
Alachlor (2-chloro-N-(2,6-diethyl phenyl)-N-
(methoxymethyl)acetamide), metazachlor (2-
chloro-N-(pyrazol-1-ylmethyl)acet-2'-6'-xylidide)
and metolachlor (2-chloro-N-(2-ethyl-6-
m e t h y l p h e n y l ) - N - ( 2 - m e t h o x y - 1 -
methylethyl)acet-amide) are chloroacetamide
herbicides that were developed primarily for
selective control of mostly germinating grass and
some broadleaf weeds in maize and some other
crops (Tomlin, 1994). Metazachlor was, however,
deregistered for use in maize in South Africa
during 1999, at about the time of concluding this
experiment, as a result of inadequate selectivity.

Although these herbicides are considered safe for
use in maize, some maize genotypes have been
reported to be sensitive to these herbicides
(Ashley, 1972; Francis and Hamill, 1980; Rowe,
et al., 1990). Similarly, Kanyomeka and Reinhardt
(2000) reported that some maize genotypes
showed outstanding tolerance to these herbicides
while some were very sensitive.  Differential
tolerance of crop cultivars, including maize, to
herbicides has been documented (Malan et al.,
1984; O’Sullivan et al., 1998; Van Wychen,
et al., 1999; Wilson, 1999; O’Sullivan et al.,
2001).

Crop tolerance to herbicides is influenced
by genetic composition, type of herbicide and
environmental factors (Klingman and Ashton,
1982; Akobundu, 1987). These latter factors in
particular may increase the activity or uptake of
a herbicide and reduce the normal crop tolerance,
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thereby causing crop injury. Environmental
factors that can affect the efficacy of herbicides
are relative humidity, temperature, light intensity,
rainfall and soil conditions. The efficacy of
chloroacetamides is known to be influenced by
temperature and soil moisture content.
Temperature is an important environmental factor
that influences plant growth and development by
influencing respiration, transpiration, nutrient
and water uptake, and other biochemical processes
(Didwell, 1974; Eastin, et al., 1982).

Temperature changes have been reported
to affect herbicide selectivity. Tolerance of maize
and peas to alachlor decreased with increasing
soil moisture and decreasing soil temperatures
(Putnam and Rice, 1979). Reinhardt and Nel
(1982) reported that alachlor is more active at
lower temperature regimes of 20/10°C and at
higher ones of 20/30°C (day/night) than at 25/
15°C. Skipper et al. (1977) showed that alachlor
and metolachlor are more active at 22/13°C than
at high temperature regimes of 27/18°C and 32/
24°C. Metolachlor activity was reported to be
greater at high temperature of 29°C than at low
temperature of 18°C (Gerber et al., 1974). Van
Biljon (1991) reported that metolachlor was most
injurious to maize at temperature regimes of 30/
20°C day/night. Gauvrit and Gaillardon (1991)
found that 2,4-D selectivity towards maize is
drastically reduced under cold conditions. Low
temperature increases spray retention per unit dry
matter and retards 2, 4-D degradation. Similarly,
McMullan (1994) reported that compared to
diclofop-methyl and fenoxafop-p-ethyl, mixtures
cause more injury to barley at lower temperatures.
This shows that effect of temperature on crop
tolerance varies from herbicide to herbicide.

Under normal temperatures maize is able
to metabolise the absorbed alachlor, metazachlor
and metolachlor. Cool and hot environments
probably cause changes in the plant physiology
that could contribute to crop injury due to reduced
rates of inactivation of these herbicides. Generally,
most crop injury from chloroacetamide herbicides
occurs on sandy soils with low organic matter,
i.e., on soil with low adsorptive capacity for the
compounds. Deep planting, cool wet conditions
and soil crusting may also increase the potential
for crop injury. These factors extend the time the
emerging maize seedling is in contact with the

soil-herbicide solution, and the plant is likely to
ultimately take up more herbicide than expected.
In addition, under those conditions, the plant may
not be able to detoxify the absorbed herbicide
effectively (Didwell, 1974; Akobundu, 1987;
Butzen, 2000).

Many reports of maize injury from these
herbicides have been linked to temperature
changes, other than those mentioned above.
Cool temperatures during or soon after herbicide
application are more associated with this kind of
injury (Ashton and Crafts, 1981; Akobundu, 1987;
Butzen, 2000). It is therefore important to
determine how temperature affects the tolerance
of genotypes. The objective of this study was to
determine the influence of temperature on the
tolerance of maize genotypes to alachlor,
metazachlor and metolachlor.

MATERIAL AND METHODS

Three separate experiments were
conducted in growth chambers to determine the
influence of temperature on the tolerance of maize
genotypes to alachlor, metazachlor and
metolachlor. The application rates for the
formulated products Lasso (alachlor), Preecede
(metazachlor), and Dual S GOLD (metolachlor)
were 4.0, 1.5 and 0.9 L ha -1, respectively.
Herbicides were applied immediately after
planting, since they are registered as pre-
emergence herbicides in maize.

