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Aphanomyces cochlioides (= A. cochlioides) is an economic, soil-borne pathogen present in over 50% of sugarbeet fields in Minnesota and North Dakota.  Inoculum of A. cochlioides varies from low to high densities, depending upon the field, production practices, and the soil environment.  Warm (70 – 85 0F) and wet soils are highly favorable for pathogen activity and result in infection and disease of sugarbeet (6).  Aphanomyces seldom infects roots at temperatures less than 59 0F or in dry soil (6).  When environmental conditions are favorable for infection, A. cochlioides causes damping-off and/or early-, mid-, or late-season root rot of sugarbeet.  
Planting seed of Aphanomyces-tolerant varieties treated with Tachigaren® (hymexazol) is the most effective option for minimizing early-season damping-off and root rot caused by A. cochlioides.   Since 1996, Tachigaren has been registered for pelleted sugarbeet seed at rates of 45 to 90 grams (g) of product per unit (100,000 seed).  In 2003, the Environmental Protection Agency approved Tachigaren at 20 or 30 g of product on minimum build-up pellets.  Availability of a low rate of Tachigaren offers growers the option of sowing treated seed at a reduced cost to ensure early-season protection in fields with low Aphanomyces populations, in infested fields where soil conditions generally do not favor early-season infection, or in fields where Aphanomyces diseases have not been observed but are located in regions where the pathogen occurs.  
OBJECTIVE
To determine the effect of planting minimum build-up pelleted sugarbeet seed treated with 0 or 20 g of Tachigaren when sown into soils of different controlled environments (temperature and moisture conditions)  and with different Aphanomyces inoculum densities on seedling stand and severity of root rot.  

MATERIALS AND METHODS 
Field soils of different Aphanomyces soil index values (SIVs) were selected for the experiment after assaying soils mixed at various dilutions of a non-infested Wheatville loam field soil (University of Minnesota, Northwest Research and Outreach Center) with a silty clay loam soil naturally infested with A. cochlioides (Breckenridge, MN).  These soil mixtures were indexed in growth chambers following standard procedures to create ideal conditions for damping-off and root rot caused by A. cochlioides:  each soil was sown with 25 seeds of AC 817 per plastic pot (4.5 x 4.5 x 4 inches, four pots per soil dilution) and placed in a growth chamber at 68 0F for 1 week for maximum emergence.  Then, temperatures were increased to 77 + 2 0F for 3 weeks and soil was watered once or twice daily to favor infection and disease development.  Seedlings were removed as they died, assayed in the laboratory, and microscopically examined to confirm infection by A. cochlioides.   Four weeks after planting, surviving seedlings were rated for root rot.  Dead and diseased seedlings were used to calculate an Aphanomyces soil index value on a 0 to 100 scale, where 0 = no disease and 100 = severe disease (all seedlings died in the 4-week bioassay).   Soil mixes that resulted in SIVs of approximately 15, 50, and 80 were reconstituted for the seed treatment trial described below.  Control soil was not infested with A. cochlioides and had a SIV of zero.   
Minimum build-up pelleted seed of AC 308 (resistant to Aphanomyces and Rhizomania) treated with Apron + Thiram + Tachigaren (20 g) or with the Apron + Thiram (the control) were sown into soils with SIVs of 0, 15, 50, and 80 (these SIVs represent no, low, moderate, and severe potential for Aphanomyces, respectively).  Apron protects seedlings from seed rot and damping-off caused by species of Pythium and Thiram provides additional protection against Rhizoctonia solani.  Apron and Thiram provide no protection against A. cochlioides.   Plastic plots (4.5 x 4.5 x 4-inch) containing each soil were sown with 25 seeds at a 1-inch depth.  Then, pots were placed in controlled environment chambers.  Four environmental conditions were created by modifying temperature and soil moisture: 1) warm and wet (most favorable for Aphanomyces), 2) warm and dry, 3) cool and wet, and 4) cool and dry (least favorable for Aphanomyces).   Temperatures were increased each week during the 4-week assay to duplicate a warm spring and a cold spring; temperatures also fluctuated within a 24-hr (hour) day to duplicate day and night conditions.  The warm temperature environments fluctuated as follows each week (14 hr day/10 hr night): Week 1 = 72/64 0F, Week 2 = 75/68 0F, Week 3 = 79/72 0F, and Week 4 = 82/75 0F.  The cool temperature environments fluctuated as follows each week (14 hr day/10 hr night): Week 1 = 57/50 0F, Week 2 = 61/54 0F, Week 3 = 64/57 0F, and Week 4 = 68/61 0F.   Wet soil conditions were maintained by watering once or twice daily and fluctuated from  22 to 30% soil moisture.  Dry soil conditions were maintained by watering as needed to sustain seed germination and plant growth and fluctuated from 15 to 22% soil moisture.  There were four replicates per seed treatment and inoculum density in each of the four environments.  

