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ABSTRACT 
In traditional slash-and-burn agriculture, forest fallow is a pri-mary agent in weed control. Stable continuous-cropping systemscould be expected to require acomprehensive program of need man-agen-ent, probably including the use of herbicides. Weed controlmeasures in a sequence of rice (Or'za satira L.)-corn (Zea i.iays L.)-
soybean (Glycine max J,.)-rice-corn-so) bean 
 Aere studied for 2 yrin Yurimaguas, Peru, wi~i :he folloaing objectives to: (i) identify,wed species resistant to the herbicide program in a continuous crop-

ping s)stem, and (i) develop effective Aed management practicesfor intensively managed cropping systems in theFirst-crop weeds humid tropics.uere 60% grass, 25% sedges, a.,,d 15% broadleafieeds. The grass was composed of to species: large crabgrass IDig-itariasaIguinali3 (L.) Scop.l and goosegrass (Eleusine indica (L.)Gaertnl. Sixth-crop vieed population "as 80% grass, 13% broadleafsand 7%spreading dayfloner (Commelina diffusa Burm. f.); and itch-grass (Rottboella exaltata L.f.) comprised 85% of the grasses. Me-
tolachlor [2 chloroN(2-ehyl-6-methylphenyl)N(methylethyl)acetamidel controlled crabgrass, goosegrass, 	and most2 .methox)l.
broadleafs in corn &nd soybean; but it did not controlNletoh'chlor alone resulted in a Aeed population that "as 	

itchgrass. 
97% itch-grass in the sixth crop. Setlioxydim 121(I-ethoxyimino)butylI.5.[2.(ethylthi°)propYlb-3-bydroxy-2-cyelohexen-l-onel.plus 

(l'methylethyl)-(IH)-2,1,3-benzolhiadinzin. hentaz-n 13-
4(JH).one 2.2-dioxidelon soybean cortrolled grasses

'eeds and 
including itchgrass, but 	 broadleafdayflower increased. Propanil lN-(3,4-djchloro-phenyl)propanamidel-plus-oxadia?n 

13-12,4-dichloro-5-(l -methyle_
thoxy)phenyl]-5-(Il-dimethyl)-1,3,4.oxadiaol.2.(31).oneresulted in a mixed grass population. Rice "as on rice
weed pressure than either corn 

more sulnerable to or soybean and appears inappro-priate for this high-input rotation because of the high cost of seedcontrol. 
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jor impediment to increasing agricultural production; 
it is largely unavailable at any price. The use of her­bicides, on the other hand, presents special problems:(i) their avilability is limited; (ii) the costprohibitive; and (iii) 	 is oftentheir safe and effective use re­quires a high level of farmer education.Despite these limitations, herbicides will likely be a 
major too] for controlling weeds in high-input crop­majo tol f or cont w in hi int coping systems where soil constraints are eliminated byadditions of lime and fertilizer. Researchers 	 in tem­perate regions have found that continued use of oneherbicide can result in a shift in the spectrum of weedp present inspeciesc e r s n the field; weeds resistant tochemical flourish n t e fel ; w e thewhen s s acompetings speciesr t t hare re­

moved (2,9,14,18). Successful weed management in­volves rotation of herbicides or alternativepractices.	 contol 

nutrients is relcased after cutting and burning the for­est. A long fallow period allows the trees to regrow,after which the land canduction. 	 be used again for crop pro-The fallow also servesfunction: 	 another importanttrees shade out invading grasses, and weedrroblems are minimal when the area is recropped.Population pressure in Peru, along with the coun­try's desire to increase its agricultural base, requiresalternatives to shifting cultivation. Successful contin­uous cropping systems, which eliminate the fallow pe­riod, will depend on soil fertility management and ef­fective weed control. Research has shown that Ultisolsin the Amazon Basin becan mnsively cropped ifappropriate aniounts of lime and fertilizer are addedapprop s of li e r r aredbut there has been little work on problems
(12, 15), 

re a 

ofweed control in continuous cropping systems in thisenvironment.Physical and socio-economic conditions in the hu­mid tropics affect weed management; practices andknowledge developed in temperate regions are notwholly transferable. In much of the amazon Basin, forexample, neither H20 nor temperature is limiting toplant growth at any time during the year. Conse­quently, weeds grow continuously, greatly intensifyingweed control problems. The humid environment alsoseverely restricts tillage, a primary means of control­
ling weeds. Although crops can be grown throughoutthe year, the "window of onportunity" for tillage op­erations is small and often unpredictable. Labor forhand weeding in the Peruvian Amazon flasin is a ma­
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We hypothesized that a similar shift in the weed 
population would occur in a tropical environment and 
that the problem would be more severe because farm­
ers lack access to a wide array of herbicides. Weeds 
resistant to the spectrum of herbicides likely to be 
used in continuous cropping systems need to be iden-
tified early in order to devise alternative management
practices. 

This experiment had the following objectives to: (i)
identify weed species resistant to the herbicide pro-
gram in a continuous-cropping system, and (ii) de-
velop effective weed management practices for inten-
sively managed cropping systems in the humid 

MATERIALS AND METHODS 
The study was initiated in September 1983 at the Yuri-

' maguas Res Stn. in Eastern Peru (5o45 S,75O5 ' W, 184 m 
above sea level) on a fine-loamy, siliceous, isohyperthermic
Typic Paleudult. Mean annual temperature at Yurinmaguas
is 26 'C with little monthly or daily variation. Average an-
nual precipitation is 2250 mm. There is a distinct dry season 
from June through August when average monthly precipi-
tation drops to about 100 mm (Table 1).

The Yurimaguas environment permits three harvests per 
year (three biological cycles) if short-cycle food crops are 
used. We used a three-crop per year sequence of rice-corn-
soybean and this cropping system was continued through six 
biological cycles (rice-corn-soybean-rice-corn-soybea-,). The
six consecutive crops will be identified in this paper as: Rice 
1,Corn 1,Soybean I, Rice 2, Corn 2, and Soybean 2. Total 
elapsed time was 2.5 yr.

The experimental design was a split plot. Four weed con-
trol treatments applied to rice represented the main plot 
treatments. Split-plot treatments were five weed control 
treatments on corn and soybean. In order to reduce the s1e 
of the experiment, treatments in corn and soybean were 
linked; for example, plots which received no weed control 
in corn also received no weed control in the subsequent 
soybean crop. With this arrangement, the main-plot effects
thus became a measure ofthe residual effiects of weed conrol
practices applied to rice in succeeding crops of corn ar.d 
soyban. In addition we were able to measure a residual 
effect of weed control practices applied to corn and s jybean 
on the succeeding crop of rice. We could not, however, meas-
ure the effects of weed control practices applied to corn on
the succeeding soybean crop.

