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Weed Population Dynamics and Weed Control in the Peruvian Amazon
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ABSTRACT

In traditional slash-and-burn agriculture, forest fallow is 2 pri-
mary agent in weed control. Stable continuous-cropping systems
could be expected to require a comprehensive ['rogram of weed man-
agerent, probably including the use of herbicides, Weed control
measures in a sequence of rice (Oryza sativa L.)-corn (Zea i.1ays L.)-
soybean (Glycine max ) «)-rice-corn-soybean were studied for 2 yr
in Yurimaguas, Peru, witi the following abjectives to: (i) identify
weed species resistant (o the herbicide program in a continuous crop-
ping system, and (ii) develop effective weed management practices
for intensively managed cropping systems in the humid tropics.
First-crop weeds were 60% grass, 25% sedges, uad 15% broadlenf
weeds, The grass was composed of (wo species: large crabgrass | Dig-
itaria sarguinaliz (L.) Scop.] and Roosegrass (Eleusine indica (L.)
Gaertn], Sixth-crop weed population was 8% Rrass, 13% broadleafs
and 7% spreading dayflovwer (Commelina diffusa Burm. (.); and itch-
grass (Rottboelia exaltatq L.L) comprised 85% of (he <rasses, Me.
tolachlor |2-chloro-N-(2-elhyl-6-melhylphcnyl)-N-(2-methoxy-l—
melhylethyl)acelnmidel controlled crabgrass, Roosegrass, and mos(
broadleafs in corn und soybean; but it did not control itchgrass.
Metolzchlor alone resulted in a weed population that was 979 itch-
grass in the sixth crop. Sethoxydim l2-[(l-elhoxyimino)butyI|-S-l2-
(elhyllhio)propyl|-3-hydroxy-Z-cyclohnen-l-oncl-plus bentazom |3-
(l-methylelhyl)-(l11)-2,l,J-benzolhiadinzin-d(Jll)-one 2.2-dioxide]
on soybean cortrolle¢ Rrasses including itchgrass, but broadleaf
weeds and dayflower increased. Propanil {N-(3,4-dichloro-
phenyl)propannmidel-plus-oxadinmn !3-[2.4-dichloro-5-(l-melhyle-
lhoxy)phenyll~5—(l.l-dimclhyl)-l.3.4-oxadin1ol-2-(3]l)—0nel on rice
resulted in a mixed grass population. Rice was more vulnerable to
weed pressure than either corn or soybean and appears inappro-
priate for this high-input rotation because of the high cost of weed
control.

r I "RADITIONAL AGRICULTURE in the Amazon Basin
of Peru is based on shifting cultivation. Infertile
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nutrients is relcased after cutting and burning the for-
est. A long fallow period allows the trees 1o regrow,
after which the land can be used again for crop pro-
duction. The fallow also serves another important
function: trees shade out invading grasses, and weed
rroblems are minimal when the area is recropped.

Population pressure in Peru, along with the coun-
try’s desire to increase its agricultural base, requires
alternatives to shifting cultivation. Successful contin-
uous cropping systems, which climinate the fallow pe-
riod, will depend on soil fertility management and ef-
fective weed control, Research has shown that Ultisols
in the Amazon Basin can be inensively cropped if
appropriate ansounts of lime and fertilizer are added
(12, 15), but ikzre has been little work on problems
of weed control in continuous cropping systems in this
environment,

Physical and socio-cconomic conditions in the hu-
mid tropics affect weed management; practices and
knowledge developed in lemperate regions are not
wholly transferable. In much of the amazon Basin, for
example, neither H,O nor lemperature is limiting 1o
plant growth at any time during the year. Conse-
quently, weeds grow continuously, greatly intensifying
weed control problems. The humid environment also
scverely restricts tillage, a primary means of control-
ling weeds. Although crops can be grown throughout
the year, the “window of onportunity” for tillage op-
erations is small and often unpredictable. Labor for
hand weeding in the Peruvian Amazon Basin s a ma-
Jor impediment 1o increasing agricultural production;
it is largely unavailable at any price. The use of her-
bicides, on the other hand, presents special problems:
(i) their aveilability is limited; (ii) the cost js often
prohibitive; and (i1i) their safe and effective use re-
quires a high level of farmer cducation.

Despite these limitations, herbicides will likely be a
major tool for controlling weeds in high-input crop-
ping systems where soil constraints are eliminated by
additions of lime and fertilizer. Researchers in tem-
perate regions have found that continued use of one
herbicide can result in a shifl in the specirum of weed
specics present in the field; weeds resistant to the
chemical flourish when competing specics are re-
moved (2,9,14,18). Successful weed management in-
volves rotation of herbicides or alternative contol
practices,
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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 farni-
ers lack access to a wide array of herbicides. Weeds
resistant 1o 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
tropics.

