fields points to the need of disease nonitoriw,_;
‘in management systems.
To assess mildew intensity, pustule counts were made and the fraction of i
diseased leaves (I, incidence) was determined (Neth, J. Pl. Path. 92: i
197-222). In fields, mean pustule number per leaf m, may be estimsted from !:'j}
I by: 1n(m) = 1.48 +1.14 In(inj1/(1- 1)]). Exrors of estimates wers studied.

Damage by mildew was studied in 13 field experiments (Neth. J. Pl. Path: :
- 9% 69-80 and 95: B5-105). The mildew profile in the canopy was described -
by a model with one parsmeter, for.which an estimate was given, Damage vas’
described by the function: -0.013 (SE - 0.003) kg/are per puatule-day of
mildew per leaf, from second node stage to early dough at yleld levels of
70 to 90 kg/are. After 1980, farmers were advised to control mildew based.
on data from these experiments and from the surveys.

To upgrads this advisory system a simulation approach was used to explore'
effects of weather on yield and damage (Neth. J. P1. Path., in press). -
Yields simulated were compared with yields harvested. The diffarencg in -
performance . of two modeles could be attributed.te the simulation of early i)
growth. Mildew was introduced in & model by quantification of five
parameters, teking the spatial distribution of mildew into acecount,. -
Computed danage approached but underestimated weasured, especially in eaﬂy“ E I
epidemics, by which the adviscory system could not yet be upgraded, : g

The question arose to what extend the Increased level of fertilizal:lon
affected epidemics of pests and diseasas (J. Phytopathology 125: 305- -319).
A comparison of different farming systems ravealed that higher levels of -
fertilization stimulated epidemics of mildew, yellow rust, snow mould, laaf
miners and cereal leaf beetles, while five other pathogenic species were
not affected. An integrated approach towards cereal cropping and bz'eeding

TS

e 33

is discussed

Additionsl keywords: Triticum gescivum, Erysiphe graminis, Blumeria s 5
graminis, surveys, mitoring, epidemiology, resistance, profile, damge,
.sitmlation agrochenicals vheat ideotype. :
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Duurzame landbouw betekent permanente zorp,

Ieder systeemn van geintegreerde akkerbouw vereist monitoring van ziekten
en plagen. In alle teeltkundig- en veredelingsonderzock is daarom waar-
neming vau zickten en plagen onontbeerlijk.

dit procfschrift

Jaarlijks dient de cultivar van cen akkerbouwgewas, waarin de grootste
hoeveetheid bestrijdingsmiddelen is toegepast, onderscheiden te worden met
een bintje aan cen lintje.

De verordening van het landbouwschap dat in Zeeland geen wintergerst
verbouwd mag worden is een klassick voorbeeld van een preventieve maat-
regel om het optreden van meeldauw in zomergerst tegen te gaan,

Bladgroei en bladsterfte zijn in de epidemiologie van bladziekten verklarende
en geen athankelijke variabelen.

dit proefschrift

In de lijst van gewasbeschermingskundige termen wordt "gewasbescherming’
gedefinieerd als het geheel van maatregelen gericht op het beneden
aanvaardbare grenzen brengen of houden van ziekten, plagen en andere
schadelijke factoren bij de teelt van gewassen en het beheer van (andere)
vegetaties”. Dat de termen gewasvrije periade’ en "gewasrotatie of vrucht-
wisseling’, als maatregelen om ziekten, plagen en het gebruik van pesticiden
te beheersen ontbreken en dat in de lijst cen 'gewasbeschermingsmiddel’
synoniem is met een {chemisch) bestrijdingsmiddel is 'gewasbeschermings-
knuddig’.

Commissie voor de Terminologie van de Nederlandse Plantezicktenkundige Vereniging, 1985.
Lijst van gewasbeschermingskundige termen. Gewasbescherming 16, supphar., 1.

Als in een teelt van tarwe het tarwestro nog groen is terwijl de korrels oogst-
rjp zijn, dan is de bemesting te ruim geweest en daarom in strijd met het
streven naar minimalisatie van emissie van voedingsstoffen. Bovendien is de
kans op schotterige tarwe groot en wordt het gebruik van loofdoodmiddelen
uitgelokt.


http://suppl.nr

8.

10.

De naam van de afgeleide eenheid *vierkante meter’ impliceert het bestaan
van een coherent systeem van minimaal drie eenheden die van de grond-
eenheid *meter’ zijn afgeleid. Daarom moet de are als eenheid van grond-
opperviak (areaal) worden gehandhaafd.

K. Schurer & J.C. Rigg, 1980. Grootheden en eenbeden in de landbouw en de biologie. Pudoc,
Wagrningen,

Dat de tabel "Voorzieningsbalansen granen, hoeveelheden’ is opgedeeld in
balansen woor tarwe, rogge, gerst, haver, mais, overige granen (o.a. sorghum
en millet), voedergranen en besloten wordt met: totaal granen, zonder rijst,
geeft meer verwarring dan dat boekweit op een pak Bambix groei-ontbijt voor
het gemak een graan wordt genoemd. De verwarring kan worden voorkomen
door in de tabel de categorie voedergranen af te voeren en door rijst op te
nemen.

Landbouwcijffers 1988. LE1-CBS. 171-173.