Maize plants were grown in pots
containing 2.5 kg of soil for five weeks. Four
maize inbreds were used in the experiments
involving metolachlor and alachlor, while two
inbreds and two hybrids were used in the
metazachlor experiment. These genotypes
included tolerant and susceptible types, which
were selected based on results from earlier
greenhouse and field experiments reported by
Kanyomeka and Reinhardt (2000).

The experiments were conducted in
growth chambers at the University of Pretoria
phytotron. The night/day temperature regimes
were 10/18°C, 15/25°C, 20/35°C and 10/30°C.
The first experiment involving metazachlor did
not include the 10/30°C temperature regime.
The photoperiod was maintained at 12 hours for
the day regime.
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Pots were filled with 2.5 kg of soil, which
was sieved through a 4 mm screen prior to filling.
The soil consisted of 75.5 % sand, 8.2 % silt, 17.1
% clay with 0.4 % organic C, and had a pH (H

2
O)

of 6.5. The soil used was collected from the
University of Pretoria experimental farm. The pots
were fitted with plastic bags before filling them
with soil in order to avoid herbicide leaching.

Five seeds of each genotype were planted
in each pot at a depth of 30 mm. Three days after
emergence; seedlings were thinned to three per
pot. Watering was done to ensure that moisture
was maintained at field capacity level. Pots were
first weighed soon after planting and after the
initial watering, and subsequently once per week
to avoid under- or over-watering. After emergence,
either a complete nutrient solution (Nitsch, 1972)
or tap water was applied on alternate days. The
same volume of nutrient solution (100 ml) was
always applied to each pot, but the volume of tap
water was dependent on the amount of water lost.

Three days after plant emergence, the
rate of emergence was determined by taking plant
counts. Visual injury rating (VIR) was done

according to a 1-10 rating scale, where 1 indicates
no effect and 10 indicates complete kill. Shoot
dry mass (SDM) was measured five weeks after
planting by cutting the plants at soil surface level
and oven-drying them at 65°C for 48 hours. Data
for shoot dry mass were expressed as percentage
reduction from the untreated control for respective
genotypes.

Data were subjected to analysis of
variance. Treatment means were compared using
Turkey’s Least Significant Difference (LSD) test
at the 5 % level of significance.

RESULTS AND DISCUSSION

Data on the influence of temperature on
the tolerance of maize genotypes to alachlor,
metazachlor and metolachlor are presented in
Tables 1, 2, 3, 4, 5, and 6. There was no effect of
herbicides on the rate of emergence (data not
shown).

The study demonstrated that temperature
has an influence on maize tolerance to alachlor,
metazachlor and metolachlor. Both susceptible

Table 1. Percentage shoot dry mass reduction, from the untreated control
 of maize genotypes treated with metazachlor

Genotype Temperature regimes (night/day)
10/18oC 15/25oC 20/35oC Mean

CV5 (susceptible) 35.9 22.6 31.4 30.0
CV1 (tolerant) 22.9 0 14.1 12.3
P1 (susceptible) 46.0 25.9 40.1 37.3
P2 (tolerant) 33.5 0 13.1 15.5
Mean 34.6 12.1 24.6

LSD
T(0.05)

 Genotype x Temperature regimes = 16.3              SE = 7.2

Table 2. Visual injury rating of maize genotypes treated with metazachlor

Genotype Temperature regimes (night/day)
10/18oC 15/25oC 20/35oC Mean

CV5 (susceptible) 7 2 5 4
CV1 (tolerant) 4 1 2 2
P1 (susceptible) 6 5 6 6
P2 (tolerant) 7 2 3 3
Mean 8 2 4

Scale used: 1-10, indicating: 1=no effect, 2-3=slight effect, 4-5=medium effect,
6-7=severe effect, 8-9=very severe effect, 10=plants dead.
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and tolerant maize genotypes shoot dry mass was
significantly reduced from the untreated control
by metazachlor at 10/18°C (night/day). However,
at 15/25°C and 20/35°C temperature regimes,
only SDM for susceptible genotypes, cultivars
CV5 and P1, were significantly reduced
(Table 1). Similarly, all genotypes treated with
metazachlor showed visual injury symptoms
ranging from severe to very severe at the low
temperature regime of 10/18°C. At higher
temperature regimes of 15/25°C and 20/35°C
severe effects of metazachlor were only observed
on susceptible genotypes (Table 2).

The tolerance of maize to alachlor was
reduced at the low temperature regime of 10/18o

C. At this temperature regime the SDM, for both

susceptible and tolerant genotypes, was
significantly reduced from the untreated control
(Table 3). The tolerance of maize to alachlor was
not affected significantly at both the 15/25°C and
20/35°C temperature regimes. Even at relatively
low and high temperatures of 10°C (night) and
30°C (day) the tolerance of maize to alachlor was
not affected. Visual injury symptoms caused by
alachlor were only observed at the low temperature
regime of 10/18°C for both tolerant and
susceptible genotypes (Table 4).

