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An Edible Alginate Microcapsulation of Entomopathogenic Nematode,
Steinernema carpocapsae

Yonggyun Kim* Seunghwa Lee, Yongman Yu' and Sangchan Han

School of Bioresource Sciences, Andong National University, Andong, Republic of Korea
!Center Research Institute, Kyung-Nong Corporation, Kyungju, Republic of Korea

ABSTRACT : Field application of the entomopathogenic nematode, Steinernema carpocapsae, is lim-
ited by its susceptibility to UV irradiation and desiccation especially at leaf spray control. This study
was conducted to develop the control technique using alginate biocapsulation of the nematodes against
the beet armyworm, Spodoptera exigua and the tobacco cutworm, Sp. litura that are normally infesting
hosts above ground level. The alginate capsules including infective juveniles gave significant feeding
toxicities to the larvae of the two lepidopteran species. The lethality followed a typical sigmoid dose-
mortality pattern with increase of the nematode densities embedded in the capsules. Moisture content
in the capsule was critical to the survival of the infective juveniles. More than 80% nematodes could
survive above 10% moisture content remained in the capsule. Remaining moisture content within the
capsule was dependent on relative humidity, ambient temperature, and capsule size, but not on citric
acid reaction time during capsule formation. More than 80% of infective juveniles in the alginate cap-
sules could survive in distilled water at 15°C for 60 days. When these nematode capsules containing
welsh onion extract as another phagostimulant were applied on the 3rd instar larvae of Sp. exigua
infesting peanut plants, they resulted in about 90% control efficacy. These results indicate that the algi-
nate capsulation can be used for leaf-spray agent of the entomopathogenic nematodes as well as for
improved storage purpose.

KEY WORDS : Entomopathogenic nematode, Microcapsulation, Alginate, Beet armyworm, Tobacco
cutworm
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Fig. 1. X-shaped bioassay apparatus used for assessing feeding
orientation behavior of Spodoptera exigua larvae.
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Fig. 2. Edible alginate capsules (240 mg) containing infective
juveniles (IJs) of the entomopathogenic nematode, Steinernema
carpocapsae, and their insecticidal activities on the beet armyworm
(BAW), Spodotera exigua, and the tobacco cutworm (TCW), Sp.
litura. Each mortality measurement consisted of 30 larvae, which
were assessed at 48h after | day feeding treatment.
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Fig. 3. Relationship between moisture content in alginate capsule
and survival of infective juveniles (IJs) of the entomopathogenic
nematode, Steinernema carpocapsae in the capsule. Each mea-
surement was made by counting more than 100 1Js. Different sizes
(50-500 mg) of the capsules were prepared and exposed to a dry
condition (25°C and 65% relative humidity) for 12 h. Moisture
content was measured by {(the capsule weight just after the treat-
ment—the capsule weight after complete dry in oven at 80°C for 6
h) = the capsule weight just after the treatment} x 100.

Table 1. Effect of citric acid reaction time during alginate capsule
formulation on the water retention capacity of the gel

Exposure time Reaction time (min) Moisture content

(min) at citric acid Mean =+ SD (%)!
3 51.35+3.70a%
60 10 50.9541.98a
20 51.60+0.31a
3 33.07+3.67a
90 10 33.07%3.70a
20 3395+2.82a
3 18.47+3.55a
120 10 17.28+£1.87a
20 17.79+2.75a
3 7.69+3.11a
150 10 6.73+1.48a
20 6.49+1.44a

IMeasured after exposure at 25°C and 40% RH.
2Means followed by the same letter in each exposure time are not signi-
ficantly different at o.=0.05 (LSD test).
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Fig. 4. Effect of three physical parameters on moisture content of
the alginate capsule: (A) capsule size at 25°C and 80% relative
humidity, (B) relative humidity at 25°C and 340 mg capsule size,
and (C) ambient temperature at 35% relative humidity and 340 mg
capsule size. Each measurement consisted of 5 replications. Dif-
ferent letters above mean bars in each parameter experiment were
signficantly different at o.=0.05 (LSD test).
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Fig. 5. Nematode storage capacity of the alginate capsule. Each
capsule contained more than 100 infective juveniles of the ento-
mopathogenic nematode, Steinernema carpocapsae. The capsules
were kept in distilled water at 15°C. Each nematode survival was
measured with three replications.

Table 2. Feeding orientation responses of the 3rd instar larvae of
Spodoprera exigua on different host extracts assessed by X-shaped
behavior assay

3 3 1
Source of extracts Orientation responses (%)

Mean=SD
Welsh onion 54.7+9.1a2
Oriental cabbage 2434+1.3b
Spinach 2.840.5¢
Ethyl ether (extracting solvent) 1.34+0.5¢

'Measured by 50 larvae with 6 replications. No behavioral response that
did not show any orientation was recorded as 13.7+4.9%.

2Means followed by different letters are significantly different at o.=0.05
(L.SD test).
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Table 3. Control efficacy of alginate capsules containing infective juveniles (IJs) of the entomopathogenic nematode, Steinernema carpo-
capsae on the third instar larvae of Spodoptera exigua infesting peanut plants!

Survival (%) Control efficacy (%)
Number of Density of Mean+SD Mean+SD
alginate capsules? S. exigua larvae/plant
96h 48h 96h
0 100 57.0%2.0a° 51.0x2.0a - -

10 100 33.0+3.6b 23.7£5.7b 70.8 53.6

20 100 26.7+1.5¢ 18.0t4.4c 53.2 64.7

40 100 16.6+1.5d 8.0+2.0d 70.8 84.3

80 100 16.6+1.5d 5.3+0.6d 70.8 89.6

'Randomized block design with 3 replications.
220 1Js per capsule (340 mg).

3Means followed by different letters at each column were significantly different at oc=0.05 (LSD test).
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