MATERIALS AND METHODS

The study was initiated in September 1983 at the Yuri-
maguas Res Stn. in Eastern Peru (5°45° S, 75°5' W, 184 m
above sca lzvel) on a fine-loamy, siliccous, isohyperthermiic
Typic Palcudult. Mean anuual temperature at Yurimaguas
is 26 °C with little monthly or daily variation. Average an-
nual precipitation is 2250 mm. There is a distinct dry scason
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-soybean). The
six consecutive crops will be identified in this paper as: Rice
I, Corn I, Soybean 1, Rice 2, Corn 2, and Soybean 2. Total
clapsed time was 2.5 yr.

The experimental design was a split plot. Four weed con-
trol treatments applied to rice represented the miain plot
treatments. Split-plot treatments were dve weed control
treatments on corn and soybean. In order to reduce the size
of the experiment, treatments in corn and soybcan 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 of the residual effects of weed conirol
practices applied to rice in succeeding crops of corn ar.d
soyl:zan. In addition we were able to measure a residual
cffect of weed control practices applied to corn and 5 sybean
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 sugarcanc 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 soil tests showed
that both lime and P were nceded. Since neither of these
amendments can be incorporated under no-till conditions,
the tillage variable was delayed until a fertile soil condition
was achieved. It took three crop cycles to bring the ficld to
an adequate fertility.

Fertilization and Tillage Practices

Afier destroying the sugarcane, one-half of the estimated
lime and P requircment 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“', re-
spectively). The remaining half of each material, along with
K, Zn, Cu, and B (100, 2.0, 2. and 1.0 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 raiscd
beds on 0.75 m centers which were partially leveled by ro-

Table 1. Monthly precipitation, in Yurimaguas Peru.

1983 1984 1985 1986
mm
January 234.1 143.7 184.8*
February 3317 109.7
March 246.5 396.1
April 3510 114.2
May 376.0 2748
June 1528 63.7
July 71,1 -
August 639 -
September® - 141.6 -
October - 164.0 178.5
November - 237.1 226.7
December - 165.0 98.8

* The experiment began in September 1983, and ended January 1986. Pre-
cipitation data are missing for 4 months in 1983 and 3 months in 1985,

totilling just prior to seeding rice. Rice | was fertilized with
75 kg N ha! (as urca) 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 |
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 spht applications of K and N (100 and 175 kg
ha-! total, respectively) were made during the scason. The
N source was urea. Shortly aficr emergence, Corn | showed
signs of micronutricnt deficiencies. A foliar spray of Cu, Zn,
and Mn in a 1.5% (each) solution applied 18 DAP severcly
burned the plants.

Before planting Soybean 1, 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 ~'ze 2, Corn 2, and Soybean
2. Nitrogen as urea was applied to Rice 2 and Corn 2 at rates
of 70 and 150 kg ha-!, respectively.

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

Weed Treatments

Weed control trcatments for all crops are listed in Table
2. Although the no-till treatment was not initiated until Rice
2, a set of plots for this treatment was available in each crop
prior to Rice 2.

Rice. In Rice 1, banded application (between the rows) of
propanil [N-(3,4-dichlorophenyl)propanamide] was in-
cluded as a trcatment in addition to broadcast propanil be-
causc of past problems of phytotoxicity with this herbicide
in rice at the Yurimaguas Station. We later lcarned that the
in-stock supply of propanil was contaminated with paraquat
(1,I'-dimeth1l 1-4, 4'-bipyridinium ion). A new shipment of
herbicide eliminated the problem. Banded propanil in Rice
1 was applied to plots which were later (Rice 2) used for the
no-till trcatment.

Corn. A banded metolachlor (2-chloro-N-(2-ethyl-6-
mcthylphenyl)-NV-(2-methoxy-1-methylethyl)  acetamide)
treatment in Corn | was to be applied in tandem with me-
chanical cuitivation, but continuously wet soil carly in the
growing scason prevented cultivation. Consequently this
trcatment was abandoned after Corn | 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 1, just two herbicide
treatments were planned: (i) metolachlor and (ii) sethoxydim
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{2-[1-(ethoxyimino)butyl -5-[2-(ethylthio)propyl]-3-hy-

droxy-2-cyclohexen-1-one; -plus-bentazon [3-1(-methyl-
ethyl)-(1H)-2,1,3-benzothiadiazin-4 (3H)-one 2,2-dioxidc).
The no-till plots in this crop were intended to be duplicates
of the metolachlor treatment. When itchgrass, a grassy weed
resistant to metolachlor, invaded the site in Soybean I, the
duplicate metolachlor treatment was modified to metolach-
lor-plus-sethoxydim in an attempt to control this species.

Paraquat was applied pre-emergence to all no-till treat-
ments beginning in Rice 2. (See Table 2 for rates and times
of application of all herbicides throughout the experiment).
Herbicides were applied with a CO, backpack sprayer
through a four-nozzie boom with T-Jet 6503 nozzles (Spray-
ing Systems Co., Wheaton, IL) in 0.38-m spacing. Spray vol-
ume was 400 L ha-! at 21 kPa.

