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Weed competition below ground: a three-year study
Competencia de malas hierbas bajo el suelo: Un estudio de tres años

Judit Barroso1,*, Stewart B. Wuest2 & Fernando H. Oreja1

1 Oregon State University, Adams, Oregon, USA
2 Agricultural Research Service (USDA-ARS), Adams, Oregon, USA
(*E-mail: judit.barroso@oregonstate.edu)
https://doi.org/10.19084/rca.35039

Received/recibido: 2024.01.15
Accepted/aceptado: 2024.02.28

A B S T R A C T

In the semi-arid region of the inland Pacific Northwest (PNW), 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. 
However, the way in which these species compete for soil water, the most limited resource, has not been explored 
adequately. In a 3-yr field study at the Columbia Basin Agricultural Research Center at Adams, Oregon, individual 
Russian thistle, kochia, prickly lettuce and spring wheat plants separated 4 m from each other were grown in fallow 
fields. The experiment was a randomized complete block design with five replications. Soil samples, 150 cm deep, were 
taken at seeding time (March), wheat harvest time (July), and when the plants were about to die (early October). The 
results varied depending on the annual precipitation and plant biomass, but on average and from March to October, the 
soil under a single Russian thistle or kochia plant was drier than the control (soil without any plant) by 0.04 kg water/
kg soil, and the soil under a prickly lettuce or spring wheat plant was 0.028 kg water/kg soil and 0.008 kg water/kg soil 
drier than the control, respectively. In general, these differences were lower in the top 60 cm of soil and greater in the 
deeper soil profile. Russian thistle and kochia roots dried deeper soil more than prickly lettuce and spring wheat.

Keywords: Soil water consumption, summer annuals, water use efficiency.

R E S U M E N

En  la región semi-árida del noroeste del Pacífico (PNW), salsola (Salsola tragus), kochia (Bassia scoparia), y lactuca 
(Lactuca serriola) son tres especies importantes de malas hierbas que pueden crecer después de la cosecha y consumir 
agua. Sin embargo, la manera en que estas especies compiten por el agua del suelo, el recurso más limitado, no ha 
sido estudiado adecuadamente. En un estudio de tres años en la estación experimental de la cuenca del Columbia 
situada en Adams, Oregon, plantas individuales de salsola, kochia, lactuca y trigo de primavera se sembraron en un 
campo en barbecho separándolas una distancia de cuatro metros entre sí. El diseño del experimento fue de bloques 
completamente aleatorizados con cinco repeticiones. Los muestreos de suelo fueron tomados a 150 cm de profundidad 
en tres momentos, en el momento de la siembra (Marzo), en el tiempo de la cosecha del trigo (Julio), y cuando las 
plantas estaban a punto de morir (a principios de octubre). Los resultados variaron dependiendo de la precipitación 
anual y la biomasa de la planta. En promedio desde Marzo hasta Octubre, el suelo debajo de una planta de salsola y 
kochia estaba 0.04 kg de agua/kg de suelo seco más seco que el suelo control (suelo sin planta) y el suelo debajo de 
una planta de lactuca y de trigo de primavera estaba 0.028 y 0.008 kg de agua/kg de suelo más seco que el control, 
respectivamente. En general, estas diferencias decrecieron para los primeros 60 cm de suelo y se incrementaron en las 
capas más profundas. Las raíces de salsola y kochia secaron el suelo en profundidad más que las de lactuca y trigo de 
primavera.

Palabras clave: Consumo del agua del suelo, especies de verano, eficiencia del uso del agua.
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INTRODUCTION

Russian thistle (Salsola tragus), kochia (Bassia sco-
paria), and prickly lettuce (Lactuca serriola) are 
three important weed species in the wheat crop-
ping systems of the Pacific Northwest (PNW), but 
particularly Russian thistle (Schillinger & Young, 
2004). Although, these three weed species might 
have morphological and ecological differences, the 
three of them share a common characteristic, all of 
them can regrow after wheat harvest and produce 
seeds. Besides producing seeds, they can produce 
a significant amount of biomass growing without 
competition and at the expense of the available 
soil water. The same situation happens when these 
species escape spring control in fallow fields or 
germinate after the spring herbicide application.