Stands were counted daily during emergence, and then three times per week until 4 weeks after planting.  Dying seedlings were removed, assayed in the laboratory, and microscopically examined to confirm infection by A. cochlioides.   Four weeks after planting, surviving seedlings were rated for root rot.  Numbers of dead and diseased seedlings were combined to calculate a root rot rating on a 0 to 100 scale, where 0 = no disease and 100 = severe disease (all seedlings died).  
Within each of the four environments, stand counts, percent total emergence, percent final stand, and root rot index values were subjected to analysis of variance and if significant (P = 0.05), means were separated by Least Significant Difference.  Aphanomyces SIV potentials were compared to root rot ratings in each soil environment by regression analysis.  
RESULTS
For data collected within each of the four environments, there were no significant interactions between seed treatment and Aphanomyces SIVs, so results are shown separately for these main treatments.  
Rate of emergence.    Emergence during the 4-week trial was more rapid in warm soil (wet and dry) environments (Fig. 1 A and B) than in cool soil (wet and dry) environments (Fig. 1 C and D).  Emergence was delayed about 3 to 4 days in cool soils, but stands in the four environments were nearly the same by 14 days after planting (Fig. 1 A-D).  In the warm and dry soil (Fig. 1B), emergence tended to be somewhat reduced compared to the other environments because of soil crusting.  Stands in warm soil (wet and dry) environments decreased slightly about 3 weeks after planting (Fig. 1 A and B) as a result of Aphanomyces damping-off.  

Rate of emergence was the same when seeds were treated with 20g of Tachigaren compared to the non-Tachigaren control in all environments (Fig. 1) except in the warm and dry environment (Fig. 1B).  In this environment, stands from seed with 20 g of Tachigaren tended to be slightly higher than for the non-Tachigaren control.   
Total stand.  This value accounts for all plants that emerge over 4 weeks.  Within each of the four environments, percent total stand was excellent and statistically the same for seed treated with 20 g of Tachigaren compared to the non-Tachigaren treated control and for all Aphanomyces SIVs (Table 1).  
Final stand at 4 weeks after planting.   Stands were somewhat lower in warm soil (wet and dry) environments compared to cool soil (wet and dry) environments (Table 1).  Seed treatment with 0 or 20 g of Tachigaren had no significant effect on final stand in the four environments (Table 1).  There were significant declines in final stands in the warm and wet environment as SIVs (Aphanomyces disease potential) increased.  In the warm and dry environment, final stands were equal in soils with SIVs of 0, 15, and 50 and also were significantly higher than in soil with a SIV of 80 (where Aphanomyces damping-off occurred).  Final stands were the same in cool soil (wet and dry) environments, regardless of SIVs.  
Root rot ratings.  Four weeks after planting, root rot was highest, yet somewhat low in warm soil (wet and dry) environments and these ratings were the same when seed was treated with 0 or 20 g of Tachigaren (Table 1).  
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Figure 1.
Stand of sugarbeet seedlings from minimum build-up pelleted seed of AC 308  treated with Tachigaren (20g/unit) compared to non-