Rice was hand planted in 0.5-m rows at a population of
60 000 hills ha-'. Corn was planted with a two-row planter
in Corn | and by hand in Corn 2. Row spacing for corn was
0.75 m with a target population of 50 000 plants ha-'. Soy-
bean were machine planted in Soybean 1 and hand planted
in Soybean 2 in 0.5-m rows. Soybean was sceded at a pop-
ulation of 20 000 plants ha-! in Soybean 1 and 200 000
plants ha-! in Soybean 2.

Weeds were sampled 2 wk prior to crop maturity in all
crops except Corn | when they were sampled 6 wk before
harvest. Two weeds samples were taken from each plot: one
from the tractor wheel track and another from an untraf-
ficked portion of the plot. Weed weights for cach plot are a
mean of the two samples from that plo:. Weeds were cut at
ground level, separated by species, and weighed after drying
for | wk at 70 °C. In Rice | and Corn 1 the samples were
taken from 0.5 m2. In all other crops the samples werc taken
from 1.0 m2.

Plot size was 6 by 6 m. Crops were harvested from 9 m?
in the center ot each plot for all crops except for Soybean 1
when 25 m? was harvested. All trcatments were replicated
at least four times. No-till plots were grouped in each block
in order to facilitate tillage operations and were replicated
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six times. Analysis of variance was performed crop by crop;
blocks are considered to be random effects, while treatments
are fixed. Means were separated using orthogonal contrasts,

RESULTS AND DISCUSSION

Of more than 45 different weeds species identified
through the course of the experiment, fewer than 10
species appeared consistently and in significant quan-
tities in all crops. For statistical analysis, weeds were
divided into four broad groups: grasses, broadleaf
weeds, and two nongrass monocots, sedges and spread-
ing dayflower (Commolina diffusion Burm. f.). Since
grasses were by far thc most important weed group,
several subgroups of the most prevalent grass species
were analyzed separately.

In the following discussion, *“no-control™ refers to
plots which recicved no weed control measure of any
kind; “within-crop effects” refer to those treatments
applied to the crop under discussion, e.g., within-crop
cffects for Rice | are treatments applied to plots in
Rice 1; “previous-crop effects™ are carryover effects of
treatments applied in a previous crop on weed pop-
ulations and crop yields in a subsequent cycle; and
“interaction” refers to the combined effect of previous-
crop and within-crop treatments.

Because of the experimental design (rice treatments
are main-plots and treatments in corn and soybeans
are sub-plots), within-crop and previous-crop effects
refer 1o both main-plot and sub-plot treatments, de-
pending on the crop. In rice, within-crop treatmerts
are main-plot effects but in corn and soybeans they
are sub-plot effects. Previous-crop effects are the sub-
plot treatments in rice while they represent main-plot
treatments in corn and soybeans.

Table 2. Treatments applied to six consecutively planted crops, Yurimaguas Experiment Station 1983 to 1986.

Treatmentt
Crop sequence (cultivar) Harvest date Tillaget  '¥eed control Herbicide rate Chronology
kg ha! DAP
Rice | December 1983 + Hand weed - 34, 45
(Africano desconocido) + Propanil broadcast 2.9 20
+ Propanil band 29 19
+ No control - -
Corn | May 1984 + Hand weed - 38
(Mezcla Amarilla Planta Baja) + Metolachlor broadcast 2.3 4
+ Metolachlor broadcast 23 4
+ Metolachlor band 23 4
+ No control - -
Soybean } September 1984 + Hand weed - 29
(IAC-8) + Metolachlor 2.3 i
+ Metolachlor fb Sethoxydim 23,03 1, 47
+ Bentazon fb Sethoxydim 1.0, 0.3 18, 28
+ No control - -
Rice 2 January 1985 + Hand weed - 20, 46
(Africano desconocido) + Oxadiazon fb Propanil 1.0, 4.0 1, 45
Oxadiazon + Paraquat fb
0 Propanil 1.0, 0.5, 5.0 1, 1,45
+ No control - 0
Corn 2 June 1985 + Hand weed - 38
(Tropical 28) + Metolachlor 23 !
0 Metolachlor + Paraquat 23, 1.0 1,1
+ Metolachlor 23 i
+ No control - -
Soybean 2 January 1986 + Hand weed - 25
+ Metolachlor 2.3 ]
0 Metolachlor + Paraquat 23,08 1,1
+ Sethoxydim + Bentazon 03,10 20, 20
+ No control -~ -

t + = Conventional tillage; 0 = no-till; fb = followed by; DAP = days after planting.
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Rice 1
Within-Crop Effects

Relative to the no-control treatment, rice yields
were greater and weed weight was less when any weed
control measure was used (Fig. 1). 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 much
greater damage to the rice in the broadcast trcatment;
and lower yiclds 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
gooscgrass (Eleusine indica (L.) Gaertn) were the main
weeds in all other plots.

