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SUMMARY/ABSTRACT: In the semi-arid region of eastern Oregon, Russian thistle (Salsola 
tragus), kochia (Bassia scoparia), and prickly lettuce (Lactuca serriola) are three important weed 
species that can regrow after harvest and use water if not controlled. However, the way in which 
these species compete for soil water and its impact has not been explored adequately. This 
research seeks to quantify the competitive ability of Russian thistle, kochia, and prickly lettuce 
compared to winter and spring wheat by studying how each species interacts with soil water. An 
understanding of a potential below-ground advantage for each weed species, and quantification 
of the water extracted if weeds are left untreated after harvest, will provide scientific information 
to farmers seeking a return on investment for controlling weeds post-harvest and guide 
researchers and breeders to develop more competitive varieties.   
 
OBJECTIVES: 
1. Compare the biological wilting point of Russian thistle, kochia, prickly lettuce, spring wheat, 

and winter wheat.  
2. Evaluate the potential for each species to use soil water with a controlled pot study. 
3. Measure the change in soil water below each species under field conditions throughout the 

growing season and post-harvest.   
 
PROCEDURES:  
1. Compare the biological wilting point of Russian thistle, kochia, prickly lettuce, spring wheat, 
and winter wheat. The biological wilting point of kochia, Russian thistle, spring wheat, and 
winter wheat was determined in May 2021. A total of sixty, 10 in3 conical pots were filled with 
damp Walla Walla silt loam soil. A cotton ball was added to each pot before soil to prevent 
leaching. Pots were continually tamped while soil was added to compact the soil and a slow-
release fertilizer spike was added to the upper layer of soil when pots were full. Fifteen replicate 
pots were assigned to each species and multiple seeds of each species were sown in each pot. 
All pots were thinned to a single plant after one week and watered daily by weight to maintain 
approximately 20% water content on a dry mass basis. Plants were no longer watered after three 
weeks when each species possessed at least three true leaves. Each pot was wrapped in 1 mm 
polyethylene plastic and secured around the stem with a plastic tie. The plastic minimized 
evaporation directly from soil while allowing plants to continually transpire. All plants were 
moved to a 25 °C growth chamber with a 14-hour photoperiod in a completely randomized 
design. Plants were monitored daily for wilting. Wilted plants were moved to a dark chamber 



overnight with approximately 100% relative humidity maintained by an ultrasonic humidifier. 
Plants that regained turgor in the dark chamber were moved back to the growth chamber to 
repeat the process until plants could no longer regain turgor in the dark chamber. The water 
potential and water content of soil in each pot was determined at this point. Data was subjected 
to a one-way analysis of variance followed by mean separation with Tukey’s test at α = 0.05. 

 
2. Evaluate the potential for each species to use soil water with a controlled pot study. Four-
inch-diameter PVC pipe was used to make 6-ft tall pots in March 2021. Twenty-five pots were 
filled with well mixed, very moist Walla Walla soil. Caps were glued to the lower ends of each 
pot to eliminate evaporative water loss from the bottom. All pots were weighed, and five pots 
were randomly assigned per species including the five unplanted pots for the control. Three 
seeds of spring wheat, Russian thistle, kochia, or prickly lettuce were sown in each pot. All pots 
were placed upright in an outdoor location and briefly covered to prevent solar radiation from 
drying the upper portion of soil before seeds germinated. The cover was removed following 
sufficient growth and no additional water was added to the pots for the duration of the 
experiment, except for natural rainfall. Pots were thinned to a single plant and allowed to grow 
until biological senescence or due to drought stress. Seedlings of prickly lettuce were 
transplanted to the assigned pots in late March due to problems with emergence. In early July, 
spring wheat pots and two control pots were transferred to a workshop, weighed, and cut 
lengthwise on each side to split the pot into two pieces. Above-ground biomass was bagged, 
then sections of soil were removed in one-foot increments, weighed, and sampled to determine 
gravimetric water content and water potential. We also sieved roots from each section to 
determine root mass. We process the remaining pots in early October following the same 
procedure. A second pot study was initiated in November 2021 to study winter species including 
prickly lettuce and winter wheat. Twenty-four of the same size pots were filled with well mixed, 
moist Walla Walla soil and buried to control soil temperature. These pots were not capped at 
the bottom to allow drainage (Image 1). A total of eight pots were transplanted with winter 
species including four with winter wheat and four with prickly lettuce. The rest of the pots will 
be sown in spring with spring wheat, kochia, and Russian thistle.  
 

  

Image 1. Establishment of the winter pot study at CBARC & ARS-USDA research farm. 



3. Measure the change in soil water below each species under field conditions throughout the 
growing season and during post-harvest. In early February 2021, in a winter wheat field infested 
with prickly lettuce, we established six paired plots (with and without infestation) of 1m2 each. 
Hand weeding of other weed species were conducted once per month until harvest in all plots. 
The number of prickly lettuce plants in infested plots were counted coinciding with the soil 
sampling in early-March. Additionally, a fallow field was chosen in the spring of 2021. Twenty 
plots measuring 1 m2, separated by 4 m center-to-center, were assigned to Russian thistle, 
kochia, prickly lettuce, spring wheat, and a control in a completely randomized blocked design 
with five replications. Multiple seeds of each species were hand seeded within each plot in the 
fallow field. Plants were thinned to a single individual following establishment. Soil cores were 
taken from each plot in the fallow and in the winter wheat field to a depth of six feet when 
possible, at three times during the growing season including early spring, at harvest, and in early 
October. Samples of soil from each one-foot increment will be assessed for gravimetric water 
content and water potential. Aerial biomass was weighed fresh and dry. These two experiments 
will be repeated in 2022. 
 
