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ABSTRACT

Fusarium graminearum causes crown rot in wheat affecting seed germination, seedling establishment hence impacting
crop productivity. Integrated disease management approaches includes cultural practices, use of good quality seed,
resistant varieties and seed treatment. In this study, we surveyed wheat plant samples from South Dakota to determine
the prevalence and distribution of root rot pathogens. F. graminearum and Bipolaris sorokiniana were recovered from
100% and 48% of the root samples (n=39) collected, respectively. Further, we studied the effect of F. graminearum
on the seed germination and seedling blight on spring wheat cultivars under greenhouse and field conditions. F.
graminearum significantly affected the seed germination and seedling blight in 11 spring wheat cultivars, ranging from
75-96% and 0-9%, respectively in infested seed as compared to uninfested seed (control). The cultivars ‘Forefront’
and ‘Select’ were least impacted by the pathogen; whereas, ‘Russ’ and ‘Oxen’ showed a significant reduction in
germination and higher seedling blight. Field experimentswere conducted to determine the impact of source of
inoculum, fungicide seed treatment and varietiesonseed germination and seedling survival at two locations in 2015
and 2016. Cultivars Russand Oxen showed poor seed germination and high seedling blight; whereas, Forefront,
Select and Briggs had higher germination and seedling survival. Fungicide treatment significantly increased seed
germination. The source of inoculum was significant in 2015, however, it was not significant in 2016 likely due to
less disease pressure. Our results showed that F.graminearum lowers seed germination and causes seedling blight in
wheat cultivars and genetic variability exists in cultivars. Hence the use of fungicide seed treatment can reduce the
germination losses caused by the pathogen for fields likely to have high inoculum pressure or likely infested seed and
use of tolerant cultivars like Forefront can further reduce the losses due to crown and root rot disease.
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is also root rot complex which impact the seed germination and
seedling blight in wheat such as Fusarium crown rot and common
root rot caused by Fusarium graminearum and Bipolaris sorokiniana,

INTRODUCTION

Wheat is a principle staple food crop for 1/3 of the world
population and is the most widely cultivated, traded food crop, and
on an average provides 21% calories and 21% protein to humans
respectively [1,2].Sustainable wheat production has contributed to
the economic growth and social stabilization in many regions of
the world. However, with changing weather pattern and farming
practices continuously pose a threat to wheat production around

respectively.

Fusarium crown rot (FCR) of wheat caused by Fusarium
graminearum ((Schwein.)Petch), impacts plant stand by affecting
seed germination and inciting seedling blight thus ultimately
decreasing crop productivity [8-10]. Yield losses of up to 24% have

the world. No-Till farming practice with increased residue and
favorable climate conditions are leading to an increase in residue
and seed-borne disease [3-5]. Presence of the residue of the
previous year crop can increase the primary inoculum level in the
subsequent season crop alongwith the other cultural practices for
disease management approaches [6,7]. There are many diseases
that impact yield and quality of the wheat crop including Fusarium
Head blight (FHB), Rust, Leaf spot diseases. Alongwith these, there

