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Objective 

Determine if threshold-based insecticide treatments and reduced nitrogen fertility may improve 
thrips control without affecting yield in dry bulb onions.  

 

Introduction  
Onion thrips (Thrips tabaci) that transmit iris yellow spot virus (IYSV) are the key insect pest of 
dry bulb onion production in the Treasure Valley. Thrips feeding damage on leaves reduces the 
photosynthetic ability of the plants, bulb size, and yield, and impacts bulb quality. Lesions on 
foliage caused by iris yellow spot virus further reduce the photosynthetic area of plants and 
reduce the storage quality of onion bulbs.  

Calendar-based insecticide applications remain an important tool for the management of onion 
thrips. A limited set of registered insecticides with efficacy against onion thrips and the 
development of resistance in onion thrips to several classes of insecticides remain challenges to 
effectively manage this pest. An alternative integrated pest management (IPM) approach is to 
base insecticide applications on action thresholds of thrips populations in the field. The size of 
thrips populations is dependent on the nitrogen (N) content of their host plants. Therefore, 
optimizing N fertility by not applying N in excess may also help to reduce thrips numbers.   

To address the objective, a field trial was conducted to evaluate (1) insecticide programs at three 
levels and (2) N fertilization at two levels. Insecticide programs were (i) IPM action threshold-
based applications, (ii) standard (weekly), and (iii) control (untreated). Nitrogen fertilization 
levels were (i) Standard N fertilization (recommended application based on soil and tissue test 
results and (ii) reduced (50% of recommended N amount).  

An action threshold is the pest population at which a management action must be taken to avoid 
significant damage or loss to the crop. Action threshold-based insecticide applications are made 
only when pest populations reach or exceed the threshold. In contrast, calendar-based insecticide 
applications do not take into account the size of pest populations and are made at a routine 
interval. Threshold-based applications are intended to better time insecticide applications. This 
process may reduce the number of insecticide applications, which should reduce input costs 
without adversely affecting yield and quality. Alternatively, threshold-based programs can lead 
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to more insecticide applications when insect monitoring shows a need for additional treatments 
to improve yield and quality. 

A threshold-based approach also can help maintain insecticide efficacy and reduce the 
development of insecticide resistance by making more judicious use of insecticides. For 
example, the IPM-Standard had a standard fertilization with six insecticide applications and 
IPM-Reduced had reduced fertilizer with five insecticide applications (Tables 1 and 2). The 
standard management program used a calendar-based insecticide application program with seven 
applications made weekly.  

For the present trial, a threshold of one thrips per leaf was used. The threshold is based on a 
mean number of thrips per plants sampled in the field. The threshold is also dynamic as the 
plants grow and develop leaves through the season.    

 

Materials and Methods 
The experiment was a randomized complete-block design with a 3 × 2 factorial treatment 
replicated in four blocks with six treatments. Onions were grown in 2020 on a Greenleaf silt 
loam previously planted to wheat.  After wheat was harvested in 2019, the stubble was shredded, 
the field was irrigated to sprout unharvested wheat kernels, and then the field was disked.  A soil 
analysis taken in the fall of 2019 showed a pH of 8.2, 3.9% organic matter, 4 ppm N as nitrate, 
3 ppm N as ammonium, 33 ppm phosphorus (P), 887 ppm potassium, 40 ppm sulfur (S), 4557 
ppm calcium, 424 ppm magnesium, 225 ppm sodium, 5.6 ppm zinc, 2 ppm manganese (Mn), 1.8 
ppm copper, 8 ppm iron, and 0.2 ppm boron (B).  Based on the soil analysis, 100 lb N/acre, 44 lb 
P/acre, 200 lb S/acre, 9 lb Mn/acre, and 2 lb B/acre were broadcast before plowing.  In addition 
to the chemical fertilizer, 10 ton/acre of composted cattle feedlot manure was broadcast before 
plowing.  After plowing and groundhogging, the field was fumigated with Vapam® at 15 gal/acre 
and bedded at 22 inches. 

Onion seed cultivar ‘Vaquero’ (Nunhems, Parma, ID) was planted at 150,000 seeds/acre on 
March 19, 2020, in double rows spaced 3 inches apart.  Each double row was planted on beds 
spaced 22 inches apart.  Immediately after planting, the field received a narrow band of Lorsban® 
15G at 3.7 oz/1000 ft (0.82 lb ai/acre) over the seed rows and the soil surface was cultipacked.  
Onion emergence started on April 11. On May 13, alleys 4 ft wide were cut between plots, 
leaving plots 23 ft long.  

