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GROWTH AND NODULATION IN SOYBEAN CULTIVATED ON TWO SUBSTRATA
AND TREATED WITH FIVE RATES OF METOLACHLOR!

CRESCIMENTO E NODULACAO DE SOJA CULTIVADA EM DOIS SUBSTRATOS
E SUBMETIDA A CINCO DOSES DE METOLACHLOR

Cassandro Vidal Talamini do Amarante®

SUMMARY

The effect of metolachlor [2-chloro-N-(2-ethyl-6-
methylphenyl)-N-(2-methoxy-1-methylethyl) acetamide] at
rates of 0.0, 1.5, 3.0, 4.5, and 6.0kg a.i/ha on the growth
and nodulation of soybean cv. BR-4 cultivated on two
substrata (soil and soil + sand) and inoculated with
Bradyrhizobium japonicum (Kirchner 1896) Jordan 1982,
137 (Denotes that this name has been validly published in
the oficial publication, International Journal of Systematic
Bacteriology), was studied under greenhouse conditions at
Lages, SC, Brazil, in 1992-93. The experimental design was
completely randomized with four replicates. The
experimental unit was a container with two plants, Fifty-two
days after the emergence (at R, stage - beginning of
flowering) the plants were harvested and evaluated for
shoot, root, leaf and nodule dry matter, nodule number, and
leaf area. The data were submitted to variance analysis and
multiple polynomial regression. Increasing rates of
metolachlor significantly reduced shoot, leaf and nodule dry
matter and leaf area, the data following a linear polynomial
regression, while root dry matter and nodule number were
not affected. The interaction "rate x substratum" was not
significant for all parameters studied. Except for root dry

l'1'1'a¢:le name: Dual 960 CE.

Paulo Cesar Canci’

matter and nodule number, soybean growth was significantly
reduced more on soil + sand than on soil, probably as a
result of a nutritional effect. Visual phytotoxicity was not
observed for all treatments.

Key words: metolachlor, G1ycine max(L.) Memill, growth,
nodulation.

RESUMO

Este trabalho fo1 conduzido com o objetivo de
estudar o efeito de cinco doses do herbicida metolachlor
(0,0, 1,5, 3,0, 4,5 e 6,0 kg 1.a./ha) sobre o crescimento e
nodulagfo de soja cv. BR4, inoculada com Bradyrhizaobium
Japonicum (Kirchner 1896) Jordan 1982, 137 (nomenclatura
valida conforme publicacio oficial do International Journal
of Systematic Bacteriology) e cultivada em dois substratos
(solo e solo + areia) em condigGes de casa de vegetacdo, em
Lages, SC, Brasil, no ciclo 1992/03. O delincamento
experimental utilizado foi o inteiramente casualizado com
quatro repetigdes, sendo a unidade experimental o vaso com
duas plantas. Cinqiienta e dois dias ap6s a emergéncia (no
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estagio R; - infcio do florescimento) as plantas foram
colhidas, procedendo-se a determinacio de matéria seca de
caule, raiz, folhas e nodulos, nimero de n6dulos e 4rea
foliar. Os dados foram submetidos a anélise de variincia e
regressdo polinomial maltipla. Doses crescentes de meto-
lachlor significativamente reduziram a matéria seca de caule,
folna € n6dulos e 4rea foliar, segundo uma regressio
polinomial linear, 0 mesmo nido ocorrendo com a matéria
seca de raiz € o nimero de n6édulos. A interacdo "dose x
substrato” ndo foi significativa para todos os pardmetros
avaliados. A excecio da matéria seca de raiz e do ntimero
de ndédulos, o crescimento foi significativamente menor no
substrato solo + areia do que no substrato solo, devido,

provavelmente, a efeitos nutricionais. Nenhum tratamento
casou efeito fitotdxico visual as plantas de soja.

Palavras-chave: metolachlor, Glycine max (1..) Merrill,
crescimento, nodulacio.

INTRODUCTION

Soybean 1s one of the most important agricultural
crops mn the Brazilian economy, displaying an increase in
cultivated area throughout the country. One of the most
important factors limiting crop productivity is the presence
of weeds and, according to CARTTER & HARTWIG
(1967), weed control is an essential procedure. The most
critical peniod of weed competition occurs up until 30-45
days after emergence of the soybean seedlings (BLANCO
et al., 1978). Soybean productivity reductions of 27-50%
have been reported as a result of weed competition
(BLANCO et al,, 1978; BURNSIDE, 1972; CARTTER &
HARTWIG, 1967; KNAKE & SLIFE, 1965).

