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Volunteer potato interference in carrot
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Weed management systems in carrot are limited in part by a lack of fundamental
understanding of crop–weed interactions. Irrigated field studies were conducted to
quantify the effect of volunteer potato density and duration of interference on carrot
yield and to determine relationships among weed density, duration of weed growth,
and volunteer potato tuber production. A season-long volunteer potato density of
0.06 plants m22 produced from 150 to 230 g tubers m22 and resulted in an esti-
mated 5% crop yield loss. At two volunteer potato plants m22, the same level of
crop loss was estimated with a duration of interference of 430 growing degree days
(GDD), a time at which the weed had already produced 130 g tubers m22. Volunteer
potato height at the time of weed removal predicted carrot yield loss (R2 5 0.77)
and may be useful for timing of management strategies such as hand weeding.
Functional relationships describing carrot–volunteer potato interactions provide sim-
ple information that is useful for developing weed management recommendations
for carrot, a crop that relies on multiple tactics for managing weeds, and rotational
crops that are negatively affected by persistence of volunteer potato.

Nomenclature: Volunteer potato, Solanum tuberosum L. ‘Russet Burbank’; carrot,
Daucus carota L. ‘PS-104395’.

Key words: Competition, critical time of weed removal, critical weed-free period,
economic threshold, yield loss.

Multiple tools are a necessity for managing weeds in car-
rot, a crop that was the most sensitive to weed interference
of 25 crops reviewed by Van Heemst (1985). Damages in-
flicted by weeds in carrot include reduced yields, improper
root formation, and interference with harvest operations
(Bell et al. 2000; Bellinder et al. 1997). Because few her-
bicides are registered for use in carrot, growers employ a
combination of alternate methods including soil fumigation
with metham, the stale seedbed technique, mechanical cul-
tivation, and hand weeding (Anonymous 2002). High crop
seeding rates and narrow rows limit the use of mechanical
cultivation to furrows between beds. Therefore, hand weed-
ing is an important tactic employed after crop emergence to
control weeds escaping all other tactics.

Volunteer potato is a weed in potato-growing regions
where winter temperatures are not cold enough to kill tubers
left in the ground after harvest. Immediately following po-
tato harvest, Thornton et al. (2001) observed 6 to 45 tubers
m22 ranging in size from 9 to 99 g tuber21. No herbicides
are currently registered for use in carrot that suppress vol-
unteer potato. Wick application of a nonselective herbicide
over carrot rows has been found to reduce volunteer potato
tuber production by 60%, but a significant number of weeds
survived this experimental treatment (Boydston and Sey-
mour 1996). Hand weeding is used to control volunteer
potato after crop emergence at an average expense of $200
ha21 in Washington (T. Crosby, personal communication).

Weed management systems in vegetables could be im-
proved with a better understanding of crop–weed interac-
tions. As an example, a quantitative understanding of the
effect of weed density on carrot yield would help to deter-
mine when hand weeding is cost effective, particularly when
few weeds are observed. Similarly, decisions on timing of

weed management tactics could be optimized if information
was available on the critical time of weed removal in carrot.
Volunteer potato tuber production also should be considered
because the weed persists and causes losses in crop yield or
quality in rotational crops including field corn (Boydston
2001), green peas, onion (Williams et al. 2005), snap beans,
and sweet corn. Moreover, volunteer potato is a host to
serious potato diseases, influencing disease incidence beyond
field borders and into future years (Mojtahedi et al. 2003;
Thomas 1983).

Little is known about how weeds influence carrot yield,
and the dynamics of volunteer potato tuber production in
carrot have not been reported. Field research was conducted
to (1) quantify the effect of volunteer potato density on
carrot yield, (2) characterize the relationship between weed
density and volunteer potato tuber production in carrot, (3)
determine the critical time for weed removal, and (4) quan-
tify the temporal dynamics of volunteer potato tuber pro-
duction when grown in carrot.

