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Selectivity and efficiency of herbicides in cassava on the
floodplain of the Solimoes river

Seletividade e eficacia de herbicidas na cultura da mandioca em varzea do
rio Solimoes

José Roberto Antoniol Fontes™*, Inocencio Junior de Oliveira®', Ronaldo Ribeiro de
Morais®'

Abstract: Cassava is grown on the floodplains of the Solimdes river and guarantees food security
and income for farmers. However, negative interference of weeds can result in a significant yield
loss in the crop. Therefore, the aim of this study was to evaluate the selectivity of herbicides and
efficiency of chemical weed control in the cassava ‘Aipim-manteiga’ cultivar, in the floodplain of
the Solim@es river, in Iranduba, Amazonas. The experimental design was in randomized blocks
with four replications. The herbicides evaluated were clomazone (1080 g ha), diuron (1750
and 2500 g ha') and oxadiazon (400 and 800 g ha'), applied alone or with hoeing 90 days
after planting (DAP). Two control treatments were included: weeding (hoeing) at 30, 60, 90 and
120 DAP and with no weed control. Clomazone caused mild toxicity in the plants, while with
diuron and oxadiazon toxicity was moderate; all three were considered safe for the crop. The
plant population of the crop was not affected by the herbicides. Clomazone afforded effective
weed control up to 45 DAP only, and weeding was necessary at 90 DAP to eliminate negative
interference by the weeds on crop yield. Diuron and oxadiazon were effective in controlling weeds
throughout the crop cycle of the cassava. Weed interference during the crop life cicle reduced
yield by 83.8%.
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Resumo: A mandioca é cultivada em varzeas do rio Solimdes e garante seguranca alimentar e renda
para os agricultores. Porém, a interferéncia negativa de plantas daninhas na cultura pode resultar em
perdas significativas de produtividade. Assim, objetivou-se com este trabalho avaliar a seletividade
de herbicidas e a eficacia do controle quimico de plantas daninhas na cultura, cultivar ‘Aipim-
manteiga’, em varzea do rio Solimdes, Iranduba-AM. O delineamento experimental foi em blocos
casualizados, com quatro repeticées. Os herbicidas avaliados foram clomazone (1080 g ha™'), diuron
(1750 e 2500 g ha') e oxadiazon (400 e 800 g ha'), aplicados isoladamente ou associados com
capina aos 90 dias ap6s o plantio (DAP). Foram incluidos dois tratamentos testemunhas: controle
de plantas daninhas com capinas aos 30, 60, 90 e 120 DAP e sem controle. O clomazone provocou
intoxicagdo leve nas plantas, enquanto o diuron e o oxadiazon, moderada, e os trés foram seguros
para a cultura. A populacdo de plantas da cultura ndo foi afetada pelos herbicidas. O clomazone
exerceu controle eficaz de plantas daninhas apenas até 45 DAP e houve necessidade de capina
aos 90 DAP para eliminar a interferéncia negativa de plantas daninhas na produtividade da cultura.
O diuron e o oxadiazon controlaram com eficacia as plantas daninhas durante o ciclo de cultivo da
mandioca. A interferéncia livre de plantas daninhas reduziu a produtividade em 80%.

Palavras-chave: Amazonas. Controle quimico. Gleissolo. Manihot esculenta. Plantas daninhas.
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INTRODUCTION

Cassava (Manihot esculenta) is a staple food
for the population of the state of Amazonas, used
for the production of flour or table consumption.
Cassava production in the state is 10.5 t roots
ha' (IBGE, 2020), considered low compared to
recorded yields of up to 43 t ha'! (DIAS, 2015).
Among the factors that can cause yield reduction
the negative interference from weeds stands out
(SILVA et al., 2012).

In Amazonas, cassava is grown on dry land
(Argisols and Latossolos) and floodplains (Gleisols)
(FRASER et al.,2011). Soil fertility in the floodplains
of the muddy rivers of Amazonas is high, a result of
the periodic deposition of sediment from the Andes
range during ebb and flow cycles (GUIMARAES et
al.,2013), and favours the cultivation of short-cycle
crops (FRASER et al., 2011).

The most-used strategy for weed control in
cassava in Amazonas is manual weeding, using
machetes, hoes and sickles. The main advantages of
chemical control are the high level of effectiveness,
greater operational yield and lower cost, resulting in
greater agronomic and economic efficiency (SILVA
etal., 2012; SANTIAGO et al., 2018).

Because cassava is a slow-growing crop that
is not very efficient at shading the soil surface,
the application of pre-emergent (PRE) herbicide
to the crop and weeds promotes effective weed-
control during this phase of greater susceptibility
to negative interference (SCARIOT et al., 2013;
SANTIAGO et al., 2018).

However, the number of active herbicidal
ingredients that are registered for the control of
weeds in the cassava is considered small, especially
for post-emergent (POS) application, there being
eight herbicides for PRE application and two for
POS application (BRAZIL, 2020), affecting the
establishment of weed-management programs for
the cassava in Brazil.

It should also be considered that, in many
cassava crops, the weed community comprises a
great variety of species, and in some situations, it
is necessary to use more than one active ingredient
per application (SANTIAGO et al., 2018).

Cassava cultivars may be tolerant to herbicides,
showing no symptoms of toxicity, with no
physiological changes or yield reduction, or
little tolerant, impairing the growth and root
yield (OLIVEIRA JR. et al., 2001). In addition
to the genetic factor, the herbicide doses and the
environmental conditions can influence the tolerance
of the cultivar to herbicides (COSTA et al., 2013).

INTRODUCAO

A mandioca (Manihot esculenta) ¢ alimento basico
para a populagdo amazonense, com emprego de cultivares
“bravas”, para a producdo de farinha, ou “mansas”,
também denominadas macaxeiras, para consumo de mesa.
A produtividade de mandioca no estado do Amazonas ¢
de 10,5 t ha! de raizes (IBGE, 2020), considerada baixa
em razdo do registro de produtividades de até 43 t ha'!
(DIAS, 2015). Entre os fatores que provocam reducdo
de produtividade, destaca-se a interferéncia negativa de
plantas daninhas (SILVA et al., 2012).

A mandioca ¢ cultivada no Amazonas em areas de terra
firme (Argissolos ¢ Latossolos) e nas varzeas (Gleissolos)
(FRASER et al.,2011). A fertilidade do solo das varzeas dos
rios de agua barrenta no Amazonas ¢ alta, consequéncia da
deposi¢ao periddica de sedimentos oriundos da cordilheira
dos Andes nos ciclos de cheia e vazante (GUIMARAES et
al., 2013), favorecendo a exploragdo de culturas de ciclo
curto (FRASER et al., 2011).

A estratégia de controle de plantas daninhas mais
empregada nos sistemas de produgdo de mandioca no
Amazonas ¢ a capina, com uso de facdes, enxadas e foices.
O controle quimico tem como vantagens principais a
eficacia de controle elevada, maior rendimento operacional
e menor custo, resultando em maiores eficiéncia agrondomica
e econdmica (SILVA et al., 2012; SANTIAGO et al., 2018).