Tachigaren-treated seed sown into soil with different temperature and moisture conditions: A) warm and wet, B) warm and dry, C) 
cool and wet and D) cool and dry. Temperatures increased each week during the 4-week assay to duplicate a warm spring and a cold 
spring and also fluctuated within a 24-hr day to duplicate day and night conditions.  Warm temperatures fluctuated each week (14 hr 
day/10 hr night): Week 1 (72/64 
0F), Week 2 (75/68 0F), Week 3 (79/72 0F), and Week 4 (82/75 0F); cool temperatures fluctuated 
each week (14 hr day/10 hr night): Week 1 (57/50 0F), Week 2 (61/54 0F), Week 3 (64/57 0F), and Week 4 (68/61 0F).  Wet soil 
fluctuated from 22 to 30% soil moisture daily by watering once or twice per day and dry soil fluctuated from15 to 22% soil moisture 
daily by watering as needed to sustain seed germination and plant growth. Each data point is averaged across soils with different 
Aphanomyces soil index values (0, 15, 50, 80 = no, low, moderate, severe disease potential under ideal conditions, respectively).   

Table 1.
Effect of sowing minimum build-up pelleted sugarbeet seed of AC 308 treated with Tachigaren (Tach, 20 g/unit) into Aphanomyces-infested field soils in different controlled environments (temperature and moisture conditions) and with different Aphanomyces soil index values (low, moderate, and high disease potential under ideal conditions) on seedling stand and root rot ratings compared to non-Tachigaren-treated seed and Aphanomyces-free field soil.   
	Soil environment V,W
	Treatment X
	Total Stand (%)
	Final Stand (%)
	RRRZ 

	Warm & Wet
	Aphanomyces Soil Index Value
	
	
	

	
	   0 (= Aphanomyces-free)
	94
	94 a
	1.8 a

	
	   15
	89
	89 ab
	2.4 a

	
	   50
	91
	84 bc
	11.6 b

	
	   80
	90
	79 c
	18.6 ab

	
	   LSD (P=0.05) Y
	NS
	9
	7.6

	
	
	
	
	

	
	Seed Treatment
	
	
	

	
	   Apron + Thiram
	91
	87
	8.5

	
	   Apron + Thiram + Tach (20g)
	91
	86
	8.8

	
	   LSD (P = 0.05) Y
	NS
	NS
	   NS

	Warm & Dry
	Aphanomyces Soil Index Value
	
	
	

	
	   0 (= Aphanomyces-free)
	83
	83 a
	2.9 a

	
	   15
	87
	85 a
	6.9 ab

	
	   50
	88
	82 a
	13.8bc

	
	   80
	80
	70 b
	18.7 c

	
	   LSD (P=0.05) Y
	NS
	10
	9.9

	
	
	
	
	

	
	Seed Treatment
	
	
	

	
	   Apron + Thiram
	83
	80
	9

	
	   Apron + Thiram + Tach (20g)
	86
	80
	12.2

	
	   LSD (P=0.05) Y
	NS
	NS
	NS

	Cool & Wet
	Aphanomyces Soil Index Value
	
	
	

	
	   0 (= Aphanomyces-free)
	92
	92
	0.2 a

	
	   15
	92
	92
	0.3 a

	
	   50
	92
	92
	3.4 b

	
	   80
	94
	93
	5.9 c

	
	   LSD (P = 0.05) Y
	NS
	NS
	2.3

	
	
	
	
	

	
	Seed Treatment
	
	
	

	
	   Apron + Thiram
	92
	92
	3.3 a

	
	   Apron + Thiram + Tach (20g)
	93
	93
	1.6 b

	
	   LSD (P = 0.05) Y
	NS
	NS
	1.7

	Cool & Dry
	Aphanomyces Soil Index Value
	
	
	

	
	   0 (= Aphanomyces-free)
	93
	93
	0

	
	   15
	91
	91
	0.1

	
	   50
	93
	93
	0.3

	
	   80
	89
	89
	0.3

	
	   LSD (P = 0.05) Y
	NS
	NS
	NS

	
	
