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Abstract 

Aldicarb, 2-methyl-2-(methylthio)propionaldehyde O-(methylcarbamoyl)oxime, is a systemic insecticide used exten- 
sively for early season insect control in cotton (Gossypium hirsutum L.). The indirect effect of aldicarb on cotton due to 
insect control is well documented; however, much less is known regarding its direct effect on cotton growth and 
development. The purpose of this research was to test the hypothesis that aldicarb in the absence of insects imposes a 
direct effect on cotton growth and that aldicarb effectiveness on growth depends on temperature. Cotton plants (cv. 
Deltapine-50 and DES-119) were grown in outdoor sunlit plant growth chambers under five day/night temperatures 
(20/12, 25/17, 30/22, 35/27, and 40/32 °C). In one study, aldicarb at 0.56 kg ha -1 was applied to soil at sowing. In a 
second study, aldicarb was first applied at a rate of 0.84 kg ha-~ to soil at sowing and applied again at a rate of 2.24 kg 
ha-  ~ at the stage of flower bud initiation as a side-dressing. Aldicarb increased early season vegetative growth of cotton 
plants grown at 25/17, 30/22, and 35/27 °C, but not for plants grown at 20/12 and 40/32 °C. Aldicarb also promoted 
the early formation of cotton flower buds at the five temperature regimes and increased the number of flowers at 
30/22 °C. The treated plants had more growing roots, greater root length densities in the 61-80 cm soil depth, and 
higher root/shoot ratios than control plants at all temperatures. Our results showed that aldicarb promoted cotton 
earliness by enhancing growth rates and promoting the roots to grow deeper into soil. The responses of cotton to 
aldicarb depended on temperature, with a greater effect occurring at near optimum temperatures for cotton growth. 
© 1997 Elsevier Science B.V. 
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I. Introduction 

Aldicarb, 2-methyl-2-(methylthio)propionalde-  
hyde O-(methylcarbamoyl)oxime,  is a carbamate  
c o m p o u n d  used as a systemic insecticide in cot ton 

*Corresponding author. Tel.: (301) 504-5806; fax: (301) 504- 
5823; e-mail address: vreddy@asrr.arsusda.gov. 

(Colyer et al., 1991; Terry, 1992). It  was estimated 
that  3.5 million acres o f  co t ton  was treated with 
aldicarb in the Uni ted States in 1991 (Cooke et al., 
1992). Aldicarb,  when applied at planting, controls  
early season pests such as thrips (Slosser, 1993), 
tarnished plant  bugs (Parrot t  et al., 1985), and 
nematodes  (Smith et al., 1991). This c o m p o u n d  has 
also been widely used for insect control  since 1965 in 
a variety o f  other  crops, including soybean (Glyeine 
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max L.) (Smith et al., 1991) and sweet potato (Ipo- 
moea batatas L.) (Chalfant, 1992). 

Despite the well-documented effects of aldicarb 
on pest control, there are conflicting reports about 
the growth regulatory effects of aldicarb on growth 
and yield of cotton. Increases and decreases in plant 
growth and yield have been reported. Hopkins and 
Taft (1965) first noted phytotoxicity of aldicarb 
when side-addressed to cotton for pest control. 
Later, Cowan and Davis (1967) observed a 
reduction in plant stands when aldicarb was applied 
in furrows. Womack and Schuster (1986) reported 
that aldicarb, when applied in the absence of pests, 
reduced the growth of cotton seedlings. How- 
ever, many researchers found that aldicarb had 
positive growth responses on cotton. Aldicarb 
has been observed to significantly enhance earliness 
(Durant, 1989), increase yield (Cooke et al., 
1992), and improve fiber quality (Christian, 1992) 
in cotton. 

The mode of aldicarb action that results in 
improved plant growth is unknown, but there are 
several areas of speculation. One is the known insec- 
ticidal and nematicidal property of aldicarb, with 
some possible microbicidal activity resulting in 
reduced pest damage. Other speculation suggests a 
possible hormonal function for aldicarb (Reddy et 
al., 1990), but no direct evidence is available to 
support this hypothesis. Scott et al. (1985) specu- 
lated that improved cotton yields might be partially 
due to a plant growth response to the aldicarb. 
Ragab (1981) showed that aldicarb at low con- 
centrations in the nutrient medium enhanced nutri- 
ent uptake and transfer from roots to stems and 
leaves of cotton plants. Inconsistency of the effects 
of aldicarb on cotton and other crops may be attri- 
buted to several reasons: variation in the environ- 
mental conditions and failure to separate the direct 
and the indirect effects of pest control. The objective 
of this study was to evaluate the direct effects of 
aldicarb in the absence of insects on developmental 
processes of cotton, especially on early season veg- 
etative growth, root morphology, flowering, and 