Materials and Methods

Field Site

Field experiments were conducted in 2003 and 2004 near
Prosser, WA, on a Warden silt loam (coarse-silty, mixed,
superactive, mesic Xeric Haplocambids). Experimental sites
were moldboard-plowed in the fall, seeded to winter wheat,
disked or rototilled in early March, fertilized according to
soil-test recommendations, and cultipacked before planting.
‘Russet Burbank’ whole seed potato tubers (65 6 8 g) were
planted on April 10, 2003, and April 13, 2004, to simulate
volunteer potato. Tubers were planted 10 cm deep in two
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rows spaced 86 cm apart. Carrot cultivar, ‘PS-140395’,1 was
planted at 704,000 seed ha21 in two seed lines spaced 10
cm apart on beds spaced 56 cm between furrows. Four-bed
plots were used, with inside beds centered over potato rows.
Dates of carrot planting were April 19, 2003, and April 22,
2004. Crop and weed emergence was assessed by counting
emerged plants every other day along 1 m of bed. Produc-
tion practices used in these studies were typical for sprinkler-
irrigated carrot in the inland Pacific Northwest region of the
United States.

Weed Density Study

Six weed density treatments were established: 0, 0.5, 1,
2, 4, and 8 potato plants m22. The experimental design was
a randomized complete block with four replications. Exper-
imental units measured 7.6 m in length by 2.2 m in width.
Experimental sites were kept free of weeds other than vol-
unteer potato by hand weeding and herbicides. Herbicide
applications included a PRE application of 1.1 kg linuron
ha21 and a postplant application of 1.1 kg glyphosate ha21

before potato or carrot emergence. POST applications of
0.3 kg sethoxydim ha21 were applied May 24 and June 24,
2004.

Carrots were harvested from the center two beds over 6
m of each plot on August 11 to August 13, 2003, and
August 13 to August 17, 2004. Within 1 d of carrot harvest,
three (2003) or four (2004) volunteer potato plants per plot
were randomly selected and examined for tuber number and
fresh tuber biomass. Final volunteer potato tuber number
and biomass were calculated on an area basis by multiplying
mean individual tuber production (number or mass) by
plant density.

Relative yield was calculated within each block as yield at
a given volunteer potato plant density (N ) divided by weed-
free yield within the block. Yield loss was calculated as unity
minus relative yield. A rectangular hyperbola equation (Cou-
sens 1985) was fit to carrot yield loss in each year:

I 3 N
Y 5 [1]l I 3 N

1 1
A

where Yl is percent of yield loss, I is percentage yield loss as
weed density approaches zero, N is weed density (expressed
in plants m22), and A is maximum yield loss. Parameter
estimates were determined using an iterative least-squares
procedure (Sigma Plot 8.02). Lack of fit was assessed by
reporting standard errors of parameter estimates, plotting
predicted and observed values, and calculating R2 values.
The extra sum of squares principle for nonlinear regression
analysis (Ratkowsky 1983) was employed to evaluate the
similarity of parameter estimates among years. Comparisons
were made by calculating a variance ratio of individual and
pooled residual sums of squares and performing an F test
described by Lindquist et al. (1996). If parameter estimates
were constant across years, data were pooled. The signifi-
cance of all statistical tests was a 5 0.05. The same analyt-
ical approach was used to relate final tuber density and bio-
mass to initial weed density.

Yield loss parameter estimates were used to determine the
volunteer potato plant density, hereafter called threshold
weed density, needed to result in levels of yield loss of 2.5,

5, and 10%. Model parameter estimates of final tuber den-
sity and biomass were then used to calculate volunteer po-
tato tuber production for each threshold weed density.

Time of Weed Removal Study

The experimental design was a randomized complete
block with four replications and plots measured 6 m in
length and 2.2 m in width. A volunteer potato density of
two plants m22 was established and maintained in each plot,
and eight durations of interference treatments were tested.
Increasing durations of weed interference were accomplished
by delaying volunteer potato shoot removal time according
to carrot leaf number and was designated as follows: removal
at carrot emergence (weed-free), or at 2-, 4-, 6-, 8-, 10-, or
12-leaf. In addition, a treatment was included in which vol-
unteer potato was allowed to grow for the entire season (no
removal). Once the end of the interference duration was
reached and volunteer potato shoots removed, the treatment
was kept weed-free for the rest of the season. Interference
was ended by clipping potato shoots 2 cm above the soil
surface and injecting 5 ml of a 10% (v/v) solution of gly-
phosate with a syringe into the stems. Any regrowth was
removed by hand on a weekly basis. Three (2003) or four
(2004) plants per plot were flagged at the end of interference
durations. At carrot harvest, tubers produced by these plants
were dug and measured for tuber number and fresh tuber
biomass. Experimental site maintenance, crop yield data col-
lection, and tuber production estimates were identical to the
preceding study with the exception of carrot harvest on Au-
gust 11 to August 13, 2003.