The experimental site had been cropped to sugarcane for 
at least 6 yr and was heavily infested with a broad spectrum
of weed species. The initial experimental plan included a 
tillage variable (normal vs. no tillage), but roil tests showed 
that both lime and P were needed. Since neither of these 
amendments can be incorporated under no-till conditions,
the tillage variable was delayed until a fertile soil condition 
was achieved. Ittook three crop cycles to bring the field to
an adequate fertility. 


Fertilizationand Tilage Practices 

After destroying the sugarcane, one-half of the estimated 
lime and P requirement was applied (broadcast) and incor-
porated to 0.2 m with a moldboard plow (the total lime and 
P requirement was estimated as 1800 and 75 kg ha'1, re-
spectively). The remaining half Qf each material, along with
K, Zn, Cu, and B (100, 2.0, 2.0 and i.0 kg ha-', respectively), 
was then broadcast and incorporated to about 0. 1 m by sev-
eral passes with a tandem disk. Seedbed preparation, and
additional mixing, was accomplished by constructing raised 
beds on 0.75 m centers which were partially leveled by ro-

Table 1. Monthly precipitation, in Yurlmaguas Peru. 
1983 1984 1985 1986
 

mm
 
January 234.1 143.7 184.80
 
February 331.7 109.7

March 246.5 396.1April 351.0 114.2 
May 376.0 274.8
 
June 11;7.8 63.7

July 11.1 -August 63.9 -

September* - 141.6 
 -
October - 164.0 178.5
 
November - 237.1 226.7

December ­ 165.0 98.8t The experiment began inSeptember 1983, and ended January 1986. Pre­

cipitation data are missing for 4months in 1983 and 3 months in 1985. 

totilling just prior to seeding rice. Rice I was fertilized with 
75 kg N ha-' (as urea) with one-third applied at planting and 
the remainder about 40 d after emergence (pre-boot stage).

Analysis of soil samples taken after harvesting Rice I 
showed that the pH of the top 0.2 m was still less than 5.0;
dolomitic lime (908 kg ha-') was incorporated before plant­
ing the next crop. At planting of Corn 1, 40 kg P ha-' was 
applied, and split applications of K and N (100 and 175 kg
ha-' total, respectively) were made during the season. The 
N source was urea. Shortly after emergence, Corn I showed 
signs of micronutrient deficiencies. A foliar spray ofCu, Zn,
and Mn in a 1.5% (each) solution applied 18 DAP severely
burned the plants.

Before planting Soybean i, Zn, Cu, and P (8, 6, and 50 
kg ha-', respectively) were applied, and 50 kg K ha-' was 
broadcast during the growing season. Uniform applications
of K (50 kg ha-') were made to -:-e 2, Corn 2, and Soybean
2. Nitrogen as urea was applied to Rice 2 and Corn 2at rates 
of 70 and 150 kg ha-', respectively.

After each harvest, standing crop residues were cut with 
a bushog. Tillage operations in all crops were similar to those 
described for Rice 1,but no tillage implements were used 
in the no-till treatments in Rice 2, Corn 2, and Soybean 2. 

Weed Trcatnents 
Weed control treatments for all crops are listed in Table 

2. Although the no-till treatment was not initiated until Rice 
2,aset ofplots for this treatment was available ineach crop
 
2, to plot fa 
prior to Rice 2. 

Re. In Rice I, banded applicaion (between the rows) of
propanil [N-(3,4-dichlorophenyl)propanamide was in­
cluded as a treatment in addition to broadcast propanil be­
cause of past problems of phytotoxicity with this herbicide 
in rice at the Yurimaguas Station. We later learned that the 
in-stock supply of propanil was contaminated with paraquat
(l,l'-dimeth'l !-4, 4'-bipyridinium ion). A new shipment of
herbicide eliminated the problem. Banded propanil in Rice 
I was applied to plots which were later (Rice 2) used for theno-till treatment.

Corn. A banded metolachlor (2-chloro-N-(2-ethyl-6­

methylphenyl)-N-(2-methoxy-I-methylethyl) acetamide) 
treatment in Corn I was to be applied in tandem with me­
chanical cultivation, but continuously wet soil early in the 
growing season prevented cultivation. Consequently this 
treatment was abandoned after Corn I and in Corn 2 the 
treatment was changed to metolachlor-plus-2,4-D [(2,4-di­
chlorophenoxy) acetic acid)] on an as-needed basis. As
broadleaf weeds were not a problem in Corn 2, no 2,4-D 
was applied, resulting in duplicate plots of the metolachlor­
only treatment in that crop.

Soybean. At the onset of Soybean I, just two herbicide 
treatments were planned: (i) metolachlor and (ii)sethoxydim 
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12-[l-(ethoxyimino)butyl -5-[2-(ethylthio)propyl].3-hy- six times. Analysis of variance was performed crop by crop;
droxy-2-cyclohexen-I-one -plus-bentazon 13-1(-methyl- blocks are considered to be random effects, while treatments
ethyl)-(IH)-2,1,3-benzothiadiazin-4 (3H)-one 2,2-dioxide]. are fixed. Means were separated using orthogonal contrasts. 
The no-till plots in this crop were intended to be duplicates
of the metolachlor treatment. When itchgrass, a grassy weed RESULTS AND DISCUSSION 
resistant to metolachlor, invaded the site in Soybean 1, the 
duplicate metolachlor treatment was modified to metolach- Of more than 45 different weeds species identified 
lor-plus-sethoxydim in an attempt to control this species. through the course of the experiment, fewer than 10 

Paraqua" was applied pre-emergence to all no-till treat- species appeared consistently and in significant quan­
ments beginning in Rice 2. (See Table 2 for rates and times tities in all crops. For statistical analysis, weeds were
of application of all herbicides throughout the experiment), divided into four broad groups: grasses, broadleaf 
Herbicides were applied with a CO2 backpack sprayer weeds, and two nongrass monocots, sedges and spread­
through a four-nozzle boom with T-Jet 6503 nozzles (Spray­
ing Systems Co., Wheaton, IL) in 0.38-m spacing. Spray vol- ing dayflower (Commolina diffusion Burm. f.). Since 
ume was 400 L ha-' at 21 kPa. grasses were by far the most important weed group,

Rice was hand planted in 0.5-m rows at a population of several subgroups of the most prevalent grass species
60 000 hills ha-'. Corn was planted with a two-row planter were analyzed separately.
in Corn I and by hand in Corn 2. Row spacing for corn was In the following discussion, "no-control" refers to
0.75 m with a target population of 50 000 plants ha-'. Soy- plots which recieved no weed control measure of any
bean were machine planted in Soybean I and hand planted kind; "within-crop effects" refer to those treatments 
in Soybean 2 in 0.5-m rows. Soybean was seeded at a pop- applied to the crop under discussion, e.g., within-crop
ulation of ;20 000 plants ha-' in Soybean I and 200 000 effects for Rice I are treatments applied to plots in 
plants ha-' in Soybean 2. 

