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Abstract
Trials were carried out in 2000 and 2001 to investigate the effect of weed emergence time on weed seed produc-
tion in a maize field. Datura stramonium L., Solanum nigrum L. and Abutilon theophrasti Medicus were selected
for their importance as summer weeds. Emergence time was found to be crucial since delay would involve an un-
favourable light environment determined by crop canopy elongation and resulting shade production. Only the ear-
ly emergence of D. stramonium and A. theophrasti showed the capacity to exposing their leaves over the crop canopy.
Generally the weed seed production under shade conditions decreased for the reduction of the fruit per plant since
the number of seed per plant showed only a light reduction. However, while D. stramonium and A. theophrasti com-
pete with the crop by increasing height, Solanum nigrum tends to adjust to shade without excessive reduction in
number of seeds produced. Thus in D. stramonium and A. theophrasti late emergence reduced seed production to
only 15%, while S. nigrum maintained 25% of the seed production level generally observed with greater light ex-
posure. This environmental adaptation was confirmed by the less marked decrease in S. nigrum harvest index. Agro-
ecological involvements are discussed.

Key-words: weed seed production, shade, weed-crop competition, seed dispersal, seedbank dynamics.

1. Introduction

It is widely believed that rational weed man-
agement in the agroecosystems requires knowl-
edge of the biology of the various species in
terms of reproduction and growth (Mortensen
et al., 2000), in order to predict and optimize
the relationships between agronomic practices
and weed dynamics. Studies on the assessment
of seedbank dynamics following diversified
agronomic inputs (Buhler, 1999) are clear ex-
amples of the importance attributed to knowl-
edge of the survival strategies adopted by the
various species. For it is precisely by evolving
specific strategies (Baker, 1974) that weed
species have succeeded in persisting in typical-
ly disturbed agronomic environments.

The survival strategies in question involve
the evolution of such characteristics as seed dor-
mancy (Mapes et al., 1989), longevity (Burnside
et al., 1996), and sensitivity to crucial environ-
mental factors (light, humidity, temperature,
etc.). These enable weeds to synchronize germi-

nation with more favourable periods, thereby
providing weed seeds with greater chances of
completing the biological cycle (Benvenuti and
Macchia, 1997). However, another fundamental
strategy observed in weed species is the rapid
and elevated seed production even if the crop
canopy light environment represent an obstacle
to reproduction activity (Brainard et al., 2005).
Together with the above mentioned dormancy
and long life characteristics, this characteristic
enables weed seeds to form a persistent seed-
bank (Thompson and Grime, 1979), and hence
to continue infesting the agroecosystem over a
prolonged period. This fast and elevated seed
production capacity, has led to the definition of
ruderal weeds (Grime, 1979), which devote most
of their energy resources to rapid production of
large amounts of seeds (Moss, 1983; Perron and
Légère, 2000). Some Authors (Sattin et al., 1992)
point out that agronomic measures designed to
minimize annual seed production in such rud-
eral species constitutes a fundamental manage-
ment practice for prevention of infestation.

Role of Weed Emergence Time for the Relative Seed
Production in Maize 

Stefano Benvenuti*

Dipartimento di Agronomia e Gestione dell’Agroecosistema, Università di Pisa
Via S. Michele degli Scalzi 2, 56124 Pisa, Italy

Received: 22 February 2006. Accepted: 7 July 2006



The pattern of prolonged germination and
emergence, typically shown by many weeds, is
linked to a diversified seed production capacity
as a function of the relative emergence time.
One interesting finding is that most of the an-
nual inputs to the seedbank result from late-
emerging plants which escape the action of both
mechanical (hoeing) and chemical (herbicides)
agronomic disturbance. Of increasing interest is
also the assessment of the seed production ca-
pacity of those weed species for which it is not
economical to use herbicides, in that such weeds
remain below the intervention threshold (Car-
dina and Norquay, 1997). In these cases weeds
tend to develop freely and hence succeed in
completing their biological cycle and dispersing
their seeds in spite of the predatction activity of
the present micro-fauna (Mauchline et al.,
2005). In this background the prediction of the
weed seed production, as a function of the crop
interference, play a crucial role in the evalua-
tion of the knowledge of a new criterion of
“threshold limits” for weed convenience based
not only on the actual crop injury but even in
the future damage due to the annual seedbank
input. In spite of the difficulties on the quanti-
fying the weed seed production recently were
carried out studies based on the empirical and
theoretical relationship between wed seed pro-
duction and crop yield loss data (Canner et al.,
2002).
The aim of this study was to investigate the ef-
fective seed production in some important
weeds infesting a typical summer crop, assess-
ing seed production as a function of emergence
time. In addition, we investigated whether dif-
ferent species respond differently depending on
their ability to adapt to the unfavourable shade
environment caused by the overlying crop
canopy.

