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ABSTRACT  12 

 13 

In order to study the morphophysiological characteristics of lambsquarters in competition with corn, an 
experiment was conducted in Varamin, Iran in 2012. The experiment was conducted in a randomized 
complete block design with 3 replications and factorial arrangement. The experimental treatments 
included the relative time of lambsquarters emergence (same time emergence with corn, in the 2-3 stage 
corn and 5-6 leaves of corn), and total  lambsquarters density (5, 10 and 15 plants per meter row equals 
6.6, 13.3 and 20 Plant per square meter). Also, with the same treatment combination, lambsquarters were 
cultivated in pure and non-competitive conditions. The results showed that the delay in the time of 
lambsquarters emergence reduced its competitive ability against corn. Investigating the effects of 
competition on height, leaf area and final dry matter accumulation, it was found that the height difference 
did not differ significantly between the competition and monoculture (with the exception of emergence in 
5-6 leaves, which showed a decrease of 24%) and in contrast to other traits, there was a significant 
difference between them and the highest level of leaf and dry matter was observed at the same time. So 
that emergence in 5-6 leaves of corn, reduced 63 and 60 percent of maximum leaf area and total dry 
matter in competition and 40 and 51 percent in monoculture mode compared with same time emerging 
with lambsquarters. 
 

 14 
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1. INTRODUCTION  18 

 19 

Investigating the competitive strategies of weed growth in order to integrate the ecological principles of weeds with the 20 
management of these factors is very important [1]. On the other hand, the complexity of the interaction effects of plant 21 
growth has made it difficult to develop integrated weed management practices [2]. Despite the use of herbicides over the 22 
last century, not only the species diversity and weed density have not decreased, but the increase of species diversity and 23 
weed density continue in many parts of the world. This can be attributed to the resistance of weed species to herbicide in 24 
the fields [3]. Currently, chemical control of weeds is the most important method in weed management. In 1990, for 25 
example, in the United States, 92 percent of the land allocated to corn was treated with herbicides [4]. Herbicide use at 26 
this level has caused a lot of worries, especially regarding surface and groundwater contamination. By presenting the 27 
integrated management plan for weeds, the main policies for reducing pesticide use (in terms of levels and levels of 28 
consumption) have been replaced by old patterns of weed management [4]. 29 
Lambsquarters (Chenopodium album L.) is a broad-leaved weed and one-year-old spring from the Chenopodiaceae 30 
family. This herb has been introduced in 40 world crops such as sugar beet, soybean, corn and some cereals as weeds 31 
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[5]. According to the available reports, each plant could produce over 72,000 seeds [5]. For this reason, in many 32 
agricultural lands of the world, it has a significant share in the composition of the seed bank [6]. One of the methods that is 33 
considered in the integrated management of weeds is the use of competition to increase the crop competition ability and 34 
weaken the weed during the growing season in the presence of weed [7]. In this regard, identification Factors involved in 35 
competitive ability of crop and weed can lead to optimum use of competition in sustainable management of weeds. The 36 
study on the effect of fodder weed (Setaria viridis L.) emergence on the corn field showed that if the emergence of weed is 37 
delayed until the 5th leaf stage of corn, the amount of biomass decreases from 73 to 95% [8]. Rohrig and Stotzel [9] study 38 
on the effect of competition between two bean and cauliflower plants on the morphological characteristics of salmonella 39 
showed that the weeds to increase light absorption and shade avoidance under the conditions of competition with the 40 
above two crops, longitudinal growth and Heightens his height. In addition, it has reduced the amount of respiration in the 41 
leaf. The same study showed that under conditions of competition, the transfer of material from the roots, stems and 42 
petioles is not affected by competition. According to the mentioned studies, recognizing the different effects of crops and 43 
weeds in the conditions of competition and the changes that have been made on weed and weed indices in these 44 
conditions, in addition to understanding the principle of competition physiology, the establishment of the principles of 45 
integrated management of weed (IWM) and planning Behavior will be beneficial. 46 
 47 

