Project Title:  Optimizing fungicide applications for management of Sclerotinia in soybeans

Situation statement:
Management of Sclerotinia stem rot (white mold) in soybeans with fungicides is limited by a poor understanding of the optimal timing for fungicide applications and by difficulties achieving satisfactory fungicide coverage to the interior of the canopy where infections begin.  

The current recommendation of making applications at the R1 growth stage was developed from studies in which only applications at R1 and R3 were tested.  Data from the first two years of this project (2014 and 2015) suggest that fungicide applications at the early to full R2 growth stage improved Sclerotinia control and soybean yield, but additional multi-location data was needed to generate rigorous recommendations.  

Because Sclerotinia develops in the interior of the canopy where it is difficult to deposit fungicides, even optimally timed fungicide applications rarely confer more than 50 percent disease control in soybeans.  Current methods for improving fungicide coverage are primarily limited to nozzle selection, application pressure and water volume, but a new commercially available drop-nozzle has high potential to significantly improve fungicide deposition within the soybean canopy.  The drop nozzle, manufactured by the 360 Yield Center, is equipped with multiple ports for optimizing pesticide delivery within the canopy and has a design that enables it to simultaneously serve as an effective canopy opener.  However, this drop nozzle has not been rigorously evaluated for its ability to facilitate improved control of Sclerotinia diseases, and the application methods (nozzle selection, nozzle orientation, and spray droplet size) that optimize fungicide delivery and Sclerotinia control are poorly understood.

Objectives:
1. Identify optimal fungicide application timing for control of Sclerotinia in soybeans planted to narrow, intermediate, and wide rows.
2. Quantify fungicide coverage, Sclerotinia disease control, and soybean yield responses associated with conventional methods of improving fungicide coverage (higher application pressure and higher water volume) versus the use of drop nozzles to deliver fungicides directly into the lower soybean canopy.
3. Optimize the use of drop nozzles to improve fungicide coverage, Sclerotinia disease control, and soybean yield by quantifying the impact of drop-nozzle height within the canopy and the impact of nozzle type, nozzle placement, and fungicide application pressure on drop nozzle performance.

Description of the research conducted:
Field trials evaluating fungicide application timing were established at the NDSU Carrington and Langdon Research Extension Centers and at the NDSU Robert Titus Research Farm in Oakes.  A non-treated control was compared to 5.5 oz/ac of the fungicide Endura (boscalid; BASF Corp.) applied at the late R1 growth stage and early, mid and late R2 growth stage.  Field trials were established as randomized complete block designs with 6 replicates, with separate experiments established to test fungicide application timing in soybeans seeded to narrow, intermediate and wide row spacing.  In Langdon, testing was conducted on soybeans seeded to rows 15 and 30 inches apart.  In Oakes, testing was conducted on soybeans seeded to rows 14 and 28 inches apart.  In Carrington, testing was conducted on soybeans seeded to rows 7, 14, 21, and 28 inches apart.  Field trials were planted May 9 in Carrington, May 17 in Oakes, and May 19 in Langdon.  Fungicides were applied in 15 gal/ac at 40 psi with a 60-inch hand boom equipped with XR80015 flat-fan nozzles.  A severe hail storm on July 9 in Carrington defoliated the soybeans at bloom initiation, precluding disease development, but studies at the other locations were successful.  End-of-season Sclerotinia incidence and severity was assessed at the late R6/early R7 growth stage by individually evaluating every plant in the middle two rows of each four-row plot (12- and 14-inch row spacing) or in an arbitrarily selected row of each two-row plot (28- and 30-inch row spacing).  Sclerotinia severity was assessed on each plant with the 0 to 3 scale developed by Craig Grau (Grau and Radke 1984; Plant Disease 68: 56-58):  0 = no symptoms, 1 = lesions on lateral branches only, 2 = lesions on main stem, no wilt, and normal pod development, 3 = lesions on main stem resulting in wilting, poor pod fill, and plant death.  Contamination of the harvested grain with sclerotia was assessed by manually removing all sclerotia from a 200-gram subsample of grain from each plot, assessing the weight of the sclerotia, and calculating the percent weight of the sclerotia in the sample.  Data were analyzed with analysis of variance (ANOVA) in PROC GLM of SAS (version 9.4; SAS Institute, Cary, NC).  Data were evaluated to confirm that they met the distributional assumptions of ANOVA; when data did not meet the assumptions of ANOVA, a systematic transformation resolving the distributional problems was applied to the data whenever possible; otherwise, the data were not analyzed.  Single-degree contrasts were performed for all pairwise comparisons of treatments utilizing the Tukey multiple comparison procedure.