2. Materials and methods

2.1 General Procedure

The test was carried out in 2000 and 2001 on a
farm located in Asciano (Pisa) (43° 43’ North,
10° 26’ East; 2 m above sea level) on silty clay
soil (clay 35%, sand 45%, sand 20%; 1.7% or-
ganic matter, pH 7.9) heavily infested by Datu-
ra stramonium L., Solanum nigrum L. and Abu-
tilon theophrasti Medicus. Maize was sown (hy-
brid FAO 700) on April 27 in 2000 and April 24

in 2001 on three large experimental plots (30 x
100 m, one for each of the tested weed species)
according to a geometric pattern (inter-row
spacing 75 cm, distance between plants along
the row 20 cm) so as to obtain a density of 6.6
plants m-2. Rows were north-south oriented and
the crop was grown following the normal crop-
ping practices used in the area. Three sub-plots
(for each of the three tested emergence time,
see below) were obtained (10 x 10 m) in each
plot. The geographic arrangement of the sub-
plots was derived from the emergence dynam-
ics of the present seedbank. Metereological da-
ta of experimental time are reported in figure
1. During the trial year hoeing was not carried
out, nor were chemical herbicides used, so as
not to disturb the natural propagation dynam-
ics of weeds present in the plot.

2.2 Crop Measurement

Every 10 d, height was measured on a sample
of 10 plants selected at random in the plot. Da-
ta concerning leaves were collected every
month. Such measurements were made month-
ly using a Leaf Area Meter (Li-Cor 3000, Li-
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Figure 1. Metereological data over 10-d periods referring to
2000 and 2001.



Cor, Lincoln, NE 68504). Light levels reaching
the soil surface (along the rows) below the crop
canopy were also measured on the same dates.
Light measurements were taken during the
hours of maximum sunlight, using a pyranome-
ter (Li-185B, Li-Cor, Lincoln, NE 68504).

2.3 Weed Measurement

Emerged weeds were identified and labeled
with their respective date of emergence in or-
der to group them into three periods: early
(emergence peak around early May), medium
(emergence peak around the end of June), late
(emergence peak around early August). Only
the three most abundant species were taken in-
to account: Datura stramonium L., Solanum ni-
grum L. and Abutilon theophrasti Medicus, to
ensure a sufficient number of emerged seedlings
for each of the periods mentioned above. After
labeling, the chosen weeds were isolated from
other weeds (manual thinning): this was de-
signed to promote competition between crop
and weeds only, avoiding undesired and uncon-
trollable weed-weed interference. As with the

crops, growth in height of each of the three
weed species was determined.

Reproductive measurements (number of
fruits per plant, number of seeds per fruit) were
recorded at the normal time of crop harvest (12
October 2000 and 5 October 2001) on samples
of 10 plants for each of the species examined
(and for each of the 3 emergence periods). The
sampling period was chosen in such a way as to
assess actual annual seed production, since the
above-mentioned agronomic disturbance coin-
cides with completion of the seed production cy-
cle irrespective of the degree of senescence of
the various weeds. Tetrazolium tests (TTC) were
also performed (ISTA, 1999) to evaluate viabil-
ity of the seeds produced. Tests were addition-
ally carried out on a sub-sample of 50 seeds for
each of the plants examined. Total dry biomass
was measured for the same plants (after 10 days
in an oven at 60° C) to calculate the harvest in-
dex values.