Similarly, the tolerance of maize
genotypes to metolachlor was only affected at low
temperature conditions of 10/18oC (Table 5).
The SDM, for both susceptible and tolerant
genotypes, was significantly reduced from the

Table 3. Percentage shoot dry mass reduction, from the untreated
control, of maize genotypes treated with alachlor

Genotype Temperature regimes (night/day)
10/18oC 15/25oC 20/35oC 10/30oC Mean

P2 (tolerant) 30 0 10 6 8
P3 (susceptible) 38 12 15 11 19
Mean 34 6 13 8

LSD 
(T=0.05) 

: Genotypes = 11, Temperature regimes = 20 SE =7.2

Table 4. Visual injury rating of alachlor effect on maize

Genotype Temperature regimes (night/day) Mean
10/18oC 15/25oC 20/35oC 10/30oC

P2 (tolerant) 3 1 1 1 2
P3 (susceptible) 3 1 1 1 2
Mean 3 1 1 1

Scale used: 1-10, indicating: 1=no effect, 2-3=slight effect, 4-5=medium effect, 6-7=severe effect,
8-9=very severe effect, 10=plants dead.

Table 5. Percentage shoot dry mass reduction, from the untreated control,
of maize genotypes treated with metolachlor

Genotype Temperature regimes (night/day) Mean
10/18oC 15/25oC 20/35oC 10/30oC

P2 (tolerant) 22 0 0 7 7.2
P31 (susceptible) 24 19 13 13 17.2
Mean 23 9.5 6.5  10

LSD 
(T=0.05)

 Genotype x Temperature regimes = 14 SE = 6
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untreated control at the low temperature regime.
Only at this regime was visual injury caused by
metolachlor observed for both tolerant and
susceptible genotypes (Table 6).

The observed influence of temperature
on the efficacy of herbicides is in accordance with
the findings of Putnam and Rice (1979) who
reported that snap bean tolerance to alachlor was
reduced at low temperatures and low rainfall.

Similarly, McWillian (1967), and Hodgins and
Van Huystee (1976) found low maize tolerance to
2,4-D at low temperatures of less than 18oC.
Mulder and Nalewaja (1978) reported that
atrazine and alachlor toxicity to oats increased
with decreasing temperatures. Nel and Reinhardt
(1984) reported that both low and high
temperatures influence the toxicity of atrazine to
maize.

Table 6. Visual injury rating for metolachlor effect on maize

Genotype Temperature regimes (night/day) Mean
10/18oC 15/25oC 20/35oC 10/30oC

P2 (tolerant) 3 1 1 1 2
P31 (susceptible) 3 1 1 1 2
Mean 3 1 1 1

Scale used: 1-10, indicating: 1=no effect, 2-3=slight effect, 4-5=medium effect,
6-7=severe effect, 8-9=very severe effect, 10=plants dead.

The effect of temperature on maize
genotype tolerance to selected chloroacetamide
herbicides was found to be significant. Generally,
low temperatures reduced the tolerance of maize
to these herbicides, to such an extent in the case
of metazachlor that even genotypes that were
highly tolerant at normal maize growing
temperature regimes were susceptible at lower
regimes. Cool temperatures tend to reduce the
plant metabolic processes, thereby impeding the
process of detoxifying herbicides to safe
metabolites (Thompson et al., 1970; Didwell,
1974; Gerber, et al., 1974; Narsaiah and Harvey,
1977; Putnam and Rice, 1979; Ritter and Coble,
1981; Klingman and Ashton, 1982; Blair et al.,
1983; Pillmoor, 1985; Akobundu, 1987; Polge and
Barrett, 1997; Harrison and Peterson, 1999.
Butzen, 2000). Rate of plant metabolism may be
slowed down when conditions are cool, and when
wet conditions coincide with this, as is often the
case early in the summer growing season, plants
may not adequately inactivate such high amount
of herbicide. Plant metabolic processes are
probably not seriously affected at intermediate and
high temperature regimes, and therefore, tolerant
genotypes were able to detoxify the herbicides at
this temperature.

Among the herbicides tested, maize
tolerance to metazachlor was more dependent on

temperature than the tolerance towards
metolachlor or alachlor. The results suggest that
in cases where tolerance to certain herbicides are
known to be temperature-dependent, maize
genotypes should preferably be screened under
varying temperatures in an controlled
environment. The requirement of specialized
research facilities, which this approach
necessitates, could be circumvented by using
excessive herbicide rates (>1-X amounts) to
simulate the role of environmental factors, which
promote the accumulation of phytotoxic amounts
of herbicide at the site of action in the plant
system.
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