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Abstract 

Data from surveys of winter wheat fields in the period 1974-1986 and of seed lots in the period 
1962-1986 and identifications of diseases on plant samples were compiled to describe the occur- 
rence of snow mould (Monographella nivalis) and Fusarium spp. On average, M. nivalis domi- 
nated over Fusarium spp. The complex of Fusarium spp. constituted mainly of E culmorum, 
followed by E avenaceum and E graminearum. M. nivalis was dominant in May on stem-bases 
and in July on leaves and leaf sheaths. On seeds M. nivalis predominated only in years with low 
temperatures in July and August. 

Average brown footrot infection in the field was 4% tillers in May and 5~ culms in July. 
Brown footrot intensity in July was high in cropping seasons with high precipitation in October 
and with low temperatures in October, November and December. In July during the early eigh- 
ties, an average of 8 % of leaves and 6% of flag leaf sheaths were infected by M. nivalis. Average 
ear blight incidence was 1.2% glumes infected. Seed contamination by these pathogens averaged 
26% in the years 1962-1986. The contamination was high in years with high precipitation in 
June, July and August. Aspects of cv. resistance and yield loss are illustrated. 

Additional keywords." Triticum aestivum, Microdochium nivale, Fusarium culmorum, Fusa- 
rium avenaceum, Fusarium graminearum, epidemiology, weather, resistance 

Introduction 

Systematic annual surveys of diseases and pests in commercial winter wheat fields in 
the Netherlands were conducted from 1974 to 1986. In a previous paper the occurence 
of  stem-base diseases was reported (Daamen and Stol, 1990). 

Seedlings, stem-bases, leaves, leaf sheaths, ears and seeds of  wheat may be infected 
by Monographella nivalis stat. con. Microdochium nivale (Fusarium nivale) and 
Fusarium spp. (Cook, 1981; Ubels, 1981 and Sutton, 1982). In general it is not possible 
to discriminate between these pathogens from their disease symptoms in the field. 
Identifications of the pathogens made by different Institutes in the Netherlands were 
available to interpret the occurrence of the complex of  these pathogens in the field. 
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Moreover, linked with the development of standard blotter tests (De Tempe, 1963; 
Langerak, 1983), systematic surveys of seed fungi were carried out after 1961 in the 
Netherlands. In this paper, data on the occurrence of these diseases caused by 34. ni- 
valis and Fusarium spp. in the field and data on contamination of winter wheat seed 
lots in the Netherlands are compiled and discussed in relation to weather and cultivar 
resistance. The subsequent occurrence of Fusarium mycotoxins, was reported by 
Tanaka et al. (1990) and by Snijders (1990). 

Materials and methods 

Field surveys. Field selection, plant samples and disease assessments on stem-bases 
were described in a previous paper (Daamen and Stol, 1990). Snow rot caused by 
Typhula incarnata was found on stem-bases in one wheat field in May 1980 only. This 
disease is rare in winter wheat in the Netherlands as result of crop rotation and short 
duration of snow covers (Andres et al., 1987). 

Disease intensity on leaves was also estimated in the plant samples. From 1981, the 
total number of leaves in each sample and the number of leaves with symptoms of 
M. nivalis in the green area was counted. Disease intensity was expressed as incidence: 
the percentage leaves with disease symptoms. 

The intensity of ear blight was assessed during 1974 to 1978, by assessing in each 
field the percentage plants with symptoms and the average percentage glumes infected 
of these infected plants. In the years 1979 and 1980, a direct assessment of the percen- 
tage glumes infected by ear blight per field was made. From 1981 onwards, the number 
of glumes in the sample with ear blight was counted and expressed as disease inci- 
dence: the percentage infected glumes, assuming an average of 35 glumes per ear. 

The disease prevalence (percentage fields with the disease) and mean annual inci- 
dence (percentage infected leaves or glumes) were determined to obtain mean annual 
disease intensities. 

Seed lots. From 1961 onwards, annually circa 40 seed lots of commercial fields were 
analysed by the Government Seed Testing Station. Sampling and subsampling occured 
according methods prescribed by the International Seed Testing Association. Stan- 
dard blotter tests (De Tempe, 1963; Langerak, 1983) were used to determine the total 
percentage infection by Fusarium spp. including M. nivalis. Contamination with 
Drechslera spp. was rare in these years, being always below 1%. 

