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Abstract: The current situation and main disaster of Holcocerus hippophaecolu in China are briefly discussed. It is point out that the control of H. hippophaecolus should pay attention to the regulation and control of the local seabuckthorn forest ecosystem and pursue the maximization of the comprehensive benefit of forest from the point of view theory of ecology regulation and controls and idea of forest health. Integrated management of H. hippophaecolus should include: (1) Develop practical technologies of sex attractant and harmonious pesticides. (2) Protect and apply natural enemies. (3) Breed insect-resistant and drought-resistant species. (4) Change forest management models of seabuckthorn and so on.
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Seabuckthorn (Hippophae rhamnoidea L.), one kind of shrub or sub-arbor tree with orange or yellow berries, belong to Hippophae genus of Elaeagnaceae family, commonly, the trunk is about 2m, and the most height can arrive in 10m. Seabuckthorn are of the characteristics of arid-resistant, cold-tolerant, barren-enduring, light-degree salt tolerant, and it are of strong ability of fixing nitrogen and tillering and sprouting, and dense shrub and well developed root system, and it can rapidly improve adverse ecological environment through effectively conserving and improving soil and promoting the growth of other plants.

China is a country of the largest area, the most species and sub-species in natural seabuckthorn resources distribution and the most effective in the construction of plantation in the whole world. Seabuckthorn is one of the best potential and future species used on a large scale to control desertification, to conserve land and water resources particularly in northern China. In addition, it is an economy plant with higher comprehensive development value, and it has become an important biology source in the development of regional economy and protection of bio-diversity in China. So, Seabuckthorn plays a great significant role in China’s eco-environment construction and economic development.

However, in recent years, Seabuckthorn carpenterworm has broken out in Inner Mongolia Autonomous region, Ningxia Hui Autonomous region, Shaanxi, Shanxi, Liaoning, Hebei and Gansu provinces in China, and the damage area amount over 2 million Mu and about 1 million Mu has withered totally. It caused a great economic loss in the industry of seabuckthorn of China for the damage step-up severity.

The seabuckthorn carpenterworm, Holcocerus hippophaecolus Hua, Chou , Fang et Chen belongs to Lepidoptera order, Cossidae family, Holcocerus genus, and mainly cause damage to stems and roots of seabuckthorn during larvae stage. The most of newly hatched larvae mainly harm the phloem of the stem and cause the epidermis to wither, and only a few bore the xylem. The larvae transferred from the stem to the root before winter and cause the whole tree to wither for most roots were bored to be hollow。The windbreak of seabuckthorn was found in Liaoning for seabuckthorn carpenterworm severely infesting in rootstock, and the sunburn easily happened for the water transportation of seabuckthorn affected in Inner Mongolia autonomous. In addition, large scale withered seabuckthorn can be seen everywhere in Ningxia Hui Autonomous.

In order to control effectively seabuckthorn carpenterworm to damage in a large scale and establish a whole technology system of Integrated Management, since 2001, bio-ecological characteristics, disaster reason and forest management etc. were researched detailedly, and the results showed as follows:

1   Bio-ecological characteristics

1.1、Biological characteristics

In Liaoning, a generation of H. hippophaecolus lasted four years, and mature larvae leave roots to pupate under the ground in the first and middle decade of May, and pupa stage is 26 to 37 d. The moths emerge from the end of May to the early of September wiht two peaks of eclosion, and the first time is in the middle decade of June and the second in the last decade of July. Newly-hatched larvae emerge in the early of June and overwinter in the last decade of October. 

Female moths always lay eggs to the crevice and wound in stem bark, and only few on the branches. The height of egg has some difference for the growth of seabuckthorn tree in different regions. 90 percent of eggs are laid under the 1.6m height. Egg hatching can be seen at day and night, but is mainly in the afternoon and the percentage of egg hatching is over 90. Egg stage is from 7 to 30 d and 16 d averagely.

The larvae have the habit of aggregation with several to hundreds to cause damage to seabuckthorn, Usually, the newly-hatched larvae mainly bored the phloem of stem and cause the epidermis of seabuckthorn to become wither, only a few bored the xylems, the larvae that newly-hatched transferred from the stems to the roots before the winter of the same year and cause seabuckthorn to die through boring the roots. The mature larvae pupate in soil around the base of stem with the depth of 10 cm; pupa stage is from 26 to 37 d with average of 31 d, the moth emergence occurs in 4:00-7:00 p.m., and copulation peak appears around 9:30 p.m. The sex ratio of female to male is 1:0.85 in Inner Mongolia Autonomous region and 0.912:1 in Liaoning, the female may laid eggs through all day and night, especially in the next night between 8:30 to 10:00 p.m. after copulation. The longevity of male moth is 2-8 d and female moth is 3-8 d. H. hippophaecolus overwintered with larvae in the stems and roots of seabuckthorn, the overwintering stages and location were not influenced by the direction of slope and the degree of damage in different woodlands.

