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Abstract. Lycoriella pleuroti Yang et Zhang (Diptera : Sciaridae) and Scatella tenuicosta Bennison 
(Diptera : Ephydridae) have become major pests on greenhouse seedlings and caused lots of 
economic losses, which has greatly restricted the development of modern facility agriculture in 
Wuhan. We reported here the first integrated management of new-found pests on bottle gourd 
rootstocks and watermelon graft-unions in greenhouse. In this study, we conducted pretreatment to 
control pest population in greenhouse by isothiocyanate and dichlorvos (DV). The treatment reduced 
72.8-77.3% adult pests compared with control. Moreover, we conducted two kinds of methods to 
protect bottle gourd rootstocks and graft-unions from pest damage, i.e. pesticide-mixed soil for 
sowing and DE covering. The results showed low or no toxicity to bottle gourd seedlings and the 
protection efficiency arranged from 75-100%. This study will be a guideline for facility cultivation of 
watermelon. The application of safe and low toxic pesticides will greatly improve the quality and 
safety of watermelon products, which is also beneficial for the sustainable development of facility 
agriculture. 

Abbreviations  

YST,yellow sticky trap;DV,dichlorvos; DE, diatomaceous earth; ITC, isothiocyanates; AA, 
avermectin azadirachtin EC; PG, phoxim granule. 

Introduction 
Lycoriella pleuroti Yang et Zhang (Diptera : Sciaridae) is a pest of edible fungi [1] and . 
Scatella tenuicosta Bennison (Diptera : Ephydridae) is a common greenhouse pest [2]. Recently 
years, these two kinds of pests have become major pests on greenhouse seedlings and caused lots of 
economic losses, which has greatly restricted the development of modern facility agriculture in 
Wuhan [3]. There have been some reports about the biological characteristics and habits of the two 
pests [4,5] and a series of pest control has also been reported in many plants [6-9]. However, no 
related study has been reported to protect watermelon or bottle gourd seedlings in greenhouse. 
Watermelon (Citrullus lanatus) is an important cucurbit fruit with high production about 90 million 
tons in the world (http://faostat.fao.org/). Till now, facility cultivation has been widely used in 
watermelon production, which is high efficiency in land utilization and cultivation management. 
Moreover, grafting technology is also widely applied to improve watermelon quality and bottle gourd 
is commonly selected as rootstocks [10]. Therefore, watermelon graft-unions and bottle gourd 
rootstocks are usually vulnerable to greenhouse pests and an effective method for pest management is 
urgently needed in watermelon production.  
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Chemical pesticides were once commonly used to kill pests for their high toxicity, such as phoxim 
[11]. With the enhancement of environmental consciousness, environment-friendly pesticides have 
been replacements of chemical pesticides, such as azadirachtin and isothiocyanate (ITC) [12]. 
Azadirachtin was isolated from neem with multifunction [13], especially for pest management [3,14]. 
ITC was also plant-based material and had excellent performance for pest management [15-18]. 
Besides, diatomaceous earth (DE) has also been used in pest control without toxicity, chemical 
residue and pollution [19,20]. We reported here the first integrated management of new-found pests 
on bottle gourd rootstocks and watermelon graft-unions in greenhouse. In this study, we first 
compared the efficiency of isothiocyanate and dichlorvos (DV) to control pest population in 
greenhouse. Moreover, we conducted two kinds of methods to protect bottle gourd rootstocks and 
graft-unions from pest damage, i.e. pesticide-mixed soil for sowing and DE covering. The results will 
be a guideline for facility cultivation of watermelon. The application of safe and low toxic pesticides 
will greatly improve the quality and safety of watermelon products, which is also beneficial for the 
sustainable development of facility agriculture. 

Materials and Methods 
Plant material and grafting. This study was conducted in production base of Weinong company 
(Dongxihu district of Wuhan city) from April 2011 to May 2012. Bottle gourd ‘Jingzhen No.1’ was 
selected as rootstock and watermelon ‘Exigua No. 1’ was used as grafted plants. When each seedling 
had developed cotyledons, watermelon shoots were grafted onto bottle gourds according to a 
previous method [10]. All plants were planted on seedbed frames (44×0.9 m2) in automatic 
temperature and humidity controlled glass greenhouses (5000 m2).  

