Chapter VIIIT

Characterization of Growth and Reproductive Ability of Imidazolinone-

sensitive and —-Resistant Smooth Pigweed (Amaranthus hybridus L.)

Abstract: G eenhouse, growth chamber, and field studies were conducted in
2000 and 2001 to conpare growth and devel opnent, seed production, and seed
germ nation of one imdazolinone-susceptible (S) and five -resistant (Rl, R2,
R3, R4, and R5) snpooth pigweed biotypes under nonconpetitive and conpetitive
conditions. Under nonconpetitive conditions in the greenhouse, rate of

hei ght increase in S snooth pigweed was simlar to those in Rl, R2, R3, and
R5. However, growth rate at 3 to 5 wk after planting (WAP) was greatest in
the R4 biotype. |In both nonconpetitive conditions in the greenhouse and in
nonconpetitive and conpetitive conditions in the field, R4 tended to have a
nore rapid rate of height increase at 3 to 5 WAP. However, height of S and
R4 bi otypes were sinilar by 8 to 9 WAP. |In the greenhouse, S produced nore
total biomass than all R biotypes, although a greater relative proportion of
total bionmass was attributed to reproductive biomass in R4. Seed production
in the greenhouse was simlar between S and R4 biotypes, and greater than
seed production of RlL, R2, R3, or R5 biotypes. Seed of R4 also displayed a
nore rapid initial rate of germnation than S, although final germ nation
after 12 d inbibition was sinilar between S and R4. Vegetative and
reproductive bi omass accunul ation in the field was density-dependent but was
simlar for all biotypes. Collectively, these results suggest that not al

i m dazol i none-resi stant snooth pigweed biotypes suffer fitness penalties
conpared to imdazolinone-susceptible snooth pigweed, particularly under
conpetitive conditions in the field.

Nomenclature: Snpoth pigweed, Amaranthus hybridus L. AMACH.
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Introduction

At | east 60 weed species resistant to acetol actate synthase (EC 4. 1. 3.18)
(ALS) -i nhi biting herbicides have been reported within the past 15 years.
Recently, Amaranthus speci es have been reported nore frequently than other
speci es (Heap 2002). Biotypes of Palner amaranth (Amaranthus palmeri S
Wats.) (Horak and Peterson 1995; Gaeddert et al. 1997; Sprague et al. 1997),
redroot pigweed (Amaranthus retroflexus L.) (Saari et al. 1994), prostrate
pi gweed (Amaranthus blitiodes S Wats.) (Saari et al. 1994), comon water henp
(Amaranthus rudis Sauer) (Foes et al. 1998; Horak and Peterson 1995; Sprague
et al. 1997; H nz and Omen 1997; Lovell et al. 1996), livid amaranth
(Amarnthus lividus L.) (Manley et al. 1996), and snooth pigweed (Manley et
al . 1996; Poston 2000; Schnenk et al. 1997;) resistant to ALS-inhibiting
her bi ci des have been reported within the past 6 to 7 years. In al
i nstances, repeated use of ALS-inhibiting herbicides was docunented and
resi stance was due to an altered ALS.

Fitness is defined as the ability of an organismto establish, survive,
and reproduce successfully (Silvertown 1982). Ahrens and Stoller (1983)
denonstrated that triazine-resistant snmooth pigweed produced | ess shoot
bi omass and seed dry wei ght under conpetitive conditions, fixed |less CO, under
saturated |ight and CO, conditions, and exhibited a significantly |ower
relative growh rate and net assimilation ratio than a triazi ne-susceptible
bi otype. Conrad and Radosevich (1979) concluded that triazine-resistant
redroot pigweed and common groundsel (Senecio vulgaris L.) were less fit than
their respective wild types under both conpetitive and non-conpetitive

conditions and attributed reduced conpetitiveness in the resistant biotype to
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phot osynthetic inefficiency and concluded that the triazine resistance trait
was only of benefit to the plant where triazine herbicides are repeatedly
used. Gressel and Segel (1982) suggest that one possible result of reduced
fitness in triazine-resistant weed biotypes is that the sel ected biotypes may
continue to exist only in a popul ation where herbicide selection pressure is
great enough to kill the wild type. Based on this prenise, reversion to a
nmostly susceptible population will likely occur over tine in the absence of
the herbicidal selection agent.