Identifications. Identifications of the pathogens on wheat samples, mainly from 
commercial fields not in the surveys, were collected from the Plant Protection Service 
over the years 1980 to 1988 (H.A. van Kesteren, pets. comm.) and from IPO (J.W. 
Veenbaas-Rijks, pers. comm.) over the years 1980-1985. Identifications of the patho- 
gens on seed lots in the years 1961-1965 were published by De Tempe and Limonard 
(1967). Those of 1966 were found in letters of de Tempe from the Government Seed 
Testing Station to Ubels (IPO). During 1980's, identifications of the fungi in seed lots 
were not complete, but M. nivalis was distinguished from Fusarium spp. (C.J. 
Langerak and R.J.H. van den Born, pers. comm.). 
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Table 1. Frequency of Fusarium spp. identified from wheat samples in the Netherlands 
1980-1988. Percentages are given in brackets. 

Mono- Fusarium Fusarium Fusarium Other Total 
graphella culmorum avenaceum graminearum F. spp. samples 
nivalis 

Seedlings 8 (62) 2 (15) 2 (15) 1 (8 )  
Stem-bases 

spring 31 (79) 6 (15) 2 (5 )  0 (0 )  
summer 8 (53) 5 (33) 2 (13) 0 (0 )  

Leaves 12 (86) 1 (7)  0 (0 )  0 (0 )  
Sheaths" 89 (97) 3 (3 )  0 (0 )  0 (0 )  
Ears 12 (32) 14 (38) 4 (11) 4 (11) 
Seeds b 

1979-1986 (20) 
1961-1966 (59) (5)  (12) (14) 

0 0) 

0 0) 
0 0) 
1 7) 
0 0) 
3 8) 

(11) 

13 

39 
15 
14 
92 
37 

" Inclusive 85 samples of flag leaf sheaths from the survey fields in 1982. 
b Based on ca. 40 seed lots annually. During 1980-1987 distinction was made between M. 
nivalis (20%) and Fusarium spp. (80%). 

Results and discuss ion 

Species. The frequency of  the pathogens involved is given in Table 1. In general M. 
nivalis dominates. E culmorum was the second most important pathogen isolated 
between 1980 and 1988. F. avenaceum and F. graminearum were regularly isolated 
from seeds and also to a lesser extend from seedlings, suggesting that infections of  
seedlings were at least partly caused by contaminated seeds. The domination of M. 
nivalis on stem-bases decreases in the course of the growth period, confirming obser- 
vations by Duben and Fehrmann (1979) in Germany. On ears and seeds (1979-1986) 
the relative frequency of  M. nivalis was lowest and Fusarium spp. were dominating. 
But during ripening, M. nivalis was still dominant on leaves and leaf sheaths. The shift 
in domination in the course of the season may be attributed to the gradually increasing 
temperature after winter. Optimum temperature for growth is lower for M. nivalis than 
for Fusarium spp. In addition, M. nivalis is more pathogenic than Fusarium spp. on 
leaves and leaf sheaths. (Cook, 1981). 

The difference in pathogen composition on seed lots in the two periods is striking 
(Table 1). M. nivalis was the dominant pathogen over the years 1961-1966, but it was 
replaced byFusarium spp. over the years 1979-1986. Though fungicide use in the fields 
was much higher during the 1980's than during the 1960's, the difference in pathogen 
composition must be mainly attributed to average temperature in July and August in 
the different years (Fig. 1; Cook, 1981). 

Brownfootrot. Over the years 1980-1984, incidence of brown footrot in May, mainly 
caused by M. nivalis, averaged 4% tillers and on average 68~ of the fields were 
infested (Table 2). Both measures of disease intensity were positively correlated (r = 
0.82). Brown footrot intensity in May was positively but not significantly correlated 
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Fig. 1. M. nivalis on  con tamina ted  seeds as percen- 
tage of  M. nivalis and  Fusarium spp. (Y), in relat ion 
to the average tempera ture  in July and  August  (X). 
Triangles: per iod 1961-1966; squares: per iod 1979- 
1986. Regression: Y = 335 - 1 8 X ( R  2 = 0.53). 

Table 2. M e a n  annua l  incidence (percentage infected tillers, leaves, glumes or seeds) and  preva- 
lence (percentage infected fields) of  M. nivalis and  Fusarium spp. in winter wheat  fields and  
seed lots ( - :  da ta  lacking). 

