
Weed Technology 2016 30:123–136

Growth Analysis of Cotton in Competition with Velvetleaf (Abutilon theophrasti )

Xiaoyan Ma, Jinyan Yang, Hanwen Wu, Weili Jiang, Yajie Ma, and Yan Ma*

Field experiments were conducted in 2013 and 2014 to determine the influence of velvetleaf densities
of 0, 0.125, 0.25, 0.5, 1, 2, 4, and 8 plants m�1 of row on cotton growth and yield. The relationship
between velvetleaf density and seed cotton yield was described by the hyperbolic decay regression
model, which estimated that a density of 0.44 to 0.48 velvetleaf m�1 of row would result in a seed
cotton yield loss of 50%. Velvetleaf remained taller and thicker than cotton throughout the growing
season. Both cotton height and stem diameter reduced with increasing velvetleaf density. Moreover,
velvetleaf interference delayed cotton maturity, especially at velvetleaf densities of 1 to 8 plants m�1 of
row, and cotton boll number and weight, seed numbers per boll, and lint percentage were also
reduced. Fiber quality was not influenced by weed density when analyzed over 2 yr; however, fiber
length uniformity and micronaire were adversely affected in 2014. Velvetleaf intraspecific
competition resulted in density-dependent effects on weed biomass, ranging from 97 to 204 g
plant�1 dry weight. Velvetleaf seed production per plant or per square meter was indicated by a
logarithmic response. At a density of 1 plant m�1 of cotton row, velvetleaf produced approximately
20,000 seeds m�2. The adverse impact of velvetleaf on cotton growth and development identified in
this study have indicated the need for effective management of this species when the weed density is
greater than 0.25 to 0.5 plant m�1 of row and before the weed seed maturity.
Nomenclature: Velvetleaf, Abutilon theophrasti Medik. ABUTH; cotton, Gossypium hirsutum L.
Key words: Fiber properties, productive growth, seed cotton yield, seed production, weed biomass.

Experimentos de campo fueron realizados en 2013 y 2014 para determinar la influencia de densidades de Abutilon
theophrasti de 0, 0.125, 0.25, 0.5, 1, 2, 4, y 8 plantas m�1 de hilera en el crecimiento y el rendimiento del algodón. La
relación entre la densidad de A. theophrasti y el rendimiento de semilla de algodón fue descrita con un modelo de regresión
hiperbólico decreciente, el cual estimó que una densidad de 0.44 a 0.48 plantas de A. theophrasti m�1 de hilera resultarı́a en
una pérdida del rendimiento de semilla de algodón de 50%. A. theophrasti se mantuvo con una mayor altura y grosor que el
algodón a lo largo de toda la temporada de crecimiento. Tanto la altura como el diámetro de tallo del algodón se redujeron
con el aumento en la densidad de A. theophrasti. Además, la interferencia de A. theophrasti retrasó la madurez del algodón,
especialmente con densidades de A. theophrasti de 1 a 8 plantas m�1 de hilera. Además, el número y peso de los frutos del
algodón, el número de semillas por fruto, y el porcentaje de fibra también fueron reducidos. La calidad de la fibra no fue
influenciada por la densidad de la maleza cuando se analizaron los resultados promediando dos años. Sin embargo, la
uniformidad del largo de la fibra y el grosor de la fibra fueron adversamente afectados en 2014. La competencia intra-
especı́fica de A. theophrasti afectó la biomasa de la maleza en forma dependiente de la densidad variando desde 97 a 204 g
planta�1 de peso seco. La producción de semilla de A. theophrasti por planta o por metro cuadrado fue descrita mediante
una respuesta logaŕıtmica. A una densidad de 1 planta m�1 de hilera de algodón, A. theophrasti produjo aproximadamente
20,000 semillas m�2. El impacto adverso de A. theophrasti sobre el crecimiento y desarrollo del algodón identificado en este
estudio ha indicado la necesidad de un manejo efectivo de esta especie cuando la densidad de la maleza es mayor de 0.25 a
0.5 plantas m�1 de hilera y esto se debe hacer antes de la madurez de la semilla de la maleza.

Velvetleaf, also known as butterprint, Indian
mallow, China jute or, in Chinese, ching-ma, is an
annual broadleaf weed of the Malvaceae family
thought to be native to China (Li 1970). It was
historically cultivated for medicinal and ornamental
purposes as well as for use as fiber and an oil source
(Kirby 1963). However, it has escaped from
cultivation and become weedy in orchards, vegeta-
ble farms, and cropping fields in China (Li 1998).
Velvetleaf is now present in many other countries as
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a result of the attempted use of this plant species as a
source of domestically grown fiber (Dempsey 1975;
Spencer 1984).

Velvetleaf is a competitive annual weed in crop
fields, in part, because of its high seed production
(Winter 1960), high seed viability (Lueschen and
Andersen 1980; Muenscher 1955), and high latency
(Nurse and DiTommaso 2005; Spencer 1984),
which allows velvetleaf to form a persistent soil seed
bank. Velvetleaf is difficult to eradicate once it
forms a well-established soil seed bank (Cortés et al.
2010). Weed seed populations can increase rapidly
if a few plants survive and produce seeds, and for
this reason, it is important to prevent late-season
weed seed production to eliminate future problems
(Bagavathiannan and Norsworthy 2012; Walsh
2014). Moreover, velvetleaf is highly competitive
for light because it is a vigorous sub-shrub-like plant
that can reach a height of 3 m (Benvenuti et al.
1994). Competition for light is the main cause of
yield losses because of velvetleaf interference in
various crops (Akey et al. 1990; Begonia et al. 1991;
Smith et al. 1990; Zanin and Sattin 1988).

