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Morphological, phenological and reproductive
characteristics of the invasive weed species
Abutilon theophrasti Medik, as affected by various
plant densities

Abstract
Background and purpose: Abutilon theophrasti Medik (velvetleaf)

is an invasive plant well spread in Croatia as noxious weed species. The aim
of this study was to provide morphological, phenological and reproductive
information of velvetleaf grown under various densities: 2, 5, 10 and 20
plants m=.

Material and methods: The field experiment was conducted in 2014
at University of Zagreb Faculty of Agriculture as complete randomized
blocks design. Throughout the vegetation morphological (hypocotyl and epi-
cotyls length, number of leaves and branches, plant height, shoot dry weight
and diameter), phenological (beginning of flowering end of flowering and
forst capsule formation; GDD to beginning of flowering end of flowering
and first capsule formation) and reproductive (capsules plant™, seed cap-
sules™, seeds plant™, seeds m=2, 1000 seeds weight and germinability) char-
acteristics were measured.

Results and conclusion: Mostly all morphological and reproductive
characteristics were significantly affected by plant density. Increase of vel-
vetleaf competition from 2 to 20 plants m™ has reduced number of capsule
and consequently almost five fold decreased seed production per plant. How-
ever, plants which have been growing at densities > 5 plants m™2 produced
in average 50% more seeds per land area than plants at the lowest density.
Low germinability at harvest (29) and six month later (15%) indicate on
primary dormancy and possibility for longevity in soil if plants are left un-
controlled in the field. In contrast to morphological and reproductive chang-
es, plants in high density did not showed increasing growing degree days
requirements.

INTRODUCTION

butilon theophrasti is an invasive weed species that originated in

China. Velvetleaf was originally introduced to North America and
Europe (Italy, German, Bulgaria and Romania) as a potential fiber crop
and farmers attempted to grow it for more than a century. These early,
experimental crops were probably the source of velvetleaf as a weed in
row crops (1). The first data on its presence in Croatia were published in
1869 (2) but as a weed in agriculture it has been known since the 1980s,
especially from the mid-1990s (3). Carey reported that the initial phases
of invasion may take a substantial time, during which invading plants
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may remain at low densities for many years without being
detected (4). In the last few years, this invasive weed
species has spread very fast and uncontrollably (5)
appearing in large numbers, sometimes with more than
200 individual plants per square meter (6). Recently, field
surveys in Croatia have shown velvetleaf as the eleventh
most common weed species in row crops, with a significant
tendency to increase its frequency (7).

Many studies have reported decreases in crop yield due
to competition from velvetleaf (8, 3, 9, 10). As a summer
annual C; species with rapid growth and high photosynthetic
rates (11), canopy architecture (12, 13) and a moderately
high relative growth rate longer in the season (12)
velvetleaf has a competitive superiority of over crop and
other weed species. Velvetleaf height and leaf area increase
rapidly in the vegetative phase, during which most of the
plant biomass is produced (9). When emerging simulta-
neously with corn, velvetleaf can overtake corn growth by
the end of the season, developing a layer of leaves above
the canopy, and therefore interfering with crop light
interception (9). As few as three velvetleaf plants m™ can
decrease corn yield by 91% when emerging with the crop
(14) while there are no yield losses if velvetleaf emerges 25
days after corn (3). Therefore the cost of controlling this
weed in the USA in the most frequently grown crops,
maize and soybean, has been estimated at over 340

million US dollars (7).

The success of velvetleaf in agricultural fields has been
also attributed to the longevity of seeds in the soil (15).
Velvetleaf seed dormancy is primarily due to an imperme-
able seed coat that prevents the imbibition of water and
thus prevents germination, and this is known as physical
dormancy or hard-seededness (76). Due to seed longevity
in the soil, the return of seeds, even from low density
populations, could have long-term consequences for weed
management. Specifically, long-term studies of seedbanks
in soils with a history and high population of velvetleaf
seeds showed that 37% of the original velvetleaf seed
population was still viable after 4 years (17), while after
17 years, 15% of seeds were still viable (18). Information
on weed seed production and other reproductive charac-
teristics can influence the development of economic
thresholds and weed management programs (19) although
some researchers have concluded that velvetleaf seed pro-
duction in crops cannot be tolerated (9, I5).