Corn 1

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 arca and appeared unrelated to treatinent. Statis-
tically significant differences in mean corn yields are
not consistent with weed data nor with any other
mcasured or observed biological factors. Despite the
poor corn growth, overall weed control was excellent;
total weed weight averaged 38 g m-2 (Fig. 2).
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STATISTICAL_SUMMARY
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Fig. 1. Orthogonal comparisons of weed control measures on weed
infestations (dry weight) and product yicld in Rice 1, first crop of
a 6-crop experiment, Yurimaguas Experiment Station 1983,
Mean values are given in g m*? for weeds and Mg ha*! for rice.
ALL CTRL = all treatments with weed control; NO CTRL =
no weed control; ALL HERB = 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.

Within-Crop Effects

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 total
weeds 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,

Previous-Crep Effects

Plots which were 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 |1, regardicss 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 yiclds, while not high
(1.58 mg ha-'), were clearly affected by treatment.

Within-Crop Efjects

No-control plots yiclded less than half the grain of
plots with weed control, and the yield reduction was
related to weed pressure (Fig. 3). Total weeds in no-
control plots were three times greater than in plots
with weed control. Composition of the weed popula-
tion was also markedly different in the two groups of
trcatments. Two grasses (large crabgrass and goose-
grass) dominated the no-control plots: they comprised
more than 80% of the weed population. Grasses were
also the major weed component (56%) in plots with
weed control: but one species, itchgrass (Rotthoelia
exaltata L.f.), accounted for most of the grass popu-
lation. In addition. broadieaf weeds represented 40%
of the weed population in plots with weed control: they
accounted fer only 11% in the no-control treatment.

Within the group of treatments with weed control,
hand weeding and herbicides were equally effective in
controlling weeds and maintaining soybean yields
(Fig. 3); but the composition of the weed population
in thesc two groups was distinctly different. Although
grasses comprised 50 to 55% of the weed population
in cach group, the grass populzation in the hand-weeded
plots was composed exclusively of large crabgrass-
plus-goosegrass. On the other hand, itchgrass domi-
nated plots treated with herbicide.

For chemically treated plots, the type of herbicide
applicd affected grain yield as well as weed weight and
population composition. Treatments with metolachlor
had fewer total weeds and higher crop yiclds than the
sethoxydim-plus-bentazon treatmesit {Fig. 3). Grasses
comprised 78% of total weeds on metolachlor-treated
plots, and 98% of total grass weight was itchgrass. In
contrast, plots with scthoxydim-plus-bentazon had
only 33% grass; itchgrass was unimportant; and most
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Fig. 2. Orthogonal comparisons of weed control measures applied to Corn 1 (within-crop treatments) and weed control measures applied to
Rice 1 (previous-crop treatments) on weed infestations (dry weight) and product yield in Corn 1 (second crop of a six-crop experiment),
Yurimaguas Experiment Station 1984, Mean values are given in g m™? for weeds and Mg ha™! for corn. ALL CTRL = all treatments with
weed control; NO CTRL = no weed controi; ALL HERB = all treatments with herbicide; METO = metolachlor;, PROP = propanil;
TW = total weeds; GW = all grasses; C + G = large crabgrass-plus-goosegrass; ITCH = itchgrass; OG = all other grasses; DAY =
dayflower; BLW = all broadleaf weeds.
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S0YB 158 19 <001 035 <0 01 0.71 0.63 0.94 0.17

Fig. 3. Orthogonal comparisons of weed control measures applied in Soybean 1 (within-crop treatments) and weed control measures applied
in Rice 1 (previous-crop treatments) on weed infestation (dry weight) and product yield in Soybean 1 (third crop of a 6-crop experiment),
Yurimaguas Experiment Station 1984. Mean values are given in g m*? for weeds and Mg ha! for soybean. ALL CTRL = all treatments
with weed control; NO CTRL = no weed control; ALL HERB = all treatments with herbicide; ALL METO = all treatments with
metolachlor; SETH + BEN = sethoxydim-plus-bentazon; METO = metolachlor; METO + SETH = metolachlor-plus-sethoxydim;
PROP = propanil; TW = tota! weeds; GW = all grasses; C + G = large crabgrass-plus-goosegrass; ITCH = itchgrass; OG = all other
grasses; DAY == dayflower; BLW = all broadleaf weeds.

weed weight. On the other hand, broadleaf weeds rep-
resented less than 20% of the weed population in me-
tolachlor-treated plots.

of the grass population consisted of large crabgrass-
plus-goosegrass. Broadleaf weeds were the dominant
weed group in the sethoxydim-plus-bentazon treat-
ment; this group comprised more than half the total

Two treatments received metolachlor: (i) metolach-

S
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qQw 155 46 €0.01 <0 01 <0.01 0.72 0 58 091 0.09
C+G 83 78 €0.01 0 60 004 0.04 0.41 €0.01 0.20
ITCH 66 142 0.09 0.07 0.27 0.08 004 ¢0.01 0.01
[o]c] 16 237 0.15 003 0.01 0.41 0.08 0.15 0.64
DAY [ K 115 0.08 <0.01 0.94 C 05 004 0.02 0.60
BLW a6 108 0.01 0 27 0.18 0.58 0.87 0.04 0.30
RICE 1.24 45 <0 C1 0.02 0.01 013 0.389 0.01 0.44

