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Summary
Summer weeds are an expensive economic and environmental problem during the 
fallow period following the harvest of a wheat crop. Anecdotal evidence suggests that 
different wheat varieties impact the need for weed control in the subsequent fallow 
period differently, with reasons ranging from residue amount and quality to the allelo-
pathic potential of such residue. Thus, our objectives were to compare the allelopathic 
effects of different winter wheat varieties on weed and crop germination suppres-
sion. We collected the residue left after harvest of 25 varieties grown in a randomized 
complete block design in two Kansas locations (Hays and Great Bend) during 2022. 
The residue of the different varieties were combined (replications within location), 
dried, ground, and used to create extracts with 5% concentration that were later used 
in a growth chamber study. A total of 50 seeds for weed species Palmer amaranth 
(Amaranthus palmeri) and giant foxtail (Setaria faberi), and 25 seeds for grain sorghum 
(Sorghum bicolor), were added to petri dishes in combination with 5 mL of each extract 
in four replicates. Petri dishes were sealed with Parafilm and placed in a dark growth 
chamber set to 84/75°F day/night temperatures. Seed germination was counted after 
5 days. There were significant location by variety interactions in the control of both 
weed species, with greater weed control resulting from the residue derived from Great 
Bend (6–100% control) than from Hays (-10 to 69%). The difference among vari-
eties was also large, and depending on weed species and location, ranged from as little 
as 26% to as much as 90% (these differences reflected contrasts between the varieties 
with minimum versus those with maximum control). All wheat varieties significantly 
reduced seed germination of Palmer amaranth and giant foxtail, but varieties differed in 
their germination suppression potential. The allelopathic effects of wheat varieties could 
be additional targets of breeding programs for reduced weed pressure. Meanwhile, grain 
sorghum germination was minimally impacted by allelopathic effects of wheat residue.

Introduction
Winter wheat is the predominant crop in the U.S. Central Great Plains due to its broad 
adaptability (Lollato et al., 2020a) and good match between crop demand for water and 
precipitation distribution (Couëdel et al., 2021; Lollato et al., 2017, 2020b; Sciarresi 
et al., 2019). About half of the wheat acreage is grown after a short summer fallow in 
the central portion of Kansas, and about 75% of the acreage is grown after a long (11 to 
14 months) fallow in western Kansas (Jaenisch et al., 2021). Summer weeds on fallow 
ground following wheat harvest are a costly problem for Kansas growers. These include 
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both economical costs associated with weed control, and environmental costs associated 
with weeds’ consumption of water and nutrients.

After harvest, the wheat crop leaves a large amount of residue in the ground that can 
impact moisture retention and yield of the subsequent crop (Simão et al., 2021, 2023) 
as well as management of summer weeds (Simão et al., 2020). Similarly to grain yield 
(e.g., Munaro et al., 2020), wheat varieties differ in the amount and quality of residue 
left behind. Growers report that weed pressure can vary in different fields depending 
on which wheat variety was grown in the preceding season, but evidence is anecdotal. 
A potential explanation for different weed pressures include the amount and quality of 
biomass residue left after harvest. Another potential explanation, which was the focus of 
this study, is whether wheat varieties’ residues differ in allelopathic effects, potentially 
suppressing weed germination. Thus, the objective of this study was to compare the 
allelopathic effects of different winter wheat varieties on weed and crop germination 
suppression.

Procedures
We collected winter wheat residue left on the field immediately after harvest from a 
study evaluating 25 winter wheat varieties. The study was conducted in a randomized 
complete block design with four replicates in Great Bend and Hays, KS. Sharper, a 
broadleaf herbicide, was applied at 2 fl oz/a four days prior to harvest at Great Bend as a 
pre-harvest weed control strategy. 

Within location, wheat residue was collected from all replicates for a given variety and 
combined into a homogenous sample. Samples were dried at 140°F for 48 h and ground 
to form a fine powder, which was steeped in deionized (DI) water for 44 hours to 
generate extracts with 5% concentration.