SIGNIFICANT ACCOMPLISHMENTS TO DATE: 
 
Objective 1. Difficulty establishing plants from seed contributed to unequal sample sizes between 
species. Only three kochia and five Russian thistle plants were measured while eleven spring 
wheat and ten winter wheat plants were measured. Both the water potential and water content 
of soil differed between species at their respective biological wilting point. The biological wilting 
point of winter wheat was highest (most soil moisture) at -1.56 MPa while spring wheat was 
significantly lower (drier) at -1.99 MPa. Kochia and Russian thistle demonstrated the lowest 
biological wilting point of -2.61 and -2.49 MPa, respectively (Figure 1). A similar trend was 
observed for soil water content (Figure 2).  
 

                           



Figure 1. Average soil water potential of kochia, Russian thistle, spring wheat, and winter wheat at their 
respective biological wilting point. Values enclosed in white boxes indicate mean water potential values 
for each species. Letters indicate significant differences at α = 0.05. 
 

 
Our results demonstrate that kochia and Russian thistle may have a physiological advantage over 
spring and winter wheat with respect to drought stress at an early growth stage. Winter wheat 
and spring wheat plants may therefore die during establishment if soil moisture falls below -2.0 
MPa for an extended period of time while kochia and Russian thistle may not. However, it is 
unclear if our results also extend beyond three weeks of growth. Physiological tolerance to 
drought stress after three weeks may depend on additional factors including rooting depth. 
Additionally, our results provide evidence that permanent wilting point is species dependent with 
very substantial differences in the capacity to grow in dry soil. Species with C4¬ photosynthetic 
pathways that are adapted to water limited environments, such as kochia and Russian thistle, 
have evolved mechanisms to extract water from soil that wheat cannot access, giving these 
species a competitive advantage in drier years and causing soil water deficits that will affect 
future crops. 
 

                        
Figure 2. Average soil water content of kochia, Russian thistle, spring wheat, and winter wheat at their 
respective biological wilting point. Values enclosed in white boxes indicate mean water content values for 
each species. Water content was calculated on a dry mass basis (g H20 x g dry soil-1). Letters indicate 
significant differences at α = 0.05.  

 
Objective 2. A preliminary examination of the data indicates that several of the studied weeds 
extract more water from the soil and also deeper in the soil profile (Figures 3 and 4) than the 
crop (spring wheat). This means that Russian thistle and certain other weeds can cause significant 
deficits in soil water storage even when the crop used “all” available water.  



The conventional assumption for permanent wilting point is -1.5 MPa, about where the spring 
wheat line is when below 4 ft in Figure 3. All pots started with high moisture, which is close to 
zero MPa as seen in the control (unplanted) pot of the same Figure.  
 
          

 

Figure 3. Water potential of soil in the pot experiment after plants died. The dots are individual pot results 
at one-ft depth increments, and the lines are a smoothed line of the average (with shading = standard 
error). 

 

The different root distribution in the soil profile by the studied species is indicated in Figure 4. 
While the spring wheat concentrated most roots in the first foot, the other species’ roots were 
more distributed in the soil profile. Russian thistle was the species with the highest amount of 
roots in the soil depths beyond the first foot. 



  

Figure 4. Weight of roots recovered from one-foot increments (0 to 1 ft, 1 to 2ft, etc.) in the pot 
experiment in 2021.  
 
 

Objective 3. Unfortunately, the experiment in the winter wheat failed this year because the crop 
out competed the weed. The prickly lettuce was dying at harvest when normally that species has 
grown taller that the crop canopy. There was not a significant difference in the soil water 
between the infested and weed-free plots at harvest and the last soil sample was not taken. This 
year, we will try to select a field with a higher prickly lettuce infestation to avoid having the 
problems we had this year. 
 

  
Image 2. View of the fallow experiment in 2021 before the last soil sampling, a) Control plot of replication 

2 and b) Kochia plot of replication 1. 



A preliminary analysis of the data from the fallow trial (Image 2) indicates significant differences 
in the soil water content at several depths among the species (Figure 5). Russian thistle and 
kochia are the species that have extracted the most water followed by prickly lettuce. The spring 
wheat and control plots did not show differences in soil moisture. In addition to the water 
extracted by the plants, there seem to be evaporation losses as well, as is indicated by the control 
plots (Figure 5), particularly from March to July. Correlation analyses between the soil moisture 
taken by the weed species and their aerial dry plant biomass are being undertaken. Results from 
those analyses and from 2022 data will be included in the final project report.  
 
 

 
 

Figure 5. Soil water content in percentage calculated on a dry mass basis (g of water/g of dry soil) for the 
first four feet of soil (0 to 1, 1 to 2, 2 to 3, and 3 to 4) and for the three soil samplings (March, July, and 
October) under each of the studied species.  
 

 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: None. 
 
FUTURE FUNDING POSSIBILITIES: It is uncertain at this point. 


