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ABSTRACT

Adzuki bean (Vigna angularis) is an important crop in Taiwan, Japan and many countries. The bean varieties
Kaohsiung No. 8 (KS8) and No. 9 (KS9) were grown in the spring of 2013 and 2014 at an organic certified
farm and harvested at maturity from two organic cultivation management systems: organic with integrated
pest management (OIPM) and organic without pest management (OWPM). The harvested seeds from OIPM
and OWPM cultivations were compared for yield characteristics, seed chemical composition, and seed
antioxidant capacity. The yield characteristics were significantly higher in OIPM than OWPM cultivation in
2013 and 2014 of both KS8 and KS9 varieties. The chemical composition of the two varieties for both years
showed that OIPM cultivation had relative higher ash and crude protein contents, whereas OWPM produced
significantly higher carbohydrate content. The OWPM cultivation expressed higher ABTS and DPPH
antioxidant abilities, as well as contained higher total phenolic and flavonoid contents than OIPM. In
conclusion, the OIPM increase the yield of Adzuki bean products, whereas OWPM cultivation expose the
plants to pests and diseases occurring may increase the antioxidant activity and components. It may
suggest that OWPM enhance the chance of the plants responding by inducing a protection system to
prevent pathogen attack.

Keywords: Adzuki bean (Vigna angularis), organic integrated pest management (OIPM), organic without
pest management (OWPM), antioxidant capacity.
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INTRODUCTION

Adzuki bean (Vigna angularis) is an annual leguminous
plant. It is often called “red bean” because most of the
cultivars produce red colored beans. Adzuki beans are
suitable for growing in warm climates, while intolerant of
low temperature, high altitude, and dry environments;
therefore, its production is limited to East Asia. According
to the 2009 Taiwan Agriculture Statistics Annual Report
(Tseng, 2009), Adzuki bean has a cultivation area of
6,089 hectares and a yield of 2,096 kg per hectare, giving
an annual output of 12,763 metric tons. In Taiwan,

Kaohsiung and Pingtung are the largest growing areas,
with cultivation occurring during autumn and winter. In
recent years, regions in the South including Yunlin, Chiayi
and Tainan have also been cultivated, and the main
cultivars planted are Kaohsiung No. 8 (KS8) and No. 9
(KS9). Adzuki bean seed coat contains humerous active
antioxidant ingredients, mainly polyphenols, with an
important role in scavenging free radicals. Adzuki beans
have the highest ferrous ion-chelating ability of all the
leguminous plants. Adzuki bean contains various active



substances, such as polyphenols, tannins, and
anthocyanins, all of which have strong antioxidant
properties (Zhao et al., 2009). In Japan, polyphenols are
considered as the seventh nutrient, after dietary fiber
(Deng et al., 2012).

Organic agriculture was combined with traditional
agriculture and intercropping systems, the planting of
green manure, covering and biological control of weeds
and pests, and the maintenance of ecological balance,
while not adversely affecting agricultural output. Hsu and
Tsai (2001) and Karkanis et al. (2007) suggested that
organic agriculture would be utilized as a form of
sustainable agriculture. Excessive use of pesticides in the
past has destroyed the balance between pests and their
natural enemies, leading to the current problems
experienced with pests. Therefore, organic farms have
begun to use integrated pest management (IPM)
methods to reduce pests and diseases, including
biological controls, animal materials, microbial materials,
plant materials, insect pheromones, and physical controls
(Boerma, 1972). Tseng (2009) recommended the use of
organic cultivation and management techniques to
establish a good farming system, including the use of
organic fertilizers, selection of resistant varieties and
early species, fertilizer management, adoption of
biological control, antagonistic bacteria, and use of
natural insecticides. To maintain the concept of
sustainable agriculture, crop quality and yield, as well as
environmental ecology, must achieve equilibrium (Hsieh,
2014). Ma et al. (2008) used organic soybean cultivation
with IPM to enhance pest management on agronomic
traits such as yield, pests and diseases. A study by Hou
et al. (2008) on potatoes grown using organic cultivation
with IPM also showed that the number of pests and
diseases in leaves and soil can effectively be reduced
using this management system, while maintaining the
same levels of production.

