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The sugarbeet nematode (SBN) is a major root parasite of sugarbeet.  It causes serious stand and yield reductions wherever sugarbeets are produced, particularly with fields located near refineries where they have been grown consistently for many years.  Crop rotations are important for control of the SBN.  However, rotations long enough to alleviate the need for nematicide (3 to 5 years, or longer, out of beets) are not practical in many areas due to the lack of adapted and profitable alternative crops.  As a result, current sugarbeet production relies heavily on nematicides for control of the SBN.  Soil fumigation with Telone II® represents one of the largest costs in sugarbeet production.


Nematode-resistant (trap crop) radish and mustard varieties can provide effective SBN control, as shown by Wyoming research, if planted by early August, a dense weed- and volunteer-free stand is obtained and the crop is adequately irrigated and fertilized (1).  Estimated cost of growing SBN-resistant radish and mustard varieties as a second crop is $80 to $85/acre, less than full-label rates of currently available nematicides (Temik® and Telone II.  Estimated cost of growing trap crops full season, however, is $172/acre, more than the cost of nematicide, in some cases. 


Based on trap crop research on-farm in the Big Horn Basin, an economic analysis of a representative 720-acre farming operation was conducted by Bill Jennings, graduate student from Riverton, WY (2,3).  Growing radish in the rotation as a second crop following barley reduced cost of producing sugarbeets $93/acre, compared with the traditional rotation with nematicide.  Most of the savings are due to the elimination of Telone II at $132/acre.  Trap-crop radish, compared with nematicide,  increased the net return as a percent of land value from 3.7% to 5.7% (Fig. 1).  If trap crop radish is grazed late in the fall with lambs, the value of the weight gain helps defray the cost of growing the trap crop, increasing the rate of return to 9.2%.  Grazing in the fall does not affect trap crop performance with regard to SBN reduction or sugarbeet yield the following year.  Downside risk was reduced with use of trap crops. Compared to the typical barley-barley-sugarbeet rotation, which missed a financial target of 5% average rate of return 6 years out of 12, trap crops in the rotation, ungrazed and grazed, reduced the number of years below 5% return to 4 and 3 out of 12, respectively.  Growing 240 acres of trap crop full season instead of malt barley increased rate of return slightly, but increased downside risk.  The economic advantage of second crop radish over traditional nematicide use shown in this study may be conservative in that other benefits of trap crops such as erosion control and green manure were not considered. 


In southeastern Wyoming, a common rotation is sugarbeet-corn-dry bean.  Earlier studies on producer fields showed that trap crops planted after harvest of corn and dry beans did not produce enough growth to adequately suppress SBN populations (4).  Preliminary studies show that by inserting a small grain or other short-season crop such as oats-peas allows a trap crop to be planted earlier and improves effectiveness in nematode control (5).  
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Figure 1.  Rates of return and downside risk for alternative farming systems, either with 

or without trap crop radish in the Big Horn Basin (2).
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Another alternative is to more effectively use nematicides.  The SBN is seldom uniformly distributed over a field.  Knowing the distribution of SBN before applying nematicide might allow the producer to reduce costs and/or increase sugarbeet production.  GPS technology, along with grid sampling, lab analyses to determine SBN population, and use of variable rate application of nematicide might reduce overall cost of SBN control. Although there has 

been considerable research on the results of this technology on other inputs, such as fertilizer, there are very limited results on variable nematicide application.  


 In 2000, 96 research plots, in which three banded rates of Telone II (7.2, 9.5 and 14.4 gallons/acre) and an untreated control were each applied over the complete range of SBN populations across a field farmed by Rob and Rick Shields, Huntley, WY.  The field rotation was: sugarbeets, 1997; corn, 1998; and dry beans, 1999.  The purpose was to determine the relationship between SBN population, banded Telone II ratesand sugarbeet yield.  There was a field gradient in SBN population from 1.1 to 14.5 eggs cc-1 of soil in the spring of 2000 before sugarbeet planting.  Telone II was banded with the bedding operation on April 11.  ‘Charger’ sugarbeets were planted on April 28.  The soil was a loam (47% sand, 32% silt and 21% clay), with a pH of 7.8.  Conditions were ideal for fumigation.


Without fumigation, sugarbeet yield ranged from 28.4 tons/acre with SBN populations less than 3.0 eggs cc-1 of soil to 14.0 tons/acre with populations greater than 9.0 eggs cc-1 of soil (Table 1).   There was about 1.5 ton/acre beet yield loss with each additional SBN egg cc-1 increase (Fig. 2).  The equation indicates that with no nematodes sugarbeet yield would be 32.3 tons/acre.  Within the range of 1.1 to 14.5 eggs cc-1, yield can be estimated by putting egg count 
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Figure 2.  Relationship of sugar beet yield to SBN egg count 

with and without Telone II.
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in for X.  For example, 5 eggs cc-1 would, without fumigation, produce an estimated 24.65 tons/acre or a yield loss from the potential of 7.65 tons/acre.


Considering a sugarbeet price of $42/ton and with an SBN population of 3.0 or less, there was no sugarbeet yield response to fumigation.   At the 3.0- to 6.0-egg level of SBN infestation, the greatest net return was with 7.2 gal/acre of Telone, an increase of $93/acre over the untreated control.  At the 6.0- to 9.0-egg level of SCN infestation, the highest return was with 9.5 gal/acre of Telone, resulting in $129/acre increase over unfumigated plots.  At the 9.0- to 14.5-egg level of SCN infestation, the greatest net return was with the highest fumigation rate, 14.4 gal/acre, increasing net returns over unfumigated plots by $223/acre.  


