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Study on Hot Water Immersion Treatment for Control of Meloidogyne spp.

and Pratylenchus spp. in a Ginger, Zingiber officinale
Donghun Cho, Kyonam Park, Yangho Kim, Kyung-bong Koh and Youngjin Park*

Plant Quarantine Technology Center, Animal and Plant Quarantine Agency, Gimcheon 39660, Korea

ABSTRACT: Plant parasitic nematodes, Meloidogyne and Pratylenchus spp., are mostly detected in imported bulbs and tubers including
a ginger, Zingiber officinale in Korea by quarantine inspection. However, there is little information on hot water immersion treatment
(HWIT) for control of exotic nematodes, which induce economic loss by discard or send back to exporter, in imported gingers. In here,
we determined that mortality of two plant parasitic nematodes and thermal stability of ginger. Meloidogyne and Pratylenchus spp. were
completely killed at 48°C and 49°C for 30 sec by HWIT. Thermal conduction of Z. officinale to reach a target temperature as 50 C take
10~32 min and 6~16 min for core and inner 5 mm region from surface, respectively. When ginger exposed at 51°C for 30 min, growth
of Z. officinale was not affected by heat treatment compared with control. Based on these results, HWIT at 51°C for 30 min completely
killed artificially infected juveniles of Meloidogyne spp. in Z. officinale. Therefore, this condition for HWIT will be used as fundamental
information on phytosanitory to kill two plant parasitic nematodes without damage on ginger.
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Fig. 1. Effect of hot water immersion treatment on mortality of
two quarantine nematodes, Meloidogyne and Pratylenchus spp.
Eggs of Meloidogyne spp. (A), and juveniles of Meloidogyne spp
(B) or Pratylenchus spp. (C) were exposed to different temperatures
and times in water bath. Each treatment was replicated three
times with 5 eggs or 100 juveniles per replication. Error bar
indicate standard deviation. Picture of hot water immersion
treatment of ginger in water bath (D).
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Table 1. Ninety percent of lethal mortality (LTso) on two quarantine nematodes, Meloidogyne and Pratylenchus spp., by hot water

immersion treatment at different temperatures

Temperature (C)* Nematode (stage) LTo (95% CL)" Slope = SE ¥
48 Meloidogyne spp. (egg) 25.80 (23.05-26.02) 53.51+14.70 1058.91
45 Meloidogyne spp. (juvenile) 9.36 (6.20-18.84) 3.77+£0.82 9.48
46 Pratylenchus spp. (juvenile) 3.29 (2.47-3.10) 3.14+0.18 12.59

Mortallty values were monitored at 24 h after heat treatment.

PResults on LTeo with 95% confidence limits (CL) of two quarantine nematodes by heat treatment are expressed time (min). The LTqos for
experimental treatments were calculated using the EPA Probit Analysis Program version 1.5 (U.S. Environmental Protection Agency,
Cincinnati, OH), and the differences in LTqs are considered significantly different if the confidence limits do not overlap.
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Fig. 2. Thermal conductivity between time and width of a ginger,
Zingiber officinale, by hot water immersion treatment at different
temperatures. Times to reach a target temperatures (48°C, 49°C,
50°C, and 51°C) on core region (A) and inner 5 mm of width (B)
from a surface of ginger in 52.5C of water bath. Times to reach at
51°C on core region and inner 5 mm of width from a surface of
ginger in 51°C of water bath (C). Each independent treatment
was real-time monitored by 12 channels of thermal recorder
(BTM- 4208SD, LT Lutron, Taiwan) and measured a width of
ginger by caliper (CD67-S20PM, Mitutoyo Corp, Tokyo, Japan).



Table 2. Regression equations predicting the time required to
approach a target temperature by ginger’s thickness in water
bath at 52.5C

Target Inner region of ginger (R2 value)®
temperature

(C) Core Inner 5Smm

48 Y=2.3321¢""" Y=1.8524¢""
(0.9558) (0.7965)

19 Y=2.6019¢""* Y=2.1488¢"""
(0.9502) (0.8408)

s Y=2.0994"050x V=2 5468e"%40%
(0.9488) (0.8608)

st Y=3.4874¢"" Y=3.0244¢"™
(0.9528) (0.9051)

5 Y=3.5811¢""" Y=3.5378¢""
(0.9530) (0.9713)

%Y is time taken to each target temperature and X is the thickness
of ginger.
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Fig. 3. Growth of a ginger, Zingiber officinale, after hot water
immersion treatmentin 51°C for 30 min. whole plant of 3 months-
cultured ginger after hot water immersion treatment (A). Growth
comparison with different heat treatment duration in 51C (B).
Growth was measured by three parts as root, stem, and leaf of a
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Fig. 4. Mortality of hot water immersion treatment on artificially
infected juveniles of Meloidogynespp.in a ginger, Zingiber officinale.
Nematodes were located in core and inner 5mm region from
surface of ginger and genger was exposed at 51°C for 30 min in
water bath. Each treatment was replicated five times with 100
juveniles per replication. Error bar indicate standard deviation.
Different letter above standard deviation bars indicate significant
difference among means at Type | error=0.05 (LSD test).
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