Weeds were sampled 2 wk prior to crop maturity in all Rice I; "previous-crop effects" are carryover effects of 
crops except Corn I when they were sampled 6 wk before treatments applied in a previous crop on weed pop­
harvest. Two weeds samples were taken from each plot: one ulations and crop yields in a subsequent cycle; and
from the tractor wheel track and another from an untraf- "interaction" refers to the combined effect of previous­
ficked portion of the plot. Weed weights for each plot are a crop and within-crop treatments.
 
mean of the two samples from that plo. Weeds were cut at Because of the experimental design (rice treatments
 
ground level, separated by species, and weighed after drying are main-plots and treatments in corn and soybeans
for I wk at 70 'C. In Rice I and Corn I the samples were are sub-plots), within-crop and previous-crop effects 
taken from 0.5 in 2 . In all other crops the samples were taken refer to both main-plot and sub-plot treatments, de­
from 1.0 in e i no th crop . I n - o p. sub treatments 

Plot size was 6 by 6 m. Crops were harvested from 9 in2 pending on the crop. In rice, within-crop treatments 
in the center of each plot for all crops except for Soybean I are main-plot effects but in corn and s3ybeans they

2when 25 m was harvested. All treatments were replicated are sub-plot effects. Previous-crop effects are the sub­
at least four times. No-till plots were grouped in each block plot treatments in rice while they represent main-plot
in order to facilitate tillage operations and were replicated treatments in corn and soybeans. 

Table 2. Treatments applied to six consecutive!y planted crops, Yurimaguas Experiment Station 1983 to 1986. 

Treatmentt 
Crop sequence (cultivar) Harvest date Tillaget Weed control Herbicide rate Chronology 

kg ha- DAP 
Rice I December 1983 + Hand weed - 34, 45

(Africano desconocido) + Propanil broadcast 2.9 20 
+ Propanil band 2.9 19 
+ No control - -

Corn I May 1984 1 Hand weed - 38
 
(Mezcla Amarilla Planta Baja) + Metolachlor broadcast 2.3 4
 

+ Metolachlor broadcast 2.3 4 
+ Metolachlor band 2.3 4 
+ No control - -

Soybean I September 1984 + Hand weed - 29 
(IAC-8) + Metolachlor 2.3 I 

+ Metolachlor fb Sethoxydim 2.3, 0.3 I, 47 
+ Bentazon fb Selboxydim 1.0, 0.3 18, 28 
+ No control - -

Rice 2 January 1985 + Hand weed - 20, 46 
(Africano desconocido) + Oxadiazon lb Propanil 1.0, 4.0 1, 45 

Oxadiazon + Paraquat lb 
0 Propanil 1.0, 0.5, 5.0 I, 1,45 
+ No control - 0

Corn 2 June 1985 + Hand weed - 38
 
(Tropical 28) + Metolachlor 2.3 1
 

0 Metolachlor + Paraquat 2.3, 1.0 I, I
 
+ Metolachlor 2.3 I 
+ No control - -

Soybean 2 January 1986 + Hand weed - 25 
+ Metolachlor 2.3 I 
0 Metolachlor + Paraquat 2.3, 0.8 !,I 
+ Sethoxydim + Bentazon 0.3, 1.0 20, 20 
+ No control - ­

t + - Conventional tillage; 0 - no-till; lb - followed by; DAP - days after planting. 
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Rice I 
Within-Crop Ejfects 

Relative to the no-control treatment, rice yields
were greater and weed weight was less when any weed
control measure was used (Fig. I). Although hand-
weeded plots had significantly fewer weeds than plots
with chemical control, rice yields were not affected.
Band application of propanil resulted in higher rice
yields than broadcast application, but total weed
weights in the two treatments were not different. Pa-
raquat contamination of the propanil caused muchgreater damage to the rice in the broadcast treatment-
and lower yields following broadcast propanil were a
result of crop phytotoxicity rather than weed compe-
tition. 

Sedges dominated the no-control treatment, repre-
senting 45% of the weed population. Two grass species,
large crabgrass (Digitaria sanguinalis (L.) Scop.) and 
goosegrass (Eleusine indica (L.) Gaertn) were the mainweeds in all other plots. 

Corn I 
Corn yields were low (1.28 Mg ha-') (Fig. 2), a com-bined result of micronutrient deficiencies and of post-

emergence efforts to alleviate them (see Methods).
Corn growth was variable throughout the experimen-
tal area and appeared unrelated to treatment. Statis­tically significant differences in mean corn yields are 
not consistent with weed data nor with any othermeasured or observed biological factors. Despite thepoor corn growth, overall weed control was excellent;
total weed weight averaged 38 g i- 2 (Fig. 2). 

RICE 1 
Within - Crop Treatments 

200 


'E" F .G f 00 L] BLW FSED, 0so 

- I-.I ,.00 
-'-1K 

>- 50 

AL-_O. 
v NO.Within 

IREATMENT ALL NOCOMARSo4"CTAL CYRsL ALL a HAND PROP PROP" ERBV WIFED SCAT BAND 
(Mgho) 201 141 191 221 53 229 

STATISTICAL SUMMARY 

Mean t pgrasses 
TW 91 95 0 07 001 0 15 
GW 54 161 53C.+ 52 169 00 47 003 14003 00 13SE0 23a 4 0 0 1 0 44 0 92 
BaLW 14 167 0 01 
 0 18 0 97
RICE 1 86 25 
 001 0 19 0 01 
Fig. I. Orthogonal comparisons of weed control measures on weed

infestations (dry weight) and product yield in Rice I, first crop of 
a 6-crop experiment, Yurinaguas Experiment Station 1983. -2Mean values are given in g m for weeds and Mg ha' for rice. 
no weed control; ALL ERB all treatments with herbicide; 
PROP = propanil; TW = total weeds- GW = all grasses: C +
G = large crabgrass-plus-goosegrass; OG = all other grasses;
SED = all sedges; BLW = all broadleaf weeds. 

