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Novelty statement
Soft rot disease has exisited in taro for a long time, and caused serious harm. But little results have been achieved due to the controlling method of crop rotation and pesticide, and the pesticide can easily produce ecological and food safety problems. In this experiment, biological control method was used to control the disease, 4 strains with good biocontrol application value were isolated and identified, which provided foundation for biocontrol against soft rot in taro.
Abstract 
Soft rot disease has exisited in Fuding areca taro for a long time, and caused serious harm. In order to control the soft rot disease of Colocasia esculenta L.var.cormosus Chang, the paper aims to screen the biocontrol bacteria strains. A total of 53 strains of bacteria were isolated from the rhizosphere soil to control soft rot of disease, nine of which have good control effect on the soft rot disease by antagonistic screening of isolated corm in vitro. On this basis, four strains with good control effect, namely CAB-L005, CAB-L012, CAB-L014 and CAB-L022 were obtained by major physical and chemical examination experiment and control effect tests in vivo, such as molecular sequencing, morphological observation, hydrolysis and acidification and field tests. Meanwhile amplify 27F/1492R DNA in 4 strains, after comparing with the gene sequence in the NCBI database, the results showed that the similarity between strain CAB-L005 and Bacillus thuringiensis was 99%. The similarity between strain CAB-L012 and Bacillus subtilis was 100%. The similarity between strain CAB-L014 and Bacillus anthracis was 100%. The similarity between strain CAB-L022 and Bacillus cereus was 100%. It was found that four strains are rod-shaped with spore and flagella, positive on Gram staining, the optimum temperature is 37℃. In this study, 4 strains with good biocontrol application value were isolated and identified, which provided foundation for biocontrol against soft rot in taro.
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Introduction

Colocasia esculenta L.var.cormosus Chang is a perennial herb belonging to taro of Araceae family. It is rich in nutrition, good in taste with high market value (Wang et al., 2009). The Ministry of Agriculture of the People’s Republic of China approved the registration and protection of agricultural geographical indications for “Fuding Colocasia esculenta L.var.cormosus Chang” on October 22nd, 2011. At present, covering an area of more than 2000 hectares, the planting industry of taro is the pillar industry of Fuding agriculture with more than $42 million output. The soft rot is one of the main reasons that affects the output of Colocasia esculenta L.var.cormosus Chang, The incidence rate of plant is generally 3% to 15%, and in severe cases, it exceeds 50% or even fails to harvest, which seriously hurts the enthusiasm of taro farmers (Yuan and Lin, 2013). The soft rot is Erwinia carotovora subsp. carotovora, a pathogenic bacterium (Wu and Dai, 2015), which mostly occurs at the base of corm or petiole. The pathogen, a devastating disease, overwinters in soil or corm, invades the plant through wound or stoma, and reinfects the plant by insect vector or irrigation, can be highly contagious under high temperature, high humidity and rainy continuous cropping land.  When the disease occurs, the infected place will be rapidly softened and rotten until the whole plant withers. It has great impact on the yield of taro and the local economy, but little results has been achieved due to the controlling method of crop rotation and pesticide. In addition, with short time of pesticide effect, the pesticide can easily produce ecological and food safety problems (Dai and Yu, 2011). Previous studies have shown that, the use of antagonistic bacteria or their metabolites attached to plants or rhizosphere soil to regulate the balance of harmful microorganisms around the roots to achieve the purpose of disease control and yield conservation, is an important way to prevent and control soil borne diseases (Yao et al., 2002; Yang et al., 2012).
The guiding principle of agricultural sustainable development in China is not only to ensure food safety, develop agriculture of high-yield, high-quality and high-efficiency, promote the continuous growth of agricultural economy, but also to maintain the rational use of resources, establish a good ecological environment in order to achieve the sustainable development of agriculture and rural areas. To form a coordinated agricultural economy, technology, ecosystem and a sound and prosperous social system of sustainable development, it is urgent to use biological control for plant diseases (Chen et al., 2014).For example, research from Wang Weixiong and other biologists have found that Bacillus subtilis and Bacillus amylolyticus had a good effect on the control of apple tree rotten disease after fermentation (Wang et al., 2014). Chen Yun and other experts have found that Bacillus subtilis had a good effect on the control of tomato wilt disease (Chen et al., 2012).Zhou Lihong and other experts have successfully isolated and identified biocontrol strains that have obvious control effect to bacterial soft rot disease in Amorphophallus konjac from 3 endophytic bacteria, whose biocontrol effect can reach 57％～79％ (Zhou et al., 2015). Now the prevention and control of soft rot in taro mainly adopts comprehensive technologies, namely the combination of agricultural cultivation and chemicals control, among which prevention is more important than treatment (Dai and Yu, 2011). 