Por ser a mandioca uma cultura de crescimento
inicial lento e pouco eficiente no sombreamento da
superficie do solo, a aplicagdo de herbicidas em pré-
emergéncia (PRE) da cultura e das plantas daninhas
promove o controle eficaz das plantas daninhas nesta
fase de maior suscetibilidade a interferéncia negativa
(SCARIOT et al., 2013; SANTIAGO et al., 2018).

Porém, o numero de principios ativos herbicidas
registrados para o controle de espécies daninhas na
cultura da mandioca pode ser considerado pequeno
(sobretudo para aplicagdes em POS), sendo oito para
aplicagdo em PRE e duas em POS (BRASIL, 2020),
afetando o estabelecimento de programas de manejo de
plantas daninhas na cultura em todo o Brasil.

Deve ser considerado ainda que a comunidade de
plantas daninhas em muitos cultivos de mandioca ¢ formada
por grande diversidade de espécies, sendo necessaria em
algumas situagdes a associagdo de mais de um principio
ativo por aplicagdo (SANTIAGO ef al., 2018).

As cultivares de mandioca podem ser tolerantes
aos herbicidas, ndo exibindo sintomas de intoxicagdo,
sem alteragodes fisiologicas e reducdo de produtividade,
ou pouco tolerantes, prejudicando o crescimento ¢ a
produtividade de raizes (OLIVEIRA JR. et al., 2001).
Além do fator genético, as doses dos herbicidas e as
condigdes ambientais t€ém influéncia na tolerancia das
cultivares aos herbicidas (COSTA et al., 2013).
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Although cassava production is important for
agriculture in Amazonas, the results of research
on the use of herbicides with crops under this
environmental conditions are scarce. From the
reports of studies conducted with other cultivars
in other environments, it can be assumed that local
cultivars are tolerant to herbicides, and that the
weeds are susceptible to chemical control. The aim
of this study, therefore, was to evaluate selectivity
in the pre-emergent (PRE) application of herbicides
in the cassava ‘Aipim-manteiga’ cultivar, and
the efficiency of weed-control under floodplain
conditions in the city of Iranduba, Amazonas.

MATERIAL AND METHODS

Two field experiments were carried out in the
floodplain of the River Solimdes (3°15°40” S,
60°13°18”” W), in a Gleisol of a silty-loam texture
whose chemical and physical atributes are shown in
Table 1.

Embora a cadeia produtiva da mandioca seja
importante para a agricultura amazonense, sdo escassos
os resultados de trabalhos de pesquisa com emprego
de herbicidas nas condi¢des ambientais dos cultivos.
Considerando os relatos de trabalhos conduzidos com
outras cultivares em outros ambientes, pressupde-se
que cultivares locais s@o tolerantes aos herbicidas
e que a flora daninha seja suscetivel ao controle
quimico. Portanto, objetivou-se avaliar a seletividade
de herbicidas aplicados em pré-emergéncia (PRE) para
a mandioca, cultivar Aipim-manteiga, e a eficacia de
controle de plantas daninhas em condi¢do de varzea
no municipio de Iranduba, AM.

MATERIAL E METODOS

Foram conduzidos dois experimentos de campo
em varzea do rio Solimdes (3°15’40”” S, 60°13°18”’
0), em um Gleissolo, textura franco-siltosa, cujas
caracteristicas quimicas estdo apresentadas na
Tabela 1.

Table 1 - Chemical and physical attributes of soil sample collected in the 0-0.2 m depth layer in the

experimental site. Iranduba-AM, 2019

Tabela 1 - Caracteristicas quimicas e fisicas de amostra de solo coletada na camada de 0-0,2 m de
profundidade na area experimental. Iranduba-AM, 2019

H M.O. P K Ca Mg H+Al T Vv m Sand Silt Clay
: g kg’ —mg dm?— cmol, dm Yo g kg
5.05 38.2 55 86 7.2 2.1 12.2 78.7 6.0 66 725 209

pH in water (1:2.5); O.M. — organic matter (Walkley-Black); P — phosphorus and K — potassium (Mehlich-1); Ca — calcium and Mg —
magnesium (KCI 1 mol L"); H+Al — potential soil acidity (calcium acetate 0.5 mol L', pH 7.0); T — cation exchange capacity at pH
7.0; V — base saturation; m — aluminum saturation.

pHem dgua (1:2,5);, M.O. — matéria organica (Walkley-Black); P — fésforo e K — potédssio (Mehlich-1);, Ca — calcio e Mg — magnésio
(KCI' 1 mol L"), H+Al — acidez potencial (acetato de calcio 0,5 mol L', pH 7,0); T — capacidade de troca de cations a pH 7,0; V —

saturagdo por bases, m — saturagdo por aluminio.

The local climate is type Af, and the meteorological
data recorded during the experimental period are
shown in Figure 1.

Prior to setting up the experiments, a floristic
survey of the weeds was carried out to characterise
the infestation at the site, using 25 random throws
of a hollow, one-metre square frame (internal
measurement). The weeds contained in the
frame were counted per species to estimate the
population parameters (MUELLER-DOMBOIS;
ELLEMBERG, 1974). Table 2 shows the identified
species.

O clima local é Af ¢ os dados meteorologicos
registrados durante o periodo de condugdo dos
experimentos estdo apresentados na Figura 1.

Antes da instalacdo dos experimentos foi
realizado levantamento floristico de plantas daninhas
para caracterizagdo da infestagdo no local com 25
lancamentos aleatorios de armagdo quadrada vazada
com | m de lado (medida interna). As plantas
daninhas contidas pela armac¢do foram contadas por
espécie para estimativa de parametros populacionais
(MUELLER-DOMBOIS; ELLEMBERG, 1974). Na
Tabela 2, sdo apresentadas as espécies identificadas.
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Figure 1 - Rainfall (mm), insolation (h), air relative humidity (%) and air temperature (°C) recorded at the
meteorological station in the experimental site. I[randuba, 2019.

Figura 1 - Valores médios mensais de chuvas (mm), insolacdo (h), umidade relativa do ar (%) e temperatura
do ar (°C) registradas durante a conducdo dos experimentos. Iranduba, 2019.

Table 2 - Weed species identified in the experimental site and
their respective population parameters. Iranduba-AM, 2019
Tabela 2 - Espécies daninhas identificadas na drea
experimental e seus respectivos pardmetros populacionais.

Iranduba-AM, 2019

Weed species RD RF . RA Al
Echinochloa colona 324 73.3 40.8 146.5
Cleome affinis 8.5 10.8 23.0 423
Phylanthus niruri 19.7 4.9 4.5 29.1
Digitaria horizontalis 7.0 4.6 1.7 23.3
Mimosa invisa 15.5 2.5 2.9 20.9
Cyperus ferax 4.2 1.8 7.5 13.5
Brachiaria sp. 7.0 1.5 4.0 12.5
Aeschinomene rudis 2.8 0.4 2.4 5.6
Spigelia anthelmia 1.4 0.2 2.0 3.6
Cyperus rotundus 1.4 0.1 1.2 2.7

RD - relative density; RF — relative frequency; RA — relative abundance; Rl

— relative importance index.