Om ecologische rampen, zoals die veroorzaakt door DDT, in de toekomst te
vermijden zal naast de toelatingscriteria van bestrijdingsmiddelen: zoals de
giftigheid en de persisicntie, ook de onbeheersbaarheid van het middel een
criterinm moeten zijn, vooral als het bestrijdingsmiddel een populatie van
genetisch gemanipuleerde organismen is.

Stellingen bij prociachrift: Pathosystem management of powdery mildew in winter wheat,
RA Dasmen, Wageningen, 14 fcbruari 1990,
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+ - General introduction

Chapter . 1

1  Winter wheat is, in rotation with potatoes and sugar beet, an important -

. arable crop in.the Netherlands. A widespread fungal disease of winter wheat
:1s powdery mildew (Erysiphe graminis DC. f.sp. .tritici [Em. Marchal] =

;. Blumeria graminis (DC.) Speer). Epidemics of powdery mildew cause yield

" loss, hereafter named damage. Epidemics of powdery mildew could be limited

by uge of cultivar resistance, avoiding the excessive use of nitrogen
fertilizers and by avoiding early sowing. After 1977, effective fungicides
became available in the Netherlands to contrel mildew. By chemical control,

epidemics of mildew are suppressed and damage due to mildew is avoided., No

information was available on the fimancial less due to mildew at the level

" sat by the expenses for chemical control. In-1979, the Regearch Institute
" for Plant Protection (IP0) and the Netherlands Grain Centre (NGC),

;initiated a research project with the aim to ldentify the mildew intensity -

at vwhich the damage by mildew equals the costs of chemical treatment. The

" author wes appointed to execute this project in cenjunction with the

conduction of the systematic apnual surveéys of diseases and pests in Dutch

cereal fields. Members of the Steering Committee for these activities were:

',;élr. M. de Boer, Ir. G.E.L. Borm, Ir. T.E.J.L.W.B. de Bruin, Dr. ir. A.

< Parwinkel, Ir. B.A. ten Hag, 1r. F.H. Rijsdijk, Dr. ir. A. Tempel and Ir.

i 'E. Ubels. After 1981, the research emphasis shifted from powdery mildew to

glume blotch (Leptosphaeria nodorum), another disease of wheat. As a

- consequence, the aim of the projeét was not attained, since research on the
“epidemiology of powdery mildew and. the effectivity of fungicides was not

/-completed. A link was maintained between the research on powdery mildew and
-glume blotch and the surveys, conducted by the author, and the EPIPRE-

" project, Initiated by the Department of Phytopathology of the Wageningen .

Agricultural University and the NGC, and conducted by Ir. F.H. Rijsdijk.
The original aim of the EPIPRE- project was to implement a yellow rust

. (Puccinia striiformis) disease management system, fn 1979 broadened into a

i management system of diseases and pests of wheat. After 1981, the link was
i, transfered to the EPIPRE-project of the Research Station for Arable Farnlng
. and Field Production of Vegetables, conducted by Ir. K. Reinipk.

" Qutline of this thesls. In Chapter 2, winter wheat cropping ‘and the °
-occurrence of powdery mildew over the years 1974-86 in. the Netherlands is
~_degscribed. Part 11 concerns methods te estimate powdery mildew fntensity.

: In Chapter 3 the precision of mildew pustule counts is described. This
" method was used in field experiments to assess mildew intensity. In Chapter
. 4, incidence counts of powdery mildew (percentage leaves with mildew) are

studied in relation to assessments of pustule numbers. Incidence counts are

'iTusqd by farmers and researchers to assess mildew intensity'roughly. In Part -
, 111, damage by powdery mildew is studied in field experiments. The damage
- ~in relation te wheat cultivars and nitrogen fertilization is trsated in
4+ Chapter 5. The effect of the period of the mildew epidemic in the ontogeny
 of the crop, on damage is described in Chapter €. In addition, the profile
:.0of mildew in the crop. is described in both chapters. In Part IV, the
- physiological processes which underlay damage are discussed. In Chapter 7

. the effect of weather on wheat yiseld is treated. In Chapter 8, damage by
“mildew is simulated on the basis of physiological data and compared to
: damage measured in the field at different weather conditions. In Part V,
" the epilogue, epidemics of powdery mildew and of other diseases and pests

in winter wheat are studied in different cropping systems, and discussed in
relation to an integrated design of arable farming.



© Wheat cropp!.ng and powdery mildev in the Netherlands '

The adoption of short-strawed wheat cultivars together with the application
of growth regulators and the increased use of fertilizers and pesticides,
highlighted ;the agronomic importance of cereal diseases and pests and the.

variation In their occurrence (Dilz et al., 1982). Linked to the. footrot - _

survey in the Netherlands (Van der Spek et al., 1974)- and stimulated by the'

surveys of foliar diseases in England and Wales (King, 1973), systematic . -}': i

anmual surveys of diseases and pests in commercial fields were conducted
from 1974 to -1986, to describe the occurrence of these varying biotic
constraints to yield The results of these annual surveys have been

deéscribed by Van der Beek (1975, 1976, 1977 and 1978), Borm (1978), Daamen | .

. et al. (1930, 1981 and 1982), Daamen and Wietsma (1983 and 1984), Stol
- {1985), Versluils (1985) and Van den Hoek (1986). In this paper, 'a short
description of wheat cropping during 1974-86 is given and a compilation of °

these survey reports.is made to describe the occurrence of powdery mildew -

in relstion to weather and winter wheat cropping practices.

