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The effects of weed competition on crop yields 
demonstrate the importance of weed control prac
tices. This review of weed competition focuses on 
crops that are economically important to Mi ssouri. 

Weeds adversely affect crop production by 
competing for water, light, nutrients, and space (2, 
22, 26, 27, 33). Certain weeds interfere with the 
growth of crop plants by releasing chemical inhibi
tors, a process referred to as allelopathy (2, 7, 12 , 
13 , 23, 36). 

Weed species vary in their abilities to compete 
with other plants. However, certain density levels of 
weeds can be tolerated in a given crop, considering 
weed variability, the crop involved, and the eco
nomic aspects of weed management. The tolerable 
density, i.e., the number of plants per unit area of a 
weed spec ies, beyond which weed management 
practices are deemed advisable, can be referred to 
as the economic threshold. Beyond a threshold the 
economic gain from a particular weed management 
practi ce will exceed the loss that might occur if no 
management practice is applied (6, 29). 

The effect of weed competition is usually less 
obvious than crop damage caused by insects and 
diseases. For this reason, coupled with many envi
ronmental, ecological and economic variables in
volved, the development ·and practical use of eco
nomic thresholds for most weed spec ies has been 
slow. 

Research shows the effect of weed densities on 
yields and also demonstrates the importance of 
early season weed control. Economic thresho lds 
may be inferred for particular spec ies when percent 
yield reductions are given for a spec ified number of 
weeds per unit area . 

Weed Competition in Soybeans 1 

Grasses and Sedges 
Annual grasses that compete with soybeans 

include giant foxtail (Setaria faberi)2 , green foxtail 
(Setaria viridis), yellow foxtail (Seta ria glauca), and 
fall panicum (Panicum dichotomiflorum). Removal 
of these grasses, even if present at densities as high 
as 15-20 plants per square foot, within 3-5 weeks 
following germination of the soybeans (Glycine 
max) will eliminate any significant reduction in 
yield resulting from competition. Grasses germinat
ing after this stage of crop development make poor 
growth as a result of the greater competitive capabi 1-
ity of the crop. Even at the higher density figure 
stated above, studies indicate a crop reduction of 
less than 15 percent (1 r 28). 

Full season competition from annual grasses, 
however, may significantly reduce soybean yield. 
Of the foxtails discussed here giant foxtail has the 
greatest impact. At densities ranging from approxi
mately 7 to 66 plants per square foot giant foxtail 
reduced yields from 27-59 percent (15, 16, 27). 
Green and yellow foxtails , in general, appear to be 
somewhat less competitive than giant with indi
cated yield reduction s about 15-29 percent lower 
than for giant foxtail at similar densities (27). 

1 Popul ation densities in weed competition litera ture are presented in 
both Engli sh and metri c measurement as the number of plants per unit 
area or number of plants per un it of row. Weed densiti es may be limited 
to a narrow band or di stributed th roughout the row. In the interest of 
uniformity and for the purpose of mak ing comparis ions, all weed 
densities per unit area have been converted to number of plants per 
square foot. Row foot densities are not converted unl ess the weeds were 
confined to a spec ified w idth . 
2 Nomenc lature fo ll ows that of Steyermark, 1963 (30). 



Fall panicum, when allowed to compete full 
season at a density of about 14 plants per square foot 
of row, was found to decrease the yield by 40 
percent ( 1 ) . 

Johnsongrass (Sorghum halapense), a perennial 
that reproduces by rhizomes as well as by seeds, is a 
very serious problem in the South. A density of 
about one stem per square foot, a level of infestation 
common in soybean fields in the southeastern 
states, was found to reduce the yield of soybeans 
from 23-42 percent (17). 

Yellow nutsedge (Cyperus esculentus) is not a 
grass though it resembles one. This perennial plant 
reproduces by means of small, nutlike tubers as well 
as by seed. Studies in Illinois have shown that 10-20 
plants per square foot in a soybean field on July 1 
will reduce yield. Lower densities probably cause 
little yield reduction. Because of the plant's ability 
to produce tubers, early season control does not 
preclude the possibility of future problems. Late 
sprouting tubers, however, probably cannot com
pete with the canopy produced by growing soy
beans (31 ). Thompson (33) proposed a threshold of 
18-30 plants per square foot. 