The field had drip tape laid at 4-inch depth between pairs of beds during planting.  The drip tape 
had emitters spaced 12 inches apart with an emitter flow rate of 0.22 gal/min/100 ft (Toro Aqua-
Traxx, Toro Co., El Cajon, CA).  The distance between the tape and the center of each double 
row of onions was 11 inches.   

Onions were irrigated automatically to maintain soil water tension (SWT) at 8-inch depth in the 
onion root zone below 20 cb.  Soil water tension was measured with eight granular matrix 
sensors (GMS, Watermark soil moisture sensor model 200SS, Irrometer Co. Inc., Riverside, CA) 
installed at 8-inch depth in the center of the double row of onions.  Sensors had been calibrated 
to SWT.  The GMS were connected to the datalogger via multiplexers (AM16/32, Campbell 
Scientific, Logan, UT).  The datalogger (CR1000, Campbell Scientific) read the sensors and 
recorded the SWT every hour.  The datalogger automatically made irrigation decisions every 
12 hours.  The field was irrigated if the average of the eight sensors was at a SWT of 20 cb or 



Management of Onion Thrips with Threshold-Based Insecticide Applications and Reduced 
Nitrogen Fertility–2020  172 

higher.  Irrigations were controlled by the datalogger using a controller (SDM-CD16AC, 
Campbell Scientific) connected to a solenoid valve. Irrigation durations were 8 hours, 19 
minutes, to apply 0.48 inch of water. Water was supplied from a well and pump that maintained 
a continuous and constant water pressure of 35 psi.  The pressure in the drip lines was 
maintained at 10 psi by a pressure-regulating valve. The automated irrigation system was started 
on April 22, 2020, and irrigations ended on September 3, 2020.   

The following herbicides were broadcasted: glyphosate at 0.77 lb ai/acre (Roundup PowerMax® 
at 22 oz/acre) on April 8; sethoxydim at 0.28 lb ai/acre (Poast® at 24 oz/acre) on May 8; 
oxyfluorfen at 0.13 lb ai/acre (GoalTender® at 4 oz/acre), bromoxynil at 0.25 lb ai/acre (Brox® 
2EC at 16 oz/acre), and pendimethalin at 0.95 lb ai/acre (Prowl® H2O at 2 pt/acre) on May 11; 
sethoxydim at 31 oz/acre, oxyfluorfen at 8 oz/acre, and bromoxynil at 24 oz/acre on June 10; and 
pendimethalin at 1 pint/acre on June 5. For fungal disease control, Luna® Tranquility at 27 
oz/acre (fluopyram, pyrimethanil) was applied by ground on June 26.   

Nitrogen Fertilizer Applications 

Starting on June 3, 2020, root tissue and soil samples were taken every week in each N treatment 
from plot borders and analyzed for nutrients by Western Laboratories Inc., Parma, Idaho 
(Figures 1–3).  Root tissue was analyzed for nitrate concentration and soil samples were 
analyzed for concentrations of nutrients in the soil solution.  Nutrients were applied only if both 
the root tissue and soil solution concentrations were simultaneously below critical levels (Table 
1).  Until June 18, N was applied weekly based on recommendations from Western Laboratories.  
After June 18, soil solution levels went above the critical level (Figures 1–3) for both N rates, so 
N applications were continued at reduced rates until early July.  Root nitrate concentration for 
the standard N rate went above the critical level in late June.  Root nitrate concentration for the 
reduced N rate remained below the critical level all season.  Soil-available N followed the same 
pattern as the soil-solution N (Figure 3). 

Insecticide Applications 

Insecticides were applied weekly to the standard and IPM insecticide programs from May 29 to 
July 14, 2020. The standard program had seven weekly sprays from May 29 to July 10, 2020. 
The IPM standard N treatment had six insecticide applications from June 5 to July 14, and the 
IPM reduced N treatment had five insecticide applications from June 5 to July 14, 2020 
(Table 2). The applications were made with a CO2 backpack sprayer that delivered 35 gal/acre at 
30 psi. The sprayer had a four-boom nozzle fitted with TeeJet 11,004 flat fan nozzles. All 
insecticides were applied with the adjuvant Dyne-Amic® (Helena), which is a refined MSO blend 
plus organosilicone-based non-ionic surfactant (NIS) that increases penetration of insecticides 
into plant tissue.  

