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Introduction

Gastrodia elata BI. is a perennial herbaceous heterotrophic plant of the genus Gastrodia in the
Orchidaceae, known as Chijian, Tianma, Dingfengcao, etc. in Chinese. Under natural conditions,
the germination of seeds of Gastrodia elata requires the participation of germination bacteria, and
the growth of bulbs depends on the assimilation of Armillaria invading into the bulb to obtain
nutrition. The nutrient source of Gastrodia elata is not the soil, but a section of wood or branches
and leaves, but its field cultivation is inseparable from the soil. Gastrodia elata bulbs have high
medicinal and health value, and rice hemp, white hemp (can be used as asexual seed) and arrow
hemp (commercial hemp) are different growth and development stages of Gastrodia elata [2 , 3].

With the gradual increase in the demand for Gastrodia elata in domestic and foreign
markets, and the daily increase in the market price, farmers in mountainous areas in Yichang City
(Hubei Province) are gradually increasing their enthusiasm for planting Gastrodia elata. During the
survey, the author found a new pest harmful to Gastrodia elata - Azpeytia shirakii Hurkmans,
which in the local area damaged more than 60%. Azpeytia shirakii belongs to the Syrphidae, first
recorded in Japan [5].

In 2007, Korean scholars discovered this species in South Korea and made a supplementary
description of its adult morphology [6]. According to reports, Azpeytia shirakii can harm the
rhizomes of the herbaceous heterotrophic plant Gastrodia elata in Japan [7] (actually bulbs [8]).
This species was first discovered in Yichang in China, and it is a new underground pest of
Gastrodia elata production in China. In order to formulate technical measures to control effectively
the pest and protect the safe production of Gastrodia elata and the economic benefits to hemp
farmers, the author investigated and studied the hazard characteristics, population density, and
damage to Gastrodia elata in continuous- and discontinuous-cropping cultivation. The results are
reported below.

1 Materials and methods

1.1 Test site

The test sites were located in the villages of Angiaohe (1000 m above sea level), Sancha (1100 m)
and Dashuitian (1200 m), Dengcun township, Shuiyuesi town, Yichang city, Hubei Province. The
management of Gastrodia elata plantings is relatively consistent.

1.2 Test method

1. 2. 1 Field investigations were conducted on the damage to Gastrodia elata in Angiache Village,
Shuiyuesi Town, Sancha Village, Zhangcunping Forest Farm, and Dashuitian Village, Dengcun
Township. We dug up infested gastrodia bulbs and examined the surface for infestation features.
Then the injured corm was dissected in cross-section and longitudinal section, and the internal
injuries checked and photographed.



1. 2. 2 Surveys of insect population density were carried out in three Gastrodia elata plantings in
Angiaohe Village, Shuiyuesi Town, Sancha Village, Zhangcunping Forest Farm, and Dashuitian
Village, Dengcun Township in March, September and late November 2006 respectively. To
investigate insect population density, we randomly selected 10 survey points in each village,
excavated Gastrodia elata and soil in 1-m2 hemp cellars at each point, and recorded in detail the
state and population density of the bulbs.

1. 2. 3 Investigation of Gastrodia elata damage in continuous- and discontinuous-cropping hemp
pits. In 2006, surveys were conducted on the damage to Gastrodia elata in continuous-cropping and
discontinuous-cropping hemp pits in the above three plantings. In each village we selected 5 points,
sampling about 1 m2 of hemp pits each time, and recording the damage in detail.

1. 2. 4 Investigation of Gastrodia elata damage in different growth and development stages In
November 2007, when Gastrodia elata was harvested, the damage in Dashuitian Village, Dengcun
Township was investigated. The survey area was about 1000 m2, and the damage of all bulbs in
different growth and development stages was recorded in detail. We recognised the arrow hemp that
had lost its commodity value due to the harm of the hoverfly larva, and the white rice hemp that
could be used as seeds, and calculated the percentage of damage to commercial hemp and seed
hemp respectively.

1. 3 Data processing

Analysis of variance (ANOVA) was performed using SPSS software (SPSS Inc., Chicago, Illinois,
U.S.A.), and Duncan's multiple comparisons were performed on the mean, with a significance level
of p <0.01.