Broadleaved Weeds 
Annual weed species do not significantly reduce 

yields unless they are allowed to remain with the 
crops longer than 5-6 weeks. Beyond 5-6 weeks 
significant yield reductions occur (9, 10, 11, 21). 
The degree of yield reduction in part, depends upon 
the density of the weed population, the weed 
species, and its competitive capabilities. 

Velvetleaf (Abutilon theophrasti) densities rang
ing from one to as high as 19 plants per square foot 
did not cause a significant yield reduction in 
soybeans when kept in check for 3-5 weeks follow
ing emergence of early planted soybeans (11, 20). If 
the weed remains for a longer time, however, the 
competitive effects of the weed population signifi
cantly reduce the crop yield (27). At lower densities 
yield reductions are decreased. Velvetleaf plants 
that appear after 3-5 weeks of crop growth do not 
appear to reduce yield significantly because of the 
increased competitiveness of the soybeans (20) . 
About one plant per 1 0 feet of row was suggested as 
a threshold (33) . 

In fields planted in late June, soybeans appear to 
be competitive with velvet leaf plants throughout the 
season . At densities of one plant per 6.7 square feet 
to one plant per 3.3 square feet, the yield reduction 
as a result of velvetleaf competition in late planted 
fields was found to be about one-half that in early 
planted fields (20). 

Annual morningglory (lpomoea purpurea) and 
ivy-leaf morningglory (lpomoea hederacea) vary 
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lvyleaf Morningglory 

somewhat in growth habit, but have similar compet
itive effects on soybeans (35). Of the two species, 
ivy-leaf is the most common in Missouri soybean 
and corn fields (personal observation, 30). 

Several studies indicate that the removal of 
morningglories every two weeks or their removal at 
6-8 weeks after planting will permit maximum crop 
yield (21, 35) . Allowing the vines to remain with the 
crop longer than 6-8 weeks results in varying yield 
reductions depending upon morningglory popula
tion densities. If the vines are removed before 6-8 
weeks and new plants are permitted to become 
established and grow with the crop, significant yield 
reductions can occur if densities are high (35) . 
Beyond eight weeks the competitive effects of 
morningglories are more pronounced as the soy
beans are in the reproductive stage (21 ). 

In competition studies, morningglory densities 
ranging from 0.5 to 12 plants per foot of row 
permitted to grow with the soybean full season 
affected yield reductions from 12 percent at the 
lowest to 40-60 percent at the higher densities (21, 
35) . Thus, yield reductions occurred even at the 
lowest densities studied . A suggested threshold Is 
about one plant per 5 feet of row (33). 



Water Hemp 

Studies of cocklebur (Xa nthium pensylvanicum) 
competition in soybeans, are numerou s, espec iall y 
in the southern and southeastern states. Cocklebur 
has been referred to as " the most troublesome weed 
in Arkansas and Mississ ippi " (6) and its reputation 
can be extended to include the southeastern United 
States. Indications are that it is becoming more of a 
problem in central states, notably Illinoi s (8). 

Two investigators developed a method of esti
mating potential soybean losses and determining 
the threshold of cockleburs in soybean s. The thresh
old is based on cocklebur density, number of 
weeks after soybean emergence, expected red uc
tion in yield losses, and several economic factors 
(6). 

Dens ities of cocklebur greater than one plant per 
9 feet of row have been found to produce a 
signifi can t yie ld reduction in soybeans (3, 5, 8, 14, 
17). As the weed density increases beyond thi s 
leve l competition becomes more severe. At cock le
bur densities of about three plants per foot of row 
yield reductions as hi gh as 80 percent have been 
recorded (5). Between 0.1 and three cock leburs per 
foot , yie lds dec reased w ith increased cocklebur 
density. A suggested thresho ld of approximately 
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one plant per 15 feet of row is probably a rea li sti c 
figure (33). 

If the crop ca n be maintained free of weeds for at 
least 4-6 weeks following emergence, the yield
reducing effects of even high coc kl ebur densiti es 
can be avoided or at least great ly minimi zed (5, 6, 
14). If cock leburs are permitted to compete longer 
than 6-8 weeks, yield reductions increase sharp ly 
with each succeeding week (5, 6, 8). At about 12 
weeks the maximum yield reduction has already 
been affected by the competing cockleburs (6). 
Plants that emerged after the first 4-6 weeks follow
ing crop emergence did not appear to be competi
tive with the soybeans and did not reduce y ields 
significant ly (5, 8). 