DR - densidade relativa; FR — frequéncia relativa;, AR — abundéancia relativa;

IIR — indice de importancia relativa.

The most important weed species was
Echinochloa colona (monocot, Poaceae), whose
infestation in the experimental area represented
about 80% of the plant cover on the soil surface.
The soil was managed using a disc plough to a
depth of 0.4 m, and the clods broken up with
harrowing. The planting furrows were opened one
day after management, spaced 1 m apart and 0.15
m deep.

A espécie daninha mais importante foi Echinochloa
colona (monocotiledonea, Poaceae), cuja infestagdo
na area experimental representou cerca de 80% da
cobertura vegetal da superficie do solo. O preparo
de solo foi realizado com arado de discos numa
profundidade de 0,4 m, e os torrdes desfeitos com
grade niveladora. Um dia apos o preparo de solo foi
realizada a abertura de sulcos de plantio espacados em
1 m e profundidade de 0,15 m.
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The fertiliser applied was equivalent to 40 kg
ha'' P,O, and 50 kg ha"' K,O, using superphosphate
and potassium chloride respectively, manually
distributed in the furrows and covered with soil.

Stem cuttings of the ‘Aipim-manteiga’ cassava
cultivar measuring 0.2 m in length (with 5 to 6
buds) were planted in the furrows, spaced 1 m
apart. A top-dressing equivalent to 30 kg ha’!
nitrogen in the form of ammonium sulphate, split
into two applications, at 30 and 60 days after
emergence of the crop.

The selectivity of the herbicides was evaluated
in experiment 1 in a randomized blocks design
with four replications. The experimental plot
comprised six planting rows, 7 m in length (49
m?), with the usefull area consisting of the two
central rows, discounting 1 m at each end (10
m?). The herbicide treatments (doses in g of
active ingredient ha'') were 1- clomazone 1080 g
ha-!, 2- diuron 1750, 3- diuron 2500, 4- oxadiazon
800 and 5- oxadiazon 1000, in addition to the
control treatment with no herbicide.

The herbicides were applied one day after
planting (DAP) wusing a backpack sprayer
pressurized by CO,, with a constant pressure
of 245.1 kPa and constant flow of 180 L ha‘!,
equipped with a boom with six 110.02 fan-spray
nozzles spaced 0.5 m apart. During application,
the soil was moist and the sky partly cloudy, with
a light breeze, air temperature between 27 and
28 °C, and relative humidity greater than 80%.

The experimental plots were kept free
from weeds by hoeing at 30, 60, 90, 120 and
150 DAP to prevent the effects of competition
from influencing the evaluations of selectivity.
Levels of toxicity were assessed at 30, 45 and 60
days after application (DAA) of the herbicides
by means of a visual assessment based on a
percentage scale, where 0 indicates a lack of
symptoms and 100% equals the death of the
plants. The levels of toxicity were transformed by
Vx + 0.5 and the results shown with the original
mean values.

The level of weed control with application
of the herbicides was evaluated in experiment
2, in a randomized blocks design in a 5x2+2,
with four replications. The factorial arrangement
consisted of 5 herbicides, with and without
weeding, plus two additional treatments, control
with and without weeding. The experimental plot
comprised six planting rows, 7 m in length (49
m?), with the usefull area consisting of the four
central rows, discounting 1 m at the end of each
row (20 m?).

A adubagdo de plantio foi equivalente a 40 kg ha!
de P,O, e 50 kg ha' de K,O, empregando superfosfato
simples e cloreto de potassio, respectivamente, com
distribuigdo manual nos sulcos de plantio e cobertos
com terra.

O plantio da cultivar ‘Aipim-manteiga’ foi
realizado com manivas-semente medindo 0,2 m de
comprimento (com 5 a 6 gemas) e espagadas 1 m
nos sulcos. A adubagdo nitrogenada em cobertura
foi equivalente a 30 kg ha'! de nitrogénio na forma
de sulfato de amonio e duas aplicagdes, 30 e 60 dias
apos a emergéncia das plantas da cultura.

No experimento 1, avaliou-se a seletividade de
herbicidas e o delineamento experimental foi em
blocos ao acaso com quatro repetigdes. A parcela
experimental foi formada por seis fileiras de plantio
com 7 m de comprimento (49 m?) e a parcela 1til
formada pelas duas fileiras centrais, descontando-se
I m em cada extremidade (10 m?). Os tratamentos
com herbicidas (doses em g de ingrediente ativo
ha') avaliados foram 1- clomazone 1080 g ha’,
2- diuron 1750, 3- diuron 2500, 4- oxadiazon 800,
5- oxadiazon 1000, além do tratamento testemunha
sem aplica¢do de herbicidas.

Um dia apos o plantio (DAP) das manivas-
semente foi realizada a aplicagdo dos herbicidas com
um pulverizador costal pressurizado com CO,, com
pressdo e vazdo constantes de 245,1 kPa e 180 L ha,
respectivamente, equipado com barra munida com seis
pontas de pulverizacao leque 110.02 espagadas em 0,5
m. No periodo da aplicagdo, o solo estava imido, o céu
parcialmente nublado, brisa leve, temperatura do ar
entre 27 e 28 °C e umidade relativa do ar acima de 80%.

As parcelas experimentais foram mantidas livres de
plantas daninhas por meio de capinas aos 30, 60, 90,
120 e 150 DAP para evitar que efeitos de competigdo
pudessem influenciar as avaliagdes de seletividade. As
avaliagdes dos niveis de intoxicagdo foram realizadas
aos 30, 45 e 60 dias apos a aplicacdo (DAA) dos
herbicidas por meio de avaliagao visual seguindo escala
percentual, onde 0 significa auséncia de sintomas e
100%, morte das plantas. Os valores dos niveis de
intoxicagdo foram transformados para Vx + 0,5 e os
resultados apresentados com as médias originais.

No experimento 2, avaliou-se o nivel de controle
de plantas daninhas com a aplicagdo de herbicidas e
o delineamento experimental foi em blocos ao acaso
num esquema fatorial 5x2+2, com quatro repeti¢des. Os
fatores consistiram de 5 herbicidas, com e sem capina,
mais dois tratamentos adicionais, testemunha com e
sem capina. A parcela experimental foi formada por seis
fileiras de plantio com 7 m de comprimento (49 m?),
e a parcela 1util formada pelas quatro fileiras centrais,
descontando-se 1 m em cada extremidade (20 m?).
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The treatments under evaluation were 1-
clomazone 1080 g ha'!, 2- clomazone 1080 g ha"!
plus weeding, 3- diuron 1750, 4- diuron 1750 plus
weeding, 5- diuron 2500, 6- diuron 2500 plus
weeding, 7- oxadiazon 800, 8- oxadiazon 800 plus
weeding, 9- oxadiazon 1000, 10- oxadiazon 1000
plus weeding.

