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ABSTRACT

Objective: This paper mainly determined the
action modes of extract of Aloe vera L. against
Tetranychus cinnabarinus Boisduval. Methods:
The different action modes, contact action, re-
pellent, fumigant, and oviposition inhibition pro-
perty of the acetone extract of Aloe vera L. leaf
against the carmine spider mite Tetranychus
cinnabaribus (Boisduval) (Acarina: Tetranychi-
dae) were investigated at 26°C + 1°C, 75% - 80%
relative humidity, and 14:10 light: day cycle in
the laboratory. Results: Based on the estab-
lished toxicity regression line of the Aloe vera L.
acetone extract against female adult mites, the
median lethal concentrations (LCsy) were 0.836
and 0.167 mg/mL for 48 and 72 h, respectively.
With processing time increased, the contact aca-
ricidal activity increased and the repellent acti-
vity gradually decreased. The main modes of
action of the extract against female adult mites
were contact and repellent, and preferable ef-
fects were observed on adult mites. These re-
sults indicate that A. vera L. extract contains
acaricidal and repellent bioactive components
that may be useful in future control of the phy-
tophagous mites.

Keywords: Aloe vera L.; Acaricidal Activity;
Repellent Activity; Fumigant Activity; Oviposition
Inhibition Activity; Tetranychus cinnabaribus

1. INTRODUCTION

The carmine spider mite, Tetranychus cinnabarinus
Boisduval is a globally important pest. This mite can
harm 100 kinds of field, greenhouse crop, and fruit tree
[1]. The yield and quality of plants are seriously affected
by these pests, which are small, fast breeding, strongly
adaptive, and can easily develop resistance. Indeed, this
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pest is very difficult to control and harmful [2]. The con-
trol of mites mainly depends on chemical pesticides,
which are frequently and excessively used. Consequently,
the drug-resistance of mite species is intensified. Pesti-
cide abuse can also lead to the eradication of natural
enemy insects and damage to the ecological balance,
which result in the problems of resistance, resurgence,
and residue. Therefore, the key to comprehensive mite
control is to choose an acaricidal agent that is selective,
environment friendly, and able to undergo natural deg-
radation [3].

Aloe vera L., a member of the Liliaceae family, is a
perennial, evergreen, herbaceous plant. Also known as
medicinal aloe, the medicinal value of 4. vera L. is
widely recognized by the medical profession and tradi-
tional Chinese medicine practitioners. 4. vera L. also has
good antibacterial, acaricidal, and insecticidal activities;
it plays an important role in killing pests in granaries [4].
However, only its ovicidal activity and contact toxicity
have been confirmed [5]. Whether the mode of insect-
killing action of the carmine spider mite is limited to its
contact toxicity and ovicidal activity is undetermined.
The existence of other modes of actions and the effects
of such actions on other modes of action are also un-
known. This article investigated four modes of actions,
namely, contact, repellent, fumigant, and oviposition in-
hibition activities, of an aloe acetone extract against car-
mine female spider mites. The purpose was to lay the
solid foundation for the development of a new plant
source of an acaricidal agent.

2. MATERIALS AND METHODS
2.1. Plant Materials and Extraction

Fresh A. vera L. leaves were collected, chopped into
small pieces, placed in an oven, and dried at 50°C. The
leaves were then pulverized into plant powder using a by
crusher. The plant powder was weighed and placed in a
10 L grinding mouth bottle. The plant powder was im-
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mersed in 100% acetone with 1 g of ground material and
5.0 mL of acetone while intermittently shaking. The ace-
tone extract was filtered and evaporated at 50°C using a
vacuum rotary evaporator. The plant extract was trans-
ferred in Petri dishes. The extract was washed three
times and stored in a refrigerator at 4°C until use.

2.2. Preparation of Mites

The mites used were from a T. cinnabarinus popula-
tion sampled from young cowpea plants (Vigna ungui-
culata) in Beibei District, Chongqing, China. The mites
were maintained in potted young cowpea plants in a
laboratory at 26°C + 1°C, 75% - 80% relative humidity
(RH), and 14 h light/10h dark cycle with no acaricide
exposure for more than 13 years. Voucher specimens, as
part of an insect collection, were deposited at Southwest
University.

2.3. Chemical Reagents

Analytical-grade acetone was purchased from Cheng-
du Kelong Chemical Reagents Co., Chengdu, China.
Tween-80 F was purchased from Jiangsu Haian Petro-
chemical Plant, China.