Pretreatment in greenhouse before sowing. Before sowing, the ground was managed to reduce 
pest population in greenhouses. Firstly, the ground was strewed with quicklime (0.5 Kg/m2) and 
covered with black plastic film. Secondly, diluted 2000 (P1), 3000 (P2) times 98% ITC (60 mushes, 
produced by ourselves using vegetable matter) and 2000 times (P3) 80% DV (Sanonda Co.Ltd., 
Wuhan) were sprayed in three different greenhouses, respectively. A greenhouse without 
management was set as control. 247 YSTs (20×25 cm2, Pherobio Technology Co.Ltd., Beijing) were 
placed in each greenhouse and the insecticidal efficiency of pretreatment was evaluated by the 
number of adult pests on YSTs after 75 days.  

Pesticide-mixed soil for sowing and DE covering. We tested two kinds of methods for pest 
management on bottle gourd, i.e. mixing soil for seed tray (72 holes) with different pesticides or 
covering pesticide-mixed DE on the surface of seed tray with normal soil. The soil for seed tray was 
mixed with different contents of different pesticides. DE (Xinshi Mining Co.Ltd.) was mixed with 
soil at five weight ratios (1:10, 1:20, 1:40, 1:80 and 1:160). ITC, AA (0.8%, Lvjin Biotech, Chengdu) 
and PG (3%, Dahe Agrichemical, Zhengzhou) were also mixed with soil at five weight ratios (1:20, 
1:40, 1:80, 1:160 and 1:320). Soil without pesticides was set as control. For covering, ITC, AA and 
PG were mixed with DE at five weight ratios (1:20, 1:40, 1:80, 1:160 and 1:320). Pesticide-mixed or 
pesticide-free DE were covered on the surface of seed trays (70 g for each tray). Soil covering was 
selected as control. In the two tests, eight seed strays were divided into four replicates and all these 
tests were conducted for twice, respectively at December, 2011 and February, 2012.  

Phytotoxicity of different pesticides was evaluated at ten days after germination of bottle gourd. 
Pest biting was evaluated on graft-unions at one month after grafted. 

Results 
The effect of pretreatment on pest population before sowing. We calculated the average number 
of adult pests on each YST at 75 day after pretreatment. The result was shown in Figure 1. We found 
there were less than 400 pests on each YST in pretreatment P1, P2 and P3, which was less than 25% 
of the control. 
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Figure 1: Average number of adult pests on each YST.  

 
The effect of pesticide-mixed soil on germination and pest management. We examined the 

effect of pesticide-mixed soil on bottle gourd germination (Figure 2). The results showed that DE has 
little effect on germination. High content of ITC (1:20) had significantly reduced the number of 
germinated bottle gourd more than 50%. Moreover, High contents of AA and PG (1:20, 1:40) had 
slightly impacted germination bottle gourd. 

Figure 2: Average number of healthy bottle gourd seedlings on each two seed trays with 
pesticide-mixed soil.  

 
After grafted, we examined the effect of pesticide-mixed soil on pest management of graft-unions. 

According to Table 1, 43.03% graft-unions were damaged by pest in control while there were less 
than 11% damaged graft-unions in different treatments. DE and ITC had slightly better effect on pest 
management than AA and PG. 

Table 1: Damaged number, damaged rate and control effect of watermelon graft-unions on 
each two seed trays with pesticide-mixed soil.  