	
	
	

	
	Seed Treatment
	
	
	

	
	   Apron + Thiram
	91
	91
	0.1

	
	   Apron + Thiram + Tach (20g)
	92
	92
	0.3

	
	   LSD (P=0.05) Y
	NS
	NS
	NS


V   
Temperatures increased each week during the 4-week assay to duplicate a warm spring and a cold spring; temperatures also fluctuated within a 24-hr day to duplicate day and night conditions.   Warm  temperatures fluctuated each week (14 hr day/10 hr night): Week 1 (72/64 0F), Week 2 (75/68 0F), Week 3 (79/72 0F), and Week 4 (82/75 0F).  Cool temperatures fluctuated each week (14 hr day/10 hr night): Week 1 (57/50 0F), Week 2 (61/54 0F), Week 3 (64/57 0F), and Week 4 (68/61 0F).

W    
Wet soil fluctuated from 22 to 30% soil moisture daily by watering once or twice per day.   

Dry soil fluctuated from 15 to 22% soil moisture daily by watering when needed to sustain seed germination and plant growth. 

X    
Aphanomyces soil index values were previously determined under ideal conditions for disease in growth chambers following standard procedures: for each soil, four pots (4.5 x 4.5 x 4 inches) were sown with 25 sugarbeet seeds of AC 817,  held at  68 0F for 1 week, and increased to 77 +  2 0F for 3 weeks.  Soil was watered daily to favor disease.  Values of 15, 50, and 80 = low, moderate, and high disease potential under ideal conditions, respectively.  
Y    
LSD = Least Significance Difference, P = 0.05; for each column in each environment, values followed by the same letter are not significantly different; NS = not significant.
Z
RRR = Root rot rating (0 – 100 scale, 0 = healthy, 100 = all seedlings dead) determined 4 weeks after planting (9). 
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Figure 2.  
Regression analyses of Aphanomyces soil index values soils (0, 15, 50, 80 = no, low, moderate, severe disease potential under ideal conditions, respectively) and root rot ratings of sugarbeet seedlings 4 weeks after sowing minimum build-up pelleted seeds of AC 308 into soil with different  temperature and moisture conditions: A) warm and wet, B) warm and dry, C) cool and wet and D) cool and dry.  Temperatures increased each week during the 4-week assay to duplicate a warm spring and a cold spring and also fluctuated within a 24-hr day to duplicate day and night conditions.  Warm  temperatures fluctuated each week (14 hr day/10 hr night): Week 1 (72/64 0F), Week 2 (75/68 0F), Week 3 (79/72 0F), and Week 4 (82/75 0F); cool temperatures fluctuated each week (14 hr day/10 hr night): Week 1 (57/50 0F), Week 2 (61/54 0F), Week 3 (64/57 0F), and Week 4 (68/61 0F).  Wet soil fluctuated from 22 to 30% soil moisture daily by watering once or twice per day and dry soil fluctuated from15 to 22% soil moisture daily by watering as needed to sustain seed germination and plant growth. Each data point is averaged across two seed treatments (0 and 20 g of Tachigaren/unit). 

Although root rot ratings were very low in the cool and wet environment, they were statistically lower when seed was treated with 20 g compared to no Tachigaren (Table 1).  In the warm and wet, warm and dry, and cool and wet environments, there was a significant increase in root rot ratings as Aphanomyces SIVs increased from 0 and 15 to 50 and 80 (Fig. 2 A-C, Table 1).  No root rot occurred on sugarbeet seedlings in the cool and dry environment, regardless of disease potential (Fig. 2D, Table 1).  