Research on the post-harvest preservation and
antioxidant capacity of berry fruit by US Agricultural
Research Service Center found that different soils,
temperature, UV light, and ripening levels could affect the
total phenolic and anthocyanin content of the blueberries
and raspberries (Chin, 2010). After flowering, the pod
color of Adzuki bean begins to change, and can be
prepared for harvest. In the same period, the antioxidant
activity undergoes rapid changes. Articles have reported
that there is a significant change in antioxidant activity in
the late phase of crop maturation (Kevers et al., 2011).
Jiang et al. (2014) looked at grapes grown in different
regions that had the same temperature but differing
rainfall levels, and noted that the grapes grown in areas
of lower rainfall had higher total phenolics and
anthocyanin contents. This suggests that sunshine
intensity and the number of sunny days also affect
anthocyanin contents. Zhang et al. (2015) demonstrated
that too much water during the growth period of peanuts
would reduce both the yield and the antioxidant capacity.
Supporters of organic agriculture have claimed that

Hou et al. 21

organic products have a higher phenolic content, mainly
because they are not sprayed with insecticide, and this
may mean that the plant is exposed to stresses that
induce the synthesis of natural plant defense compounds
(Winter and Davis, 2006). Reyes et al. (2007) suggested
that plants in stressful conditions induce the synthesis of
secondary metabolites, in particular by the regulation of
phenylalanine ammonia lyase (PAL) activity, resulting in
more phenolic compounds being produced.

Therefore, the present study aimed to demonstrate the
effect of organic integrated pest management (OIPM) and
organic without pest management (OWPM) on pest
control and yield, and to clarify how the crop gains
resistance to harmful insects through polyphenol
production. Adzuki bean yield characteristics, chemical
composition, and antioxidant capacity were also
examined. The results are important as a reference for
the promotion of spring cultivation of organic Adzuki
bean.

MATERIALS AND METHODS
Materials and field trial planning

Adzuki bean varieties, that is, KS8 and KS9 were planted on
January 23, 2013 and January 27, 2014, respectively, at an organic
certified farm in Putzu (Chiayi County, Taiwan), then harvested at
the end of April and early May, respectively. The field trial plan
included organic cultivation, with integrated pest management
(OIPM) and without pest management (OWPM). As shown in Figure
1, the test plots for planting were repeated three times, each test
plot representing one of two sets of variant factors: A) cultivation
and management (OIPM and OWPM) described above, and B) the
varieties (KS8 and KS9). Each plot was 10 m? consisting of two
furrows and planted in two lines (line spacing of 35 x 7.5 cm). For
both OIPM and OWPM, 2400 kg/ha of organic fertilizer (N: P20s :
K20 = 2: 2.5 : 2) with total organic content was 45% before sowing.
For the OIPM treatment, a yellow sticky insect-trap was placed
every 5 m, and two sex pheromone-induced traps (for Spodoptera
litura and Spodoptera exigua) were set up in each 0.1 ha. Every
week, a mixture of pepper extract (300-fold dilution), hydrophilic
Melia azedarach oil (500-fold dilution), Bacillus subtilis (500-fold
dilution), 48.1% Bacillus thuringiensis (Bt) water dispersible
granules (1000-fold dilution) were sprayed on the farmland as part
of the OIPM treatment. In contrast, the OWPM area was cultivated
using standard organic procedures during the Adzuki bean growth
period, but without the use of any biological agents or any other
materials.

Investigation of the yield characteristics of Adzuki beans

The mature plants with red (mature) pods were obtained from 10
plants per plot, and the yield characteristics including yield per plot
were investigated. The vyield characteristics surveyed were as
follows:

1. Number of mature pods. The number of ripe pods per Adzuki
bean plant.

2. Number of total pods. The number of pods harvested per
hectare.

3. Weight of dry pods. The total weight of the mature pods per
Adzuki bean plant (g).

4 Number of seeds. The number of seeds per Adzuki bean plant.
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Figure 1. The cultivation of Adzuki bean varieties KS8 and KS9 by using organic cultivation with (OIPM) and
without (OWPM) pest management for comparison their performance in vyield characters, chemical

composition, and antioxidant capacity.

5. Weight of seeds. Seed weight per Adzuki bean plant (g).

6.Seed yield/plot. For each plot (10 m?), the seeds of 10 Adzuki
plants were harvested, and the total weight of the output of the plot
was calculated.

Analysis of chemical constituents of Adzuki bean seeds

Adzuki bean pods were collected from KS8 and KS9 cultivars (for
both OIPM and OWPM cultivation methods), oven-dried at 32°C for
72 h, and then the pods were removed and seeds collected.