*Trade name and company name are included for the benefit 
of the reader and do not imply any endorsement or preferential 
treatment of the product by USDA-ARS or Mississippi State 
University. 

dry matter partitioning under a range of tempera- 
tures. We hypothesized that aldicarb in the absence 
of insects has a direct impact on cotton growth and 
that plant responses to aldicarb soil application 
depend on growth temperature. 

2. Materials and methods 

2.1. Soil-plant-atmosphere-research (SPAR) units 

The soil-plant-atmosphere-research (SPAR) 
units used in these studies have been described pre- 
viously (Acock et al., 1985; Reddy et al., 1991). 
Briefly, each SPAR unit consisted of a soil bin (100 
cm high, 200 cm long, and 50 cm wide) containing 
a rooting medium and an acrylic plastic chamber 
(200 cm high, 200 cm long, and 150 cm wide) to 
accommodate aerial parts of the plants. The soil 
bin was completely surrounded by a wooden box 
with one removable side to facilitate mapping the 
roots on the glass face and to exclude light. The 
viewing glass surface of the soil bin was divided 
into 7 vertical compartments (24 × 100 cm each) 
in which a 1.2 × 1.2 cm wire reference grid was 
embedded. Air temperature and carbon dioxide 
concentration in the chambers and irrigation were 
controlled by a computer (Digital, Pro 380, Digital 
Equipment Corp., Maynard, MA, USA*). 

A preliminary experiment was conducted mainly 
to compare the root growth of cotton between the 
aldicarb-treated and control plants (Experiment I). 
The experiment was repeated with five temperature 
treatments added (Experiment II). Root and can- 
opy growth were compared between the aldicarb- 
treated and control plants. To keep free of insects, 
chambers were closed during the entire exper- 
imental period and opened only to make measure- 
ments. 

2.2. Plant culture in Experiment I 

Soil bins of the SPAR units were filled with a 
mixture of Leeper clay loam soil and sand (3:1 
by volume). The soil was sterilized with methyl 
bromide prior to placing in the bins to avoid nema- 
tode infestation. Cotton (Gossypium hirsutum L., 
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cv. Deltapine-50) seed was sown in two SPAR units. 
A total of 25 plants in 5 rows of 5 plants per row 
were grown in each SPAR unit until 52 days after 
emergence (DAE). Plant spacing was 10 cm within 
row and 40 cm between rows. Aldicarb at rates 
equivalent to 0.56 kg ha -1 was applied to one of 
the two SPAR units in granular form to each row 
after covering the seeds with soil. 

The temperature in all growth chambers was 
maintained at 28/23 °C day/night for 14 days during 
seed germination and emergence to obtain healthy 
and uniform seedlings. During the remainder of 
the growing season, air temperature in all growth 
chambers was maintained at 30/22 °C. Full strength 
Hoagland's solution (Hewitt, 1952) was applied 
regularly to meet the optimal nutritional require- 
ment throughout the growing season. 

During the growing season, new root length 
appearing on the glass face of the soil bin was 
marked with a wax pencil and measured. Simul- 
taneously, the number of actively growing root 
axes, from every 20 cm soil depth of each panel (7 
panels per soil bin), and the deepest root on the 
glass surface of the soil bin were recorded. The 
quantity of the root material appearing at any par- 
ticular depth on the glass viewing surface was 
assumed to be representative of roots at that depth 
throughout the compartment (Taylor et al., 1970). 
From the measurements of rooting intensity (cm 
root m -2 soil), calculations were made to obtain 
root length density (m root m-3 soil) by multiplying 
rooting intensity with a correction factor. For this 
calculation, we assumed that all roots in the outer 
2 mm layer were visible for measurement. 