ithin-Crop Efects 
Plots with weed control measure had fewer total 

weeds, fewer grasses, and fewer broadleaf weeds than
no-control plots (Fig. 2). Hand weeding resulted in
lower weed weights than chemical control, but totalweeds in both groups were negligible (4 vs. 25 g m-2 ).
Band-applied metolachlor was not as effective as
broadcast metolachlor; all weed groups except itch­
grass showed a threefold increase in weight with the
banded treatment. 
Pre C
 

ious-Crp Effects
 
Plots which wcre hand weeded during the previous

rice crop had fewer total weeds and fewer grasses than
plots to which propanil was applied (Fig. 2). Sedges
all but disappeared in Corn I, rcgardlcss of treatment.
These species of sedge are probably uncompetitive be­
cause they are annuals rather than nutlet-farming per­
ennials. Sixty-five percent of the weeds were grasses.with large crabgrass and goosegrass the dominant spe­
cies (Fig. 2). 

Soybean 1
 
By planting time of this crop, soil fertility problems


had been corrected. Soybean yields, while not high
(1.58 mg ha-'), were clearly affected by treatment. 

Within-Crop Effects 

No-control plots yielded less tha alf te grain ofplots with weed control, and the yield reduction was 
related to weed pressure (Fig. 3). Total weeds in no­control plots were three times greater than in plots
with weed control. Composition of the weed popula­tion was also markedly different in the two groups oftreatments. Two grasses (large crabgrass and goose­
grass) dominated the no-control plots; they comprised 
more than 80% of the weed population. Grasses werealso the major weed component (56%) in plots with 
weed control: but one species, itchgrass (Rolihoeliaaoexaltata L.f.), accounted for most of the grass popu­lation. In addition, broadieaf weeds represented 40% 
ofthe weed population in plots with weed control; they

accounted for only 11% in the no-control treatment.
the group of treatments with weed control, 
hand weeding and herbicides were equally effective incontrolling weeds and maintaining soybean yields 
(Fig. 3); but the composition of the weed populationin these two groups was distinctly different. Althoughcomprised 50 to 55% of the weed population 
in each group, the grass population ik the hand-weeded 
plots was composed exclusively of large crabgrass­plus-goosegrass. On the other hand, itchgrass domi­
nated plots treated ,Aith herbicide.For chemically treated plots, the type of herbicide 
applied affected grain yield as well as weed weight andpopulation composition. Treatments with metolachlorhad fewer total weeds and higher crop yields than thesethoxydim-plus-bentazon treatmeii: (Fig. 3). Grasses 
comprised 78% of total weeds on metolachlor-treated 
plots, and 98% of total grass weight was itchgrass. Incontrast, plots with sethoxydim-plus-bentazon hadonly 33% grass; itchgrass was unimportant; and most 



106 AGRONOMY JOURNAL, VOL. 82, JANUARY-FEBRUARY 1990 

CORN 1 
Within - Crop Treatments Previous - Crop Treatments 

125 125 
EC0 MITCH I]00 M BLW 0.0 MITCH IN 00 DDAY I e.w 
LIP100- -100 

75 - ' 
n,LIDAY 75 

>- 50 - 50 177 N 

vsPmqT 0 im­
01 PROP PR
A AND B A ND
 ALL ve NO ALL HAND IA " TREATMENT HERB V WEED SCAST VBCAST BAND CTRL 

(Mgh ) 1 29 1 23 133 1 13 1 30 141 1.29 1 23 1.20 1.34 113 1.40 
COeASON CTPL CTRI HERS WEED 

STATISTICAL SUMMARY 
bftn CV p for each treatment comparison 

TW 38 82 40.01 0.02 (0 01 0.95 0.01 0.38
 

GW 25 145 (0.01 0.18 0 08 0.43 0.01 0.38
 
038 0 02 0.37 0.")2 009
 

ITCH 2 847 0.45 033 0.69

C.G 22 155 <0.01 

0.23 0.39 002
 
OG 1 189 0 90 0.02 0.24 
 0 01 0.73 0.72
 

DAY 5 329 0.19 043 0 18 0.88 0.18 0.72
 

BLW 8 157 001 
 038 (001 051 0.83 0.29 

0.43 002CORN 1 28 27 044 003 048 0.53 

Fig. 2. Orthogonal comparisons of weed control measures applied to Corn I (within-crop treatments) and weed control measures applied to 

Rice I (previous-crop treatments) on weed infestations (dry weight) and product yield in Corn I (second crop of a six-crop experiment), 
z for weeds and Mg ha-' for corn. ALL CITRL = all treatments withYurimaguas Experiment Station 1984. Mean values are given in g m 

weed control; NO CTRL = no weed contro; ALL HERB = all treatments with herbicide; METO = metolachlor; PROP = propanil; 

TW = totRl weeds; GW = all grasses; C + G = larRe crabgrass-plus-goosegrass; ITCH = itchgrass; OG = all other grasses; DAY = 

dayflower; BLW = all broadleaf weeds. 

SOYBFEAN 1 

Within - Crop Treatments Previous - Crop Treatments 

C, 300 -MTCH 00 .BLW DAY 300 *ITCH 00 DAY II W 

0 'o 

ALLvs NO ALL va HAND PROP vs PRCALL vs SETH TO VS.ETO 0TREATMENT ALL vs NO ALL vs HAND WEED BOAST BANDMETO BEN *SETH CTRL CTRL HERB 
CO#ApARtSoN CTAL CTRL HERB WEED 

