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Effects of the relative time of emergence and the
density of common lambsquarters (Chenopodium

album) on corn (Zea mays) yieldwbm_414 127..136
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MOHAMMAD HASAN RASHED MOHASSEL
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Common lambsquarters (Chenopodium album) is one of the world’s worst weeds. In order to
study the competitive potential of single-cross 704 corn (Zea mays) in competition with
common lambsquarters at different relative times of emergence and density levels of the weed,
an experiment was conducted in 2006 at the farm of the Faculty of Agriculture, Ferdowsi
University of Mashhad, Mashhad, Iran.This experiment was designed as a split plot based on
a randomized complete block design with three replications.The emergence time of the weed
was considered at three levels (7 days and 14 days earlier than corn and simultaneously with
corn) as the main plot, while the density of the weed was considered at six levels (0, 4, 8, 12,
16, and 20 plants per m2) as the subplot.The results showed a decrease in the grain yield and
biomass of corn, as the emergence time of corn was delayed in comparison with the weed in
a way that the maximum reduction was observed at the earlier emergence of the weed,
compared to corn, and also at a high density of the weed. As the weed emerged earlier than
corn, the rate of yield loss resulting from the first flush of weeds was not that high. However,
with every few days that the weed emerged earlier than corn, the rate of yield loss became
higher as the density of the weed increased to its maximum.The maximum reduction in the
yield components was observed at 14 days earlier emergence of the weed, compared to corn,
and at high densities, as the corn plants were overshadowed by the weed canopy and no ear was
produced.
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Common lambsquarters (Chenopodium album L.) is one
of the world’s worst weeds (Holm et al. 1977). This
weed germinates at lower temperatures than many
other weed species (Chu et al. 1978; Wiese & Binning
1987; Weaver et al. 1988). It has a competitive advan-
tage by emerging early in the season, typically before
crop emergence (Fischer et al. 2004). Common lambs-
quarters causes significant yield damage in many crop-
ping systems because of its rapid growth characteristics,

competition for nutrients (Vengris 1955; Pandy et al.
1971), prolific seed production (Harrison 1990), and
seed germination under a wide range of environmental
conditions (Ogg & Dawson 1984; Mulugeta & Stol-
tenberg 1998). The damage that is caused by common
lambsquarters interference has been well documented
in field crops. In barley (Hordeum vulgare L.), common
lambsquarters has been reported to reduce the yield
by 36% (Conn & Thomas 1987). In field corn (Zea
mays) and sugarbeet (Beta vulgaris L.), yield reductions
of 11% and 48%, respectively, have been associated
with interference by this weed (Schweizer 1983;
Beckett et al. 1988). The presence of common lambs-
quarters in corn fields has been shown to reduce the
yield by ~58% (Knake & Slife 1962; Hayden &
Brunside 1987).
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Weed density is one of the main factors in crop–weed
competition. Soybean yield reductions of 20% and 15%
occurred when 32 and 16 common lambsquarters plants
per 10 m of row were present season-long in studies that
were conducted in Michigan (Crook & Renner 1990)
and North Carolina, USA (Shurtleff & Coble 1985),
respectively. Conley et al. (2003) observed a 61% reduc-
tion in the soybean yield due to season-long interference
from the common lambsquarters density of 64 plants per
m2.As few as five common lambsquarters plants per m of
row reduced the corn yield by 12% in research that was
conducted in Illinois, USA (Beckett et al. 1988).

The relative time of emergence is known to have a
large influence on crop–weed competition in cereals
(O’Donovan et al. 1985). Differences in emergence times
can alter plants’ competitiveness. Early-emerging seed-
lings could have more rapid access to exogenous N
availability and be more competitive than those emerg-
ing later (Hall et al. 1992; Weaver et al. 1992; Woolley
et al. 1993; Knezevic et al. 1994; 1997; Mickelson &
Harvey 1999). Roman et al. (1999) and Leblanc et al.
(2002) reported that the emergence of common lambs-
quarters was unaffected by a corn canopy, probably
because of its emergence before canopy closure and
because of the failure of the corn plants to affect the soil
temperature or soil moisture. Knake and Slife (1965)
found a 13% corn yield loss from giant foxtail (Setaria
faberi Herrm.) that emerged with corn, whereas no corn
yield loss was obtained when giant foxtail emerged 3
weeks after the emergence of corn.The results of Guza
and Kells (2002) indicated that the presence of common
lambsquarters at crop seeding, at crop emergence, and at
theV1 stage of corn reduced the corn yield, while there
was no significant corn yield loss when lambsquarters
emerged at the other stages of corn growth. Moeching
et al. (2003) determined that the maximum yield loss was
�20% when common lambsquarters emerged at the
same time as corn; whereas, this reduction was �50%
when this weed emerged 3 days earlier than corn.