Interestingly, weed biotypes that have devel oped resistance to ALS
inhibitors may not suffer fitness penalties as severe as those observed in
triazine resistant weed biotype. Thonpson et al. (1994) noted simlar growth
rates, seed production, and conpetitiveness in both sulfonyl urea-susceptible
and -resistant kochia (Kochia scoparia (L.) Schrad.). Wth sulfonylurea-
resistant prickly lettuce (Lactuca serriola L.), reductions in biomass
production conpared to the wild type were observed under nonconpetitive
condi tions, but the biotypes grew simlarly in conpetition studies (Al cocer-
Ruthling et al. 1992). |In snooth pigweed, Poston et al. (2002) found that
i m dazol i none-suscepti bl e snmooth pi gweed di spl ayed an advantage in vegetative
growt h and devel opnent over three out of four inmidazolinone-resistant
bi ot ypes under controll ed greenhouse conditions. However, conpetitive
advant ages of susceptible snooth pigweed could not be confirmed under field
conditions and it was concluded that further studies are required to
deternmine relative growth differences.

Gressel and Segel (1982) have shown that many reproductive factors such as
(1) proportion of seeds germ nating at a given tinme, (2) rate of germ nation
and (3) seed size and seed yield per flower are inportant in determning
whet her a wild-type population is nore fit than a sel ected popul ati on. Past
research conparing fitness of im dazolinone-susceptible and —-resistant snooth

pi gweed under field conditions in Virginia did not document a conpetitive
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advant age for susceptible snmooth pigweed under field conditions and concl uded
that further studies conparing conpetition as well as seed production and
germ nation of snooth pigweed biotypes are warranted (Poston et al. 2002).

In this research, work in Virginia was continued to investigate conpetitive
ability, seed production, and seed germi nation of inidazolinone-susceptible

and -resistant snooth pigweed.

Materials and Methods

Seed Sources

Snoot h pi gweed seed were collected in 1993 from four soybean fields in
Somerset County, MD and one soybean field near Gak Hall, VA that had
hi stori es of repeated i mazaquin use, with failure of control frominmazaquin
reported by farners. Seed from an additional population were collected in
1998 froma lima bean field near Ridgely, MD were imazethapyr had been used
repeatedly. In this population, failure of control fromimazethapyr was
reported by the farnmer. Each of these four locations represented a separate
farmng entity with i ndependently-owned equi pnent including conbines (i.e.
no custom harvesting), and | ocations were as nmuch as 28 km apart. Equi pnent
was not shared between any of these |ocations, thereby reducing the
likelihood that seeds were spread fromone location to another. At each
| ocation, seeds were pooled from approxi mately 40 different plants that had
survived i mazaquin or imazethapyr treatnent. Sanples were subsequently
| abeled Rl, R2, R3, R4, and R5 to identify various biotypes. Rl, R3, and R5
were selected by i mazaquin from Somerset County, MD |ocations while R2 was
sel ected by imazaquin near Oak Hall, VA and R4 was sel ected by imazet hapyr
near Ridgely, MD. Seed were collected fromseveral plants in each field that
survived i mazaquin or imazethapyr applications. Seed from known
i m dazol i none-suscepti bl e smooth pi gweed plants were also collected fromthe

Eastern Shore Agricultural Research and Extension Center near Painter, VA
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for use as a control biotype. This biotype was subsequently |labeled S to
denote susceptibility. Seed were threshed and stored under refrigeration (1

C) until needed.

Greenhouse Experiments

Seed fromS, Rl, R2, R3, R4, and R5 snooth pigweed popul ati ons were
planted into 43- by 53-cm greenhouse flats® containing a comercial potting
soil mix? on June 22, 2000 and June 16, 2001. Seed were germ nated and
seedlings allowed to develop for several days before being transplanted into
10- by 10-cm square pots filled with potting soil. Seedlings at the one-
true-leaf stage were transplanted into each pot. Plants were nmaintained in
t he greenhouse under natural sunlight and sprinkler irrigation. Plants were
fertilized® weekly to maintain active growh

Data were col |l ected over the course of 8 wk beginning approxinmately 2 wk
after seeding and 1 wk follow ng transplanting. Shoot hei ght was neasured
weekly for each plant. The majority of seedlings were judged to be mature by
8 WATR. At that tinme, all bionass above the soil |evel was harvested and
separated into vegetative and reproductive (inflorescence) portions. The
reproductive portion included the rachis, utricles, seeds, perianth segnents,
and bracts. Fresh weight for each plant portion was recorded i medi ately
foll owi ng harvest. Reproductive portions were then allowed to air-dry for
five d. Seed fromreproductive portions of each plant were then successively
cl eaned using size 10, 18, and 30-nesh sieves® Estimation of seed production
per plant followed procedures used by Waver (1984). To estinmate seed
production per plant, 0.1 g sanples were collected fromtotal cleaned seed of
each plant and were nmanually counted. Seed nunber per g of fresh
i nfl orescence and per plant was extrapolated fromthese values. Mean wei ght
of 100 seed was al so deternined for each biotype. A conpletely random zed