Fig. 4. Orthogonal comparisons of weed control measures applied in Rice 2
ments) on weed infestations (dry matter
Yurmepi.as Experiment Station 1985, Mcan valucs are given in g m-

Soybean 1 (previous-crop treat

weed coatrol; NO CTRL = no wead control; ALL HERB
plus-geosegrass; ITCH -+ itchgrass; OG =

lor and (ii) metolachlor-plus-sethoxydim; but there
were 1o diffcrences betweea them, neither in crop yield
nor weed weight (Fig. 3). Sethoxydim was applied 30
d later in the metolachlor-plus-sethoxydim treatment
than in the bentazcii-plus-sethoxydim treatment. Late
application of sethoxydim had little effect on itchgrass,
the only major weed species not controlled by meto-
lachlor.

There were no previous-crop effects (treatments ap-
plied to Rice 1) (Fig. 3).

Rice 2
Within-Crop Effects

Average weed weight in this crop more than doubled
that of the previous soybean crop (253 vs. 116 g m-2
(Fig. 4.). Rice yields were ceverely reduced by weceds.
Plots with weed control produced 1.65 mg of rice ha-!
while no- control plots had almosi no harvestable
grain. All weed groups except dayflower were present
in greater smounts in the no-control plots than in plots
with weed control.

Hand-weeded plots had fewer total weeds and higher
rice yields than plots where weeds were controiled with
herbicides (Fig. 4). Total grasses and dayflower were
much greater in herbicide-treated plots. Dayflower was
virtually absent in the hand-weeded treatment, but it
comprised more than 40% of the weed population in
plots with herbicides. On the other hand, broadleaf
weeds represented a larger portion of the weed pop-
ulation in hand-weeded plots than in the herbicide-
trcated group.

Conventionally tilled plots with herbicide had fewer
weeds and produced more rice than no-tili plots with
herbicide (Fig. 4). Dayflower was the predominant

) and product yield in Rice 2 (fourth crop
? for weeds and Mg ha™' for rice. ALL CTRL = ali treatments with
all treatments with metolachlor;
METO = metolachlor; NETO + SETH = metolachlor-plus-sethoxydim;: TW = total weeds;
all other grasses; DAY = dayflower; BLW

(within-crop treatments) and weed contro! measures applied in
of a 6-cron experiment),

SETH + BEN := sethoxydim-plus-bentazon;
GW = all grasses; C + G = large crabgrass-
= all broadleaf weeds.

weed (58% of total) under conventional tillage, with
grasses comprising only 30%. Just the reverse was ob-
served under no-till; the grasses dominated (58%), and
dayflower accounted for 34%. Dayflower reproduces
vegetatively (rooting-stem segments) and by seed. Til-
lage seemed to enhance the spread of stems,

Previous-Crop Effects

Rice following no-control soybeans had higher
amounts of large crabgrass-plus-goosegrass and day-
flower than plots which followed soybeans with weed
control (Fig. 4). In contrast, itchgrass, was greater in
rice plots following soybeans with weed control than
following soybean no-control plots. Total weed weight
and rice yields, however, were not different in these
two previous-crop treatment groups.

Rice following hand-weeded soybeans had fewer to-
tal weeds than rice following herbicide-treated s0y-
beans, but rice yields in the two treatment groups were
similar (Fig. 4). Hand weeding of soybeans resulted in
higher levels of large crabgrass-plus-goosegrass in the
succeeding rice crop. These two species comprised
more than 50% of the total weed weight after hand-
weeded soybean but only 31% of the total when rice
followed herbicide-treated soybean. When soybean
was treated with herbicides, itchgrass levels were
h.gher in the succeeding rice crop, representing almost
30% of the total weed weight. If rice followed hand-
weeded soybeans, however, this specics comprised just
14% of the wced population. Weed control measures
applied to the preceeding soybean crop also affected
dayflower infestation in the rice. Rice following her-
bicide-treated soybeans had more dayflower than rice
following hand-weeded soybeans. Rice following soy-
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beans treated with sethoxydim-plus-bentazon had
more total weeds and lower yields than rice following
metolachlor-treated plots (Fig. 4). Large crabgrass-
plus-goosegrass, dayflower, and broadleaf weeds were
all greater in rice when they succeeded soybeans
treated with sethoxydim-plus-bentazon; but the infes-
tation of itchgrass in rice was more severe following
metolachlor-treated soybeans. When soybeans were
treated with sethoxydim-plus-bentazon, dayflower and
broadleaf weeds in the succeeding rice crop accounted
for almost 50% of the total weeds; they comprised 32%
of the total when rice followed metolachlor-treated
soybeans.

Corn 2

Total weeds in this crop was 68% of the total infes-
tation in the rice that preceeded it (172 g m-2 in corn
vs. 259 g m-2 in rice) (Fig. 5). Composition of the weed
population also changed. Grasses accounted for a
much larger percentage of the weeds in Corn 2 (78 vs.
61%), and itchgrass dominated the weced population.
This species reprasented 50% of the total weed weight
in Corn 2. Broadleaf weeds and day flower declined in
importance; they accounted for less than 25% of the
total weed weight in Corn 2 but almost 40% in the
previous rice crop.