Weeding associated with a herbicide was carried
out at 90 and in the control there were hoeing at
30, 60 90, 120 DAP and without weeding. The
herbicides were applied with the same equipment
and adjustments as in experiment 1, over five rows
of plants, leaving one row without spraying for
visual comparison within the plot (double check).

To assess the level of control, weeds were
collected at 45, 90 and 150 DAA from the usefull
area of each plot using a hollow one-metre square
frame. Collections made at 90 DAP were carried
out before weeding for the weeded treatments
associated with herbicide, and for the weeded
control treatment. The weeds inside the frame
were cut at ground level and placed in paper bags.

In the laboratory, the plants were separated
into monocots and dicots, washed in water to
remove soil particles, and dried in a forced air
circulation oven at 65 °C to constant weight. The
population of cassava plants and the root yield were
estimated at 210 DAP. To estimate commercial-
root production, roots with a minimum median
diameter of 0.04 m were considered, selected with
the aid of a wooden template.

The experimental data were submitted to
analysis of normality (Lilliefors) and homogeneity
(Cochran) of the experimental error variance and
to an analysis of variance. The mean values of the
treatments were compared using Tukey’s test. The
Genes software (CRUZ, 2006) was used for the
statistical analysis.

RESULTS AND DISCUSSION

The weed species responsible for the highest
level of infestation was E. colona, which covered
85% of the soil surface at 45 DAP in the control
with no weeding and in the double check row,
a similar situation to that found before the soil
management when setting up the experiment.
(Table 2). All the herbicides caused toxicity in the
plants of ‘Aipim-manteiga’; however, they did not
affect the plant population or the productivity of
the cultivar (Table 3).

Os tratamentos avaliados foram 1- clomazone
1080 g ha!, 2- clomazone 1080 g ha' mais capina,
3- diuron 1750, 4- diuron 1750 mais capina, 5- diuron
2500, 6- diuron 2500 mais capina, 7- oxadiazon 800,
8- oxadiazon 800 mais capina, 9- oxadiazon 1000,
10- oxadiazon 1000 mais capina.

As capinas associadas aos herbicidas foram
realizadas aos 90 DAP; e na testemunha as capinadas
ocorreram aos 30, 60, 90 ¢ 120 DAP. A aplicagdo
dos herbicidas foi realizada com o equipamento do
experimento 1, sobre cinco fileiras de plantio, deixando
uma fileira sem pulverizagdo para comparagao visual
dentro da parcela (testemunha dupla).

Para avaliacdo do nivel de controle foram
realizadas coletas de plantas daninhas aos 45, 90 e
150 DAA na area util de cada parcela com emprego
de uma armagdo quadrada vazada com 1 m de lado.
As coletas aos 90 DAP foram realizadas antes das
capinas nos tratamentos com capinas associadas aos
herbicidas e na testemunha capinada. As plantas
daninhas contidas pela armagdo foram cortadas acima
do solo e colocadas em sacos de papel.

Em laboratorio, as plantas foram separadas em
monocotiledoneas e dicotiledoneas, lavadas em
agua corrente para retirada de particulas de solo
e secas em estufa com circulagdo for¢ada de ar a
65 ° C até atingirem peso constante. A estimativa
de populacdo de plantas de mandioca ¢ a colheita
de raizes foram realizadas aos 210 DAP. Para
estimativa de produtividade de raizes comerciais
foram consideradas as raizes com diametro minimo
de 0,04 m na parte mediana da raiz selecionadas com
gabarito de madeira.

Os dados experimentais foram submetidos
a analises de normalidade (Lilliefors) e de
homogeneidade (Cochran) de varidncias dos

erros experimentais e de variancia. As médias de
tratamentos foram comparadas pelo teste de Tukey.
Para as analises estatisticas foi utilizado o programa
Genes (CRUZ, 2006).

RESULTADOS E DISCUSSAO

A espécie daninha responsavel pelo maior nivel
de infestagdo foi E. colona, responsavel por 85%
de cobertura da superficie do solo na testemunha
sem capina e nas testemunhas duplas aos 45 DAP,
situagdo semelhante a verificada antes do preparo
de solo para a instalacdo do experimento (Tabela
2). Todos os herbicidas provocaram intoxicagao
nas plantas de ‘Aipim-manteiga’, contudo, ndo
afetaram a populagdo de plantas e a produtividade
da cultivar (Tabela 3).
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Table 3 - Herbicide levels of toxicity (%) at 30, 45 and 60 days after application
(DAA), plant population and root yield of ‘Aipim-manteiga’ in the Solimd&es river

floodplain. Iranduba-AM, 2019

Tabela 3 - Niveis de intoxicacdo (%) de herbicidas aos 30, 45 e 60 dias apos
a aplicacdo (DAA), populacdo de plantas e produtividade de raizes de ‘Aipim-
manteiga’ em varzea do rio Solimées. Iranduba-AM, 2019

Toxicity level (%)

Plant population Root yield

Treatments

30DAA 45DAA 60DAA  (Plantsha’) (tha’)
Clo 1080 9.3 bA 3.0bB 1.0aB 9451 9.4
Diu 1750 30.5 aA 16.7 aB 3.2aC 9639 9.5
Diu 2500 35.5aA 18.3 aB 3.7aC 9588 10.2
Oxa 800 28.7 aA 13.2 aB 45aC 9627 8.9
Oxa 1000 32.5aA 11.7 aB 2.7aC 9552 9.6
Testemunha capinada OcA O bA 0aA 9537 10.6
C.V. (%) 10.1 5.5 3.9 224 171

DAA — days after application. Clo — clomazone; Diu — diuron; Oxa — oxadiazon. Means followed by the
same lowercase letter in the column and uppercase in the row do not differ significantly by Tukey’s test.

(p <0,05). C.V. — coefficient of variation.

DAA - dias apds a aplicagdo. Clo — clomazone; Diu — diuron; Oxa — oxadiazon. Médias seguidas por
uma mesma letra mindscula na coluna e maiuscula na linha ndo diferem significativamente entre si pelo
teste de Tukey (p < 0,05). C.V. — coeficiente de variagéao.

According to Jabonklai (2015), the different
susceptibility of cultivated plants and weeds to
herbicides with a negative effect only on the weeds,
allows farmers to set up safe and efficient programs
of chemical weed-management.

Clomazone caused slight yellowing of the leaves
up to 30 DAA, a similar result to that reported by
Biffe et al. (2007) when applying clomazone at
a dose of 1000 g ha'. Oliveira Jr. et al. (2001)
evaluated the tolerance of five cassava cultivars to
clomazone in PRE application at a dose of 1000 g
ha'! and reported that the most obvious symptom
was wrinkling (shrivelling) of the first leaves
formed after emergence, which did not persist in
later leaves.

Abreu et al. (2010) found that clomazone in PRE
application at a dose of 500 g ha! had no effect on
the plants of the IAC 14 or IAC 576-70 cassava
cultivars. Costa ef al. (2013) sprayed clomazone
in post-emergent (POS) application on shoots of
the Baianinha cassava cultivar after pruning, and
concluded that the herbicide was selective for the
crop, causing small necrotic lesions on the leaves.

