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Introduction 
Controlling grass weeds is a consistent challenge in 
Kentucky bluegrass (Poa pratensis L.; KBG) seed 
production. While herbicides are available for grass 
weed control in both seedling and established KBG, 
currently registered products generally provide less-
than-adequate control when applied as stand-alone 
treatments. Effective grass weed control often requires 
use of multiple herbicides in sequential application 
programs. Even with intensive herbicide programs, 
failure to control key grass weeds in KBG is common. 
Additionally, several widely used products have 
potential for crop injury and/or carryover injury to 
rotational crops. 

Indaziflam is a relatively new herbicide with a unique 
activity profile that may have potential to improve 
weed control in KBG seed production. It is currently 
registered as Alion (Bayer Crop Science) for crop uses, 
including in orchard production and in established 
stands of several other perennial grasses grown for seed 
in Oregon. It is also registered as Rejuvra and Esplanade 
(Bayer Environmental Science) for use in rangeland and 
other noncrop perennial grasses. 

Indaziflam is a preemergent herbicide with broad-
spectrum weed control activity and excellent safety 
on established perennial plants. Good preemergence 
control of many annual broadleaf and grassy weeds—
including downy brome and medusahead—has been 
demonstrated in rangeland for 2 to 3 years following 
a single application of indaziflam (Sebastian et al., 
2016). Safety on established perennial grasses has been 
excellent. 

In grass seed production, good crop safety has been 
demonstrated in established stands of several cool-
season species in the Willamette Valley (Curtis et al., 
2015). In recent growing seasons, widespread use 
in Willamette Valley grass seed crops has generally 
resulted in acceptable crop safety as well, provided 
adequate time is allowed between application and 
subsequent rainfall or irrigation events. Adequate safety 
has also been documented from fall applications made 
to well-established spring-planted perennial ryegrass 
seedlings in western Oregon (Curtis et al., 2017). 

Initial testing of indaziflam applied after harvest to 
established KBG demonstrated acceptable crop safety in 
the Grande Ronde Valley in northeast Oregon (Walenta, 
2017). However, the typical postharvest application 
window has several challenges in irrigated KBG seed 
production. Ash, carbon, and crop residue remaining 
after burning or flaming can tie up preemergence 
herbicides and reduce activity. Herbicides also 
require properly timed and adequate irrigation and/or 
precipitation for activation prior to weed emergence and 
to maintain activity during extended windows of weed 
germination and emergence. If adequate moisture is not 
present during this time frame, efficacy of preemergent 
herbicides is greatly reduced. Additionally, the long 
residual activity of indaziflam may pose carryover 
concerns to rotational crops if used later in the life of a 
stand. 

If crop safety is adequate, application of indaziflam 
shortly after stand establishment has the potential to 
substantially improve grass weed control in both fall- 
and spring-planted KBG. Application conditions are 
generally more favorable for uniform coverage and 
for herbicide activation and prolonged activity at this 
time than in established stands, particularly postharvest 
The long residual activity of indaziflam means that a 
single application has the potential to provide durable, 
preemergence grass weed control into following years 
of the stand. 

Making applications as soon after KBG emergence 
as possible would provide the best weed control with 
indaziflam, but there likely is a minimum KBG seedling 
size required for adequate crop safety. While safety of 
indaziflam on well-established perennial grasses has 
been thoroughly demonstrated, previous evaluation of 
indaziflam safety on perennial grass seedlings has been 
very limited, and no information exists for seedling 
KBG grown for seed in Oregon. 

The objective of this study was to evaluate the crop 
safety of indaziflam applied at early crop growth stages 
during stand establishment of irrigated KBG grown for 
seed in central Oregon and in the Grande Ronde Valley 
in northeast Oregon. 
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Materials and Methods 
Field trials were located in two commercial stands of 
KBG seeded in mid-August 2020, one in Jefferson 
County near Madras, OR, and one in Union County 
near La Grande, OR. The Jefferson County site was in 
a stand of ‘Wildhorse’ in a loam soil under wheel-line 
irrigation. In Union County, the trial was located in 
a stand of ‘Midnight SLT’ in a sandy loam soil under 
center pivot irrigation. Sites were chosen to be weed-
free. All normal production inputs were applied across 
the trial by the hosting grower using normal production 
practices. 

Trials were established in a randomized complete block 
design with four replicates and an individual plot size of 
10 feet x 30 feet (Jefferson County) or 8 feet x 25 feet 
(Union County). Indaziflam was applied as Alion at 
1, 2, and 3 oz/acre at each of three growth stages of 
KBG using CO2-powered backpack sprayers delivering 
15 (Jefferson County) or 21 (Union County) gal/acre. 
Growth stages of KBG were 3–5 leaf, 3–5 tiller, and 
10+ tiller. Applications were made in Jefferson County 
on September 28 (2020), October 15 (2020), and 
March 10 (2021) and in Union County on September 10 
(2020), October 1 (2020), and April 2 (2021). 