: Wheat cropping

Areas. In arable farming in the Netherlghdé, small grains are most often
grown in rotation with potatoes and sugar beet, and sometimes with pulses -
{mainly peas) and other crops, mainly grass seed, oilseed rape and flax’
(Fig. 1). Fodder crops, predominantly maize, are usually grown.-on sandy
sofls in areas where animal production is intensive. Fodder maize is
usually not grown in rotation with potatoes, sugar beet and small grains.
In the period 1974-86, the area under small grains decreased by one third,

The dominant small grains were winter wheat and spring barley, with 120, 000 ',

‘and 40,000 ha, respectively. When weather conditions in sautumn were bad, as -
in 197& the harvest of potatces and sugar beet and the seedbed preparatiqn
was delayed by vwhich winter wheat was partly replaced by spring cereals -

(Fig. 1). Winter wheat is mainly cropped on marine clay soils in the ’ i

. northern, ‘ceptral and southwestern parts of the Netherlands. Other minor -
areas of winter wheat cropping are 3,000 ha on river clay soills in the

central part of the country, 4,000 ha on loess soils in the south, 5,000 ha.",l

800

W/O Fig. 1. Cunulative area of 3' .
600 9 . agricultural crops (¥, in 107 ha)
B ' during 1974-1986. . ’ ’
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“on improved peat soils in the northeastern and 4,000 ha on sandy soils in
" the eastern part of the country. Winter wheat yield per heéctare increased
: from 5 to 8 ton. The annual natiomal wheat production increased from 0.7 to
-1 megaton in these years. The national production ig negligible compared to

_the ‘annual world production of 519 megaton (CIMMYT, 1989). In these years,

.. about equal amounts of the national production were used as human food, as
-~animal feed or for export (NGC, annual reports). Annual net import of bread
“wheat and wheat products amounted 0.6 megaton on average in these years.

"This import was mainly used to fulfil the national wheat consumption of 1.

* megaton food and partly to fulfil the national wheat consumption of 0.4
. megaton feed (Annual reports; produktschap voor granen, zaden en

-peulvruchten).

;:Cropping practices. After ploughing and seedbed preparation winter wheat
. 1s usually sown in the second half of October. In any year, some fields are
", sown very early, in September, and some fields very . late, in December, but
i these are exceptions. The seed rate was 170 kg/ha -in 1974. In response to
" the improvements of seed certification and seed disinfection, the seed rate

decreased to 130 kg/ha in 1980 (Noordam and Van der Ham, 1979) but it

" Increased afterwards to 155 kg/ha, indicating the gradually intensification

S \;v-u—w(.‘%..n_m‘ .'wnu.vm' o2 -w.—xp.,-(»'m—.,.».-;-_v._-\ 3 g s A
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..of wheat cropping. The row distance was circa 25 cm, to eneble mechanical

weeding and growth of an undersown crop (Darwinkel, 1979), but it decreased

~to 10-15 em during 1974-86.

The use of nitrogen fertilizer increased from 100 to 160 kg K per ha
*dur1ng 1974-86 (Noordam and Van der Ham, 1979). Phosphate and potassium
.2 fertilizers are usually applied in the potate crop. The estimated uptake of
i these fertilisers by wheat increased from 40 to 70 kg E,y0 5 and 20 to 80 kg
R28 on clay soils in this period. :

eeds were mainly controlled by herbicides. Fungicides have become
commonly used since 1974, growth regulators =ince 1977 and aphicides since
"'1979. An indication of the costs of these cropping practices expressad as
percentages of gross financial returns, averaged for marine clay soils, is
“glven in Fig: 2. In this period, these direct extra costs, without the
cogts of labour and machinery, increased from circa 20 to 30% of the
financial returns. Costs of weed control and erop protection were
nogligible in 1973 but amounted to 10% of the financial returns in 1986.

Y

40
Fig. 2. Cumulative direct extra
-.3'0 ! costs (Y) of winter wheat
i preduction as percentages of gross
_ financial returns in 1973-1987,
. excluding costs of labour and
20 1 " machinery.
1. SEED : s
2. FERTILIZERS
101 , © 3. HERBIGIDES ’
L o 4. FUNGICIDES
M 5. GROWTH REGULATORS
p . 6. INSECTICIDES ‘ ’
o o ) 7. ROPE, DRYING AND CLEANING
73 . 80 .87 8. INSURANCE AND INTEREST
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Fig. 3. Area of winter wheat
cultivars (Y, as percentage of -
total winter wheat area) during
1973-1987. ,
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" Cultivars. Data on cultivars were obtained from the cultivar lists. of the
Government Institute for Research on Varieties of Cultivated Crops (RIVRO),
In 1974, the -dominant winter wheat cultivar Clement became susceptible to
yvellow rust (Puccinia striiformis). After the yellow rust epidemic of 1975
it was replaced by the older, but more yellow rust resistant, cultivars

. Caribo, lely and Manella (Fig. 3; R.W. Stubbs, pers. comm.). Lely became

susceptible to yellow rust in 1975. In 1976, yellow rust was nearly absent: = |

due to the dry and warm summer. Lely was replaced, after the yellow rust
epidemic of 1977, in 1978 by cv. Okapi, moderately yellow rust resistant
and by cv. Arminda, yellow rust resistant at the adult plant stage. Okapi.
and Arminda were dominant during the decade whilst their resistances

lasted. These cultivars were replaced by the complete yellow rust resistant o

cv. Obelisk in 1987.

