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1. TITLE:  Characterization of Post Dispersal Jointed Goatgrass Seed Predation. 

2. PERSONNEL: Phillip W. Stahlman, Research Weed Scientist, Anthony D. White, 
Research Scientist, and J. P. Michaud, Entomologist, Kansas State University Agricultural 
Research Center-Hays. 

3. TIMELINE:  Initiation:   June 2003 
  Completion:  June 2005 

4. ORIGINAL HYPOTHESIS: Jointed goatgrass seed in spikelets lying on the soil surface is 
reduced more by predators compared to seed that has been tilled into the soil and ultimately 
reduces the jointed goatgrass seedbank in a no-till program.  

5. SUMMARY OF PROGRESS: 2003-2005:   

••  Objective A.  Data collected during the past two years showed that insects feeding on 
jointed goatgrass spikelets do not significantly reduce spikelet numbers.  However, the 
presence of two seed-feeding mouse species in both years suggests small mammals may 
contribute, along with germination, to the disappearance of jointed goatgrass spikelets. 

••  Objective B.  Insect trapping during the course of the experiment indicated the presence 
of false wireworm or corn wireworm, both seed-feeding insects.  However, the insect 
populations were low suggesting insects were not major contributors to jointed goatgrass 
disappearance through predation. 

 Consistent populations of field mice, including the hispid pocket mouse and the deer 
mouse, in the experimental area suggest small mammals may contribute to jointed 
goatgrass disappearance and spikelet movement in a given area.  Additionally, greater 
spikelet numbers recovered in uncovered no-till treatments after one year can logically be 
explained only through small mammal activity.   

••  Objective C.  Final results showed jointed goatgrass disappearance through predation is 
not affected by tillage system.  Although the first year data suggested no-till treatments 
contained fewer spikelets compared to conventional tillage, second year data showed this 
observation was not consistent. 

6. OBJECTIVES: 
A. Assess the level of jointed goatgrass seed bank reduction due to insect and small mammal 

predation. 

B. Identify the organism that leads to jointed goatgrass spikelet disappearance. 
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C. Evaluate management practices that may limit or increase predation. 

7. EXPERIMENTAL DESIGN:  The experiments were initiated immediately after the 2003 
wheat harvest at the Agricultural Research Center near Hays.  Jointed goatgrass spikelets 
were collected in June 2003 from a population in a cattle pasture north of Hays.  This method 
will best simulate post-dispersal seed effects compared to using aged or previously buried 
jointed goatgrass seed.  The experiments will be conducted over a period of two years.  
Newly harvested jointed goatgrass spikelets will be used in appropriate treatments next year. 

Study 1: Evaluation of Large Predators and Tillage Practices.  Sections of PVC pipe 
measuring approximately 30 cm in diameter and 40 cm in length were placed into the soil.  
Pipes were buried in a production field with no history of jointed goatgrass.  Approximately 
5 cm of the pipe was exposed above the soil surface to inhibit horizontal movement of weed 
seeds over the soil surface.  A consistent jointed goatgrass density (100 spikelets/pipe) was 
used for the experiment.       

The treatment design was a three-factor factorial with four replications and arranged in the 
field as a randomized complete block design.  The first factor consists of years.  Treatments 
included years one and two separately and another to span both years.  After year one, the 
single year pipes were excavated and year two pipes reestablished.  This treatment structure 
provided a means to evaluate individual and multiple year effects.  The second factor 
consisted of covered and uncovered pipes, allowing access or exclusion of insect and 
mammalian seed predators to the seed source.  Initial observations indicated that insects 
could easily navigate the exposed lip of the uncovered pipes.  Therefore, ramps were not 
necessary to facilitate insect entry and exit.  The final factor included placing jointed 
goatgrass spikelets either on the soil surface or approximately 5 cm below the soil surface to 
simulate a no-tillage or conventional management program, respectively.  No-till continuous 
winter wheat was planted around the pipes to maintain refuge for insect and mammal 
predators; a conventional tillage system would likely not provide an environment necessary 
for the survival of most seed predators.  

Laboratory analysis indicated most spikelets used in the experiment contained 1.8 embryos 
per spikelet.  Jointed goatgrass spikelets were also tested for viability using a tetrazolium test.  
Embryo viability averaged 87% for the lot of jointed goatgrass used in the experiment in 
2003 and in pipe reestablishment in 2004.   

Jointed goatgrass seedlings were counted at various times and eliminated from the 
established pipes with a non-selective herbicide.  Care was taken during counting to not 
disturb spikelets or remove them from the respective pipe.  After one year the appropriate 
pipes will be excavated and the remaining seed quantified through either elutriation or 
sieving.  Recovered seed will be counted and compared to initial density.  Intact seeds will be 
evaluated for germination and non-germinating seeds will be subjected to tetrazolium (TZ) 
testing for viability. 