design with six replications was used in the greehouse study and the study
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was repeated. Popul ation by study interactions were not detected, therefore
all data were conbi ned across studies. Non-linear regression analysis
techniques simlar to those enployed by Chismet al. (1992) were used to
generate growth curves and to conpare growth in different snooth pigweed

popul ati ons. Shoot height data were regressed to fit the signoidal nodel:

y=al (1+e (o) [1]

where y is shoot height incm xis WAP, a is a nagnitude constant, bis a
rate constant, cis the y intercept, and e is the base of the natura

| ogarithm Because a general nonlinear nodel was used to generate growth
curves for all popul ations, conparisons between regression coefficients could
be made using techni ques described by Chismet al. (1992) to establish
significant differences between regression lines. Approximte R’ values were

cal cul ated to assess goodness of fit for individual regression equations.

Growth Chamber Experiments

Germ nation experinents were al so conducted to investigate viability and
germ nation rate of snmooth pigweed biotypes. Seed from each biotype were
drawn from seed |lots used in greenhouse experiments. One hundred seed of
each biotype were placed on Whatman No. 3 filter paper® in 10-cm petri di shes®
noi stened with 10 nL of distilled water. Petri dishes were placed in a
growt h chamber” at alternating tenperatures of 30/20 C (12 h) under
alternating light and darkness with a 12-h photoperiod (fluorescent |ights,
20.5 nE*sec’*m?) . Germination was recorded every 2 d for a period of 12 d.
Addi tional water was added as needed. A seed was recorded as germ nated when
its radicle had energed to a length of 2 M  The experinmental treatnments for
the growt h chanber experinent were snooth pigweed biotype (S, Rl, R2, R3, R4,

or R5). Treatnents were conpletely random zed within the growh chanber
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Growt h chanmber experiments included six replications of treatnents and the
experiment was repeated. Population by experiment interactions were not
detected, therefore germ nation data were conbi ned across both experinents.

Germination data was fit to the Gonpertz equation (Draper and Smith 1981):

F o= grel-e-(x918) [2]

VWere £ is germnation (%, a is the upper asynptote for late germ nation, b
is arate constant, cis the inflection point of the curve, xis tinme (days

i mbi bition), and e is the base of the natural |ogarithm

Competitive and Noncompetitive Growth in the Field

Nonconpetitive and conpetitive densities were used in field experinments to
i nvestigate nonconpetitive and conpetitive growh characteristics of snooth
pi gweed biotypes. Seed from S, Rl, R2, R3, and R4 smpoth pigweed popul ati ons
were planted and germ nated as previously described. The R5 biotype from
greenhouse and growth chanber experinents was not used in field experinents.
Evenly sized one-true-|eaf-stage seedlings were transplanted into 5.7-cm
square peat cups filled with potting soil and grown in the greenhouse under
natural sunlight and sprinkler irrigation to approximtely 6-cmtall before
being transplanted into the field. Plot size used for field experinents was
1- by I-mwith a 2 mseparation between plots. Field experinments consisted
of snooth pigweed grown at three densities: one plant m? (nonconpetitive),
16, or 36 plants m? (conpetitive). For nonconpetitive treatnments, one pl ant
fromeach biotype was planted in the center of each plot. At the conpetitive
density of 16 plants m? eight S and eight of each R biotype were planted 25
cmapart (S/RlL, S/R2, S/R3, S/R4). At the conpetitive density of 36 plants
m2, 18 S and 18 of each R biotype were planted 17 cm apart (S/Rl, S/R2, S/R3,

S/R4). At both conpetitive densities, snmooth pigweed biotypes were planted
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in an alternating fashion (SRSRSR etc.). Conpetitive effects of R biotypes
on each other were not assessed. Plant height in all plots was neasured at
2, 3, 4, 5, 7, and 9 WVATR. At 10 WATR, plant stemdi aneter at ground | eve
was neasured, plants were then harvested at ground |level, and vegetative and
reproductive portions of each plant were separated as described previously.
Subsanpling procedure for height nmeasurements, stem dianeter, and plant
harvest was: 1 plant per plot (S or R for 1 plant m? nonconpetitive
densities, 8 plants per plot (4S, 4R) for 16 plants m? densities, and 16

pl ants per plot (8S, 8R) for 36 plants m? densities. Experinental design for
the field experinent was a random zed conplete block with three replications.
Al'l popul ati ons behaved simlarly over years in field studies and data were
conbi ned across years. Height data were fit to the signoidal nodel given in

Equation 1.