2. MATERIAL AND METHODS 48 

  49 

In order to investigate the morphological and physiological characteristics of lambsquarters in competition with corn, an 50 
experiment was conducted during 2012 in the research field of the Plant Protection Research Department in Varamin. The 51 
experiment was conducted as factorial in a randomized complete block design with three replications. The experimental 52 
treatments included the relative time of lambsquarters emergence (same time emergence with corn, in the 2-3 stage corn 53 
and 5-6 leaves of corn), and total  lambsquarters density (5, 10 and 15 plants per meter row equals 6.6, 13.3 and 20 Plant 54 
per square meter). Also, with the same treatment combination, lambsquarters were cultivated in pure and non-competitive 55 
conditions. Before plowing, the soil of the experimental farm was sampled and subjected to chemical analysis. Based on 56 
the results of the experiment, the fertilizer soil was considered to be equivalent to 114 kg of pure nitrogen, 11.51 kg of 57 
phosphorus per hectare. In autumn, each year after a semi-deep plowing and two times the disc was prepared in spring. 58 
Then there was a barrel and stacks of 75 centimeters. In addition, 90 kg of urea fertilizer was added to the ground in an 8-59 
7 leaf corn. The corn cultivar was Single Cross 704 which was cultured on rows at intervals of 20 cm. Seeds were 60 
collected in the year before corn fields in varamin. In order to break the dormancy, the seed were kept at -2 ° C for 3 61 
months. Seeds were cultured on both sides of corn rows with high density, to ensure that the desired green percentages 62 
are thinned according to the desired density. 63 
The sampling was conducted during the growing season from two intermediate rows of each plot (34, 54, 68, 82, 96 and 64 
110 days after corn emergence). For this, 5 meters of the length of the two intermediate rows of each plot (including a 65 
half-meter marginal effect) was allocated to this. Only 2 plants were harvested at each sampling time. After measuring 66 
plant height, the plant components were separated into leaves and stems. The leaf area of each sample was determined 67 
using a leaf area measurement device (LI-COR LI-3000. LI-COR Inc., Lincoln, NE). To determine the dry weight, the plant 68 
material was dried individually, first in an oven (at 80 ° C for 72 hours) and then the weight of each part was measured. 69 
Classical growth models, such as logistic models, have been used extensively and repeatedly to describe various 70 
biological processes. Many of these models are the sigmoid curves that most biologists use (Colins & Berch, 1999). To 71 
illustrate the trend of measured changes in height, leaf area index and dry matter changes, the following logistic equation 72 
was used [10]: 73 

Y=C [1+exp(a-bx)] 74 
 75 

In this equation, Y is the height or cumulative dry matter. The coefficients a and b, C, the maximum curve limit in each 76 
case and the ratio a / b, represent the time that the variable reaches its maximum half, x is the number of days after the 77 
corn is green. 78 

 79 

 80 

3. RESULTS AND DISCUSSION 81 

 82 

3.1 Height 83 

 84 

The effect of density on the height of lambsquarters is shown in Table 1 by the parameters of the equation. The maximum 85 
height in the lambsquarters that is in competition with corn is almost identical to the lambsquarters in monoculture, 86 
although there is not much difference between the three densities mentioned. As already mentioned, the ratio a / b shows 87 
the number of days to reach the half of the maximum height shown in the table1. There is no significant difference in 88 
monoculture condition, and in a competitive situation, the difference is not so significant. So that the densities of 6.6, 13.3 89 
and 20 were 75, 78 and 76, respectively, from the planting to half their maximum height, while the maximum height of low 90 
density treatment with a high density is almost the same. These results indicate that the competition between corn and 91 
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lambsquarters in the same time treatment of emergence is more severe than other treatments. However, in emergence in 92 
2-3 leaf stage, with increasing of height and emergence in the 5-6 leaf stage with a significant decrease in the height of 93 
the lambsquarters. 94 
 95 
 96 
 97 

Table 1.   Effect of density on the changes in height, leaf area and final dry matter of lambsquarters in 98 
competition with corn and mono culture. 99 
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Figure. 1. 103 

Differential curve of lambsquarters height in competition with corn in three relative time of emergence. 104 