1.2 Ecological characteristics

1.2.1 Spatial distribution

The spatial distribution of H. hippophaecolus pupa, egg and larva were aggregated distribution pattern entirely. By comparison of five sampling methods, we can reach that the chessboard sampling was ideal sampling method for the larva.

1.2.2 Developmental threshold temperature(C) and effective accumulative temperature (K) 

The values of C and K of the carpenterworm pupae are 12°C and 295.2day-degrees at constant temperatures, and 15 °C and 202.4day-degrees at variable temperatures. However, the values of C and K of the eggs at variable temperatures are 16.7°C and 101.5day-degrees.

1.2.3 Different instars of the larva

The seabuckthorn carpenterworm larvae were identified to be of sixteen instars through measuring the width of head, the length and width of body and oral hooks, the head width of different instars accord with the growth regularity of larvae head width that was found by Dyar. In addition, the relation of the number of crochets in caudal legs, the length of prothorax lateral seta and the size of abdominal legs were studied in different instars larvae, the results showed that the number of caudal leg crochets have not obviously regularity in different instars and it can not be used to identify the instars of larvae, but other indexes have very obvious linear regression relationship with it, so, it can be estimated that those indexes can be used to identify the different instars of seabuckthorn carpenterworm larvae.

1.3 Artificial rearing

Three kinds of artificial diet, A, B and C were developed to rear Holcocerus hippophaecolus. Diet A contains water, maize powder, bean powder, cane sugar, agaragar, leaven, potassium sorbale, Methylp hydroxybenzoat. Diet B contains water, maize powder, bean powder, agaragar, leaven, Vitamin-C, sodium benzoate. Diet C contains bean powder, seabukthorn powder, cane sugar, agaragar, leaven, Vitamin-C, mixed antiseptic solution, inorganic salt. Because easily being stained, Diet B was given up after 12 weeks. The result shows that the weight of the larvae feeding on diet A and C can maintain increasing, and average increased weight of larvae feeding on diet A increases by 60% than that on diet C in early period of rearing. The pupation rate of A is 83.3%, C is 66.7%.  The emergence rate of A is 30%, C is 16.7%. Pupating in sand soil plays important role during rearing process.

2   The exploitation and application technology of sex attraction
2.1 Sex attraction and crude extracts
The results were showed that: The total number of males trapped by a virgin female moth is from 15 to 107 moths and 67 moths averagely, and the number of males trapped by one and two-day-old virgin female are 40% and 25.5%, respectively, and 94.2% of males were trapped from 20:00 to 00:00 daily. The male can be trapped in the distance of 30m to 1000m, and five males were caught at 1000m, that showed that the trapping radius of a virgin female moth is more than 1000m. Glands of thirty virgin female moths calling were extracted to trap male moths in the field, the results showed that 7 and 6 and 4 moths were trapped in three traps respectively, and zero in the comparison, so, the exist and situation of sex pheromone of virgin female were approved. However female moths copulated were placed to the seabuckthorn woodland, and no moths were trapped in traps until they all died, so, we can draw a conclusion that mated female moth have no trapping ability.

2.2 Extraction and measurement of sex pheromone 
Four effective compounds in the female sex pheromone gland extracts of H. hippophaecolus, were identified by means of thin-layer chromatography (TLC), EAG, GC, and GC-MS. On the base of having analyzed sex pheromone of H. hippophaecolus females, 10 compounds were synthesized artificially and compounded to be many compounds to experimentalize in field. Presently, 4 compounds had been confirmed to be head components of H. hippophaecolus female basically, and solvent and antioxidant required were made certain too. Until now, the most effective component can last for 17d and 47 males can be attracted in 7d in one trap, the trapping distance of one lure can reach over 100m.

3   Natural enemies and biological control

At present, 16 species natural enemies have been found in the field. Include: predator enemies two species in egg stage; parasitism microorganism four species, bird enemies two species, spider predating little larvae one species and mammal predating larvae one species in larvae stage; predating enemy insects three species in larva-pupa stage; reptile predating pupa: lizard one species, mouse one species in pupa stage

The morphological feature of adult and pupa of the parasitic wasp, Lissnota setosa, is described in detail. The research on bionomics of L. setosa shows that longevity of the male wasp is 5-8 d, average longevity is 6 d. The female longevity is 5-13 d; the average longevity is 7 d. supplying the nutrition for the ichneumonid wasps can prolong its longevity. The parasitized rate in its host increased from 3% in 2002 to 11% in 2003 in Erdos, Inner Mongolia.