At present, there are few studies on the soft rot of Colocasia esculenta L.var.cormosus Chang, so this study plans to screen the biocontrol bacteria in rhizosphere soil on the basis of the pathogen by isolating the identified sample in the early stage of the laboratory, and study its control effect and application method in order to provide a researche basis for the control of soft rot in taro.
Materials and methods

Materials: The soil samples were taken from the taro planting field of Hekeng Village, Guanling Town, Fuding City, Fujian Province. The soil samples were each about 200g from three rhizosphere soils of healthy plants with a depth of 10-15cm. The pathogenic bacteria of soft rot of taro were from strains isolated and identified in the early stage of laboratory (strain No. 141108).
Bacteria isolation and purification: With reference to the method of Fang Zhongda (Fang, 1998), 10g of soil was taken and put into an erlenmeyer flask containing 90 mL of sterile water and glass beads, shaked for 10 minutes, diluted into 10-1, 10-2, 10-3, 10-4, 10-5, 10-6, 10-7, 10-8 soil suspensions respectively, 100 μL of each dilutions were taken and coated evenly on Nutrient agar medium (NA) plates, 3 dishes for every concentration gradient, and cultured in 37℃ constant temperature incubators for 24 hours upside down. Single bacterial colonies growing on the plates were selected according to morphology, color, transparency and other characteristics of bacteria, and then purified for slant cultivation and stored in an 4℃ freezer.
Screening in vitro corm: With reference to the method of Chen Jiaomei (Chen et al., 2014), the purified bacteria and soft rot pathogenic bacteria were inoculated in NA liquid medium and cultured in constant temperature shaking Incubators of 37℃ and 220r/min rotating speed for 8 hours. Healthy taro was selected, washed and dried, cut into pieces of 3cm× 3cm× 0.7cm, after sterilized with 75% ethanol for 30 seconds, sterilized again with 0.1% mercuric chloride for 5 minutes, and then washed thoroughly for 5 times with sterile water, at last put into a sterile culture dish with filter paper, one for each culture dish. The pathogen liquid of soft rot and the bacterial liquid were mixed in the ratio of 1:1. 1cm× 1cm× 0.3cm cross wound was cut in the center of taro with sterile knife and forceps, and 20μL mixed bacterial solution was inoculated into the wound. Aseptic water was taken as negative control, soft rot pathogen liquid as positive control, and the process was repeated for 3 times, then the tissue was put into 37℃ constant temperature incubators for 7 days, the symptoms were observed and recorded and photos were taken.
Plate antagonistic test: With reference to the method of Long Chao’an (Long, 2005).100μL of pathogenic bacteria solution (about 1.0×108CFU/mL) was coated on the culture medium plate, and then 5mm of filter paper soaked in the biocontrol fermentation solution (about 1.0×108CFU/mL) was pasted on the bacterial lawn, and 5 pieces of filter paper were placed at the same distance from each plate. Take filter paper soaked in sterile liquid medium as negative control. Culture at 37℃, the inhibition zone was observed, the process was repeated for 3 times. Methods of Gu Hui (Gu et al., 2012) and Han Lirong (Han et al., 2012) are adopted respectively for antagonistic test of sterile and fermented filtrate and fermented liquid. The process was repeated for 3 times.
Molecular identification of 16SrDNA Sequence: The bacterial DNA was extracted from the bacterial genomic DNA extraction kit of CWBio company, using DNA sample as template, amplifying by universal primers of 27F (5’-AGTTTGATCCTGGCTCA G- 3’) and 1492R (5’- GGTTACCTTGTTACGACTT- 3’). The PCR Reaction System were as follows: one denaturation step (10min at 94℃), 30 cycles of ampliﬁcation (30s at 94℃, 30s at 55℃, 60s at 72℃), and a ﬁnale longation step of 10min at 72℃, and stored at 4℃. PCR products were sequenced by TsingKe biological company, and sequences are used to construct phylogenetic tree.