2.4. Contact Toxicity Bioassay

The immersion method recommended by FAO [6] was
used to examine the acaricidal activity of the acetone
extract from A. vera L. against T. cinnabaribus engorged
female adults. Double-sided adhesives were cut into 2
cm-long pieces and stuck to one end of the slides. A total
of 35 female adult mites, which were uniform in size,
color, and brightness, were stuck on their back onto dou-
ble-sided gum (which does not stick onto mite feet, an-
tennae, and mouth) using a zero brush. They were bred
on the cushion of a wet sponge white disk and for 4 h
before examination under a stereomicroscope (4% mag-
nification). Then, some dead and unhealthy mites on the
slides were removed.

About 5.00 mg of extract was mixed with and com-
pletely dissolved in a certain amount of acetone. Then, A
0.1% Tween-80 [7] was added to the mother aqueous
solution, which was diluted into different concentrations
(2.50, 1.25, 0.635, 0.3125 mg/mL) with water controls
against 7. cinnabarinus adults. The treatments were per-
formed by dipping the slides with mites into each extract
solution for 5 s. Any extra solution on the slides was
carefully absorbed with filter paper after treatment. The
controls were dipped in water only; they were subjected
to the same conditions of 25°C + 1°C, 65% - 80% RH,
and 14 h light/10h dark photoperiod for 3 days. The
mites were considered dead if their movement was im-
perceptible after repeated gentle probing with a fine
brush. Mortality was assessed under a binocular micro-
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scope every 24 h. [8].
Corrected Mortality
_ % test mortality — % control mortality

100 —% control mortality

2.5. Repellency Bioassay

Based on the method of Hussen ef al. [9], fresh cow-
pea seedling leaves were placed in Petri dishes. Half of
the leaf surface was carefully wiped with treatment re-
agent; the other half was wiped with the same proportion
of leaf solvent control. After the solution dried, 20 fe-
male adult mites were collected from each leaf. Each
treatment was repeated three times. The number of re-
pellency was assessed under a binocular microscope after
every 12 h for 4 days. The repellency rates were calcu-
lated as follows:

% Repellency rate

_ NM control group — NM treated group « 100

NM control group

2.6. Fumigation Bioassay

Based on the fumigate method of the tin method [10]
with minor modifications, 20 female mites on each leaf
were fresh cowpea seedlings. Leaves with mites, the ab-
sorbent cotton, and the filter in Petri dishes were placed
in a 100 mL tin bottom. Then, three lethal concentrations
of the leaf acetone extract to 30% (LCsp), 50% (LCs),
and 70% (LCy) of adults were injected. The same pro-
portion of the solvent controls was also injected into the
filter paper of the bottle caps as soon as the bottle caps
were covered. The bottles were then moved into artificial
climate indoors. Before observation, the bottle was kept
open for 1 h, and the mites along with the cotton filter
paper were removed for observation every 24 h. The
mortality of the female mites was recorded. For each
application, 15 replicates were tested. Continuous obser-
vation was conducted for 5 days. After the experiment,
the corrected mortality was calculated as follows:

Corrected Mortality
% test mortality — % control mortality

100 —% control mortality

2.7. Oviposition Inhibition Bioassay

The leaf disk method was used to evaluate the oviposi-
tion inhibition activity of female carmine spider mites.
Leaves from young cowpea plants, filter paper, and ab-
sorbent cotton were placed in Petri dishes. The back of
leaves was carefully wiped with different concentrations
of treatment reagent using swabs. Another three Petri
dishes were set at the same proportion of solvent solution
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for comparison. After the solution dried, 20 female adult
mites were collected from each leaf. The numbers of
mites in the extract-treated and non-treated areas were
counted every 12 h post-treatment under a stereomicro-
scope (4x magnification). The experiment lasted for 6
days. When the experiment was finished, the oviposition
inhibition rate was calculated as follows:

Index of egg laying (IE)
_ NEcontrol group — NE treated group

~ NE control group + NE treated group
Oviposition inhibition (%)
_ NE control group — NE treated group

NE control group

where NE is the number of eggs laid.

2.8. Data Analysis

All mortality results were corrected using Abbott’s
formula in terms of the aloe acetone extracts with con-
trol. The data were analyzed with one-way ANOVA fol-
lowed by Tukey’s multiple range test at P < 0.05 using
SPSS 17.0 software. The LCsy, and LCyy values, as well
as their respective 95% confidence intervals (Cls), were
calculated by probit analysis (Polo Plus software). The
repellent and oviposition inhibition rates were analyzed
with software of Microsoft Excel 2003 and SPSS 17.0.

3. RESULTS

3.1. Toxicity of the Acetone Extract of
A.veral. Leaf to T. cinnabarinus

The aloe acetone extract showed strong contact acari-
cidal activity against T. cinnabarinus female adults (Ta-
ble 1). The LCs, was 0.836 mg/mL, and the 95% CI

ranged from 0.716 mg/mL to 0.964 mg/mL. The LCs,
LCs, and LC, values were calculated at different pro-
cessing times (Table 2). At 48 h after treatment, the LCjs,,
LCsp, and LC;, values were 0.473, 0.836, and 1.476
mg/mL. These three concentrations were used to mea-
sure the fumigant, repellent, and egg laying inhibition
activities of the aloe acetone extract against 7. cinna-
barinus female adults.