2.3. Plant culture in Experiment H 

The soil and plant management in Experiment II 
was similar to that in Experiment I. 'DES-119' cot- 
ton seed was sown in 10 SPAR units. 'Deltapine- 
50' and 'DES-119' are the common cotton cultivars 
with similar growth characteristics grown in many 
cotton growing areas. Similar responses to aldicarb 
were expected from these two cultivars. A total of 
55 plants in 11 rows of 5 plants per row was grown 
in each unit. The temperatures in the 10 SPAR 
chambers were initially maintained at 28/23 °C day/ 

night for 14 days. During the remainder of the 
growing season, five temperatures, 20/12, 25/17, 
30/22, 35/27, and 40/32 °C, were applied to the 
10 SPAR chambers (2 chambers per temperature 
treatment). The day/night temperatures ranging 
from 25/17 to 35/27 °C are common in many cotton 
growing areas during the growing season. These 
temperatures are considered as near optimum for 
cotton growth and development (Reddy et al., 
1991). Both 20/12 and 40/32 °C are extreme tem- 
peratures for cotton, but cotton crops experience 
these temperatures for at least some period during 
the growing season. Soil temperatures in soil bins 
were not independently controlled and were influ- 
enced to some extent as a result of the imposed 
temperatures and ambient air temperature (Reddy 
et al., 1997). 

Aldicarb was applied to one of two SPAR units 
from each temperature treatment. The other SPAR 
unit from the same temperature treatment was not 
treated with aldicarb and served as the control. Two 
aldicarb applications were made. The first appli- 
cation, at the rate of 0.84 kg ha -1, was made as a 
soil-dressing at sowing. The second application, at 
the rate of 2.24 kg ha -~, was made as a side-dressing 
at 28 DAE for 30/22, 35/27, and 40/32 °C, 33 DAE 
for 25/17 °C, and 42 DAE for 20/12 °C treatments. 
The second aldicarb application coincided with 
initial squaring (flower bud initiation) in each tem- 
perature treatment. The rates of aldicarb applied in 
these experiments were within the standard range 
of dosage recommended for soil treatment (Parrott 
et al., 1985; Scott et al., 1985; Colyer et al., 1991). 

Plant growth and development parameters 
including main stem height, numbers of main stem 
nodes, flowers and growing root axes, and rooting 
intensity at different soil depths were monitored at 
various growth stages. At 15 DAE, 30 plants from 
six alternate rows were harvested and half of them 
(15 plants) were randomly selected for vegetative 
glowth measurements. At 27 DAE, another 10 
plants from two alternate rows were harvested. All 
15 remaining plants were harvested at 56 DAE. 
Plants were dissected into leaves, stems, roots, and 
fruiting structures including squares, flowers and 
bolls at each harvest. Total leaf area per plant was 
measured and plant parts were oven dried at 75 °C 
and the dry weights of plant parts determined. 



42 

2.4. Statistical analysis 
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Statistical analysis was conducted using SAS pro- 
cedures (SAS Institute Inc., Cary, NC, USA). The 
standard errors of the means for main stem height 
of the aldicarb-treated and control plants were cal- 
culated and presented. A least significant difference 
(LSD) test at 0.05 for biomass partitioning between 
canopy and roots was also calculated and 
presented. A pooled root dry weight of 15 plants 
from each 20 cm soil depth was determined and the 
average root dry weight of each plant was used. 
Student's t-tests were used to compare the differ- 
ences in rooting intensity, root length density, and 
number of roots, from every 20 cm soil depth of 7 
panels, between the aldicarb-treated and control 
plants. 

3. Results 

3.1. Experiment I 

Root growth 
The greater number of actively growing root axes 

was present in the top 40 cm soil profile (Table 
1). The number of roots declined dramatically at 
deeper soil depths for both treatments. There was 
no significant difference between control and 
treated plants in the number of actively growing 
root axes at soil depths of 0-60 cm. However, the 
aldicarb-treated plants produced significantly more 
(P< 0.05) growing root axes in the 61-80 cm depth 
than did the control plants. Similar results were 
obtained in rooting intensities and root length den- 
sities, and the changes in intensities and densities 
were due primarily to the changes of number of 
growing root axes in those soil profiles (Table 1). 