2 Results and analysis

2. 1 Damage characteristics
Gastrodia elata bulbs are harmed by Azpeytia larvae in the soil. Larvae mostly choose to enter at
the young growth points of the bulbs or the new hemp parts. According to the on-site dissections in
Sancha Village, Zhangcunping Forest Farm, among all the Gastrodia elata surveyed in 5 plots with
continuous cropping and 5 plots with discontinuous cropping, the proportion of bulbs with a single
boring accounted for 29.67%; with two borings 1.27%; and three borings 0.81%. Among the
injured bulbs, single canals accounted for 93.45%; two canals 3.99%; and three canals 2.56%;
among all the damaged bulbs, there was one larva in 60.12%, while 39. 88% had no larvae.

An independent-samples t test for the differences in the proportions of 1, 2, and 3 borers and
the proportion of victims between discontinuous and continuous cropping showed there were some
significant differences in the proportions (Table 1).

[ Table 1: Investigation and analysis table of hazard characteristics of Gastrodia elata

Type / Proportion with no borer (%) / Proportion with 1 borer (%) / Proportion with 2 borers (%) /
Proportion with 3 borers (%) / Proportion of Gastrodia elata damaged (%)

Discontinuous cropping

Continuous cropping ]

The boreholes are irregular and twisted, and the diameter increases with the age and food intake of
the larvae. In November, during the harvest season of Gastrodia elata, damaged bulbs were
dissected and the diameter of the cavity was found to be 5-8 mm. Among the damaged bulbs, most
had obvious insects on the surface, some were hollowed out, and some were rotted due to the
damage induced by the hoverfly larva, and had completely lost their commercial value (Figure 1).



[ Figure 1: Damage characteristics of the Azpeytia larva. a. Cavities on the surface of Gastrodia
elata bulbs; b. Cross-section of the injured bulb; c. Longitudinal section of injured bulbs; d.
Damaged bulbs begin to rot ]

2.2 Damage rate and bulb density in continuous- and discontinuous-cropping hemp pits

Field surveys found that the larvae had pupated and overwintered nearby in March and late
November. In September, during a field survey at the planting base in Sancha Village,
Zhangcunping Forest Farm, larvae were found harming the bulbs (mainly arrowhead, but also white
rice). Among 10 randomly selected plots (5 plots each of discontinuous and continuous cropping),
there were 197 bulbs (including arrowroot and white rice) and 41 larvae in an average plot (1 m?
hemp cellar). A t-test was used to test the damage rates and densities in the three villages in
discontinuous and continuous cropping respectively, and there were extremely significant
differences (p < 0. 01) (Table 2).

[ Table 2: Comparison of damage rate and bulb density between discontinuous and continuous
cropping

Type / Angiaohe Village, Shuiyuesi Town / Sancha Village, Zhangcunping Forest Farm /
Dashuitian Village, Dengcun Township

Hazard rate / Insect population density / (repeated)

Discontinuous cropping

Continuous cropping ]

Through the investigation and analysis of the damage to Gastrodia elata in continuous- and
discontinuous-cropping cellars of planting bases, the damage rate in discontinuous-cropping cellars
is obviously lower than that in continuous-cropping cellars. In discontinuous-cropping hemp cellars,
the damage rate was about 20%, and in continuous-cropping hemp cellars of two and three crops,
the damage rate was more than 50% (Figure 2), and some areas almost failed to harvest any.
Analysis of variance showed that there was a very significant difference between the two (p < 0.01).

By comparing the damage rate and the syrphid density differences in the three villages, there
is a significant difference in the damage rate of the uncropped hemp cellar in Angiaohe Village,
Shuiyuesi Town, and the other two villages. There were significant differences in insect density
between continuous- and discontinuous-cropping hemp pits and the other two villages; there were
no other differences (Table 3, Figure 3).