Statistical Analyses

Anal ysi s of variance (ANOVA) was perforned on all snpoth pigweed biomass
and seed production data in SAS®. Suns of squares were partitioned to
eval uate linear, quadratic, and higher order effects as well as study by
bi otype i nteractions for greenhouse and growth chamber experinents or year by
bi ot ype and/or density interactions for field experinents. Data neasured
over tinme (plant height or germ nation) were anal yzed using repeated neasures
techniques with nultivariate ANOVA to control for correlation structure
(Meridith and Stehman 1991). Regression analysis was used to determine the
degree of association between snooth pi gweed bi otype and neasured data in
greenhouse and growt h chanber experinments and between snooth pi gweed bi otype,
density, and nmeasured data in field experinments. Where a nonlinear equation
was fit to height and gernmination data, biologically realistic equations that
appropriately described the data were used to characterize rel ationships

(Cousens et al. 1987). An approxi mate coefficient of determination (R for
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nonl i near equations was obtained by subtracting the ratio of the residua
sums of squares (RSS) to the corrected total sunms of squares (CTSS) from1

(i.e., RR =1 — RSS/CTSS). For all plant biomass and seed data, neans were

separated using Fisher's protected LSD test at the a = 0.05 | evel.

Results and Discussion
Greenhouse Experiments
ANOVA i ndi cated that experinent effects for plant height over tine,
bi omass production, and seed production were not significant; therefore, data

were averaged over experinents.

Growth

Under nonconpetitive conditions in the greenhouse, plant height increased
significantly over tinme in all biotypes and growh patterns best fit the
si gnoi dal nodel (Equation 1). Predicted naxi num pl ant hei ght (coefficient a)
for the S biotype was sinmlar to Rl, R4, and R5 but was |larger than R2 or R3
(Table 8.1, Figure 8.1). During the period of 3 to 5 WAP, however, R4 had a
nore rapid rate of growh than the S biotype (coefficient b). Mre rapid
grow h of the R4 biotypes during the period of 2 to 4 WAP was confirned
wi t hin each of these neasurenent tines, as R4 plants were significantly
taller than S plants at 2, 3, and 4 WAP, but heights were simlar at 6 and 8
WAP. Inflection points (coefficient ¢) of growmh curves were sinilar for al

bi ot ypes.

Biomass production
Tot al bi omass production under nonconpetitive conditions in the greenhouse
di ffered between snooth pigweed bi otypes, as S bi omass production was 44, 19,

46, 51, and 9% greater than Rl, R2, R3, and R4 biotypes, respectively (Figure
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8.2). Reproductive biomass was al so greatest in S and R4 biotypes.
Reproductive biomass was 9.01 and 9.7 g, respectively, in S and R4 biotypes
conpared to 5.9 to 7.5 g in Rl, R2, R3, or R5 hiotypes. Although
reproductive biomass in R4 was sinmlar to S and greater than other R

bi ot ypes, R4 produced significantly | ess vegetative biomss than S, R2, and
R5. Therefore, R4 devoted nore resources to reproductive purposes than other
R bi otypes and had a greater ratio of reproductive biomass to total biomass

than all other biotypes.

Seed production

Snoot h pi gweed seed production per plant also differed between popul ations
and reflected differences seen in reproductive biomass production. Tota
seed production per plant was higher in S and R4 biotypes than in Rl, R2, R3,
and R5 biotypes. Estimated seed production per plant based on seed counts
from cl eaned sanpl es of each popul ati on were 3530 and 3960 seed per plant for
S and R4 biotypes, respectively, and 2040 to 2460 seed per plant for Rl, R2,
R3, and R5 biotypes (Figure 8.3). Seed weight was sim|ar between biotypes,

ranging from40 to 48 ng per 100 seed (data not presented).