DISCUSSION
Overall, seed treatment of sugarbeet with 20 g of Tachigaren did not reduce root rot or increase stand of seedlings in the warm and wet, warm and dry, or cool and dry environments but it significantly reduced root rot in the cool and wet soil environment compared to non-Tachigaren treated seed.   In previous controlled environment trials (8, 9), 20 g of Tachigaren reduced disease in soils with low and moderate Aphanomyces potential (SIVs = 14 and about 60, respectively) but temperatures were held continuously at 75-79 0F, within the most favorable range (70 – 85 0F) for infection of sugarbeet by A. cochlioides.  Other researchers (1, 3, 7) have reported decreases in post-emergence damping-off in proportion to rates of fungicide applied at low rates (3.5 to 21 g kg-1) in greenhouse and field experiments.    These reports, however, did not indicate when temperature and moisture conditions were favorable for infection by A. cochlioides.  
Lack of obvious control of Aphanomyces in the four environments of our trials likely is related to late onset of favorable soil temperatures for infection, reduced susceptibility of seedlings at time of infection, and reduced amounts of residual Tachigaren when favorable conditions occurred.  Increases in soil temperatures and microbial activity enhance decomposition of Tachigaren.  For instance, degradation of Tachigaren in soil after 7 days at 59, 68, 77, and 86 0F, was 3.3, 7.8, 15, and 24%, respectively (Sankyo Agro Co., Ltd., Tokyo, Japan) and degradation continues over time (4).  Some of the “lost” Tachigaren is assimilated by the plant and metabolized to “O-glucoside”, which has fungicidal activity.  In our experiment, by the time soil temperatures were most favorable for infection by A. cochlioides, seedlings were becoming less susceptible (2) and available levels of Tachigaren were reduced.  For instance, in the warm soil (wet and dry) environments, temperatures most favorable for infection (70 – 85 0F) occurred during the day in the first week after planting but were not attained for a 24-hour period until the third week.  Day and night temperatures fluctuated between favorable and unfavorable and likely delayed infections as well as symptom development.  Chance of infection improved as Aphanomyces inoculum densities (SIVs) increased, as evidence by some stand loss beginning around 21 days after planting.  In the cool soil (wet and dry) environments, temperatures ideal for infection (70 – 85 0F) never were reached, although temperatures above 59 0F (minimal for Aphanomyces activity) occurred during the day in the second week and for 24 hours a day in the fourth week of the trial.  Thus, Aphanomyces damping-off and root rot were negligible, even when soil had high potential for disease.  
The warm and wet soil environment, presumably most favorable to Aphanomyces, resulted in the same amount of disease as the warm and dry soil environment.  Apparently the dry soil had sufficient moisture when rewetted to 22% moisture content for zoospore production, infection of seedlings, and development of root rot equal to the warm and wet environment.  Zoospores of A. cochlioides survive in soil for at least 10 days (6) and can infect seedlings within 2 hours when soil is wet (5).  Loam soils tend to rewet or become saturated with relatively low amounts of water because of their high water holding capacity and thus, provide a favorable environment for Aphanomyces over a range of soil moisture contents.  The cool soil environment, however, had a greater influence on reducing disease than did low soil moisture.   
Based on previous trials conducted at temperatures continuously favorable for Aphanomyces and disease development, the 20 g rate of Tachigaren on minimum build-up pellets still is a viable and recommended option for protecting sugarbeet seedlings from early-season disease.  At any time after planting, soil temperatures can increase for a few hours or for a few days, and when combined with moist to wet soil conditions, result in infection by A. cochlioides. The risk of weather conditions becoming favorable for infection by A. cochlioides any time after planting is why Tachigaren seed treatment is important and is why it still is recommended.  
SUMMARY AND RECOMMENDATIONS
1.
In our trials, seed treatment of sugarbeet with 20 g of Tachigaren did not reduce root rot or increase stand of seedlings in the warm and wet, warm and dry, or cool and dry environments but did significantly reduce root rot in the cool and wet soil environment compared to non-Tachigaren treated seed.   To “duplicate” a slow spring warm up, we gradually increased soil temperatures every week, but by doing 
so, an adequate amount of Tachigaren likely was not available when soil temperatures were most favorable for infection by A. cochlioides.  

2.
Tachigaren seed treatment continues to be recommended because soil temperatures can increase any time 
after planting and result in infection by A. cochlioides. 
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