The early emergence or first flush of weeds at the
highest density has the most competitive potential
against crops and will produce the most seed (Boerboom
2002).Depending on the density, early-emerging redroot
pigweed (Amaranthus retroflexus) reduced the corn yield
by 5–34% and the sorghum (Sorghum bicolor [L.]
Moench) yield by 46%, but late-emerging redroot
pigweed was less competitive (Knezevic et al. 1994;
1997). Our knowledge about the density and relative
time of weed emergence can help us to effectively
manage and prevent crop yield loss.The objective of this
research was to determine the influence of the density
and relative emergence time of common lambsquarters
on corn yield.

MATERIALS AND METHODS

Experimental site and study design

An experiment was conducted in 2006 at the Agricul-
tural Faculty of Ferdowsi University of Mashhad,
Mashhad, Iran (36°15′N, 59°28′E; 985 m altitude). In
this experiment, the effects of the relative emergence
time of common lambsquarters on the single-cross 704
corn (Sabs-Avaran Company, Moghan, Iran) yield was
studied at different density levels of lambsquarters. The
type of climate at this site was defined as dry and cold,
using the Amberg method, and the total monthly rainfall,
mean daily temperature, relative humidity, evaporation,
and photoperiod are reported in Table 1. The experi-
ment was designed as a split plot based on a randomized
complete block design with three replications. The
emergence time was considered at three levels of E14, E7,
and E0 (emergence of the weed 14 days and 7 days earlier
than corn and simultaneously with corn, respectively) as
the main plot and the density of the weed was considered
at six levels of D0, D4, D8, D12, D16, and D20 (0, 4, 8, 12,
16, and 20 plants per m2) as the subplot. It should be
noted that the emergence time of the weed of 2 weeks
before corn, as used in this experiment, is not practically
applicable. However, such a treatment provides sufficient
data for fitting a yield loss equation and shows the
importance of the emergence time (Sarabi et al. 2009).

Procedure

The field was moldboard-plowed, harrowed, and culti-
packed in the spring prior to planting.A starter fertilizer
was broad-cast at a rate of 300:200:200 kg ha-1 N:P:K
before planting, based on the area’s tradition, and was
incorporated by field cultivation and shallow-disking for
the seed-bed preparation.A N fertilizer was applied as a
split application three times: 50% before planting, 25% at
the six-to eight-leaf stage, and 25% at the 10–12-leaf
stage of corn.

The corn seeds were sown at a 1.5–2 cm depth with
20 cm in-row spacing and 70 cm between the rows.The
lambsquarters seeds were sown on both sides of the corn
rows at a 0.5 cm depth 14 and 7 days earlier than the
planting of corn. Considering that common lambsquar-
ters required 15 days from the day of planting to emerge,
corn that was sown at the same time as lambsquarters
would emerge 7 days after the weed was sown. One
week after the weed’s emergence, the groups of corn
that would emerge 2 weeks after the weed emerged
were sown in the respective plots. The E0 corn was
sown 7 days after weed planting, so that both of them
emerged simultaneously. The E7 corn was sown when
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lambsquarters emerged, so that at the emergence of corn,
lambsquarters had been present for 7 days.The E14 corn
was sown 7 days after the emergence of lambsquarters, so
that at the emergence of corn, lambsquarters had been
present for 14 days (Fig. 1).To ensure the emergence of
lambsquarters at the mentioned dates and densities,many
seeds were sown and, after emergence, the plots were
weeded.

No disease or pest was observed in the research plots.
All the other weed seedlings, including common
purslane (Portulaca oleracea L.), barnyardgrass (Echinochloa
crus-galli L.), yellow nutsedge (Cyperus esculentus L.),
purple nutsedge (Cyperus rotundus L.), giant foxtail, and
redroot pigweed, were manually weeded to eliminate
competition. The plots were 2.8 m wide and 3 m long
and included four rows of corn. All the plots were well
watered once per week to bring the soil content to field
capacity. At the end of the growing season, the plant
samples were harvested from the two center rows. Five
corn plants of each plot were clipped at the soil surface,
sectioned, placed in cloth bags, dried in an oven for 70 h
at 75°C, and weighed. Also, the ear row number and
seeds per row were measured, averaged, and recorded.A
calculation of the average ear row number of five plants
of corn per plot was made. Ultimately, the seeds were
separated from the cobs, counted with a seed counter,
and weighed.