Clomazone is registered for use in PRE application
in the cassava (BRASIL, 2020), inhibiting the formation
of chlorophyll and chlorophyll protective pigments,
and causing leaf discolouration in sensitive plants
(RODRIGUES; ALMEIDA, 2018). In tolerant plants,
clomazone is metabolised to inactive compounds by the
action of monooxygenase enzymes (GUO et al., 2019).

Segundo Jabonklai (2015), a suscetibilidade
diferencial entre as plantas cultivadas e plantas
daninhas aos herbicidas, afetando negativamente apenas
as plantas daninhas, ¢ um fator que permite estabelecer
programas de manejo quimico de plantas daninhas com
seguranga e eficiéncia para os agricultores.

O clomazone provocou amarelecimento leve das
folhas até 30 DAA, resultado semelhante ao relatado
por Biffe et al. (2007) com aplicagdo do clomazone
com dose de 1000 g ha''. Oliveira Jr. et al. (2001)
avaliaram a tolerancia de cinco cultivares de mandioca
ao clomazone aplicado em PRE com dose de 1000 g
ha! e relataram que o sintoma mais evidente foi o
enrugamento (encarquilhamento) das primeiras folhas
formadas apos a brotag@o, ndo persistindo nas folhas
posteriores.

Abreu et al. (2010) constataram que a aplicagdo do
clomazone em PRE com dose de 500 g ha'! ndo afetou as
plantas das cultivares IAC 14 e IAC 576-70. Costa et al.
(2013) pulverizaram o clomazone em pos-emergéncia
(POS) sobre brotagdes da cultivar Baianinha ap6s podas
e concluiram que o herbicida foi seletivo para cultura,
provocando pequenas lesdes necroticas nas folhas.

O clomazone ¢ registrado para aplicagdo em PRE na
cultura da mandioca (BRASIL, 2020) ¢ inibe a formagdo
da clorofila e dos pigmentos protetores de clorofila e
provoca nas plantas sensiveis descoloragdo das folhas
(RODRIGUES; ALMEIDA, 2018). Nas plantas tolerantes,
o clomazone ¢ metabolizado a compostos inativos por
acdo de enzimas monooxigenases (GUO et al., 2019).
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Diuron, at each of the doses under test, caused
toxicity in the plants up to 45 DAA, with symptoms
of yellowing of the leaves and some necrotic
lesions on the leaf blade, restricted to the first
leaves formed. As the plants developed, there was
a reduction in the intensity of the symptoms, and
at 60 DAP they were barely visible. Between 30
and 60 DAA there was an 89.5% reduction in the
level of toxicity (average of the doses). Biffe et al.
(2007) reported that the PRE application of diuron
at doses 0of 625, 750 and 900 g ha! caused symptoms
of toxicity in cassava plants up to 30 DAA, while at
45 DAA the intensity of the symptoms had reduced,
with the plants showing a similar appearance to the
control with no application of the herbicide. Silva
et al. (2012) evaluated toxicity in cassava plants of
the IAC 12 cultivar caused by diuron (2500 g ha'')
in POS application at 60 DAP, and found that the
toxicity was more intense up to 21 DAA and reduced
after that period.

Diuron is a photosynthetic inhibitor acting in
sensitive plants as a competing electron acceptor at
the level of photosystem II inside the chloroplasts,
and inhibiting the fixation of carbon dioxide and the
formation of ATP and NADPH in the cells, causing
changes in the energy state of the cells, peroxidation
of membrane lipids and cell death. In tolerant
plants, diuron undergoes glycoside conjugation
and demethylation reactions with the formation of
compounds with no herbicidal action (PASCAL-
LORBER et al., 2010).

At both doses, oxadiazon caused yellowing and
necrotic lesions in the first leaves formed after
sprouting, symptoms that persisted up to 45 DAA
(Table 3). From 30 to 60 DAA, there was an 88%
reduction in the level of toxicity (average of the
doses). In Arracacia xanthorriza, oxadiazon (1000
g ha') in both POS application (FREITAS et al.,
2004) and PRE application (SEDIYAMA et al.,
2008) caused mild toxicity in the plants, which did
not persist as the crop developed and did not harm
productivity.

Oxadiazon is an herbicide whose mechanism of
action is the inhibition of the protoporphyrinogen
oxidase enzyme, causing accumulation of
protoporphyrinogen IX in the cell cytoplasm, which,
reacting with oxygen in the presence of light, leads
to the formation of reactive oxygen species (ROS)
that cause the peroxidation of cell membrane lipids
and cell death (RODRIGUES; ALMEIDA, 2018).
In plants that are tolerant to oxadiazon, there is an
increase in the activity of superoxide dismutase and
ascorbate peroxidase, enzymes that act in reducing
the accumulation of ROS (LANGARO et al., 2017).

O diuron, em ambas as doses testadas, provocou
intoxicacdo nas plantas até 45 DAA, cujos sintomas
foram amarelecimento das folhas e algumas lesdes
necroéticas no limbo foliar, restritas as primeiras folhas
formadas. Com o desenvolvimento das plantas ocorreu
reducdo da intensidade dos sintomas e aos 60 DAP eles
foram pouco visiveis. No periodo entre 30 ¢ 60 DAA a
redugdo do nivel de intoxicagdo (média das doses) foi
de 89,5%. Biffe et al. (2007) relataram que a aplicagdo
em PRE do diuron com doses de 625, 750 ¢ 900 g
ha! provocou sintomas de intoxicagdo nas plantas
de mandioca até 30 DAA, enquanto aos 45 DAA a
intensidade dos sintomas havia reduzido, com as
plantas exibindo aspecto semelhante a testemunha sem
aplicacdo do herbicida. Silva ef al. (2012) avaliaram
a intoxicagao de plantas de mandioca da cultivar IAC
12 pelo diuron (2500 g ha') aplicado em POS aos 60
DAP e constataram que a intoxicagdo foi mais intensa
até 21 DAA, reduzindo a partir desse periodo.

O diuron ¢ um inibidor fotossintético atuando
nas plantas sensiveis como aceptor competitivo
de elétrons ao nivel de fotossistema II no interior
dos cloroplastos e inibindo a fixacdo de didoxido de
carbono e a formagdo de ATP e NADPH nas células
e provocando alteragdo do estado energético nas
cé¢lulas e peroxidagdo de lipidios das membranas
e morte celular. Nas plantas tolerantes, o diuron
sofre conjugagdo com glicosideos e reagdes de
desmetilacdo com formag¢do de compostos sem agdo
herbicida (PASCAL-LORBER et al., 2010).

O oxadiazon, em ambas as doses, provocou
amarelecimento e lesdes necroticas nas primeiras
folhas formadas apos a brotagdo, sintomas que
persistiram até 45 DAA (Tabela 3). No periodo entre
30 e 60 DAA, areducdo do nivel de intoxicacao (média
das doses) foi de 88%. Na cultura da mandioquinha-
salsa (Arracacia xanthorriza), o oxadiazon (1000 g
ha'') aplicado em POS (FREITAS et al., 2004) ou em
PRE (SEDIYAMA et al., 2008) provocou intoxicagdo
leve nas plantas, que ndo persistiram, em ambas as
situagdes, com o desenvolvimento da cultura e sem
prejudicar a produtividade.