SOYBEANYIELD 1 75 0 a2 1 73 IS0 1 83 149 1 85 161 169 I55 1 58 159 152 185 

STATISTICAL SUMMARY 

p for each treatment comparisonMean CV 

039 0.49
 

GW 78 86 (0.01 0 47 055 038 0.81

TW 118 62 (001 045 <0 01 0.42 0.44 

0.27 0 13
 
C+ 51 70 <001 009 (0.01 098 0.46 0.30 0.71
 
ITCH 23 269 0 18 0 03 0.01 032 0.71 0.09 0.02
 
00 4 252 008 001 037 088 
 0 25 0.01 0.99
 
DAY 5 230 0 12 0.12 001 068 0.19 0.72 0.34
 
BLW 32 115 088 083 (0.01 0.78 0.24 0.10 0.29
 

035 (001 0.71 0.63 0.94 0.17
SOYB 1 58 19 (OO1 

Fig. 3. Orthogonal comparisons of weed control measures applied in Soybean I (within-crop treatments) and weed control m.,asures applied 

in Rice I (previous-crop treatments) on weed infestation (dry weight) and product yield in Soybean I (third crop of a 6-crop experiment), 
- all treatmentsYurimaguas Experiment Station 1984. Mean values are given in g m-1 for weeds and Mg ha-' for soybean. ALL CTRL 

weed control; ALL HERB = all treatments with herbicide; ALL METO = all treatments withwith weed control; NO CTRL = no 
metolachlor; SETH + BEN = sethoxydim-plus-bentazon; METO = metolachlor; METO + SETH = metolachlor-plus-sethoxydim;
 

PROP = propanil; TW = Iota! weeds; GW = all grasses- C + G = large crabgrass-plus-goosegrass; ITCH = itchgrass; OG = all other
 
grasses; DAY = dayflower; BLW = all broadleaf weeds.
 

of the grass population consisted of large crabgrass- weed weight. On the other hand, broadleaf weeds rep­
were the dominant resented less than 20% of the weed population in me­plus-goosegrass. Broadleaf weeds 

weed group in the sethoxydim-plus-bentazon treat- tolachlor-treated plots. 
ment; this group comprised more than half the total Two treatments received metolachlor: (i) metolach­

/ 
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RICE 2 
Within - Crop Traatments Previous - Crop Treatments 

CY C-0 MITCH [] O j BLW [A C.1 MITCH 00 []DAY M0W

E 400 
C 0 300
 

30200 

u 200 

applied in Rice 2 (within-crop treatments) and weed control measures applied inSoybean I (previous-crop treatments) on weed infestations (dry matter) and product yield in Rice 2 (fourth crop of a 6-cro', experiment), 

10 100 
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0.39 

0.01 
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(0.01
(0.01 

0.15 
0.02 
0.04
0.01 

0.25 
0.09 
0.20 
0.01 

0.64 
0.80 
0.30
0.44 

Yurrna.as Experiment Station 1985. Mean values are given in g m ­
weed co:.trol; NO CIRL = no ed control; ALL HERB 

2 for weeds and Mg ha-' for rice. ALL CTRL - alltreatments with= 
all treatments with metolachlor; SETH + BENM ETO = metolachlor; NIETO + SETH r=sethoxydtm-plus-bentazon;= metolacilor-plus-sethoxydim; TWplus-goosegrass; ITCH - itchgrass; OG 
= total weeds; GW = all grasses; C + G - large crabgrass­= all other grasses; DAY - dayflower; BLW = all broadleaf weeds. 

]or and, (ii) rnetolachlor-p!us-sethoxydim; but there were no difE'rences betweei them, neither in crop yield 
weed (58% of total) under conventional tillage, with grasses comprising only 30%. Just the reverse was ob­nor weed weight (Fig. 3). Sethoxydim was applied 30d lat,-r in the metolachlor-plus-sethoxydim served under no-till; the grasses dominated (58%), andtreatment

than in the bentazo:t-plus-sethoxydim dayflower accounted for 34%. Dayflower reproducestreatment. Lateapplication of sethoxydim had little effect on itchgrass, 
vegetatively (rooting-stem segments) and by seed. Til­lage seemed to enhance the spread of stems.the only major weed species not controlled by meto­

lachlor.
There were no previous-crop effects (treatments ap- Previous-CropEffectsplied to Rice 1) (Fig. 3). Rice following no-control soybeans had higheramounts of large crabgrass-plus-goosegrassRice 2 and day­flower than plots which followed soybeans with weedWithin-Crop fct.s control (Fig. 4). In contrast, itchgrass, was greater inAverage weed weight in this crop more than doubled 

rice plots following soybeans with weed control than
that of the previous soybean crop (253 2 

following soybean no-control plots. Total weed weightvs. 116 g m­ and rice yields, however, were not different in these(Fig. 4.). Rice yields were severely reduced by weeds, two previous-crop treatment groups.Plots with weed control produced 1.65 mg of rice ha-I Rice following hand-weeded soybeans had fewer to­while no- control plots had almost no harvestable tal weeds than rice following herbicide-treated soy­grain. All weed groups except dayflower were presentin greater smounts in the no-control plots than in plots 
beans, but rice yields in the two treatment groups were 

with weed control. similar (Fig. 4). Hand weeding of soybeans resulted in 
Hand-weeded plots had fewer total weeds and higher 

higher levels of large crabgrass-plus-goosegrass in thesucceeding rice crop. These two species comprisedrice yields than plots where weeds were controlled with moreherbicides (Fig. 4). Total grasses and dayflower were 
than 50% of the total weed weight after hand­

weeded soybean but only 31%much greater in herbicide-treated plots. Dayflower was of the total when ricefollowed herbicide-treated soybean.virtually absent in the hand-weeded treatment, but it When soybean 
comprised was treated with herbicides, itchgrass levels weremore than 40% of the weed population inplots with herbicides. On 

ligher in the succeeding rice crop, representing almostthe other hand, broadleafweeds represented a larger portion of the weed pop-
30% of the total weed weight. If rice followed hand­weeded soybeans, however, this species comprised justulation in hand-weeded plots than in the herbicide-treated group. 14% of the weed population. Weed control measures 

Conventionally tilled plots with herbicide had fewer 
applied to the preceeding soybean crop also affected
dayflower infestation in the rice. Rice following her­weeds and produced more rice than no-till plots with bicide-treated soybeans had more dayflower than riceherbicide (Fig. 4). Dayflower was the predominant following hand-weeded soybeans. Rice following soy­
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beans treated with sethoxydim-plus-bentazon had was markedly different. Large crabgrass-plus-goose­
more total weeds and lower yields than rice following grass comprised most of the grass population in the 
metolachlor-treated plots (Fig. 4). Large crabgrass- no-control treatment while itchgrass was the major 
plus-goosegrass, dayflower, and broadleaf weeds were species in plots with weed control. Dayflower was a 
all greater in rice when they succeeded soybeans more important component of the weed population in 
treated with sethoxydim-plus-bentazon; but the infes- no-control plots than in treatments with weed control. 
tation of itchgrass in rice was more severe following Hand-weeded plots ,elded more corn and had less 
metolachlor-treated soybeans. When soybeans were total weed growth than plots which were treated with 
treated with scihoxydim-plus-bentazon, dayflower and herbicide (metolachlor) (Fig. 5). Herbicide-treated 
broadleaf weeds in the succeeding rice crop accounted plots contained twice as much grass as the hand 
for almost 50% 3f the total weeds; they comprised 32% weeded treatment, and almost 90% of the grass was 
of the total when rice followed metolachlor-treated itchgrass. Hand-weeded plots were dominated by large 
soybeans. crabgrass-plus-goosegrass, but itchgrass was virtually 

absent.
 