The laboratory research on infecting larvae of the carpenterworms with Steinernema carpocapsae shows: the mortalities within different host age-groups differ insignificantly while treated with 400 nematodes dosages per carpenterworm. On that condition the highest mortality can reach 92.5% at constant 27℃. Furthermore, a certain mortality can be sustained between 18℃ and 30℃, however the increasing rate of mortality at 27℃is higher than at other one at the prophase of the larvae. The LD50 value was 92 nematodes per carpenterworm after testing of toxicological effects. Moreover, in field experiment with a dosage of 2000nematode/ml, the highest mortality is 47.94%. 
4   Potential distribution of seabuckthorn carpenterworm

The CLIMEX and GIS were used to predict the potential distribution of the pest insect. The results show that the pest can survive at most part of “Three North Regions” in China. Based on the natural distribution and growing history of seabuckthorn plantation, the harm extent of H. hippophaecolus as well as EI values from CLIMEX, it was concluded that H. hippophaecolus was a native pest which originally damage other tree species in that region. But for the Jianping county, seabuckthorn is an instroduced tree,so the outbreak of H. hippophaecolus is a typical example that the local pests damage the introduced tree species—seabuckthorn.

The injuring index of seabuckthorn includes mortality, the percentage of injuring plants, population density of larvae in rootstocks of 20cm, and environmental factors such as, direction of slope, position of slope et al, were investigated for synthetic evaluating the health status of seabuchkthorn shrubberies. Based on fuzzy comprehensive method, the damage degree of seabuckthorn shrubberies was divided by 4 levels. With environmental factors on growth as predictive factors, BP neural network and LOGISTIC model were respectively developed for classifying and predicting the damage degree of seabuckthorn shrubberies. The results show that the qualified rates of fitting using BP model amount to 88.1%., and the rate of concordant in LOGISTIC model is 69.4 %. Moreover, on the same condition, the effect on damage degree originated from position of slope is much greater than from any other factors.
The changes of the characteristic of spectrum and vegetation index from TM image in study areas in 1991～2004 were analysed. And the dynamic development of seabuchkthorn disaster was illustrated. Regarding the precipitation as a disaster key factor， the discerning method for anomaly degree was carried out. The result shows that the disaster of seabuckthorn and the precipitation are strongly related. If the seabuckthorn forest went through the successive drought for three years, it would lead to decline even to die away.
5   Strategies and technologies of disaster control

5.1 Strategies of disaster control

    Presently, the disaster of China’s seabuckthorn forest can be divided by biological and non-biological disasters, and biological disaster was mainly the damage of H. hippophaecolus, and non-biological disaster was bought by reverse forest condition and climate factors mainly, and these factors resulted in the wither of seabuckthorn forest. The control of H. hippophaecolus should pay attention to the regulation and control of the local seabuckthorn forest ecosystem and pursue the maximization of the comprehensive benefit of forest from the point of view theory of ecology regulation and controls and idea of forest health. Overall control strategies were showed as follows:
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5.2 Control technologies of disaster 

5.2.1 Forest management: Stumping and rebuilding are one of the most economic and effective measures to control the damage of H. hippophaecolus, and we should dug out the root of seabuckthorn and deal with the larvae in the roots with some measurements in the woods of high population density and seabuckthorn died in a large-scales. The method not only can eliminate the larvae but also is of very good rebuilding effect for very strong sprouting ability of seabuckthorn.

5.2.2 Physical control: Black light trapping in the peak of H. hippophaeclus moth eclosion can reduce obviously population density for its very strong phototaxis. In addition, catching moth that just emerged artificially can decrease the number of adults in some degree, and reduce the probability of moths mating, and achieve the goal of controlling next generation larvae.

5.2.3 Chemical control: Seabuckthorn is a eco-economic plant with its leave and berry, so, its requirement is the same as fruit trees and crop ones on the side of low toxicity and no pollution of chemical control. The damage of H. hippophaeclus larvae can not be found easily, so the chemical control is very difficult. Therefore, controlling H. hippophaeclus by chemical is only one method of integrated management and can be adopted under the conditions permitted.

5.2.4 Biological control: Lissonota setosa should be utilized as natural enemy in the larvae period of H. hippophaeclus, and insect pathogenic wireworm should be utilized to control H. hippophaeclus. 
5.2.5 Sex pheromone: The use of sex pheromone provide a new approach for controlling H. hippophaeclus moth in a large-area, and is of better inspection and measure effect for occurrence of H. hippophaeclus population in fields.

5.2.6 Selecting and cultivating anti-insect and anti-drought seabuckthorn: There are two important orientations in the selection and cultivation of excellent-breed of seabuchthorn，first, satisfy barren region demand and regard anti-insect and anti-drought as main aim, second, satisfy good region demand and regard high-output and anti-insect as main aim.
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