Within-Crop Effects

Total weeds were higher in no-control plots than in
treatments with weed coatrol, but corn yiclds in the
two groups did not differ (Fig. 5). Total grass weight
in no-control plots was the same as in plofs with weed
control, but the composition of the grass population

Within - Crop Treatments

was markedly different. Large crabgrass-plus-goose-
grass comprised most of tne grass population in the
no-control treatment while itchgrass was the major
species in plols with weed control. Dayflower was a
more important component of the weed population 1n
no-control plots than in treatments with weed control.

Hand-weeded plots :elded more corn and had less
total weed growth than plots which were treated with
herbicide (metolachlor) (Fig. 5). Herbicide-treated
plots contained twice as rauch grass as the hand
weeded treatment, and almost 90% of the grass was
itchgrass. Hand-weeded plots were dominated by large
crabgrass-plus-goosegrass, but itchgrass was virtually
absent.

Tillage had a far greater positive effect on Corn 2
yiclds than any weed control measure. No-till plots
with metolachlor yielded about 30% of the corn grown
under conventional tillage with metolachlor (Fig. 5).
Although weeds were greater in the no-till treatment
(225 vs. 148 g m-2?), weed pressure alone could not
account for such a large yield reduction. We hypoth-
esize that nutrient utilization may have been different
nnder no-tiil than in the conventionally tilled treat-
ment. Although the corn showed no N deficiency
symptoms, losses of surface-applied urea via volatil-
ization may have been greater under no-till. More
grasses were present in plots with no-till, but itchgrass
dominated the grass population in each tillaze treat-
ment.

In the last within-crop comparison in Fig. 5, two
sets of plots received the same application of herbicide
(metolachlor), yet both yields and weed weights dif-
fered in the two treatment groups. A much larger pop-
ulation of itchgrass in the “metolachlor 1™ treatment

CORN 2

Previous - Crop Treatments
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STATISTICAL SUMMARY
Mean cv p for each treatment comparison
%)
TW 172 48 0.01 <0 01 <0 01 <0 01 0.80 0.12 Q.08
GW 134 62 0.11 €<0.01 <0.01t <0.01 0 90 0.12 0.04
ITCH 86 103 €0.01 <0 01 €<0.01 <0 01 0.61 0.27 0.31
C+Q 38 76 €<0.01 <0 01 0.32 0.86 0.69 0.62 0.14
oa 48 94 0.94 0 50 0.27 077 0 09 0.13 <0 01
DAY 27 124 <0 01 0.09 0 08 U 65 0.88 0.21 0 21
BsLw 10 125 0.22 0.61 0.09 0.81 0.81 €0.01 0.34
CORN 4.88 25 0.54 <001 <0 01 <0 01 0.92 0.05 0.C4

Fig. 5. Orthogonal comparisons of weed control measures applied to Corn 2 (within-crop treatments) and weed control measures applied to
Rice 2 (previous-crop treatments) on weed infcstations (dry matter) and product yield in Corn 2 (fifth crop of a 6-crop experiment),
Yurimaguas Experiment Station 1985. Mean values are given in g m-? 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 METQ = convenlional tillage with
metolachlor; NT METO = no till with metolachlor; CT HERB = conventional tillage with propanil-plus oxadiazon-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 braodleafl weeds.
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accounts for the increased weed weight and lower corn
yields relative to “metolachlor 2”. Although “meto-
lachlor 1” and *“metolachlor 2 were duplicate treat-
ments in this crop, there was one important difference.
“Metolachlor 2” plots had been treated with sethox-
ydim-plus-bentazon in Soybean | whereas “metolach-
lor 1" plots in Soybean | were treated with metolach-
lor. A large difference in the itchgrass population was
observed in these two trcatment groups in Soybean |
(Fig. 3), and a residual effect from the treatments re-
mained in Rice 2 (Fig. 4). It therefore secms obvious
that large differences in the itchgrass population during
Corn 2 are a continuing effect from the different her-
bicides applied two crops earlier.

Previous-Crop Effects

Broadleaf weeds were more prevalent in Corn 2
when the previous rice had been hand weeded rather
than when treated with herbicides (Fig. 5). Corn yiclds
were lower and weed weights higher following no-till
rice than following rice that was conventionally tilled.

Soybean 2

Total weed weight in this cycle increased dramati-
cally to an average of 343 g m-? (Fig. 6). Soybean
yields, while related to trcatment, were very low. Itch-
grass continued to increase in importance; it averaged
68% of the total weed population.

Within-Crop Effects

_ Soybean yiclds were lower and weed weights higher
in no-control plots than in treatments with weed con-
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trol (Fig. 6). Most of the weeds in these two treatment
groups were grasses, and itchgrass was the dominant
species. No-control plots had greaier amounts of large
crabgrass-plus-goosegrass while plots with weed con-
trol had more broadleaf weeds.