Field trials evaluating fungicide application methods were established at the NDSU Carrington Research Extension Center and at the NDSU Robert Titus Research Farm in Oakes.  The field trials were planted May 10 (Carrington) and May 17 (Oakes).  Row spacing was 21 inches, seeding rate was 165,000 pure live seeds/ac, and experimental design was a randomized complete block with 6 replicates.  In Oakes, fungicides were applied July 15 when 100% of plants were at the R2 growth stage, the first pods were less than 0.25 inches long, and canopy closure was 97%.  Sclerotinia incidence and severity were assessed at the early R7 growth stage, and seed yield and quality were evaluated.  In Carrington, a severe hail storm on July 9 in Carrington defoliated the soybeans at bloom initiation, and fungicide applications were made after the canopy had recovered at the R5 growth stage.  The hail damage in Carrington precluded Sclerotinia disease development, and only fungicide deposition – not disease levels or yield – was assessed in the Carrington trials.  The experiments assessing (1) nozzle spray pattern, application pressure, and droplet size and (2) water volume and spray boom height were conducted on August 15 and 16, respectively, when canopy closure was 99% and the canopy averaged 23.4 inches tall; the experiment evaluating different drop nozzle configurations was conducted on August 22.  

In the fungicide application studies, applications were made with nozzles mounted 20 inches apart on a tractor-mounted boom or with nozzles mounted to the side and lower rear ports of Undercover 360 drop nozzles (Yield 360; Morton, IL).  The drop nozzles were spaced 21 inches apart (the same as the dry bean row spacing), and the tractor was driven such that the drop nozzles passed half way between each row.  The spray mixture was pressured with CO2.  The boom was situated such that the boom-mounted nozzles were 20 inches above the top of the average canopy height for 110-degree nozzles and 30 inches above the top of the canopy for 80-degree3 nozzles.  The drop nozzles were oriented such that the nozzles were at the midpoint of the canopy.  In all studies, the fungicide Endura (boscalid, 70% by weight; BASF Corp.) was applied at 5.5 oz/ac.  

Spray deposition within the canopy was assessed with water-sensitive paper (5 cm x 7.5 cm) for monitoring spray distribution (Syngenta Corp.; Basel, Switzerland).  Paper tabs were taped to the back of the water-sensitive paper such that they extended slightly beyond the water-sensitive paper, and the water-sensitive paper was fastened onto brackets attached to aluminum rods (to assess leaf deposition) or onto paper tabs attached to wooden stakes (to assess stem deposition) with paper clips on the paper tab.  The brackets on the aluminum rods were situated such that the lower bracket (to assess deposition to leaves in the lower canopy) and the upper bracket (to assess deposition in the upper canopy) faced in opposite direction such that placement of a spray card mounted on the upper bracket did not interfere with spray deposition to a spray card mounted on the lower bracket.  After mounting the water-sensitive paper, the aluminum rods and wooden stakes were driven into the ground within the plot, with care taken to ensure that leaf placement around and above the rods/stakes was representative of a fully closed canopy.  Assessment of spray deposition to lower leaves was conducted by paper-clipping water-sensitive spray cards to a 90-degree bracket fixed to a wooden stake, with the stake driven into the ground within the soybean row such that the paper was upward-facing and was placed one-third of the height up the canopy.  Spray deposition to upper leaves was assessed in the same manner except that the spray card was placed at two-thirds the height of the canopy, and, where applications were made with drop nozzles, pairs of downward- and upward-facing spray cards.  Assessment of spray deposition to stems was conducted by mounting water-sensitive paper to a stake; the stake was driven into the seeding row such that the paper was centered at one-quarter and/or one-half of the height of the canopy.  In the drop nozzle study conducted in Carrington, fungicide residues were assessed 2 days after application.  From each plot, 30 plants were evaluated; from an arbitrarily selected location within the middle row of the plot, the next 30 plants within the row were uprooted.  From each plant, the lowest pod and the pod closest to the mid-point of the height of the plant were removed along with the surrounding 2.5 cm of stem tissue from the plant’s main stem and from one of the plant’s outermost branches (for a total of four pods per plant).  The tissue samples from all 30 plants were bulked into a single sample and shipped overnight to Environmental Micro Analysis, Inc. (Woodland, CA) for fungicide residue analyses; Environmental Micro Analysis received the samples in less than 24 hours after they were shipped and approximately 72 hours after fungicides were applied and froze the samples upon receipt.  

Findings:
In soybeans seeded to 14- and 15-inch row spacing, Sclerotinia control was maximized when fungicides were applied when 85 to 100% of plants were at the R2 growth stage (Tables 1 and 2).  In soybeans seeded to wide rows (28- or 30-inch), optimal fungicide timing for the control of Sclerotinia could not be rigorously assessed due to high levels of variability in disease pressure across the footprint of the studies; note the high coefficient of variation for the disease data.  