Relative yield was calculated within each block as yield
at a given duration of weed interference treatment divided
by weed-free yield within the block and expressed as a per-
centage. Growing degree days (GDD) accumulated after
50% carrot and potato emergence were calculated using a
base temperature of 7.2 C. Minimum and maximum daily
temperatures were obtained from an automated weather sta-
tion located within 1 km of experiments.

Logistic (Knezevic et al. 2002), rectangular hyperbolic
(Cousens 1985), or sigmoidal equations were used to de-
scribe relationships between duration of weed interference,
weed height, and thermal time to crop yield loss and vol-
unteer potato tuber production. Procedures for fitting data,
testing lack of fit, and pooling data across years were the
same as described in the preceding study. Model parameter
estimates of crop yield loss were used to determine the du-
ration of interference and weed height needed to result in
predetermined levels of yield loss of 2.5, 5, and 10%. Model
parameter estimates of final tuber density and biomass were
then used to calculate volunteer potato tuber production for
each duration of interference resulting in a predetermined
level of yield loss.

Results and Discussion

Weed Density Study

Typically, weeds that emerge before the crop are con-
trolled with a nonselective herbicide; therefore, weeds found
in carrot have primarily emerged with or after the crop. In
this study, crop and weed emerged at the same time (data
not shown). Weed-free carrot yields were 41.4 and 43.5



96 • Weed Science 54, January–February 2006

FIGURE 1. Percent carrot yield loss as a function of volunteer potato plant
density in 2003 and 2004. The regression equation is yield loss 5 (87 3
x)/1 1 (87 3 x)/100 (R2 5 0.88).

FIGURE 2. Effect of initial volunteer potato plant density in carrot on (A)
final tuber density, with regression equations: 2003 final tuber density 5
(22 3 x)/1 1 (22 3 x)/250 (R2 5 0.88); and 2004 final tuber density 5
(11 3 x)/1 1 (11 3 x)/255 (R2 5 0.86); and (B) final tuber biomass, with
regression equations: 2003 final tuber biomass 5 (3.8 3 x)/1 1 (3.8 3 x)/
11.1 (R2 5 0.82); and 2004 final tuber density 5 (2.6 3 x)/1 1 (2.6 3
x)/8.2 (R2 5 0.84).

TABLE 1. Volunteer potato plant density resulting in three levels of carrot yield loss. Volunteer potato tuber production for each threshold
weed density is included. Standard errors are reported in parentheses.

Volunteer potato tuber production as a result
of threshold weed density

Carrot
yield loss

Threshold weed
density resulting in

yield loss

Tuber density

2003 2004

Tuber biomass

2003 2004

% No. m22 No. m22 g m22

2.5
5.0

10

0.03 (, 0.01)
0.06 (0.01)
0.13 (0.01)

0.7 (, 0.1)
1.4 (, 0.1)
2.9 (0.1)

0.5 (, 0.1)
1.0 (, 0.1)
2.0 (0.1)

110 (10)
230 (10)
470 (20)

80 (4)
150 (10)
320 (20)

megatons (Mt) ha21 in 2003 and 2004, respectively (data
not shown).

Volunteer potato competition resulted in almost complete
crop loss at relatively low weed densities, and maximum
yield loss was 100% (Figure 1). The F test for comparing
nonlinear models indicated carrot yield response to weed
density was constant between years (P 5 0.896); therefore,
data were pooled. Typically, carrot suffers complete yield loss
when weeds are allowed to compete the entire growing sea-
son (Van Heemst 1985). William and Warren (1975) re-
ported from 39 to 50% carrot yield loss due to full-season
interference from purple nutsedge (Cyprus rotundus L.). The
response of carrot yield to weed density has not been re-
ported previously.

Yield losses were observed with relatively few weeds. Vol-
unteer potato plant density at 0.03, 0.06, and 0.13 m22

resulted in estimated yield losses of 2.5, 5, and 10% (Table
1). Densities of volunteer potato emerging in the spring in
Washington are as high as 10 plants m22 (Thornton et al.
2001). Effective volunteer potato management systems are
essential to carrot production where the species are grown
in rotation.