Corn 2 Tillage had a far greater positive effect on Corn 2 

Total weeds in this crop was 68% of the total infes- yields than any weed control measure. No-till plots-
tation inthe rice that preceeded it(I172 g m 1incorn with metolachlor yielded about 30% of the corn grown 
vs. 259 g m-2 in rice) (Fig. 5). Composition of the weed under conventional tillage with metolachlor (Fig. 5).
population also changed. Grasses accounted a (225 148 M-2),for Althoughvs. weedsg were weedgreaterpressurein the no-tillalone couldtreatmentnot 
much larger percentage of the weeds in Corn 2 (78 vs. (225 v s.1 g r wed reueaone udot 
61%), and itchgrass dominated the weed population. account for such a large yield reduction. We hypoth-
This species represented 50% of the total weed weight esize that nutrient utilization may have been different 
in Corn 2. Broadleaf weeds and da, flower declined in ender no-ti than in the conventionally tilledimportance; they accounted for less than 25% of the ment. Although the corn treat­showed no N deficiency
total weed weight in Corn 2 but almost 40% in the symptoms, losses of surface-applied urea via volatil­previous rice crop. ization may have been greater under no-till. Moregrasses were present in plots with no-till, but itchgrass 
Within-Crop Efl'cts dominated the grass population in each tillage treat­

ment. 
Total weeds were higher in no-control plots than in In the last within-crop comparison in Fig. 5, two 

treatments with weed control, but corn yields in the sets of plots received the same application of herbicide 
two groups did not differ (Fig. 5). Total grass weight (metolachlor), yet both yields and weed weights dif­
in no-control plois was the same as in plots with weed fered in the two treatment groups. A much larger pop­
control, but the composition of the grass population ulation of itchgrass in the "metolachlor I" treatment 

CORN 2 

Within - Crop Treatments Previous - Crop Treatments
3001 300 

3 ITCH oG DoAY .BLW 30oITCH E] C.G 0 []DAY BI-WL] C.o DA 
E 

200 200 

100 100
 

00 

TREATMENT ALL vs NO ALL vs HAND CT NT METO VSMETO 0 ALL v NO ALL V HAND OT vs NT 
COMPRISON CTRLvs2CTRL HERB WEED MET. CTRI.V CTRL s WEEDMETO HERB HERS ERB 

COR YIELD 4 64 4 93 4 25 6 93 605 1 84 a 3Y a 73 485 4.85 4 66 5.24 503 4.29 
(Mg rL..') 

STATISTIgAL SUMMARY 

Mean CV p for each treatment comparison('I| 

TW 172 48 0.01 40 01 40 01 40 01 0.90 0.12 0.08
 
GW 134 62 0.11 40.01 (0.01 40.01 090 0.12 0.04

ITCH 88 103 0.01 40 01 (0.01 4001 0.51 0.27 0.31
 
C+G 38 76 40.01 4001 0.32 0.88 0.69 0.62 0.14
 
OG 48 94 0.94 0 50 0.27 0 77 009 0.13 4001

DAY 27 124 4001 0.09 008 0 55 0.88 0.21 021

BLW 10 125 0.22 0.61 0.09 0.81 0.81 40.01 0.34
 
CORN 4.88 25 0.54 <0 01 4001 (0 01 0.92 0.05 0.04 

Fig. 5. Orthogonal comparisons of weed control measures applied to Corn 2 (witilin-crop treatments) and weed control measures applied to 
Rice 2 (previous-crop treatments) on weed infestations (dry mailer) and product yield in Corn 2 (fifth crop of a 6-crop experiment), 
Yurimaguas Experiment Station 1985. Mean values are given in g m 2 for weeds and Mg ha-' for corn. ALL CTRL = all treatments with 
weed control; NO CTRL = no weed control: ALL HERB = all treatments with herbicide; CT NIETO = conventional tillage with 
metolachlor. NT METO = no till with metolachlor; CT HERB . conventional tillage with propanil-plus oxadiaron-plus-paraquat; NT 
HERB = no-till with propanil-plus oxadiazon-plus-paraqt._t; TW = total weeds; GW = all grasses; ITCH - itchgrass; C + G = large 
crabgrass-plus-goosegrass; OG = all other grasses; DAY = dayflower; BLW = all braodleaf weeds. 



109 MT. PLEASANT ET AL.: WEED POPULATION DYNAMICS IN THE PERUVIAN AMAZON 

accounts for the increased weed weight and lower corn trol (Fig. 6). Most of the weeds in these two treatment
yields relative to "metolachlor 2". Although "meto- groups were grasses, and itchgrass was the dominant
lachlor I" and "metolachlor 2" were duplicate treat- species. No-control plots had greater amounts of large
ments in this crop, there was one important difference. crabgrass-plus-goosegrass while plots with weed con­
"Metolachlor 2" plots had been treated with sethox- trol had more broadleaf weeds.
ydim-plus-bentazon in Soybean I whereas "metolach- Hand-weeded plots yielded twice as many soybeans
]or I" plots in Soybean I were treated with metolach- but only half as many weeds as plots treated with her­
lor. A large difference in the itchgrass population was bicide (Fig. 6). The composition of the weed popula­
observed in these two treatment groups in Soybean I tion aso differed with weed control method. Large(Fig. 3), and a residual effect from the treatments re- crabgrass-plus-goosegrass were the major species in
mained in Rice 2 (Fig. 4). It therefore seems obvious hand weeded plots, while itchgrass was dominant in 
that large differences in the itchgrass population during the herbicide treatments.
Corn 2 are a continuing effect from the different her- The type of herbicide applied affected both crop
bicides applied two crops earlier, yields and weed infestation (Fig. 6). Soybean yields 

were higher and total weed weight wat less if sethox­
Previous-CropEffects ydim-plus-bentazon rather than metw.achlor was the 