Three annua l broadleaved plants that are closely 
related and similar in appearance and growth habit 
are redroot, or rough pigweed (Amaranthus retro
flexus ), smooth pigweed (Amaranthus hybridus) and 
water hemp (Amaranthus tamarisc inus) . The first 
two are frequently referred to as care less weed. 
They occur more common ly in upland cu lti vated 
fields , but are also found in bottomland fields . 
Water hemp occurs primarily in bottomland fields , 
but is found also in upland cultivated field s (per
sona l observation, 30). A lthough the following 
material is based on studies of pigweed competi
tion , the remarks can probably be applied to water 
hemp because of similariti es in biology and growth 
habit. 

Pigweed was allowed to compete full season at 
densities ranging from one plant per 8 feet of row to 
greater than 12 plants per foot of row (4, 18, 19). At 
the latter density the weed was conf ined to a 4- to 
6-inch band over the row . At the above density and 
a "natura l density" which exceeded four plants per 
foot of row the yield of soybeans was reduced 55 
percent (a three-yea r average) (18), 68 percent (a 
two-year average) (19), and 80 percent (4). Yi eld 
reductions of lighter pigweed densities were lower, 
but even at a density of one pl ant per 8 feet of row, a 
30 percent reduction in yield was recorded (4). It 
appears that densiti es of less th an one pigweed per 8 
feet of row for a full season would have to be 
rea li zed if a significant y ield red uction is to be 
avoided. 

As with most previously discussed weeds, if the 
crop ca n be kept free of pigweeds for 6-8 weeks after 
planting, y ield reduction ca n be kept at a rel at ive ly 
low leve l. Pi gweed, at the density of 1 2 plants per 
foot of row in the row, was allowed to compete wi th 
soybea ns for a varying number of weeks up to fu ll 
season. Yields were reduced by 30 percent when 
weeds competed beyond seven to ten weeks. 
Remova l of pigweeds after 10-12 weeks still re
sulted in a yie ld reduct ion in excess of 50 percent as 
a conseq uence of the compet ition (19). 

A naturally occurr ing population of common 



Black Nightshade 

ragweed (Am bros ia artemisiifo lia) of about 16 
pl ants per square foot did not signifi cantly reduce 
soybean yields under normal mo isture condi tions if 
the peri od of interference w as limited to six weeks or 
less fo ll owing crop emergence (10). When common 
ragweed was allowed to compete w ith soybeans up 
to eight w eeks yields w ere significantl y less. Further 
stud y indicated the loss thresho ld fo r common 
ragw eed growin g in the soybean row averaged one 
ragweed per 8. 2 feet of row. Densities greater than 
thi s resulted in increas ingly greater y ield reducti ons 
when competiti on was permitted fo r the full season. 

Soybea ns kept free of Pennsy lva ni a smartweed 
(Po lygon um pensy lva nicum ) for four weeks or more 
after crop emergence did not show significant y ield 
reducti on even if the smartweed density was as hi gh 
as 7 .2 pl ants per foot of row (9) . Likew ise, if 
smartweed competiti on w as limited to six weeks or 
less fo llowing crop emergence, no significant re
ducti on in crop y ield occ urred . If, however, smart
w eed was permitted to com pete for more than six 
weeks the reducti on in crop y ield increased signi f i
cantly. It was determined that a popul ati on density 
of Pennsy lva ni a smartweed sli ghtly over one pl ant 
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per 6.6 feet of row was required to ca use a 
signifi ca nt reducti on in soybean yield . 

Bl ack nightshade (So lanum am erica num) has 
rece ived much attention recentl y, espec iall y as a 
weed in soybea ns. Thi s pl ant is an annual th at ca n 
produce an abundance of relati ve ly small , glossy 
berri es that change in co lo r from green to dark 
purple as they ri pen. The sti cky jui ce from the 
berri es combined w ith weed and crop chaff, so il , 
weed seeds and beans fo rm s a sti cky mass that 
c lings to machinery during harvesting operati ons. 
O ne ni ghtshade pl ant per 10 feet of row is appar
entl y suffic ient to temporaril y stop soybea n harvest. 
Based on thi s aspect of interference, the thresho ld 
for thi s spec ies would be less than one plant per 10 
feet of row and is another means by w hich weeds 
affect crop growin g acti v iti es . 