The development of new herbicide formulations
for weed control in soybean has been intensive, but
disregarding the study of possible environmental impacts
and effects on plants and soil microbiology (DEUBER et
al., 1981).

One of the soil processes most likely to be
affected by the application of herbicides is nodulation
(DUNIGAN et al., 1972). High rates of trifluralin (KUST &
STRUCKMEYER, 1971) and chloramben (OLUMBRE &
VEATCH, 1969) reduced the nodulation in soybean. This
crop cultivated on a clay soil and treated with trifluralin,
vernolate and metribuzin had reduced nodule dry matter
(DEUBER et al., 1981). When cultivated in pots, the
treatment with trifluralin, pendimenthalin, vernolate and
metribuzin reduced the number of nodules on different soils
(DEUBER et al., 1981). On a sandy soil, metolachlor and
metribuzin reduced the number and dry matter of nodules
(MACEDO & OLIVEIRA, 1986). Metribuzin also reduced

the growth and nodulation in soybean cultivated in pots,

with a more intense effect on a sandy substrata (MORAES
et al., 1989). ROSOLEM et al. (1985) observed that
trifluralin inhibited the nodule development at the earlier
stages of soybean growth in the superficial layer of treated
soil. The combination of trifluralin and alachlor significantly
inhibited the growth in soybean cultivated in sand in pots,
but when applied separately had no or little effect (PROSCH
& WEBER, 1988). GIADINI et al. (1979) observed that the
consecutive application over two years of trifluralin,
vernolate or alachlor had no negative effect on soybean
nodulation. According to ALAA-ELDIN et al. (1981),
trifluralin at high concentration and dinoseb acetate at a
recommended rate, stimulated soybean nodulation, while
nitralin, dinitramine or linuron, especially at high
concentration, inhibited nodule formation and even, in some
instances, prevented plant growth. Furthermore, 1n all
herbicidal treatments, the dry matter of the whole plant, the
yield of pods, and the total N-content were reduced.

The objective of the present work was to study
the effects of the application of increasing rates of
metolachlor on soybean growth and nodulation.

MATERIALS AND METHODS

The experiment was conducted under greenhouse
conditions at Lages, SC, Brazil. On 05/12/92 the seeds of
soybean cv. BR-4 were inoculated with Bradyrhizobium
Jjaponicum strain SEMIA 5079 x 5080 (produced by
Nitral), and sowed in pots filled with 8kg of substratum.
After emergence, plants were thinned to two seedlings per
pot. The pots were well watered during the experimental
period.

The herbicide metolachlor was applicated at pre-
emergence, without incorporation, with a CQ, backpack
sprayer operating at 2.109kg/cnr’ to deliver 200 /ha. The
herbicide was applied at rates of 0.0, 1.5, 3.0, 4.5, and 6.0
ke a.i/ha, on two substrata, soil (substratum 1) and a 50-
50% mixed soil + sand (substratum 2).

The soil used was a dystrophic brown latosol,
with a pH in water of 5.84. The chemical and physical
properties of the substrata are described in Table 1. The
substrata 1 and 2 were fertilised with 200 and 150mEq of

P, 100 and 80mEq of K and 0.1 and 0.08mEq of Mo,
respectively.

Fifty-two days after emergence (at R, stage -
beginning of flowering), the plants were harvested and
evaluated for shoot, root, leaf and nodule dry matter, nodule
number, and leaf area.

The experimental design was completely
randomized with four replicates. The experimental unit was
a pot with two plants. The data were submitted to variance
analysis and multiple polynomial regression.
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Table 1. Physical and chemical characteristics of the two substrata used in
the present work.,
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Substratum
Property - - -
Soil Soi1l + Sand

Potassium (ppm) 96.00 48.00
Calcium + Magnesium (mEq) 11.30 5.65
Organic matter (%) 5.80 2.90
Clay (%) 70.00 30.00
Sand (%) 1.50 55.00
Silt (%) 2750 15.00
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RESULTS AND DISCUSSION

The increase of metolachlor rate significantly
reduced shoot, leaf and nodule dry matter and leat area,
according to a linear polynomial regression (Figure 1), while
root dry matter and nodule number were not affected. The
interaction "rate X substratum" was not significant for all
variables studied, showing that the effect of increasing rates
of metolachlor in soybean growth and nodulation followed
the same pattern on the two substrata, despite the
differences in the physical characteristics. Therefore, the
average results of the two substrata for each rate of
metolachlor are presented in Figure 1. The highest rate of
metolachlor resulted in a reduction of close to 20% of
shoot, leaf and nodule dry matter and leaf area, despite the

absence of visual phytotoxicity in plants treated with the
herbicide.
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Figure 1. Leaf area (A), leaf (B) and shoot (C) dry weight, and nodule number (D) of soybean cv. BR-4 treated with increasing rates of Metolachor. Lages,

