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Research and Development for Commercial Production of Entomopathogenic

Nematodes

Abstract

Chemical pesticides have been the practical method used by farmers for many decades,
but their side-effects on non-target organisms, groundwater contamination, residues on food crops
and the development of insect resistance to chemicals have forced both the government and
industrial sectors to focus on the development of alternative control measures. Alternatives,
including entomopathogenic nematode, characterized by their mutualistic relationship with
Xenorhabdus bacteria have been sought. Steinernema carpocapsae, the high potential insect
nematode has emerged as an excellent candidate for biological control of insect pests. Attributes
making the nematode ideal biological insecticide include its broad host ranges, high virulence,
safety for non-target organism and high efficacy for controlling insect pests in favourable
habitats.

The research on the use of entomopathogenic nematode for controlling insect pests in
Thailand has begun since 1986. The field trials were firstly conducted in Chantaburi province to
determine the effectiveness of Steinernema carpocapsae against bark-eating caterpillars, Cossus
sp. (Lepidoptera : Cossidae) and Microchlora sp. (Lepidoptera : Pyralidae), the serious insect
pests of Longkong (Lansium  domesticum). Nematode suspension was sprayed at the
concentration of 2000 nematodes/ml. along the stems and twigs of longkong tree in the evening,
and 80% mortality of bark-eating caterpillars were found after the application for 24 hours. The
nematodes used were cultured In Vivo by using the cotton bollworm (Heliothis armigera). The
cost of producing nematode suspension by insect host was rather high about 36 baht for 4 x 10°
nematodes.

In 1988, as a result of the first success in the efficacy field trials, the research on
production technology of large quantities of the insect nematode S. carpocapsae by using
artificial media received much attention and was strongly supported by the Department of
Agriculture. Mass production by semi-solid artificial medium was successfully developed and
later on the technologies have been adopted by a number of commercial companies which could
produce nematode at a cost of 30 - 40 baht per 1 sachet of 4 million nematodes. Anyway, there

were some limitations in the potential production of large quantities of insect nematode, either



by semi—solid medium or /n Vivo process which needs more labor and capital in order to get
success.

During 1991 — 1993 the further field trials were conducted successfully for controlling
striped flea beetle Phyllotreta sinuata (Coleoptera : Chrysomellidae), sweet potato weevil Cylas
Jformicarius (Coleoptera : Curculionidae) and beet armyworm Spodoptera exigua (Lepidoptera :
Noctuidae) which are the important pests of chinese radish, sweet potato and marigold
respectively. In comparison with chemical insecticides the application of the nematode-based
product was limited only for the high value crops because of its high cost.

In November 1995, the project of research and development on the fermentation
technology for commercial production of entomopathogenic nematode was established under the
support from The Thailand Research Fund (TRF).

The suitable liquid medium and key factors necessary for development and reproduction
of S. carpocapsae were found. In approximately 2 weeks product yields as high as 300,000
nematodes (Infective Juveniles) per milliliter in shake flasks and yields of 400,000 nematodes per
milliliter in fermentors were obtained. The equipments used for settling the nematode and
filtration processes to clean and to separate the nematode from the culturing medium were
developed. Powder formulation of the insect nematode utilizing attapulgite clay as carrier packed
in a sealed polyethylene bag covered with aluminium foil, which is proved to be the
recommended storage condition suitable for maintaining the high virulence and high percentage
of nematode survival for one year, had been carried out. The liquid production process can
reduce more than 60% of capital cost compared to the semi-solid media production processes.

Recently, this production technology was already adopted by the private company,
Uniseed Co.,Ltd. which signed contact with Department of Agriculture and The Thailand
Research Fund for the support on establishments of a pilot plant producing the nematodes
commercially 8,000 sachets (4 x 10° nematodes per sachet) per month which so far are the largest
number of nematode production. The increasing capacity of production will be planned in the
coming year (year 2000). These efforts have led to a successful introduction of the nematode-
based product into the local markets which plays an important role as one of biopesticides to
substitute the imported chemical insecticides and to be used as alternatives for insect pest control
measures which can save the quality of farmer’s lives. Therefore, this technological advancement
in the nematode production process will be beneficial to the country’s agricultural environment

and economic.
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Table 1.

Yield and culturing periods of Steinernema carpocapsae in the different medium

formulae (average from 10 replications).

Recipes No.of nemas.(IJ)/ml. | Culturing periods (days)
A. 35,722 14
B. 181,000 9
C. 303 8
D. 2,000 12
E. 74,600 10
F. 181,000 16
G. 155,000 23
H. 17,700 17
1. 18,500 21




Table 2. Effect of protein and carbohydrate sources in liquid culture (Tsb) on the

production of Steinernema carpocapsae in 9 culturing days.

Treatments Yield of nematodes/ml.

(Levels of protein and carbohydrate sources)

1. 0.75% 207,600
2. 1.5% 189,800
3. 2.25% 175,200
4. 3% 182,000
CV. (%) 11.03
Table 3. Effect of vitamin and mineral sources in liquid culture (Tsb) on the production of

Steinernema carpocapsae in 9 culturing days.

Treatments Yield of nematodes/ml.