been reported in winter wheat plots when the seed was infested by
F. graminearumin New York [11], however, the seed germination and
yield loss due to F. graminearum can be as high as 80% [12]. Further
during the Fusarium head blight pressure, the seed infection with
F. graminearum increased from 20% to more than 98% at maturity
in both resistant and susceptible genotypes, respectivelyand this
resulted in low germination (80%) and reduced seed vigor in seeds
inoculated with infected corn kernels [13].
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The crown and root rot disease in wheat can be managed through
integrated approaches, crop rotations, seed treatment, and
resistant varieties. Crop rotation is one of the effective method
of reducing the risk of root rot in wheat, thus wheat should be
rotated with non-host broadleaf crops such as soybean, canola, dry
beans, flax, and sunflower [7]. Seed treatment with fungicides can
reduce loss in seed germination and seedling blight and increased
the plant emergence and number of spikes per m?as compared
to the untreated control in winter wheat varieties under field
conditions [14-16]. Although seed treatment enhanced plant
emergence in a seed lot infected with F. graminearum, however, it
did not prevent the pathogen growth from seed to seedlings [16].
Further, the effect of fungicides as a seed treatment in improving
the germination of Fusarium infected-seed lots are variable and
effective (64-84% increase in germination) when seeds were
treated with fungicides; Vitavax Extra RTU and Dividend as a
seed treatment under controlled conditions, however, the results
were not significant under field conditions [17]. Growing resistant
varieties is considered the best management strategy for crown
rot in wheat [18]. Significant differences in germination and yield
among spring wheat and winter wheat genotypes were observed
when F. pseudograminearum inoculated plots were compared with
non-inoculated plots [19-21]. Resistant wheat and barley genotypes
have traditionally shown reduced yield loss under field conditions
as compared to susceptible cultivars [20,21].

Several reports suggest an increasing trend in the incidence of root
rot diseases in different parts of the United States [4,8,9,11,22,23].
However, there is no information available on the effects of these
root rot pathogens on spring wheat cultivars grown in South
Dakota and northern The Great Plains region and their impact
on seed germination and seedling blight. It is therefore vital to
know the prevalence of root rot pathogens in the state and their
effects on seed germination and seedling blight in wheat cultivars
grown in the region and devise disease management strategies for
root rot diseases. The specific objectives of this study were 1) to
determine the prevalence and distribution of root rot pathogens
of wheat across in South Dakota and 2) determine the effects of
F.graminearum on seed germination and seedling blight in hard red
spring wheat cultivars grown in the region.

MATERIALS AND METHODS

Roots samples collection

Thirty-nine samples were collected from randomly chosen
winter wheat and spring wheat fields from 17 counties (Aurora,
Brule, Buffalo, Brown, Edmunds, Hand, Hughes, Hyde, Jerauld,
Kingsbury, Lincoln, Minor, Potter, Sanborn, Spink, Tripp, and
Walworth) during the growing season of 2014 and 2015.From each
field, 8-10 non-symptomatic plants root samples were randomly
collected at flowering to early milk stage (Feekes 10.5 -11.1)
without damaging the roots. The root portions were separated by
cutting the plants above the crown and samples were kept in the
paper bags. The collected samples were kept in a cooler during the
sampling and later kept in the refrigerator until processed.

Sample preparation for pathogens isolation

The roots samples were individually thoroughly washed under
running tap water to remove the soil and then were dried overnight
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by placing them on 5-6 layers of towel paper. From the dried roots
samples, crown roots were excised, cut into about 1 cm long
segments and then each sample was divided into three subsamples.
Two subsamples were surface disinfected with 5% sodium
hypochlorite for 60 sec and then rinsed thrice with distilled sterile
water for 60 seconds/per wash for isolating Fusarium species and B.
sorokiniana. For isolating Gaeumannomyces graminis var. tritici, one of
the three subsamples was disinfected by washing the root segments
with 1% silver nitrate for 10 sec and then washed with distilled
sterile water for 60 sec followed by removal of excess moisture
before plating on the specific medium modified SM-GGT7 [24].
For Fusarium species, 40-50 root segments were plated on Y2
strength potato dextrose agar prepared from raw potatoes (150g
of potatoes were boiled in 350ml of water, followed by autoclaving
with 150ml of potato broth was added along with 22¢ of agar, 20g
of dextrose and volume was made up to 1L in a conical flask). The
plates were placed under 12 hours’ light and 12 hours’ dark cycle
at room temperature for the fungal recovery. The fungal colonies
produced by the segments were marked based on their colony color
[25], and colonies with similar colors were counted separately and
transferred individually onto fresh Y2 strength PDA plates. The
samples were incubated for seven days followed by examination
under the compound microscope for the identification of Fusarium
species based on the fungal morphological characteristics [26]. For
B. sorokiniana, root segments were plated on water agar media,
and the plates were kept under 12 hours’ light and dark cycle at
room temperature. They were examined after four days under a
stereoscope for the identification of the B. sorokiniana. 10-15 single
conidia of B. sorokiniana were picked-off from the samples and
placed them individually onto V8PDA (150ml of V8 juice, 10g
of agar, 10g of PDA and 3g of calcium carbonate) [27]. The plates
were incubated under alternative 12 hours light and dark cycle for
five days. The identity of the cultures were confirmed based on
their morphological characters as described in Shoemaker [28].
For Gaeumannomyces graminis var. tritici, root segments were plated
on a specific medium modified SM-GGT7 [24] under dark for 12
days. After 12 days, the dark black shining colonies if present were
transferred to the wheat leaf agar medium (100 g of green wheat
leaves were boiled in 1L of distilled water for 10 min; then the
liquid was poured through two layers of cheesecloth and volume
was adjusted to one liter with distilled water. Finally, 20g of agar
was added and autoclaved for 30 minutes)for the fungal perithecial
development [29].

