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Evaluation of bactericides to manage slippery skin in onion in Colorado, 2021  

 

Field plots were established in 2021 in Fort Collins, CO at the Colorado State University (CSU) Agricultural Research Development 

and Education Center South (ARDEC S.) to evaluate the efficacy of six commercially available bactericide products. Onion cultivars 

Avalon and Vaquero were direct seeded on 29 Mar. A third cultivar, Snowball, was transplanted as sets on 10 Jun. The field 

experiment was arranged as a randomized complete block design with split-split plots for inoculation and cultivar. All of the 

‘Snowball’ rows were inoculated (i.e. there were no non-inoculated sets).  For ‘Avalon’ and ‘Vaquero’ each plot consisted of three 12-

ft beds that were 2.5 ft wide with three rows of onion each. Two of the three beds were inoculated, and the six treatments were 

replicated three times. For ‘Snowball’ each plot included two 10-ft long beds that were 2.5 ft wide and beds were both inoculated (no 

non-inoculated control) and seven treatments were replicated four times. Treatments were initiated approximately 100 days after 

planting. Each product was applied five times at a 7-day interval, on 7, 14, 21, 28 Jul, and 4 Aug. The product Actigard was not 

applied on the 5th interval due to reaching season maximum rate. Treatments we applied with a CO2 pressurized backpack sprayer at 

40 gallons per acre at 35 psi using XR 11004 VS spray nozzles (TeeJet, Springfield, IL). The surfactant Activator 90 (Loveland 

Products, Inc., Loveland, CO) was used with each product at 32 oz/100 gal water (0.25% volume to volume ratio) as per label rate. 

Control plots were treated with water and surfactant. Inoculation occurred 108 days and 123 days after initial planting. Inoculum 

consisted of four Burkholderia gladioli isolates which were originally collected from onion fields in Colorado. Prepared inoculum at a 

concentration of 108 CFU/ml was applied in the evenings with the CO2 pressurized backpack sprayer described above at 40 gpa and 20 

psi. A 1-hour overhead irrigation event occurred after each inoculation. The trial was drip irrigated using Toro drip tape with a flow 

rate of 0.27 gallons per hour at 10 psi. From May through Oct plots were irrigated for an average of three (3) hours once a week. Each 

plot was rated six times for incidence and severity of foliar symptoms, once prior to the first bactericide application, and once weekly 

prior to treatment application. Phytotoxicity was rated every other week beginning on the second week. The onion crop was undercut 

and tops were mechanically rolled on 3 Sep for Snowball, 25% tops down and on 17 Sep for Vaquero and Avalon, 15% tops down. 

All crops were field cured for 12 days before going into storage. Sample bags of 30 bulbs (or as many as were available) per plot were 

placed in a commercial onion storage facility (35-40°F, relative humidity not monitored or controlled) for four months. On 8 and 9 

Feb, post storage internal bulb evaluation was conducted to determine disease incidence and severity. Severity was measured per bulb 

as a percent of whole bulb having symptoms on the following scale: 0%-20%, 21%-40%, 41%-60%, 61%-80%, and 81%-100%. A 

severity rating index calculation was when assigned per plot [Severity rot severity index (%) = ((# bulbs with 0 rating * 0%) + (# 

bulbs with 1-20% rating * 10) + (# bulbs with 21-40% * 30) + (# bulbs with 41-60% * 50) + (# bulbs with 61-80% * 70) + (# bulbs 

with 81-100% * 90)) / (# bulbs with 0 rating + # bulbs with 1-20 rating + # bulbs with 21-40 rating + # bulbs with 41-60 rating + # 

bulbs with 61-80 rating + # bulbs with 81-100 rating)]. Cultivars were statistically analyzed separately. Statistical analysis was 

conducted using R version 4.0.2 and the lme4, lmerTest, and emmeans packages for a mixed model approach. Means were compared 

using Tukey’s adjusted pairwise comparison. Kruskal-Willis and Dunns test was used for non-parametric data.  

 

No foliar symptoms of bacterial disease or phytotoxicity were present throughout the growing season.  The semi-arid climate of 

Colorado necessitated the application of additional irrigation water to plots, both overhead sprinkler and drip, but rot remained low 

overall.  At harvest inoculated plots had significantly more rot than non-inoculated plots of Vaquero and Avalon (Table 1). However, 

there were no bactericide treatment effects among the inoculated plots within each cultivar. Marketable yield was only significantly 

different between the lowest yielding treatment (Actigard) and the highest yielding treatment (LifeGard) for Snowball although they 

both performed similarly to the other treatments. There was very little evidence of decay at post-storage evaluation (Tables 2 & 3), 

except for Vaquero treated with Kocide 3000 where three replications from inoculated plots had incidence of infection (6.67%, 4.17%, 

and 4.76%) and a single replication of non-inoculated non-treated control (3.45%; data not shown). The Dunns test for comparing 

means indicated Kocide 3000 was significantly better than the other treatments at preventing rot. Bacterial rot incidence in Avalon 

was not significantly different using the Dunns test. The only significant treatment difference in ‘Snowball’ was between ManKocide 

and BlightBan A506 after storage (Table 3).  In summary, none of the treatments were effective at reducing bulb rot at harvest 

compared to the inoculated non-treated control. The inconsistent development of storage rot in the inoculated non-treated control 

made it difficult to draw conclusions on how field applications effect storage rot control of slippery skin across these three cultivars. 