To establish effective, integrated weed management,
an understanding of ecology and the basis for the com-
petitiveness (morphology), phenology and biochemistry
of major weed species is necessary (20). Since many plant
processes are a function of the phenological stage of the
plant, phenological predictions would allow more accurate
estimates of the timing and effects of weed competition
on crop yields in specific agronomic systems, and thus
allow more specific control measures to be developed (21).

Plant competition is a process that occurs through the
negative effects that individual plants have on the avail-
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ability of resources to neighboring individuals. Competi-
tion studies are set up to determine how different species
(inter) or same species (intra) change resource availability
to their neighbors, and how species respond to these
changes, architecturally and physiologically, over time
(22). Some researchers have shown significant morpholo-
gical and reproductive velvetleaf modifications caused by
inter (velvetleaf-crop) and intra (velvetleaf-velvetleaf)
competition. In most cases, morphological and reproduc-
tive characteristics showed a decreasing trend when inter
or intra competition was increased. In cotton, velvetleaf
competition resulted in a density-dependent effect on
weed biomass, ranging from 97 to 204 g plant™ dry
weight (23). In corn crops, enormous reductions in
velvetleaf seed production of about 99%, compared to
monoculture stands, was also recorded (24). Similarly,
interspecific competition from soybean was also recorded
as reducing velvetleaf seed production by up to 82% (25).
Velvetleaf plants in intra competition also seem to reduce
morphological and reproductive outputs. For example, a
reduced number of seeds per plant and stem diameter
were recorded when velvetleaf density was increased.
With 1 to 80 plants m™2, the production of seeds was
reduced on average 26.7 times, and stem diameter by 44%
and 38% in a two-year experiment (70). Some research
even showed that the proportion of dormant seeds
produced by shaded plants could be reduced by 20%
relative to seeds produced by non-shaded plants. This
means that a reduction of available resources, especially
light, did not only reduce the number and weight of seeds
produced, but also the proportion of dormant seeds.

While considerable research has been carried out to
explore the allelopathic potential of velvetleaf in Croatia
(26, 6, 27), the only study of velvetleaf morphology in
Croatia was conducted by Hulina (28), but without includ-
ing different plant densities. A field study was therefore
conducted to provide a data set of morphological, pheno-
logical and reproductive information on velvetleaf grown
under various plant densities.

MATERIAL AND METHODS
Seed collection

The velvetleaf seeds used for this study were collected
randomly, from September to October 2013, from mature
plants of populations which naturally infested stubble in
Cazma (45°45'N and 16°37’E). Seeds were hand-harvest-
ed on warm, dry days by gently shaking fully ripened
seeds from mature plants. The seeds were hand-cleaned,
and those that were clearly immature, damaged, or emp-
ty were eliminated. The velvetleaf seeds were stored in
paper bags at room temperature until sowing time.

Field experiment

The field experiment started in spring 2014 at the
Maksimir experimental station at the University of Za-
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greb Faculty of Agriculture (central Croatia, 45°49’ N and
16°T’E). Only seeds of a visually relatively equal weight
were used. Before using the seeds in the field experiment,
velvetleaf germination was tested at a constant tempera-
ture of 24°C and photoperiods of 12:12 h (light:dark).
Due to low germination, the seed coat was scarified with
sandpaper to break down seed coat impermeability, as
suggested in Masin (29). The study site was located on
sandy loam soil composed of 66.7% sand, 30% loam, 3%
clay, 1.6% organic matter and pH 7.9 on a field free of
velvetleaf.

The field was disked in winter and seed bed prepara-
tion was done using a rototiller in spring before sowing.
The previous crop grown on the site was oil pumpkin.
One factorial experiment was carried out as a complete
randomized blocks design with three replicates. Velvetleaf
seeds were overplanted on 16 April 2014. at a soil depth
of 2 cm, and after emergence, thinned to four desired
plant densities (2, 5, 10 and 20 plants m™). Plots were
weeded regularly both by hand and with a hoe. Through-
out the growing season, the following biometric determi-
nation was done: hypocotyl and epicotyl length, number
of leaves, number of branches, plant height to the first
flower, plant height at flowering time, plant height after
flowering time, emergence date, beginning of flowering,
end of flowering, first capsule formation, stem diameter
and dry weight, and number of capsules per plant. At
harvest, mature capsules were collected from each plant
to determine the number of seeds per capsule and the
number of seeds produced per plant. To minimize seed
loss from fruiting, shattering paper bags were placed di-
rectly under the capsules before seed removal from the
plants. Then, the velvetleaf plants were harvested by clip-
ping at the soil surface on 25 November and dried to
constant weight.