Seed germination

Seed germ nation of all biotypes increased significantly during the 12 d
observation period (Figure 8.4). Germnation patterns for all biotypes best
fit the Gonpertz nodel (Equation 2). Regression coefficient a (upper
asynptote for predicted |ate gernmination) was different in all R biotypes
conpared to S. However, not all a values were |ower than a values for S.
Upper asynptote values for RL and R5 were significantly | ower than that for S
(lower predicted final germination in RL and R5). Conversely, upper
asynptote values for R2, R3, and R4 were greater than that of S (greater

predicted final germnation than S). Regression coefficient b for Rl, R2,
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R3, and R4 was sinmilar to that for S although germ nati on between 4 and 10 d
was |ower for R5. Rl and R3 inflection points of curves as indicated by
coefficient ¢ were simlar to c values for S while inflection point for R2,
R4, and R5 were slightly lower than S, indicating slightly higher germnation
conpared to S in these biotypes, particularly during early periods of
inmbibition (2 to 6 d). Final germination after 12 d inbibition was 78 to 93%

inS Rl, R4, and R5 biotypes, 64%in R5 and 45%in R3.

Field Experiments
Due to lack of a density by biotype by year interaction, data for plant
hei ght over time, stemdi aneter, and bi omass production fromfield

experiments were averaged over years.

Growth

The R5 biotype used in growh studies in the greenhouse and germ nation
studies in the growth chamber was not used in field studies. ANOVA reveal ed
that growth of all biotypes was heavily influenced by plant density.
Significant main effects occurred for plant density and biotype. Height data
over tine across densities and within densities were best fitted to the
si gmoi dal nodel (Equation 1). Averaged over snooth pigweed biotypes, nean
pl ant hei ght over tinme increased from28 to 165 cm 28 to 154 cm and from 25
to 135 cmduring the period of 2 to 9 WAP for snooth pigweed densities of 1
16, and 36 plants m? respectively (Figure 8.5). Snpoth pigweed grow ng
under nonconpetitive conditions (1 plant m? were significantly taller than
snoot h pi gweed growing at the conpetitive density of 36 plants m? at 4, 5
and 7 WAP and were taller than snooth pigweed growing at densities of 16 and
36 plants m? at 9 WAP.

Differences in growth data over tine between biotypes occurred at each

density, with differences occurring primarily between S and R4 biotypes. At
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t he nonconpetitive density of 1 plant m? plant heights of all biotypes were
simlar at 2 and 3 WAP (Figure 8.6A). At 4 WAP, the R4 biotype was simlar
in height to S and taller than Rl, R2, and R3 biotypes. At 5 WAP, R4 was
taller than all other biotypes. By 9 WAP, however, plant height was simlar
for all biotypes. Conparison of regression coefficients reveal ed that

si gnmoi dal regression coefficients a, b, and ¢ for R4 were different from
those of S (Table 8.2). Although RL and R4 had | ower predicted maxi num
height than S, a lower b coefficient value in R4 conpared to S indicated nore
rapid growth during the period of 3 to 5 WAP. Further, the lower inflection
point (coefficient ¢) for R4 shifts its growmh curve slightly to the left,

al so indicative of nore rapid early-season growth.

At the conpetitive density of 16 plants m? differences in growth of S and
R4 bi otypes were also evident. R4 snooth pigweed was significantly taller
than all other biotypes at 2, 3, 4, 5, and 7 WAP (Figure 8.6B). Simlar to
growt h under nonconpetitive conditions, height of all biotypes was simlar at
9 WAP. Declination of the rapid growmh phase of R4 by 9 WAP resulted in
| ower predicted maxi mum hei ght (coefficient a) in R4. Lower b and c val ues
for R4 conpared to S indicate nore rapid growmth at 2 to 5 WAP, resulting in a
| ower inflection point thereby causing the R4 curve to again be shifted
slightly to the left. Inflection point for RL was also slightly |ower than
that of S.

At the npst conpetitive density of 36 plants m? differences in growh
between S and R4 biotypes were still apparent (Figure 8.6C). Plant
conpetition fromheavier densities resulted in fewer height differences
bet ween bi otypes within each neasurenment tine. However, conparisons of
nonl i near regression coefficients nonetheless indicated differences in growth
over tinme between S and R4 biotypes. Similar to differences in regression
coefficients between S and R4 biotypes at 1 and 16 plants m? R4 had a | ower

predi cted maxi mum height followi ng nore rapid growth earlier in the season.
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At all three densities, R4 began its rapid growth phase earlier than npst
ot her biotypes, but this rapid growh phase al so began to decline earlier

than in other biotypes.