Herbicides have largely been used to prevent yield
loss from weed interference. However, the contin-
ued use of herbicides is often offset by the increased
frequency of more-tolerant weed species or by the
evolution of herbicide resistance (Heap 2014). As of
2014, atrazine-resistant velvetleaf populations have
been confirmed in corn (Zea mays L.) and soybean
[Glycine max (L.) Merr.] fields and nurseries in
Serbia, the United States, and New Zealand (Heap
2014; James and Cooper 2012; Pavlović et al.
2007).

Velvetleaf interference as a function of weed
density can significantly reduce the yield of most
agronomic crops, including corn, soybean, and
cotton. Several studies reported that corn yield loss
from velvetleaf interference approached a maximum
asymptote around the weed density of 10 plants
m�2, with further density increases resulting in
minor increases in crop damage (Lindquist et al.
1996). McDonald et al. (2004) compiled 19 site–yr
of corn–velvetleaf competition data and showed
that velvetleaf can cause corn yield loss ranging from
a negligible 2% to complete crop failure. Previous
research has documented substantial soybean yield
loss from velvetleaf competition (Akey et al. 1991;
Begonia et al. 1991; Dekker and Meggitt 1983). At
an approximate density of 6 plants m�2, velvetleaf

competition resulted in a 40% reduction in soybean
yield (Ziska 2012). Velvetleaf is also one of the most
competitive weeds in cotton fields, where 16
velvetleaf plants in 12 m of crop row reduced seed
cotton yields as much as 45% (Chandler 1977).
Another study indicated that cotton yield and
velvetleaf density were correlated via a decreasing
hyperbolic function and the cotton profitability
threshold was about 2 velvetleaf plants m�2 (Cortés
et al. 2010).

The evidence for yield reductions from compe-
tition with weeds has been well documented, but
vegetative growth of cotton, represented by plant
height and stem diameter, is another important
aspect of cotton growth (Bouchagier et al. 2008).
Previous weed interference studies have indicated
that cotton is sensitive to weed competition and its
vegetative growth is generally less sensitive than
cotton yield and yield components when exposed to
weed competition (Christidis and Harrison 1955;
Poonguzhalan et al. 2013). However, adverse
impacts on the vegetative growth of cotton from
weed competition have also been reported. Signif-
icant reductions in cotton height have been reported
because of the competition of spurred anoda [Anoda
cristata (L.) Schlecht.], prickly sida (Sida spinosa L.),
velvetleaf, Venice mallow (Hibiscus trionum L.), and
devil’s-claw [Proboscidea louisianica (P. Mill.) Thel-
lung] (Chandler 1977; Mercer et al. 1987). Barnett
and Steckel (2013) found that cotton height could
be reduced by half because of the competition from
giant ragweed (Ambrosia trifida L.) at 1.6 plants
m�1 of row. Similarly, Buchanan and Burns
(1971a,b) claimed that, at a density of 6.6 plants
m�1 of row, sicklepod [Senna obtusifolia (L.) H.S.
Irwin & Barneby], tall morningglory [Ipomoea
purpurea (L.) Roth], Canada cocklebur [Xanthium
strumarium var. canadense (P. Mill.) Torr. & Gray],
and redroot pigweed (Amaranthus retroflexus L.)
reduced cotton height by 27, 40, 37, and 33%, and
stem diameter by 39, 41, 52, and 43%, respectively,
when compared with the weed-free control.

Previous research on weed interference mainly
focused on cotton yield and plant height or stem
diameter at maturity and has not evaluated the weed
effects on cotton maturity or growth. Barnett and
Steckel (2013) found that high densities of giant
ragweed (0.8 and 1.6 plants m�1 of row) delayed
cotton maturity, which affected final cotton lint
yield. It has been documented that the competition
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from coastal plain yellowtops [Flaveria bidentis (L.)
Kuntze] delayed the cotton budding stage, and the
sympodial branch number and square and boll
number per plant were consequently reduced (Peng
et al. 2012). So far, information is not available, to
our knowledge, on the interference impact of
velvetleaf on the growth and development of cotton
under field conditions. Hence, studies were carried
out to characterize the influence of velvetleaf density
on cotton growth, development, yield, and fiber
properties and to evaluate velvetleaf growth and
seed production at several densities in cotton.

Materials and Methods

Experiment Information. Field studies were con-
ducted at the Institute of Cotton Research
(36.138N, 114.858E), China, from April to October
in 2013 and 2014. The soil type was a Typic
Haplustepts, with a pH of 8.0, and an organic
matter of 1.5%. Meteorological data at the
experimental site during the experimental periods
are presented in Figure 1. The site is characterized
by wet and hot summers from May to August.
which is representative of the Yellow River cotton-
producing area of China.