"In this period the crop stature changed, The tall cultivars Manella and
Caribo and the rather tall cvs. Lely and Clement were replaced by the tall
ev, Okapi and the semi-dwarf cv. Arminda, which in turn were replaced by

_ the semi-dwarf cv. Obelisk in 1987. Total preoduction of biomass of tall ot -}
semi-dwarf cultivars is about the same. Kermel yiélds of semi-dwarfs are on . _
average higher than that of tall cultivars, as semi-dwarfs have on average . i |-
& higher harvest index (Van Dobben, 1962) and they can endure higher levels.

of nitrogen before they lodge. The dwarf cultivars Durin, Marksmah and
Donata were highly suscepible to ear blight (Fusarium spp. and
Monographella nivalis) and to a lesser extent alse to Septoria spp. (Ubels

et. al., 1980), which limited their agricultural value. These dwarfs never

exceeded more than ten percent of,the winter whear area in this period.

On average the winter wheat cultivars vary from susceptible to moderately L

susceptible to mildew (Table 1). At their release, they are most often
already susceptible to.mildew, whilst being resistant to yellow rust.
Exceptions were the cultivars Clement, Arminda, Durin and Marksman, whose
partial mildew resistance degraded in two to four years after their
release, This is a common phenomenon in the cereal-mildew pathosystem

{Wolfe, 1984 and Barrett, 1988). The genetic variability in powdery mildew :

populations is maintained by spontaneous mutations and by sexual and
asexual reécombination (Leijerstam, 1972 and Menzies and MacNeill, 1986).
The varisbility of mildew resistance in wheat cultivars will increase by
recent lnterspecific recombinations of Triticum spp. (Hoseman et al., 1984
~ and Van Silfhout, 1989). ‘

12
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-Table 1. RIVRO mildew resistance ratings of winter.wheatrcultivarsl

Year

 Cultivar . 74 75 76 77 78 79 80 81 82 83 B4 85 86
"Manella 5 5 5 5 5 5 5 - - . e - .
Caribo & 4 4 4 & 4 4 4 & & - - .

. Lely L S
Clement 8 7 5 5 &4- 3 3 - - - . - -

_ Okapi -« - - 4.5454.54.54,54.54.55.55 §

"~ Arminda - T - - 7T 7T & & 6 6 6 6 6 6

“Nautica - - - 6 6 6 6 6 6. 6 6 - -
Durin - - - - - 7.5 757 17 - - - -
‘Marksman - .- - - - - - 7 7.7 7 7 8
Saiga - - - - - - -~ -« .6 & & 6.56.5
- Citadel - - - - - - - - - & 6. 6 6.5
_Granada - - - - - - - - - -. 6.56 - 6.5

. Obelisk - = - - - - - - - - . - - . 6.5
1

Higher ratings indicate greater resistance,

. Table 2. Estimates by farmers of average annual kernel yield (ton ha’ -1
“"at 16% humidity) and of pesticide use in the fields surveyed.

* Year! 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 .
" Number of 141 78 66 102 136 389 746 831 911 896 845

' fields 9 .

‘Yield - 6.6° 5.4 6.1 5.9 7.2-.6.5 6.9 7.4 8.0 7.6 8.6

Percentage of fields sprayed to contrgl

" Eyespot 2° 9 4 9 3 1% 110 8 9 22

Leaf diseases 9 41 21 63 -3 51 19 55 22 86 51

: . Leaf & gar 4.7 60 77 79 89 140 48 80 84 113 160 145
i .. Aphids 4 10 51 36 17 8l 76 84 101° 100 100

SR |

1974-1978: data derived from the flelds surveyed, 1989-1984 data derived
from fields in the EPIFRE system from which a limited number were
surveyed. .
Based on 82 fields of the survey. : :
Sprays to control diseases not separated and lumped under 1eaf & ear
-diseases.
Sprays to control leaf & ear diseases and aphids are most often combined
in one treatment.

‘Surveyed fields. Estimates of average annual kernel yleld and pesticide use
-in the fields surveyed in.the period 1974-B4 sre given in Table 2. These
-data were derived from the surveyed fields in the period 1974-1977 (D. van
. der Beek, pers. comm.) and from the EPIPRE fields (Rijsdijk and Hoekstra,
1979, Rijsdijk-et al., 1980a, 1980b, 1981, Drenth and Reinink, 1982 and

". 1984 and Reinink, 1985)- and from the data-bases of the EPIPRE advisory

- system.- Such data are not available for the yqars¥1985 and 1986. An

. increase of gross kernel yield and an increase of chemical crop protection

during 1974-84 was found. Fields were selected by the disease specialists

j; of the extension service during 1974-77 and from the EPIPRE flelds (Zadoks,

.
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Y Fig. 4. 'Estimates of average armual
1 o - kernel ‘yield of the fields surveyed

: (Y, ton/ha at 16% moisture content)
in relation to average annual
national yield (X, ton/ha at 17%
moisture content), in the period
1974-1984. The drawn line is the .
regression line, the broken line 1s
the 1:1 relation.