The onl y perenni al considered here is dogbane, 
o r Indian Hemp (Apocynum ca nnab inum). Thi s 
plant reproduces by seed and relati ve ly deep, long, 
hori zontal rhi zomes. Because of the latter charac
teri sti c, management of thi s weed is more difficult 
than that of the annuals previously di scu ssed . Yield 
reducti ons of 28-32 percent have been record ed in 
non-irrigated soybea ns as a result of competiti on 
w ith dogbane at densities of one pl ant per 2 square 
feet. Irri gated soybea ns with a dogbane density of 
about one p lant per 0 . 7 square foot showed a yield 
reduction of 41 percent (25). 

Weed Competition 1n Corn 

Grasses and Sedges 
As in soybeans, generall y, if annu al grasses can 

be contro lled for 3-5 weeks after corn (Zea m ays) 
germin ation no significant y ield reducti ons will 
result . 

O f the three foxtai Is considered in the secti on on 
soybeans, giant is also the most important competi 
tor in corn and has received the most attenti on. As a 
result of full season competiti on giant fox tail at a 
density of about 22 plants per foot of row confined 
to a 4-inch band in the crop row reduced corn yield 
about 13 percent. Reducti on in corn yield produced 
by the grass w hen contro ll ed fo r 3-5 weeks after 
crop germin ati on and then permitted to grow was 
not at a signi f ica nt leve l (16). O ther research w ith 
giant foxtai I at a density of about 60 pl ants per foot of 
row yielded about the same results (15) . 

Yield reducti ons in co rn w ith heavy to ve ry 
heavy densities of green and ye ll ow fox tail fo r the 
full season appear to be somewhat less th an that 
caused by giant foxtail. However, y ield red ucti ons 
approximating 36 percent ca n occu r as a resul t of 
green and ye ll ow fox tail full season competiti on 
w ith co rn w here so il nitrogen is insuff ic ient. Stud ies 
indicate that co rn ca n compete well because it 



responds much better to nitrogen app li ca ti on than 
either foxtail. Moderate leve ls of foxta il infestat ion 
in adeq uately fertilized corn w ill not signifi ca ntl y 
reduce the crop y ield , espec iall y if the weeds are 
contro ll ed for the first 3-5 weeks following crop 
emergence (15, 16). 

Fall panicum, another of the annual grasses 
commonl y occu rrin g as a weed in co rn , has been 
found to signifi ca ntl y reduce corn y ields at densities 
of 15 or more plants per sq uare foot of row (24, 34). 

Yellow nutsedge competition with co rn resulted 
in co rn y ield red ucti ons of 15-20 percent with 
weed densiti es of 10-20 plants per sq uare foot (31 ). 
Each additional nine shoots per sq uare foot ca n be 
expected to reduce the y ield by about 8 percent 
(32). Lesser densities probabl y do not red uce corn 
y ield signifi ca ntl y. Control of the weed for 3-5 
weeks after crop germination should effecti ve ly 
reduce the effects of competiti on. The clos ing co rn 
canopy wi 11 effectively shade most new plants; 
yellow nutsedge and most other crop-assoc iated 
w eeds are hi ghl y intolerant of shade (31). 

Broadleaved Weeds 
Annual weeds considered here are redroot or 

rough pi gweed, smooth pi gweed, and water hemp. 
As stated in the di scuss ion of these spec ies in the 
soybean secti on these three spec ies are very simil ar 
in appea rance espec iall y during the earl y vegetati ve 
stages, and in growth habit. 

Illinois resea rchers found that smooth pi gweed 
grown in a 4- to 6-inch band in the row of co rn (no 
actual density given) for the full season reduced 
yields by about 40 percent. Yi eld reductions of 
about 6-3 7 percent were reported for pigweeds 
growing in the row at spac ings rangin g from 1-40 
inches . A sharp increase in y ield reducti on was 
noted when weed spac ing was less than 10 inches . 
The greatest yield reduction s resulted when the 
weeds were allowed to compete for 10 weeks or 
longer (18, 19). 

Dogbane or Indian Hemp has rece ived the most 
attention among perenni al broadl eaved w eeds 
in corn . Studies indicate th at season-long competi
tion of dogbane at densities of one plant per 1. 7-2 .0 
sq uare feet adverse ly affected co rn production and 
reduced y ields by 8 and 10 percent, respecti ve ly 
(25). 
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