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ABSTRACT

A four-season trial was conducted using continuous maize (Zea mavs L.)
and soybeans (Glicine max (L.) Merr.) with the continuous use, rotation or
combination of various herbicides to determine weed species shifts., No weed
species increased in maize treated for four seasons with atrazine (2-chloro-
4-(ethylamino)-6-(isopropylamino)-s-triazine) or the¢ combination atrazine +
alachlor (2-chloro-2',6'-diethyl-N-(methoxy-methyl)acetanilide). Four sea-
sons of alachlor allowed a2 6 and 21% increase in broadleaf weeds ia maize
and soybeans, respectively, while maintaining excellent grass weed control.
In soybeans a 21% increase in hroadleaf weeds occurred after four seasons
of linuron (3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea). Linuron combin-
ed with alachlor gave the best weed control in soybeans while the rotation ”
of herbicides was less effective. 1In both crops, two hand weedings for four
seasons tended to reduce the weed population the following year,

INTRODUCT11ON

The use of preemergence herbicides in Latin America is increasing rapid-
ly. Often claims are made that weeds are becoming resistant to herbicides'
when in fact an ecological shift is taking place with secondary weed prob-
lems becoming primary ones.

Horowitz et al. (1974) observed species shifts by applying ten herbic-

ides in the same plots duriag four years. Anagollis coerula (Gouan.) was

eliminated by substituted urea herbicides while Zonvoivulus a.evenis L. tend-

ed to increase. Species which wre only partially controlled by the iaitial
applications persisted even after repeated applications.

Using a rotation of cotten (Gossypium hirsutum L.}, peaanuts {Arachis

hypogoea L.) and maize (Zea mays L.) and various intensities of chemical and

mechanical weed control measures, Hauser et al. (1974) obtained a great re-

duction in Cyperus escu L+ Jnfe s:a Jigitaria sanguinalis (L.)
Scop. and Xanthium en ylvaukcum-Wa lra Po ulbtions also decreased, while
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Euphorbia maculata 1. jincreased. All treatments sigaificantly reduced the

total nusber of weeds after three years.
In a similar study, Weber et al. (1974) found that after three seasons
of trifluralin (a,a,a-trifluoro-2,6-dinitro-N,N-dipropyl-p-teluidiae} D.

sanguinalis and Dactyloctenium aegyptium (L.) Richter were controlled, but

C. esculentus had completely infested the area. This shows how rapidly
dramatic species shifts can occur.

Aanother aspect of effectively controlling weeds during wany seasons 1is
the overall weed population reductions which should result. Roberts and
Dawkings (1967), in a 6-year study observed 22, 30 and 36% decreases in the
number of viable weed seeds in the upper 23 cm of the soill with O, 2 or 4
tillage operations per year, respectively. This indicates that by prevent-
ing weed seed production, weed infestations can be greatly reduced pver time.
However, Weber et al. (1974) found the.total weed density unaffected after
applying prometryne and trifluralin for three years without planting a crop.

No such information has ueen reported for tropical Latin America. There-
fore, a four season trial was designed to study the weed species shifts which
occur with the continued use, rotation or combination of herbicides in maize
and soybeans, and to compare the effects of hand weedings and chemical con-

trol on the weed population after four seasors of intensive control.

METHQDS AND MATERIALS

Atrazine (2 kg/ha) and alachlor (2.5 kg/ha) were applied repeatedly, in
combination (half rate of each) or in rotation, during four consecutive sea-
sons in malze (a while brachytie line). Linuron (1.5 kg/ha) and alachlor
(2.5 kp/ha) were similarly applied in soybeans {(var. ICA-Lily). The plant-
ings and applications were made iu a clay soil with 3.9% 0.M. aad a pH of
7.2 A split-plot design with four replications was used where the crop was
the main plot and the weed control treatment the split-plot. After each
harvest, the entire area was tilled and the plots relocated in exactly che
same position as in the first planting.

Herbicides were applied with a CO2 plot sprayer ecquipped with four 8003
TeelJet nozzles at 2.1 kg/cmz pressure in 215 1l/ha of water. Perceatage weed
cover by species was determined 30 and 60 days after planting with the lice

intercept method (Phillips, 1959). The principal grasses were Leptochloa

filiformis (lam.) Beauv., Echinochloa coloaum (L.} Link, Eleusine iadica

»



3.

(L.) Gaertn. and D. sanguinalis and the broadleaves were Amaranthus dubius

Mart.,, Portulaca oleracea L., Ipomoca £iliacea (Willd.) <Choisy, Euphorbia

hypericifolia L. and Cucumis melo I... All except Ipomoea were bSroadcast sced-

ed at the time of the first planting only. Percentage weed cover was also
determined during the fifth season when neither crops were scwn nor herbicides
applied after plowing and double-disking in order to determine the long-term

effccts of the control weasures on the weed populatiocn.