(Levels of vitamin and mineral sources)

1. 0.5% 209,400 a
2. 0.25% 166,200 b
3. 0.125% 158,400 c
4. 0% 29,000 d
CV. (%) 10.08

In a column means followed by a common letter are not significantly different at the 5% by

DMRT.



Table 4. Effect of lipid source in liquid culture (Tsb) on the production of Steinernema

carpocapsae in 9 culturing days.

Treatments Yield of nematodes/ml.

(Levels of lipid source)

1. 02% 134,000 a
2. 0.33% 94,200 b
3. 0.5% 40,600 c
4. 0.66% 15,800 cd
5. 0.83% 460 d
CV. (%) 46.55

In a column means followed by a common letter are not significantly different at the 5% by

DMRT.

Table 5. Effect of emulsifier source in liquid culture (Tsb) on the production of Steinernema

carpocapsae in 9 culturing days.

Treatments Yield of nematodes/ml.

(Levels of emulsifier source)

1. 6.6% 270,600 a
2. 10% 172,000 b
3. 13.3% 127,800 b
4. 16.7% 166,000 b
CV. (%) 26.21

In a column means followed by a common letter are not significantly different at the 5% by

DMRT.
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Table 1. Effect of bacterial cell Xenorhabdus nematophilus on development of

Steinernema carpocapsae in liquid culture.

Treatments Yield of nematodes/ml.
bacteria and nematode in liquid medium (9 days)
1. culturing bact. 24 hr. prior nema. inoculation 166,140 a
2. nema. and bact. cultured at the same time 131,213 b
3. 24 hr. cultured bact. was filtered prior inoculation of nema. 5,646 c
4. nema. culturing alone without bact. inoculation 5,086 c
CV. (%) 20.40

In a column means followed by a common letter are not significantly different at the 5% level by

DMRT.

Table 2. Effect of bacterial inoculum sizes on liquid culture production of Steinernema

carpocapsae.

Treatments Yield of nematodes/ml.
Inoculum sizes of X. nematophilus (cells/ml.) (9 days)

1. 3x10’ 81,200 ¢
2. 3x10° 99,800  be
3. 3x10 109,000  ab
4. 3x10" 128,800  a
CV. (%) 14.21

In a column means followed by a common letter are not significantly different at the 5% level by

DMRT.
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Table 1. Average yield of nematodes Steinernema carpocapsae per ml. cultured in 125

ml. shake flask for 10 days at different combinations of quantity levels of liquid

media and nematode inoculum sizes.

Liquid medium Levels of nematode inoculum sizes (nemas./ml.) (B)

(ml./flask) (A) 1,000 2,000 3,000 4,000 A Mean "
15 266,775 a(a) 250,108 a(a) 267,764 a(a) 158,333 a(b) 235,745 A
20 215,250 b(a) 207,566 b(a) 216,216 b(a) 153,000 a(b) 198,008 B
25 176,400 c(ab) 196,266 bc(a) 171,850 c(b) 157,599 a(b) 175,529 C
30 131,383 d(b) 175,000 c(a) 162,550 c(a) 118,300 b(b) 146,808 D

B Mean 157,452 A 207,235 A 204,595 A 146,808 B 189,022
CV. = 6.9%

In a column, means followed by a common letter are not significantly different at the 5% level by

DMRT.

In a row, means followed by a common letter in a bracket ( ) are not significantly different at 5%

level by DMRT.

1/ Means factor A, B, followed by a common capital letter are not significantly different at the

5% level by LSD (LSD 0.05 A, B =21789.9 nemas./ml).
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Table 1. Average yield of nematodes Steinernema carpocapsae per ml. cultured in liquid
medium for 10 days at different combinations of bacterial and nematode

inoculum sizes.

Bacterial inoculum sizes Nematode inoculum sizes (nemas./ml.) (A) Mean
(cells/15 ml.) (A) 1,000 2,000 3,000 4,000
10’ 181,120 ¢ 190,460 b 193,000 a 116,800 c 170,345
10° 200,060 ¢ 210,280 ab 204,640 a 163,800 b 194,695
10° 221,330 b 215,820 a 207,840 a 188,300 a 208,322
10" 308,800 a 224,520 a 203,960 a 200,840 a 234,530
B Mean 227,827 210,270 202,360 167,435 201,973
Cv = 79%
Table 2. Average yield of nematodes Steinernema carpocapsae per ml. cultured in liquid

medium for 10 days at different combinations of nematode and bacterial

inoculum sizes.

Nematode inoculum sizes Bacterial inoculum sizes (cells/15 ml.) (B) Mean
(nemas./ml.) (B) 10’ 10° 10’ 10"

1,000 181,120 a 200,060 a 221,330 a 308,800 a 227,827

2,000 190,460 a 210,280 a 215,820 a 224,520 b 210,270

3,000 193,000 a 204,640 a 207,840 ab 203,960 b 202,360

4,000 116,800 b 163,800 b 188,300 b 200,840 b 167,435

A Mean 170,345 194,695 208,322 234,530 201,973

CV = 79%

In the table 1 — 2 , means followed by a common letter in the same column are not significantly

different at the 5% level by DMRT.
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Figure 1. Effect of the interaction between the bacterial and nematode inoculum sizes on the

yield of nematodes Steinernema carpocapsae cultured in liquid medium for 10 days.