Study 2: Evaluation of Insect Predators.  Insect traps (six total) were randomly distributed 
near the PCV pipes to evaluate insect populations in the area and contained antifreeze to 
euthanize the insects.  Trapped insects were collected for one week and identified in the lab.  
Early next summer (2005), four traps will be converted to live trapping devices (no 
antifreeze).  Live insects of the suspect species will be collected and used in controlled 
feeding and preference studies to provide more accurate jointed goatgrass predation data.  
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Placing supplemental jointed goatgrass spikelets in or around the experimental area may be 
necessary to attract more insects for laboratory studies.   

Study 3: Evaluation of Small Mammal Predators.  This section was included to evaluate 
small mammal effects on jointed goatgrass seed disappearance.  To evaluate mammalian 
activity within the experimental area, 50 Sherman live traps baited with jointed goatgrass 
spikelets were set up in the middle of the study with entrances facing opposite directions 
(Figure 1).  Traps were set for capture during overnight hours, and checked the following 
morning.  Animals were marked to identify repeat capturing.  Capturing events, each a week 
in length, occurred after treatments were established and occurred several times during each 
year.  

PROGRESS:  Insect and small mammal trapping was conducted in early July 2004 for five 
consecutive days.  No seed feeding insects were captured at anytime during the trapping 
period.  Although small mammal populations were low, the hispid pocket mouse 
(Chaetodipus hispidus Baird) was the only mouse species present in the experimental area.  
Trapping was also conducted at the same time in an adjacent trapping area approximately 
100 yards away from the experimental area to evaluate mammal activity.  Similar results 
were recorded.  Heavy rain and high wind during the trapping period may have resulted in 
the low insect and mammal populations present in the experimental area.   

Visual observations and trapping data from fall 2003 suggested predator activity in the 
experimental area was low and that night temperatures below 50 F could unexpectedly cause 
death in small mammals (mice).  Additionally, information from animal biology experts at 
Fort Hays State University suggested that small mammal populations would generally not 
differ between a fall and spring trapping period.  Therefore, small mammal and insect 
trapping did not take place in fall 2004. 

In late May 2005, small mammal trapping was conducted again.  Total captures during a 
seven day trapping period included 12 mice within the experimental area and nine mice in the 
same adjacent trapping area evaluated in July 2004.  Similar to previous trapping events, the 
deer mouse (Peromyscus maniculatus) and hispid pocket mouse were the most common 
species captured.  Although trapping recapture data was not available for May 2005, we 
expected similar recapture percentages (42%) as in 2003.   A recapture event was not 
possible with the deer mouse because only one specimen was captured.  In comparison, a 
range of one to four hispid pocket mice were captured during a single day.  Based on 
recapture percentages in 2003, we suspected the hispid pocket mouse population density 
within the experimental area did not exceed five to eight specimens.   

Both mouse species captured during the duration of this study feed on seeds.  The hispid 
pocket mouse, in particular, prefers seeds over any other food source (Potts and Gress 2006).  
Although few mammalian specimens were observed during all trapping events, seed 
predation due to mice appears to play a role in jointed goatgrass spikelet disappearance.  

During the small mammal trapping period in May 2005, insect traps were also set.  During 
the seven day period, only three seed-feeding insect specimens were collected, including 
false wireworm (Eleodes suturalis), corn wireworm (Aeolus sp.), and brown wireworm 
(Neotrichophorus carolinensis).  The low population of seed feeding insects in the 
experimental area suggests insects are not significant contributors towards jointed goatgrass 
spikelet disappearance. 
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Jointed goatgrass emergence in newly established pipes was four to seven times higher in 
covered compared to uncovered pipes as indicated by plant counts taken in late August 2004 
(Table 1).  This difference is likely attributed to rapid moisture loss leading to reduced 
germination in uncovered pipes vs. pipes covered with window screen to exclude predators.  
The fresh seed used in the reestablished year one treatments also contributed to increased 
jointed goatgrass emergence. 

Heavy rainfall in early September resulted in high jointed goatgrass emergence in all 
treatments when counts were taken later in the month.  As observed earlier, covered pipes 
tended to retain soil moisture more than uncovered pipes resulting in higher jointed goatgrass 
emergence.  No differences between tillage systems were observed in the two year or newly 
established one year treatments.   

On July 29, 2005, the pipes for all treatments were excavated and the soil removed for 
processing in the laboratory.  Jointed goatgrass spikelets in the excavated soil were separated 
and counted.    Interestingly, more spikelets were recovered in three of the four replications 
for the year one no-till treatment (uncovered) than were placed in the pipes when the 
treatments were established (Table 2).  Small mammal activity is thought to be the cause of 
these differences.  The hispid pocket mouse has external cheek pouches and is known to store 
gathered food from these pouches in various hiding places.  It is quite possible the animal 
perceived the uncovered pipes as a safe hiding place for seeds (including jointed goatgrass 
spikelets).  The year one no-till treatment would have likely been the best hiding place due to 
fresh seed available and good vegetative cover to hide the stored food. Although this theory 
cannot be confirmed, the feeding habits of field mice definitely affect jointed goatgrass 
disappearance and movement throughout a given area. 