Hand-weeded plots yielded twice as many soybeans
but only half as many weeds as plots treated with her-
bicide (Fig. 6). The composition of the weed popula-
tion also differed with weed control method. Large
crabgrass-plus-goosegrass were the major species in
hand weeded plots, while itchgrass was dominant in
thc herbicide treatments.

The type of herbicide applied affected both crop
yields and weed infestation (Fig. 6). Soybean yields
were higher and total weed weight wac less if sethox-
ydim-plus-bentazon rather than metoiachlor was the
chemical. Itchgrass comprised more than 90% of the
weed populaticn in metolachlor-treated plots; it was
less than 20% of the population in the sethoxydim-
plus-bentazon treatment. Broadleaf weeds and day-
flower, cach of which was a minor component of the
weed population in the metolachlor treatments, ac-
counted for 80% of the weeds in the sethoxydim-plus-
bentazon plots.

Tillage had a large cffect on crop yields, but no effect
on the weed population (Fig. 6). Yields were higher
with conventional tiliage than no-tillage, but the weed
in cach tillage group was virtually a pure stand of itch-
grass.

Previous-Crop Effects

Total weeds in Soybean 2 were higher following her-
bicide-treated rice than in soybeans following hand-

SOYBEAN 2
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™ 343 34 003 <0 01 <0 04 <0.48 0.20 0 05 0.72
GW 276 42 <001 <0.01 <0.01 058 019 0.05 0.10
ITCH 234 61 0 19 <0 01 <0 01 070 0.57 0.07 0.16
C+G as 89 <001 <0 01 095 081 0.64 0.93 017
0G 8 ae 0.48 0 84 0.58 0.20 0 46 0.30 0.87
DAY 23 124 0.31 0.01 <0 01 0.71 0.768 0.95 0.08
BLW 43 127 004 0.01 <0 01 0.68 0.88 0.88 0.04
SOYB 0.53 49  <0.01 <0.01 <0 01 €0.01 0.97 0.54 0.10

Fig. 6. Orthogonal comparisons of weed control measures applied to Soybean 2 (within-crop treatments) and weed control measures applied
to Rice 2 (previous-crop trcatments) on weed infestation (dry matter) and product yield in Soybean 2 (sixth crop of a 6-crop experiment),
Yurimaguas Experiment Station 1986. Mean values are given in g m*! for weeds and Mg na"! for soybean. ALL CTRL = all treatments
with weed control; NO CTRL = no weed control; ALL HERB = all treatments with herbicide; ALL METO = all treatments with
metolachlor; SETH + BEN = sethoxydim-plus-bentazon; CT METO = conventional tillage with metolachior: 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-plus-goosegrass; OG = all other grasses;

DAY = dayflower; BLW = all broadleaf weeds.
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weeded rice (Fig. 6). Soybeans following no-till rice
had more broadleaf weeds than soybeans following
conventionally tilled rice.

Interactions

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 2'so differed,
depending on whether the rice followed soybean with
metolachlor or secthoxydim-plus-bentazon: there were
many more broadleaf weeds in no-control plois when
the preceeding crop of soybezns had been treated with
scthoxydim-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 within-crop
and previous-crop weed control treatments and their effects on
weed weights, Corn 1, Rice 2 and Corn 2 of a six-crop experiment,
Yurimaguas Experiment Station 1984 to 198S.

Comparisonst

Within  Previous
Crop crop crop TW: GwW BLW DAY
gm?
Corn 1 AC HRB 24 11 5 6
NC HRB 151 15 12 17
AC HW 11 7 4 0
NC HW 54 35 13 k]
P <001 <0.01 0.61 0.45
Rice 2 AC METO 174 88 25 L]
NC METO 391 328 38 20
AC S+ B 267 109 kk) 124
NC S+B 473 321 126 24
| 0.54 0.31 0.01 0.26
CT MEfO 154 79 26 48
NT METO 3 156 27 128
CcT S+8 kpal 38 29 254
NT S+ B 368 240 23 105
P 0.19 0.03 0.79 <0.01
Corn 2 (o § CcT 141 98 6 37
NT CcT 181 141 5 kL]
CcT NT 176 138 3 35
NT NT 316 300 2 15
? 0.06 0.03 0.67 0.44

1 AC = a!! treutments with so.ne weed control; NC = no werd control; HRB
= all treatments with herbicide; HW = hand we *4; METO = all treatments
‘with metolachlor; S + B = sethoxydim-plus-bentazon; CT = conventional
tillage; NT = no-till,

$ TW ~ total weeds; GW = all grasses; BLW = all broadleaf weeds; DAY
= dayflowe,. The sum of GW + BLW + DAY does not clways equal TW
because sedges, a minor component of the weed population, are not included.
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weight was much higher in no-till corn (compared to
conventional rice), when it followed no-till rice than
when no-till corn followed conventionally tilled rice.
Perennial grasses in this crop showed the same pattern
(data not presented).