Effect of Fusarium graminearumon seed germination and
seedling blight

Seed preparation for F. graminearum inoculation

The seed of 11 spring wheat genotypes that include nine
cultivars,Advance, Brick, Briggs, Forefront, Oxen, Prevail, Russ,
Select, Traverse and two advanced lines, SD 4189, and SD 4125
were obtained from SDSU Hard Red Spring Wheat Breeding
Program. All cultivar seedswere tested for their germination using
towel paper method before conducting the experiments [30]. The
seed was surface disinfected with 95% alcohol before infesting with
F. graminearum. Each of the 11 wheat genotypes seed were infested
individually with the spore suspension of F. graminearum isolate SD
Fg41. For infesting the seed, fresh cultures of F. graminearumon ¥2
strength PDA was prepared and spore concentration was adjusted
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Figure 1: Schematic presentation of the experiment conducted in the greenhouse.

to 100K spores/ml. The seed of each genotype (500 g) was placed
in a plastic tray (Figure 1) and sprayed withF. graminearum using a
hand-held sprayer (Preval, Coal City, IL) and was dried overnight
by placing it on the paper towel on a lab bench. The uninfested
seed was sprayed with distilled sterile water and served as a check.
To determine if the seed was 100% infested with the fungus, 100 F.
graminearum infested seed of each cultivar was plated on %2 strength
PDA. The plates were kept under 12 hours’ light and 12 hours’ dark
cycle at room temperature for four days. After four days, carmine
red color colonies of F. graminearum was observed. Further, slides
from 10 randomly selected colonies of F. graminearum from the
plates were prepared and examined under a microscope to confirm
the presence of the fungus. The data was recorded on the number
of seeds infested with the fungus.

Greenhouse experiments

One hundred seed infested with F. graminearum and the un-infested
seed of each cultivar (Control) were planted in paper cups (10
seeds/cup) in a completely randomized design along with the un-
infested 100 seeds as a control. The experiment was conducted in
the greenhouse in fall 2014 and fall 2015. The plants were watered
daily and fertilized as needed. The germination and the seedling
survival data were recorded after 10 and 20 days of planting,
respectively. Seedling blight data wasdetermined by deducting the
number of seedlings that died from the total germinated seedlings.
Germination and seedling survival notes were discontinued when
no increase in germination in un-infested treatment was observed
(10 days), and no increase in seedling blight was observed in the
infested seed treatments (20 days), respectively.