Data Collection 

Thrips counts started May 25. Thrips were counted two times in a week or every 3 days, because 
of the different number of insecticide applications in the standard and IPM insecticide 
treatments.  To reduce plot-to-plot interference, two regular 23 by 7.33 ft plots were combined 
into larger plots. Thrips counts were made in the two adjacent plots by counting the number of 
thrips on 10 consecutive plants in one of the middle two rows of each plot for a total of 20 plants. 
Adult and larval thrips were counted separately. To determine plant size, leaf counts were made 
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at the same time as insect counts. The decision to make an insecticide application in the IPM 
threshold-based treatments was made following each sampling day.  

To examine which pesticide treatment accumulated the fewest thrips, cumulative thrips numbers 
were calculated using area under the curve (AUC). AUC is the cumulative total area of the 
trapezoids between two consecutive sample dates. The last insecticide application was completed 
on July 14; so the last relevant sample was considered as July 20 and AUC was determined for 
this sample date. The effect of insecticide and N treatments on the AUC and yield were analyzed 
using PROC GLIMMIX (SAS v.9.4) on the sample date July 20 for total thrips. Because of 
COVID-19 precautions, no insecticide applications were made after July 14 and insect sampling 
was also interrupted. 

Onions were lifted on September 11 to field cure.  Onions from the middle two rows in each plot 
were topped by hand, bagged on September 19, and moved into storage on September 30.  
Onions were graded out of storage on October 13. During grading, bulbs were separated 
according to external quality: bulbs without blemishes (No. 1s), split bulbs (No. 2s), bulbs 
infected with the fungus Botrytis allii in the neck or side, bulbs infected with the fungus 
Fusarium oxysporum (plate rot), bulbs infected with the fungus Aspergillus niger (black mold), 
and bulbs infected with unidentified bacteria in the external scales.  The No. 1 bulbs were graded 
according to diameter: small (<2¼ inches), medium (2¼–3 inches), jumbo (3–4 inches), colossal 
(4–4¼ inches), and super colossal (>4¼ inches).  Bulb counts per 50 lb of super colossal onions 
were determined for each plot by weighing and counting all super colossal bulbs during grading.  
Marketable yield consisted of No.1 bulbs larger than 2¼ inches. 

 

 

Table 1. Amount of nitrogen applied (lb/acre) through the drip irrigation system to two 
treatments, Malheur Experiment Station, Oregon State University, Ontario, OR, 2020. 

 Nitrogen rate (% of recommended) 
Date 50% - Reduced 100% - Standard 
29-May 12 24 
4-June 12 24 
12-June 13 26 
19-June 13 26 
26-June 0 10 
8-July 0 10 
Total 50 120 

 

 

 

 

 
 



Management of Onion Thrips with Threshold-Based Insecticide Applications and Reduced 
Nitrogen Fertility–2020  174 

Table: 2 Insecticide spray applications by treatment, Malheur Experiment Station, Oregon State University, Ontario, OR, 
2020. No insecticide applications were made in the untreated controls. 

 Standard  IPM 
 Reduced N  Standard N  Reduced N  Standard N 
Date Product units/acre pH  Product units/acre pH  Product units/acre pH  Product units/acre pH 
May 29 Movento  HL 2.5 fl oz 6.5   Movento HL 2.5 fl oz 6.5   --         --       
 Aza-Direct 16 fl oz   Aza-Direct 16 fl oz   --     --    
 Dyne-Amic 0.7 pt   Dyne-Amic 0.7 pt   --     --    
                    
June 5 Movento HL 2.5 fl oz 6.5   Movento HL 2.5 fl oz 6.5   Movento HL 2.5 fl oz 6.5   Movento HL 2.5 fl oz 6.5 
 Aza-Direct 16 fl oz   Aza-Direct 16 fl oz   Aza-Direct 16 fl oz   Aza-Direct 16 fl oz  
 Dyne-Amic 0.7 pt   Dyne-Amic 0.7 pt   Dyne-Amic 0.7 pt   Dyne-Amic 0.7 pt  
                    