The results from the fungicide timing studies conducted in Langdon and Oakes in 2016 and previous studies conducted in Carrington, Langdon, Oakes and Williston in 2014 and 2015 strongly suggest that the standard recommendation of applying fungicides at the R1 growth stage when targeting Sclerotinia is sub-optimal (Figures 1 and 2).  Sclerotinia disease control was improved in 16 out of 16 field trials and soybean yield under Sclerotinia pressure was increased in 12 out of 16 field trials when applications of the fungicide Endura (5.5 or 8.0 oz/ac) were delayed from the R1 growth stage (60-90% of plants with at least one open blossom) to the early R2 growth stage (80 to 98% of plants with at least one open blossom at one of the two top two nodes on the plant).  Sclerotinia disease control was increased in 9 of 11 trials and soybean yield under Sclerotinia disease pressure was improved in 10 of 11 trials when fungicide applications were delayed until the full R2 growth stage (100% of plants at R2).  

Disease control conferred by different fungicide application methods could not be assessed.  Sclerotinia disease pressure was very low in the field trial conducted in Oakes (Table 3), and the hail storm that occurred on July 9 in Carrington that defoliated the soybeans at bloom initiation precluded disease development.  In Carrington, fungicide applications were made at the R5 growth stage, when the canopy had recovered but after the growth stages at which soybeans exhibit maximum susceptibility to Sclerotinia.

The application of fungicides through drop nozzles resulted in sharp increases in fungicide deposition to lower soybean stems, the location where most Sclerotinia infections begin.  In Oakes, applying fungicides through drop nozzles resulted in a 15- to 30-fold increase in fungicide coverage, a 25- to 100-fold increase in the number droplets deposited per unit area, and a 15- to 25-fold increase in the estimated volume of fungicide deposited (Table 3).  Equipping the side ports of the drop nozzles with flat-fan nozzles conferred similar levels of fungicide coverage and fungicide deposition as equipping the drop nozzles with hollow-cone nozzles.  In field trials conducted in Carrington, applying fungicides through drop nozzles conferred similar increases in fungicide residual (Figure 3), fungicide coverage and fungicide deposition (Table 4).  Equipping the side ports of the drop nozzles with flat-fan or hollow-cone nozzles was more effective than using twin-jet nozzles.

When fungicides were applied with nozzles mounted directly to the spray boom, fine and medium spray droplets generally resulted in better fungicide deposition to the interior of the canopy than coarse droplets (Table 5).  Lowering the boom such that the recommended boom height was measured from a point 25% below the top of the canopy rather than from the top of the canopy also improved fungicide deposition within the canopy (Table 6).


Table 1.  Impact of fungicide application timing on management of Sclerotinia in soybeans; Langdon, ND (2016).  In all treatments, the fungicide Endura (boscalid; BASF Corp.) was applied at 5.5 oz/ac.  
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Table 2.  Impact of fungicide application timing on management of Sclerotinia in soybeans; Oakes, ND (2016).  In all treatments, the fungicide Endura (boscalid; BASF Corp.) was applied at 5.5 oz/ac.  
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Figure 1.  Impact of delaying fungicide applications from the R1 to R2 growth stage in field trials conducted in Carrington, Langdon, Oakes, and Williston, ND in 2014, 2015, and 2016.  The fungicide Endura (boscalid; BASF Corp.) was applied at 5.5 or 8.0 oz/ac.  Bars represent the number of field trials a specific magnitude of response.  
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Figure 2.  Impact of delaying fungicide applications from the R1 to R2 growth stage in field trials conducted in Carrington, Langdon, Oakes, and Williston, ND in 2014, 2015, and 2016.  Within-column bars followed by different letters are significantly different (P<0.05), and pink coloration denotes bars that are significantly different from the control (dark blue).
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Table 3.  Impacts of spray nozzle selection, adjuvants, spray droplet size, spray volume, and nozzle placement on fungicide deposition and agronomic outcomes in soybeans; Oakes, ND (2016).  The 360 Undercover drop nozzle (360 Yield Center; Morton, IL) was utilized.  The fungicide Endura (boscalid; BASF Corp.) was applied at 5.5 oz/ac to soybeans seeded to 21-inch rows when 100% of plants were at the R2 growth stage and canopy closure was 97%.  Within-column means followed by different letters are significantly different (P<0.05). 
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Figure 3.  Impacts of spray nozzle selection, adjuvants, spray droplet size, spray volume, and nozzle placement on fungicide residues in soybeans; Carrington, ND (2016).  The 360 Undercover drop nozzle (360 Yield Center; Morton, IL) was utilized.  A severe hail storm that defoliated the soybeans at bloom initiation precluded making applications targeting Sclerotinia, and the fungicide Endura (boscalid; BASF Corp.) was applied at 5.5 oz/ac when the soybean canopy had recovered.  Soybeans were at the R5 growth stage, and canopy closure was 97%.  Fungicide residues were assessed by collecting pods and surrounding stem tissue from the bottom and the mid-point of the center stem and one of the outermost branches of 30 soybean plants per plot.  Within-column bars followed by different letters are significantly different (P<0.05), and pink coloration denotes bars that are significantly different from the control (dark blue).
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Table 4.  Impacts of spray nozzle selection, spray droplet size, spray volume, and nozzle placement on fungicide deposition in soybeans; Carrington, ND (2016).  The 360 Undercover drop nozzle (360 Yield Center; Morton, IL) was utilized.  A severe hail storm that defoliated the soybeans at bloom initiation precluded making applications targeting Sclerotinia, and the fungicide Endura (boscalid; BASF Corp.) was applied at 5.5 oz/ac when the soybean canopy had recovered.  Soybeans were at the R5 growth stage, and canopy closure was 99%.  Within-column means followed by different letters are significantly different (P<0.05).
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Table 4.  Impacts of nozzle spray pattern and spray droplet size on fungicide deposition in soybeans; Carrington, ND (2016).  All nozzles were directly mounted on the boom, and boom height was consistent with the manufacturer recommendations:  20 inches above the soybean canopy for 110-degree nozzles and 30 inches above the canopy for 80-degree nozzles.  A severe hail storm that defoliated the soybeans at bloom initiation precluded making applications targeting Sclerotinia, and the fungicide Endura (boscalid; BASF Corp.) was applied at 5.5 oz/ac when the soybean canopy had recovered.  Soybeans were at the R5 growth stage, and canopy closure was 99%.  Within-column means followed by different letters are significantly different (P<0.05).
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Table 5.  Impacts of spray boom height and spray volume on fungicide deposition in soybeans; Carrington, ND (2016).  All nozzles were directly mounted on the boom.  A severe hail storm that defoliated the soybeans at bloom initiation precluded making applications targeting Sclerotinia, and the fungicide Endura (boscalid; BASF Corp.) was applied at 5.5 oz/ac when the soybean canopy had recovered.  Soybeans were at the R5 growth stage, and canopy closure was 99%.  Within-column means followed by different letters are significantly different (P<0.05). 
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Drop nozzle
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Spray deposition to water-sensitive spray cards