Field Arrangement. The field was irrigated, disked,
harrowed, and fertilized with compound fertilizer at
1.500 kg ha�1 (N : P2O5 : K2O ¼ 24 : 11 : 5,
� 40%; Zhengzhou Naweigao Fertilizer Co., Ltd,
Henan Province, China) before planting. Plots
included four rows, 8 m long and 80-cm wide.
‘CCRI 790, a commonly grown cotton cultivar in
the region, was sown by hand at a row spacing of 80
cm in each plot at about 200 seeds per 8 m of row

on April 27, 2013, and on May 1, 2014.
Simultaneously, seeds of velvetleaf, collected the
previous summer from the same location, were
hand-planted in hills at densities of 0, 1, 2, 4, 8, 16,
32, and 64 plants per 8 m of cotton row or to 0,
0.125, 0.25, 0.5, 1, 2, 4, and 8 plants m�1 of row in
the center two rows of each plot. Seeds were planted
approximately 1 to 2 cm deep and 10 cm away from
the cotton row at desired intervals immediately after
cotton planting. The outside rows of each plot
served as borders between adjacent plots. The
velvetleaf plants emerged simultaneously with
cotton plants, approximately 10 d after sowing.
Cotton seedlings were thinned at the three- to four-
leaf stage to 4 seedlings m�1 of row (50,000 cotton
plants ha�1), and velvetleaf seedlings were thinned
at the two- to four-leaf stage to obtain the final
prescribed density in each plot. The experimental
design was a randomized complete block with four
replications; 150 kg ha�1 urea (N � 46.4%; Any-
ang Chemical Industry Co., Ltd, Henan Province,
China) and 300 kg ha�1 compound fertilizer were
used in mid-June and mid-July to optimize cotton
growth. Insect and disease control practices were
applied as required. No herbicides and additional
irrigation were used during these experiments. All
other weeds were removed by hoeing at weekly
intervals throughout the growing season.

Data Collection. Cotton plant height, stem
diameter, and square, bloom, and boll number per
plant were measured from five randomly selected
plants in the center 6 m of the center two rows of
each plot. The measurements were carried out once
every 2 wk from the cotton seedling stage to the
preharvest stage each year, for a total of eight times
in 2013 (34, 49, 65, 79, 97, 110, 131, and 141 d
after planting [DAP]) and in 2014 (42, 57, 71, 89,
102, 118, 132, and 148 DAP). Height was
measured in centimeters from the soil surface to
the apical meristem, and stem diameter was
determined at the soil line with calipers to the
nearest 0.01 mm. Bolls were classified and recorded,
including small bolls (, 2 cm in diameter), large
bolls (� 2 cm in diameter), and cracked bolls. In
addition, the plant height and stem diameter of
velvetleaf were also simultaneously measured from
two to five randomly selected velvetleaf plants in
each plot. From late July to late September in both
years, the matured seed capsules of velvetleaf were
manually collected at weekly intervals and hand

Figure 1. Meteorological data (Anyang Meteorological Bureau)
for the experimental site during the experimental periods
(August–October 2013 and 2014). Abbreviations: T,
temperature; P, precipitation.
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threshed. In 2013, seeds were collected from all
velvetleaf plants in each plot. The capsules per plot
were pooled, hand-threshed, and cleaned seed was
weighed. Total seed production per plot was
calculated by dividing the total seed weight per
plot by the unit seed weight (based on four 1,000-
seed samples). In 2014, two to five randomly
selected plants per plot were used to estimate the
velvetleaf seed production. Velvetleaf plants were
marked, and capsules of each plant were removed
and pooled separately. Total seed production per
plot was calculated based on the number of seeds
per plant and the number of velvetleaf plants in
each plot. All velvetleaf plants reached matured and
were removed from plots in late September of both
years (September 20, 2013, and September 19,
2014). Two to five randomly selected velvetleaf
plants from each plot were cut at ground level with
pruning shears, dried at 70 C for 48 h and weighed
to determine the individual weed dry biomass.

At the end of the growing season, cotton in the
center two rows in each plot was hand-harvested
twice, first at 50% open bolls and again at 100%
open bolls. Weights of the total hand-harvested
cotton were recorded. Immediately before cotton
harvest, one mature boll from the middle branch
was harvested from each of 10 randomly selected
plants in each plot and weighed to determine boll
weight. Then, all bolls were ginned together on a
small single-roller gin to determine lint percentage,
seed number per boll, and seed index. Lint
percentage is an expression of the ratio of lint to
seed cotton yield. The seed was acid delinted before
weight determination. Four lots of 100-seed
random samples were collected from each plot
and measured, and the average weight was regarded
as the seed index. After the measurement, a 25-g lint
sample was subjected to fiber-quality tests, which
included fiber length, length uniformity, micron-
aire, breaking elongation, and fiber strength, at the
Supervision, Inspection and Test Center of Cotton
Quality, Ministry of Agriculture, Anyang City,
China.

Statistical Analyses. All data were analyzed using
generalized linear models (GLMs) and by treating
velvetleaf density and year as fixed factors to test for
significant main effects and interactions. Because
there were significant weed density by year
interactions, data were analyzed separately by year.
ANOVA and Fisher’s protected LSD tests were used

to determine variation among treatments. Regres-
sion analyses were performed to analyze the
following relationships:

1. Velvetleaf density (plant m�1 of row) and cotton
and weed plant height and stem diameter

2. Velvetleaf density (plant m�1 of row) and weed
dry biomass, including individual plant biomass
(g plant�1) and total dry biomass (kg ha�1)

3. Velvetleaf density (plant m�1 of row) and weed
seed production, including seed production per
plant (seeds plant�1) and total seed production
(seeds m�2).