Excluding predators (covered pipes) resulted in 7% and 11% more spikelets in a no-till and 
conventional tillage system, respectively, compared to uncovered treatments (Table 2).  No-
till alone (uncovered pipes; year two) resulted in 48% more jointed goatgrass spikelets 
recovered compared to a conventional tillage system, the opposite effect that was evaluated 
in 2004.  Therefore, seed predator interactions with tillage system are difficult to predict.   

Jointed goatgrass embryo viability testing of the year one treatments from 2004 and 2005, as 
well as the year two treatments was conducted on all recovered jointed goatgrass spikelets.  
Spikelets were placed in wet paper towels and placed in a germinator to evaluate seedling 
germination.  Non-germinated embryos were dissected and exposed to tetrazolium testing to 
evaluate viability.  No differences were observed between tillage treatments for the one year 
treatments in 2004 (data not shown) or 2005 (Table 2).  Although there were no differences 
between the percent of recovered spikelets that germinated in the two year treatments, the 
conventional tillage treatment contained more than three times more viable embryos 
compared to the no-till treatment.  This data shows that no-till systems may not prolong 
jointed goatgrass persistence in the soil seedbank, like previously thought.  Additional 
research related to tillage system effects on jointed goatgrass seed persistence is necessary to 
further clarify this statement. 

Insect predation on jointed goatgrass was not significant during the course of this experiment.  
Therefore, feeding studies were not conducted due to the lack of insect activity in the 
experimental area.  
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9. TECHNOLOGY TRANSFER: The experiment was established in July 2003 and has not 
progressed long enough to provide adequate data to present to the public.  As more 
conclusive information becomes available, it will be presented to research and extension 
personnel, crop consultants and interested producers in addition to being posted on the 
Jointed Goatgrass website. Final results will be published in scientific publications. 

10. PRODUCER RECOMMENDATIONS IN THE CENTRAL GREAT PLAINS: 
Tillage system does not affect jointed goatgrass seed disappearance.  Current data 
suggests jointed goatgrass disappearance through predation is not different in a no-till or 
conventional tillage system.   

Small mammals aid in jointed goatgrass spikelet disappearance.  Various mouse species 
were present in the experimental area and are believed to have a significant impact on jointed 
goatgrass spikelet disappearance.  Factors that may affect seed predation may include initial 
spikelet density, replenishment of the seedbank, and germination conditions during optimum 
germination times.  Practicing conservation tillage practices may provide an environment 
more conducive to seed predation by small mammals.  Additional research on small mammal 
predation and tillage system is needed to better understand this interaction. 

11. BUDGET: No additional funding requested. 
 2003-04 2004-05 
Requested $3,000 $3,000 
Received $3,000 $5,000 

 
13. STATEMENT OF WORK TO BE CONDUCTED:  2006: The data will be used to 

develop a manuscript for possible publication in a peer-reviewed scientific journal. 
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Table 1.  Jointed goatgrass plant emergence in all treatments and spikelet numbers after one year.  Hays, KS.  2004-05a. 
    Jointed goatgrass emergence  
Year Tillage system Exclusion method  Aug 31 Sept 27 Apr 19b  
    ___________  plants/pipe ___________  
        

1 No-tillage Covered  16 b 40 a 5 ab  
  Uncovered    4 c 23 b 4 ab  
 Conventional  Covered  39 a 40 a 4 ab  
  Uncovered    6 c 22 b 6 a  
2 No-tillage Covered    0 c 19 bc 2 ab  
  Uncovered    0 c   6 c 1 b  
 Conventional  Covered    3 c 19 bc 2 ab  
  Uncovered    0 c   7 bc 3 ab  
a Letters are for comparison of treatments within the same column.  Data followed by the same letter were not significant at p ≤ 0.05. 
b Plant count taken in 2005. 
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Table 2.  Jointed goatgrass spikelet recovery, germination and viability.  Hays, KS.  2005a. 

Yearb Tillage system 
Exclusion 

method 
 Recovered 

spikelet density 
Germination of 

recovered spikelets 
Non-germinated 

embryos recovered 
Embryos recovered 

with positive TZ 
    No./pipe __________________________________  %  __________________________________ 

        

1 No-tillage Covered    77 ab 33 b   4 bc   4 b 
  Uncovered  108 ab 44 b 24 a 16 a 
 Conventional  Covered    56 cb 33 b 12 ab   9 ab 
  Uncovered    68 ab 45 b 15 ab   2 b 
2 No-tillage Covered    74 ab 18 c   1 c   1 b 
  Uncovered    32 c 50 ab   8 bc   5 b 
 Conventional  Covered    50 bc 21 c   7 bc   4 b 
  Uncovered    62 abc 66 a 28 a 18 a 
a Letters are for comparison of treatments within the same column.  Data followed by the same letter were not significant at p ≤ 0.05. 
b Year one information for 2004 not shown.
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Figure 1.  Location and orientation of Sherman live traps (aluminum boxes shown) in 
experimental area.    Trap entrances faced opposite each other.  Arrows show general location of 
pipes concealed within the wheat stubble. 

 