Moisture, protein, fat, and ash contents were determined
according to the methods of AOAC (1990), carbohydrate content
(that is, Nitrogen Free Extracts) obtained by difference.
Carbohydrate was determined using the method of Liu et al. (1993),
who removed the above components (moisture, inorganic ash, fat,
protein) from Adzuki beans, and then assumed that the remaining
content would be carbohydrates.

Analysis of Adzuki bean antioxidant activity

Adzuki bean extracts were prepared. Briefly, Adzuki bean pods
(KS8 and KS9 by OIPM and OWPM) were air-dried at 32°C for 72
h, and then the collected seeds were ground into powder. For 0.5 g
of Adzuki bean powder sample, 10 ml of analytical grade methanol
was added, and the mixture was ultrasonicated for 30 min, then
centrifuged at 8,000 rpm for 10 min, and the supernatant was used
as the sample solution. The antioxidant analyses were as follows:

1. DPPH assay for free radical scavenging ability: 1 mg/ml gallic
acid (Sigma) standard dissolved in methanol was serially diluted in
a 96-well plate. Then 100 pl/well of the test samples, methanol
blanks, and standard were added, followed by 100 pl/well of 1 mM
DPPH (2,2-diphenyl-1-picrylhydrazyl) solution. This was left to react
at 25°C in the dark for 30 min, and the absorbance at wavelength
517 nm was determined using an ELISA plate reader. Each reaction

was performed in triplicate and the scavenging effect of free
radicals was calculated as the 50% scavenging concentration

(252
(SCs0) (mg/ml). Scavenging effect (%) = 1 - ,
where AS is sample absorbance and AC is blank absorbance.

2. ABTS ™ Assay: A volume of 14 mM 2,2-azino-bis (3-
ethylbenzothiazoline- 6-sulphonic acid) (ABTS) solution was mixed
well with an equal amount of 4.9 mM potassium persulfate solution,
and reacted at 25°C in the dark for 16 h. The product is an ABTS"
free-radical solution (dark blue green). Then 100 pl/well of the test
samples, methanol blank, and standard, as described above for the
DPPH assay, were added to 100 pL/well of ABTS" free radical
solution, reacted at 25°C for 6 min, and the absorbance at
wavelength 734 nm was determined using an ELISA plate reader.
Each reaction was performed in triplicate and the antioxidant effect
and the 50% scavenging concentration (SCsg) (mg/ml) were

AS-ACHXloo

calculated. ABTS scavenging effect (%) = 1 - K AC
where AS is sample absorbance and AC is blank absorbance.

Analysis of antioxidant content

Adzuki bean extracts were prepared according to the previous
methods. The antioxidant contents were analysis as follows:

Total phenolic (polyphenols) content

The method for this assay was based on Tsao and Yang (2003). In
brief, a 20 pl aliquot of sample solution, 80 ul of 7.5% Na,COs3, and
100 pl of Folin-Ciocalteu phenol reagent were mixed well in a 96-
well plate. After reaction at 25°C for 8 min, the absorbance at 562
nm was determined using an ELISA plate reader. Gallic acid



(1 mg/ml) was used as the standard, and the total phenolic content
was estimated from the absorbance of the sample solution, using
the calibration curve.

Flavonoid content

A 500-pl aliquot of sample solution, 2.5 ml of distilled water, and
150 pl of 5% NaNO, were mixed well and allowed to stand for 5
min. This was then mixed with 300 pl of 10% AICI; and allowed to
stand for a further 5 min. Then, 1 ml of 1 M NaOH and 550 pl of
distilled water were added to the reaction, and the absorbance at
wavelength 510 nm was determined for a 100 pl aliquot in a
microwell using an ELISA plate reader. Quercetin (1 mg/ml, Sigma)
was used as a standard, and the flavonoid content was estimated
from the absorbance of the sample solution, using a calibration
curve.

Total anthocyanin content

The method for this assay was based on the previous study by
Fuleki and Francis (1968). In brief, 1483 ul of sample solution and
17 pl of 32% (0.1 N) HCI solution were mixed, heated at 100°C for
60 min, and the absorbance was measured at wavelengths 530,
620 and 650 nm using a spectrophotometer. Optical density of
anthocyanins OD, = (ODsgo - OD520) - 01 (OD550 - OD520);
anthocyanin content (nmol/g) = (ODJ/€) x (V/m) x 10°, where OD, is
the absorbance of anthocyanins at 530 nm, € is anthocyanin Mohr
extinction coefficient (Zapsalis and Francis 1965) 4.62 x 10% V is
extraction solution volume, and m is sample weight (g).