Broadleaf weeds were more prevalent in Corn 2 chemical. ltchgrass comprised more than 90% of the 
when the previous rice had been hand weeded rather weed population in metolachlor-treated plots; it was 
than when treated with herbicides (Fig. 5). Corn yields less than 20% of the population in the sethoxydim­
were lower and weed weights higher following no-till plus-bentazon treatment. Broadleaf weeds and day­
rice than following rice that was conventionally tilled, flower, each of which was a minor component of the 

weed population in the metolachlor treatments, ac-
Soybean 2 counted for 80% of the weeds in the sethoxydim-plus­

bentazon plots.Total weed weight in this cycle increased dramati- Tillage had a large effect on crop yields, but no effect-2cally to an average of 343 g m (Fig. 6). Soybean on the weed population (Fig. 6). Yields were higher
yields, while related to treatment, were very low. Itch- with conventional tillage than no-tillage, but the weed 
grass continued to increase in importance; it averaged in each tillage group was virtually a pure stand of itch­
68% of the total weed population. grass. 

Within-Crop Effects Previous-Crop Effects 
Soybean yields were lower and weed weights higher Total weeds in Soybean 2 were higher following her­

in no-control plots than in treatments with weed con- bicide-treated rice than in soybeans following hand-
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Fig. 6. Orthogonal comparisons of weed control measures applied to Soybean 2 (1%ithin-crop treatments) and weed control measures applied

to Rice 2 (previous-crop treatments) on Aeed infestation (dry matter) and product yield in Soybean 2 (sixth crop of a 6-crop experime.t),Yurimaguas Experiment Station 1986. Mean values are given in g m-1 for weeds and Mg ha" ' for soybean. ALL CTRL - all treatmentswith weed control; NO CTRL = no weed control; ALL IERB = all treatments with herbicide; ALL METO = all treatments with
metolachlor; SETH + BEN = sethoxydim-plus-benta7on; CT METO = conventional tillage with metolachlor; NT METO no-till with-
metolachlor; CT HERB = conventional tillage with propanil-plus-oxadiazon; NT HERB = no-till with propanil-plus-oxadiazon-plus­
paraquat; TW = total weeds; GW = all grasses; ITCH = itchgrass; C + G = large crabgrass-plnts-goosegrass; OG all other grasses;
DAY - dayflower, BLW = all broadleaf weeds. 
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weeded rice (Fig. 6). Soybeans following no-till rice weight was much higher in no-till corn (compared to 
had more broadleaf weeds than soybeans following conventional rice), when it followed no-till rice than 
conventionally tilled rice. when no-till corn followed conventionally tilled rice. 

Perennial grasses in this crop showed the same pattern 
Interactions 	 (data not presented). 

Statistically signifcant within-crop X previous-crop 
interactions occurred in most crops, but few of them 
were judged agriculturally critical. Some of the inter-
actions that were agriculturally relevent as well as sta- 
tistically significant are shown in Table 3. There were 
no effects on crop yields. In Corn 1,the difference in 
weed weights (total and grasses) between no-control 
plots and those with weed control was much greater 
when the corn followed herbicide-treated rice than 
when the corn followed hand-weeded rice. 

Comparisons of Rice 2 broadleaf weeds between no-
control plots and those with weed control also differed, 
depending on whether the rice followed soybean with 
metolachlor or sethoxydim-plus-bentazon: there were 
many more broadleaf weeds in no-control plots when 
the preceeding crop of soybeans had been treated with 
sethoxydim-plus-bentazon. Weed weight comparisons 
(grass and dayflower) in Rice 2 between conventional 
and no-till plots differed if the previous soybean had 
been treated with metolachlor or sethoxydim-plus-
bentazon. No-till rice had much more grass than con-
ventional treatments when the rice followed soybean 
treated with sethoxydim-plus-bentazon. Rice 2 day-
flower infestation was greater in no-till plots following 
metolachlor-treated soybeans, but higher in conven-
tionally tilled plots when they followed soybeans with 
sethoxydim-plus-bentazon. In Corn 2, total grass 

Table 3. Agronomically important interactions between ilhin-crop 
and previous-crop weed control treatments and their effects on 
weed weights. Corn I, Rice 2 and Corn 2 of a six-crop experiment, 
Yurimaguas Experiment Station 1984 to 1985. 

Comparisonst 
Within Previous 

Crop crop crop TWIV GW BLW DAY 
- m" 

Corn I AC aRB 24 11 5 6 
NC HRB 151 115 12 17 
AC HW II 7 4 0 
NC HW 54 35 13 0.45 

Rice 2 AC 
NC 

METO 
METO 

174 
391 

88 
328 

25 
38 

pq
20 

AC S + B 267 109 33 124 
NC S 4- B 473 321 126 24 

P 0.54 0.31 0.01 0.26 
CT MEfO 154 79 26 48 
NT METO 311 156 27 128 
CT S+ B 321 38 29 254 
N'T S + B 368 240 23 105 

P 0.19 0.03 0.79 <0.01 

Corn 2 CT CT 141 98 6 37 
NT CT 181 141 5 34 
CT NT 176 138 3 35 
N0 NT 316 300 2 15 

t 	AC - a!! treatments with some weed control; NC - no wetd control; HRB 
- all treatments with herbicide; HW - hand wLt-; METO - all treatments 
with metolachlor, S + B - sethoxydim-plus-Nentazon; CT - conventional 
tillage; NT - no-till. 
7 - total weeds; GW - all grasses; BLW - all broadleaf weeds; DAYTW 

- dayflowe.,. The sum of GW + BLW + DAY does not ,vays equal TW 
because sedges, aminor component of the weed population, are not included. 

Relationships with Previous Research
 
Other researchers have reported that continued use 

of one herbicide can shift the weed population in favor 
of tolerant species. For example, applications of tri­
fluralin [2,6-dinitro-N, N-dipropyl-4-(trifluoromethyl) 
benzename] or fluometuron IN,N-dimethyl-N'[3-(tri­
fluoromethyi)phenyl] urea-plus-prometryn (N,N'-bis 
(l-methylethyl)-6-(methylthio)-l,3,5-triazine-2,4-dia­
mine)l greatly increased Cyvperus esculentus L. (4,7,19). 
Polygonum pensyh'anicum L., Pan icum dichotomillo­
runt Michx., Digitariaspp., and several serious per­
ennials increased when 2,4-D and atrai:ine (6-chloro­
N-ethyl-N'-(l -methylethyl)- 1,3,5-triazine-2,4-dia­
mine) were applied to corn (3). Doll and Piedrahita 
(6) had mixed results in Colombia with corn and soy­
bean. There was no shift in the weed population when 
corn was treated for four seasons with atrazine or atra­
zine-plus-alachlor [2-chloro-N-(2,6-diethylphenyl)-N­
(methoxymethyl) acetamide]; but continuous use of 
alachlor aloh~e in corn or soybean caused a rise in the 
broadleaf weed population 

Johnson (11) found that even when herbicides were 
rotated in turfgrass, some species were not controlled 
and greatly increased. Two researchers reported that 
when both herbicides and crops are rotated, compo­
sition of the weed population was not greatly altered, 
and overall weed control was excellent (5,8). 