O oxadiazon é um herbicida cujo mecanismo
de agdo ¢ a inibicdo da enzima protoporfirinogénio
oxidase, provocando acimulo de protoporfirinogénio
IX no citoplasma celular, que reagindo com oxigénio
na presenca de luz leva a formacao de espécies reativas
de oxigénio (ROS) que provocam a peroxidagao dos
lipideos de membrana celular e morte das células
(RODRIGUES; ALMEIDA, 2018). Nas plantas
tolerantes ao oxadiazon verifica-se aumento de
atividade das enzimas superoxido dismutase e
ascorbato peroxidade que atuam na reducdo do
acumulo de ROS (LANGARO et al., 2017).
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Application of the herbicides caused neither
mortality nor reduced root yields, results that
confirm the selectivity of the herbicides and the
doses tested on ‘Aipim-manteiga’. Establishing
the optimum plant population for cultivars of the
cassava is one of the necessary conditions for
achieving expected yields in production systems.
In Amazonas, the recommended plant population for
the cassava is 10,000 plants ha'in a 1 x 1 m spatial
arrangement of (DIAS, 2015).

Table 4 shows the values for weed dry matter
(WDM), separated into monocots and dicots, while
Table 5 shows the plant populations of the cassava
and root yields with application of the experimental
treatments.

A aplicagdo dos herbicidas n3o provocou
mortalidade de plantas de mandioca e redugdo de
produtividade de raizes, resultados que confirmam
a seletividade dos herbicidas e doses testadas para a
‘Aipim-manteiga’. O estabelecimento de populagao
de plantas otima das cultivares de mandioca ¢
uma das condigdes necessarias para obtengdo das
produtividades esperadas nos sistemas de produgao.
No Amazonas a recomendacdo de populagdo de
plantas para a cultura da mandioca ¢ de 10.000
plantas ha'!, em arranjo espacial de 1 x 1 m (DIAS,
2015).

Na Tabela 4 sdo apresentados valores de massa de
matéria seca (MMS) de plantas daninhas, separadas
em mono ¢ dicotiledoneas, e na Tabela 5 as populagdes
de plantas de mandioca e a produtividade de raizes
com a aplicacdo dos tratamentos experimentais.

Tabela 4 - Weed dry matter at 45, 90 e 150 days after herbicide application in the
Solimdes river floodplain. Iranduba-AM, 2019

Tabela 4 - Massa de matéria seca (MMS) de plantas daninhas em aos 45, 90 e
150 dias apds a aplicacdo dos herbicidas em varzea do rio Solimées. Iranduba-

AM, 2019
Weed dry matter (g m?)
Treatments : : Monocots : ;
Without hoeing With hoeing

45 DAA 90 DAA 150 DAA 45DAA 90 DAA 150 DAA
Clo 1080 38bD 427bB 935aA 09bD 134bC 48.8DbB
Diu 1750 2.3bC 52cC  52.1bA 1.7 bC 19cC 32.7cB
Diu 2500 3.1bC 41cC 493bA 24bC 23cC 26.0cB
Oxa 800 4.0bC 77cC B81bA 39bC 3.8cC 19.7 cB
Oxa 1000 1.5bC 39cC 676bA 05DbC 5.6cC 15.5cB
Weed free check 0.6 bA 3.1CcA 55cA 0.6 bA 3.1 cA 55dA
Weedy check 10.8aC 569aB 1185aA 108aC 56.9aB 118.5aA

Dicots

Clo 1080 0.5bD 11.1bC 35.7bA 1.4 bD 26bD 33.3bB
Diu 1750 0.2bD 44cC 266bA 09bD 1.8bD 18.6cB
Diu 2500 1.1 bC 3.6cB  36.6 bA 1.3bC 42bC 151cB
Oxa 800 0.8 bC 58cB 27.7bA 0.4DbC 39bC 11.2cB
Oxa 1000 2.7bC 6.7cB  38.1bA 1.5bC 24bC 209cB
Weed free check 0.8 bA 3.3CcA 5.3cA 0.8 bA 3.3 bA 5.3dA
Weedy check 9.2aC 37.4aB 82.0aA 9.2aC 37.4aB 82.0aA

DAA — days after herbicide application. Clo — clomazone; Diu — diuron; Oxa — oxadiazon. Means
followed by the same lowercase letter in the column and uppercase in the row do not differ significantly

by Tukey'’s test. (p < 0.05).

DAA — dias apds a aplicagéo. Clo — clomazone, Diu — diuron; Oxa — oxadiazon. Médias seguidas por
uma mesma letra mindscula na coluna e maiuscula na linha nao diferem significativamente entre si

pelo teste de Tukey (p < 0,05).
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Table 5 - Plant population e root yield of ‘Aipim-manteiga’ cassava
cultivar after herbicide application in the Solimdes river floodplain.
[randuba-AM, 2019

Tabela 5 - Populacdo de plantas e produtividade de raizes da ‘Aipim-
manteiga’ com aplicacdo de herbicidas em vdrzea do rio Solimoes.
Iranduba-AM, 2019

Plant population (plants ha)

Root yield (t ha)

Treatments
Without hoeing With hoeing Without hoeing With hoeing

Clomazone 1080 9385 aA 9660 aA 5.1 bB 10.6 aA
Diuron 1750 9711 aA 9000 aA 8.9 aA 9.1 aA
Diuron 2500 9368 aA 9555 aA 9.0 aA 9.8 aA
Oxadiazon 800 9667 aA 9728 aA 9.2 aA 10.0 aA
Oxadiazon 1000 9445 aA 9332 aA 8.5 aA 9.7 aA
Weed free check 9000 a 99a

Weedy check 9667 A 16¢c

Means followed by the same lowercase letter in the column and uppercase in the row do not
differ significantly by Tukey's test. (p < 0.05).

Medias seguidas por uma mesma letra mindscula na coluna e maiuscula na linha nao diferem

significativamente entre si pelo teste de Tukey (p < 0,05).

The average percentage reduction in monocot and
dicot WDM resulting from the application of clomazone
at 45 DAP was 78.2% and 89.3% respectively (average
value for WDM in treatments with the independent
application of clomazone and together with weeding,
2.35 and 0.95 g m? for monocots and dicots,
respectively), similar to that verified in the weeded
control (0.6 and 0.8 g m?) for the same period (Table 4).

At 90 and 150 DAP, the reduction in monocot WDM
(Table 4) was 50.7% and 21.1%, and in the dicots, 81.7%
and 56.5% respectively, resulting in insufficient levels
of control to prevent the weeds from causing a reduction
of 48.5% in production (5.1 t ha') in relation to that
obtained in the control with weeding (9.9 t ha!) (Table
5). Only the clomazone associated with weeding at 90
DAP made it possible to eliminate weed interference
and achieve root yield (10.6 t ha') equal to that of the
weeded control (Table 5).