3.2. Repellent Effect of the Acetone Extract
of A. vera L. Leaf against
T. cinnabarinus

The repellent rates after treatment for 96 h were ob-
tained from the LCs,, LCsy, and LC;, values of the aloe
acetone extract against 7. cinnabarinus female adults.
Figure 1 shows that after treatment for 12 h, remarkable
repellent activities at the LC;, LCsy, and LC;, values
were observed. After testing for 12 and 48 h, the mites’
rate of treatment reached 50%. The repellent rates at the
three concentrations showed more fluctuations with the
processing time. With increased processing time, the
repellent rates of LCjy, LCsy, and LCyy showed lower
rates than that after 12 h of testing. The female carmine
spider mites may control eating when food is abundant.
However, under food shortage, the mites feed in other
areas to guarantee their survival. At LCsy and LCy, low
mortality was observed, which also explained the gradual
decrease in the LCsy and LCqy values. In summary, the
acetone extract of A. vera L. leaf had some repellent ef-
fect against 7. cinnabarinus.

3.3. Fumigation Effect of the Acetone
Extract of A. vera L. Leaf against
T. cinnabarinus

The LCsy, LCso, and LCy, values of the aloe acetone
extract were determined. The corrected fumigating mor-

Table 1. Toxicity regression line of the acetone crude extract from Aloe vera L. against Tetranychus cinnabarinus female adults in the

laboratory.
Treatment time (h) Toxicity regression equation ~ LCsy and 95% confidence interval (mg-mL™") ba dr P
24 y=-1.003 + 1.268x 6.165 (2.589 - 20.549) 11.902 3 0.008
48 y=0.169 +2.114x 0.836 (0.716 - 0.964) 7.992 3 0.046
72 y=1.605+2.062x 0.167 (0.094 - 0.233) 3.177 3 0.365

Table 2. Lethal concentrations (in mg-mL ") of the acetone crude extract from Aloe vera L. against Tetranychus cinnabarinus female

adult in the laboratory.

Treatment time (h) LC30 (95% confidence interval)

LCso (95% confidence interval)

LC (95% confidence interval)

24 2.386 (0.937 - 4.008)
48 0.473 (0.380 - 0.563)
72 0.093 (0.041 - 0.147)

6.165 (2.589 - 20.549)
0.836 (0.716 - 0.964)
0.167 (0.094 - 0.233)

15.927 (6.821 - 28.829)
1.476 (1.274 - 1.747)
0.301 (0.210 - 0.380)

Note: LC3, LCso, and LCy are the lethal concentrations that killed 30%, 50%, and 70% of T. cinnabarinus. Each extract solution had five concentrations, and
tests were replicated three times. The control solution comprised water with 1% Tween-80. P < 0.05 (ANOVA, followed by Duncan).
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Figure 1. Repellent activity of the acetone extract of A. vera L. leaf against Tetrany-

chus cinnabarinus adults.

tality increased with increased concentration of aloe ace-
tone extract (Figure 2). The maximum LC,, value fumi-
gating mortality rate against 7. cinnabarinus adults re-
ached 39.39%, which also indicated that the LC,, value
of the aloe acetone extract against 7. cinnabarinus adults
for 120 h. The average corrected fumigating mortality
rates reached 32.88%. The average corrected fumigating
mortality rates for LC;y, and LCsy were 15.92% and
27.18%. In this experiment, the symptoms of mite death
were their clinging back to cowpea leaves, pointed-up
feet, and limb stiffness. Although the fumigating morta-
lity rate slightly differed with prolonged processing time,
the fumigating mortality result was not significant. The
fumigating mortality rate was generally below 40% bas-
ed on the overall results. Thus, the three concentrations
of Aloe vera acetone extract against 7. cinnabarinus
adults under the same test conditions had minimal fumi-
gating activity.