Lower Stem
25% up height of plant
Nozzle type and placement Pressure  Water Speed Droplet Size % Coverage Deposits/cm?* Deposition (uL/cm?)
1 Boom-mounted nozzles, XR11004 flat-fan 40 psi 20galac  59mph  medium 01 't 0.4 d't 0.0 c't
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- fine (XR11001), very fine
2 s Rl oo o540 (e o) 40 psi wgaac  3smpn  EUC 5.0 ab 299 ab 0.4 ab
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- . fine (XR11001), very fine
3 i3 hollow.cone nozzle {rear port) 40psi Wgalac  7Amph O 1.5 be 119 be 041 be
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- - very fine (XR11001),
4 VK3 hollow-cone nozzle (rear port) 60 psi 20galac  42mph o fine (TX-VK3) 928 St3a 086
Drop nozzle, TJ60-11002 twin-jet nozzles (side ports) + TX- very fine (TJ60-11002),
5 VK hollow-cone nozzle (rear port) 40,psl 20gallac  7.Amph  Gio (TXVKS) i 87 01 be
Drop nozzle, TX-VK6 hollow-cone nozzles (side ports) + TX- fine (TX-VK6), very fine
& i3 hollowsson naszie fear port) 40 psi T 43ab 21.2 be 0.3 abc
1099 1586 677
<0.0001 <0.0001 <0.0001
487 334 815
Mid-Stem
50% up height of plant
Nozzle type and placement Pressure  Water Speed Droplet Size % Coverage Deposits/cm?* Deposition (ulL/cm?)
1 Boom-mounted nozzles, XR11004 flat-fan 40 psi 20galac  59mph  medium 01t 08 d't 0.0 d'¢
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- fine (XR11001), very fine
2 Vi3 hollow-sone nozze (rear por) 40psi Wgalac  3smpn U™ 180 a 57.9 ab 13 ab
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- fine (XR11001), very fine
3 VK3 hollow-cone nozzle (rear port) 40psl 10gallac  7Amph  py \i3) 2510 28:0/be 01,
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- . very fine (XR11001),
*# VK3 hollow-cone nozzle (rear port) 0 pel 20galac  42mph o fine (TX-VK3) i80a 424318 &8
Drop nozzle, TJ60-11002 twin-jet nozzles (side ports) + TX- - very fine (TJ60-11002),
5 VK6 hollow-cone nozzle (rear port) 40! 20galac  7Amph Gl TXVK) A8D 21912 93bd
Drop nozzle, TX-VK6 hollow-cone nozzles (side ports) + TX- fine (TX-VK6). very fine
6 Jics hollowscone o3z {faa pott) 40 psi galac  3smpn L 105a 45.9 be 0.7 b
3285 34.96 18.10
<0.0001 <0.0001 <0.0001
258 18.9 53.6
Lower Leaf
33% up height of plant
Nozzle type and placement Pressure  Water Speed Droplet Size % Coverage Deposits/cm® Deposition (UL/cm?)
1 Boom-mounted nozzles, XR11004 flatfan 40 psi 20galac  59mph  medium 0.9 b* 61 d" 04 ¢
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- - fine (XR11001), very fine
2 i3 hallow cone nozzle {reaf port) 40 psi galac  35mph D 172a 140.4 b 15a
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- fine (XR11001), very fine
3 VK3 hollow-cone nozzle (rear port) 40psi 0gallac  7AMPN 7y vica) Bak et ke
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- ’ very fine (XR11001),
4 VK3 hollow-cone nozzle (rear port) Sljpsl 20galac  42mph oy fine (TX-VK3) 18359 499:7:a 1480
Drop nozzle, TJ60-11002 twin-jet nozzles (side ports) + TX- : very fine (TJ60-11002),
5 VK6 hollow-cone nozzle (rear port) 40psi 20galac  7.Amph  GC TXVKS) 455 Siided gac
Drop nozzle, TX-VKS hollow-cone nozzles (side ports) + TX- fine (TX-VK6), very fine
© Vics ol one nészeireat port) 40psi galec  35mph  p v 70b 682c 0.4 b
2151 3163 725
<0.0001 <0.0001 <0.0001
422 352 75.1
Upper Leaf
67% up height of plant
Nozzle type and placement Pressure  Water Speed Droplet Size % Coverage Deposits/cm® Deposition (UL/cm?)
1 Boom-mounted nozzles, XR11004 flat-fan 40psi 20galac  59mph  medium 32at 238 a't 06 a
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- ) fine (XR11001), very fine
2 3 hollow-sone nozzle (rear port) 40psi gatac  3smph U 1.3 ab 132 ab 01a
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- ’ fine (XR11001), very fine
3 ks hallow.cone nozzle {reaf port) 40 psi t0galec  TAmpn %O 14 ab 119 ab 01a
Drop nozzle, XR11001 flat-fan nozzles (side ports) +  TX- : very fine (XR11001),
4 VK3 hollow-cone nozzle (rear port) S0 gsl 20galac  42mph o fine (TX-VK3) 458 RES 1t
Drop nozzle, TJ60-11002 twin-jet nozzles (side ports) + TX- very fine (TJ60-11002),
5 VK6 hollow-cone nozzle (rear port) 40,psl 20galac  7.Amph  Goo (TXVKS) 4 b 6.5 b 018
Drop nozzle, TX-VK6 hollow-cone nozzles (side ports) + TX- : fine (TX-VK6), very fine
6 VK3 hollow-cone nozzle (rear port) 40psi 20galac  35mph 1y yka) 05b 28}¢] o1l
707 1187 211
0.0077 <0.0001 0.0989
532 266 1289
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Spray deposition to water-sensitive spray cards (% of area receiving product)