SC. Brazi, 1992-93,
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Metolachlor affected the nodule dry matter and
not the nodule number. Similar results were obtained by
DUNIGAN et al. (1972) when they observed a more
detrimental effect to tap root than to lateral root nodules in
soybean treated with different herbicides. According to these
authors as tap root nodules are generally larger and might
therefore fix more atmospheric N, than lateral root nodules,
the nodule dry matter must be a better parameter since with
the determination of total number of nodules, each nodule,
large or small, receives equal weight in analysis. MORAES
et al. (1989) observed a delay on the process of nodulation
In soybean treated with high rates of metribuzin, with a
resultant reduction of nodule dry matter. Therefore, soybean
plants treated with herbicide can produce, on maturity, less
total-N as well as lower percentage of total-N content in
pods, as a result of a less effective simbiotic fixation of N,,
with a consequent reduction of plant growth and pod yield
(ALAA-ELDIN et al., 1981).

Nodulation is a symbiotic relationship,
consequently, factors affecting either the plant or bacteria
will affect nodule formation. Several authors report a more
negative effect of herbicides in soybean plants than on
bactertum. Increasing rates of chlorpropham and nitralin
reduced nodule fresh weight in soybean but did not reduce
the soil population of B. japonicum, indicating that the
herbicidal influence on nodulation was due to altered plant
physiology reactions, rather than a direct toxicity to B.
Japonicum (KAPUSKA & ROUWENHORST, 1973).
Addition of inorganic N to trifluralin treated soybeans
exhibiting decreased nodulation did not correct the growth
ihibition (KUST & STRUCKMEYER, 1971). GARCIA &
JOHNSON (1969), CARLYLE & THORPE (1947), and
KUST & STRUCKMEYER (1971), agree that the
detrimental effect of herbicides on legume nodulation is not
at the nodule site. They suggest that herbicides induce
responses in plants that reduce nodulation.

Metolachlor appears to interfere with nucleic acid
and protein synthesis (ASHTON & CRAFTS, 1981) and
thus it may interfere with the physiological processes related
with nodulation, symbiotic fixation as well as plant growth,
with negative effects to soybean development, as observed
on the present work (Figura 1). SCARPONI et al. (1992)
observed a reduction on dry matter, protein and chlorophyll
content of soybean seedlings treated with metolachlor.
GREENFIELD (1991) reported no effect on nodule number
Or mass in soybean treated with metolachlor but observed a
yield reduction of 10% compared to manual weeding,
showing that the herbicide may affect plant physiology
and/or symbiotic fixation without causing a perceptive
negative effect on nodulation.

With the exception of root dry matter and nodule
number, the growth was significantly reduced on soil + sand

In comparison to soil. This may be caused by calcium
deficiency on vases with this kind of substratum (Table 2),

since they were not supplied with this element to
compensate for the addition of sand. As calcium is a
macronutrient, essential to nodulation and plant physiology
(SALISBURY & ROSS, 1992), its low level may have
caused the observed effect.

Table 2. Mean results per substratum of nodulation and growth of soybean
treated with different rates of metolachlor. Lages, SC, Brazil,

1992-93,
Parameter
Substratum Leaf area Leaf  Shoot Root Nodule Nodule
(cm’/vase) -- mmmmmmmemeeememe—ee———  [3MbeET
Dry matter (mg/vase)
Soil 3,610a° 10,868a 8,633a 3,592a  1,54la 386a

Soil+Sand 3,050b 9,129b 6,962 b 3,571a 1,365 b 386a

CV (%) 15.59 1137 10,52 19.39 13.95 9.02

* Mean separation within columns by Duncan’s Multiple Range Test,
P = 0.05.

The root dry matter was not affected by the
treatments, probably as a result of the limitation of volume
of substratum in the vases and the advanced stage of
development of plants at harvest (52 days after emergence),
resulting 1n a restriction on root growth.

From the obtained results it can be concluded that
Increasing doses of metolachlor show a linear patern of
inhibitory affects on the growth and nodulation of soybean.
However, 1t should noted that this work was conducted in
pots 1n a greenhouse, and in a limited volume of substratum,
which may have enhanced the inhibitory effects of
metolachlor on the growth variables affected by the
herbicide, compared to a field situation.
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