Year 74 75 76 77 78 79 80 81 82 83 84 85 86 

Number of fields 
May 143 88 89 105 124 305 219 132 123 107 176 - - 
July 143 88 94 105 124 129 164 138 152 143 123 94 94 

Incidence: 
May: 
Brown footrot . . . . . .  4 9 8 9 1 - - 
July: 
Brown footrot . . . .  3 3 2 5 12 4 5 4 6 
Snow mould . . . . . .  a 9 8 8 2 9 4 
Flag leaf sheaths . . . . . . . .  29 3 1 1 7 
Ear blight - 0.1 0.0 0.1 0.1 3.8 3.2 1.4 4.6 0.3 0.0 0.3 0.1 
Seeds b 23 3 1 2 4 11 18 20 6 1 7 37 2 

Prevalence 
May: 
Brown footrot . . . . . .  67 64 94 89 27 - - 
July: 
Brown footrot . . . . .  60 43 63 92 60 45 55 45 
Snow mould . . . . . .  85 80 84 88 24 61 64 
Flag leaf sheaths . . . . . . . .  99 41 5 21 33 
Ear blight 51 18 0 9 - 100 95 94 96 65 15 37 31 

a Snow m o u l d  intensi ty on  leaves averaged 1% of  leaf  surface in 1980, o ther  entries are inci- 
dences. 
b Of  ca 40 fields annual ly .  Seed infect ion in the harvest  years 1962-1973 averaged:  12, 29, 15, 
29, 42, 8, 31, 17, 10, 32, 46, and  4% of  the seeds, respectively. 

w i t h  t h e  ave r age  p e r c e n t a g e  i n f e c t i o n  in  t h e  s o w i n g  seed  u s e d  ( r  = 0 .6) .  T h i s  i n d i c a t e s  

t h a t  b r o w n  f o o t r o t  in  M a y  is p a r t l y  c a u s e d  by  c o n t a m i n a t e d  seed,  d e s p i t e  t h e  seed  

d i s i n f e c t i o n  c o m m o n l y  p r a c t i c e d .  D u r i n g  t h e  f ive years  o f  t h i s  s t u d y  n o  s i g n i f i c a n t  

( p a r t i a l )  c o r r e l a t i o n s  o f  b r o w n  f o o t r o t  in  M a y  w i t h  w e a t h e r  v a r i a b l e s  c o u l d  b e  es ta -  

b l i s h e d .  
I n c i d e n c e  a n d  p r e v a l e n c e  o f  b r o w n  f o o t r o t  in  J u l y  were  p o s i t i v e l y  c o r r e l a t e d  ( r  = 

0 .79) ,  a n d  a v e r a g e d  5~ c u l m s  a n d  58~ f ie lds ,  r e spec t ive ly  (Tab le  2). D i s e a s e  i n t e n s i t y  
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in July was lower than recorded in Belgium (Meunier, 1984 and 1985; Lagneau et al., 
1986), in England and Wales (Clarkson and Polley, 1981) and in Germany (Duben and 
Fehrmann, 1979). M. nivalis dominates over Fusarium spp. in these countries, excep- 
ting Germany. In Spain F. culmorum and F. graminearum dominate (Marin, 1986) due 
to the higher temperatures in summer, which could also explain the observation in 
Germany. 

The correlations between brown footrot intensities in May and July were positive, 
but not significant. Thus, other factors in addition to brown footrot intensity in May 
determine brown footrot intensity in July. Brown footrot intensity in July was positi- 
vely correlated with the amount of precipitation in October and negatively correlated 
with average temperature in October, November and December (R2-values 0.71 and 
0.85 for incidence and prevalence, respectively). However, these correlations are 
mainly based on the high disease intensity recorded in 1982 and may therefore not 
represent causal relations. They are in line however, with indications from the literature 
that brown footrot prevails under conditions adverse for plant growth (Bennett, 1928; 
Millar and Colhoun, 1969; Casell and Hering, 1982). The Dutch clay soils become 
water-saturated by abundant rain so that seeding and seedling growth are hampered. 
Moreover, crop growth is stimulated by high temperatures in autumn and early winter. 
In addition, above ground infections of M. nivalis are enhanced by high humidities 
(A1-Hashimi and Perry, 1986). 

Snow mould. Monographella nivalis was common in winter wheat in the Netherlands 
(Table 1). As result of brown footrot in May, perithecia of M. nivalis were found on 
lower leaf sheaths on 43~ of the culms in July 1981 (Fig. 2). Ascospores from these 
perithecia, dispersed by wind, may infect leaves and glumes. 