1981 and 1984; Rijsdijk, 1983; Rijsdijk et sl., 1989; Rabbinge and
Rijsdijk, 1983 and 1984; Blokker, 1983; Reinink, 1984 and 1986; Rossing et
al., 1985, Drenth et al., 1989; Drenth and Stol, 1990) during 1978-84.
Comparison of the average armual yield recorded for the surveyed flelds
(Table 2) with the national average yield (Statistical Yeasrbooks, CBS-LEI}
is given in Fig. 4. It shows that the surveyed fields yielded allghtly
above the national average.

. In the perlod 1974-84, circa 12% of the fields were sprayed mainly
during the first half of May, to control eyespot (Pseudocercosporella
herpotrichoides), in 42% of the fields leaf diseases before esar emergence .
were controlled, and in 94 % of the fields leaf and esr diseases afrer ear
emergence were controlled. On average, 60% of the fields were sprayed to

control aphlds, mainly Sitobion avenae. Sprays against leaf and ear disease .

and aphids consisted most often of a mixturé of a fungicide and an

insecticide. In this period, it was also common practice in the Netherlands ?:'

to add the fungicide maneb as a tank mix with other pesticides, especially
with insecticides. During 1974-84, the nusmber of tank mixes applied per
field increased from 1 to more than Z per field.
The use of fungicides to control eyaspot has not significantly increased.
Decisions to control eyespot are based on field inspections and an economic
" threshold. The use of fungicides ‘to control leaf or lesf and ear diseases
increased, but shows variacion between years. To Illustrate this effect,
‘the use of fungicides to control leaf and/or leaf and ear diseases, as
percentages of flelds treated, is plotted against an estimate of average
annual damage. This was estimated as the effect of one fungicide

e

RS S

application at flowering in the RIVRO trials in these years (Fig. 5). The

figure shows that in years when funglecides were highly profitable in the
RIVRO trials, especially in 1983 and 1984, the use of fungicides in the
surveyed fields was high. Thus, the-gradual increase of chemical erop
protection, as indicated in Table 2, was confounded with high digease
intensities in the years 1983 and 196&

300 1Y ' Fig. 5. Estipated amnual use of .
fungicides to control leaf and/or
leaf and ear diseases (Y, use in
percentage of fields treated, see
Table 2) in relation to an .estimate

200 |

100

one fungicide application at
) . flowering on clay scils in RIVRO
. X trials (H. Bonthuls and K.
0 . Roodenburg, pers. comm.), in the
o 5 10 15 poriod 1976-1984, T
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The use of insecticides to contrel aphids increased but also showed
"wvariation between years (Rabbinge and Carter, 1984). Aphids are relatively
“more damaging In high yielding crops compared to low yielding crops. ’
, {Roermund .et al., 1986; Rossing, submitted).
" In Table 3, the percentage of fields is given in’ wich certain active -
. ingedients of fungicides and insecticides were used in the surveyed flelds
.during 1974-84, These data were derived from the surveyed fields during -
1974-1977 (D. van der Beek, pers. comm.) and from the data-bases of the
‘E?I?RB advisory system during 1980-1984. The benzimidazoles benomyl,
‘carbendazin and thiofanaat-methyl were gradually replaced by thie ergosterol '
biosythesis inhibitors, the morpholines tridemorph 2nd later fanprepimorph,

i

oy

o

ey

e ]
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Table 3. Pesticide use in winter wheat as percentage of fields iﬁ which the
. specified pesticideé was sprayed. Mixtures are counted twice or more
“depending on the number of compounds, see Table 2.

e it 1 Y o, SR e

s e S 4115

" Year ) ’ 1974 1975 1976 1977 . 1980 1981 1982 1983 1934
‘Number of fieldsi 141 78 66 102 . 746 831 911 B96 845
i }.Fungicides:2 )
{ - Benomyl 52 24 15 - 13 6 3 2 5 8
; Benodanil . 0- 0 0 18 o o 0 0 o
: ‘Carbendazim 35 50 67 B4 51 27 31 13 17
¢ . Captafol 0 0«0 3 1 16 a0 78 77
i Gaptan - o ¢ o o o1 2 &4 0
. | Ethirimol ¢ 1 3.5 6 o0- 3 1 0
: Fenpropimorph 0 0 0 0 0- 5 4 34 55
Manab : 60 87 80 121 90 108 118 141 149 -
“Mancozeb 7 8 11 3 + o+ + + 1]
Prochloraz o 0 0 o 0 o ¢ 2 1
Proplconazole 0 0 0 0 0 + + 26 22
‘Pyrazophos 4] 0 0 0 2 2 3 + 1
Sulphur . 11 12 15 17 3 3 4 5 4
"Thiabendazole o 0 o 0 1 1 + 0 0
Thiophanate-methyl 3 4 8 7 -5 2 1 1 +
. Triadimefon 0 0 0 1 59 73 40 82 66
- Triadimenol o 0 0 0 0 g 0 0 +
‘Tridemorph 1 3% 6 56 + o 0 1] 0
Triforins 0 0 0 1 1 1+ + 1
Zineb 1 0 0 4 - 6 3 + + 0
Ziram 1 3 0 0 0 0 0 0 1
; Insecticides: o o .
» ‘Demephion 0 0 3 2 “h .2 1 0 0.
‘ ‘Dimethoate 1 1 27 12 30 33 42 - 39 36
- Formothion o 5 0. 0 + 0+ 1 1 1
-y - Fosfamidon o 0 0 0. 1 1 1 1 1
i "Heptenophes 0 0 0 0 0 0 + 1 1
: ' Oxydemeton-methyl 1 1 15 2 4 2 3 4 4
¢ Parathion 1 3 0 1 1 1 2 1 1
% Pirimicarb T .1 11 14 36 43 47 45 51
-,’ Thiometon .0 0 0 0 1 3 4 4 4
T

