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Summary
In comparative growth rate studies, sulfonylurea (SU) susceptible (S) prickly

lettuce (Lactuca serriola L.) accumulated biomass 52% faster than the SU

resistant (R) biotype (2). The S biotype produced 24% more biomass than the
R biotype. In competitive growth studies, the S biotype produced 31% more above

ground biomass than the R biotype when averaged over all densities. However,
there was no difference in competitive ability between the S and R prickly

lettuce biotypes. Sulfonylurea S and R kochia [Kochia scoparia L. (Schrad.)]
biotypes from Kansas accumulated similar biomass in comparative growth
studies. The R biotype from North Dakota tended to accumulate more biomass
than the S kochia from North Dakota in comparative growth rate studies. In

competitive growth rate studies, the Kansas R biotype produced 50% more biomass
than did the Kansas S biotype averaged across all densities. The Kansas R
biotype was more competitive than the S biotype. Based on the results of these
studies, the SU R biotypes of prickly lettuce and kochia are not less
competitive than the S biotypes.

Introduction
Prickly lettuce resistant to SU herbicides was identified in Idaho in 1987

(6). By 1990, four additional weed species with SU resistance had been

identified (8). Resistance in all five species was due to a herbicide
insensitive site of action, the enzyme acetolactate synthase (ALS). This

resistance in prickly lettuce and kochia is due to a point mutation in the

enzyme (5). In prickly lettuce a proline residue is replaced by a histidine

residue and in kochia the same proline residue is replaced with a threonine

residue.
It has been commonly accepted in scientific literature that there is a

cost carried with a mutation that results in a less fit individual. This

hypothesis has been supported by comparative and competitive studies of

triazine R and S biotypes. Triazine R biotypes Senecio vulgaris L. and

Amaranthus retroflexus L. produced less biomass and were less competitive than

triazine S biotypes (3). Numerous other studies with triazine resistant
biotypes have produced similar results. However, in studies comparing crosses
of ' Bibb' lettuce (Lactuca sativa L. ) and R prickly lettuce to the Bibb parent,

there was no difference in fresh weight production (Mallory Smith, unpublished

data). Therefore, the objectives of these studies were to measure the

comparative and competitive growth of SU R and S biotypes of prickly lettuce

and kochia.

Materials and methods
Seed from the prickly lettuce biotypes were collected in Idaho at sites

approximately 45 km apart. Seed used in the studies were collected fromplants

grown in the greenhouse for one generation. Four kochia biotypes were used.

One R and one S biotype were collected within.1.5 km of each other in Kansas.

The other R and S biotypes were collected within 150 km of each other in North

Dakota. All four biotypes were used in the comparative growth study while only

the Kansas biotypes were used in the competitive growth study. Seed for the
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kochia studies were from kochia biotypes grown in the greenhouse for three
generations.

Comparative growth was measured on plants grown in individual pots. Plants
were harvested at regular intervals. Response variables measured for prickly
lettuce were leaf area, total biomass, leaf number and plant height. Response
variables measured for kochia were total biomass, stem diameter, plant
diameter, and plant height. Regression analysis was used to compare the growth
of the biotypes over time.

Addition series design experiments were used to determine biomass
accumulation of R and S biotypes in competition. Plants were grown in 75 L
pots in all combinations of four densities (0, 50, 100, and 150 plants m2)
for each biotype. Reciprocal yield regression analysis procedures were used
to describe the relationship between biomass and density (7). Relative
competitiveness and niche differentiation index were calculated based on the
results of the regression procedures .

Results
Results differed between species and biotypes. S prickly lettuce accumulated
more biomass faster than did the R prickly lettuce in the comparative growth
studies. R and S kochia biotypes from Kansas produced similar total biomass
but their growth rate was slightly different. The North Dakota R biotype
produced more total biomass than the North Dakota S biotype. However, due to
high variability in biomass accumulation by the S biotype the regression lines
were not different.

The reciprocal yield of both prickly lettuce biotypes increased as the
density of the competing biotype increased; therefore, the average yield of
the individual R and S biotype plants decreased by increasing the density of
the competing biotype. The relative competitiveness of the R and S prickly
lettuce biotypes were 0.94 and 0.91, respectively. This small difference in
relative competitiveness indicates that there is no difference in competitive
ability between the R and S biotypes at the densities used in these studies.
However, at the highest density (150 R + 150 S), the R/S ratio for biomass
was 0.97 compared to 0.8 at the lowest density (50 R + 50 S) which suggest
that at even higher densities the R biotype might actually be more competitive
than the S biotype. The niche differentiation was 0.85 which indicated that
the two biotypes were competing for the same resources..

The relative competitiveness of R and S kochia were 1.12 and 0.77,
respectively. Therefore, the R biotype was more competitive and had more
influence on the S biotype. The niche differentiation index was 0.86.

Discussion
Fitness is defined as the ability to survive and reproduce. Biomass
accumulation is only one measure of that ability. Other parameters, including
germination, emergence, seed production, fecundity, and the environment are
involved with fitness. Demographic studies are necessary to quantify the
relative fitness of one biotype to another under varying environmental
conditions. Studies comparing germination, emergence, seed production of R
and S biotypes, as well as, competition with crop species are underway at the
University of Idaho using resistant and susceptible biotypes of kochia and
prickly lettuce.

However, caution should be taken in the interpretation of data from studies
such as these when the genetic variability of the biotypes is not known.
Generally, weeds are variable and plastic in their response to the environment
in which they grow. The differences in biomass accumulation may be related
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to overall fitness of the biotypes but may not be related in any way to herbicide

susceptibility or resistance of the biotype. In an attempt to determine the

influence of SU resistance has on fitness, near isogenic lines of prickly

lettuce and domestic lettuce are being produced at the University of Idaho

so that only the influence of resistance can be measured. These isogenic lines

will be used in studies similar to those
already completed with the R and S

biotypes of prickly lettuce and kochia.

It is possible that resistance may not be a disadvantage in some

environments even without the selection pressure of the herbicide. There is

some support for this in the studies of triazine S and R biotypes. Under low

light a Amaranthus hybridus L. triazine R biotype had the same growth rate

as the S biotype (1). There was no difference in growth of triazine R and S

Setaria italica L. at low temperatures (4). In preliminary studies at three

temperatures (8, 18 and 28 °C) with near isogenic lines of lettuce, the R line

germinated faster than the S line. At 28°C, R and S kochia biotypes germinated

at the same rate, however, at 8 and 18°C the R biotype germinated faster than

the S biotypes.
Differences in life histories or environmental responses between R and

S biotypes may be important in developing management strategies for control

of R biotypes. For example, based on the differences in germination rates at

low temperatures, an early cultivation could be used to control the resistant

R biotypes in the field.
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