In July during 1980-86, prevalence and incidence of snow mould on leaves were 
positively correlated (r 2 = 0.79) and averaged 6907o of the fields and 7~ of the 
leaves, respectively (Table 2). The intensity of snow mould on leaves was positively 
correlated with brown footrot intensity in May, mainly as a result of the low intensity 
of both diseases in 1984. 

During 1970's, snow mould on leaves in July was rare or not mentioned at all, but 
from 1979 onwards it became common. Also in Germany (Ahrens and Fehrmann, 
1984) and Switzerland (Forrer et al., 1982) the symptoms appeared, presumably partly 
as the result of the increased use of fertilizers (Ellen and Langerak, I987). Moreover, 
this coincided with the development of resistance by M. nivalis against carbendazim- 
generating fungicides. On the other hand, however, in 1974 H~ni (1981) found high 
intensities ofM. nivalis on leaves late in the season in Switzerland. In the Netherlands, 
during prolonged humid conditions in the ripening phase, the fungus grows superfici- 
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Fig. 2. Frequency distribution (Y, % fields) of the 
occurence of perithecia of snow mould (M. nivalis) on 
basal leaf sheaths (X, ~ tillers with perithecia) in July 
t981. 
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ally and rapidly over the leaf epidermis, presumably initiated by the abundance of 
ascospores (Fig. 2) and spores are formed in stomata. Then necrosis follows, which 
is hard to distinguish from senescence, especially in dry weather conditions because 
distinctly visible fruiting bodies appears only later. In this way the disease is often not 
noticed, while the straw is already invaded. 

In the July months from 1982 to 1986, incidence and prevalence of diseased flag leaf 
sheaths averaged 8~ culms and 40070 fields, respectively (Table 2). Both intensities 
were positively correlated (r = 0.95), mainly as a result of the high disease intensity 
in 1982. Under high disease intensity in some fields, flag leaves completely disap- 
peared from the plants, so that the crop in July only had an active second leaf layer. 
Diseased flag leaf sheaths of 121 fields were sampled in 1982 and placed in petri dishes 
on moist filter paper at about 20 ~ One to three days later spores had been formed 
and identifications were made at low magnification. On average 70% of the symptoms 
on leaf sheaths was attributed to M. nivalis and 30~ to Leptosphaeria nodorum. In 
two samples, also Mycosphaerella graminicola and E culmorum were identified. 
Prevalence and incidence of diseased flag leaf sheaths was positively correlated with 
disease intensity on stem bases and leaves, both in July (correlation coefficients 
> 0.9). 

Ear blight. Incidence and prevalence of ear blight averaged 1.2% of the glumes and 
51~ of the fields, respectively (Table 2), and were positively correlated (r = 0.85). Ear 
blight was caused by E culmorum and M. nivalis mainly, but also E avenaceum and 
F. graminearum were recorded (Table 1). No significant correlation was obtained 
between ear blight intensities and prevailing weather. However, ear blight incidence 
and prevalence were positively correlated with precipitation in June (R2-values 0.57 
and 0.61, for incidence and prevalence, respectively), if data of 1985 with high precipi- 
tation in June (121 mm) were excluded from the analysis. The effect of rain during 
flowering on ear blight intensity during ripening is well-known (Cook, 1981). The 
survey in 1985 was carried out earlier than usual, mid-July instead of end of July. The 
development of the crop was slow in 1985, due to the prevailing low temperatures. 
Flowering, which usually occurs mid-June took place at the end of June. Moreover, 
the first half of July was dry. The combination of these factors may explain the 
observed deviation of 1985. 

Seed contamination. On contaminated seeds Fusarium spp. dominated or were 
important in addition to 3/1. nivalis (Table 1), mainly depending on the average tempe- 
rature in July and August (Fig. 1). Over the period 1962-1986, on average 16% of the 
seeds was contaminated (Table 2). Contamination of harvested seed was not correlated 
with disease intensity of sown seeds (r = 0.04) due to the effect of  weather during the 

Y 
5 0  

2 5  

0 
5 0  

110 

A~�9 AA 
. ,  I X  

1 5 0  2 5 0  3 5 0  

Fig. 3. Percentage of seeds (Y) contaminated with 
Fusarium spp. and M. nivalis in the years 1962-1986, 
in relation to cumulative precipitation (X, ram) in 
June, July and August. Regression: Y = -21 + 0.18 
X (R 2 = 0.59) 
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Fig. 4. Incidence of ear blight in July (Y, % infected 
glumes) in the years 1979-1983 (X) in different winter 
wheat cultivars. 

cropping season. Seed contamination was positively correlated with cumulative preci- 
pitation during the months June, July and August (Fig. 3). Wet conditions may stimu- 
late ear infection and disease development directly. In addition, crop ripening and 
harvest is delayed during such periods, so that infection of  the seeds can continue. 