This work is supported by Specialty Crops Research Initiative Award 2019-51181-30013 from the USDA National Institute of Food 

and Agriculture. 

 

 

 

 

 

 

 

 

 

 



 

 
 

zMean ratings for bactericide treatments for bulb rot by weight only for inoculated plots because of a significant inoculation effect for 

this variable (P =0.029, P=0.037), very little infection observed in non-inoculated plots, and no significant interaction of inoculation 

treatments with bactericide treatments in the ANOVAs (P >0.05).  
yMean marketable yield ratings resulting from bactericide treatments are averaged across inoculated and non-inoculated plots because 

there was no significant effect of inoculation (P = 0.497, P = 0.060) and no significant interaction of inoculation treatments with 

bactericide treatments (P >0.05). 
x Only inoculated plots for cultivar Snowball were included in the study.  

 

z Anova P-value from mixed model where fixed effects included treatments, bacterial inoculation and treatment: bacteria interaction. 

Random effects were block: treatment interaction, and block:bacteria interaction. Assumption of normality and/or equal variance not 

met. 
y Kruskal-Wallis rank sum test used to compare mean ratings differences. When significant evidence of difference confirmed Dunn 

test with Bonferroni adjustment used to compare mean values between treatments from inoculated plots. 

 

 

 

Table 1. Main plot and split 

plot treatments by  

Bulb rot by weight at harvest (%)z Marketable yield at harvest (t/A)y 

 

Vaquero Avalon Snowballx Vaquero Avalon Snowballx 

Main plots   

Inoculated 7.98 2.80  -- 6.65 10.08 -- 

Non-inoculated 0.33 0.00 -- 8.01 4.54 -- 

P-value (α=0.05) 0.029 0.037 -- 0.497 0.060 -- 

Split plots and rate/A        

Actigard 50WG 1.0 oz 12.99 2.01 6.82 6.08 4.78 4.60 a 

BlightBan A506 200g NA NA 14.12 NA NA 5.30 ab 

Inoculated untreated control 12.37 3.50 6.13 7.00 6.86 4.96 ab 

Kocide 3000 1.5 lb 1.52 0.98 8.12 7.99 7.39 4.98 ab 

LifeGard 4.5 oz/100 gal 11.08 6.52 9.92 7.26 4.18 6.16 b 

ManKocide 2.25 lb 7.19 1.62 6.78 8.56 8.55 5.42 ab 

Oxidate 5.0 0.39% v/v 2.77 2.16 8.29 7.10 6.46 5.66 ab 

P value (α=0.05) 0.120 0.141 0.420 0.334 0.687 0.048 

Table 2. Main plot and split plot 

treatments 

Internal bacterial bulb rot after storage  Internal bacterial bulb rot after storage  

 Incidence of bulbs 

(%) 

Severity per bulb 

(%) 

Incidence of bulbs 

(%) 

Severity per bulb 

(%) 

Main plots Vaquero Avalon 

Inoculated 0.87 0.19 0.74 29.63 

Non-inoculated 0.19 0.02 0.00 0.00 

Anova P value z (α=0.05)  0.051 0.185 0.118 0.291 

Split plots and rate/A  y     

Actigard 50WG 1.0 oz 0 a 0 a 0  0 

BlightBan A506 200g NA NA NA NA 

Inoculated untreated control 0 a 0 a 2.22 0.89 

Kocide 3000 1.5 lb 5.20 b 1.16 b 0 0 

LifeGard 4.5 oz/100gal 0 a 0 a 0 0 

ManKocide 2.25 lb 0 a 0 a 0 0 

Oxidate 5.0 0.39% v/v 0 a 0 a 2.22 0.89 

Kruskal-Wallis P value 0.005 0.005 0.084 0.089 



zMean ratings for bactericide treatments for Snowball are only for inoculated plots because no uninoculated plots were present in the 

study.  
yMean ratings done by Tukey’s adjusted pairwise comparison due to evidence of significant differences in treatment effects (P=0.046) 

Table 3. Main plot and split plot treatments Internal bacterial bulb rot after storage 

 Incidence of bulbs (%)z Severity per bulb (%) 

Main plotsy Snowball 

Actigard 50WG 1.0 oz 1.73 ab 0.34 a 

BlightBan A506 200g 5.86 a 1.10 a 

Control 1.67 ab 0.58 a 

Kocide 3000 1.5 lb 1.67 ab 0.74 a 

LifeGard 4.5 oz/100gal 1.70 ab 0.17 a 

ManKocide 2.25 lb 0.00 b 0.00 a 

Oxidate 5.0 0.39% v/v 1.67 ab 0.91 a 

P value (α=0.05) 0.046 0.298 