Biomass production

Simlar to smooth pi gweed hei ght data, biomass production was al so heavily
i nfl uenced by snmooth pigweed density. However, bionmass production was
simlar across all biotypes at each density. Average vegetative,
reproductive, and total biomass across all biotypes was 3542, 1752, and 5294
g per plant at 1 plant m?% 292, 144, and 436 g per plant at 16 plants m? and
92, 36, and 127 g per plant at 36 plants m? (Figure 8.7). Simlarly, biomass
of S and R biotypes within each biotype conbination at conpetitive densities
were conparabl e (data not presented). All biotypes responded simlarly to
density and no conpetitive advantage was seen in any portion of biomass
accurmul ation in any Sto R conbination. Simlar to results observed with
bi omass production, snmooth pigweed stem di aneter was influenced only by plant
density. Averaged over all biotypes, nmean stem di aneter was 54.4 mm at the
nonconpetitive density of 1 plant m? 18.4 nmat 16 plants m? and 11.0 nmm at
36 plants m? (data not presented).

In this research, imdazolinone-susceptible smoth pigweed growth
potential over tine was simlar to RlL, R4, and R5 and greater than R2 and R3
in the greenhouse. However, R4 displayed a nore rapid rate of gromh at 3 to
5 WAP. Similar growth patterns were seen at 1, 16, and 36 plants m? in the
field, where the magnitude of the phase of rapid growth (3 to 5 WAP) was
greater in R4, but began to decline earlier than S. At each density, height
of R4 was equal to or greater than height of S at 3 to 5 WAP, but heights
were simlar at 9 WAP. More rapid growth at 3 to 5 WAP in the greenhouse did
not translate into nore biomass accunul ati on, however, as the S biotype

produced nore total bionmass than any R biotype. The R4 biotype contributed
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nore energy to reproductive purposes in the greenhouse, however, as
reproductive to total bionmass ratios were higher in R4 than in any other

bi otype. Biotypic differences were |ess pronounced in the field. Neither S
nor R biotypes displayed any definitive conpetitive advantages in bionass
accurul ati on under nonconpetitive or conpetitive conditions in the field, as
vegetative, reproductive, and total biomass was sinilar between biotypes at
each density and between S and R biotypes at conpetitive densities of 16 and
36 plants m2 In the greenhouse, estimated seed production was sinlar
between S and R4 biotypes and greater than seed production in all other

bi otypes. As observed with early gromh in R4, this biotype al so exhibited
nore rapid germnation in the early periods of inmbibition in growh chanber
experinments. Maximum germ nation was simlar between S, Rl, R3, and R4

bi otypes. Germination potential of S was greater than that of R3 or R5.

Al t hough the R4 biotype displayed a faster initial rate of growh than S
in both greenhouse and field conditions, this generally did not result in
|l ong-term advantages in fitness of R4 over S. However, R4 may exhibit a
short-term early-season conpetitive advantage in growmh during the first 3
to 5 wk. These experinents also indicated that R4 is |ikely nore conpetitive
than the other R biotypes in npst characteristics that were evaluated. O
all the R biotypes investigated, R4 was the nost simlar to S in these
experinents.

GIll et al. (1996) suggested that at |least four S and R biotypes are
required to definitively estimate biotypic differences. In our studies, five
R bi otypes were used in greenhouse and growth chanber experiments and four of
these five R biotypes were used in field experinents. However, only one S
bi ot ype was included in these experinents. Since resistance was w despread
at all locations where R popul ations were collected (essentially 100%
resistance), it was extrenmely difficult to collect seed fromS plants from

the sanme | ocation or from adjacent |ocations. Based on this prenise, we

183



cannot conclude that reduced growth and bi omass accumul ation in R2 and R3 and
reduced seed production in R1, R2, R3, and R5 conpared to S is linked to

i m dazol i none resistance. Additionally, reduced conpetitive ability was not
docunented for nost paraneters in the imdazolinone-resistant R4 biotype.

Col l ectively, these results suggest that all imidazolinone-resistant snooth
pi gweed bi otypes nmay not suffer extensive fitness penalties conpared to

i m dazol i none-resi stant snooth pi gweed bi otypes, particularly under

conpetitive conditions in the field.

Sources of Materials

ISutton universal greenhouse flat, inside dimensions 51 by 40 by 5.7 cm
Wet zel, Inc., 1345 Di anond Springs Road, Virginia Beach, VA 23455.

2Pro-M x BX, Premier Horticulture, Inc., Red Hill, PA 18076

SPet ers 20-20-20 professional soluble plant food, Wetzel, Inc., 1345 Di anond
Springs Road, Virginia Beach, VA 23455.

4U.S. Standard Testing Sieves, Fisher Scientific Conpany. Fair Lawn, NJ
07410.