The critical period for preventing weed interference
in ‘Aipim-manteiga’is from 17 to 104 DAP (FONTES et
al.,2014). At 90 DAP, the level of weed control (50.7%
and 81.6%, for monocots and dicots respectively)
allowed negative interference from weeds to be
eliminated for most of this period, with weeding at 90
DAP affording complementary control to the action
of the clomazone. After weeding, there were new
bursts of weed emergence, probably due to the short
residual activity of clomazone in the soil. The half-life
of clomazone in the soil is influenced by many factors,
and can range from 7 days under anaerobic conditions
(HU et al., 2011) to 117 days under aerobic conditions
(WLODARCZYK; SIWEK, 2016).

As redugdes percentuais médias da MMS de mono e
dicotiledoneas promovida pela aplicagdo do clomazone
aos 45 DAP foram de 78,2 ¢ 89,3%, respectivamente
(médias de MMS dos tratamentos com aplicagao isolada
do clomazone ¢ associada a capina — 2,35 ¢ 0,95 g
m2, para mono e dicotiledoneas, respectivamente) e
semelhantes a verificada na testemunha capinada (0,6 e
0,8 g m?) no mesmo periodo (Tabela 4).

Aos 90 e 150 DAP, as redugdes de MMS de
monocotiledoneas (Tabela 4) foram de 50,7 € 21,1%, e as de
dicotiledoneas 81,7 e 56,5%, respectivamente, resultando em
niveis de controle insuficientes para impedir que as plantas
daninhas provocassem redugao de 48,5% na produtividade
(5,1 tha') emrelagdo a obtida na testemunha capinada (9,9
t ha') (Tabela 5). Apenas a associagdo do clomazone com
capina aos 90 DAP possibilitou eliminar a interferéncia das
plantas daninhas e obter produtividade de raizes (10,6 tha™)
equivalente a da testemunha capinada (Tabela 5).

O periodo critico de prevencdo da interferéncia de
plantas daninhas para a ‘Aipim-manteiga’ ¢ de 17-104
DAP (FONTES et al., 2014). Aos 90 DAP, o nivel de
controle de plantas daninhas (50,7 e 81,6%, para mono
e dicotiledoneas, respectivamente) permitiu eliminar a
interferéncia negativa das plantas daninhas durante a maior
parte deste periodo, com a capina aos 90 DAP exercendo
controle complementar a agdo do clomazone. Apés a
capina, ocorreram novos fluxos de emergéncia de plantas
daninhas, provavelmente em razéo da atividade residual
curta do clomazone no solo. A meia-vida do clomazone no
solo sofre influéncia de muitos fatores, podendo variar de 7
dias em condigdes anaerobicas (HU ez al.,2011) a 117 dias
em condi¢des aerobicas (WLODARCZYK; SIWEK, 2016).
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The gleisols of the Amazonas floodplains
generally have high levels of silt and a low clay
content, which can cause crusting and increased
particle density (NOGUEIRA et al., 2004), a
situation that results in low soil aeration and
favours more rapid degradation of the clomazone.
In a silty-loam soil (5% clay), similar to that found
in this study, Cumming et al. (2002) reported that
the half-life of clomazone (960 g ha'') was 47 days.

A similar result to that obtained in the present
study was reported by Scariot et al. (2013), who
obtained high weed control efficiency with the PRE
application of clomazone (900 and 1080 g ha™') in the
‘Cascuda’ cassava cultivar up to 47 days, followed
by a reduction in the level of control. According
to the authors, one of the factors responsible for
this reduction was the period of activity of the
herbicide in the soil, which, however, did not result
in a root yield reduction.

The reduction in monocot and dicot WDM at 90
DAP with the application of diuron was 94% and
90.6% respectively (considering the average values
of the doses and treatments at 90 DAP, with and
without weeding), and made it possible to achieve
root yields (9.1 and 9.8 t ha! for the doses of 1750
and 2500 g a.i. ha! respectively) similar to that of
the weeded control (Table 5).

Diuron is registered for the control of a large
number of weed species and has a half-life in the
soil of 90 days (RODRIGUES; ALMEIDA, 2018).
Rocha et al. (2013) evaluated the influence of soil
fertility on the dissipation of diuron in soils with
contrasting physical and chemical characteristcs,
and reported that in soils of pH 6.2 and 6.3 and
with greater levels of nutrients, the half-life of the
herbicide averaged 43 days, while in soils of pH
5.0 and a low nutrient content, the average was 90
days, concluding that the higher levels of fertility
may have favoured microbial activity and more-
rapid dissipation of the herbicide.

The adsorption of diuron by soils of different
textural classes is dependent on the pH of the soil,
and is less intense at higher pH values, which can
increase the availability of diuron both for its action
against weeds and for microbial degradation (LIU
etal.,2010). Therefore, relating information from
Liu ef al. (2010) and de Rocha et al. (2013) with
the conditions of soil fertility in the experimental
area of the present study (Table 1), diuron would
not be expected to act at the recorded efficiency
until 90 DAA.

Os gleissolos das varzeas amazoOnicas tém,
em geral, teores altos de silte e baixos de argila,
que podem provocar encrostamento ¢ aumento da
densidade de particulas (NOGUEIRA et al., 2004),
situagdo que resulta em baixa aeragdo nesses solos
e, assim, favorecer a degradagdo mais rapida do
clomazone. Em solo franco-siltoso (5% de argila),
condi¢do semelhante a verificada neste trabalho,
Cumming et al. (2002) relataram que a meia-vida
do clomazone (960 g ha'') foi de 47 dias.

Resultado semelhante ao obtido neste trabalho
foi relatado por Scariot ef al. (2013), que obtiveram
alta eficacia de controle de plantas daninhas com a
aplicacdo em PRE do clomazone (900 ¢ 1080 g ha'')
na cultivar ‘Cascuda’ até 47 dias, ocorrendo reducio
do nivel de controle apos este periodo. Segundo estes
autores, um dos fatores responsaveis pela redugdo
foi o periodo de atividade do herbicida no solo, que,
contudo, ndo acarretou redugdo de produtividade.

As redugdes MMS de mono e dicotiledoneas aos
90 DAP obtidos com aplicac¢do do diuron foram de 94
e 90,6%, respectivamente (considerando os valores
médios para doses e tratamentos com e sem capina
aos 90 DAP), e possibilitaram atingir produtividades
de raizes (9,1 e 9,8 t ha! para as doses de 1750 e
2500 g de ia ha'!, respectivamente) semelhantes a da
testemunha capinada (Tabela 5).