Mid-Stem
50% up height of plant
Nozzle Pressure  Droplet Size  Driving speed % Coverage Depositsicm?* Deposition (uL/cm?)
1 DG TeeJet 8003 30 psi course 3.9 mph 0.0 b* 0.2 a* 0.00 b*
2 DG TeeJet 8003 60 psi medium 5.5 mph 0.1 ab 0.5a 0.00 ab
3 DG Teeldet 110015 30 psi medium 1.9 mph 0.2 ab 0.5a 0.02 a
4 DG Teelet 110015 60 psi fine 2.7 mph 0.1 ab 0.5a 0.01 ab
5 DG TwinJet 11004 30 psi course 5.2 mph 0.1 ab 0.5a 0.01 ab
6 DG TwinJet 11004 60 psi medium 7.3 mph 0.0 ab 0.2a 0.00 ab
7 DG TwinJet 11002 30 psi medium 2.5 mph 0.1 ab 03 a 0.01 ab
8 DG TwinJet 11002 60 psi fine 3.6 mph 0.2a 0.7 a 0.02 ab
E: 278 1.24 3.17
P>F: 0.0207 0.3066 0.0105
CV: 100.3 896 105.7
Lower Leaf
33% up height of plant
Nozzle Pressure  Droplet Size  Driving speed % Coverage Depositsicm?* Deposition (uL/cm?)
1 DG TeeJet 8003 30 psi course 3.9 mph 0.7 a*f 8.1 a"f 0.03 a*
2 DG TeeJet 8003 60 psi medium 5.5 mph 17 a 15.5 a 0.09 a
3 DG Teedet 110015 30 psi medium 1.9 mph 0.8 a 4.0 ab 0.07 a
4 DG Teelet 110015 60 psi fine 2.7 mph 11a 7.1 ab 0.08 a
5 DG TwinJet 11004 30 psi course 5.2 mph 0.8 a 4.8 ab 0.06 a
6 DG TwinJet 11004 60 psi medium 7.3 mph 10a 7.5 ab 0.05 a
7 DG TwinJet 11002 30 psi medium 2.5mph 04a 20b 0.04 a
8 DG TwinJet 11002 60 psi fine 3.6 mph 11a 6.5 ab 0.07 a
FE: 1.28 4.47 0.94
P>F: 0.2863 0.0012 0.4901
CV: 55.7 298 83.0
Upper Leaf
67% up height of plant
Nozzle Pressure Droplet Size  Driving speed % Coverage Deposits/cm? Deposition (pL/cm?)
1 DG TeeJet 8003 30 psi course 3.9 mph 1.2 b* 15.3 cd*# 0.06 a
2 DG TeeJet 8003 60 psi medium 5.5 mph 4.6 a 38.6 a 0.27 ab
3 DG Teedet 110015 30 psi medium 1.9 mph 2.0 ab 8.1d 0.19 ab
4 DG TeelJet 110015 60 psi fine 2.7 mph 3.0 ab 17.1 be 0.22 ab
5 DG TwinJet 11004 30 psi course 5.2 mph 2.7 ab 13.7 cd 0.21 ab
6 DG TwinJet 11004 60 psi medium 7.3 mph 51a 38.7 a 0.31a
7 DG TwinJet 11002 30 psi medium 2.5 mph 2.6 ab 108 d 0.24 ab
8 DG TwinJet 11002 60 psi fine 3.6 mph 38a 22.8 ab 0.26 ab
E: 4.81 12.90 2.51
P>F: 0.0007 <0.0001 0.0332
CV: 256 124 492
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Spray deposition to water-sensitive spray cards (% of area receiving product)