Other workers, in agreement with our findings, have 
found that weed problems under no-till are more se­
vere and the weed species different than those en­
countered with conventional tillage. Wrucke and Ar­

nold (19) found nearly twice as many weeds in no-till 
treatments than in conventionally plowed plots. Most 
of the increased weeds were grasses. Heron and Slack 
(10), Triplett and Lytle (17), and Pollard and Cussans 
(13) all found an increase in perennial weeds under 
no-till management. 

Economic and Management Considerations 

Costs of the weed control treatments are listed in
 

Table 4. Upland rice, which is particularly vuncrable 
to weed pressure, appears to be an inappropriate crop 

Table 4. Approximate cost of herbicides used in treatments applied 
to rice, corn and soybean, Yurimaguas Experitaent Station 1983 
to1986. 

Treatment 	 Cost* S ha-' 

Rice Oxadiazon + propail 	 150 
Paraquat + oxadiazon + propanil 175 

Corn Metolachlor 	 100 
Paraquat + metolachlor 125 

Soybean Metolachlor 100
 
Paraquat + metolachlor 125
 

Soybean Metolachor 100
 
Paraquat + metelachlor 125
 
Sethoxydim + bentazor. 160
 
Metolachlor + sethoxydim 185
 

'Cost of herbicide in Lima, Peru, 1985. 

GA 
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for this high-input rotation ff the difference between 
weed control costs and crop value is considered. The 

greater cometitive abilities of corn and soybean sug-
crps an 

gest that lower rates of herbicideserbiide ininthesthese crops cangesttha loer rtesof 

and eco-
provide weed control that is both effective 

use of metolachlor on
In Yurimaguas, continued 


itchgrass infested land results in almost pure stands of 

was effec-

this species. In this experiment itchgrass 
with sethoxydim,tively controlled in grain legumes 


moderatly controlled in upland rice with propanil-


plus-oxadiazon and controlled in corn only with hand 

weeding. Our work suggests that itchgrass may be kept 
if the 

in check within a rotation of rice-corn-soybean 
se-

grass is aggressively controlled in soybean with 
dimethyl-2,6-dini-fetiop

d mehalin [N-l-ethylpr~opyl)-3,4 that pen-trsxdim. Other researchers have reported that pen-

diethayin ONl~ethresearcher hv e 

tro-benzenaminel controls itchgrass in both corn and 
soybeans (1, 16). 


CONCLUSIONS 


I. The spectrum of weed species in the field changed 
of the experimentthe coursedramatically over was the 

(Fig. 7). Large 
most important weed problem in the first three 

crops of the experiment. At the conclusion of the 

study itchgrass dominated the site. 

Changes inthe weed population were attributable 
2. 

to the weed control treatments employed, 
day-broadleaf weeds,

a) 	 Metholachlor controlled 
flower and most annual grasses in corn and soy-

beans. Itchgrass is resistant to metolachlor, how-
invaded plots when 

and it vigorouslyever, eliminated,competing species were 

b) In soybean, sthoxydim applied 30 DAP con-

trolled all grasses including itchgrass; but ben-

taLon was ineffective against broadleaf weeds and 

was moderately effec-
c) 	Propanil-plus-oxadiazon 

tive against all grasses and broadleaf weeds in 
ther wpeiesThis speciesd we c eistnresistant.rebtdayflour wasflourished when competition from other weeds

rice, but dayflower 

decresed.3. 

6CROPS I ­

400 Cweed 
BLW0 DAE UIO300 0 SED4,+ 

100 


CROP 1 4 53 SOYBCROP 02 	 CORNRICESOYBCORN 
M h I10. 488 

RICE 
0 53 

1.O8 1.24.28.eYIELD 
(Mg ha 

level of infestationshort-cycle crops, Yurimaguas
Fig. 7. Changes in the weed population and 

through sixcnsutvy-anduielyplaned shortohnson,-cyc. 

Experiment Station 1983-1986. Weed dry weights and crop yields 

in each crop are the mean of all treatments in that crop. C + G 

TCH itchgrass; OG - all 
large crabgraIs-plusgosegrasssedges; DAY dayflower; BLW allother grasses; SED 

broadleaf weeds. 

d) 	 All herbicides were effective in controlling sedges 

but even when no herbicide was applied, sedges 

disappeared after the first crop.
ontrol treatments on subsequent crops, although 

3. We were able to measure residual effects of weed 

generally disappeared after two 
these effects we 	 crops, afte 

crops. Large weed populations in one crop often 

resulted in more weeds and decreased crop yields 

in the next crop regardless of the weed control 

treatment used. In particular, failure to control 

itchgrass in one crop dramatially increased its 

ctrol e geuneaslnl 

level of infestation and ability to reduce yields 
in the next. At the end of the experiment, treat­

ments which had received only metolachlor in 

had weed populationscorn and soybeanboth 
uaincmosinndrp
with 97% itchgrass. 

4. Tillage had large effects on the level of weed in­
and crop

festation, population composition,
yields. In most instances, weed infestations were 

higher and crop yields lower under nc-till man­
no­were predominant uader 

agement. Grasses 
more readily

till 	conditions, but dayflower grew 
tilled. When no-till followed 

when the field w 

no-till, perennial grasses increased.
 

5. The three crop species differed greatly in their 

ability to compete with weeds. The order of com­

was corn > soybean > rice. Rice 2 
petitiveness 
yields were essentially zero without weed control 

but Corn 2 no-control plots were reduced by just 

30% compared to the hand-wceaed treatment. 

An effective weed control piogram for intensively
6. 

managed crops in this region is possible, but it 

not be economical. Costs for the different 
may 
weed control treatments ranged from $50 for one 

for the metolach 
weeding by hand to $185 ha-' 

treatment.lor-plus-sethoxydim 
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