June 12 Agri-Mek 3.5 fl oz 6.5   Agri-Mek 3.5 fl oz 6.5   Movento HL 2.5 fl oz 6.5   Movento HL 2.5 fl oz 6.5 
 Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v   Aza-Direct 16 fl oz   Aza-Direct 16 fl oz  
           Dyne-Amic 0.7 pt   Dyne-Amic 0.7 pt  
                    
June 19 Agri-Mek 3.5 fl oz 6.5   Agri-Mek 3.5 fl oz 6.5   --         Agri-Mek 3.5 fl oz 6.5 
 Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v   --     Dyne-Amic 0.25 % v/v  
                    
                    
June 26 Radiant 8.0 fl oz 7.0   Radiant 8.0 fl oz 7.0   Agri-Mek 3.5 fl oz 6.5   Agri-Mek 3.5 fl oz 6.5 
 Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v  
                    
                    
July 3 Radiant 8.0 fl oz 7.0   Radiant 8.0 fl oz 7.0   Agri-Mek 3.5 fl oz 6.5   Radiant 8 fl oz 7.0 
 Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v  
                    
                    
July 10 Exirel 13.5 fl oz 5.0   Exirel 13.5 fl oz 5.0   --         --       
 Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v   --     --    
                    
                    
July 14 --         --         Radiant 8 fl oz 7.0   Radiant 8 fl oz 7.0 
 --     --     Dyne-Amic 0.25 % v/v   Dyne-Amic 0.25 % v/v  
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Results and Discussion 
Thrips adults began to colonize the onions by May 25 and peaked in the untreated control in late 
June. The calendar-based insecticide applications in the standard program began on May 29 and 
continued with weekly sprays until July 10, with seven applications. Thrips populations 
remained low until June 3 in the standard insecticide program, but exceeded the threshold level 
(1 thrips per leaf) in the IPM treatments on June 4, with the first insecticide application made on 
June 5. Thrips populations declined in IPM treatments after that but peaked in numbers by 
June 11, exceeding the threshold of 1 per leaf (with the plants at the 4-leaf stage), with a second 
application on June 12. Thrips numbers increased by the end of June and early July in all 
treatments, with IPM and standard treatments having 15 to 30 thrips per plant on July 3 (Figure 
4). Thrips numbers declined after that date but increased in numbers following the last 
application on July 14. Due to the COVID-19 precautions, further insecticide applications were 
suspended for all treatments. Even though the insecticidal sprays were suspended, IPM 
treatments recorded comparatively low thrips numbers 35 to 45 thrips per plant by July 20, while 
the standard treatments recorded significantly larger numbers of thrips, 70 to 85 thrips per plant 
(Figure 4). Results suggest that the threshold-based IPM insecticide program was effective in 
maintaining thrips populations as low as the standard, calendar-based program.   

Following the final insecticide application, data analyzed by insecticide program and nitrogen 
fertilization for July 20 revealed significant differences. The area under the curve indicated a 
lower mean area (i.e., fewer thrips) for the IPM and standard insecticide treatments compared 
with the untreated controls (Figure 5). There was no significant interaction between the 
insecticide and fertilizer treatments on AUC for total thrips (F = 0.24; df =2, 15, P = 0.78). The 
effect of insecticide program on mean AUC was significant (F = 28.63; df =2, 15, P <0.001); the 
effect of N fertilization was not (F = 0.71; df =1, 15, P = 0.41).  

Similarly, results from yield data indicated no significant interaction between insecticide 
program and N fertilization on marketable yield (F = 0.58; df =2, 15, P = 0.57). The effect of 
insecticide program on marketable yield was significant (F = 3.84; df =2, 15, P = 0.04); the 
effect of N fertilization was not (F = 1.79; df =1, 15, P = 0.20).  Marketable yields for the IPM 
and standard insecticide treatments were not statistically different. 

The reduced number of insecticide applications in the IPM treatments did not reduce yields of 
bulbs larger than 4 inches in diameter compared with the standard insecticide treatments 
(Table 3, Figure 6).  The proportion of bulbs in the colossal and super colossal size classes were 
significantly greater for the IPM and standard insecticide programs than for the untreated control. 
There was no difference between the IPM and standard insecticide programs (Table 3, Figure 6). 
The proportions of larger bulbs were also greater with the standard N treatments than with the 
reduced N treatments (Table 3, Figure 6).  