DGXR110015 nozzles, 35 psi, medium droplet size

50% up height of plant
Speed Boom height Water Vol. % Coverage Deposits/cm? Deposition (uL/cm?)
1 2.1 mph 20 inches above canopy 20 gal/ac 0.05 a*f 0.6 a*t 0.003 a*t
2 2.1 mph 20 inches above canopy mid-point 20 gal/ac 0.04 a 04 a 0.002 a
3 2.1 mph half-way between treatments 2 and 3 20 gal/ac 0.07 a 0.8 a 0.004 a
4 2.8 mph 20 inches above canopy 15 gal/ac 0.03 a 0.3 a 0.002 a
5 4.2mph 20 inches above canopy 10 gal/ac 0.02 a 0.2 a 0.001 a
F: 1.15 0.69 1.13
P>F: 0.3622 0.6047 0.3703
CV: 56.8 98.9 115.4
DGXR110015 nozzles, 35 psi, medium droplet size _
33% up height of plant
Speed Boom height Water Vol. % Coverage Deposits/cm? Deposition (uL/cm?)
1 2.1 mph 20 inches above canopy 20 gal/ac 0.8 a*t 6.7 a*t 0.04 a*
2 2.1 mph 20 inches above canopy mid-point 20 gal/ac 0.6 a 75 a 0.03 a
3 2.1 mph half-way between treatments 2 and 3 20 gal/ac 0.8 a 9.6 a 0.04 a
4 2.8 mph 20 inches above canopy 15 gal/ac 0.5 a 5.7 a 0.03 a
5 4.2mph 20 inches above canopy 10 gal/ac 0.6 a 6.3 a 0.03 a
F: 0.45 0.67 0.52
P>F: 0.7710 0.6197 0.7222
CV: 547 33.1 73.5
DGXR110015 nozzles, 35 psi, medium droplet size _
67% up height of plant
Speed Boom height Water Vol. % Coverage Deposits/cm? Deposition (uL/cm?)
1 2.1 mph 20 inches above canopy 20 gal/ac 1.5 bc*t 16 ab*t 0.08 b*f
2 2.1 mph 20 inches above canopy mid-point 20 gal/ac 2.7 ab 30 a 0.14 ab
3 2.1 mph half-way between treatments 2 and 3 20 gal/ac 3.5a 35 a 0.20 a
4 2.8 mph 20 inches above canopy 15 gal/ac 1.8 abc 18 ab 0.09 ab
5 4.2mph 20 inches above canopy 10 gal/ac 1.0 c 10 b 0.05 b
F: 5.69 5.54 5.08
P>F: 0.0032 0.0036 0.0055

Cv: 30.7 16.1 54.2
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NARROW (15-INCH) ROWS

Sclerotinia stem rot

Incidence Severity Severity Index Yield
Fungicide application timing (Endura 70WG 5.50z/acy o Sept. 21 | R8 growth stage ——--— bu/ac
1 Non-treated 16 b* 264 a* 0.43 a* 60 a*
2 July 14; 75% of plants at R1 (at least one open blossom) 12 ab 275 a 0.34 a 60 a
3 July 18; 85% of plants at R2 (an open blossom at one of the top two nodes) 10 a 254 a 0.26 a 58 a
4 July 25; 100% of plants at the R2 growth stage 10 a 290 a 0.28 a 61a
5 July 29; early R3 growth stage 12 ab 2.65 a 0.31 a 61 a
F: 3.85 143 273 0.64
P>F: 0.0177 0.2608 0.0579 0.6428
CV: 26.4 10.3 287 71
WIDE (30-INCH) ROWS
Sclerotinia stem rot
Severity Severity Index
Fungicide application timing (Endura 70WG 5.50z/2ac) Sept. 21 | R8 growth stage -—--—-
1 Non-treated 8 a* 241 a* 0.21 a*
2 July 14; 75% of plants at R1 (at least one open blossom) 8 a 261 a 0.22 a
& July 18; 85% of plants at R2 (an open blossom at one of the top two nodes) 7a 247 a 0.19 a
4 July 25; 100% of plants at the R2 growth stage 8a 271 a 0.22 a
5 July 29; early R3 growth stage 6 a 271 a 017 a
E 0.68 240 0.59
P>F: 0.6111 0.0845 0.6739
CV: 35.0 85 36.9
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NARROW (14-INCH) ROWS

