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Weed Science, 1994. Volume 42:541-547 

Effects of Tillage Systems and Weed Management on Weed Populations 
in Grain Sorghum (Sorghum bicolor) 1 

WILLIAM K. VENCILL and PHILIP A. BANKS2 

Abstract. Field research was conducted from 1987 to 1991 to 
evaluate the influence of four weed management systems on 
weed population and species dynamics in conventional-till- 
age and no-tillage grain sorghum production. These weed 
management systems included zero, low, medium, and high 
input systems. The weed seedbank increased faster in zero 
and low input weed management systems than in the high 
input weed management systems because of differences in 
weed control. Tiliage influenced weed seed densities as well. 
Common ragweed, common lambsquarters, horseweed, and 
sicklepod seed densities often were greater in no-tiliage than 
conventional-tiliage plots. Common cocklebur and large 
crabgrass seed densities were usually greater in conven- 
tional-tiliage than no-tiliage plots. Smooth pigweed seed den- 
sities were not affected by tillage. Increasing weed 
management inputs diminished differences between tiliage 
systems. Smooth pigweed dominated the weed populations 
after 4 yr in both tillage systems even in high input systems. 
Nomenclature: Common lambsquarters, Chenopodium al- 
bum L. #3 CHEAL; common ragweed, Ambrosia artemisiifo- 
lia L. # AMIBEL; common cocklebur, Xanthium strumarium 
L. #XANST; large crabgrass,Digitaria sanguinalis (L.) Scop. 
# DIGSA; smooth pigweed, Amaranthus hybridus L. # 
AMACH; grain sorghum, Sorghum bicolor (L.) Moench. 
'Pioneer 8333.' 
Additional index words: Conservation-tillage, weed seedbank, 
AMBEL, CASOB, CHEAL, DIGSA, ERICA, XANST. 

INTRODUCTION 

The primary source of annual weed infestations is from the 
weed seedbank (19). Weed and crop management influence the 
size and composition of the weed seedbank in a given field (14, 
16). This is particularly true in no-tillage production systems as 
weed management is critical for successful crop production (17). 

Because weed seed densities in agricultural soils occur at 
levels sufficient to produce weed populations that can reduce 
potential crop yields, soil-applied herbicides usually are incor- 
porated into a weed management program as a preventive meas- 
ure. Therefore, weed emergence from soils is seldom observed 

'Received for publication March 11, 1993, and in revised form March 29, 
1994. This research was supported by state and federal funds and was part of 
Regional Project S-183. 

2Asst. Prof., Crop and Soil Sci. Dep., Univ. Georgia, Athens, GA 30602, and 
President, Marathon Environ. Consulting, 2649 Navajo Road, Las Cruces, NM 
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3Letters following this symbol are a WSSA-approved computer code from 
Composite List of Weeds, Revised 1989. Available from WSSA, 1508 West 
University Ave., Champaign, IL 61821-3133. 

independent of the influence of herbicides or other aspects of a 
weed management system. If the full species composition of the 
weed-seed reserve were known better, weed control strategies 
could be designed. Barralis (4) found that with the exception of 
large-seeded weeds, the seedbank is a better indicator of fre- 
quency of weeds in arable fields than flora. 

Adoption of no-tillage systems on the erodible piedmont areas 
of the southeastern United States underscores the need to better 
understand the influence of no-tillage production and weed 
management systems on weed population dynamics. Results of 
research on the interaction of tillage and weed population dy- 
namics are mixed. Cardina et al. (8) found in a 20-yr tillage 
experiment that greatest weed seed density was in no-tillage plots 
and the lowest in conventional-tillage plots. Wrucke and Arnold 
(24) found grass weeds to be more troublesome in no- than in 
conventional-tillage, and that perennial weeds were present in 
no-tillage plots at low and controllable populations. Teasdale et 
al. (22) found that total weed density was greatest after 1 yr in 
no-tillage and 2 yr in conventional-tillage, but tillage did not 
influence weed densities the last 2 yr of the experiment. 