 In summary, the results indicate that the insecticide program with treatments based on the 
threshold had fewer cumulative thrips than standard and control programs. Even though the IPM 
treatments received fewer insecticidal sprays, five compared to seven sprays for standard 
treatments, the reduced number of sprays effectively managed the thrips populations without any 
effect on yield.  Moreover, the marketable yield from IPM treatments was comparatively higher 
than the yield from the standard and control treatments.  
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Figure 1. Root nitrate over time for two nitrogen application rates, Malheur Experiment 
Station, Oregon State University, Ontario, OR, 2020. 
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Figure 2. Soil solution nitrogen over time for two N application rates, Malheur 
Experiment Station, Oregon State University, Ontario, OR, 2020. 
 
 
 

 
Figure 3. Soil-available nitrogen over time for two N application rates, Malheur 
Experiment Station, Oregon State University, Ontario, OR, 2020. 
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Figure 4: Mean total thrips per plant (adults + larvae) on each sample date by 
insecticide and nitrogen fertilization treatments, Malheur Experiment Station, Oregon 
State University, Ontario, OR, 2020. 
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Figure 5: Mean area under the curve (AUC) for insecticide and nitrogen fertilization 
treatments, Malheur Experiment Station, Oregon State University, Ontario, OR, 2020.  
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Figure 6:  Onion size profiles for insecticide and nitrogen fertilization treatments, 
Malheur Experiment Station, Oregon State University, Ontario, OR, 2020. 
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Table 3.  Onion yield for three insecticide and two nitrogen fertilizer treatments, Malheur Experiment Station, Oregon State 
University, Ontario, OR, 2020.  

Insecticide Nitrogen 
Neck 

rot 
Plate 
rot Cull Small Medium Jumbo Colossal 

Super 
colossal 

>4 
inch Marketable Total  Marketable 

>4 inch 
marketable 

>4 
inch 
total Super count 

  ---------------------------------------------------- cwt/acre ----------------------------------------------------  ----------------- % ----------------- bulbs/50 lb 

Control Reduced 1.9 17.4 9.6 5.5 11.0 455.4 342.1 80.2 422.2 888.7 923.1  96.3 47.7 45.8 36.0 

 Standard 3.6 9.8 12.8 9.9 12.3 358.3 435.2 158.8 594.0 964.6 1000.7  96.4 60.3 58.2 32.8 

  Average 2.8 13.6 11.2 7.7 11.6 406.9 388.6 119.5 508.1 926.6 961.9  96.3 54.0 52.0 34.4 

IPM Reduced 0.7 10.4 7.7 5.2 11.4 313.6 443.4 212.5 655.9 980.9 1004.9  97.6 65.5 63.9 29.7 

 Standard 2.2 11.8 7.3 6.2 7.0 281.7 467.8 259.2 727.0 1015.8 1043.2  97.3 71.3 69.4 30.0 

  Average 1.4 11.1 7.5 5.7 9.2 297.7 455.6 235.9 691.5 998.3 1024.0  97.5 68.4 66.7 29.9 

Standard Reduced 4.5 12.8 13.3 8.5 8.4 365.1 426.0 216.4 642.5 1016.0 1055.1  96.3 62.3 60.0 29.1 

 Standard 0.0 11.2 13.5 6.5 10.6 321.7 445.3 240.3 685.6 1017.9 1049.2  97.0 67.1 65.1 28.6 

  Average 2.2 12.0 13.4 7.5 9.5 343.4 435.7 228.4 664.1 1017.0 1052.1  96.7 64.7 62.6 28.8 

Average Reduced 2.4 13.5 10.2 6.4 10.3 378.1 403.8 169.7 573.5 961.9 994.3  96.7 58.5 56.6 31.6 

  Standard 1.9 11.0 11.2 7.5 10.0 320.6 449.4 219.4 668.9 999.4 1031.0  96.9 66.3 64.2 30.5 

LSD (0.05)                  

Insecticide  NS NS NS NS NS 80.2 NS NS 101.4 90.3 90.2  1.0 8.0 7.8 NS 

Nitrogen  NS NS NS NS NS NS NS NS NS NS NS  NS NS NS NS 

Insecticide X Nitrogen NS NS NS NS NS NS NS NS NS NS NS  NS NS NS NS 
 