Sclerotinia stem rot Yield Test Weight Kernel Weight Sclerotia in
Incidence Severity Severity Index 13% moisture 13% moisture 13% moisture  harvested gr:
Fungicide application timing (Endura 70WG 5.5 oz/ac) ------- Sept. 14 | R7 growth stage ------- bu/ac Ibs/bu seeds/lb % by weight
1 Non-treated 7 a*f 2.8 a* 0.20 a* 62 a* 57.7 a* 2593 a* 0.16 b*
2 July 8: 47% of plants at R1; 90-100% canopy closure 6a 27 a 0.18 a 63 a 578 a 2605 a 0.05 a
3 July 15: 100% of plants at R2; 100% canopy closure 4a 25a 011 a 64 a 576 a 2529 a 0.06 ab
4 July 18: 100% of plants at R2; 100% canopy closure 4a 26 a 012 a 65 a 58.0 a 2591 a 0.04 a
5 July 20: 90-100% of plants at R3; 100% canopy closure 4a 27 a 0.10 a 63 a 57.7 a 2622 a 0.05 a
F 1.49 1.04 2.09 0.82 0.46 0.71 3.88
P>F: 0.2438 0.4156 0.1207 0.5264 0.7642 0.5952 0.0172
CV: 287 9.4 52.1 4.7 1.0 4.0 86.5
WIDE (28-INCH) ROWS
Sclerotinia stem rot Yield Test Weight Kernel Weight Sclerotia in
Incidence Severity Severity Index 13% moisture 13% moisture 13% moisture  harvested grain
Fungicide application timing (Endura 70WG 5.5 oz/ac) Sept. 14 | R7 growth stage bu/ac Ibs/bu seeds/lb % by weight
1 Non-treated 5 a‘t 26 a* 0.13 a* 58 a* 58.1 a* 2659 a* 0.04 a*
2 July 8: 47% of plants at R1; 50% canopy closure 4a 28 a 012 a 60 a 58.0 a 2618 a 0.02 a
3 July 15: 100% of plants at R2; 75-90% canopy closure 5a 28 a 0.14 a 59 a 58.1 a 2615 a 0.08 a
4 July 18: 100% of plants at R2; 90-100% canopy closure 4a 23 a 011 a 59 a 58.3 a 2587 a 0.05 a
5 July 20: 90-100% of plants at R3; 95-100% canopy closure 5a 28 a 0.15 a 59 a 58.2 a 2603 a 0.05 a
F: 0.03 1.29 0.11 0.68 0.36 0.58 1.12
P>F: 0.9975 0.3162 0.9786 0.6120 0.8366 0.6830 0.3733
Cv: 56.5 16.0 95.8 29 0.6 33 97.1
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Impact of delaying applications of boscalid
(Endura 70WG, 5.5 or 8.0 oz/ac) from R1 to early R2

R1: 60 to 90% of plants with at least one open blossom on each plant
EARLY R2: 80 to 98% of plants with at least one open blossom at one of the top two nodes of each plant

percentage-point change
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Impact of delaying applications of boscalid
(Endura 70WG, 5.5 or 8.0 oz/ac) from R1 to full R2

R1: 60 to 90% of plants with at least one open blossom on each plant
FULL R2: 100% of plants with at least one open blossom at one of the top two nodes of each plant
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Color code:

_ DARK COLORS - field trials in which soybeans were seeded to rows 7, 7.5, 14, 15, or 21 inches apart
I LIGHT COLORS - field trials in which soybeans were seeded to rows 28 inches apart
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Row spacing:
Application rate of Endura:

Fungicide application timing:

Non-treated control

Bloom initiation
(60-90% of plants at R1)

Early R2 growth stage
(80-98% of plants at R2)

Full R2 growth stage
(100% at R2; 1-3 days after early R2)

Non-treated control

Bloom initiation
(60-90% of plants at R1)

Early R2 growth stage
(80-98% of plants at R2)

Full R2 growth stage
(100% at R2; 1-3 days after early R2)

Non-treated control

Bloom initiation
(60-90% of plants at R1)

Early R2 growth stage
(80-98% of plants at R2)

Full R2 growth stage
(100% at R2; 1-3 days after early R2)

2014 2014 2015-16
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Sclerotinia stem rot

Incidence (%) Severity Index (0-3)