Controlling these species chemically in summer is 
expensive and the success is not guaranteed. When 
the environmental conditions are dry and hot, sys-
temic herbicides tend to work poorly, especially if 
they are sprayed on adult and/or hardened plants 
(Oreja et al., 2023). For this reason, many of these 
weeds are left uncontrolled post-harvest causing 
reinfestations in the field where they are growing 
and in neighboring fields.

There are many studies documenting the yield 
loss caused by weeds growing in competition with 
the crop (e.g. Swinton et al., 1994; Izquierdo et al., 
2003; Barroso et al., 2011), but we are not aware 
of any quantifying the potential yield loss when 
annual weeds grow one season or two before the 

crop, which it would happen if the water taken by 
weeds is not refilled with the precipitation before 
the following crop is seeded. This research seeks 
to quantify the competitive ability of Russian this-
tle, kochia, and prickly lettuce compared to spring 
wheat by studying how each species interacts with 
soil water. An  understanding of a potential be-
low-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 invest-
ment for controlling weeds post-harvest and guide 
researchers and breeders to develop more compet-
itive varieties.

MATERIALS AND METHODS

At  the Columbia Basin Agricultural Research 
Center (CBARC), Adams, Oregon, a fallow trial 
was established in the spring of 2021, 2022, and 
2023 in three different fields. Twenty plots meas-
uring 1 m2, separated by 4 m center-to-center, were 
assigned to Russian thistle, kochia, prickly lettuce, 
spring wheat, and control (no plant) in a com-
pletely randomized blocked design with five rep-
lications (Figure 1). Multiple seeds of each species 
were hand seeded within each plot in the field in 
early March. Plants were thinned to a single indi-
vidual following establishment. If all seeds failed 
to germinate in a plot, a seedling of that species 
was moved to the plot from a near field. Aerial 
plant biomass per plot was collected in early Octo-
ber to obtain the fresh and dry plant weight.

Figure 1 - Photos of the experiment before plant collection and last soil sampling in 2021 (left) and 2023 (right). 
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Each year, soil cores were taken three times during 
the growing season, in March (at seeding time), in 
July (at wheat harvest), and when the plants were 
about to die in early October. The soil depth eval-
uated was the maximum of each field, that was 
about 1.5 m the first and second year and 1.8 m the 
third year. Soil samples from each one-foot incre-
ment were assessed for gravimetric water content. 
The soil samples were taken on a radius from the 
center of the plot to 30 cm maximum, trying to be 
as close as possible to where the plant was grow-
ing, but without causing damage.

Analyses of variance were conducted to deter-
mine differences in the water consumption tak-
en by each species. Transformations to the data 
were conducted when the Shapiro test or Levene 
test were significant to fulfill the ANOVA require-
ments (normal distribution and homogeneity of 
variance). Tukey test was conducted when the 
analysis of variance was significant to identify the 
different groups at p-value < 0.05. Analyses were 
conducted using Rstudio.

RESULTS AND DISCUSION

The results varied depending on the annual precip-
itation and plant biomass, but on an average year 
(excluding 2022) and at the end of the season (ear-
ly October), the soil under a single Russian thistle 
and kochia plant was 0.04 kg water/kg soil drier 
than the control (soil without any plant), and the 
soil under a prickly lettuce was 0.028 kg water/kg 
soil drier than the control. In general, these differ-
ences between species decreased for the top 60 cm 
of soil and increased for the deeper soil profile (Ta-
ble 1). Russian thistle and kochia roots dried the 

deeper soil more than prickly lettuce and spring 
wheat. The soil water under a spring wheat plant 
was not significantly different from the control.