 105 

 106 
 107 
In fact, the delay in the emergence of lambsquarters caused the decrease due to the corn-induced competitive pressure, 108 
but in the 2-3 leaf stage, the lambsquarters is trying to reach the light source with increasing height. That's why the height 109 
has risen. As for the time of emergence, as in Fig. 1, in the competition state, the second emergence time (2-3 leaves of 110 
corn) has a maximum height of 135 cm and then the first and third time of emergence, have got the next rank. By 111 
comparing the  a / b ratio, this value is 2-3 leaves and then 5-6 leaves. At the same time of emergence, is the lowest time 112 
to reach half its maximum height, which is a digit of about 70 days, while emergence in 5-6 leaves and 2-3 leaves is 10 113 
and 6 days, respectively. 114 
In monoculture conditions, it is observed that in same time emergence, with 122 centimeters heights, the highest amount 115 
was obtained, and with the delay of the emergence time, the crop height decreased (fig 2). As it is seen, in the treatment 116 
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of same time of emergence, it takes 65 days for the plant to reach half its maximum height, and for 72 and 75 days, it is 117 
necessary to reach the maximum height of 2 to 3 leaves and 5 to 6 leaves. In competitive mode, densities created at 2-3 118 
leaf stage, have the highest height (Table 1). In the treatment of same time emergence, at the very early stages, from day 119 
54 to 82, they increased their height at a very high speed, and the lambsuarters that grew in 2-3 and 5-6 leaf stage of corn 120 
at a time of about 68 to 96 days after planting corn, they have the highest rate of increase. In the treatment of same time 121 
emergence, at the very early stages, from day 54 to 82, they increased their height at a very high speed, and the 122 
lambsuarters that grew in 2-3 and 5-6 leaf stage of corn at a time of about 68 to 96 days after planting corn, they have the 123 
highest rate of increase. In general, by comparing two condition in terms of height, it can be said that there is no 124 
significant difference between the two monoculture modes and competition with maize treatment. Rohrig and Stotzel 125 
[9]investigated the effect of bean mix on lambsquarters that when the bean was slightly earlier than lambsquarters, it 126 
prevented the increasing of height in lambsquarters and caused it to be due to lack of radiation and consequently to the 127 
reduction of the production of photosynthetic material in the perennial plant, and also In some sources, it has been 128 
suggested in some cases that in order to get rid of under conditions of light scarcity, he wants to get enough light by 129 
increasing his height. 130 
 131 
 132 
 133 
 134 
 135 
 136 
 137 
 138 
 139 
 140 
 141 
 142 
 143 
 144 
 145 
 146 
 147 
 148 

Figur.2. Differential curve of lambsquarters height in mono culture in three relative time of emergence. 149 

 150 

 151 

 152 

3.2 Leaf area 153 

 154 
As it is seen, in the effect of plant density on leaf area, the average density (13.3 plant/m2) has the highest leaf area per 155 
plant in monoculture conditions (Table 1). If you look at the process of increasing the leaf area, a low to moderate density 156 
increases the maximum leaf area. But at a density of 20 plants, the leaf area of a single plant is almost less than the low 157 
density. In fact, this result can be influenced by the density that neighbor plants have caused intra-species competition 158 
and have led to this decline. Also, there is no difference between half-times the maximum leaf area at the same time of 159 
emergence and emergence in 5-6 leaves (fig 3, 4), and the emergence in 5-6 leaves requires more time to reach the leaf 160 
area by half of its maximum value, that is, about 934 centimeters (Table 1). In the competition, the conditions seem to be 161 
slightly different and with increasing density the maximum leaf area will be reduced accordingly. So that the maximum leaf 162 
area at a low density is about 200 centimeters higher than the high density. Not only do we increase the density of the 163 
lambsquarters, but also the inter-species competition, and each plant has less space and resources, and probably the leaf 164 
area also decreases. In fact, this decrease in leaf area was equal to the increase in corn leaf area and had a negative 165 
correlation with corn leaf area. Kropff and Spitters,[11]observed that the competitive power of a species is determined by 166 
rapid growth in the early stages of the growing season and by utilizing the leaf area at the moment when the plant canopy 167 
is closed. 168 
 169 
The time of emergence of weed is part of the ability of the plant to compete, because before the ripe plant begins its 170 
exponential growth stage, the weed has captured a lot of resources [12]. It is very clear that the difference in plant size is 171 
effective in competition, and a plant that has a larger size has more ability to absorb resources than smaller plants [12]. 172 
Therefore, the leaf area and stem mass can be considered as part of the power of any species in the competition to 173 
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attract resources in the vegetative communities. Since photosynthesis is the major determinant of biomass and plays a 174 
major role in competition between crops and weeds [12]. 175 
 176 
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 194 