Statistical analysis

An ANOVA was carried out by using MSTATC 1.41
(Crop and Soil Science Division,Michigan State Univer-
sity, East Lansing, MI, USA) to test normality and the
means were separated by using Fisher’s Protected Least
Significant Difference test at P < 0.01 for the emergence
date and density of common lambsquarters and the inter-
actions between the emergence date and density for each
measured parameter. The data that were collected from
the grain yield and biomass were fitted to Cousens’
(1985) non-linear regression equation, which has been
used widely to characterize the influence of weed density
on crop yield loss:
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where Ym is the weed-free yield (density = 0) and Y is the
yield under that density (density = 4, 8, 12, 16, and 20
plants per m2).

Also, the data that were collected from the grain yield
and biomass were fitted to the non-linear regression
equation of Fu & Ashley (2006), which has been used
widely to characterize the influence of weed density and
time of emergence on crop yield loss:

Y
IN

e IN Ae
L

W
CT

W
bT

=
+ ( )( )− , (2)

where T is the time of weed emergence relative to the
crop and I,A,C, and b are the regression parameters. I is a
measure of weed competitiveness at a low density when
T = 0, A is the percentage maximum yield loss at time T,
C is the rate at which I decreases exponentially as T
becomes larger, and b is the rate of change of A with T.

RESULTS AND DISCUSSION

Corn grain yield reduction

Emergence time of common lambsquarters

The emergence time of common lambsquarters had a
significant (P < 0.01) effect on the corn grain yield.The
plants of common lambsquarters that emerged 14 days
earlier than corn had the most effect on the corn yield
(Table 2).The grain yield loss can be related to both the
earlier formation of the common lambsquarters canopy,
especially if this weed emerged 14 days earlier than corn,
and to the allocation of the dry matter to vegetative
growth (due to shadowing and increasing height).Bosnic
and Swanton (1997) found that, when 30 plants per m2

of barnyardgrass emerged at the three-leaf stage of corn,
the weed resulted in a 14% yield loss, compared to 4%
when it emerged at the seven-leaf stage of corn.

Density of common lambsquarters

The effect of the common lambsquarters density was
significant (P < 0.01) on the corn grain yield, such that
the maximum yield loss occurred in the subplots with
12, 16, and 20 plants per m2, reducing the yield by ~63,
70, and 75%, respectively (Fig. 2a). Fisk et al. (2001)
remarked that, in their study, as a result of the interfer-
ence of redroot pigweed in the corn field and the pres-
ence of twofold and threefold densities of this weed, the
corn grain yield was 23% and 39% less than in the
weed-free plot. In this research, the corn yield decreased

Table 2. Corn grain yield and biomass � standard error
at different emergence times of common lambsquarters

Relative time of
weed emergence

Corn grain yield
(t ha-1)

Biomass
(t ha-1)

E14† 2.834b‡ � 0.99 9.877b � 2.02
E7 6.925b � 1.08 19.270ab � 1.77
E0 13.370a � 0.77 29.270a � 1.12
SEM 0.98 1.89
CV (%) 16.80 11.66

† E14 and E7 refer to 14 and 7 days earlier emergence of common
lambsquarters than corn, respectively and E0 is the same emergence time
of common lambsquarters and corn; ‡ the means in the same column
followed by the same letters were not significantly different, according
to Fisher’s Protected Least Significant Difference test (P < 0.01).
CV, coefficient of variation; SEM, standard error of the means.