Crop injury was rated periodically throughout the 
season on a percent scale from 0 to 100, with no 
effect at 0 and complete plant death at 100. At second 
node appearance in the spring, green canopy area was 
measured in each plot from nadir photos made from 
a constant height with a digital camera and monopod 
using Canopeo (Patrignani and Ochsner, 2015) in 
Matlab R2021a (Mathworks, Natick, MA). 

At crop maturity, a 6-foot-wide swath in the center of 
each plot was windrowed with a modified small-plot 
swather and allowed to dry in the field prior to threshing 
with a small-plot combine. Seed was then rethreshed 
with a stationary thresher and cleaned with a small 
air-screen cleaner to approximately 98% purity and a 
bushel weight of 21–23 lb/bu for calculation of clean-
seed yield. 

Green-area values were analyzed for treatment 
differences within each site using an analysis of 
deviance of a fixed-effect beta regression model with 
the packages betareg 3.1-4 and car 3.0-7 in R 3.6.3 
and yield values with fixed effects ANOVA in the 
package car. Data consistency with model assumptions 
was confirmed in base R using a Bartlett test for 
homogeneity of variance and via manual examination 
of quantile plots (normality of residuals). As overall 

treatment effect was significant in all models (P < 0.01), 
treatment means for both models were separated with 
a Tukey’s multiple comparison procedure (α = 0.05) in 
the package emmeans 1.4-5, and letter displays were 
generated with multcompView 0.1-8. Data plots were 
generated in ggplot2 3.3.0 in R. 

Results and Discussion 
Indaziflam applied at the three- to five-leaf stage of 
KBG caused unacceptably high injury at both sites 
(Figure 1). In Union County, this application timing 
resulted in almost complete stand loss at the 2 and  
3 oz/acre rates and more than 50% seed yield reduction 
at the 1 oz/acre rate. In Jefferson County, yield 
reductions were not as severe but were still clearly 
unacceptable at higher rates. At both sites, a pattern of 
increasing damage with rate was evident. Considerable 
root pruning was also evident at the higher rates at both 
sites through much of the early growing season (data 
not shown). 

In Union County, application of indaziflam fewer than 
12 hours before irrigation is thought to be the cause 
of the severe damage observed at this site. Indaziflam 
is known to require 24–48 hours of binding time on 
dry soil to prevent leaching into the crop root zone 
and subsequent crop damage. Application timing in 
Jefferson County provided an approximately  
24-hour binding window on dry soil after application, 
presumably resulting in less crop damage. Regardless, 
this application timing resulted in considerable crop 
injury in both trials. 

Indaziflam applied at the three- to five-tiller stage did 
not reduce crop canopy coverage at the second-node 
stage at either site (Figure 1). Seed yield was reduced at 
higher rates at both locations. High variability between 
replicates precludes estimation of this reduction with 
confidence, but in these trials yield losses ranged from 
200 to 400 lb/acre clean seed, depending on rate. In 
some cases, the potential for this amount of yield loss 
might be an acceptable trade-off for the improved grass 
weed control anticipated from indaziflam. However, 
considerably more research is needed to robustly 
characterize the potential impact of indaziflam used at 
this application timing. 

Indaziflam applied in the spring around the time of crop 
green-up (10+ tiller growth stage) and 2–4 weeks before 
the first irrigation of the year had good crop safety at 
both sites (Figure 1). In Jefferson County, clean seed 
yield at the 1- and 2-oz/acre rates was equivalent to 
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the nontreated check, with some reduction in yield 
at 3 oz/acre. Again, high variability among replicates 
within individual treatments (and particularly in the 
nontreated check in Jefferson County) cautions against 
overly confident interpretation on the basis of traditional 
statistical tests. In Union County, seed yield at all rates 
of indaziflam applied at this timing were equivalent to 
the nontreated check. 

Overall, results of this initial study indicate that 
indaziflam has potential utility in seedling stands of 

KBG seed crops in Oregon and certainly warrants 
further investigation. Additional testing in a wider range 
of production environments is required before any 
reliable conclusions can be made regarding this possible 
use pattern, particularly regarding the crop safety of 
the applications made prior to tiller initiation or during 
early tiller development. 

Note: Indaziflam is not currently registered for use 
in Kentucky bluegrass seed production. Mention of 
indaziflam in the context of this study is not to be 
considered a recommendation for commercial use. 

Figure 1. Left: canopy cover (measured as % green area) of Kentucky bluegrass at second-node growth stage in late 
April 2021. Right: clean seed yield (approximately 98% purity, 21 lb/bushel weight) for applications of 
indaziflam on seedling stands. Each point represents raw value for an individual plot, with four replicate 
plots per treatment at each site. Parenthetic values show overall treatment means. Within a plot, mean values 
followed by the same letter(s) are not different by Tukey’s multiple comparison procedure (P = 0.05).
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