2.4 Statistical Analysis

The experimental design was a randomized
block for plant development and the corre-
sponding reproduction study. Seed viability
evaluation was based on a completely random-
ized design. All data were subjected to ANO-
VA using Fisher’s Protected LSD test (0.05 lev-
el of probability) for means separations.

3. Results and discussion

Figure 3 illustrates the growth in height of both
crops and weeds during the trial period. Both
D. stramonium and A. theophrasti, in which crop
and weed emergence occur almost simultane-
ously, grew as tall as, or even taller, than the
crop canopy. This finding was in agreement with
the well known observation that “plant-plant
competition” accompanied by lack of light caus-
es further growth of the plants, which is indis-
pensable in order to enable one of the plants to
tower over the neighbouring vegetation and ex-
pose part of the leaves to an unshaded light en-
vironment (Smith, 1982). However, in spite of
its early emergence, S. nigrum did not succeed
in surpassing the height of the crop, although it
maintained its photosynthesis system in the
shaded environment. Shading reached values
(Fig. 2) of 90% (compared to conditions of full
sunlight) in the periods of full vegetative de-
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Figure 2. Height dynamics of both crop and weeds (Datura
stramonium L., Solanum nigrum L. and Abutilon theophrasti
Medicus during the experimental periods. The three weed
species were grouped into three different emergence times
(early, medium, and late). Vertical bars indicate the standard
errors of the means.
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velopment (August) when the highest leaf area
values were measured (0.8 m2 per plant). It has
already been pointed out that S. nigrum tends
to react to lack of light by adjusting its photo-
synthesis system to shade conditions (McGiffen
and Masiunas, 1992a) rather than by using up
its energy reserves to grow in height. But even
the other two species, D. stramonium and A.
theophrasti, were unable to grow higher than the
crop in cases when they emerged later than the
crop (Fig. 3).

In spite of the various competition strategies
adopted by the weeds under investigation, fruit
production per plant was found to be strictly de-
pendent on time of emergence (Figure 4). Thus
delayed emergence consistently resulted in a

significant decrease (P < 0.05) in the number of
fruits in all species studied. The decrease was,
however, species-dependent: late emergence led
to a 16%, 25% and 15% fruit reduction as com-
pared to early emergence, D. stramonium., S. ni-
grum and A. theophrasti respectively. Moreover,
the number of seeds per fruit was found to be
constant (Fig. 4) in A. theophrasti (around 40
seeds per capsule) but variable in S. nigrum and
even more in D. stramonium.

This considerable reduction in reproductive
activity has been reported previously (Ben-
venuti et al., 1994) but was attributed almost ex-
clusively to the decrease in fruits per plant, since
no statistically significant variation in number of
seeds per fruit was recorded. In the present case,
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Figure 3. Crop leaf surface area and the relative shade production during the experimental period (spring-summer 2000
and 2001). Vertical bars indicate the standard errors of the means.



the twofold cause (decrease both in number of
fruits per plant and number of seeds per fruit)
of the drop in reproduction potential, with the
exception of A. theophrasti, appears to be due
to full competition both above ground and in
the root system, whereas in the cited paper the
artificial shade technique using plastic nets en-
tailed only lack of light. Furthermore the chosen
time of harvest in the present study (12 October
2000 and 5 October 2001) prevented full matur-
ing and consequently full viability of a part of the
seeds contained in the fruits. This result is in
agreement with previous findings (Benvenuti et
al., 1994) demonstrating that shading tends to de-
lay the reproductive phase, thereby lengthening
the biological cycle of the various species.

As a consequence of the drop in number of
fruits per plant and seeds per fruit (with the ex-
ception of A. theophrasti), seed production per
plant was dramatically reduced with late emer-
gence (Fig. 5).