The rectangular hyperbolic model adequately described
volunteer potato tuber production as a function of initial
weed density, with R2 ranging from 0.82 to 0.88 (Figures
2A and 2B). The F test for comparing nonlinear models
indicated that volunteer potato tuber production was not
constant between years; therefore, tuber density (P 5 0.001)

and biomass (P 5 0.001) data are reported by year. At low
weed densities, the number of tubers produced was esti-
mated to be twofold higher in 2003 (I 5 22) relative to
2004 (I 5 11) (Figure 2A). Tuber biomass was also higher
in 2003, relative to 2004 (Figure 2B). A large population
of Colorado potato beetle (Leptinotarsa decemlineata Say)
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FIGURE 3. Relative carrot yield as a function of duration of volunteer potato
interference in 2003 and 2004. Regression equation is relative yield 5 1/
exp([0.007 3 {x 2 705}] 1 1.57) 1([{1.57 2 1}/1.57] 3 100) (R2 5
0.85). Growing degree day (GDD) base temperature was 7.2 C.

FIGURE 4. Relative carrot yield as a function of volunteer potato height at
the time of weed removal in 2003 and 2004. Regression equation is relative
yield 5 (107 3 [{1 2 0.234} 3 x])/(100 3 [{1 1 0.234} 3 x]/221.4)
(R2 5 0.77).

TABLE 2. Duration of interference, carrot leaf number, and volunteer potato height for three levels of carrot yield loss. Volunteer potato
tuber production for each duration of interference is included. Standard errors are reported in parentheses.

Carrot
yield loss

Duration of
interference
resulting in
yield loss

Carrot leaf number
at the time of

yield loss

Volunteer potato
height at the time of

yield loss

Volunteer potato tuber production as a result of
duration of interference

Tuber density

2003 2004 Tuber biomass

% GDDa No. plant21 cm No. m22 g m22

2.5
5.0

10

329 (74)
430 (63)
537 (51)

3.5
4.5
6.0

27 (4)
32 (3)
39 (3)

0.7 (0.3)
2.0 (0.7)
5.1 (1.3)

2.2 (1.3)
7.1 (2.7)

15.4 (2.1)

70 (20)
130 (30)
230 (40)

a Abbreviations GDD, growing degree day.

moved into the experimental area in 2004 and defoliated
many volunteer potato plants. Colorado potato beetle has
been previously found to significantly reduce volunteer po-
tato tuber production (Boydston and Williams 2005; Wil-
liams et al. 2004b).

Volunteer potato tuber production was high, even at weed
densities that resulted in subtle carrot yield losses. For in-
stance, a threshold weed density of 0.06 plants m22 pro-
duced from 1.0 to 1.4 tubers m22 and resulted in an esti-
mated 5% yield loss (Table 1). Even a 2.5% yield loss
threshold weed density of 0.03 plants m22 resulted in 80 to
110 g m22 of new tubers. Such levels of tuber production
are comparable to or less than volunteer potato tuber density
and biomass following several herbicide and cultivation
treatments in field corn (Boydston 2001), onion (Boydston
and Seymour 2002), or noncrop studies (Williams and
Boydston 2002). Without supplemental tuber mortality,
volunteer potato can persist and remain at levels high
enough to cause carrot yield losses even when preceded by
crops with relatively effective herbicides and cultivation.

Time of Weed Removal Study

Crop and weed emergence were simultaneous and weed-
free yields were 55.0 and 52.4 Mt ha21 in 2003 and 2004,
respectively (data not shown). Increasing the duration of
volunteer potato interference significantly reduced carrot

yield (Figure 3). The F test for comparing nonlinear models
indicated carrot response to the duration of the volunteer
potato interference was consistent between years (P 5
0.200); therefore, data were pooled. Carrot tolerated vol-
unteer potato well initially, but tolerance dropped precipi-
tously beyond some 500 GDD after crop emergence. Con-
sequently, the critical time for weed removal of volunteer
potato in carrot begins early. Estimated yield losses of 2.5%
occurred at 329 GDD when carrot had 3.5 leaves (Table
2). Five percent yield loss occurred at some 430 GDD when
carrot had 4.5 leaves, and 10% yield loss was estimated for
6-leaf carrot. This work is the first to report the critical time
for weed removal in carrot.