These relationships were established from the best
fits of the experimental data to appropriate
functions, and coefficients of determination (r2)
were reported to indicate the amount of variation in
the dependent variables that can be explained by the
independent variable. The resulting functions of the
quadratic, exponential, or logarithmic type coincid-
ed with those previously reported by Cortés et al.
(2010).

The Gompertz equation (Equation 1; Askew and
Wilcut 2002a) was fit to plant heights and stem
diameters of cotton and velvetleaf in each plot over
the growing season:

Y ¼ a exp b expðkT Þ½ � 1½ �
where Y is the plant height in centimeters or stem
diameter in millimeters, a is the upper asymptote
for late-season plant height or stem diameter, b and
k are constants, exp is the base of the natural
logarithms, and T is the time in days after planting
(DAT).

A two-parameter hyperbolic decay regression
model (Equation 2; Barnett and Steckel 2013) was
used to describe the density-dependent effects of
velvetleaf on seed cotton yield:

Y ¼ ab=ðb þ DÞ 2½ �
where Y is the seed cotton yield, a is the asymptote
or estimate of maximum cotton yield, b is the
estimate of the velvetleaf density at which 50% yield
loss occurs, and D is the weed density per meter of
crop row.

The rectangular hyperbola (Equation 3; Cousens
1985) was used to relate cotton yield loss (Y) to
velvetleaf density (D):

Y ¼ iD= 1þ ðiDÞ=a½ �: 3½ �
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where i is the initial unit yield loss at low weed
densities, and a is the asymptote for the percentage
of yield loss.

Coefficients of determination (r2) were calculated
for nonlinear regressions and used to determine the
goodness of fit to nonlinear models. All probabil-

ities were two-tailed, and the significance level was
set at P ¼ 0.05. Analysis was performed with the
statistical software SPSS (version 13.0, IBM
Corporation, Armonk, NY).

Results and Discussion

Plant Height and Stem Diameter. Plant height
and stem diameter of velvetleaf and cotton changed
with the weed density (Table 1; Figure 2). The
mean height of velvetleaf increased with increasing
weed density from 1 to 8 plants m�1 of row.
Conversely, cotton height decreased because of
competition from velvetleaf, especially at densities
. 2 plants m�1 of row. Velvetleaf at high densities
reduced cotton growth, which is consistent with the
competitive effect of velvetleaf on cotton observed
by Cortés et al. (2010). Increasing velvetleaf
densities had similar effects on the stem diameters
of both cotton and velvetleaf. Stem diameter of
velvetleaf and cotton decreased with increasing
velvetleaf density. The intraspecific competition
for space and light resulted in taller, slenderer
velvetleaf plants, and the interspecific competition
between cotton and velvetleaf led to thinner, shorter
cotton, especially at the higher weed densities.
According to the regression analyses, each additional
velvetleaf plant per meter of row caused a 5 cm
decrease in cotton plant height and a concomitant
14 to 22 cm increase in velvetleaf height. Stem
diameter reduction over the 2 yr averaged approx-
imately 2 and 0.6 mm for each velvetleaf plant per
meter of row for cotton and velvetleaf, respectively.

Plant height and stem diameter of velvetleaf and
cotton over the season fit the Gompertz growth
model well (Equation 1) when they were averaged

Table 1. Parameter estimates for functions describing the effect of velvetleaf density (D) or days after planting (T) on plant height or
stem diameter (Y) of cotton and velvetleaf.

Parameters Species Year

Y ¼ a þ bD þ cD2 Y ¼ a exp[b exp(kT)]

a b c r2 a b K r2

Plant ht/cm Cotton 2013 79.6 �5.58 0.26 0.795 125.6 �12.2 �0.038 0.998
2014 71.9 �4.94 0.27 0.985 79.6 �26.0 �0.068 0.987

Velvetleaf 2013 122.8 24.23 �1.96 0.970 229.8 �28.6 �0.058 0.998
2014 121.7 15.41 �1.19 0.919 194.0 �18.1 �0.056 0.992

Stem diam/mm Cotton 2013 12.1 �2.22 0.19 0.973 18.0 �4.0 �0.022 0.992
2014 11.7 �1.83 0.15 0.950 12.0 �5.2 �0.042 0.980

Velvetleaf 2013 21.8 �0.92 0.02 0.826 26.8 �16.7 �0.059 0.991
2014 20.6 �0.36 �0.04 0.816 22.9 �25.4 �0.076 0.994

Figure 2. Impact of velvetleaf density on plant height and stem
diameter of cotton and velvetleaf. Plant height and stem diameter
data were averaged over the growing season, and vertical bars
indicate 1 SEM. Estimated parameters for these functions for
2013 and 2014 are given in Table 1.
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over velvetleaf densities (Table 1; Figure 3).
Velvetleaf was taller and thicker than cotton
throughout the season. These findings concurred
with Bailey et al. (2003) who reported velvetleaf
reduced cotton height at higher weed densities.
Because velvetleaf had a distinct competitive
advantage in plant height and stem diameter over
cotton during the entire growing season when weed
plants emerged concurrent with cotton, it was
necessary for effective weed management as early as
possible to avoid weed interference.