- 7 1974-1977, surveyed fields 1980-1984, all EPIPRE fields from which
.?-2 survey fields were selected and data were complete
+: used in < 0.5 % of the fields.
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and by the triazoles triadinefon and propiconazole. The hydroxypyrimidine
athirimol, a selective mildew fungicide, was not commonly used .in winter
wheat. The carboxamide benodanil was only used in 1977 when rusts were
‘widespread, Sulphur and the dithiocarbamates mancozeb, zineb and ziram but
not maneb were replaced by the above mentfoned ergostercl biosynthesis
inhibitors and by the phtalimide captafol. The use of the dithiocarbamate
maneb increased, despite its negligible agricultural value (Ten Heggeler,
1985). -Maneb was cheap and because of its manganese content. it was only
partly regarded as a fungicide and partly as a fertilizer, so it persisted

Application of ethirimol and tridemorph to control mildew was low.’
Tridemorph was mainly used to control rusts in 1925 and 1977. After 1978,
triadimenol was mainly used to control mildew before heading and to control
mildew, brown rust and speckled leaf blotch after heading. Before heeding,
rusts were nearly absent after 1977. Mildew strains less sensitive to
triadimefon were found from 1981 onwards in the Netherlands (De Waard et e
al., 1986). A decrease over time in sensitivity of the mildew population to
current fungicides is a common phenomenon (Wolfe, 1984). To retard this
development, Dutch farmers were advised after 1981 to aliexnate the use of - -
" triazoles with the morpholine fenpropimozrph (Hollomon, 1982). ;

Insecticides came into general usage to control aphids. The use of cheep
organophosphorous compounds, mainly dimethoate, decreased slightly in
 favour. of the more expensive but selective aphicide, the carbamate
pirimicard.

Weather. Mean monthly temperatures and total monthly precipitation duting o
1974-86 are given in Fig. 6a,b, together with averages of the period .
© 1950.80. Data were derived from the monthly reports of the Royal
Netherlands Meteorological Institute (KNMI), from five main stations for
temperature, and from all meteorological stations for precipitation. On .
average, temperature is lewest in January-February and highest in ‘
July-August, but Fig. 6a illustrates that the mean monthly temperature
varies considerably. Precipitation shows an annull trend, superseded by tho k
annual variation (Fig. 6b)

20

Y
I

So S 200 6P

180

Fig. 6a,b. Mean monthly temperature (Fig. 6a, Y in °C) and total ‘monthly -
precipitation (Fig. 6b, Y in mm) in the years 1974-1986, X is number of
month. The lines are averages over the years 1950-1980.

» .
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%fable 4, Annual prevalence (% fields infécted) and average annual incidence
(% leaves or glumes infected) of powdery mildew on winter wheat.

A e = a2 T .

Year - 1974 1975 1976 1977 1978 1979 1980 1981 1582 1983 1984 1985 1986
‘Bumber of flelds surveyed :
it May: - 143 88 8% 105 124 305 219 132 123 107 176 - .
;,Juiy: 143 38 94 105 124 129 164 138 152 143 123 94 94
"; Prevalence
;. Hay; . . . . , -
i -Leaves 26 12 .20 61 - 17 38 38 1 47 27 - .
i July? SR _ ) :
' é Leaves 80 75 82 74 - 47 38 72 48 71 90 88 79
; Glumes 70 37 55 62 - 6 5 24 8 2 38 7 1
L5 [ .
-t Incidence
i+ Aduly: . : 1. S ‘
. . Leaves Too- 4 3 6 2 2 0 12 - 7 9 22 13 14
% Glumes - 4.9 06 3.3 0.4 00 0.0 0.7 0.0 0.1 1.0 0.7 0.1

- ; 1 1975-1980 expressed as average'% leaf surfacé diseased,(sevefity);
-5 1981-1986 as average % leaves with mildew (incidence).

.ok

Mildew

Fiald surveys. During 1974-86, the prevalence of mildew averaged 29% fields
at first to second node stage, mainly in May (Table 4). Annual mildew
_prevalence in May was positively cogxrelated with the mean temperature in
October and with the average temperature over the months December, January,
 February and March (Fig. 7). High temperatures encourage earlier sowing,
-seedling development and mildew developitent, so that more fields may become
infected (Last, 1953; Turner, 1956; Smedegard-Petersen, 1967 and Yarham et
al., 1971). As the optimum temperature for mildew development is 15-20 °c,
correlations of mildew prevalence in May with average temperature in winter
-and early spring are plausible. Mildew epidemics in individual fields
.depend accordingly on temperature (Stephan, 1984). In addition to these
‘factors, a third factor (xj), the average annual weipghted mildew resistance

AT e Sy R Bt 1

s o e, g e

Y - 'Fig. 7. Annual
. prevalence. of mildew
in May (Y,
percentage of
surveyed fields with
mildew)}, in relation
to average
temperature in
October (X,, °C) and
average temperature
: over the months
i ' ) December, January,
L e ‘ ' February &and March-
x,, °¢).