Statistical analysis

Comparison of yield characteristics and chemical composition
analysis data for the different cultivation methods were performed
using SAS 9.1 statistical software for the comparison of mean
differences between the least significant differences (LSD).

RESULTS

Effects of different -cultivation

Adzuki bean yield

management on

As shown in Table 1, OIPM showed higher results for the
number of mature pods (30.75), the total pod number
(37.6), the number of seeds per plant (206.5), the weight
of seeds per plant (24.76 g), and seed vyield (8,245.1
g/lO-mZ) in 2013. In addition, there was no significant
difference in dry pod weight. Moreover, the yield results
for the spring of 2014 for the Adzuki bean KS8 culture
using OIPM and OWPM cultivation methods (Table 1). By
OIPM cultivation method, an average of 109.20 seeds
per plant were produced, which was significantly higher
than the seed number of OWPM cultivation method.
There were no significant differences in the number of
mature pods, total pods, weight of dry pods, seed weight
per plant, and seed vyield per plot between the two
cultivation methods.

In 2013, OIPM showed higher results for the number of
total pod (26.72) and the number of seeds per plant
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(138.10). In addition, the yield characteristics for the
spring of 2014 for the Adzuki bean KS9 showed the
number of seeds per plant (96.42) was significantly
higher in OIPM than the OWPM cultivation method. There
were no significant differences (p > 0.05) in the number of
mature pods, total pods, pod dry weight, seed weight per
plant, and seed vyield per plot between these two
cultivation methods (Table 2).

Effects of different cultivation and management on
chemical constituents of Adzuki bean seeds

Results showed that in 2013 and 2014, KS8 bean with
the OIPM cultivation produced significantly higher ash
content (5.24 and 5.70%, respectively) than the OWPM
cultivation. The OWPM cultivation method produced
higher level of carbohydrate content (59.85 and 57.23%,
respectively) than the OIPM cultivation. The mean values
for moisture, crude fat, and crude protein showed a
relative higher in OIPM, but there was no statistical
difference (Table 3).

Table 4 presents the chemical composition of the
Adzuki bean KS9 for spring 2013 and 2014, cultivated
using OIPM and OWPM methods. The OIPM cultivation
produced higher crude protein content (24.43 and
26.21% respectively in 2013 and 2014) than the OWPM
cultivation method, whereas the carbohydrate content
from beans grown using the OWPM cultivation method
(58.45 and 58.47%, respectively) was significantly higher
than from those using the OIPM cultivation. Similarity, the
mean values of moisture, ash, and crude fat content are
a relative higher in OIPM, but there shown no significant
difference between the two cultivation methods.

Effects of different cultivation and management
methods on the antioxidant capacity of Adzuki beans

Table 5 presents the antioxidant activity and composition
of the Adzuki bean KS8 for spring 2013 and 2014,
comparing the use of OIPM and OWPM cultivation
methods. The antioxidant activities by ABTS™ and DPPH
assay showed that OWPM have better effect (that is,
lower concentration of SCso) than the OIPM cultivation.
Especially by the DPPH assay, OWPM cultivation has
significantly higher antioxidant effect than OIPM in both
years. Additionally by using the OWPM cultivation
method, the total phenolic content and the flavonoid
content of Adzuki bean KS8 were significantly higher than
that for the OIPM cultivation in 2013. However, there
were no significant differences in anthocyanin content
between these two cultivation methods in 2013 and 2014.

Table 6 presents the antioxidant activity and
composition of Adzuki bean KS9 for spring 2013 and
2014, using the OIPM and OWPM cultivation methods.
The SCsg, concentrations of ABTS" and DPPH for the
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Table 1. Effects of OIPM and OWPM on yield characteristics of Adzuki bean KS8 in 2013 and 2014, spring crop™.

Treatment No. of mature pods  No. of total pods Weight of No. of seed Weight of Seed yield
(No./plant) (No./plant) dry pods (g) (No./plant) seed (g) Iplot (g/10-m?)