Cotton Reproductive Growth. Reproductive
growth of individual cotton plants was characterized
by the number of squares, blooms, and bolls per
plant, which were not combined because peak
bloom did not occur at the same time each year and
because the total number of fruiting positions at a
given date varied between 2013 and 2014. In 2013,
cotton squares and blooms were initially observed at
65 DAP for all treatments (Figure 4). However, the

numbers of cotton squares, blooms, and bolls
peaked at different times, depending on the given
weed densities. Peak cotton squares and blooms
counts occurred at 79 DAP when velvetleaf densities
were � 0.5 plant m�1 of row. However, the cotton
squares and blooms did not peak until 131 DAP
when velvetleaf densities were � 1 plant m�1 of
row. Small bolls peaked at 97 to 110 DAP in the
weed-free control treatment and at the weed density
of 0.125 plant m�1 of row, whereas its peak was
delayed to 110 or 131 DAP at velvetleaf densities of
0.25 and 0.5 plant m�1 of row, respectively. When
the weed densities increased to . 1 plant m�1 of
row, small bolls did not peak until 131 or 141
DAP. Large bolls peaked at 131 DAP in the weed-
free control and at the weed density of 0.125 plant
m�1 of row, and the peak was delayed to 141 DAP
when the weed density was . 1 plant m�1 of row.
Cracked bolls were observed at 131 DAP in the
weed-free control and at the weed density of 0.125
and 1 plant m�1 of row, and then, the number of
cracked bolls increased as the cotton matured.
However, there were no cracked bolls until 141
DAP when velvetleaf density was � 2 plants m�1 of
row (Figure 4).

The impacts of velvetleaf density on peaks of
cotton squares, blooms, and bolls were also evident
in 2014 (Figure 5). The emergence of cotton
squares and blooms concentrated in July in the
weed-free control and at velvetleaf densities of 0.125
to 2 plants m�1 of row. When velvetleaf densities
were 4 and 8 plants m�1 of row, cotton squares and
blooms did not peak until 132 DAP, with only
about 3 cotton squares and blooms plant�1. When
velvetleaf densities were � 2 plants m�1 of row,
small bolls were first observed at 71 DAP and
peaked at 89 DAP. Small boll peak was delayed to
118 DAP at weed densities of 4 and 8 plants m�1 of
row. Large bolls peaked at 118 or 132 DAP in the
weed-free control and at the weed densities of 0.125
and 0.5 plant m�1 of row, but there were only a few
large bolls without an obvious peak when the weed
density was � 4 plants m�1 of row. Similar to 2013
results, cracked bolls mainly occurred after 130
DAP, and the number of cracked bolls decreased
with increasing velvetleaf densities. Moreover, there
were no cracked bolls until 148 DAP when
velvetleaf density was at 8 plants m�1 of row
(Figure 5).

Figure 3. Predicted plant height and stem diameter of cotton
and velvetleaf over the growing season in 2013 and 2014. Plant
height and stem diameter data were averaged over weed densities,
and vertical bars indicate 1 SEM. Estimated parameters for these
functions for 2013 and 2014 are given in Table 1.
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These results indicate that velvetleaf interference
can delay cotton maturity, especially at densities
� 1 plant m�1 of row. Moreover, weed density had
negative impact on square, bloom, and boll
numbers when data were averaged across the season
in each year (data not presented). Interference of
redroot pigweed in cotton studied at the same time
and same place (Ma et al. 2015) came to the same
conclusions as this research. Similar control strate-
gies are needed to reduce the interference of these
two weed species, velvetleaf and redroot pigweed.
The weeds were taller and thicker than cotton
throughout the season and affected the reproductive
growth of cotton when weed plants emerged
concurrent with cotton. Therefore, it is necessary
that effective weed management begin early in the
growing season (Ma et al. 2015).

Seed Cotton Yield. Seed cotton yield was closely
correlated with the density of velvetleaf plants. Seed
cotton yield in weed-free controls was 1,953 and

4,428 kg ha�1 in 2013 and 2014, respectively. As
velvetleaf density increased, seed cotton yield
decreased. The threshold density at which statisti-
cally significant yield reduction appeared was at
0.25 and 0.5 weed plant m�1 of row in 2013 and
2014, respectively, which reduced cotton seed yield
22 to 32%. The hyperbolic decay regression model
(Equation 2) estimated that a weed density of 0.44
to 0.48 plant m�1 of row would result in a 50%
reduction in seed cotton yield compared with the
maximum yield (Figure 6). Previous studies report-
ed that Palmer amaranth (Amaranthus palmeri S.
Wats.) at 0.38 to 0.87 plant m�1 of row reduced
cotton yield 50% (Morgan et al. 2001; Rowland et
al. 1999). Snipes et al. (1982) reported that 0.37 to
0.53 Canada cocklebur per meter of row reduced
cotton yields by 50%. Similarly, Barnett and Steckel
(2013) reported that a density of 0.26 giant ragweed
plants m�1 of row caused a 50% cotton yield loss.

Figure 4. Seasonal variation of the number of cotton squares, blooms and bolls under different velvetleaf densities in 2013. Vertical
bars indicate 1 SEM.