3.4. Egg-Laying Effect of the Acetone
Extract of A. vera L. Leaf against
T. cinnabarinus

The result of the oviposition inhibition activity was
obtained from the LCsy, LCsy, and LCy, values of the
acetone extract of 4. vera L. leaf against T. cinnabarinus
female mites (Figure 3). The oviposition inhibition rate
of LCs decreased with prolonged processing time. The
concentration of the oviposition inhibition rate effect was
not significant. For the LC;, LCs, and LCy, values, the
average oviposition inhibition rates were 1.83%, 27.50%,
and 62.86% for 6 days. The LC;y and LCs, values had
some oviposition inhibition activity; however, the acti-
vity was low. Especially after 84 h, the oviposition inhi-
bition activity of LC;y was not obvious. LC7y showed that
the acetone extract of A. vera L. had a significantly
higher oviposition inhibition activity against 7. cinna-
barinus adults, and the highest oviposition inhibition rate
reached 83.33%. The aloe acetone extract against the
cinnabar of female adult mites had a certain spawning
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inhibited activity. In summary, the acetone extracts of A.
vera L. had some oviposition inhibition activity against 7.
cinnabarinus adults. However, the activities were not
very strong and cannot last for a long time.

4. DISCUSSION

This study investigates the contact acaricidal, repellent,
fumigant, and oviposition inhibition activities of the ace-
tone extract of 4. vera L. leaf against Tetranychus cin-
nabarinus. The aloe acetone extract was found to have
good contact acaricidal activity against the cinnabar of
female adult mites. Through the toxicity regression line
of the aloe acetone extract against female carmine spider
mites, the LCsy values to T. cinnabarinus were found to
be 0.836 and 0.167 mg/mL for 48 and 72 h, respectively.
Wei et al. [5] reported LCsy values of 0.614 and 0.099
mg/mL for 48 and 72 h, respectively. Various factors can
influence the bioassay results, such as the mites’ physical
condition, different geographical location, time of bioas-
say, environmental temperature, pharmaceutical activity,
solubility, and method. All of these factors lead to differ-
ent results.

This study confirmed that the main modes of action of
the aloe acetone extract against female carmine spider
mites were contact and repellent. A preferable effect was
observed on adult 7. cinnabarinus. With processing time
increased, the contact acaricidal activity increased and
the repellent activity gradually decreased. A significant
change was not observed in the fumigant and oviposition
inhibition activities. Therefore, during potion excogita-
tion and development process, more attention should be
paid to extend the persistence of agentia and increase the
potential of slow release. After insecticidal application,
the agentia can play a role in the repellent activity
against female carmine spider mites in the first two days,
and also restrain the female mites’ eggs. Then, drugs
mainly exert contact acaricidal and repellent activities,
which can effectively control the mite population.

Female carmine spider mites usually complete a gen-
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Figure 2. Fumigating effect of the acetone extract of A. vera L. leaf against

Tetranychus cinnabarinus.
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Figure 3. Oviposition inhibition activity of 4loe vera L. extracts against the
carmine spider mite Tetranychus cinnabarinus after 120 h. Means followed
by a different letter significantly differ from the control (P < 0.05).

eration for only a week or so. Serious generation over-
laps may occur. The mites also have a high reproductive
potential, and frequent acaricidal agent use can result in
resistance [11]. Therefore, safe, efficient, and environ-
ment-friendly acaricidal agents from plants have emerged
as desirable replacements for chemical pesticides.
Acaricidal agents from different plant sources control
insects (mites) through a variety of functions and mecha-
nisms [12]. Cheng found that the insecticide Rhodoja-
ponin-III mainly prevents the food intake of and induces
stomach toxicity in Spodoptera litura [13]. Its contact
acaricidal activity is weak. This finding is similar to the
repellent and oviposition inhibition activities of Azadira-
chta indica A. Juss against Polyphagotarsonemus latus
female mites [14,15]. Mansour ef al. [3] examined 29
kinds of local plant species with 7. cinnabarinus, and
found that 16 species have repellent and reproduction
inhibition activities. The biological activity and second-
dary metabolism of plants, as well as repellent and repro-
duction inhibition activities, have received more attention
than other modes of action. George assayed seven kinds
of plant essential oils that are toxic to pests, and found
that they have repellent activity against Dermanyssus
gallinae [16]. Among the oils, thyme essential oil has the
best repellent effect, which can last until the experiment
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end (13 days). Kumral et al. also reported that Datura
stramonium L. leaves and seeds ethanol extracts act against
T. urticae Koch female adults via repellent and repro-
duction inhibition activities [17].

The aforementioned results indicate that plant insecti-
cidal activity has a variety of mechanisms characterized
by effect strengthening and decreased resistance. Thus,
mites can be effectively controlled.

The contact acaricidal, repellent, fumigant, and ovi-
position inhibition activities of the 4. vera L. leaf ace-
tone extract have a good effect against Tetranychus cin-
nabarinus. These observations have not yet been re-
ported. The application of an acaricidal agent from a
plant source to control 7. cinnabarinus has directive sig-
nificance. The results of this study can aid the develop-
ment of agricultural and biological foods. Indeed, 4. vera
L. is a valuable research tool because it contains potent
materials. This study also provides a new approach to the
research and development of pesticides from natural
products.
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