Planting date of  the weed,
emerging14 and 7 days

earlier than corn

Emergence date of the weed,
emerging 14 and 7

days earlier than corn
Planting date of corn,

emerging 7 days later than
the weed

Emergence date of corn,
emerging 7 days later

than the weed
Planting date of corn,

emerging 14 days later
than the weed

Emergence date of corn,
emerging 14 days
later than the weed

15 days7 days7 days

04/24/200605/09/200605/16/200605/23/2006

Planting date of  the weed,
emerging at the same

time as corn

Planting date of corn,
emerging at the same

time as the weed

Emergence dates of the weed and
corn are the same

7 days7 days

05/09/200605/16/200605/23/2006

Fig. 1. Planting and emergence dates of common lambsquarters and corn.
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with increasing levels of weed density. Despite this, the
rate of reduction in the corn yield for additional plants at
the high weed densities was lower than that at the low
weed density. The rate of yield loss was almost 5.2%,
4.3%, and 3.8% for 12, 16, and 20 lambsquarters plants
per m2, respectively. In contrast, the rate of yield loss
increased by ~9% and 6.5% for the lower lambsquarters
densities of four and eight plants per m2, respectively
(Fig. 2a). As the weed density increased, intraspecific
competition due to the neighboring common lambs-
quarters plants caused less grain yield loss as it reached a
plateau.

Based on the coefficients of Equation 1, the estimated
grain yield loss for adding the first plant of common
lambsquarters (I ) was 13.6%, while the biomass reduc-
tion was 11.1%.The maximum estimated yield loss (A)
of 100% was attained for a corn grain yield at a high
density of common lambsquarters, but for a similar

density, the maximum estimated biomass reduction was
73.4% (Table 3).The values of these coefficients indicate
that the density of common lambsquarters had a greater
influence on the corn grain yield than on the biomass.

Interaction between the emergence time and
the density of common lambsquarters

The interaction effects of the emergence time and the
density of lambsquarters on the corn grain yield was
significant (P < 0.01).The minimum yield loss occurred
at four and eight lambsquarters plants per m2 emerging at
the same time as corn (17.7% and 22%, respectively).The
maximum reduction in the grain yield was obtained at
12, 16, and 20 lambsquarters plants per m2 emerging 14
days earlier than corn, so that the yield decreased by
>80% and the corn plants were fully shaded by the weed
canopy (Fig. 3a,b). The yield loss in the corn plants
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Fig. 2. Density effects of common lambsquarters in relation to (a) the corn grain yield loss and (b) the corn biomass
reduction.

Table 3. Estimated parameters that were obtained from the corn grain and biomass loss in relation to (A) the density
of common lambsquarters via Cousens’ (1985) equation and (B) the weed density and time of emergence via the
equation of Fu and Ashley (2006)

Equation I (%) A (%) R2

A
Grain yield 13.6 (0.21)† 100.00 (0.96) 0.99
Biomass 11.1 (2.01) 73.40 (7.19) 0.98

B I (%) C A (%) B

Grain yield 13.4 (0.07) -0.005 (0.04) 28.17 (0.04) -0.12 (0.01) 0.97

† Values in parentheses are the standard errors of the coefficients.
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emerging at the same time as high densities (12, 16, and
20 plants per m2) of the lambsquarters plants was less
than that when the lambsquarters plants had emerged 7
and 14 days earlier than corn at both high and low
densities (Fig. 3b). This illustrates the competitive pres-
sure of common lambsquarters when associated with its
early emergence. As a result of the importance of the
weed emergence time in competition relations, the

reduction of the corn grain yield was significant, even at
the low densities (four and eight plants per m2) of lamb-
squarters,when the weed emerged 14 and 7 days prior to
the emergence of corn. Kropff et al. (1993) indicated that
the simultaneous emergence of common lambsquarters
with sugarbeet, as well as shortly thereafter, caused severe
yield losses at very low densities. However, when the
weed emerged �25 days after the crop, the yield losses

Fig. 3. Simulated corn yield loss in
relation to the density and relative
time of emergence of common
lambsquarters: (a) response surface
and (b) contour plot.
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became very small, even at high densities. These results
also demonstrate the importance of the emergence time
in the outcome from competition.