: ) Regression: -
Y= -132 + 12 xl + 10 Xz (R

¥ N
e e o pind

e

2-0.83)
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rating of the cultivars, had a significant negative correlation with the . = |
prevalence of mildew in May. An increase of one point in average resistance 'j
of the cultivars grown in the Netherlands was correlated with a decrease of |
11% mildew prevalence in May, hardly changing the effict of the two other
factors (see Fig. 7): Y = -69 + 12X + 11x - 11X3 (R"=0. 9&)

In July 1974-86, mildew was present on leaves in 70% cf the fields, and:’ |,
on ears in 27% of the fields (Table 4). These annual prevalences of mildew' |°
on leaves .and ears was not correlated with the annual mildew prevalence in.
May, presumably because different types and different amounts. of fungicides 4
were applied in these years (Table 2,3), The incidence of mildew on ears
was low and averaged 1% glumes during 1975-86. Both annual prevalence and .
incidence of mildew omn ears tended to decrease in this period (Table 4), -
presumably due to the increased use of fungicides. On leaves, mildew B
intensity averaged 3% leaf surface (severity) in July over the years )
1975-80, and on average 13% of the leaves had mildew (1nc1dence) in July
averaged over 1981-86 (Table 4). -

Asnpual wildew incidence on leaves (% leaves) and-on ears (% glumes). in
" July was negatively correlated with average temperature during April, May
and June, r=-0.94 and r=-0.54, respectively. Annual mildew prevalence (%

- fields) on ears was megatively correlated with total precipitation in
March, aApril, May and June (r=-0.69). But annual mildew prevalence (%
fields) and severity (% leaf surface) on leaves did not show such
correlations with weather conditions in these early summer months nor with -
annual mildew prevalence in May. Though clear correlations of annual mildew { .
prevalence in May with temperatures were found (Fig. 7), no consistent’ ‘
correlations of anmual mildew intensity in July with weather nor with
annual mildew prevalence in May were obtained. This is presumably due to
the different use of fungicides in these years, which affected mildew
intensity in July. -

The relation of powdery mildew epidemics in spring and summer with _
weather are still under discussion. Graf-Marin (1934) reported that mature -
barley plants, which had already headed, became immune to mildew. It
addition, he concluded that old leaves were more resistant to mildew
. infection than young leaves due to their thicker cuticle. Tapke (1951)
reported that conditions that promoting & lush, tender growth of the crop
further. promote mildew epidemics and he concluded that this caused the
inconsistent relationships between weather and mildew reported in the -
literature. Last (1953 and 1957) emphasized the dominant role that the host §
resistance has on mildew epidemics in spring and summer. Cereals are highly
susceptible to mildew during rapid growth, vhether due to nitrogen,
‘temperature or different sowing dates, Alongside host resistance, mildew’
spore production and disperssl are favoured by periods with high
temperatures, many hours of sunshine, high windspeed and low procipitation
(Smith and Davies, 1973 and Polley and King, 1973 and Limpert et al.

1984), In addltlon to these  factors, Channon (1981) and Dutzman (1985)
added high relative humidity as a factor to identify high risk periods for |
spore production and dispersal. Subsequent processes of mildew infection

~ and development are limited by high temperatures or heavy rain (Aust, 1973,
Stephan, 1980 and Eckhardt et al.; 1984). After detailed studies on powdery
mildew of barley, Hau, Aust and Kranz (1983 concluded that our limited
knowledge of the resistance of host tissue, which depends on leaf position,.
age, temperature and nitrogen, limits our understanding of the effect that
weather has on cereal mildew epidemics in spring and summer. Thus, the
effect of weather on powdery mildew epidemics in spring and summer is
rather somplex. It is questionable whether significant correlations between
annual mildew intensity in July and mean monthly weather data. would be.

18




1
o
N
R

S

waa..u pos

4 S gl e AT b

e e e

e ey b e

P

S s

Sbteined_if data unaffected by funglcides would have been available,.
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Observations by farmers. Reguler observations on disease 1ntensity were -

made by farmers participating in the EPIPRE advisory system. Average mildew
intensity during the seasoms 1981 to 1984 in the different cultivars are
-Biven in Fig. Ba, b,c,d. Average disease intensity was high early in May
1981 and 1983, intermediate in 1984 and low early in May 1982. As a
consequence, many fields were sprayed with fungicides before flowering in
19&1 and 1983 and relatively few in 1982 (Table 2). Rusts were nearly

'\ ‘mbsent before flowering in these years. Mildew increased from early May

till mid June. This increase was more pronounced in 1982 and 1984 than in
1981 and 1983. After mid June, the mildew intensity was rather stable in
1981, 1982, and 1984, and it decreased in 1983 (Fig. 8a,b,c, d). Mildew
intensity in July was low in 1982, moderate in 1981 and 1983 and high in
1984. Average mildew intensities early in May and in July, as observed by -
the farmers, correspond with the mildew intensities in these periods in the
more limited number of fields surveyed (Table 4). The use-of fungicides to
control leaf and ear diseases (Table 2} is not corrélated with the mildew
.Antensities observed by farmers im June-July. These fungicides, among which
maneb, were also used to control other diseases than mildew, mainly brown