Weed population shifts occur in row crops such as soybean 
under no-tillage production (17, 20). Brenchley (6) states that the 
weed seed density is influenced by the crop grown. For example, 
annual grass populations have been found to increase faster in 
no-tillage than conventional-tillage production (13, 23). Shifts 
from annual to perennial weeds have been observed in no-tillage 
corn and soybean (17). Literature concerning weed population 
shifts in no-tillage production of grain sorghum is limited. 

The objective of this study was to determine the influence on 
four weed management levels in CT and NT grain sorghum on 
the size and composition of the weed seedbank over 4 yr. 

MATERIALS AND METHODS 

An area on the University of Georgia Plant Sciences Farm 
near Athens, GA, that had not been in row crop production for at 
least 20 yr was cleared of pine (Pinus spp.) and various hardwood 
trees in 1981. The area was limed, fertilized, and planted to rye 
(Secale cereale L.) in the fall of 1982. The soil was a Cecil sandy 
loam (Typic Hapludults) with a pH of 5.6 and organic matter 
content of 0.9%. In the spring of 1983, the rye was rotary mowed, 
and plots were established to determine the influence of tillage 
and level of weed control inputs on weed population dynamics. 
The plot area was in soybean [Glycine max (L.) Merr.] culture in 
a split-block design with conventional and no-tillage at four 
different weed management levels from 1983 to 1987. The same 
plot area and experimental design was used from 1988 to 1991 
with grain sorghum as the crop. A split-plot design was used with 
main plots being either conventional or no-tillage, and sub-plots 
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VENCILL AND BANKS: WEED POPULATIONS IN GRAIN SORGHUM 

Table 1. Effects of tillage systems and weed management levels on common ragweed seed in soil.a 

Weed Common ragweed seed 
Tillage manage- 
systemb ment' 1987 1988 1989 1990 1991 

no. m-3 x IO 

CT None 69 b 144 a 144 a 67 b 74 ab 
Low 142 a 103 a 103 a 95 a 74 a 
Medium 11 b 54 ab 67 a 56a 52 ab 
High 35 a 67 a 89 a 122 a 75 a 

NT None 1119 a 1629 a 1371 a 414 a 988 a 
Low 372 a 200 a 221 a 88a 81 a 
Medium 104 a 0 a 0 a 0 a 0 a 
High 95a 89a 78a 109a 42a 

NT vs. CTd 0.0032 0.0004 0.0004 NS 0.0003 

aMeans within a row followed by the same letter are not significantly different according to Fisher's Protected LSD (0.05). 
bCT denotes conventional-tillage and NT denotes no-tillage. 
cNone denotes no weed control; low denotes cultivation at 4 and 8 WAP in CT and paraquat applied preplant at 0.4 kg ha71 in NT; medium denotes atrazine applied 

POST at 1.6 kg ha7l followed by cultivation at 6 WAP in CT and paraquat applied preplant followed by a EPOST application of atrazine at 1.6 kg ha-'; high denotes 
initial cultivation in CT and paraquat in NT followed by metolachlor applied PRE at 2.2 kg ha7l and atrazine applied at 1.6 kg ha7l EPOST and 2,4-D applied POST 
at 0.6 kg ha-1. 

dTillages were compared with a paired t-test within year and p-values 5 0.05 are given. 

as the level of weed control. The sub-plots were 6 by 7.6 m. Each 
treatment was replicated four times. Plots in conventional-tillage 
were disk-harrowed to a depth of 15 cm and smoothed for 
planting. In the no-tillage systems, soil disturbance was limited 
to the planting operation. Pioneer 8333 grain sorghum was 
planted in both main plots with a no-tillage planter in 50-cm- 
wide rows at 39 seeds m-l of row. Planting occurred during the 
third week of May each yr of the experiment. 