Field experiment

In 2015, seven cultivars Advance, Briggs, Forefront, Oxen, Russ,
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Prevail, and one advanced breeding line SD 4215 were evaluated for
F. graminearum impact on seed germination under field conditions.
In 2016, eleven cultivars, (Advance, Briggs, Forefront, Oxen,
Russ, Prevail, Traverse, Select, Brick, SD4215 and SD4189) were
evaluated. In all cultivars, the seed was infested with F. graminearum
as described in the greenhouse experiment. All cultivar seeds for
both greenhouse and field experiments were used from the same
seed lot. The field experiment was planted by hand in a splitsplit
plot randomized block design where the main plot was a source of
inoculum (wheat seed infested with F. graminearum and oat kernels
infested with F. graminearum mixed with the wheat seed at planting).
The sub-plot included varieties, and the sub-subplot included four
treatments; un-infested seed without fungicide treatment (T1);
un-infested seed treated with the fungicide Raxil (T2); infested
seed with F. graminearum and treated with fungicide (T3); and
infested seed with F. graminearum and no fungicide treatment (T4).
The oats kernels were autoclaved under wet cycle for 60 minutes
to eliminate any fungal infection before infesting them with F.
graminearum. Each plot was planted manually with 100 seeds in a
1.6 m row length. Five grams of infested oat kernels were spread
across the row. The trials were planted on May 8, 2015, May 10,
2016, at Volga and May 10, 2015, May 15, 2016, at Brookings. The
germination data was recorded when the plants started to emerge.
The stand count data were taken for three consecutive weeks’ post-
planting for both locations and years.

In this study, we considered germination is complete when no
further seed germination was observed in the control plots. The
number of seedlings observed at the final date of germination
data recordingwas considered as % seedling survival (number of
seedlings at the last time of data collection).Observations were
discontinued when no further seedling died or wilted in the
infested seed plots.
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DATA ANALYSIS

Analysis of variance was performed to determine the treatment
effects on the percent seed germinated and percent seedling survival
in the greenhouse experiment. As the data was in percentage, the
arcsine and square root transformations were applied to normalize
the data prior to analysis. Tukey’s HSD was conducted to compare
the cultivars if they were different for treatments. The field
experiment was analyzed using a split-splitplot design in R software.
Tukey’s HSD test was done for the mean comparisons among the
source of inoculum, varieties, and treatments. Experiments were
analyzed separately for both years and locations.

RESULTS

Survey of wheat fields

In the both 2014 and 2015 survey, two fungal species, Fusarium
graminearum and Bipolaris sorokiniana were the predominant species
associated with root samples across the South Dakota. However,
the Percentage recovery of fungal species varied between the
years (Table 1). In 2014, F.graminearum was recovered from all
31 (100%) roots samples analyzed; whereas, 16 (51.6%) of the
samples harbored with B. sorokiniana. In 2015, F. graminearum was
recovered from all eight (100%) samples while B. sorokiniana was
isolated from three (37.5%) of the samples. In total, 163 isolates of
F. graminearum and 70 isolates of B. sorokiniana were recovered from
the samples and stored at -20°C for future studies on genotypic
variation in the isolates (Table 1). G. graminis var tritici that causes
‘Take-all’ in wheat was not recovered from any of the collected root
samples in both years. Other Fusarium species such as F. equiseti, F.
verticillioides, F. acuminatum, F. oxysporum, F. semitectum, F. dimerum
and F. avenaceum were recovered with a very low frequency from
some samples (data not shown).

Effect of F. graminearum on seed germination and
seedling survival under greenhouse conditions

In greenhouse experiments, F. graminearum significantly impacted
seed germination (P< 0.05) in the eleven wheat cultivars evaluated.
The germination ranged from 75-97% in seed infested with F.
graminearum as compared to 100% in un-infested seed (control)
(Figure 2). Wheat cultivars Russ (75%), SD4189 (84%), and Oxen
(83%) had the lowest germination (%) due to F. graminearum as
compared to Forefront (94%) and Select (97%) and Prevail (96%).
Further, the evaluated cultivars were significantly (P< 0.05) different
in the reaction for seedling blight (%). The seedling blight in all
the eleven cultivars ranged from 1 to 9%. The cultivars Advance
(5.5%), Briggs (4%), SD4189 (5.3%), and Traverse (9.3%) had the
highest seedling blight; whereas, Forefront (3.5%), Oxen (2.1%)
and Select (0.7%) had the lowest seedling blight (Figure3).