SWhat man No. 3 filter paper, Whatnan International, Ltd, Midstone, England.

5Fal con 1029 petri dishes, 100 by 15 nm di nensi ons, Becton Di cki nson
Labware, Lincoln Park, New Jersey 07035.

’Percival incubation chamber, Boone, |owa 50036

8Statistical Analysis Systems (SAS) software, Version 7.0, SAS Institute,

Inc., Box 8000, SAS Circle, Cary, NC 27513.
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Table 8.1. Nonlinear regression coefficients for growmh curves in Figure 8.1 (snooth pigweed growh in the

greenhouse) and Figure 8.4 (snooth pigweed germ nation) for one im dazolinone-susceptible and five

—resi stant snooth pigweed bi ot ypes?.

Regr essi on coefficients

Smoot h pi gweed growth in the greenhouse®

Smoot h pi gweed gerni nati on®

Bi ot ype a b c a b c

S 104.6 + 6.80 1.50 + 0.30 4.10 £ 0. 30 76.46 + 2.00 1.60 + 0.20 3.44 + 0.15
R1 99.7 + 6.40 1.59 = 0. 28 4.12 + 0.31 *44.38 £ 3.29 2.28 + 0.59 3.72 £ 0.37
R2 *91.8 + 5.30 1.40 £ 0. 25 4.00 = 0. 26 *82.38 £ 2. 77 1.65 = 0. 26 *3.02 = 0.19
R3 *89.7 = 5.84 1.60 + 0.30 3.86 £ 0.31 *93.58 + 0.65 1.60 + 0.05 3.45 £ 0.04
R4 97.8 +4.90 *1.19 + 0. 24 3.18 + 0.22 *90.23 £ 1.09 1.37 £ 0.09 *2.50 = 0.07
R5 99.6 + 6. 20 1.31 £ 0. 27 3.77 £ 0.28 *60.90 £+ 1.89 *1.10 + 0. 20 *3.02 = 0.19

aCoefficients followed by an * are significantly different fromthe

conpari sons of regression coefficients

coefficient

for the S biotype based on

usi ng 95% confidence intervals for each regression coefficient. Coefficients are paraneter estimtes %

standard errors.

®Snpot h pi gweed growth curves fit to the signpidal nodel: y = al (1 + el-(x0)/by,

°Snoot h pi gweed germination curves fit to the Gonpertz equation: £ = a*el-e-(x9/D)
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Table 8.2. Nonlinear regression coefficients for

snmoot h pi gweed growth) and Figure 8.6 (A

growh curves in Figure 8.5 (effect of plant density on

smoot h pigweed growth at 1 plant m2 B: 16 plants m? and C

36 plants m? for one inidazolinone-susceptible and four —resistant snooth pigweed biotypes in the field.

Regressi on coefficients?

Snoot h pi gweed density (plants ni?)

1 16 36
Bi ot ype a b c b c a b c
S 193.9 + 8.6 1.90 £ 0.2 5.10 = 0.2 174.8 £+ 5.3 1.73 £+ 0.10 5.04 + 0.2 148.9 £ 5.3 1.77 £0.13 4.93 + 0.18
R1 *172.0 + 5.4 1.72 + 0.1 4.90 +£+0.2 168.8 £+ 5.8 1.61 + 0.13 *4.68 + 0.2 147.2 £+ 5.2 1.64 +0.13 4.63 + 0.17
R2 182.1 + 4.1 1.78 + 0.1 4.99 +0.1 167.1 £+ 5.5 1.66 £ 0.12 4.93 + 0.2 148.0 £+ 5.9 1.70 £+ 0.14 4.93 + 0.20
R3 222.9 + 57.8 2.62 + 0.7 6.43 £ 1.6 168.8 + 5.2 1.83 +0.10 5.12 + 0.2 144.1 + 5.4 1.77 +0.14 4.80 + 0.19
R4 *168.5 + 4.5 *1.35 + 0.1 *3.84 + 0.1 *153.3 £ 3.9 *1.42 +0.12 *3.75 + 0.1 *138.3 + 4.3 *1.36 + 0.13 *4.02 + 0.14

aCoefficients followed by an * are significantly

conpari sons of regression coefficients
usi ng 95% confidence intervals for each regression coefficient. Coefficients are paraneter estinates
standard errors.