Pesticides Weight Ratio Damaged 
Seedlings 

Damaged Rate 
(%) 

Control Effect 
(%) 

CK - 241 43.03 - 

A 
1:10 26 4.6 89.3a 
1:20 28 5 88.5a 
1:40 33 5.9 86.2a 

B 
1:80 29 5.2 87.9a 
1:160 33 5.9 86.2a 
1:320 35 6.2 85.6a 

C 
1:80 57 10.1 76.5a 
1:160 61 10.9 74.7a 
1:320 60 10.7 75.1a 

D 
1:80 50 8.9 79.3a 
1:160 52 9.2 78.6a 
1:320 53 9.4 78.1a 

The capitals on the x-axis represent the 
control (CK), diluted 2000 (P1), 3000 (P2) 
times 98% ITC and 2000 times (P3) 80% 
DV. The y-axis represents pest number. The 
error bar represents the standard error. 

The capitals on the x-axis represent the 
control (CK), DE (A), ITC (B), AA (C) and 
PG (D). The numbers on the x-axis 
represent weight ratios. The y-axis 
represents seedling number. The error bar 
represents the standard error. 
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The effect of DE covering on germination and pest management. The effect of covering was 
also examined on bottle gourd germination. We found that all treatments had slight influences on 
bottle gourd germination (Figure 3).  

 
Figure 3: Average number of healthy bottle gourd seedlings on each two seed trays 

covering by DE.  

 
After grafted, pest damaged graft-unions were counted to evaluated their effects on pest 

management. Few graft-unions were damaged by pests in each treatment (Table 2). Nearly all 
graft-unions were protected by DE covering compared to 56.97% in control. 

 
Table 2: Damaged number, damaged rate and control effect of watermelon graft-unions on 

each two seed trays covering by DE. 
Pestici

des Weight Ratio Damaged 
Seedlings Damaged Rate (%) Control Effect (%) 

CK - 241 43.03 - 
A - 1 0.17 99.60a 

B 
1:80 0 0 100.0a 
1:160 0 0 100.0a 
1:320 1 0.17 99.60a 

C 
1:80 0 0 100.0a 
1:160 0 0 100.0a 
1:320 2 0.35 99.19a 

D 
1:80 0 0 100.0a 
1:160 0 0 100.0a 
1:320 1 0.17 99.60a 

Discussion 
In this study, we conducted a series of tests to control new-found pests in greenhouse. Pretreatment 

on ground with ITC or DV could effectively decrease pest population (Figure 1). We further 
conducted two kinds of methods to protect bottle gourd rootstocks and graft-unions from pest damage, 
i.e. pesticide-mixed soil for sowing and DE covering. By contrast, covering had a more effective 
protection than pesticide-mixed soil. Moreover, covering cost less pesticides and the operation was 
more convenient in facility agriculture.  

We further compared the effects of different pesticides on pest control. In pretreatment, we found 
the plant-based material, ITC, was as effective as chemical pesticide on controlling pest population. 
Moreover, the compound biological pesticide, AA, was also as effective as chemical pesticide for 
protecting Cucurbit plants. ITC has already been used for pest control in other plants [15], which is 
less harmful than chemical pesticides [12]. Interestingly, we found that DE also had an effective 

The capitals on the x-axis represent 
the control (CK), DE (A), ITC (B), 
AA (C) and PG (D). The numbers on 
the x-axis represent weight ratios. 
The y-axis represents seedling 
number. The error bar represents the 
standard error. 

International Forum on Energy, Environment Science and Materials (IFEESM 2015) 

© 2015. The authors - Published by Atlantis Press 662



 

protection for Cucurbit plants. DE has also been used in pest control without toxicity, chemical 
residue and pollution [19,20]. The application of these ‘green’ pesticides will greatly improve the 
quality and safety of watermelon products, which is also beneficial for the sustainable development of 
facility agriculture.  

Conclusion 
Integrated pest management is the key to controlling the damage of plants. In this study, we 

conducted an integrated management of new-found pests on bottle gourd rootstocks and watermelon 
graft-unions. We found that pretreatment with ITC or DV could effectively reduce pest population in 
greenhouse. Moreover, DE, ITC, AA or PG could effectively protect bottle gourd rootstocks and 
watermelon graft-unions from pest biting without phytotoxicity. The application of safe and low toxic 
pesticides will greatly improve the quality and safety of watermelon products, which is also beneficial 
for the sustainable development of facility agriculture. 
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