The average annual precipitation at CBARC for the 
last 30 years was 325 mm. The year 2021 was drier 
than the average year with 285 mm and the years 
2022 and 2023 were wetter than the average year 
with 520 and 356 mm (Figure 2). In 2022, with the 
amount of rainfall received (160% above the aver-
age), none of the species dried the soil significantly 
different from the control. This indicates that in a 
year with precipitation higher than 500 mm, a light 
infestation in fallow of the studied species might 
not impact the yield of the following crop.

Russian thistle and kochia had a higher ratio of 
biomass per water consumed than prickly lettuce. 
Those species dried the soil less per gram of plant 
biomass than prickly lettuce (Table 1). Results al-
so indicate different time of water consumption 
among the species. While the water consump-
tion was similar for all the species and years from 
seeding to wheat harvest (July) (Figure 3), except 
for prickly lettuce in 2023 (data not shown) that 
extracted significantly more water than the other 
species, it differed from harvest to plant collection. 
Russian thistle seemed to dry the soil the most at 
that time of the year, although the difference was 
not significant with kochia in 2021 or with kochia 
and prickly lettuce in 2022 and 2023 (data not 
shown).

Table 1 - Water loss per species (kg water/kg soil) compared 
with the control plots in the upper soil (from 0 to 
60 cm), middle soil (60 to 90 cm) and deeper soil 
profile (from 90 to 150 cm), plant dry biomass (kg), 
and a ratio between plant biomass (kg) and water 
consumed (kg water/kg soil) (R)

Species Water Loss*1 
(0 – 60 cm)

Water Loss 
(60-90 cm)

Water Loss*2 
(90 – 150 cm)

Dry biomass 
(kg)

R

Russian thistle 0.053 0.040 0.038 3.244 81.1
Kochia 0.061 0.059 0.034 2.790 69.8
Prickly lettuce 0.045 0.029 0.008 0.221 27.8

*1 This is an average between the measures taken at 0-30 cm and 30-60 cm. *2 
This is an average between  the measures taken at 90-120 cm and 120 -150 cm.

Figure 2 - Annual precipitation received at CBARC in 2021, 
2022, and 2023. Horizontal colored bars indicate 
different periods of the year (green: fall and winter, 
orange: spring, and blue: summer). Colored arrows 
indicate the approximate time of soil sampling in 
the trials, at seeding time (green arrow), at wheat 
harvest (orange arrow), and when the plants were 
about to die (blue arrow).  
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Our results for Russian thistle are similar to Drs. 
Schillinger and Young’s (2000) results, where they 
found that the soil water consumed by single Rus-
sian thistle plants growing in spring wheat was 
170 L per plant. Results from this work, with single 
Russian thistle plants growing in fallow and con-
sidering a radius of influence of 80 cm around the 
plant, indicated a water consumption of 176.4 L per 
plant. This similarity with and without crop, indi-
cates that most of the water is taken once the crop 
has been harvested. Contrary to Russian thistle’s 
results, prickly lettuce seems to take most of the 
water earlier in the season.

CONCLUSIONS

Russian thistle and kochia showed a significant wa-
ter consumption after July. The amount of 0.04 kg 
water/kg of soil lost under each individual plant 
of these species growing in fallow (on an average 
year), seems high, but the impacts on the following 
crop yield are still to be determined, and it will 
probably depend on the precipitation received 
during the following year.

Figure 3 - Water loss (kg water/kg dry soil) expressed as percentage (%) under individual plants of spring wheat, prickly let-
tuce, Russian thistle, and kochia in 2021 in 150 cm of soil, a) from seeding to wheat harvest (March to July), b) from 
seeding to plant collection (March to October), and c) from wheat harvest to plant collection (July to October). Nega-
tive numbers indicate water gain instead of loss. The purple letters to the right of the species name are the results of 
the Tukey test. Different letters in a row indicate significant differences among the species (p < 0.05).
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