Weed management systems were: no weed management; low 
weed management consisting of cultivation at 4 and 8 weeks 
after planting (WAP) in conventional-tillage plots and paraquat 
(1 ,1'-dimethyl-4,4'-bipyridinium ion) at 0.4 kg ha-' applied PRE 
in no-tillage plots; medium weed management consisting of 
atrazine [6-chloro-N-ethyl-N'-(1-methylethyl)-1,3,5-triazine- 
2,4-diamine] applied POST at 1.6 kg ai ha-l followed by culti- 
vation 6 WAP in conventional-tillage and in the no-tillage system 
paraquat applied for preplant vegetation control at 0.4 kg ha-l in 
no-tillage followed by atrazine early postemergence (EPOST4) 
at 1.6 kg ha-'; and high weed management consisting of an initial 
cultivation for conventional-tillage and paraquat applied for 
preplant vegetation control at 0.4 kg ha-' in no-tillage with both 
tillage systems receiving metolachlor [2-chloro-N-(2-ethyl-6- 
methylphenyl)-N-(2-methoxy- 1 -methylethyl)acetamide] PRE at 
2.2 kg ai ha-' followed by an EPOST application of atrazine at 
1.6 kg ha-, 2,4-D [(2,4-dichlorophenoxy)acetic acid] applied 
POST at 0.6 kg ai ha-l, and cultivation 6 WAP in conventional- 
tillage. All paraquat, EPOST, and POST treatments had a non- 
ionic surfactant4 added at 0.25% by vol. Herbicides usually were 
applied with a tractor-mounted spray boom in 113 Lha-l of water 

4X-77 (alkylarylpolyoxyethylene glycols, free fatty acids, isopropanol) from 
Valent U.S.A. Corp., P.O. Box 8025, Walnut Creek, CA 94596-8025. 

carrier with a CO2-pressurized sprayer at 131 kPa, flat-fan noz- 
zles spaced 51 -cm apart at a speed of 4.8 km hrnl. Some of the 
POST treatments were applied with a C02-pressurized backpack 
sprayer using the same nozzle, nozzle spacing, pressure, and 
travel speed as described for the tractor-mounted sprayer. 

The experiment was repeated as described above in 1984, 
1985, 1986, and 1987 with plot integrity for each treatment 
maintained. Beginning in 1987, six soil cores (6.4-cm diam by 
15-cm deep) were randomly taken from each sub-plot in Febru- 
ary of each yr. Cores from each plot were combined and mixed 
thoroughly and placed in 22- by 30-cm plastic trays in a green- 
house at 26/20 C day/night temperatures. The soil was watered 
daily and after 30 d, seedlings were identified, counted, and 
removed. In cases where seedling identification of an individual 
species could not be made, several plants were transplanted into 
larger pots and allowed to mature for identification. After count- 
ing, the soil in each flat was allowed to air dry for 4 to 6 d, 
thoroughly mixed, and the procedure repeated two more times. 
Results of germination periods were totaled by species. Counting 
seedlings germinated from soil cores in the greenhouse has been 
reported to be better than other methods of determining the soil 
seedbank and can be better correlated to field flora than seed 
counts alone (2, 3, 18). 

Grain sorghum was harvested each fall with a small-plot 
combine. Grain sorghum yield data were subjected to ANOVA, 
and means were compared by Fisher's Protected LSD test at the 
0.05 level of probability. Our weed seedbank data followed a 
negative binomial distribution as previously reported (5, 17, 18). 
An inverse hyperbolic sine transformation was used to normalize 
data because of the negative binomial distribution according to 
Anscombe (1). Data presented in the tables are back-transformed 
values. Fisher's Protected LSD at the 0.05 level was used to 
compare means across time at each weed control input level. A 
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WEED SCIENCE 

Table 2. Effects of tillage systems and weed management levels on common lambsquarters seed in soil.a 

Weed Common lambsquarters seed 
Tillage manage- 
systemb mentc 1987 1988 1989 1990 1991 

no. m-3x io3 

CT None 17 a 148 a 83 a 46 a 21 a 
Low 39b 358a 103ab 73ab 27b 
Medium 19 ab 54 a 16 ab 16 ab 6 b 
High 27 ab 109 a 85 a 16 b 50 ab 

NT None 450a 724a 226a 18a 629a 
Low 402a 2966a 919a 420a 299a 
Medium 119 ab 387 a 186 ab 84 b 102 ab 
High 10a 58a 27a 21a 39a 

NT vs. CTd 0.08 NS NS 0.05 0.003 

aMeans within a row followed by the same letter are not significantly different according to Fisher's Protected LSD (0.05). 
bCT denotes conventional-tillage and NT denotes no-tillage. 
cNone denotes no weed control; low denotes cultivation at 4 and 8 WAP in CT and paraquat applied preplant at 0.4 kg ha-1 in NT; medium denotes atrazine applied 