2013

OIPM ? 30.75% 37.60% 32.41 206.50% 24.76% 8245.10%

OWPM * 20.00° 23.70° 26.21 150.30" 18.56" 6180.48"

LSDo.05 4.05 3.60 ns 53.54 5.18 1820.2

2014

OIPM 2 16.53 17.77 15.20 109.20° 12.13 4039.30

OWPM ? 15.33 15.96 14.96 96.30 " 12.11 4032.63

LSDg.05 ns ns ns 10.63 ns ns

! Means in the same column followed by the same letter are not significantly different for LSD test P < 0.05. 20IPM: Organic with integrated pest
management. OWPM: Organic without pest management. ns: no significant difference.

Table 2. Effects of OIPM and OWPM on yield characteristics of Adzuki bean KS9 in 2013 and 2014, spring crop™.

Treatment No. of mature No. of total pods  Weight of dry No. of seed Weight of Seed yield
pods (No./plant) (No./plant) pods (g) (No./plant) seed (g) Iplot (g/10-m?)

2013

OIPM ? 21.69 26.72° 31.60 138.10° 27.63 9200.8

OWPM ? 20.40 22.51° 28.32 130.68° 25.08 8540.4

LSDo.05 ns 2.35 ns 7.23 ns ns

2014

OIPM 2 15.33 16.92 14.21 96.42° 13.43 4468.86

OWPM ? 15.42 16.13 13.32 82.42° 12.66 4285.71

LSDo.05 ns ns ns 12.05 ns ns

! Means in the same column followed by the same letter are not significantly different for LSD test P < 0.05. 20IPM: Organic with integrated pest
management. OWPM: Organic without pest management. ns: no significant difference.

Table 3. Effects of OIPM and OWPM on seed chemical composition of Adzuki bean KS8 in 2013 and 2014, spring crop™.

Treatment Moisture (%) Ash (%) Crude fat (%) Crude protein (%) Carbohydrate (%)
2013

OIPM? 12.82 5.24 2 0.77 22.77 58.33°
OWPM? 12.32 4.43° 0.70 22.36 59.85 %

LSDq g5 ns 0.61 ns ns 1.32

2014

OIPM 2 10.55 5.70% 0.95 27.21 55.58 "
OWPM 2 10.25 4.93° 0.93 26.74 57.23°
LSDo.05 ns 0.52 ns ns 1.28

\
! Means in the same column followed by the same letter are not significantly different for LSD test P < 0.05. 2 OIPM:
Organic with integrated pest management. OWPM: Organic without pest management. ns: no significant difference.

OIPM cultivation were higher than that of the OWPM
cultivation, especially by the ABTS' assay in 2014
showed a significant difference between these two
cultivation methods. The results indicated that KS9 beans

by OWPM cultivation have better antioxidant activity than
OIPM. Moreover, the antioxidant components total
phenolic and flavonoid content were significantly higher
for OWPM than the OIPM cultivation. The anthocyanin
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Table 4. Effects of OIPM and OWPM on seed chemical composition of Adzuki bean KS9 in 2013 and 2014, spring

crop™.
Treatment Moisture (%) Ash (%) Crude fat (%) Crude protein (%) Carbohydrate (%)
2013
OIPM 2 13.15 4.74 0.71 24.43°% 57.14°
OWPM 2 13.82 4.72 0.77 22.18° 58.45 2
LSDo.0s ns ns ns 1.92 1.12
2014
OIPM 2 9.55 5.62 0.86 26.21° 57.85
OWPM 2 9.69 5.30 1.04 25.59 " 58.47
LSDo.05 ns ns ns 0.57 ns

! Means in the same column followed by the same letter are not significantly different for LSD test P < 0.05. 20IPM: Organic
with integrated pest management. OWPM: Organic without pest management. ns: no significant difference.

Table 5. Effects of OIPM and OWPM on seed antioxidant capacity and composition of Adzuki bean KS8 in 2013 and 2014, spring crop™.

C+

Treatment (SCA5(?',-|—nswg/mI) (SCsoD;i:_é]/ml) Total phenolics (mg/g)  Flavonoid (mg/g)  Anthocyanin (mg/g)
2013

OIPM? 13.59 21.37° 10.94° 453° 1.86
OWPM? 13.43 18.92° 11.652 5.05% 1.84

LSDo.0s ns 2.20 0.63 0.47 ns

2014

OIPM? 17.28 45.35° 11.25 4.85 1.59
OWPM? 17.08 31.95° 11.68 4.79 1.67

LSDo.05 ns 1.23 ns ns ns

! Means in the same column followed by the same letter are not significantly different for LSD test P < 0.05. 20IPM: Organic with integrated pest
management. OWPM: Organic without pest management. % SCso: 50 % concentration of scavenging. ns: no significant difference.