Lab analysis (germination)

The harvested capsules were stored dry at room tem-
perature before laboratory analysis. The seeds were clean-
ed manually from the capsules and the total seed number
and weight per plant was recorded by seed counting on a
seed counter (Pfeifer). The weight of 1,000 seeds was also
calculated for each velvetleaf plant, and seed moisture was
measured before testing germinability.

The germination experiment was conducted twice, at
harvest and six months after harvest, and was conducted
in a germination chamber with constant temperature con-
ditions of 24/20°C day/night and 12/12 hours of light/
darkness. Three replicates of 100 velvetleaf seeds from
each plant density plot were placed on filter paper satu-
rated with 10 ml of deionized water in Petri dishes sealed
with Parafilm. The seeds were incubated at a constant
temperature and germination was monitored daily until
no further germination occurred for 10 days. The seeds
were defined as germinated when they had visible ra-
dicules of at least 1 mm.
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Meteorological data

Meteorological data from the nearest weather station,
Maksimir, were supplied by the Croatian Meteorological
and Hydrological Service. Weather parameters consisted
of monthly data for mean temperatures, precipitation and
soil temperature (Table 1).

Table 1. Average monthly air and soil temperature and precipitation
for Makismir, Zagreb

Air Soil temperature, L.
Month  Temperature 5 cm Precipitation
°C mm
April 13.3 14.2 70.4
May 15.7 17.3 145
June 202 23.1 147
July 21.8 24.1 157.8
August 20.2 22.6 115.2
September 16.2 17.3 178.6

Plant development is highly dependent on temperature
and daily heataccumulation. Various types of temperature
summations, commonly referred to as growing degree
days (GDD), were used successfully to predict important
phenological events for both crop and weed species (3).
Therefore, growing degree days were used to estimate the
beginning of emergence (Figure 1), flowering (Figure 2)
and capsule formation (Figure 3) for velvetleaf. GDD was
calculated as:

GDD =T average — Tb

where T average was the average daily temperature (t, +
t,, + t,))/3 and Tb the base temperature below which
development ceases (30). The base temperature was taken
from previous studies. The soil temperature was 4.5°C
until velvetleaf emergence (31) and the air temperature
was 8°C (32) for the period from emergence to harvest.
The accumulated daily thermal units were summarised
for period of interest (from sowing to the beginning of
emergence, flowering and capsule formation).

Data Analysis

One-way ANOVA was used to analyze the morpho-
logical, reproductive and phenological data on velvetleaf
density treatments throughout the vegetation season.
Mean separation was calculated using the Least Significant
Difference (LSD) values if the F-test was significant at
P=0.05.

RESULTS AND DISCUSSION
Velvetieaf morphology

Environmental conditions during the study were

favorable for velvetleaf growth (Table 1), and high
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Figure 1. Cotyledons
Photos taken by Plodinec, 2014

precipitation resulted in an average plant height of 175 cm,
as also reported for velvetleaf plants in the irrigated con-
ditions of Mediterranean agroecosystems (24). Dry con-
ditions are a limiting factor for velvetleaf persistence and

the further spread of this weed (71).

As expected, at the beginning of the velvetleaf vege-
tative growth, there was no significant difference in
morphological characteristics between four different plant
densities (Table 2). Hypocotyl and epicotyl length
averaged 1.8 and 0.7 c¢m respectively. Similarly, plant
densities did not affect velvetleaf plant height before and
during the flowering stage, with average plant heights of
63.6 cm and 80.1 respectively. The results obtained could
be explained by the fact that intra-specific competition
between velvetleaf plants did not influence their early
growth stage. Differences in treatments were recorded at
the end of the flowering stage, when all the measured
morphological characteristics of velvetleaf plants
decreased significantly as plant density increased (Table
2). Variability in growth between shaded and non-shaded
velvetleaf plants was not significant until canopy closure,
which occurred 40 days after planting (24).

