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Remaining Questions Answered

Considerations for herbicide use in settings with shallow soils?
MJG: There are two considerations for this question: 1) how shallow soils affect the target and non-target vegetation and their interaction in ways that influence treatment outcomes, and 2) how shallow soils affect the fate of herbicide.  RE #1, shallow soils store less water from rain events and thus create drier conditions that generally disfavor deeper-rooted species such as the bunchgrasses known to have some ability to compete with annual grasses, and obviously shallow soils will favor the shallow-rooting habits of annual grasses.  Many shallow soil areas have become invaded to levels that are difficult to reverse, no matter how much restoration effort is applied.  So, shallow soils may often pose a challenging context to achieve treatment success with herbicides that target annual grasses.  Attention to native shallow-rooted perennials, such as Sandberg bluegrass, will likely be key for determining if and how to treat shallow soils.  RE #2: Imazapic and especially indaziflam are expected to generally to stay at or near the surface of soils where seeds germinate from, i.e. no more than an inch or so deep.  However, there are not many studies of their infiltration patterns, so many unknowns. Indaziflam is less soluble and may have greater affinity to bind with the organic matter that is usually more abundant in near-surface soils, compared to imazapic.  Soil texture probably matters here: we might expect herbicides to penetrate deeper into sandy low-organic soils if significant rain follows spray applications, and if the soils are shallow, then it is conceivable that lateral movement of the herbicides could also occur as the wetting front reaches that bottom of the soil profile (i.e. flow away from the area sprayed).  I emphasize the uncertainties here in the absence of studies.

Are there new herbicides or treatments for Russian thistle flushes that happen after cheatgrass treatments?
MJG: For Russian thistle: new biocontrol was supposed to be available for testing by mid-2026, but that has been delayed due to a supply issue from the European origin. “Sharpen” is a chemical being used in crop fields of central Washington, but I have not used it. There are probably opportunities to be more strategic in timing the application of conventional broadleaf herbicides such as 2,4D. Russ Lawrence from DoW has trials underway revealing promise from light doses of metsulfuron.  Treating the young emerging Russian thistle is likely critical, as the older plants are very waxy and primarily stem and seed.

Do herbicides increase carbon removal from the soil?
MJG: Here it is important to distinguish short vs long-term effects.  In the short-term, i.e. the initial year(s) after spraying herbicide, treatments that reduce plant cover also reduce photosynthetic carbon uptake into the ecosystem. In the longer term, annual grasses are known to decrease carbon uptake and increase the time fraction for respiratory carbon losses from a site. Any treatment that results in greater abundance of perennials and especially semi-evergreen shrubs and at the time reduces annual grasses - such as a successful herbicide application – will increase long-term carbon in the ecosystem and especially soil of shrub steppe rangelands. See Maxwell et al. 2024 https://www.nature.com/articles/s43247-024-01795-9.pdf

Any research on indaziflam and imazapic in pasture settings?
MJG: Yes, such as the Lazarus & Germino 2025 was on grazing lands, but not specifically on the interaction of grazing activity with herbicide effects.

Is there any available data on residual herbicide, or herbicide components in the soil after repeated applications?
MJG: Derek Sebastian has a little on this, via effectiveness of serial applications. But, otherwise, this info is a severe gap in the literature.

Does indaziflam and imazapic affect arbuscular mycorrhizae fungi, and if so what are your thoughts on the potential long-term effects due to that loss or impacts to these soil organisms?
MJG: See Lazarus et al. 2024 in Restoration Ecology and 2025 in Science of the Total Environment for more general effects on soil microbiota.  K Weber from Idaho State University did a molecular study on this, published in PLoS one about 10 years ago, I think but can’t remember if she reported negative effects. If the herbicides help prevent loss of the perennials that rely on AM fungi or help bring the perennials back into the landscape, then the net long-term effect would be a positive effect of herbicides on AM.  I don’t know of any studies that added the herbicides to cultures or AM to see if there was a direct toxicity effect.

How effective is this on medusahead and annual rye?
BL: We have successfully treated medusahead with indaziflam (Donaldson and Germino 2022 is one study where medusahead was the primary exotic annual grass invader).  We have also used imazapic to control medusahead (Lazarus and Germino 2022).  Annual rye isn’t an issue on the landscapes we study, so we haven’t tried either chemical on annual rye.

Can indaziflam be applied over top recently seeded native perennials?
BL: We would NOT recommend doing this until after you have seen your native perennials emerge – otherwise you might inadvertently prevent their emergence with indaziflam.

What is the plant back interval for planting native grass/forb after Indaziflam? The label is unclear.    
BL: The label says to wait at least 24 months before planting back and suggests planting test strips before committing to a full planting effort.  There isn’t a whole lot of literature on this yet, but Kevin Gunnell and Melissa Landeen (Utah Department of Wildlife Resources) have a great study that I hope they publish soon, where they sprayed and planted back at 0-5 years.  They didn’t get much for natives until years 4 and 5, though Julie Kraft, Sublette County Wyoming weed manager has anecdotally seen native forbs germinating in places she sprayed indaziflam 3 yrs previously.  There is likely some variation in when indaziflam wears off, but we don’t really know what factors that depends on (though we expect probably things like temperature and moisture that impact microbial activity and maybe also soil texture – there’s a good study to be done here).  Matt Rinella has a paper about using a bioassay (collecting soil and planting seeds in it) to help figure out whether imazapic is still active or not. 

Brynne - Were there other annual forbs present in addition to tall willowherb, and do you have any information about impacts to annual forbs as a functional group?
BL: Annual willowherb just happened to be pretty much the only native annual forb present in the study I presented, so it was representing the whole functional group.  But there is information in the literature about other native forbs – some species appear more susceptible than others and seed banks may also be affected.  See Meyer-Morey et al., Courkamp et al. 2022, Alba et al. 2024, Shriver et al. 2024.

Wondering what the water carrier rate was in the study the Brynne presented?
BL: 60 gallons/acre