3.2. Experiment H 

Vegetative growth 
Aldicarb stimulated early season vegetative 

growth of cotton. Aldicarb significantly (P<0.05) 
increased main stem heights for plants grown at 
25/17, 30/22, and 35/27 °C at 15 and 27 DAE, but 
plant heights in these treatments were not different 

Table 1 

Influence of aldicarb a on number of actively growing root axes, 

rooting intensities, and root length densities of cotton at different 
soil depths at 52 days after emergence 

Soil depth (cm) 

Treatment 0-20 21~40 41~50 61-80 

Actively growing root axes (no. m -2) 

Control 490 b 380 b 320 b 50 c 

Aldicarb 390 b 380 b 260 b 220 b 

Rooting intensity (cm m -2) 

Control 1100 b 910 b 760 b 175 ¢ 

Aldicarb 1000 b 850 b 840 b 700 b 

Root length density (m m 3) 

Control 5500 b 4550 b 3800 b 875 c 

Aldicarb 5000 b 4250 b 4200 b 3500 b 

"Applied at 0.56 kg ha ~ as a soil dressing at sowing. 
b, CMean s (n = 7) within the columns and within each parameter 

followed by the same letter are not different (Student's t-test at 

O.O5). 

by 56 DAE (Figure 1). This increase m plant height 
resulted from greater main stem growth rates, 
longer internodes, and more main stem nodes in the 
aldicarb-treated plants (data not shown). Aldicarb 
effects were more significant for plants grown at 
near optimum temperatures (25/17, 30/22, and 
35/27 °C) and less so for the lower (20/12 °C) or 
higher (40/32 °C) temperatures. The response of 
total leaf area to aldicarb was similar to that of 
plant height (data not shown). 

Reproductive growth 
Aldicarb also promoted early appearance of cot- 

ton squares (flower buds) (Figure 2). For example, 
50% of the control plants grown at 25/17 °C (Figure 
2-B) had visible squares (> 2 mm in size) 33 DAE, 
but the aldicarb-treated plants were at a similar 
stage at 29 DAE, 4 days earlier than control plants. 
The aldicarb-treated cotton also had a shorter dur- 
ation of square appearance period. For example, at 
40/32 °C (Figure 2-E), it took 4 days, from 23 to 27 
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Fig. 1. Cotton main stem height as affected by aldicarb and temperature at 15, 27, and 56 days after emergence (DAE). Vertical bars 
represent standard errors (n = 15, 10, and 9 at 15, 27, and 56 DAE, respectively). Aldicarb was applied as a soil-dressing at sowing (0.84 
kg ha-x) and as a side-dressing at initial squaring (2.24 kg ha-~). 

DAE, for all treated plants to have squares while it 
took 7 days for the control plants. The treated 
plants grown at 35/27 (Figure 2-D) and 30/22 °C 
(Figure 2-C) did not have visible squares earlier 
than the control plants, but had a shorter duration 
of square appearance period. Square appearance 
for both control and treated plants grown at 20/12 
°C (Figure 2-A) was much later than for plants 

grown at the four higher temperatures, and aldicarb 
did not affect square appearance at this tempera- 
ture. 

Among the plants grown at five temperatures, 
only those at 30/22 and 35/27 °C developed flowers 
before harvest while other plants either did not 
develop flowers at lower temperatures (20/12 and 
25/17 °C) or had early square abscission at the 
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Fig. 2. Influence of aldicarb and temperature on cotton square formation. Aldicarb was applied as a soil-dressing at sowing (0.84 kg 
ha-') and as a side-dressing at initial squaring (2.24 kg ha-'). 

higher temperature (40/32 °C) during the 56 DAE 
period. The number of flowers per plant at 30/22 
was greater in aldicarb-treated plants than in con- 
trol plants (Figure 3). 

Biomass  product ion  

Aldicarb increased the canopy dry weight at early 
vegetative growth stages (15, 27 DAE) at near opti- 
mum temperatures, but did not affect canopy dry 
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Fig. 3. Influence of aldicarb and temperature on the number of cotton flowers. Aldicarb was applied as a soil-dressing at sowing (0.84 
kg ha-~) and as a side-dressing at initial squaring (2.24 kg ha-~). 

weight at late growth stages (56 DAE, data not 
shown). The greatest effect of aldicarb was on root 
dry weight. The aldicarb-treated plants had a 
numerically greater root dry weight than control 
plants at the four higher temperatures (25/17, 30/22, 
35/27, 40/35 °C) for all soil depths (Figure 4). 

Biomass partitioning 
Aldicarb favored the partitioning of dry matter 

into roots over the canopy at three lower tem- 
peratures (20/12, 25/17, 30/22 °C), resulting in 
higher root/shoot ratios than the control (Table 2). 
Aldicarb also promoted the partitioning of biomass 
into the deeper roots over the top roots. 