POST at 1.6 kg ha-l followed by cultivation at 6 WAP in CT and paraquat applied preplant followed by a EPOST application of atrazine at 1.6 kg ha-l; high denotes 
initial cultivation in CT and paraquat in NT followed by metolachlor applied PRE at 2.2 kg ha-l and atrazine applied at 1.6 kg ha-' EPOST and 2,4-D applied POST 
at 0.6 kg ha-'. 

dTillages were compared with a paired t-test within year and p-values < 0.05 are given. 

single paired t-test was used to compare the weed seedbank in 
conventional- and no-tillage within yr. 

RESULTS AND DISCUSSION 

Twenty-four weed species were identified in the seedbank. 
However, the species listed in Tables 1-7 comprised more than 
90% of the weed seedbank. Similarly, Hill et al. (15), Cardina et 
al. (8), and Wilson et al. (23) found that a few annual species 
predominated in the weed seedbank and that seeds of perennial 
weeds were not abundant. Smooth pigweed, common ragweed, 

common lambsquarters, and large crabgrass were the most com- 
mon weeds found in the study. 

Common ragweed seed density was greater in no- than con- 
ventional-tillage plots in four of the five yr of the study (Table 
1). Under most weed management systems, common ragweed 
seed density was stable and did not change during the study. In 
conventional-tillage no input system, common ragweed density 
was greater in the second and third yr of the study, but declined 
the last two yr of the study. 

Common lambsquarters seed density was greater in no- than 
in conventional-tillage the last two yr of the study (Table 2). 

Table 3. Effects of tillage systems and weed management levels on horseweed seed in soil.a 

Weed Horseweed seed 
Tillage manage- 
systemb mentc 1987 1988 1989 1990 1991 

no. m-3 x iG3 

CT None 7a 15a 7a Oa Ga 
Low lOa lOa Ga Ga Ga 
Medium Ga 14a Ga Ga Ga 
High lOa Ga 6a Ga Ga 

NT None 44 a 16 a 28 a 38 a 107 a 
Low 8a Ga 87a 85a 124a 
Medium 7b 8b 124a 12b 14b 
High Ga Ga 29a 12a 9a 

NT vs. CTd 0.0087 NS NS 0.05 0.02 

aMeans within a row followed by the same letter are not significantly different according to Fisher's Protected LSD (0.05). 
bCT denotes conventional-tillage and NT denotes no-tillage. 
CNone denotes no weed control; low denotes cultivation at 4 and 8 WAP in CT and paraquat applied preplant at 0.4 kg ha1 in NT; medium denotes atrazine applied 

POST at 1.6 kg ha-1 followed by cultivation at 6 WAP in CT and paraquat applied preplant followed by a EPOST application of atrazine at 1.6 kg ha7l; high denotes 
initial cultivation in CT and paraquat in NT followed by metolachlor applied PRE at 2.2 kg ha-1 and atrazine applied at 1.6 kg ha-1 EPOST and 2,4-D applied POST 
at 0.6 kg ha-'. 

dTillages were compared with a paired t-test within year and p-values s 0.05 are given. 
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VENCILL AND BANKS: WEED POPULATIONS IN GRAIN SORGHUM 

Table 4. Effects of tillage systems and weed management levels on common cocklebur seed in soil.a 

Weed Common cocklebur seed 
Tillage manage- 
systemb mentc 1987 1988 1989 1990 1991 

no. m-3 x 10 

CT None 54 bc 308 a 137 ab 137 ab 24 c 
Low 50a 154a 44a 62a 54a 
Medium 43 a 68a 22 ab 8b 31 ab 
High 28a 25 a 17 a 13 a 22 a 

NT None 8a 34a 12a 16a 26a 
Low 31a 116a 12b 26b 16b 
Medium 44 a 82 a 42 a 19 a 19 a 
High 12a 22a 6a 6a 8a 

NT vs. CTd NS 0.04 0.02 0.028 NS 

aMeans within a row followed by the same letter are not significantly different according to Fisher's Protected LSD (0.05). 
bCT denotes conventional-tillage and NT denotes no-tillage. 
CNone denotes no weed control; low denotes cultivation at 4 and 8 WAP in CT and paraquat applied preplant at 0.4 kg hal in NT; medium denotes atrazine applied 