Table 1: Recovery of crown and root rot associated pathogens from root
samples collected from commercial wheat fields in South Dakota during
the 2014 and 2015 growing seasons.

Year  Samples Fungal Species RLSCO(}:;iZ q O/(i:;r:tzifs
2014 31 F. graminearum 125 100.0
B. sorokiniana 62 51.6
2015 8 F. graminearum 38 100.0
B. sorokiniana 8 37.5
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Effect of F. graminearum on seed germination and
seedling survival under field conditions

The fungus F. graminearum significantly (P < 0.05) affected the
seed germination and seedling survival in several cultivars at both
Brookings and Volga locations in 2015 and 2016 (Tables 2 and 3).
Cultivar ‘Russ’ was found to be mostsusceptible to F. graminearum,
whereas, other genotypes including Advance (87.4%), Forefront
(87.9%), and Prevail (88.4%)are showed good level of resistance
toF. Graminearum (Table 2). The percent seed germination varied
in different genotypes both greenhouse and multiyear multi-
location field trials (Tables 2 and 3).The source of inoculum had
significant impact onseed germination and seedling survival in
2015 where infested oat seed when used as the inoculum source
had low impact on seed germination and survival when compared
to infested seed itself (Tables 2 and 3).However, in 2016 the effect

inoculum source was not significant.

We further looked at the effect of fungicide treatment on
germination for infested seed and observed improvement in seed
germination ranging from 9-23% (2015)and 4-8% (2016) (Tables 2

and 3). On average there was increase (4.5%) in germination when

Percentage

Cultivars

mGermination 0OSeedling survial

Figure 2: Effect of Fusarium graminearum on seed germination and
seedling survival in eleven hard red spring wheat (HRSW) cultivars in
the greenhouse experiment. Seed for all cultivars was infested with F.
graminearum or left uninfested before planting.
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Figure 3: Effect of Fusarium graminearum on seedling blight in
eleven hard red spring wheat (HRSW) cultivars in the greenhouse
experiment.
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Table 2: Effect of Fusarium graminearum on seed germination of hard red spring wheat (HRSW) cultivars in Brookings and Volga in 2015 and 2016. Seed
of the cultivars was either direct infested with F. graminearum or inoculated with autoclaved infested oats.

Variables 2015 2016
Germination Germination
Source Brookings Volga Brookings Volga
Source of Inoc.
i) Seed 83.3b 75.6b 89.5a 88.2 a
i) Oats 93.1a 85.6 a 81.6 a 87.6 a
p value 0.001 0.001 0.072 0.12
Varieties
Briggs 933 a 84.3 a 85.6 abc 89.5 ab
Prevail 91.8 a 87.4 a 86.1 ab 88.4 ab
Advance 91.6 a 81.6 a 87.3 ab 89.3 ab
Forefront 90.3a 84.8 a 88.2 ab 88.5 ab
SD4215 80.7 a 82.6 a 83.3 abc 85.0 ab
Oxen 88.5a 80.6 a 81.9 be 85.3 ab
Russ 724 b 61.4b 714 ¢ 81.6 b
Select - - 89.8 a 91.5a
SD4189 - - 86.6 ab 89.7 ab
Traverse - - 85.8 abc 88.3 ab
Brick - - 88.8 ab 88.2 ab
p value 0.001 0.001 0.0001 0.04
Treatments
T1 (UT+UINF) 89.5b 83.5b 86.1 a 86.5b
T2 (T+UINF) 93.5a 88.5a 88.3 a 913 a
T3 [T+INFT(Fg)] 89.5b 85.6 ab 86.0 a 90.5 a
T4 [UT+INFT(Fg)] 80.8 ¢ 62.5c¢ 82.3b 82.3 ¢
b value 0.001 0.001 0.001 0.001
Treatment * Source of Inoc. 0.001 0.001 0.202 0.001
Treatment x Varieties 0.050 0.143 0.167 0.999
Treatment x Source of Inoc.xVarieties 0.080 0.066 0.107 0.989