Ma et al.: Competition between cotton and velvetleaf � 129

https://doi.org/10.1614/WT-D-15-00050.1 Published online by Cambridge University Press

https://doi.org/10.1614/WT-D-15-00050.1


These results suggest that velvetleaf is as competitive
with cotton as other weed species.

When seed cotton yield was transformed to the
percentage of the weed-free control, it regressed well
with a rectangular hyperbolic equation at various
weed densities (Equation 3; Figure 6). Because the
predicted asymptote (a), which represented the
maximum yield reduction, was greater than 100%
each year, it was manually set to 100% to predict
the parameter i, the incremental yield loss per unit
velvetleaf density. In 2013 and 2014, estimated i
values were 200% and 174% yield loss, respectively.
By comparison, researchers in Spain reported a and
i parameters for early emerged velvetleaf in cotton at
83.9 to 98.6% and 19.0 to 42.2%, respectively
(Cortés et al. 2010). Bailey et al. (2003) estimated
that i values were 30 or 149% in different years.
Askew and Wilcut (2002a) found that velvetleaf was
more competitive against cotton than it was against
many other large broadleaf weeds. For example, the

three competitive weed species Canada cocklebur
(Snipes et al. 1982), jimsonweed (Datura stramoni-
um L.) (Scott et al. 2000), and Palmer amaranth
(Rowland et al. 1999) at 1 plant m�1 of row,
reduced cotton yields by 52, 65, and 66%,
respectively, whereas velvetleaf at 1 plant m�1 of
row reduced cotton yield by 71 to 85% in this
study.

Cotton Yield Components. Weed density had a
significant effect on boll weight, lint percentage, and
seed number per boll in both 2013 and 2014, with
the exception of lint percentage in 2013 (Table 2).
In 2013, all velvetleaf densities from 0.125 to 0.5
plants m�1 of row had similar boll weights (6 g)
compared with the weed-free control; however,
velvetleaf at densities of 1 to 8 plants m�1 of row
caused significant reductions (19%) in boll weight
compared with the weed-free control. The threshold
density at which significant boll weight reduction
occurred was 0.25 velvetleaf plant m�1 of row when

Figure 5. Seasonal variation of the number of cotton squares, blooms, and bolls under different velvetleaf densities in 2014. Vertical
bars indicate 1 SEM.
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measured in 2014, and velvetleaf at the density of
0.25 to 8 plants m�1 of row caused nearly 8 to 28%
reductions in boll weight. Cotton lint percentage
was not affected by velvetleaf competition in 2013,
but there were significant reductions (6 to 13%) in
lint percentage as a result of weed competition at
the densities of 1 to 8 velvetleaf plants m�1 of row
in 2014. Seed numbers per boll were reduced at the
high densities of 1 to 8 weed plants m�1 of row and
the reduction was about 8 to 30%. Seed index was
not affected by velvetleaf competition both years.

Boll number and weight are the major cotton
yield-determining factors when the number of
cotton plants is changeless (Arle and Hamilton
1973; Tingle and Steele 2003). In this study, boll

Figure 6. Cotton yield loss associated with increasing velvetleaf
density in 2013 and 2014. Equations and r2 values were Y ¼
2,079.2 3 0.44/(0.44þD) and 0.919, respectively, in 2013, and
Y¼ 4,794.3 3 0.48/(0.48þD) and 0.960, respectively, in 2014,
for seed cotton yield. Equations and r2 values were Y¼ 200.4D/
(1 þ 200.4D/100) and 0.915, respectively, in 2013 and Y ¼
173.7D/(1þ 173.7D/100) and 0.952, respectively, in 2014, for
cotton yield loss. Regressions are based on treatment means, and
vertical bars indicate 1 SEM.
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number per plant and boll weight tended to
decrease as the velvetleaf density increased, and
then, seed cotton yield in both years was reduced
when velvetleaf densities were � 0.25 or 0.5 weed
plant m�1 of row. Other researchers reported similar
results with yield reduction caused by weed
competition as a primary result for the reduction
in cotton boll number and weight (Castner et al.
1989; Ma et al. 2015).

Cotton Fiber Quality. Velvetleaf densities did not
affect fiber length, fiber length uniformity, micron-
aire, breaking elongation, and fiber strength of the
hand-harvested samples when combined over the
two experiments (data not presented); however,
some parameters were affected when analyzed
within individual experiment. Velvetleaf densities
did not affect the fiber length, breaking elongation,
and fiber strength in both 2013 and 2014 or fiber
length uniformity and micronaire in 2013 (Table
3). Compared with the weed-free controls, fiber
length uniformity was reduced significantly at 4 and
8 velvetleaf plants m�1 of row in 2014. Micronaire
was reduced at 1, 2, and 4 velvetleaf plants m�1 of
row in 2014; however, no further reductions were
noted among these three treatments. This result was
similar to earlier reports that fiber quality traits are
not as sensitive as cotton yield in assessing the
effects of weed interference (Barnett and Steckel
2013; Ma et al. 2015; Smith et al. 2000). However,
other studies have indicated that certain weed
species, including ivyleaf morningglory (Ipomoea
hederacea Jacq.), hogpotato [Hoffmannseggia glauca
(Ortega) Eifert], devil’s-claw, and johnsongrass

[Sorghum halepense (L.) Pers.], could reduce fiber
quality at high densities (Castner et al. 1989;
Mercer et al. 1987; Rogers et al. 1996; Wood et al.
2002).