®Snpot h pi gweed growth curves for all densities fit to the sigmoidal nodel: y = a/(1 + el-(xc/b ),

different fromthe coefficient for the S
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Bail ey, Figure 8.1

Smooth Pigweed Growth in the Greenhouse
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Figure 8.1. Noncompetitive growth of smooth pigweed biotypes in the greenhouse. Regression equations are
y=104.6/(1 + e““”’”’) R?=0.99; y =99.7/(1 + et*+1216)y 'RZ =0 08; y =91.8/(1 + e“”””“’) R?=0.98;

y =89.7/(1 + e 38918y B2 - 0 97: )y =97.8/(1 + e *319119) R2=0.96; and y = 99.6/(1 + el*37L3Dy R?=0.96
for S, R1, R2, R3, R4, and R5 biotypes, respectively.
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Bail ey, Figure 8.2

Smooth Pigweed Biomass Production in the Greenhouse
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Figure 8.2. Vegetative, reproductive, and total shoot biomass production for imidazolinone-susceptible (S)
and -resistant (R1, R2, R3, R4, and R5) smooth pigweed biotypes in the greenhouse. Portions of bars with
the same letter are not different according to Fisher's protected LSD (P=0.05). Numbers above the bars are

ratios of inflorescence biomass to total biomass for each biotype. Ratios followed by the same letter are not
significantly different according to Fisher's protected LSD (P=0.05).
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Figure 8.3

Smooth Pigweed Seed Production in the Greenhouse
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Figure 8.3. Seed production per plant for imidazolinone-susceptible (S) and
-resistant (R1, R2, R3, R4, and R5) smooth pigweed biotypes in the greenhouse.
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Bai |l ey, Figure 8.4

Smooth Pigweed Germination
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Figure 8.4. Smooth pigweed gg)r/nﬁgnatlon overal2d |mb|b|t|on B)%nod Regression equations fgzrmesercent

germination are = 76,46 (€T R?=0.99; y=4438% (S R =0.96; y = 82.38% ) RP=0.98;
% (x-3.4! /165 % (é( (x-25)M1. 37)) % e(( 302)/11)

y = 93.58°  R?=099,y= 90.23%¢ ,R*=0.99; andy 60.9%" , R*=0.98 for

S, R1, R2, R3, R4, and R5 biotypes, respectively.
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Bail ey, Figure 8.5

Effect of Plant Density on Smooth Pigweed Growth in the Field
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Figure 8.5. Effect of plant density on smooth pigweed shoot?rowth in the field. Data are averaged over smooth pigweed biotyp
Regression equations for plant height are y = 178.5/(1 + el '76)/1'79)), R?=0.99; y =165.5/(1 + e(—(x—4.68)/1.67))’ R?=0.99;
and y=144.3/(1 + e(’(x'4'63)’1'64)), R? = 0.99 for smooth pigweed densities of 1, 16, and 36 plants m?, respectively.
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Bail ey, Figure 8.6A
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Figure 8.6A. Noncompetitive growth of smooth pigweed biotypes at 1 plant m?.

Regression equations for density = 1 plant m™? are y = 193.9/(1 + e"**Y%9) 'R =0.99; y =172.0/(1 + " **97) R? = 0.99;
y =182.1/(1 + ¢ *00y RZ=0.99; y = 222.9/(1 + 04262y RZ= 0 99: and y =168.53/(1 + 3813y RZ= 0 97

for S, R1, R2, R3, and R4 biotypes, respectively.
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Bail ey, Figure 8.6B
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Figure 8.6B. Competitive growth of smooth pigweed blotyJoes at 16 plants m2 . Regression equations are
y=174.8/(1 + =017y R2- (0 99: )y = 168.8/(1 + e **6816D =0.99;

y =167.1/(1 + et*499166)y 'R2 =  99: |y = 168.8/(1 + e 512183y R2 0.99;

and y = 153.3/(1 + et37142y ' R2 = 99 for S, R1, R2, R3, and R4 biotypes, respectively.
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Bail ey, Figure 8.6C
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Figure 8.6C. Competitive growth of smooth pigweed biotypes at 36 plants m
Regression equations are y = 148.9/(1 + e 49317 0.99; y = 147. 2/(1 + (483168 o2 — 0 go;
y=148.0/(1 + e(("493)/17)2 R’=0.99; y = 144.1/(1 + e““s)’l”’) R?=0.99;

and y = 138.3/(1 + e (**409138)y ‘2 - 0 97 for S, R1, R2, R3, and R4 biotypes, respectively.
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Bail ey, Figure 8.7

Smooth Pigweed Biomass Production
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Figure 8.7. Smooth pigweed vegetative, reproductive, and total biomass as influenced by plant density in the field.
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