[ Table 3: Comparison of the damage rate of Gastrodia elata and the density of Azpeytia.
Different villages / Hazard rate (%) / Insect density (per m?)

discontinuous / continuous / discontinuous / continuous cropping

Angiaohe Village, Shuiyuesi Town

Sancha Village, Zhangcunping Forest Farm

Dashuitian Village, Dengcun Township ]

[ Figure 2: Continuous (open bars) and discontinuous cropping (shaded bars) in three survey sites
Damage rate (y-axis, %) of Gastrodia elata bulbs in continuous-cropping hemp cellars in the three
different survey sites (x-axis: Angiaohe, Sancha, Dashuitian)

Note: "**" means there is a very significant difference between the two [open vs shaded]. ]

[ Figure 3: Comparison of the damage rate (upper) and population density (lower) in three survey
sites (x-axis)

Note: The uppercase letters indicate the difference in the damage rate / insect density between
continuous- (black bars) and discontinuous-cropping (white bars) hemp pits; lowercase letters
indicate differences among the three villages. Having the same letter means no difference, while
different letters means significant differences]



[ Figure 4: Damage rate of Gastrodia elata bulbs in different growth and developmental stages ]

2.3 Damage rate of Gastrodia elata bulbs in different growth and development stages

In November 2007, when bulbs were being harvested in Dashuitian, in a discontinuous-cropping
hemp cellar of about 1000 m?, the total output of arrow hemp (commercial hemp) was 3400 kg, of
which 785 kg was damaged by Azpeytia and the commodity value was lost; the total output of white
hemp and rice hemp (seed hemp) was 918 kg, of which 96 kg could not be used as seed hemp due
to the hoverfly damage (Figure 4). According to 2007 prices, the direct economic loss is as high as
more than 20,000 yuan. The analysis of variance showed that there was no significant difference in
the damage rates of different growth and developmental stages of the bulbs.

3 Discussion

There are few herbivorous species in the Syrphidae [9,10], but they are more harmful, such as
Eumerus strigatus, Eumerus tuberculatus and Merodon equestris. The larvae harm narcissus and
have caused serious damage to the narcissus industry in Europe [11]. The results of this
investigation show that the larvae of the Azpeytia hoverfly like to enter at the young or new growth
point of the Gastrodia elata corm or newborn hemp, and the borers can be clearly observed on the
surface of the damaged plants. On-site dissection (cross-cutting and longitudinally cutting of the
corm) found that in the corm there is generally one borer channel in the damaged white and rice
hemp, and 1 to 3 borer channels in the injured arrow plant; the bore diameter reaches 5-8 mm. The
population density per m2 can reach 38-50. There was no significant difference in the damage rate
of Gastrodia elata bulbs in different growth and development stages. There was a very significant
difference (p < 0. 01) between the damage rates in continuous-cropping and discontinuous-cropping
hemp pits, which may be because the adults have an obvious tropism to immature manure and
decayed organic matter. Gravid females usually choose to lay eggs on moist rotten organic matter
nearby about 1 cm away in the soil layer or in soil crevices, or on the underside of leaves near the
ground. The environmental conditions of continuous-cropping cellars are better than those of
discontinuous-cropping cellars (usually raw wasteland or secondary wasteland) at attracting and
satisfying the conditions for oviposition on Gastrodia elata: the specific stimuli need to be
confirmed by further research.

Due to the large densities of Azpeytia and the great harm it does, and the fact that the harm
mainly occurs underground, it is recommended to take the following control measures: (1) fumigate
and disinfect the soil in the hemp cellar; (2) try not to use continuous cropping or continuous-
cropping hemp pits, otherwise the hemp pits and soil must be strictly fumigated to kill larvae or
pupae in the soil; (3) bulbs that have been harmed should be destroyed in a centralized manner, and
not thrown away to prevent larvae or pupae from continuing to use them; (4) mixing pesticides with
the soil at the time of sowing for prevention and control, and 1:1 powder of chamaejasma (Stellera
chamaejasme: Thymelaeaceae) and herba chinensis (Lobelia chinensis?) can be used as insecticides
[1]; (5) winter and spring (November Until April of the next year). The pupae of Azpeytia has the
habit of crawling out of the soil surface to keep warm[?], and these can be manually captured and
destroyed in a concentrated manner in combination with management measures.
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