POST at 1.6 kg ha-l followed by cultivation at 6 WAP in CT and paraquat applied preplant followed by a EPOST application of atrazine at 1.6 kg ha7l; high denotes 
initial cultivation in CT and paraquat in NT followed by metolachlor applied PRE at 2.2 kg ha-l and atrazine applied at 1.6 kg ha-l EPOST and 2,4-D applied POST 
at 0.6 kg ha-. 

dTillages were compared with a paired t-test within year and p-values s 0.05 are given. 

Downward shifts in common lambsquarters seed density oc- 
curred in the low, medium, and high input weed management 
systems under conventional-tillage and of the medium weed 
management system under no-tillage. Year to year shifts were 
observed, but common lambsquarters seed density did not differ 
after four yr from the first yr of the study. 

Horseweed seed density was greater in no- than in conven- 
tional-tillage plots the first and last two yr of the study (Table 3). 
Horseweed seed density was low under all weed management 
systems in conventional-tillage and was not detectable the last 
two yr of the study. Except for a peak in horseweed seed density 

in 1988, significant shifts in horseweed seed density were not 
observed. 

Common cocklebur seed density was greater in conventional- 
than in no-tillage plots in three of five yr (Table 4). In no-tillage 
plots, common cocklebur seed density declined under the low 
weed management system and did not shift under the other weed 
management systems. Shifts were not observed under the high 
and low weed management systems in conventional-tillage plots. 
Fluctuations in common cocklebur seed density occurred in the 
no-input system, but the seed density in 1987 was not signifi- 
cantly different from 1991. 

Table 5. Effects of tillage systems and weed management levels on smooth pigweed seed in soil.a 

Weed Smooth pigweed seed 
Tillage manage- 
systemb mentC 1987 1988 1989 1990 1991 

no. m-3 x lo- 

CT None 72 c 2192 a 5365 a 8724 a 12454 a 
Low 136 c 3035 ab 852 b 335 ab 9388 a 
Medium 11 d 230 bc 175 c 729 b 3084 a 
High 53 c 565 b 438 b 963 ab 2177 a 

NT None 95 c 604 bc 2078 ab 2791 ab 8913 a 
Low 146 c 3213 a 1818 ab 1814 ab 9911 a 
Medium 192 b 718 ab 395 b 643 ab 3000 a 
High 144 c 97 b 138 ab 672 a 1301 a 

NTvs. CTd NS NS NS NS NS 

aMeans within a row followed by the same letter are not significantly different according to Fisher's Protected LSD (0.05). 
bCT denotes conventional-tillage and NT denotes no-tillage. 
CNone denotes no weed control; low denotes cultivation at 4 and 8 WAP in CT and paraquat applied preplant at 0.4 kg hal in NT; medium denotes atrazine applied 

POST at 1.6 kg ha-' followed by cultivation at 6 WAP in CT and paraquat applied preplant followed by a EPOST application of atrazine at 1.6 kg ha-l; high denotes 
initial cultivation in CT and paraquat in NT followed by metolachlor applied PRE at 2.2 kg ha-l and atrazine applied at 1.6 kg ha-l EPOST and 2,4-D applied POST 
at 0.6 kg ha-l. 

dTillages were compared with a paired t-test within year and p-values s 0.05 are given. 
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WEED SCIENCE 

Table 6. Effects of tillage systems and weed management levels on large crabgrass seed in soil.a 

Weed Large crabgrass seed 
Tillage manage- 
systemb mentc 1987 1988 1989 1990 1991 

no. m-3 x i3 

CT None 1579 a 641 ab 86 c 195 bc 64 c 
Low 641 a 499 a 51 b 252 a 59 b 
Medium 394 ab 1188 a 138 b 1014 a 374 a 
High 213 a 235 a 64 ab 188 ab 52 b 

NT None 357 b 2422 a 986 ab 387 b 241 b 
Low 751 a 983 a 679 a 282 ab 45 b 
Medium 296 a 358 a 126 a 212 a 99 a 
High 199 a 397 a 126 a 327 a 72 a 