Relationships with Previous Researck

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 {N,N-dimethyl-N'[3(tri-
fluoromethyi)phenyl] urea-plus-prometryr (N,N'-bis
(1-methylethyl)-6-(methylthio)-1,3,5-triazine-2,4-dia-
mine)] greatly increased Cyperus esculentus L. (4,7,19).
Polygonum pensylvanicum L., Panicum dichotomiflo-
rumt Michx., Digitaria spp., and several serious per-
ennials increased when 2,4-D and atrazine (6-chloro-
N-ethyl-N'-(1-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-dicthylphenyl)-N-
(methoxymethyl) acetamide]; but continuous use of
alachlor alore in corn or scybean caused a risc 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 rescarchers reported that
when both herbicides and creps are rotated, compo-
sition of the weed population was not greatly altered,
and overall weed control was cxcellent (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 inany 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 vunzrable
to weed pressure, appears to bc an inappropriate crop

Table 4. Approximate cost of herbicides used in treatments applied
to rice, corn and soybean, Yurimaguas Experirment Station 1983
to 1986.

Treatment Cost* $ ha!
Rice Oxadiazon + propaiil 150
Paraquat + oxadiazon + propanil 175
Corn Metolachlor 100
Paraquat + metolachlor 125
Soybean Metolachlor 100
Paraquat + metolachlor 125
Soybean Metolachor 100
Paraquat + metolachlor 125
Sethoxydim + bentazor. 160
Metolachlor + sethoxydim 185

* Cost of herbicide in Lima, Peru, 1985.

A
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for this high-input rotation if the difference between
weed control costs and crop value is considered. The
greater compnetitive abilities of corn and soybean sug-
gest that lower rates of herbicides in these crops can
provide weed control that is both effective and eco-
nomic.

In Yurimaguas, centinued use of metolachlor on
itchgrass infested land results in almost pure stands 0
this species. In shis experiment itchgrass was effec-
tively controlled in grain legumes with sethoxydim,
moderat:ly controlled in upland ricc with propanil-
plus-oxadiazon and controlled in corn only with hand
weeding. Our work suggests that itchgrass may be kept
in check within a rotation of rice-corn-soybean if the
grass is aggressively centrolled in soybean with se-
thoxydim. Other researchers have reported that pen-
dimethalin [N—l-ethylpropyl)-3,4 dimethyl-2,6-dini-
tro-benzenamine] controls itchgrass in both corn and
soybeans (1, 16).

CONCLUSIONS

1. The spectrum of weed species in the field changed
dramatically over the course of the experiment
(Fig. 7). Large crabgrass-plus-goosegrass was the
most important weed problem in the first three
crops of the experiment. At the conclusion of the
study itchgrass dominated the sitz.

2. Changesin the weed population were attributable
to the weed control treatments employed.

a) Metholachlor controlled broadleaf weeds, day-
flower and most annual grasses in corn and soy-
beans. Itchgrass is resistant to metolachlor, how-
ever, and it vigorously invaded plots when
competing species were eliminated.

b) In soybean, sathoxydim applied 30 DAP con-
trolled all grasses including itchgrass; but ben-
razon was ineffective against broadleaf weeds and
dayflower.

c) Propanil-plus-oxadiazon was moderately effec-
tive against all grasses and broadleaf weeds in
rice, but dayflower was resistant. This species
flourished when competition from other weeds

decreased.
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Fig. 7. Changes in the weed population and level of infestation
through six conseculively-plamed short-cycle crops, Yurimaguas
Experiment Station 1983-1986. Weed dry weights and crep yields
in each crop are the mean of all treatments in that crop. C+
= large crabgrass-plus-guosegrass; ITCH = itchgrass; 0G = all
other grasses; SED = sedges; DAY = dayflower; BLW = all
broadleafl weeds.
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d) All herbicides were effective in controlling sedges

but even when no herbicide was applied, sedges
disappeared after the first crop.

3. We were able to measure residual effects of weed
control treatments o0 subsequent Crops, although
these effects generally disappeared after two
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 dramatically increased its
level of infestation and ability to rcduce yields
in the next. At the end of the experiment, treat-
ments which had received only metolachlor in
both corn and soybean had weed populations
with 97% itchgrass.

4. Tillage had large effects on the level of weed in-
festation, population composition, and crop
yields. In most instances, weed infestations were
higher and crop yields lower under nc-till man-
agement. Grasses were predominant under no-
1ill conditions, but dayflower grew more¢ readily
when the field wa. ilied. When no-till followed
no-till, perennial grasses increased.

5. The three crop species differed greatly in their
ability to compete with weeds. The order of com-
petitiveness was corn > soybean > rice. Rice 2
yields were essentially zero without weed control
but Corn 2 no-control plots were reduced by just
30% compared to the hand-wceaed freatment.

6. An effective weed control program for intensively
managed crops i this region is possible, but it
may not be economical. Costs for the different
weed control treatments ranged from $50 for one
weeding by hand to $185 ha™' for the metolach-
lor-plus-sethoxydim treatment.
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