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Rhizoctonia crown and root rot is caused by the fungus, Rhizoctonia solani Kühn AG 2-2 intraspecific groups IIIB and IV (perfect stage, Thanatephorus cucumeris (A. B. Frank) Donk ) and is one of the most damaging sugar beet diseases wherever sugar beets are grown.  These fungi are considered common soil inhabitants (Windels, et al., 1997).  In the USA more than 24% of planted acres have economic damage from this disease while in Europe only 5-10% of planted acres are considered to have economic losses, although the incidence of this disease seems to be increasing (Büttner et al, 2003).  Losses can range from negligible to more than 50%.  Yield reductions results from loss of harvestable roots in the field, reduced tonnage due decay of harvestable roots and from reduced white sugar recovery. While both R. solani intraspecific groups can also cause damping-off and crown and root rot of sugar beet and can attack both Phaseolus sp. and soybean, they differ in that AG 2-2 IIIB can attack wheat, maize, rice and matt rush and can grow at 950 F whereas AG2-2 IV does not grow at 950 F and does not attack wheat or maize.  Both intraspecific groups are found worldwide although AG 2-2 IIIB seems to be more common in Europe particularly where sugar beets are rotated with maize.  Rhizoctonia solani AG-4 causes damping–off for sugar beets, Phaseolus sp., alfalfa and soybeans.  Our research has been with USDA isolate R 9 which can be classified as AG 2-2 IV. Losses are highest from both isolates in warm, irrigated, production areas where sugar beets are cropped intensively.  Occurrence is similar in dryland production but chronically wet areas are often most affected.  Our research and that of others clearly shows that most infections occur through the crown from bulbils (sclerotia) deposited there during cultivation and by wind or water. Infection seems to be dependent on soil temperature with temperatures less than 60-680 F resulting in little disease development compared to temperatures of 70-830F for AG 2-2 IV (Table 1).  Similar data is not available for AG 2-2 IIIB although observations suggest that this intraspecific group is damaging at higher temperatures than AG 2-2 IV.  
Table 1.  Effect of temperature on  Rhizoctonia root decay.

	Temperature
	Percent roots with decay

	
	0
	<10
	10-49
	> 50

	600 F
	81
	19
	0
	0

	70 0 F
	53
	37
	2
	8

	820 F
	0
	0
	32
	68


 Several fungicides have been shown to be useful in reducing disease incidence including TPTH, chlorothalonil, pencycuron, PCNB, tebuconazole, azoxystrobin, trifloxystrobin and pyraclastrobin.  Of these, azoxystrobin has provided the most consistent level of control in both inoculated and natural infection trials (Kiewick, et al., 2001; Jacobsen, et al.,2005)  Timing of application is critical, with fungicide deposition in the crown needed before infection occurs.  However, optimal timing relative to plant growth stage has been variable as shown in Table 2. Table 2 summarizes data from 1998 to 2005. 

Table 2. Effect of various rates and timing of Quadris/Amistar on extractable sugar yield per acre 1998- 2005 through control of Rhizoctonia Crown and Root Rot.

	Treatment
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	non inoculated check
	6981
	9725
	9783
	9758 *
	4375 *
	9701*
	6113 *
	8531*

	inoculated check
	6236
	8843
	8650
	7313
	65
	7956
	833
	1483

	Quadris 0.075-4+ 8 leaf
	7673
	9396
	10706*
	10048*
	3347 *
	10779*
	5435 *
	10152*

	Quadris 0.15-4 leaf
	7176
	9282
	8893
	9254
	3315*       (0.4 oz)
	10861*
	6561 *
	9007*

	Quadris 0.15-8 leaf
	Nd
	nd
	10308*
	9809*
	0
	Nd
	2214 *
	9767*

	Quadris 0.15-4+8 leaf
	Nd
	nd
	10168*
	nd
	3394 *
	10034*
	nd
	10593*

	@planting or @

emergence
	nd
	nd
	nd
	7813
	nd
	8929*
	1500
	4643*

	FLSD P=0.1
	1474
	  956
	1376
	2140
	834
	719
	1254
	2886


*=significantly different from inoculated check

Note:  The Amistar formulation of azoxystrobin  was used in 2003, 2004 and 2005.

Recent studies in Montana and in North Dakota have shown that application of azoxystrobin when the soil temperature at the 4 inch depth is in the 65-750F range will provide good to excellent control while applications when the 10 cm soil temperature exceeds 750F result in poor or no control Jacobsen et al., 2005, Khan et al., 2004, 2005).   This research was continued in 2005 and the data are presented in Table 3.  In  2005, applications at 75 and 800F worked well in comparison to other years when these applications were relatively ineffective.
Table 3.  Effect of fungicides applied at various timings on control of Rhizoctonia crown and root rot and on yield.