Seven spring wheat cultivars were included in the experiment in 2015

“Eleven Spring wheat cultivars were included in the experiment in 2016

T1= Untreated and uninfested seed (Control), T2 = treated seed with fungicide, T3 = treated seed with fungicide and infested withF. graminearum, T4 =
untreated seed and infested with F. graminearum

Where Inf= infested; UT= untreated, Fg = F. graminearum

Means in a column followed by the same letter(s) are not significantly different according to Tukey’s HSD test. Percentage data were arcsine and square
root transformed prior to statistical analysis.

Table 3: Effect of Fusarium graminearum on seedling survival of HRSW cultivars in Brookings and Volga in 2015 and 2016.

Variables 20151 2016
Survival (%) Survival (%)
Source Brookings Volga Brookings Volga
Source of Inoc.

i) Seed 76.6 b 69.3 b 87.5a 85.1a
ii) Oats 88.8 a 80 a 79.4 a 84.6 a

p value 0.039 0.013 0.053 0.588
Varieties

Briggs 933 a 78.1 a 83.6 ab 86.6 ab

Prevail 91.8 a 80.3 a 83.2 abc 85.8 ab
Advance 91.6 a 754 a 84.7 ab 85.9 ab
Forefront 90.3 a 78.8 a 86.3 a 84.8 ab
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SD4215 88.7 a
Oxen 88.6 a
Russ 72.5b
Select
SD4189
Traverse
Brick
p value 0.001
Treatments
T1 (UT+UINF) 88.7 a
T2 (T+UINF) 86.3 ab
T3 [T+INFT(Fg)] 85.1b
T4 [UT+INFT(Fg)] 7. ¢
p value 0.001
Treatment x Source of Inoc 0.001
Treatment x Varieties 0.066
Treatment x Source of Inoc * Varieties 0.065

YSeven spring wheat cultivars were included in the experiment in 2015

OPEN aACCESS Freely available online

76.6 a 81.7 abc 82.5 ab
74.5 a 80.2 bc 83.0 ab
583 b 754 c 789 b
88.2a 88.9a
85.4 ab 86.2 ab
84.5 ab 84.4 ab
85.7 ab 85.3 ab
0.001 0.001 0.077
78.6 ab 839a 84.2b
82.2a 85.8a 88.1 a
783 b 84.6 a 87.2 ab
58.4 ¢ 80.0 b 79.3 ¢
0.001 .001 .077
0.001 0.202 0.004
0.090 0.167 0.999
0.165 0.107 0.976

“Eleven Spring wheat cultivars were included in the experiment in 2016

T1= Untreated and uninfested (Control), T2 = treated with fungicide T5 = treated with fungicide and infested with F. graminearum, T6

= untreated and infested with F. graminearum, Where Inf= infested; UT= untreated, Bs = B. sorokiniana; Fg = F. graminearum

Means in a column followed by the same letter(s) are not significantly different according to Tukey’s HSD test. Percentage data were

arcsine and square root transformed prior to statistical analysis.

the seed was treated with fungicide as compared to the untreated
seed (control) in 2015 at both the locations. However, in 2016,
fungicide treatment increased seed germination only at Volga
(4.5%), whereas, no improvement was observed at Brookings.