At a lower sugarbeet price, $32/ton, the same rates of Telone produced highest returns at the various nematode infestation levels.  The differences between treated and untreated plots in net returns were less, however.


A common rate of banded Telone II in southeastern Wyoming is 9.5 gal/acre.  Applying 9.5 gal/acre overall increased yield from 22.0 to 25.3 tons/acre; however, considering cost of fumigation, net return was only $21/acre more than untreated plots ($945 vs $924/acre) with $42 beets (Table 1).  With beets at $32/ton, applying an overall rate of 9.5 gal/acre resulted in a slightly lower return than untreated plots.  The overall application of 7.2 and 14.4 gal/acre of Telone II resulted in even lower returns than 9.5 gal/acre.  Applying optimum variable fumigation rates (in bold), based on the results of this study (none with less than 3.0 eggs, 7.2 gal/acre of Telone II with 3.0-6.0 eggs cc-1, 9.5 gal/acre with 6-9 eggs cc-1 and 14.4 gal/acre with >9 egg cc-1) increased net returns from $924/acre to $1035/acre for $42 beets and from $704 to $767/acre for $32 beets.  This study was on a 40-acre field.  If the study area was representative of the whole field, applying optimum Telone II rates would save 69 gallons of product over a blanket application of 9.5 gal/acre.  


Sugarbeet price has a large influence on profitability of fumigation.  Using a lower price for sugarbeets would increase the threshold level; that is, it would not be profitable to fumigate until SCN populations were higher, even though yields would be depressed.   There would be less incentive to fumigate, even at reduced rates, with low sugarbeet prices, unless cost of fumigation also declined.

Conclusions
. Sugarbeet yield declines progressively with increasing numbers of SCN.

. Applying optimum rates of Telone II, based on yield response data, reduced overall cost and         improved profitability of sugarbeet production.  This requires grid soil sampling for SBN and      application of GPS technology to apply variable fumigant rates.

. There was no benefit of fumigation with SBN populations of less than 3.0 eggs cc-1 of soil.            With progressively higher SBN populations, sugarbeet yield responded to higher rates of     Telone II.  The full-label rate of Telone II (14.4 gal/acre), higher than that commonly used in    the area  was justified with SBN populations of 9.0 to 14.5 eggs cc-1. 

. Applying optimum rates of Telone II, based on grid sampling and GPS technology can reduce       cost of production and gallons of product, reducing chances of environmental contamination by    runoff or deep percolation. 

. Trap crops can be a viable alternative to fumigation.  If grown as a second crop, the initial          investment is less than fumigation, particularly if they can be grazed to recoup cost of growing      them.  Also, the lower investment would reduce risk at lower sugarbeet prices.
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Table 1.  Sugarbeet yield response to various rates of Telone II at SBN populations of 1.1 to 14.5 eggs cc-1 of soil in a field near Huntley, WY.

_____________________________________________________________________________

SBN




          Crop value at: 


   Net returne at:

populationa,   Telone rateb,  Sugar beetc       ____________ 
  Fumigationd
 ______________

eggs cc-1 soil    gal./A
         yield, T/A        $42/T
 $32/T      cost, $/A
 $42/T
     $32/T   _____________________________________________________________________________

1.1-3.0
    
    0

28.4
           1195        910              0
  1195         910

             7.2

27.3
           1146
   873            91
  1055
       782  


             9.5

28.1
           1179
   899          115
  1064
       784


           14.4

28.3
           1187
   905          166
  1021         739

3.0-6.0
    
   0

26.1
           1094
   834              0
  1094         834



 7.2

30.4
           1278
   974            91
  1187
       883


 9.5

26.2
           1099
   838          115
    984         723


           14.4

30.1
           1264
   963          166
  1098
       797 

6.0-9.0
   
   0

19.5

 820        625
           0
    820         625



7.2

18.2

 763
   582            91
    672
       491



9.5

25.3
           1064
   811          115
    949         696

          14.4

21.8

 914
   697          166
    748
       531

9.0-14.5
   0

14.0

 589
   449              0
    589         449



7.2

17.9

 752
   573            91
    661
       482



9.5

21.4

 898
   684          115
    783         569


          14.4

23.3

 978
   745          166
    812
       579

Overall, no fumigation
22.0

 924
   704

0
    924
       704

Overall, 7.2 gal. Telone
23.5

 985
   750
           91
    894         660

Overall, 9.5 gal. Telone
25.3
           1061
   808
         115
    945
       693

Overall, 14.4 gal. Telone
25.9
           1087
   828
         166
    920         662

9.5 gal., except 0-3 eggs cc-1
25.3
           1064
   811
           86
    978
       724

Optimum Telone rate (bold)
26.9
           1128
   859
           93
  1035         767
_____________________________________________________________________________

Twenty plots were in the 1.1 to 3.0 SBN population range; 32 plots were 3.0 to 6.0; 24 plots were 6.0 to 9.0 and 20 plots were in the 9.0 to 14.5 eggs cc-1 range.  

aSoil nematode samples were collected on April 11, 2000.

bTelone II was band-applied at the time of bedding in 30-inch rows on April 13, 2000, at rates of 14.4 gal/acre (equivalent to full-label rate), 9.5 gal/acre (supplemental label rate for suppression), 7.2 gal/acre (reduced rate) and 0 (control) rate.


cSugarbeet variety ‘Charger’ was planted on April 28, 2000.  Sugarbeets were harvested on October 3, 2000.

dTelone II at $10.43 per gallon and $16.00 per acre application was used to determine cost.

eDetermined by calculating crop value, based on $42/ton and $32/ton, and subtracting fumigation cost.
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Figure 2.  Relationship of sugar beet yield to SBN egg count 

with and without Telone II.
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