To evaluate the potential allelopathic effect of the extract of different wheat varieties’ 
residue on crop and weed germination, seeds of two weed species and one summer crop 
species were placed on top of filter paper in Petri dishes. A total of 50 seeds were used 
for weed species Palmer amaranth (Amaranthus palmeri) and giant foxtail (Setaria 
faberi), and 25 seeds were used for grain sorghum (Sorghum bicolor). Then, we added 
5 ml of each extract into petri dishes in four replicates of each of the three seed species.

For each species, the growth chamber study was established as a two-way factorial 
(location × variety) plus control. The control consisted of de-ionized water for base-
line germination estimate. Petri dishes were sealed with Parafilm and placed in a 
dark growth chamber set to 84/75°F day/night temperatures. Seed germination was 
counted after 5 days (Figure 1). Seed germination for each treatment was calculated as 
percentage of control. This dataset was then subjected to two-way analysis of variance 
(ANOVA) using variety, location, and their interaction as fixed factors, and replication 
nested within location as random factor. 

Results
Wheat varieties differed in allelopathic effects on weed germination, holding a potential 
for use as biological weed control (Tables 1 and 2).
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The ANOVA evaluation of percent reduction in giant foxtail seed germination 
suggested that the interaction between location and variety was significant (P = 0.0007, 
Figure 2). There was a greater percent reduction in foxtail germination in Great Bend 
(72–100%) than in Hays (-10 to 69%). Wheat varieties differed in their suppression 
of germination, with a larger variety-induced range in germination reduction in Hays 
(range of ~79% from minimum to maximum control) than in Great Bend (range: 
28%).

The ANOVA for Palmer amaranth seed germination relative to the control also 
suggested a significant interaction between location and variety (P < 0.0001, Figure 3). 
There was a greater Palmer amaranth germination reduction in Great Bend (6–96%) 
as compared to Hays (20–46%). Varieties differed in their germination suppression 
potential, with a greater range in germination reduction potential in Great Bend (range 
of 90% between minimum and maximum control) than in Hays (range: 26%).

Given that the overall weed suppression control was greater in Great Bend than in 
Hays, we believe that the pre-harvest application of Sharpen herbicide may have 
contributed to the greater reduction in weed seed germination measured in this loca-
tion.

Regarding reduction in grain sorghum germination, the variety × location interaction 
was not significant, but varieties impacted grain sorghum germination (P = 0.047; 
Figure 4). We note that while grain sorghum germination was significantly reduced by 
the presence of wheat extract as compared to the control, this germination suppres-
sion only ranged from 2–14%, which was considerably lower than for weeds (range: 
6–100%).  

Preliminary Conclusions
All wheat varieties significantly reduced seed germination of Palmer amaranth and giant 
foxtail, but varieties differed in their germination suppression potential. The allelo-
pathic effects of wheat varieties could be additional targets of breeding programs for 
reduced weed pressure. Future studies could also focus on other weed-controlling traits 
such as canopy architecture and light interception, residue amount, and carbon-to-ni-
trogen ratio.

Locations played an important role on wheat’s allelopathic effects, perhaps due to 
pre-harvest application of Sharper herbicide. Grain sorghum germination was mini-
mally impacted by allelopathic effects of wheat residue.

Acknowledgments
This project was partially supported by Agriculture and Food Research Initiative 
Competitive Grant No. 2019-68012-29888 from the USDA National Institute of 
Food and Agriculture.



4

Kansas Field Research 2023

Kansas State University Agricultural Experiment Station and Cooperative Extension Service

References
Couëdel, A., Edreira, J.I.R., Lollato, R.P., Archontoulis, S., Sadras, V. and Grassini, P., 

2021. Assessing environment types for maize, soybean, and wheat in the United 
States as determined by spatio-temporal variation in drought and heat stress. Agri-
cultural and forest meteorology, 307, p.108513. 