O diuron ¢ um herbicida registrado para controle
de grande nimero de espécies daninhas e a sua meia-
vida média no solo é de 90 dias (RODRIGUES;
ALMEIDA, 2018). Rocha et al. (2013) avaliaram
a influéncia da fertilidade do solo na dissipacdo do
diuron em solos com caracteristicas fisicas e quimicas
contrastantes e relataram que nos solos com pH 6,2 e
6,3 e com maiores teores de nutrientes a meia-vida
do herbicida foi, em média, de 43 dias, enquanto
nos solos com pH 5,0 e teores baixos de nutrientes
foi, em média, de 90 dias, concluindo que os niveis
mais elevados de fertilidade podem ter favorecido a
atividade microbiana e a dissipagdo mais rapida do
herbicida.

A adsorgdo do diuron em solos de classes texturais
distintas foi dependente do pH do solo, sendo menos
intensa em condig¢do de aumento dos valores de pH,
condi¢do que pode levar a uma maior disponibilidade
do diuron tanto para a sua agdo contra as plantas
daninhas quanto para a degradagdo microbiana (LIU
et al., 2010). Assim, relacionando as informagdes
de Liu et al. (2010) e de Rocha ef al. (2013) ¢ as
condicdes de fertilidade do solo da area experimental
onde foi conduzido este experimento (Tabela 1), seria
esperado que o diuron ndo exercesse atividade com
a eficacia verificada até 90 DAA.
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The longer period of activity of diuron in the
soil may be related to its not being used in the
experimental area until the start of the experiment,
since the repeated use of herbicides stimulates the
selection of specific microbiota over time that uses
herbicides as a source of nutrients and energy (EGEA
etal.,2017), which may have resulted in maintaining
a greater amount of diuron in the soil for a longer
period. At 150 DAP, the reduction in the control of
monocot and dicot WDM from the use of diuron
with weeding at 90 DAP was 75.2% and 79.5%
respectively (Table 4).

The reduction in monocot and dicot WDM at 90
DAP (Table 4) with the application of oxadiazon was
90.7% and 87.4% respectively (average values of
the reduction in WDM for the doses and treatments
with and without weeding at 90 DAP), and made it
possible to achieve root yield (9.8 and 10 t ha! for the
doses of 800 and 1000 g a.i. ha'' respectively) similar
to that of the weeded control (Table 5), confirming
that, as with diuron, the control period of oxadiazon
was sufficient to prevent negative interference by the
weeds on the ‘Aipim-manteiga’ during the critical
period for weed interference.

The period of weed control by oxadiazon seen
in this study is longer than that reported in the
literature. Mendes ef al. (2014) estimated the half-
life of oxadiazon in a Red-yellow Latosol of a clayey
texture to be 54 days in the surface layer to a depth
of 10 cm. Das ef al. (2003) found that about 70% of
the oxadiazon applied to soil cultivated with rice had
dissipated 20 days after application, and concluded
that the herbicide was used as a source of energy and
carbon for microbial metabolism.

Qasen (2006) reported that a single dose of
oxadiazon in PRE application (750 g ha') in the
onion (Allium cepa) resulted in excellent weed
control up to 65 DAA; it did not, however, prevent
the emergence of weeds after this period, impairing
crop productivity. At 150 DAP, it was found that
weeding associated with oxadiazon resulted in levels
of monocot and dicot control of 85% and 80.5%
respectively.

Table 5 shows that weed interference throughout
the crop cycle had no effect on survival in the cassava
plants, it did, however, reduce root production by
83.8% (1.6 t ha').

CONCLUSIONS

The herbicides clomazone, diuron and oxadiazon
are selective for the cassava ‘Aipim-manteiga’
grown in a floodplain environment;

O maior periodo de atividade do diuron no solo pode
estar relacionada ao fato de ele néo ter sido utilizado na
area experimental até o momento da instalagdo deste
experimento, pois o uso repetido de herbicidas estimula
a selecdo de microbiota especifica ao longo do tempo ¢
que utiliza os herbicidas como fonte de nutrientes e de
energia (EGEA et al., 2017), o que pode ter resultado
em manutencdo de quantidade maior do diuron no solo
por mais tempo. Aos 150 DAP, as redugdes de MMS
de controle de mono e dicotiledoneas com a associacdo
do diuron e capina aos 90 DAP foram de 75,2 ¢ 79,5%,
respectivamente (Tabela 4).

As redugdes de MMS de mono e dicotiledoneas aos
90 DAP (Tabela 4) obtidas com aplica¢do do oxadiazon
foram de 90,7 e¢ 87,4%, respectivamente (valores
médios da reducdo de massa de matéria seca de plantas
daninhas para doses e tratamentos com e sem capina
aos 90 DAP), e possibilitaram atingir produtividades de
raizes (9,8 e 10 t ha' para as doses de 800 ¢ 1000 g de
ia ha’!, respectivamente) e semelhantes a produtividade
da testemunha capinada (Tabela 5), confirmando que o
periodo de controle do oxadiazon, a exemplo do diuron, foi
suficiente para impedir a interferéncia negativa das plantas
daninhas durante o PCPI para a cultivar ‘Aipim-manteiga’.

A duragdo do periodo de controle de plantas
daninhas do oxadiazon verificadas neste trabalho ¢
maior do que a relatada na literatura. Mendes et al.
(2014) estimaram em 54 dias a meia-vida no solo do
oxadiazon em um Latossolo Vermelho-amarelo, com
textura argilosa, na camada superficial até¢ 10 cm de
profundidade. Das ef al. (2003) verificaram que cerca
de 70% do oxadiazon aplicado ao solo cultivado com
arroz havia sido dissipado aos 20 dias apds a aplicacdo e
concluiram que o herbicida foi utilizado como fonte de
energia e de carbono para o metabolismo microbiano.

Qasen (2006) relatou que uma tUnica aplicagdo do
oxadiazon em PRE (750 g ha'') em cebola (4llium cepa)
resultou em controle excelente de plantas daninhas até
65 DAA, porém, ndo impediu a emergéncia de plantas
daninhas apds esse periodo com prejuizos a produtividade
da cultura. Aos 150 DAP, verificou-se que a capina
associada ao oxadiazon resultou em niveis de controle
de mono ¢ dicotiledoneas 85 e 80,5%, respectivamente.

Na Tabela 5, verifica-se que a interferéncia de
plantas daninhas durante todo o ciclo da cultura ndo
afetou a sobrevivéncia de plantas de mandioca, porém,
reduziu a produtividade de raizes em 83,8% (1,6 t ha™').

CONCLUSOES

Os herbicidas clomazone, diuron e oxadiazon
sdo seletivos para a cultivar de mandioca ‘Aipim-
manteiga’ cultivada em ambiente de varzea;
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To use clomazone, weeding is necessary three
months after planting the cassava to eliminate weed
interference;

The weed control efficiency obtained with diuron
and oxadiazon throughout the crop cycle of the
cassava eliminates the negative effect of the weeds
on root production.

Para o emprego do clomazone, ¢ necessaria uma
capina trés meses ap6s o plantio da mandioca para
eliminacdo da interferéncia das plantas daninhas;

As eficacias de controle de plantas daninhas obtidas
com o diuron e o oxadiazon ao longo do ciclo de
cultivo da mandioca eliminam a interferéncia negativa
das plantas daninhas na produtividade de raizes.
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