Table 6. Effects of OIPM and OWPM on seed antioxidant capacity and composition of Adzuki bean KS9 in 2013 and 2014, spring

crop.
+ 3 3 Total phenolics Flavonoids Anthocyanin

Treatment ABTS " (SCso”, mg/ml)  DPPH (SCso°, mg/ml) (ma/g) (ma/g) (ma/g)
2013

OIPM? 7.77 21.12 11.60° 3.60° 1.41
OWPM 2 7.41 20.75 12.24° 3.84% 1.64
LSDo.0s ns ns 0.42 0.20 ns
2014

OIPM? 15.322 44.95 12.51 3.82° 1.36
OWPM 2 12.82° 43.86 12.60 5.48 2 1.38
LSDo.05 2.21 ns ns 0.92 ns

! Means in the same column followed by the same letter are not significantly different for LSD test P < 0.05. 20IPM: Organic with integrated
pest management. OWPM: Organic without pest management. % SCso: 50 % concentration of scavenging. ns: no significant difference.

content in KS9 beans was not significantly different (p > DISCUSSION
0.05) between the two cultivation methods in both 2013
and 2014. The present study assessed the effects of different



cultivation management, including organic cultivation with
(OIPM) and without (OWPM) pest management, on
Adzuki bean varieties KS8 and KS9 in 2013 and 2014 for
their performance in vyield characters, chemical
composition, and antioxidant capacity.

Compare the yield characteristics for the Adzuki bean
KS8 (Table 1) and KS9 (Table 2) demonstrated that there
have similar results in OIPM and OWPM cultivation. The
OIPM cultivation produced higher yield than OWPM.
Although the variation of weather between 2013 and
2014, as well as the species diversity between KS8 and
KS9 of the Adzuki beans, OIPM cultivation have better
yield performance than OWPM (Tables 1 and 2). Ma et al.
(2008) who studied the effect of pest management on
agronomic traits, vyields, pests, and disease for
organically cultivated soybeans, indicated that organic
integrated pest control management (OIPM) could
improve the vyield of organic vegetable soybeans.
Therefore, the present study results in both 2013 and
2014 have the similar finding for the two Adzuki bean
species of KS8 and KS9.

The pests and diseases of Adzuki bean included
powdery mildew, root rot, bean lizard, tawny moth, aphid
and the insects belong to Thripidae, Aleyrodidae,
Cicadellidae families in Taiwan. Due to the long-term
organic and disease-free pest management and
cultivation, the land environment has biodiversity and
achieves the control effect of pest restriction with each
other. Therefore, the pests and diseases in OWPM are
not serious enough to have a certain yield in our study. In
the area of OIPM by conventional plowing, weeding, soil
cultivar, and fertilizer management, we also used
pheromone traps of Spodoptera litura and Spodoptera
littoralis, yellow sticky paper, as well as application of
Bacillus thuringiensis to reduce the pest density.

Additionally, the leaf senescence may cause the
different of yield of Adzuki bean between 2013 and 2014.
Chou and Wu (2003) suggested that in spring, the
deciduous leaves of the Adzuki bean were lost after the
plants had attained their highest accumulation of pods. In
the 2-year test period of the Adzuki bean using OIPM
cultivation method, its deciduous leaf loss began after
flowering and leaf withering occurred earlier than under
the OWPM method. Therefore, it may be the reason that
OIPM increase more yield characteristics than OWPM
cultivation.