DISCUSSION

Survey results of this study showed that F.graminearum was the
major pathogen responsible for crown rot in wheat followed by
B.sorokiniana causing common root rot in South Dakota. While
some other Fusarium spp. were also recovered from the collected
samples, their frequency was minuscule. These species included F.
equiseti, F. verticillioides, F. acuminatum, F. oxysporum, F. semitectum,
F. dimerum and F. avenaceum. The recovery of F. graminearum
(100%) and B. sorokiniana (44.5%) from most of the collected
samples indicates the potential occurrence of crown rot and
common root rot in wheat in the region if the planted cultivars
are susceptible and the conducive conditions prevailed for disease
development. Several independent wheat roots disease pathogens
surveys conducted in Chile [31], Canada [32-44], Australia [45,46],
Asia [20,47], Europe [48] and South America [49] recovered B.
sorokiniana and F. graminearum/F. culmorum from wheat roots.
In the US, surveys have been reported in several states like New
York [11] where F. graminearumwas most abundant followed by B.
sorokiniana; in Minnesota [33] though F. graminearum was isolated
from most wheat root samples F. culmorum and F. avenaceum was
also recovered and in California [32]. C. sativus, F. graminearum,
and G. graminis var. tritici and Calonectria graminicola were most
common pathogens infecting the sub crown internode, crown, and
basal culm tissue thus further developed brown discoloration and
caused root damage.

Though we did not recover G. graminis f. sp. tritici from the collected
root samples, this does not eliminate the possibility of the presence
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of this pathogen in the region as it had been reported previously
mostly in winter wheat in South Dakota and the Pacific Northwest
[4]. There could be two primary reasons of not observing or
recovering G. graminis; i) take-all disease usually occurs in patches,
and the random sampling might have missed these patchy infested
areas; ii) the soil conditions may not have been favorable for the
fungus for plants roots colonization. Though most of the previous
studies examined the collected root samples for any discoloration
prior to isolations, the current study did not examine the roots for
any symptoms prior to the isolations. G. graminis f. sp tritici from
root samples were only recovered when the plants exhibited take-
all disease symptoms. Our results confirm previous independent
studies that wheat is more prone to common root rot and crown
rot as compared to take-all in the region.

Evaluation of wheat varieties both under greenhouse and field
conditions suggestedsignificant differences in response to seed
germination and seedling blight in the cultivars when the seed
was infested with F. graminearum (Figures2 and 3). The fungus
significantly reduced the germination and caused seedling blight
in the susceptible cultivars as compared to resistant cultivars. Our
results suggest that wheat varieties available in South Dakota region
possess variable level of resistance to F. graminearum causing loss in
seed germination and seedling blight. Similar level of variability in
wheat genotypes have been reportedin different countries/regions
[12,50-53]. Further, fungicide as seed treatment improved the
seed germination in the range of 9-23% and suggests a promising
method to improve seed germination and seedling survival caused
by F. graminearum. Prevoiusly Jones [14] reported use of the seed
surface sterilization enhanced the seed germination up to 32%.
Thus fungicide seed treatmentcan significantly reduce seedling
blight and improved seed germination in F. graminearum infested
seed.
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The source of inoculum was significant in the first year (2015)
when the disease pressure was higher due to frequent rain events
whencompared to the year 2016. The germination was significantly
reduced in the treatments (2015) where the infested seed was used
as a source of inoculum. Our resultssuggests that when the seed is
carrying the pathogen or when the seed is infested, the germination
losses will be higher as compared to when the pathogen is already
present in the soil (Oats inoculum). This may be due to fact thatthe
pathogen requires sometime to reach and colonize the seed before
its germination. Experiments conducted at two different locations
over the two years resulted in a similar trend of reduction in seed
germination, however,there was lower germination observed in
Brookings as compared to Volga in 2016. The lower soil moisture
content at Brookings as compared to Volga, may have resulted in
lower germination at Brookings as compared to Volga.

CONCLUSION

Our results suggest that continuous monitoring of root rot
pathogens is necessary for the management of root rot diseases in
the region. Insights into distribution and incidence of the root rot
pathogens obtained in this study will help in developing diseases
management strategies including identification of sources of
resistance to these pathogens. Further, careful selection of resistant
cultivars can reduce loss due to poor stand. In addition, use of
fungicide as a seed treatment can also reduce the plant stand losses
caused by F. graminearum if the producer anticipates risk from poor
quality of seed and higher pathogen prevalence in crop residue.
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