A relationship was observed between volunteer potato
height at the time of weed removal and carrot yield (Figure
4). The F test for comparing nonlinear models indicated
carrot response to volunteer potato height was consistent
between years (P 5 0.998); therefore, data were pooled.
This relationship could provide further information to assist
in determining the timing of a weed management tactic.
For instance, 5% yield loss was observed when volunteer
potato was allowed to reach 32 cm before removal (Table
2). Hand weeding of volunteer potato is most effective when
the maternal tuber is removed with the shoot, which im-
proves as hand weeding is delayed. However, new tubers are
formed and may remain in the soil when hand weeding is
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FIGURE 5. Effect of accumulated growing degree days after emergence in
carrot on (A) volunteer potato tuber density, with regression equations:
2003 tuber density 5 18.9/1 1 exp(2[x 2 626]/85.0) (R2 5 0.90); and
2004 tuber density 5 20.5/1 1 exp(2[x 2 478]/57.7) (R2 5 0.90) and
(B) volunteer potato tuber biomass, with regression equation tuber biomass
5 3.4/1 1 exp(2[x 2 988]/[1 1 169]) (R2 5 0.90). Growing degree day
GDD base temperature was 7.2 C.

delayed. Data presented here could be used to develop man-
agement guidelines specific to volunteer potato development
by estimating how long hand weeding can be delayed before
carrot yield loss occurs.

Volunteer potato had significant tuber production while
growing in carrot. Regression parameter estimates of final
tuber density were not constant between years (P , 0.001);
therefore, data on tuber number were not pooled. Two vol-
unteer potato plants m22 produced an estimated 9.5 and
10.3 tubers m22 by 626 and 478 GDD, respectively in 2003
and 2004 (Figure 5A). The F test comparing nonlinear
models indicated that tuber biomass was consistent between
years (P 5 0.763); therefore, tuber biomass data were
pooled. Two volunteer potato plants m22 produced some
3.4 kg of tubers m22 by the time of carrot harvest, with
50% of tuber mass produced by 988 GDD (Figure 5B).
The relatively short time necessary for volunteer potato
growing in carrot to produce tubers may have implications
for deploying weed management tactics after crop emer-

gence. Further research is necessary to determine the ma-
turity and persistence of tubers produced early in the season,
particularly as a function of weed management tactic (e.g.,
shoot removal versus herbicide application).

Despite the poor competitive ability of carrot, the crop
appears to have greater crop tolerance and suppressive ability
of volunteer potato than onion. Williams et al. (2004a) re-
ported nearly twofold higher onion yield losses at low weed
densities compared with carrot yield losses observed here.
Crop yield loss due to duration of volunteer potato inter-
ference occurs 2 to 3 wk later in carrot, relative to onion
(Williams et al. 2005). Finally, volunteer potato tuber pro-
duction, as influenced by initial weed density and accu-
mulated GDD, was considerably higher in onion (Williams
et al. 2004a, 2005) relative to estimates of weed fecundity
reported here in carrot. Knowledge of differences in rota-
tional crops’ competitive ability is important to recognize
when developing integrated weed management (IWM) sys-
tems (Cardina et al. 1999).

Implications for IWM
Few herbicides are available to manage weeds in carrot

(Jensen et al. 2004), and none suppress volunteer potato in
the United States. Leroux et al. (1996) demonstrated the
importance of crop rotation in managing weeds when no
herbicides are available. Nighttime soil cultivation and in-
trarow brush weeding has promise in two- to three-leaf car-
rot (Fogelberg 1999), but the extent to which these tactics
suppress volunteer potato is unknown. In the United States,
hand weeding remains the only method of controlling
emerged volunteer potato in carrot rows.

Future weed management systems in carrot that reduce
production costs and dependence on hand weeding will like-
ly require multitactic approaches. Ideally more tubers could
be removed during potato harvest to reduce the density of
volunteer potatoes emerging in subsequent crops. This re-
search compliments previous research because volunteer po-
tato persists in most crops (Boydston 2001; Boydston and
Seymour 2002; Perombelon 1975; Williams et al. 2004a).
Williams and Boydston (2005) found ethofumesate and
prometryn selectively suppress volunteer potato in carrot.
Herbivory from the Colorado potato beetle enhances sup-
pression of sublethal herbicide use (Boydston and Williams
2005; Williams et al. 2004b). Soil fumigation, although pri-
marily used to control nematodes and soil pathogens, greatly
reduces the number of viable potato tubers (Boydston and
Williams 2003). Given the current state of weed manage-
ment technology in carrot, improved weed management sys-
tems will likely target several aspects of the life cycle of
volunteer potato with multiple tactics used during weed
growth.

Sources of Materials
1 Carrot cultivar, ‘PS-140395’, Singulaire 785, Stanhay Webb

Ltd., Houghton Road, Grantham, Lincs, NG31 6JE, U.K.
2 SigmaPlot 8.0, SigmaPlot 2002 for Windows, Version 8.02.

SPSS Inc., 444 North Michigan Avenue, Chicago, IL 60611.
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