Weed Biomass. Velvetleaf dry biomass per plant
decreased as plant density increased, and the
relationship between velvetleaf density and individ-
ual dry biomass was exponential, and the year effects
were significant (Figure 7). Weed weights combined
over the two experiments showed a reduction from
204 g plant�1 at the density of 0.125 plant m�1 of
row to 97 g at the density of 8 plants m�1 of row.
The density-dependent effects on weed biomass per
plant indicate that intraspecific competition occurs
in the range of densities evaluated. In other studies
with similar weed density ranges, increasing plant
density also reduced dry biomass of weeds in cotton,
including buffalobur (Solanum rostratum Dunal)
(Rushing et al. 1985), Canada cocklebur (Snipes et
al. 1982), jimsonweed (Scott et al. 2000), and
velvetleaf (Bailey et al. 2003).

Regression analysis showed that velvetleaf bio-
mass per hectare tended to increase with increasing
weed density. The results fit the quadratic model
well, and coefficients of determination (r2) were
0.995 and 0.992 in 2013 and 2014, respectively
(Figure 7). The lowest density of 0.125 velvetleaf
plant m�1 of row produced 409 and 227 kg ha�1 of
weed dry matter in 2013 and 2014, respectively,
whereas the highest density of 8 velvetleaf plants
m�1 of row produced weed dry biomass ranging
from 8,647 to 11,045 kg ha�1. Each additional
velvetleaf plant m�1 of row represented an increase

Table 3. Influence of velvetleaf densities on cotton fiber quality.a

Velvetleaf
density

Fiber length Length uniformity Micronaire

2013 2014 2013 2014 2013 2014

No. m�1 row mm % unit

0 27.5 6 0.06 a 30.4 6 0.06 a 82.5 6 0.02 b 85.1 6 0.36 a 4.7 6 0.09 a 5.5 6 0.07 a
0.125 27.7 6 0.14 a 30.1 6 0.40 a 83.4 6 0.40 b 85.4 6 0.24 a 4.8 6 0.13 a 5.6 6 0.05 a
0.25 28.0 6 0.17 a 29.6 6 0.17 a 83.4 6 0.44 b 84.6 6 0.79 ab 4.9 6 0.04 a 5.6 6 0.12 a
0.5 27.5 6 0.23 a 29.9 6 0.22 a 84.0 6 0.31 ab 84.6 6 0.26 ab 4.7 6 0.01 a 5.4 6 0.06 ab
1 28.6 6 0.46 a 30.1 6 0.14 a 83.2 6 0.41 b 83.5 6 0.51 b 4.7 6 0.12 a 5.1 6 0.13 cd
2 28.5 6 0.40 a 30.4 6 0.36 a 83.9 6 0.46 ab 84.2 6 0.61 ab 4.9 6 0.15 a 5.0 6 0.07 d
4 28.3 6 0.22 a 29.5 6 0.64 a 83.9 6 0.60 ab 81.9 6 0.30 c 5.0 6 0.32 a 5.2 6 0.12 bcd
8 28.4 6 0.21 a 29.6 6 0.22 a 85.9 6 0.65 a 81.9 6 2.60 c 4.8 6 0.21 a 5.3 6 0.02 abc

a Means 6 SE within columns followed by the same letter are not significantly different between treatments at the 0.05 probability
level as determined by Fisher’s protected LSD test.

b Abbreviation: cN tex�1, count-related tenacity.
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in dry weed biomass of 2,269 and 1,996 kg ha�1 in
2013 and 2014, respectively.

Weed Seed Production. Velvetleaf seed production
per plant was density dependent as indicated by a
logarithmic response (Figure 8). Velvetleaf seed
production per plant decreased as weed density
increased and reduced from 22,509 at 0.125 plant
m�1 of row to 3,954 at 8 plants m�1 of row in 2013
and from 28,917 to 7,921 in 2014. Similar to the
previous study by Cortés et al. (2010), the number
of velvetleaf seed production per square meter
increased with increasing weed density and also fit a
logarithmic function well, with a determination
coefficient of 0.974 and 0.955 in 2013 and 2014,
respectively (Figure 8). At a density of 1 plant m�1

Figure 8. Velvetleaf seed production as a function of plant
density in 2013 and 2014. Equations and r2 values were Y ¼
13,623.4� 4,623.1 lnD and 0.949, respectively, in 2013, and Y
¼ 19,479.2� 4,912.1 lnD and 0.914, respectively, in 2014, for
seed production per plant. Equations and r2 values were Y ¼
19,415.4þ 8,870.5 lnD and 0.974, respectively, in 2013, and Y
¼ 33,308.3� 17,794.9 lnD and 0.955, respectively, in 2014 for
seed production per square meter. Regressions are based on
treatment means, and vertical bars indicate 1 SEM.

Figure 7. Relationship between velvetleaf density and its dry
biomass in 2013 and 2014. Equations and r2 values were Y ¼
240.1 exp (�0.102D) and 0.925, respectively, in 2013 and Y ¼
180.6 exp(�0.089D) and 0.779, respectively, in 2014, for
individual dry biomass. Equations and r2 values were Y¼ 259.9
þ2,402.3D�132.8D2 and 0.995, respectively, in 2013, and Y¼
60.0þ2,127.6D�131.7D2 and 0.992, respectively, in 2014, for
velvetleaf dry biomass ha�1 of cotton field. Regressions are based
on treatment means, and vertical bars indicate 1 SEM.