Cultivar resistance and yield. The dwarf cvs. Durin and particularly Marksman 
showed a higher incidence of ear blight than the tall and semi-dwarf cvs. Okapi and 
Arminda (Fig. 4). Ear blight incidence in the semi-dwarf cv. Nautica was intermediate. 
That in the semi-dwarf cv. Saiga was comparable to that in cvs. Okapi and Arminda. 
These field observations correspond with the disease resistance ratings of  the cvs. esta- 
blished after artificial inoculations (Ubels and Van der Vliet, 1984a;b). Yields of  the 
survey fields, corrected for region and cv. were strongly correlated with their degree 
of ear blight incidence in 1980 (Daamen, 1981), indicating that Fusarium spp. was a 
major contraint to yield in commercial fields. The effect of  ear blight on yield could 
also be illustrated with the results of  the cultivar trials of  RIVRO (Government Insti- 
tute for Research on Varieties of  Cultivated Crops). In Fig. 5, yields of  the susceptible 
cvs. Durin a n d  Marksman and the moderately resistant cvs. Arminda and Okapi 
attained in cultivar trials, in which fungicides were applied on marine clay soils in the 
northern, central and southern part of the country are plotted against ear blight inci- 
dence in these regions in 1979, 1980 and 1981. These data illustrate that yields of the 
various cvs. in the absence of  ear blight are similar. The susceptible cvs., however, show 
a stronger yield reduction than the moderately resistant cvs. at higher ear blight inci- 
dence. Weather conditions favouring ear blight may also affect yield directly, but that 
effect is presumably similar for the cvs. 

Intensity of  brown footrot and snow mould on leaves did not show such distinct 
resistance patterns. Cv. Marksman, the most susceptible cv. to ear blight in the survey, 
showed significantly more brown footrot than the other cvs.. In 1981 and 1983, cv. 
Arminda, one of the least susceptible cvs. in the survey, was less affected by snow 
mould on leaves than the other cvs. 
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Fig. 5. Yields (Y, kg are -~ at 16% moisture) on 
northern, central and southwestern clay soils (RIVRO 
trials), in relation to mean incidence of ear blight in 
1979-1981 in these regions (X, % glumes infected, survey 
data) for the moderately susceptible cvs. Okapi and 
Arminda and for the susceptible cvs. Durin and Marks- 
m a n ,  
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Fungicides. No effective fungicide seems to be available yet to protect the crop in the 
field (Mielke, 1988). Seed disinfection is common practice in the Netherlands, but as 
already indicated, it does not prevent brown footrot and other infections during the 
cropping season. Moreover, Ubels (1984) and Daamen et al. (1988 and 1989) suggest 
that brown footrot intensity on Dutch clay soils may increase after seed disinfection 
with fungicides. It is not clear whether this increase is caused by elimination of antago- 
nistic organisms (A1-Hashimi and Perry, 1986) or whether diseased plants survive 
winter more easily thus promoting carry-over of  the disease (Hewett, 1983). 

In the seventies, isolates o f M .  nivalis showed ED50 values of  ca. 0.1 ppm carben- 
dazim, and some of the isolates reached ED50 values of  10 ppm. after artificial selec- 
tion in vitro (Van Tuyl, 1977). Also Van der Hoeven and Bollen (1980) have reported 
ED50 values below 0.5 ppm for strains of  M. nivalis and of 1-2 ppm. for strains of  
Fusarium spp. to carbendazim-generating fungicides in 1970-1974. In later years, 
ED50-values of  some strains of  M. nivalis from seeds harvested in 1979 were above 
100 ppm. (Langerak and Bollen, 1980) and some strains of  M. nivalis from 1982 had 
ED50-values above 1000 ppm. (De Jong, 1982). 

In 1980, the common seed disinfectant was natrium-dimethyl-dithiocarbamate and 
fuberidazol (used in 77% of  the fields) and guazatine was used in only 8% of the 
fields. After 1980 guazatine became the common seed disinfectant. Seed disinfection 
allows higher seedling survival of  contaminated seeds, but the survey data and those 
of the field experiments (Ubels, 1984) show that seed disinfection does not protect the 
crop against infection by M. nivalis and Fusarium spp. after the seedling stage. 
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