RESULTS AND DISCUSSION

The consecutive use of atrazine for four seasons gave excellent weed con-~
trol without reducing maize yields (Fig. 1 and Table 1). Alachlor controlled
all the grasses but a tread toward a buildup of broadleaf species was observ-
ed, especially of I. tiliacea and C. melo. Both the combination or rotation
of the two herbicides were effective in contrelling nearly all the weeds and
not allowing any resistant species buildups.

Chemical weed control was less effective in soybeans after the first season

(Fig. 1). Linuron permitted both broadleaves (primarily E. hypericifolia) and

grasses to increase while alachlor maintained excellent grass control but ale
lowed buildups of I. tiliacea and C. melo. The combination of linuron and
alachlor during four seasons gave the besi weed control in soybeans. Rotat-
ing these products allowed higher grass coverage in the seasons linuron was
applied and higher broadleaf coverage in those with alachlor. Both mixing
or rotating linuron and alachlor prevented a buildup of resistaat species and
tended to increase soybean yields more than did the continuous use of either
product (Table 1). Soybean yields were not affected by apparently high weed
infestations probably due to the creeping nature of the resistant brosdleaves
which made them poor competitors for light.

A relationship was found between the degree of wecd cover and the crop
gpecies when herbicides are used., Comparing the effectiveness of alachlor in
maize and soybeans, one observes that the first season's broadleal coverage
results are very similar but in subsequent seasons alachlor allowed three
times more broadleaf coverage in soybeans than in maize. Thus, the buildup
of resistant species is crop dependent.

Two hand weedings 30 and 60 days after planting for four seasons reduc-
ed both grass and broadleaf coverage in maize but only the broadleaf cover-
age in soybeans (Figure 2). Hand weedings were consistently more effactive

in maize than in soybeans. Thus the effectiveness and long term cifects of



manual or mechanical concrol are also crup dependent. Considerable seasonal
variation in the weed coverage occurred in the nou-weeded plots, principally
due to weather fluctuations. After the first season, there was more total
weed coverage in the non-weeded soybeans than in non-weeded maize and pro-
portionately more grasses in soybeans and more broadleaves in maize. Thus,
for the weed species in this study, monocot weeds adapted better to ihe dicot
crop and vice versa, _

Observations made during the fifth season, when no crops were planted or
herbicides applied after land preparation, show that there was little henc-
ficial effect of .excellent weed control during four previocus scasons (Table 1).
All treatments were more than half-ccovered with weeds 60 days after the land
was tilled. Continuous atrazine or linuron use had the greatest grass cover-
ages. Four seasons of atrazine gave the lowest total weed infestation while
no soybean treatment gave significant reductions the fifth season. 1Ia the
non-weeded plots, three times more jrass was present after four seasons of

soybeans as compared to four seasons of non-weeded maize.
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" Table 1. Malze ond soybean grain yi lds during four seasons with the con-
tinued use, combination., or rotation of herbicides and the percent

weed cover during the fifth season without a crop.

COMPARATIVE YIELDl WEED COVERZ
CROP HERBICIDE SEASON ] _ | 5th SEASCN (%)
lst 2nd 3rd 4th) X B.L. Gr.

Maize Atrazine 85 83 105 103 94 38 15
Maize Alachlor 103 100 95 101 | 100 87 1
Maize Atraz-HAlac 94 109 113 99 | 104 64 1
Maize Atr/Alac/Atr/Alac 87 84 99 99 92 73 8
Maize Weedy Check 75 53 74 60 | 66 81 S
Soybeans Linuron 89 97 85 34 | 89 67 12
Soybeans Alachlor 38 87 107 93 94 72 1
Soybeans Lin+Alac 85 144 109 88 106 83 3
Soybeans Lin/Alac/Lin/Alac 99 139 79 83 100 77 1
Soybeans Weedy Check 76 17 36 43 | 43 65 15

Yield expressed as a percentage of hand-weeded plots
Sixty days after preparing the land




Figure 1,

Figure 2.

CAPTIONS FOR IGURES

Effect of the continued use, combinacion or ratztion of atrazine
and alachlor in maize and linuron and alachlor in soybeans on the
percentage of cover by grass and broadleaf weeds €2 days after

planting (A) maize and (B) soybeans during four seasons.

Effect of twn hand weedings and no weedings on the percentage

of cover by grass aand broadleaf weeds 30 days after planting (A)

maize and {B) soybeans during four seasons.
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