Jaenisch, B.R., Munaro, L.B., Bastos, L.M., Moraes, M., Lin, X. and Lollato, R.P., 2021. 
On-farm data-rich analysis explains yield and quantifies yield gaps of winter wheat 
in the US central Great Plains. Field Crops Research, 272, p.108287. 

Lollato, R.P., Edwards, J.T. and Ochsner, T.E., 2017. Meteorological limits to winter 
wheat productivity in the US southern Great Plains. Field Crops Research, 203, 
pp.212-226. 

Lollato, R.P., Roozeboom, K., Lingenfelser, J.F., da Silva, C.L. and Sassenrath, G., 
2020a. Soft winter wheat outyields hard winter wheat in a subhumid environ-
ment: Weather drivers, yield plasticity, and rates of yield gain. Crop Science, 60(3), 
pp.1617-1633. 

Lollato, R.P., Bavia, G.P., Perin, V., Knapp, M., Santos, E.A., Patrignani, A. and 
DeWolf, E.D., 2020b. Climate‐risk assessment for winter wheat using long‐term 
weather data. Agronomy Journal, 112(3), pp.2132-2151. 

Munaro, L.B., Hefley, T.J., DeWolf, E., Haley, S., Fritz, A.K., Zhang, G., Haag, L.A., 
Schlegel, A.J., Edwards, J.T., Marburger, D. and Alderman, P., 2020. Exploring 
long-term variety performance trials to improve environment-specific genotype 
× management recommendations: A case-study for winter wheat. Field Crops 
Research, 255, p.107848. 

Sciarresi, C., Patrignani, A., Soltani, A., Sinclair, T. and Lollato, R.P., 2019. Plant traits 
to increase winter wheat yield in semiarid and subhumid environments. Agronomy 
Journal, 111(4), pp.1728-1740. 

Simão, L.M., Easterly, A.C., Kruger, G.R. and Creech, C.F., 2020. Herbicide spray 
deposition in wheat stubble as affected by nozzle type and application direction. 
Agronomy, 10(10), p.1507.

Simão, L.M., Easterly, A.C., Kruger, G.R. and Creech, C.F., 2021. Winter wheat residue 
impact on soil water storage and subsequent corn yield. Agronomy Journal, 113(1), 
pp.276-286.

Simão, L.M., Peterson, D., Roozeboom, K.L., Rice, C.W., Du, J., Lin, X. and Lollato, 
R.P. 2022. Crop rotation and tillage impact yield performance of soybean, sorghum, 
and wheat. Agronomy Journal. Vol. 115, Issue 2. 

Brand names appearing in this publication are for product identification purposes only. 
No endorsement is intended, nor is criticism implied of similar products not mentioned. 
Persons using such products assume responsibility for their use in accordance with current 
label directions of the manufacturer.



5

Kansas Field Research 2023

Kansas State University Agricultural Experiment Station and Cooperative Extension Service

Figure 1. Palmer amaranth seed germination after 5 days for the wheat variety Duster (left) 
versus the de-ionized water control (right).

Figure 2. Percent reduction in giant foxtail seed germination relative to the control as 
impacted by the significant interaction between 25 winter wheat varieties and two loca-
tions (Great Bend, left; and Hays, right) following the 2022 winter wheat growing season. 
Wheat varieties placed within the highest or the lowest groups did not differ statistically 
from each other according to the Tukey’s test at P < 0.05.
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Figure 3. Percent reduction in Palmer amaranth seed germination relative to the control 
as impacted by the significant interaction between 25 winter wheat varieties and two loca-
tions (Great Bend, left; and Hays, right) following the 2022 winter wheat growing season. 
Wheat varieties placed within the highest or the lowest groups did not differ statistically 
from each other according to the Tukey’s test at P < 0.05.

Figure 4. Percent reduction in grain sorghum seed germination relative to the control as 
impacted by the main effect of 25 winter wheat varieties combined across two locations 
(Great Bend and Hays) following the 2022 winter wheat growing season. Wheat varieties 
placed within the highest or the lowest groups did not differ statistically from each other 
according to the Tukey’s test at P < 0.05.