Based on the outcome coefficients of Equation 2, the
yield loss for the first plant of common lambsquarters (I )
was 13%, while the maximum yield loss (A) to be
obtained at high densities was 28%. The coefficients
indicated that a low weed density imposed more com-
petition pressure on corn as a result of the large plant size
and expanded leaf area of lambsquarters, lower intraspe-
cific competition, and better use of resources. Hence, the
yield loss was more for a single plant of this weed.
Moolani et al. (1964) and Coffman and Frank (1991)
reported that the corn grain yield was reduced by as
much as 39% when the smooth pigweed (Amaranthus
hybridus L.) density reached a critical level; after that
level, it did not reduce further.At the earlier emergence
of common lambsquarters, the rate of yield loss for the
first plant of the weed (C) and the rate of change of the
maximum yield loss (B) were 0.005 and 0.12, respec-
tively. The rate of yield loss was not significant for the
first plant of common lambsquarters with the earliest
emergence time. For every day that common lambsquar-
ters emerged earlier than corn, the yield decreased at a
greater rate as the weed density increased (Table 3). At
the lowest density (four plants per m2), the 7 and 14 days
earlier emergence of common lambsquarters had the
same yield loss (almost 30% and 40%), in comparison
with the 2 and 4 days earlier emergence of the weed at
the high density (20 plants per m2) (Fig. 3b). Hence, low
densities of common lambsquarters that emerge a few
days earlier than corn can result in a substantial reduction
in the corn yield in field conditions. Overall, the
imposed limitations due to the earlier emergence and
high densities of lambsquarters had a great negative effect
on the reproductive output of corn, so that the 14 days
earlier emergence of common lambsquarters led to a
100% reduction of the corn yield at 20 plants per m2

(Fig. 3a).

Grain yield components

The influence of the emergence time of common lamb-
squarters was significant (P < 0.01) on the ear row
number, number of seeds per row, and 1000-kernel
weight.The lambsquarters plants emerging 14 days prior
to corn had the maximum effect on the corn yield
components, in comparison with the other emergence
times.The yield components also decreased significantly
as the lambsquarters density increased. As mentioned
previously, the earlier emergence of lambsquarters
resulted in its exploitation of the resources and rapid
growth and canopy development in the absence of a

competitor. This led to a decline in the leaf area index
(LAI) of corn and photosynthesis in the vegetative
growth stage, so that the LAI of corn in the 14 and 7 days
earlier weed emergence treatments decreased by 67%
and 35%, respectively, compared to simultaneous emer-
gence (not shown). In contrast, an increasing weed
density resulted in greater exploitation and absorption of
water and nutrients in the vegetative growth stage and
light competition with the corn plants as a result of the
weed plants’ increasing height, so that the LAI of corn
was reduced by �50% at the densities of 16 and 20
lambsquarters plants per m2, in comparison to the weed-
free condition (data not shown). Overall, less biomass
accumulation and insufficient photosynthesis by the
corn leaves, especially those that were close to the ear,
resulted in short ears with a lower weight due to the
lower translocation of carbohydrates during the grain-
filling period (Table 4).

In this study, the corn ear length and diameter were
short in the treatments in which lambsquarters emerged
earlier than corn and with the higher densities. Some of
the seed rows were not arranged according to a set order.
These symptoms are related to a shortage of N and
phosphate in corn plants. During the stage of three-to-
four fully expanded leaves, the ear row number is defined
(Schreiber et al. 1988); at the stages of seven-to-eight and
11–12 expanded leaves, the number of ovules per ear and
the ear size are established (Hanway 1963).Therefore, a
N deficiency at any particular stage can affect the grain
yield and its components (Argenta et al. 2004). In addi-
tion, the head of the ear was not filled due to a lack of K,
the seed size was small, and some of the ears were not
filled sufficiently. According to other studies, the per-
plant kernel mass and kernel number in dent corn were
reduced by the weed’s population density (Tetio-Kagho
& Gardner 1988; Cox 1996) or by weed interference
(Tollenaar et al. 1997) to a greater extent than was the ear
number.The 100-kernel weight was reduced by 8–12%
by green foxtail densities of >50 plants per m2 and this
was accompanied by an 8–40% reduction in the crop
yield, depending on the N rate (Cathcart & Swanton
2004).

Common lambsquarters competition, especially at an
earlier emergence time and at higher densities, caused a
reduction in photosynthesis and prevented nutrients
accumulating in sufficient amounts (data not shown).
The N uptake in corn occurs during the period from
early seedling development to ~3–5 weeks after the
silking period. During this period, an adequate N supply
is essential to ensure optimal corn growth and develop-
ment.The lack of adequate dry matter accumulation by
corn from vegetative growth until the seed-filling period
will result in a decrease of the yield components.
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Tollenaar et al. (1994) found that, under a reduced N
pool resulting from high weed pressure, the ear leaf
chlorophyll content that was measured during the silking
period was ~28% lower than that measured under the
weed-free condition. A measurable decline in chloro-
phyll (and hence photosynthesis) under a limited N
supply will lead to a reduction in the total dry matter
production, including the corn yield and its components
(Rajcan & Swanton 2001).