Figure .3. Differential curve of lambsquarters leaf area in competition with corn in three relative time of 195 

emergence. 196 

 197 

0

200

400

600

800

1000

1200

1400

0 15 30 45 60 75 90

Days after emergence of corn

L
e
a

f 
a

re
a

 (
c
m

^
2

/p
la

n
t)

V5-6

V2-3

VE

Y= 1249.9903/(1+EXP(15.2704+(-0.2494*X)))

R^2 = 0.86

Y=815.8497/(1+EXP(9.4327+(-0.1444*X)))

R^2 = 0.89

Y= 745.7136/(1+EXP(8.0544+(-0.1061*X)))

R^2 = 0.95

 198 
Figure .4. Differential curve of lambsquarters leaf area in mono culture in three relative time of emergence. 199 
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3.3 Accumulation of dry matter 207 

 208 
Plant biomass production is strongly influenced by plant density, space, and competition intensity from crop and genotype. 209 
In table 1, it can be seen that in the conditions of competition, the maximum dry weight is related to high density and from 210 
the lowest density to the next density, we see an increase of 50% of the maximum biomass. Also, under competitive 211 
conditions, with increasing density to 13.3, we see an increase of 100% of maximum dry matter and increasing the density 212 
at 20 plants, the maximum dry matter increased by 50%. Comparison of the three densities mentioned in the competition 213 
with the same densities in monoculture shows that the maximum dry matter was reduced by 77, 81 and 81 percent in 214 
densities of 6.6, 13.3 and 20, which can be concluded that the competition between the lambsquarters and corn have 215 
increased. 216 
Maximum accumulation of dry matter in the competition compared to monoculture decreased at same time emergence, 217 
emergence in 2-3 leaves and 5-6 leaves, 78, 81 and 82 percent, respectively (fig 5). The highest reduction was observed 218 
in the corn leaf stage of 5-6 leaves. In terms of competition, the number of days reaching half the maximum dry weight 219 
was similar in the same time of emergence treatments and 5-6 leaves (69 days), but in 2-3 leaves reached 72 days (fig 5). 220 
That means more days are needed to reach half the maximum dry weight. In monoculture conditions, with the delay of the 221 
emergence time, the number of days reaching to half the maximum dry weight increased, and from 69 in the same time 222 
emergence tireatment, reached 71 and 74 days in 2-3 leaves and 5-6 leaves. 223 
The difference between treatments is due to the fact that there is no limiting factor in monoculture and the plant can 224 
continue to grow. But in competition conditions, because of the plant with an important limiting factor such as the canopy 225 
of the ripe (corn), there is not much difference. It is also found in 2-3 leaves of this time, which could be due to the equal 226 
competition between the two plants (fig 6). 227 
 228 
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Figure .5. Defferential curve of lambsquarters total dry matter in competition with corn in three relative time of 231 

emergence. 232 
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Figure .6. Differential curve of lambsquarters total dry matter in mono culture with corn in three relative time of 234 

emergence. 235 

 236 

4. CONCLUSION 237 

 238 

The interesting point is that, in competition with maize, two differences are observed with monoculture. First, lambsuarters 239 
in the 5-6 leaf stage is emerged, have the lowest height and, in the monoculture mode, the treatments that are emerged at 240 
the same time, in the final stages of sampling have the highest height. However, the treatments are not significantly 241 
different in terms of the velocity of height increase, since day 68 is the same as 54 days after planting of V2-3 treatment, 242 
and also 40 days after planting of V5-6 treatment, and with the delayed emergence time, the highest rate of increase 243 
Height is delayed. Concerning the effect of density on the leaf surface, it can be said that in monoculture mode, the 244 
density affects the leaf area under the influence of different germination times. These results can be related to this issue: 245 
delayed on emergence and due to the fact that the heat and heat increase, the salmon will reduce the leaf area, since 246 
under low temperature conditions it is compared with heat higher competitive power is much higher.There may be little 247 
evidence that there is a relationship between leaf photosynthesis and plant growth, but in contrast to biomass production, 248 
it is directly related to the absorption of light, which is mainly determined by the surface of the leaf. In the study of the 249 
effect of plant density on leaf area, the average density was the highest leaf area per plant in monoculture conditions. 250 
From a low to medium crop, the increase in the maximum leaf area was observed. 251 
 252 
 253 