The highest velvetleaf height of 211.9 cm was achieved
at the end of flowering. The result of this investigation was
similar to Steinmaus and Norris, where velvetleaf grown
in full light averaged 182 cm (24). The plant height in the
highest density (20 plants m=) was reduced by 24%
compared to plants in the lowest density (2 plant m™).
However, there was no significant difference in plant

Figure 2. Flower

Figure 3. Capsule

height between 5, 10 and 20 plants m™. Stem height
extension plays an important role in determining the ex-
posure of leaves to light, shading competitors and eleva-
tion of reproductive structures (33). Although velvetleaf
has a low shade tolerance, and stem height increases in the
presence of lateral shade due to neighbors, despite a
reduction in total plant biomass (34), the highest plant
densities used in our research (20 plant m™) did not
caused stem elongation. The reason may lie in the fact that
velvetleaf plants were grown without competition from
other plants (crops or other weeds) and therefore there was
no need for stem elongation, as when velvetleaf competed
with corn (10) or was laterally shaded (34). In an expe-
riment in China, for example, velvetleaf height increased
with increasing weed density from 1 to 8 plants m™ of
cotton row, while conversely, cotton height decreased due
to competition from velvetleaf, especially at densities > 2

plants m™ (23).

The average shoot biomass at harvest time was linearly
reduced as plant densities increased from 2 plants m™
(56.17 g) to 20 plants m~ (19.08) although there was no
difference in plant height at densities > 50 plants m™
(Table 2). However, plant width, number of leaves and
branches were always reduced in high densities which
seemed to affect shoot biomass. Shoot diameter was
significantly lower in two higher densities compared to
lower plant densities. In another experiment (24),
interspecific neighbors also drastically reduced velvetleaf

biomass from 1,370 g (full light) to 194 (intraspecific of

Table 2. Morphological characteristics of Abutilon theophrasti in four different plant densities

2 1.79 0.52 63.5 82.3

1.81 0.65 67.5 83.4

10 1.82 0.7 58.2 73.2

20 1.81 0.73 64.4 81.4
LSD (0.05) ns ns ns ns

2119
160.1

167.4
160.7
37.62

92.5 14.7 23.5 56.17 14.5
64.2 12.3 27.2 47.53 13.6
50.3 10.6 19.5 28.47 10.33
38.4 9.9 15.6 19.08 8.3
15.3 3.481 12.37 6.782 1.946
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Table 3 Analysis of variance for days and GDD needed for velvetleaf to flower and form first capsule

Fexp
Source of variation Days to Growing degree days to
Flowering First capsule  End of flowering Flowering First capsule  End of flowering
Velvetleaf density m~ 3.16 ns 1.61 ns 2.42 ns 3,05 ns 1,61 ns 1,98 ns

ns, non-significant

33 plants m™). Other researchers also reported on the
reduction of total dry matter, branches and stem diameter
due to the lack of light in shaded velvetleaf plants com-
pared to non-shaded plants (35, 36), or when velvetleaf
was grown in a monoculture compared with velvetleaf
grown with corn (37). Velvetleaf plants grown in competi-
tion with corn responded to the increased velvetleaf den-
sity by forming a slightly lower, thinner plant, with fewer
branches concerted on the distal part of the stem (70).

Velvetieaf phenology

The first velvetleaf cotyledons were recorded on 29
April. The first velvetleaf plants needed 162 GDD to
emerge. The estimated emergence of the Italian velvetleaf
population was after an accumulation of 135 GDD (38)
indicating different field emergence patterns for different
populations. An additional five days (250 GDD) were
needed in our study for the appearance of the first vel-
vetleaf leaves with average dimensions of 1.8 cm length
and 1.7 cm width (data not shown).

The number of accumulated growing degree days dur-
ing the period from sowing velvetleaf to capsule forma-
tion was similar in all plant densities. Plant population
density was not a significant source of variation in the
time to the first flower and first capsule (Table 3). This
result suggests that velvetleaf phenology is not influenced
by plant density.

To develop the first flower on the stem, velvetleaf
plants needed an accumulation of 978 degree days on
average. The end of flowering time coincided with an ac-
cumulation of 1,671 degree days on average. Velvetleaf
density had no effect on the number of days required for
50% of the plants to flower (37). Conversely, the authors
reported that interference from corn increased the num-
ber of days from planting to the time 50% of the velvetleaf
stand had flowered. Oliver stated that vegetative growth
cessation coincides with initiation of flowering (39). How-
ever, in our study, stem height in all plant densities in-
creased continuously from the first to the last flower to
develop on the stem (Table 2). This may also have been
due to the favorable rainfall pattern (Table 1) as reported
in another study (37).