. \rust and leaf and glume blotches. Even this abundant use of fungicides did

- ot eliminate powdery mildew,

v

—— OKAP

— OKAPY
caass ARMINDA --a- ARMINDA
4 NAUTICA o SAIGA

—=-- MARKSMAN - MARKSMAN

130 180 170 190

P yeY 1988 B okam Y 1984 8d . axap

vt

Fig. 8a,b,c,d. Average mildew intensity (Y‘ ‘percentage leaves with mfldew)
i in different winter wheat cultivars during the season (X, daynumber since 1
; Ja.nuery) observed by EPIPRE farmers.
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Fig. 9a,b,c,d. Percentage fields (Y) with different mildew intensities Ko SRS

number of leaves with mildew from 120 leaves) in time
1 January}), observed by EPIFRE farmers. )
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_Born, G.E.L,, 1978, Verslag inventarisatie grasnziekten 1978. CAD

The mildéw susceptible cultivar Okapi, and td a lesser,éxtend also

'A:minda (Table 1), both sown on a large area (Fig. 3), were most heavily
‘mildewed (Fig 8a,b,c,d). Cultivar Marksman, moderately mildew resistant in
-these years and sown on a small area, had low mildew intensities in 1981,

1982 and 1983. Rautica, Saiga, Cltadel and Granada, cultivars with a mildew

‘registance comparable to that of Arminda (Table 1) but sown on.a small area
_(Fig. 3), were less mildewed than Arminda. Cultivar Nautica in 1981 and cv.

Ssige in 1982 had about the same mildew intensity as the moderately

* resistant cv. Marksman. The scale effect (Wolfe, 1984; Limpert, 1987 and

Barrett, 1988) is presumably caused by tha difference in selection that the
cultivars impose on the mildew population in the Netherlands. The cultivars

-Arminda and Okapi, sown on circa 80% of the area, mainly determined the :

genetic composition of the mildew population. The other cultivars differeﬁ-

" presumably in the genetical basis of their resistance from Arminda and

Okapi, and as their areas were small, they usually escaped severe

cepidemics.

.. Disease management. The occurrence of powdeéry mildew as described above
-reveals the well-known facts that powdery mildew epidemics can be limited
‘by stubble management and delayed sowings, by which the frequence of

primary infections of the winter wheat crop is lowered (Fig. 7). In

.addition, the 0se of many cultivars which differ in their origin of mildew

resistance may limit mildew epidemics considerably (Fig. 8a,b,c,d). Despite
.these correlations with temperature and with cultivar resistance and area,
the mildew intensity varied considerably between fields (Fig. 9a,b,c,d).
Even during & severe mildew epidemic in the country, such as in spring
1983, circa half the number of fields were healthy, This variation stresses
the need to avoid calendar sprayings and to develop disease management
based on disease monitoring. In addition to monitoring, knowledge of the
dynamics of disease development and of damage are necessary for economic

".decisions. A supervised control system, based on an economical rationale

may help to lower the average pesticide use, and in the weantime more
knowledge is obtained about diseases whlch are competing with people for
food. ) .
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_Abstract

Assessments of pustule number and severity of powdery mildew on winter wheat in the 5

Netherlands were made in commercial fields and in experimental plots. The sample variance

(sz) of the number of pustules per leaf (m) was fairly constant over years, vaneues. gmvnh--

stages and leaf postitions, but depended strongly on the average pustule number: §2 = 2-2m!”

The effect of sample size on the precision of the estimate is discussed and it is eoncluded that .

it is difficult to estimate low disease intensities accurately. Estimates are given for the detection

level of pustule counts in relation to sample size.
Mildew intensity on the lower surface of leaves can be estunated from the intensity on the

upper surface. This method reduces the duration of the observation, but introduces an addi- |

tional error. At low discase intensities and small sample sizes this method is more efficient than

sampling mildew on both surfaces of leaves. The common practice of assessments of the upper * -

surface of leaves only may not be the most efficient method.
Additional keywords: Triticum aestivum, epidemiology, sampling method, detection level.

" Introduction

The choice of a disease assessmént method is a difficult problem. No widely accepted 4

method for foliar diseases of wheat is yet available, and the choice of a methed is

usually a compromise between the objectives and the resources available. A clear
distinction can be made between the resources in an experiment and momtormg a

disease in commercial fields. This paper considers the precision of counting pustules -

as a method to assess mildew (Erysiphe graminis) intensity. In a following paper, the

‘precision of incidence counts as‘method to assess mildew intensity is discussed. To : |

avoid confusion, intensity will be used'in this paper to refer to the quantity of disease,

irrespective of the assessment method; incidence is used when the intensity is expressed -

in proportion of leaves diseased and seventy when intensity is in proportion.of leaf
surface diseased. .

In studies of yield loss caused by powdery tmidcw in wmter wheat in the
Netherlands, assessments of disease were made by counting the number of pustules

on leaves. There were three reasons for using this method. First, the aim was to .

estimate yield loss at low disease intensities; pustule counts are then not time-
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