	Treatment - rate oz ai./1000 row ft
	Disease Index 0-100
	Tons/Acre
	% Sucrose
	Extractable

Sugar/Acre

	Non-Inoculated
	4.8
	25.35
	14.02
	8531

	Inoculated @ 4 leaf
	77.0
	4.50
	5.54
	1483

	Amistar 0.15 oz @ 60oF1
	52.9
	14.08
	14.47
	4643

	Amistar 0.15 oz @ 65oF
	13.8
	26.78
	16.84
	9007

	Amistar 0.15 oz @ 70oF
	7.6
	30.65
	16.74
	10281

	Amistar 0.15 oz @ 75oF
	22.0
	24.61
	14.44
	8587

	Amistar 0.15 oz @ 80oF
	5.8
	30.40
	16.92
	10310

	Amistar 0.15 oz @ 85oF
	48.6
	11.86
	15.17
	3872

	Amistar 0.4 oz @ 4 leaf
	30.7
	19.15
	13.65
	6435

	Amistar 0.15 oz @ 4 & 8 leaf
	8.0
	31.60
	16.76
	10593

	Amistar 0.15 oz @ 8 leaf
	11.6
	29.28
	16.68
	9767

	Amistar 0.2 oz @ 4 & 8 leaf
	6.5
	30.56
	16.69
	10191

	Amistar 0.075 oz @ 4 leaf
	5.6
	28.96
	16.99
	9839

	Amistar 0.075 oz @ 4 & 8 leaf 
	7.6
	29.58
	17.15
	10152

	Gem 0.15 oz @ 4 leaf
	26.8
	23.21
	16.47
	7662

	Headline 0.2 oz @ 4 leaf
	22.2
	24.46
	16.51
	8108

	TM - 473 3.52 oz @ 4 leaf 2
	9.6
	30.53
	16.84
	10245

	TM - 473 3.52 oz + TM - 465 8.0 oz @ 4 leaf 2
	27.9
	24.00
	16.86
	8237

	TM - 438 1.8 lbs @ 4 leaf 3
	57.6
	12.55
	16.09
	4155

	Amistar 0.075 oz @ 8 leaf
	22.0
	24.23
	13.61
	7918

	LSD (0.05)
	21.0
	8.43
	4.02
	2886

	1.  Temperature at 4 inch depth
	
	
	
	

	2.  oz product/Acre
	
	
	
	

	3.  lb product/Acre
	
	
	
	



In an effort to determine which factors were most critical to yield improvement and disease control we analyzed 2004 and 2005 data to develop a model that most closely correlated to disease control  and yield improvement associated with azoxystrobin applications at different timing .  Factors inputted to the model included degree days from the time of planting, accumulated degree days at the time of treatment, starting with 60oF soil temperatures at 4” until our last fungicide application at 85oF.  Degree days base 60, 65, 70, and 75oF were tested to determine which degree day base temperature was most significant.  Variables such as, days after planting, days from inoculation, average air temperature and average soil temperature at 4” were compared with disease severity for determination of which variable(s) had the best correlation.  Analysis of data from 2004 and 2005 showed that the years were somewhat different   Simple correlations for 2004 and 2005 and air or soil temperatures are given in Table 4. and show that both soil and air temperatures are correlated with disease severity
Table 5.  2004 and 2005 simple correlations of disease index with air temperature and soil temperature at 4” depth.

	Year
	2004
	2005

	
	Disease Index
	P value
	Disease Index
	P value

	Avg Air Temp
	0.0411
	0.9194
	0.07837
	0..5733

	Avg Air Temp Degree Days Base 60oF
	0.19319
	0.1616
	0.27726
	0.0424

	Avg Air Temp Degree Days Base 65oF
	0.20756
	0.1321
	0.2792
	0.0409

	Avg Air Temp Degree Days Base 70oF
	0.22795
	0.0974
	0.26681
	0.0511

	Avg Air Temp Degree Days Base 75oF
	0.25221
	0.0658
	0.2470
	0.0718

	Avg 4” Soil Temp
	0.20134
	0.1443
	0.02345
	0.8663

	Avg 4” Soil Temp Degree Days Base 60oF
	0.19344
	0.1611
	0.25163
	0.0664

	Avg  4” Soil Temp Degree Days Base 65oF
	0.19778
	0.1517
	0..30535
	0.0248

	Avg  4” Soil Temp Degree Days Base 70oF
	0.20814
	0.131
	0..31774
	0.0192

	Avg  4” Soil Temp Degree Days Base 75oF
	0.22955
	0.095
	0..31106
	0.0221


Using regression analysis the two factors giving the best fit for predicting when fungicide applications would be most effective were when 70 degree days base 70 oF have occurred after planting and days after inoculation.  The model using days after inoculation had the best correlation.  The factors have not been used in a model together because they confound each other.  The relationship between days from inoculation and disease severity is shown below in Figures 1A and for yield in Figure 1B. 
Figure 1. A) Relationship between disease severity and days after inoculation (DAI), using a localized trend line for data from 2004 and 2005. B). Relationship between yield and days after inoculation(DAI), using a localized trend line for data from 2004 and 2005.
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Based on this information it appears that that optimum fungicide application is slightly after inoculation ( in our studies this was ground barley inoculum).  In growers field this would primarily be cultivation.  Significant penalties occur for premature and tardy applications.  The model using 70 degree days base 70 oF  at the 4” depth after planting also has a very high correlation with disease severity.  There are good correlations with air temperatures but 4” soil depth correlations are higher.This model makes biological since it relates to the data in Table 1. It appears that another year of data will be needed to more finely tune a model for growers to use however it is clear that time of inoculation and temperature are important factors.
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