Velvetleaf plants needed on average 98 days to the first
flower on the stem and a further 59 days to the end of the
flowering stage, which lasted an average of 157 days (Ta-
ble 3). Similarly, in northeastern North America, flower-

Period biol, Vol 120, No 2-3, 2018.

ing occurred 12 to 13 weeks after sowing (40), while in
Kashima (Japan,) velvetleaf populations needed 83 days
to develop the first lowers (41).

In our study, the appearance of the first capsules on the
stem averaged 107 days after sowing, and was not affected
by different plant densities. The appearance of the first
capsules was recorded 50 days before the end of the flow-
ering stage (data not shown). This could be explained by
the indeterminate flowering of this weed species, in which
floral buds begin on the lower leaf axils and then progress
up the plant during growing season (37). Similarly, a field
survey in continental Croatia also reported a prolonged
velvetleaf flowering stage from the beginning of June to
end of September, with the first capsules appearing in
mid-July (28).

Reproductive characteristics

Most velvetleaf reproductive characteristics, apart
from seed capsules™ and germinability, were significant-
ly affected by plant density (Table 4). The absolute reduc-
tion in seeds per plant and number of capsules per plant
in higher densities (5-20 plant m™) compared to plants
in low density (2 plant m™) showed the decisive influence
of plant population density on the formation of reproduc-
tive organs, probably caused by changes in photosyn-
thetic portioning, as suggested in Benvenuti’s research
(36). Plants growing in low density produced on average
252 capsules per plant, 68% higher compared to the aver-
age value of plants in higher densities. Full light velvetleaf
plants produced 246 and 276 mature capsules per plant
respectively (36, 41), whereas relatively low capsule pro-
duction per plant (9) in another experiment was explained
by unfavorable climatic factors (low solar radiation and
high precipitation) in the experiment year (42).

Although the number of capsules per velvetleaf plant
varied in different density environments, the number of
seeds per capsule remained constant, with an average of
33 seeds per capsule (Table 4). Decline in seed production
per plant was not caused by a decrease in seeds per cap-
sule, indicating that this trait is more or less genetically
determined, as reported by other authors (36, 28, 42, 10).
Mature velvetleaf capsules produced 14 locules per cap-
sule and three seeds per locule, to produce 42 seeds per
capsule, independent of the research growth conditions
(10). Some authors have suggested that counting the cap-
sules present at harvest is a reliable method of predicting
total velvetleaf seed production, and this could be repli-
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Table 4 Reproductive characteristic of velveltleaf in the four different plant densities

Capsule Seeds Seeds Seeds 1000 seeds  Seed-shoot Barren . i
lant™! capsules™ lant™! m> weight biomass lants Glarltoel bl
Velvetleaf p P I g P
density At 6 months
m~ harvest after
No gr No g % %
253 34 3737 7307 10.57 67.6 0 3.2 20
98 34 2793 13967 10.09 58.9 13 3.0 10
10 81 34 1423 14235 10.21 50.1 13 3.6 15
20 61 31.8 781 15622 10.00 40.7 27 1.0 13
LSD (0,05) 63,0 ns 918,7 3764 0,290 9,82 18,16 ns ns

cated for our study. Adjustments in reproductive outputs
were therefore due to changes in the number of capsules
per plant, rather than the number of seeds per capsule.

The number of seeds per plant showed a decreasing
trend when density was increased, and decreased signifi-
cantly with almost each plant density (Table 4). At the
lowest plant density, velvetleaf produced 3,737 seeds per
plant™ or almost five times more than seed production at
higher densities. The reduction in seed production per
plant was proportional to shoot reduction (dry biomass
and diameter) in plants grown in higher densities com-
pared to lower ones (Table 2). In Zanin and Sactin’s ex-
periment, the number of seeds per plant also diminished
with increasing weed density, following a hyperbolic
trend. Seed production per plant was 2.5 times lower in
shaded velvetleaf plants compared to non-shaded plants
(36). Moreover, the number of seeds per plant generally
decreased as velvetleaf density increased, when mean seed
production decreased from 8,652 to 3,719 per plantat 0.1
and 3.5 plants m™ of cotton crop (43). Interspecific com-
petition from soybean was also shown to reduce velvetleaf
seed production by up to 82%, compared to velvetleaf
plants grown in monocultures (44).