When weeds and crops emerged almost si-
multaneously, D. stramonium produced roughly
11,000 and 9,000 seeds per plant (in 2000 and
2001 respectively) and S. nigrum about 5,000 (in
both years), while A. theoprasti produced over
3,000 (in both years). However, while for D.
stramonium and late emergence entailed the
production of only 15% of seeds, S. nigrum
maintained 25% of the quantity of seeds pro-
duced in more favourable growth conditions.
This behaviour is probably linked to the growth
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Figure 4. Number of viable seeds produced per fruit, number of fruit per plant, and total produced seeds per plant in the
three tested weed species (Datura stramonium L., Solanum nigrum L. and Abutilon theophrasti Medicus) during the ex-
perimental period (2000-2001). Each emergence period was grouped in three different period: early, medium, and late emer-
gence. Vertical bars indicate the standard errors of the means..
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strategy characterizing the latter species, which
is capable of competing and reproducing even
in the presence of poor light thanks to its pho-
tomorphogenic (leaf expansion, McGiffen et al.,
1992b) and photosynthetic (increase in chloro-
phyll concentration, Sattin et al 1989) adapta-
tion. These two factors, together with reduced
dark respiration, enable S. nigrum to adapt suc-
cessfully to the lack of light (Boardman, 1977).

In the cases of early emergence, the strate-
gy of stem elongation adopted by D. stramoni-
um and A. theophrasti achieves success by en-
abling the plant to expose its photosynthesizing
apparatus above the crop canopy. The stimulus
to grow in height is mediated by phytochrome
as a result of changes in the quality of incident
light which is reflected horizontally (Sattin et
al., 1994). This mechanism may be of strategic
importance in providing an early signal of in-
cumbent competition by neighbouring vegeta-
tion (Ballaré et al., 1990). Thus it is worth not-
ing that crop height has been shown to play a
crucial role in crop-weed competition (both in

terms of growth and in relative seed production)
not only in summer crops (Pendleton and Seif,
1962; Zanin and Sattin, 1988) but also in au-
tumn-winter crops (Benvenuti and Macchia,
2000).

The harvest index values (Figure 6) confirm
the two different strategies adopted by these
weeds in competing for light. The need to ex-
ceed the crop in height determined a consider-
able decrease (significant for P < 0.05) in D.
stramonium and A. theoprasti harvest index,
when these species were at a competitive dis-
advantage because of late emergence. In these
two species, values fell from 22% and 20% in
conditions of early emergence to 6% and 13%
in late emergence, respectively. In contrast, S. ni-
grum, which showed better adaptation to shad-
ed environments, maintained similar harvest in-
dex values irrespective of growth conditions.
Thus overall D. stramonium and A. theophrasti
seem to have a competitive-ruderal growth
strategy (Grime, 1979), while S. nigrum, al-
though also a ruderal species (given its rapid
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and elevated seed production), appears to have
greater stress tolerance and to adapt better to
growing in shaded conditions. Consequently, D.
stramonium and A. theophrasti can be con-
trolled by agronomic measures focused on the
increasing of the competitive ability for light
(localization of the inputs, early sowing, rapid
growth cultivars, etc.), while S. nigrum appears
to persist successfully even in highly disturbed
agricultural agroecosystems by virtue of its
above-mentioned adaptive characteristics.

In other words, the time of weed emergence
is of crucial importance in determining seed
production, but its influence varies as a function
of the strategies developed by weeds to adapt
to adverse environmental conditions (ei. shade
tolerance developed by S. nigrum). Such strate-
gy of “shade tolerance” permit to reaching a
good seed production in spite to the limiting
light environment and thus to preserve the size
of the “seedbank” at sufficient levels to ensure
survival in a disturbed agroecosystem. In con-
clusion, the delay of weed emergence for phys-
iologic (i.e. dormancy loss) or agronomic rea-
sons [i.e. row hoeing due to the change of the
“depth mediated” inhibition (Benvenuti, 2003)]
is linked to a remarkable drop of seed produc-
tion as a function of the strong interference with
the crop in the phenological stage of full growth.
Consequently these seedbank annual inputs do
not appear to represent a relevant agronomic
problem for the subsequent crops. On the con-
trary, the “sub-threshold” weed infestations
(weed not controlled for the lack of economic
convenience (Sartorato et al., 1996)) seem to as-
sume a crucial role for the weed dynamics in
the subsequent crops and further experiments
are necessary in order to improve the opti-
mization of rational strategies for the weed 
control.
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