It is possible that the density of natural insect enemies
plays an important role in the control of pests and
diseases for the organic cultivation management. Most of
the problematic insects are parasitic insects, which are
controlled by ladybugs (including diarrheal ladybugs), that
are of considerable help in suppressing pests and their
induced diseases. Zehnder et al. (2007) demonstrated
that the use of OIPM cultivation methods for planned
arthropod pest management, without the use of chemical
pesticide, is successful in combination with insect control
using biological and mineral insecticides, including such
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methods as prophylactic/inundative and inoculation
strategies, pheromones/repellents, and crop trapping.
Biological control can also affect natural pests. Bengtsson
et al. (2005) measured the ratio of natural pests over
many years using organic farming, and showed that the
density of natural pests in fields using the OWPM
cultivation method was approximately 1.2-times higher
than in those using the OIPM cultivation method. This
increase in species richness was particularly noticeable
in the increase in predatory insects, which reduced the
number of pests by preying on them. Mohamed et al.
(2000) studied the control of wheat aphid (Diuraphis
noxia) by its natural enemies in organically grown
cultivars, with the results indicating that increased natural
insect enemies can reduce wheat production loss by
61%. Other report by Swezey et al. (2006) investigated 6
years of continuous cotton growth using the OIPM and
OWPM cultivation methods, and showed that although no
significant differences in plant growth and insect
population abundance occurred, the yield under OIPM
was higher than that under OWPM cultivation. Therefore,
the weather, species, leaf senescence, and natural insect
enemy density may influence the experiments reported
here. This study demonstrated that Adzuki bean with
OIPM cultivation achieved higher levels of yield than the
plants grown using OWPM cultivation methods.

When comparing OIPM and OWPM cultivation methods
on chemical constituents of Adzuki bean seeds, OIPM
produced significantly higher ash and crude protein
content respectively for Adzuki bean KS8 and KS9
cultivars in both 2013 and 2014. We suggested that the
cultivated species might cause the differential
performance of Adzuki bean. Moreover, the carbohydrate
composition was higher for OWPM than for OIPM in both
KS8 and KS9 of both 2013 and 2014. These findings are
similar to the report by Yang (1999) who indicated that
differing methods of cultivating peanuts changes the
chemical composition of the seeds. Itoh et al. (2004)
studied the composition of Adzuki beans, including crude
fat, crude protein, and other characteristics, and found
that these varied depending on the impact of
environmental differences. Comparison of the results for
the OIPM and OWPM cultivation methods presented here
showed significant differences in carbohydrate content,
demonstrating that the chemical composition might be
controlled by the different cultivation (Tables 3 and 4).

In this study, we also found that the antioxidant
activities analysis by ABTS" and DPPH scavenging free
radical ability were significantly higher using the OWPM
than the OIPM cultivation method of Adzuki bean. The
major antioxidant components, including the total
phenolic and flavonoid content, were higher in Adzuki
beans KS8 and KS9 grown using the OWPM cultivation
method than for those grown using the OIPM cultivation
method in spring 2013 and 2014 (Tables 5 and 6). Similar
results were reported by Fernandes et al. (2012) by
comparison the differences in antioxidant activity of



strawberries between the OIPM and OWPM cultivation
methods, and found that higher total phenolic and
anthocyanin content in strawberries grown using the
OWPM cultivation method. The possibility of the result is
the organic culture with pests and disease in Adzuki bean
may stimulate the plant to response a protective effect
against pathogens. Rivero et al. (2001) pointed out that
environmental stress would cause the plant to transmit
cellular signals, initiating biological secondary metabolites
to induce synthesis and accumulation of flavonoids, and
thus to suppress oxidation. Fukasawa-Akada et al. (1996)
also reported that plants in nutrient-rich environments
could produce phenolic compounds as a defense
mechanism against fungal, bacterial, and microbial
infestation and infection. An article showed that the use of
pesticides or biological agents caused plants to become
more susceptible to pathogens, which would lead to the
plant to produce higher levels of phenolic compounds as
a means to protect themselves (Yang, 1999). In this
study, the OWPM method of cultivation without pest
management produced higher antioxidant content than
the OIPM cultivation method. This may be because the
higher exposure to pests and diseases occurring under
the cultivation method may increase the chance of the
plants responding by inducing a protection system to
prevent pathogen attack (Fernandes et al., 2012).

Conclusions

The present study demonstrated that Adzuki bean (Vigna
angularis) varieties KS8 and KS9 were grown in the
spring of 2013 and 2014 by two organic cultivation
management systems (OIPM, OWPM), showed OIPM
cultivation achieved higher levels of yield than the plants
grown using OWPM cultivation methods. However, the
OWPM cultivation methods showed significant higher
levels in carbohydrate content than OIPM cultivation. In
addition, the OWPM method of cultivation without pest
management produced higher antioxidant content and
antioxidant activity than the OIPM cultivation. It was
suggested that the higher exposure of Adzuki bean to
pests and diseases occurring under the cultivation
method might increase the protection system, such as
the production of phenolic compounds, to prevent
pathogen attack.
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