Table 3. Extended.

Breaking elongation Fiber strengthb

2013 2014 2013 2014

% cN tex�1

6.7 6 0.06 a 6.3 6 0.02 a 27.2 6 0.31 a 29.4 6 0.51 a
6.7 6 0.08 a 6.3 6 0.03 a 26.6 6 0.35 a 29.7 6 0.23 a
6.6 6 0.05 a 6.3 6 0.00 a 26.8 6 0.14 a 28.6 6 0.30 ab
6.7 6 0.05 a 6.3 6 0.02 a 26.8 6 0.25 a 29.1 6 0.32 a
6.6 6 0.08 a 6.3 6 0.03 a 27.5 6 0.82 a 28.4 6 0.49 ab
6.6 6 0.08 a 6.3 6 0.03 a 26.9 6 0.67 a 28.6 6 0.25 ab
6.7 6 0.05 a 6.4 6 0.05 a 26.0 6 0.70 a 27.3 6 1.70 b
6.6 6 0.00 a 6.3 6 0.00 a 27.1 6 0.20 a 28.1 6 0.80 ab
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of cotton row, velvetleaf produced 21,257 and
27,943 seeds m�2 in 2013 and 2014, respectively.
Previous studies reported that velvetleaf at 1 plant
m�1 cotton row could produce 6,000 seeds (Cortés
et al. 2010). By comparison, devil’s-claw (Mercer et
al. 1987), jimsonweed (Scott et al. 2000), ladys-
thumb (Polygonum persicaria L.) (Askew and Wilcut
2002a), Pennsylvania smartweed (Polygonum pen-
sylvanicum L.) (Askew and Wilcut 2002b), and pale
smartweed (Polygonum lapathifolium L.) (Askew and
Wilcut 2002c) at 1 plant m�1 cotton row produced
4,700, 23,000, 40,000, 22,000, and 44,000 seeds
m�2, respectively. Weed seed production is a
concern to farmers and others who try to manage
weeds to improve weed-management or crop-
production programs (Askew and Wilcut 2002a–
c). Late-season weed seed production always
contributes to the seed bank replenishment, exac-
erbating problems in subsequent crops and increas-
ing future weed-management costs (Bagavathiannan
and Norsworthy 2012). Results from this study
demonstrated that seed production for velvetleaf is
prodigious. In addition, velvetleaf seeds exhibit high
longevity, which is increased by physical dormancy
because of an impermeable seed coat (Dorado et al.
2009). Therefore, growers need to adopt weed-
management programs to control velvetleaf early in
the growing season to avoid producing seeds and to
reduce the soil seed bank of weeds.

Conclusions. Results from this study indicated that
velvetleaf was a competitive weed in cotton, which
affected cotton growth and development and
decreased cotton yield even at low densities (0.25
or 0.5 velvetleaf plant m�1 of row). The primary
resources weeds and crops compete for are light,
nutrients, and water. In general, the species that
grow rapidly or first capture environmental factors
will succeed (Black et al. 1969; Donald 1958;
Patterson 1982). Although leaf area indices, a better
measure of the potential light interception and
competitiveness of crops against weeds (Amini et al.
2014) for cotton and velvetleaf were not measured
in this study, velvetleaf was a vigorous sub-shrub-
like plant that could reach a height of 3 m, and it
always gained a height advantage and spread over
the top of the cotton canopy. The shading of
velvetleaf might result in more-efficient use of light
than cotton exhibits (Bailey et al. 2003). The
elements of competition (light, nutrients, and
water) are least likely to be separated. Competition

for light affected cotton growth, which in turn
affected the cotton plants’ ability to compete for
nutrients and water (Salisbury and Chandler 1993).
In contrast, inability to shade cotton and compete
for light early in the growing season could result in
an overall lack of competitiveness (Askew and
Wilcut 2002a–c). Furthermore, weeds that have
rapid seedling growth and grow tall quickly
compared with the crop with which they are
interfering are most competitive (Buchanan and
Burns 1970; Tingle and Steele 2003). The same was
found in this study. Velvetleaf had a distinct
competitive advantage in plant height and stem
diameter over cotton during the entire growing
season, and its interference with cotton started
during the vegetative phase and continued until the
reproductive phase. These findings concur with
those of Cortés et al. (2010) who reported that the
aggressive early season growth and ability to
intercept light contributed to the strong competi-
tiveness of velvetleaf with cotton.

Although there was limited influence on cotton
yield under low weed densities (� 0.125 or 0.25
velvetleaf plant m�1 of row), late-season weed plants
should be controlled effectively because of the high
fecundity and prolonged seed production of
velvetleaf. Moreover, velvetleaf seedling emergence
occurred from April to early August in the
experimental area (our own observations), but weed
control measures usually ceased around early July in
the cotton-production systems. More data are
needed to accurately estimate seed bank dynamics,
and additional field research is important to
thoroughly understand the phonological develop-
ment and seed production of velvetleaf relative to
the time of cotton emergence. Future work should
address the effect of weed removal at various cotton
growth stages to determine the critical information
for timely management of velvetleaf.
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