NT vs. CTd NS 0.05 145 a NS NS 
0.0024 

aMeans within a row followed by the same letter are not significantly different according to Fisher's Protected LSD (0.05). 
bCT denotes conventional-tillage and NT denotes no-tillage. 
CNone denotes no weed control; low denotes cultivation at 4 and 8 WAP in CT and paraquat applied preplant at 0.4 kg hal in NT; medium denotes atrazine applied 

POST at 1.6 kg ha-l followed by cultivation at 6 WAP in CT and paraquat applied preplant followed by a EPOST application of atrazine at 1.6 kg ha-'; high denotes 
initial cultivation in CT and paraquat in NT followed by metolachlor applied PRE at 2.2 kg ha-' and atrazine applied at 1.6 kg ha-' EPOST and 2,4-D applied POST 
at 0.6 kg ha-l. 

dTillages were compared with a paired t-test within year and p-values r 0.05 are given. 

Smooth pigweed seed density was not affected by tillage in 
this study (Table 5). Smooth pigweed seed density increased 
dramatically under all weed management systems. By the end of 
the study, smooth pigweed dominated the plot area. 

Large crabgrass seed density was greater in no- than in 
conventional-tillage in 1988 and 1989, but tillage differences 
were not apparent the other yr of the study (Table 6). In the 
conventional-tillage no-, low-, and high-input weed manage- 
ment systems, large crabgrass seed density declined during the 
study. In the no-tillage plots, large crabgrass seed density de- 
clined during the study under the no- and low-input systems. 

Shifts in large crabgrass seed density were not observed in 
no-tillage medium- and high-input plots. 

Sicklepod seed density was greater in no- than in conven- 
tional-tillage the final yr of the study (Table 7). Sicklepod seed 
density increased from 1987 to 1991 under the no-tillage no-in- 
put weed management system, but did not shift under the no input 
in conventional-tillage plots. Seed density increased from 1987 
to 1991 under the conventional-tillage high-input weed manage- 
ment system. 

These results agree with other research conducted on weed 
population dynamics (3, 9, 10, 11, 12, 16). For example, Decent 

Table 7. Effects of tillage systems and weed management levels on sicklepod seed in soil.a 

Weed Sicklepod seed 
Tillage manage- 
systemb mentc 1987 1988 1989 1990 1991 

no. m-3 x I0 

CT None 27a 33 a 27a 25 a 43 a 
Low 15 a 32 a 14 a 11 a 23 a 
Medium 11 a 9a 11 a 6a 11 a 
High Oc 18 ab 27 a 6 bc 32 a 

NT None 15 b 27 ab 50 ab 115 a 161 a 
Low 14a 14a 49a 49a 67 a 
Medium 11 a 15 a 6 a 6 a 15 a 
High 9a 24a 6a 6a 21 a 

NT vs. CTd NS NS NS NS 0.02 

aMeans within a row followed by the same letter are not significantly different according to Fisher's Protected LSD (0.05). 
bCT denotes conventional-tillage and NT denotes no-tillage. 
CNone denotes no weed control; low denotes cultivation at 4 and 8 WAP in CT and paraquat applied preplant at 0.4 kg ha-l in NT; medium denotes atrazine applied 

POST at 1.6 kg ha-' followed by cultivation at 6 WAP in CT and paraquat applied preplant followed by a EPOST application of atrazine at 1.6 kg hal; high denotes 
initial cultivation in CT and paraquat in NT followed by metolachlor applied PRE at 2.2 kg ha-' and atrazine applied at 1.6 kg ha-' EPOST and 2,4-D applied POST 
at 0.6 kg ha-1. 

dTillages were compared with a paired t-test within year and p-values 5 0.05 are given. 
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VENCILL AND BANKS: WEED POPULATIONS IN GRAIN SORGHUM 