Nozzle type and placement Pressure  Water Adjuvant - Sept. 13-14 | R7 growth stage -- Ibs/bu % by weight
1 Non-treated control 2.7 b* 0.07 ab 58.9 a* 0.04
2 Boom-mounted nozzles, XR11004 flat-fan 40 psi 20 gal/ac None 22 ab 0.06 ab 585 a 0.03
3 Boom-mounted nozzles, XR11004 flat-fan 40 psi 20 gal/ac 0.25% viv n 0.7 ab 0.02 a 58.3 a 0.01
4 Boom-mounted nozzles, XR11004 flat-fan 40 psi 20 gallac 6.4 fl oz/ac Masterlock 22 ab 0.06 ab 58.6 a 0.02
5 Boom-mounted nozzles, TT11001 flat-fan 20 gall/ac 0.25% v/v Sil 2.2 ab 0.06 ab 58.5 a 0.02
6 Boom-mounted nozzles, TT11001 flat fan 10 gallac 36b 010 b 58.8 a 0.05
7 Boom-mounted nozzles, TT11002 flat-fan 20 gal/ac 1.8 ab 0.05 ab 58.5 a 0.02
¥ i FTX
8 Drop nozzle, TT11001 flat-fan nozzles (side ports) + TX- 20 gallac None 15 ab 0.04 ab 58.7 a 0.03
VK8 hollow-cone nozzle (rear port)
9 Drop nozzle, TT11001 flat-fan nozzles (side ports) + TX- 20 galiac 0.25% viv Si 25b 0.07 ab 642 586 a 0.05
VK8 hollow-cone nozzle (rear port)
10 wn””u:oh_m, TG el R GRS 20gallac  0.25% viv Si 04a 0012 66 a 586 a 0.01
1 wn””u:on_m, TV hollovecanainozle (sido &Teal’ g 10galfac  0.25% viv 21 ab 0.06 ab 66 a 585 a 0.03
12 _uuhmmq_on_p TX-VKG hollow-cone nozzle (side & rear g4 oo, 20gallac  0.25% viv Si 0.7 ab 0.02a 70a 58.6 a 0.03
i 3.63 2.86 1.54 0.84
o o 0.0007 0.0050 0.1444 0.6033
cv: 48.1 70.2 6.0 0.7
-________________________________________________________________________________________
Fungicide deposition to stems Fungicide deposition to lower leaves Fungicide deposition to upper leaves
Deposition Deposition Deposition
Nozzle type and placement Pressure Water _Adjuvant % Coverage _ Deposits /cm? __(ul/cm?) % Coverage _ Deposits /e’ _(uL/cr?) % Coverage _Deposits / e _(uLicr)
1 Non-ireated control 2 s :
2 Boom-mounted nozzles, XR11004 flat-fan 40psi 20gallac None 04 1d 0.04 b 0.06 001 1 1.0 cde't 9det 006 bt
3 Boom-mounted nozzles, XR11004 flat-fan 40psi 20 gallac 0.25% viv Silkin 03c 1d 003 b 001 0.00 1 36 be 27 bed 022b
4 Boom-mounted nozzles, XR11004 flat-fan 40psi 20gallac 641 oz/ac Masteriock 0.8 ¢ 24 0.06 b 0.00 0.00 2 33be 29 bed 020 b
5 Boom-mounted nozzles, TT11001 flat-fan 40psi 20gallac  0.25% viv Sil odc 1d 001b 0.00 0.00 1 29 be 17 cde 019 b
6 Boom-mounted nozzles, TT11001 fiat fan 40psi 10 galiac 0.25% viv Silki 00c 0d 0.00 b 0.06 0.00 0 07e 4e 0.04 b
7 Boom-mounted nozzles, TT11002 flat-fan 60psi  20gallac 0.25% viv Silki odc 0d 001b 001 0.00 0 09 de 7de 005 b
g Drop nozzle, TT11001 fiat-fan nozzles (side ports) + TX- 4 i 50 galjac  None 81a M ab 0.74 ab 1.05 0.09 M 68 ab 71 abe 049 b
VK6 hollow-cone nozzle (rear port)
g Drop nozzle, TT11001 flat-fan nozzles (side ports) + TX- 4 i 20 galiac  0.25% viv Silkin 56 ab 27 be 0.70 ab 0.04 0.00 27 5.6 abc 62 abc 042b
VK6 hollow-cone nozzle (rear port)
10 u-ovv._oi_o_ TX-VK3 hollow-cone nozzle (side &rear 45 1 50 gavac  0.25% viv Sil 103a 14a 123 a 253 0.65 114 148 a 159 a 270 a
1 WﬂM:SN_m_ TX-VK3 hollow-cone nozzle (side & rear 4 i 49 gayiac 0.25% viv Silkin 25 be 2¢ 0.71 ab 0.02 0.00 22 57 ad 84 ab 028 b
12 W.W.M:oﬂ.? TX-VKG hollow-cone nozzle (side & rear g5 i 50 galjac  0.25% viv Silkin 138a 67 ab 0.56 ab 1.96 011 o7 6.2 abc 82 ab 043 b
F 24 5158 511 584 1238 513
P>F: <00001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

cv: 50.2 274 1220 438 26.1 933