4. Discussion 

The results clearly supported our hypothesis that 
aldicarb in the absence of insects has a direct impact 
on cotton growth and that plant responses to aldi- 
carb soil application depend on growth tempera- 
ture. Aldicarb enhanced cotton early season 
vegetative growth and early square formation. The 
primary effect of aldicarb was on root growth, 
especially on the roots in deeper soil depths. Our 
results are in agreement with the field studies by 

Scott et al. (1985) and Parrott et al. (1985), but differ 
from the greenhouse data obtained by Womack and 
Schuster (1986) that showed a negative response of 
plants to aldicarb. In the present study, the greater 
growth response to aldicarb occurred at near opti- 
mum temperatures (25/17 to 35/27 °C), while aldi- 
carb at a lower (20/12 °C) or a higher (40/35 °C) 
temperature had little or no effect on cotton plants. 
Similar results were obtained from aidicarb-treated 
soybean plants in which the greatest response to 
aldicarb occurred at a daily mean temperature of 
22 °C (Barker et al., 1988). The sensitivity of plants 
to aldicarb may also be influenced by other factors. 
For example, the greatest soybean growth and yield 
increases caused by aldicarb occurred when the 
plants were grown in fine-textured soils or soils with 
high organic matter (Barker et al., 1988). 

We did not know the mechanism by which aldi- 
carb promoted cotton canopy and deeper root growth. 
According to Bowman (1988), aldicarb half-life in 
Plainfield sand was 3 to 5 days and completely 
converted to its sulfoxide and sulfone within 2 
weeks. The sulfoxide and sulfone decomposition 
products quickly moved down in the soil. By the 
second week after application of aldicarb, these 
metabolites, largely the sulfoxide, moved down 30- 
40 cm to the 50 cm soil depth Bowman (1988). 
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Fig. 4. Influence of aldicarb and temperature on cotton root dry weight at various soil depths at 56 days after emergence. Aldicarb was 
applied as a soil-dressing at sowing (0.84 kg ha -~) and as a side-dressing at initial squaring (2.24 kg ha-~). Each value of root dry 
weight is an average of 15 plants from which roots were pooled. 
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Therefore, it is possible that aldicarb metabolites 
not aldicarb per se play an important role in pro- 
moting cotton growth. The quick downward move- 
ment of  the sulfoxide is consistent with the 
increased deeper root growth caused by aldicarb 
application. More actively growing root axes, and 
greater rooting intensities and root length densities 

at deeper soil depths for the aldicarb-treated cotton, 
would enable plants to explore the whole soil profile 
more completely and to extract more water and 
nutrients compared to the control plants. Increased 
root growth, in turn, may promote the canopy 
growth and development. Aldicarb may directly 
affect canopy growth. Andrawes et al. (1973) and 
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Table 2 
Influence of aldicarb a and temperature on biomass partitioning 
and root/shoot ratios in cotton at 56 days after emergence; each 
value is the mean of 9 observations 

Temperature Treatment % total plant dry weight Root/ 
(°C) shoot 

Canopy Root 

20/12 Control 90.3 9.7 0.11 
Aldicarb 85.2 14.8 0.18 

25/17 Control 93.1 6.9 0.07 
Aldicarb 89.1 10.1 0.11 

30/22 Control 91.1 8.9 0.10 
Aldicarb 86.5 13.5 0.16 

35/27 Control 90.6 9.4 0.10 
Aldicarb 89.5 10.5 0.12 

40/32 Control 88.3 11.7 0.13 
Aldicarb 86.6 13.4 0.16 

LSD0.05 3.2 3.2 0.04 

aApplied as a soil-dressing at sowing (0.84 kg ha ~) and as a 
side-dressing at initial squaring (2.24 kg ha-~). 

Coppedge et al. (1967) found that a large portion 
of aldicarb also quickly converted to the sulfoxide 
degradation product and part of it to a sulfone 
product in cotton leaves. The insecticidally active 
sulfoxide may play a role in increased early season 
vegetative growth caused by aldicarb. 

In summary, aldicarb in the absence of insects 
promoted early season vegetative growth, early 
flower development, and deeper root growth. The 
effectiveness of aldicarb on cotton growth varied 
and was dependent on growing season temperature. 
The accumulation of aldicarb metabolites in the 
cotton leaves and rapid downward movement of 
these metabolites in the soil may play an important 
role in altering cotton growth and development. 
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