Table 8. Grain sorghum yields, 1988-1991.a 

Yield 

Herbicideb TillageC 1988 1989 1990 1991 

kg ha-l 

None CT 200 cB 0 cB 1340 cA 0 bcB 
Low CT 0 cC 4760 aA 3720 bB 0 bcC 
Medium CT 6530 aA 3900 aB 4400 aB 2590 bB 
High CT 6190 aA 4170 aB 4750 aB 2630 bB 
None NT 1210 cB 0 cB 4030 abA 0 bcB 
Low NT 1250 cB 1080 bB 4300 aA 750 bB 
Medium NT 5180 bA 4900 aA 5500 aA 1222 bB 
High NT 5260 bA 4150 aAB 5430 aA 4120 aAB 
NT vs. CTd NS 0.0061 0.0044 NS 

aMeans in a row followed by same lower case letter and in a column followed by the same upper case letter are not significant according to Fisher's Protected 
LSD test at 0.05 level. 

bNone denotes no weed control; low denotes cultivation at 4 and 8 WAP in CT and paraquat applied preplant at 0.4 kg ha- in NT; medium denotes atrazine applied 
POST at 1.6 kg ha-l followed by cultivation at 6 WAP in CT and paraquat applied preplant followed by a POST application of atrazine at 1.6 kg ha-l; denotes initial 
cultivation in CT and paraquat in NT followed by metolachlor applied at 2.2 kg ha-l and atrazine applied at 1.6 kg ha-l PRE and 2,4-D applied POST at 0.6 kg ha1. 

CCT denotes conventional-tillage and NT denotes no-tillage. 
dTillages were compared with a paired t-test within year and p-values 5 0.05 are given. 

et al. (11) found quantitative changes in species composition in 
unweeded plots over time and that opportunistic species domi- 
nated the plots. The species composition remained stable during 
four yr of the study. Decent et al. (12) found that total seedbank 
increased in unweeded plots but remained stable in plots with 
herbicide inputs. However, our results are not in agreement with 
Schweizer and Zimdahl (21), who found a decline in weed 
seedbank after herbicide use. If the weed control system em- 
ployed is not adequate to maintain weed seed losses that are 
greater than seed production, the weed seedbank will increase. 
In addition, weed seed from species such as common ragweed 
occur in greater density in no- versus conventional-tillage grain 
sorghum. 

Grain sorghum yields were affected by the level of weed 
control in both tillage systems. Grain sorghum yields were 
significantly lower with no or low input when compared to the 
medium- or high-input level in both tillage systems (Table 8). 
There were yield differences between the zero-input and low-in- 
put levels in 1989 and 1990 in conventional-tillage and in 1989 
in no-tillage. Grain sorghum yields were greater in no-tillage in 
1989 than in conventional-tillage over all levels of weed man- 
agement. Differences in grain sorghum yields due to tillage were 
not noted in 1988 and 1991. Yields were lower in the conven- 
tional-tillage plots at the medium- and high-input level than at 
the no- and low-input systems. This may have been due to the 
large increases in smooth pigweed populations as indicated in 
the weed seed data. In 1991, grain sorghum yields were much 
lower than in previous yr of the study, primarily because of 
smooth pigweed interference. 

Common ragweed, common lambsquarters, horseweed, and 
sicklepod seed densities tended to be greater in no- than conven- 
tional-tillage plots. Common cocklebur and large crabgrass seed 
densities tended to be greater in conventional- than no-tillage. 
Smooth pigweed seed densities did not seem to be affected by 

tillage. These data agree with others (7, 24) that show a differen- 
tial species response to tillage. Cardina et al. (8) hypothesized 
that differential response in weed shifts could be attributed to 
biological factors such as microbial populations in the soil that 
occur in no-tillage that may influence the germination and lon- 
gevity of certain weed seeds. Depth of seed burial could impact 
seed germination. 

These data indicate that tillage and weed management sys- 
tems can have a dramatic influence on weed seedbanks. Under 
both tillage systems, weed seed densities increased more under 
weed management systems with no or low inputs. These data 
emphasize the need for residual herbicides or timely postemer- 
gence weed control to reduce weed seed density in the soil. 
Without adequate weed control, infestations of smooth pigweed 
reduced grain sorghum yields to zero in conventional-tillage 
grain sorghum. However, increasing the weed management in- 
puts tended to diminish tillage differences. Similarly, Teasdale et 
al. (22) found that tillage can influence weed population, species 
composition, and rate of population growth, but without a resid- 
ual herbicide, weed populations reach a severe level. 
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