Seed-shoot biomass ratio also decreased linearly as
plant densities increased (Table 4). Plants in high stands
(20 plants m™) had a significantly lower seed-shoot bio-
mass ratio compared to other intraspecific competitive
conditions (2-10 plants m ~) where plants produced more
seeds at the expense of shoot biomass. Velvetleaf plants in
high intraspecific competition (33 plants m™) also de-
veloped significantly lower seed production compared to
plants grown at low intraspecific competition (1.3 plants
m2), because shoot biomass and seed shoot ratio were
reduced (24). A significant impact of intraspecific com-
petition on seed shoot biomass ratio and consequently on
seed production was found (22). Therefore, the variation
in seed—shoot biomass ratios for velvetleaf grown under
various competitive conditions indicates the need to ex-
ercise caution when estimating seed production from
overall biomass, as suggested by this author.

Velvetleaf seed production m= also increased with in-
creasing density, although statistically lower values were
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recorded only at the lowest point of comparison with
other plant densities. Plants growing at densities of more
than 5 plants m™ produced on average 14,608 seeds m™
compared to 7,307 seeds m~ at the lowest density. This
50% increase in seed production per land area was
achieved despite significantly reduced numbers of seeds
per plant and numbers of fertile plants (Table 4). It means
that despite the reduced numbers of fertile plants and
seeds produced per plant in higher densities, velvetleaf
grown in intracompetition may produce enough seeds to
maintain a seed bank. Abutilon theophrasti is a species that
is able to produce a persistent seedbank (70) since its seeds
are characterized by notable longevity (75). It is well
known that a fundamental principle of integrated pest
management is the use of economic thresholds to support
pesticide application. Information on weed seed produc-
tion can influence the development of economic thresh-
olds, since seed dispersal may be a more important con-
sideration than yield losses associated with competition
(45, 46). Seed return from subthreshold velvetleaf popula-
tion resulted in seedling populations above the threshold
in the subsequent year (15). Unfortunately, the reproduc-
tive characteristics of this weed species exclude the pos-
sibility of weed population management based on the
concept of a threshold (70); the threshold level for this
species is zero (47).

Several authors (710, 41) observed that the weight of
1,000 seeds remained constant regardless of the light
availability in different density environments, but our
study results showed a significantly small difference in
1,000 seeds weight in the higher density compared to the
lowest one. However, plant density did not influence vel-
vetleaf germinability, either soon after harvest or six
months later. Freshly harvested velvetleaf seeds showed
very low germinability in all density environments — an
average of 2.7% (Table 4). It is well documented that most
annual summer weed species such as velvetleaf show pri-
mary dormancy soon after harvest time, to ensure that
seeds remain viable over the season and are able to germi-
nate when conditions are appropriate. When velvetleaf
hard-seededness caused by the impermeable seed coat
became permeable, physical dormancy was lost and ger-
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mination could occur. This, however did not happen in
our study six months after harvesting, when germinabil-
ity was still low (14.5% on average).

CONCLUSIONS

Velvetleaf plants grown in different, intraspecific plant
densities showed high morphological and reproductive
diversity, as reported in other research. The first signifi-
cant difference in plant height between different plants
densities was observed after the flowering stage. Almost
all morphological parameters, such as maximum plant
height and weight, shoot biomass and shoot diameter,
were significantly reduced in intraspecific densities above
5 plant m=2.

Our results confirmed that the seed number per cap-
sules was constant, regardless of plant densities. The in-
crease in intraspecific competition from 2 to 20 plants m™
reduced the number of velvetleaf capsules per plant and
consequently decreased seed production almost fivefold
per plant, while barren plants increased significantly from
0 to up to 27%. However, seed production per land area
increased from 7,307 seeds m~2 at the lowest, to 15,622
seeds m~ at the highest plant densities. Low germinabil-
ity at harvest (2%) and six months later (15%), detected
in this research, indicated primary dormancy which was
similar for all plant densities. The results of the present
study indicate velvetleaf reproductive adaptation to pro-
duce enough seeds to maintain a seed bank at a range of
different plant densities. Velvetleaf adaptation to intra
competition conditions was also evident from stable phe-
nological characteristics, where plants showed similar
GDD requirements for the beginning of flowering and
capsule formation at different density stands.
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