Biomass of corn

The relative time of weed emergence had a significant
(P < 0.01) effect on the biomass of corn, so that the
minimum amount (9877 kg ha-1) was obtained from the
14 days earlier emergence of common lambsquarters
(Table 2). The shading by common lambsquarters leads
to a reduction in the quality of the light that the corn
plants receive, so that low photosynthesis and photosyn-
thetic consumption, especially by the lower leaves, causes
a reduction in the dry matter accumulation. The con-
current emergence of common lambsquarters and corn
had the least influence on the biomass production. In
competitive relations, species that use resources in the
absence of a competitor prevent the successful growth of
their neighboring species.When emerging concurrently,
the species with a higher relative growth rate and with
the ability to use resources faster than the other species

are successful in competition. Hence, the biomass loss
was not substantial when lambsquarters and corn
emerged concurrently.

The high densities of common lambsquarters had a
significant (P < 0.01) effect on the corn biomass, so that
16 and 20 plants per m2 resulted in the maximum
biomass reductions of 56% and 51%, respectively
(Fig. 2b).The competitive intensity of common lambs-
quarters had more of an effect on the yield than on the
biomass of corn. If the restrictions on growth (such as the
availability of resources) increased, more of a decrease
would occur in the amount of the grain yield than on the
biomass due to the sensitivity of reproductive growth.

The interaction effects of the relative time of emer-
gence and the density of lambsquarters indicated that 20
plants per m2 of weed emerging 14 days prior to corn led
to the lowest biomass (0.12 t ha-1). In contrast, four and
eight plants per m2 with the same time of emergence led
to the highest biomass (Table 5). In terms of root struc-
ture differences between common lambsquarters and
corn, lambsquarters can extract water and nutrients from
the soil surface when corn is absent and can continue
consuming these resources from deeper portions of the
soil profile when corn is present due to extensive tap-
roots. In contrast, as a result of its fibrous roots, corn only
uses nutrients from the soil surface. Also, an expanding
leaf area and shading from lambsquarters during the
growing season leads to a reduction in radiation

Table 4. Corn yield components � standard error at different emergence times and densities of common
lambsquarters

Variable Ear row number No. of seeds per row 1000-kernel weight (g)

Relative emergence time of
common lambsquarters

E14† 6.3b§ � 1.56 8b � 2.19 96.2c � 23.98
E7 13.4a � 0.41 24.4a � 1.25 184b � 16.18
E0 14.9a � 0.15 31.4a � 0.59 284a � 11.29
SEM 0.34 1.08 15.52

Weed density
D0‡ 15.4a � 0.29 29.8a � 1.89 272.1a � 12.4
D4 13.9b � 0.36 25.5b � 2.22 229.8b � 24.4
D8 13c � 0.58 20.8c � 3.3 210b � 22.38
D12 9.1de � 2.28 17.6d � 4.55 141.1c � 42.5
D16 9.2d � 2.32 15.8e � 4.53 127c � 34.48
D20 8.6e � 2.24 18.3d � 4.7 148.5c � 46.55
SEM 0.13 0.32 7.32
CV (%) 3.55 4.56 11.68

† E14 and E7 refer to 14 and 7 days earlier emergence of common lambsquarters than corn, respectively and E0 is the same emergence time of
common lambsquarters and corn; ‡ D0, D4, D8, D12, D16, and D20 are 0, 4, 8, 12, 16, and 20 plants per m2, respectively, of common lambsquarters;
§ the means in the same column followed by the same letters were not significantly different, according to Fisher’s Protected Least Significant
Difference test (P < 0.01). CV, coefficient of variation; SEM, standard error of the means.
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interception by corn and a subsequent decrease in
biomass accumulation.

CONCLUSION

The presence of common lambsquarters led to a sig-
nificant yield loss when it emerged earlier than corn.
For every few days that common lambsquarters
emerged before corn, the competitive potential of corn
decreased and an intensive reduction in the yield
occurred.The increase in lambsquarters density resulted
in the yield loss of corn, but there was no difference
among the higher densities of this weed. When lamb-
squarters emerged early, its more rapid consumption of
resources prior to corn establishment changed the
light, water, and nutrient quality during the subsequent
growth of corn from the seedling stage to reproductive
development. The results of this study have important
implications for weed control programs in corn and
can serve as the basis for making decisions on the use
of pre-emergence herbicides in corn and the use of the
critical weed management period in corn in order to
control lambsquarters before economic yield losses
occur.
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