 254 

REFERENCES 255 

 256 

References must be listed at the end of the manuscript and numbered in the order that they appear in the text. Every 257 
reference referred in the text must also present in the reference list and vice versa. In the text, citations should be 258 
indicated by the reference number in brackets [3].  259 
 260 
Only published or accepted manuscripts should be included in the reference list.  261 
Articles submitted for publication, unpublished findings and personal communications should not be included in the 262 
reference list but may be mentioned in the text (e.g., T Nelson, Purdue University, USA, Unpublished results or personal 263 
communication). Avoid citing a “personal communication” unless it provides essential information not available from a 264 
public source, in which case the name of the person and date of communication should be cited in parentheses in the 265 
text. For scientific articles, obtain written permission and confirmation of accuracy from the source of a personal 266 
communication. Unpublished result which has been accepted for publication in any journal should be cited as "in press". 267 
Journal name abbreviations should be those found in the NCBI databases (Link: 268 
http://www.ncbi.nlm.nih.gov/nlmcatalog/journals). 269 
 270 
 271 
All references should follow the following style: 272 
 273 
Reference to a journal: 274 
For Published paper: 275 
 276 

UNDER PEER REVIEW

sumon
Highlight

sumon
Highlight
what is this?

sumon
Highlight
write the findings of your experiment here



 

1. Ghersa CM, Holt JS. Using phenology prediction in weed management: A review. Weed Res. 1995; 35: 461-470. 277 
2. Buhler DD, Liebman M, Obrycki, J. Theoretical and practical challenges to an IPM approach to weed management. 278 
Weed Science.2000: 48(3):274-280.  279 
3. - Johnson DE, Dingkuhn M, Jones MP, Mahamane MC. The influence of rice plant type on the effect of weed 280 
competition on Oryza sativa and Oryza glaberrima. Weed Res.1998. 38: 207-216. 281 
4. Clay SA, Aguilar I. Weed seedbanks and corn growth following continuous corn or alfalfa, Agron. J. 1998. 90: 813–818. 282 
5- Crook TM, Renner, K.A. Common lambsquarts (Chenopodium album ) competition and time of removal in soybeans 283 
(Glycine max). Weed Sci. 1990; 38:358-364. 284 
6.  Colquhoun J, Stoltenberg DE, Binning LK, BoerboomC M. Phenology of common lambsquarters growth 285 
parameters.Weed Science. 2001;49:177–183 286 
7. Bussan AJ, Burnside OC, Orf JH, Ristau EA, Puettmann KJ. Field evaluation of soybean (Glycine max) genotypes for 287 
weed competitiveness. Weed Science. 1997; 45:31-37. 288 
8. Evans SP, Knezevic SZ, Lindquist JL, Shapiro CA, Blankenship EE.  Nitrogen application influences the critical period 289 
for weed control in corn. Weed Science. 2003; 51:408–417.  290 
9. Rohrig M, Stutzel H. Canopy development of Chenopodium album in pure and mixed stand. Weed Res. 2001;41:111-291 
128. 292 
10. Christensen S. Weed suppression ability of spring barley varieties. Weed research.1995; 35:241-247. 293 
11- Kropff MJ, van Laar HH. Modelling Crop-Weed Interactions, CAB International, Wallingford, UK. 1993. 294 

12- Radosevich S, Holt J, Ghersa C. Weed ecology. New York: John Willey & Sons, 1997. 589 p.  295 
 296 
 297 
 298 
 299 
 300 

 301 

 302 

UNDER PEER REVIEW

sumon
Highlight
Weed Sci. 2000;48(3):274-280. 

follow the journal style