Morphological observation and physiological and biochemical characteristics: Morphological observation: colony observation (shape, color, texture and so on) and micro examination of gram staining, spore staining, flagella staining. Physical and chemical characteristics: aerobic, contact enzyme, gelatin hydrolysis, starch hydrolysis, glucose acid production, mannitol acid production, V-P, indole, phenylalanine deaminase, utilization of citrate salt, nitrate reduction, salinity tolerance (2%, 5%, 7%, 10%), use of carbon and nitrogen sources (carbon sources: sucrose, citric acid, glucose. Nitrogen source: potassium nitrate.). The optimum pH (pH = 5-10), the optimum temperature (4℃, 20 ℃, 30℃, 37℃,41℃, 45℃) and the thermostability (65℃) was equal to 37℃ for 48h, and the OD value of the bacterial solution was measured every 8h. Meanwhile, the bacterial growth was observed and repeated for 3 times.
In vivo field experiment: Loosen the taro soil in the field and dig the soil to expose the corm. Select healthy corms and clean their surfaces. After soaked in 75% alcohol, the sterile scissors are baked over the flame of alcohol lamp, inserted into the corm after cooling and rotated to form a cylindrical wound. The bacterial solution is the pathogenic bacteria solution (ck), the 1:1 mixture of pathogenic bacteria and biocontrol bacteria with 1.0×107CFU/mL density. The bacterial suspension is injected into the wound with a syringe, and the wound is sealed with a bacterial filter membrane, covered with soil and marked. The previous scissors and syringe can no longer be reused. 14 days later, observe the situation of the corm and repeat the process for 3 times. A field control experiment was performed on the bacteria with biocontrol effect, 3 rows were selected from healthy plants interlacing, and the above experiments were adopted on 3 strains in each row.
Results           

Bacteria separation and purification: 53 strains of bacteria were isolated and purified from soil samples by plate streaking method. No.: CAB-L001～CAB-L053.
Screening of corm in vitro with biocontrol bacteria : Among all the tissues inoculated with the 1:1 mixture of pathogenic bacteria and biocontrol bacteria, some turned into different colour after 4 days and rotted and stinked after 7 days. The negative control group had neither rotted nor special smell, while the positive control group had rotted with smell. In addition, the taro tissue inoculated with mixture of pathogenic bacteria and strain CAB-L005, CAB-L009, CAB-L012, CAB-L013, CAB-L014, CAB-L022, CAB-L023, CAB-L026, CAB-L037 were not infected; while taro tissues of other strains were partially or completely rotted with rotting smell（Fig.1）. 
Plate antagonistic test: Plate antagonistic test was carried out on the 9 strains with biocontrol effect, and there was no inhibition zone（Fig.2）. It is suggested that the strains with no bacteriostatic effect on pathogenic bacteria may also have biocontrol effect.
Antagonistic effect of fermentation broth and sterile fermentation filtrate: In order to determine whether the antagonistic effect of antagonistic bacteria is caused by the bacteria itself or the secondary antimicrobial metabolites produced by the bacteria, the antagonistic effects on pathogenic bacterium of soft rot of 9 strains were measured respectively, caused by the fermentation solution and the sterile fermentation filtrate, and no inhibition zone was produced（Fig.3）. The results showed that the antagonistic effect of the strain was not caused by the secondary antimicrobial metabolites, but by the strain itself.
Molecular identification of 16SrDNA Sequence: DNA was extracted from 9 samples which were not infected in vitro and amplified by PCR method, the bands were clear and bright. The molecular weight (about 1500bp) was consistent with the expected size (Fig.4). The bacterial solution PCR was sent to the company for sequencing.
According to the sequence analysis and comparison, CAB-L005, CAB-L013 and CAB-L037 share the same sequence, CAB-L012, CAB-L023 and CAB-L026 share the same sequence, CAB-L009 and CAB-L022 share the same sequence, and CAB-L014 doesn’t have the same sequence.

The results were analyzed by DNAMAN and compared with NCBI Blast on line. The phylogenetic tree was constructed in MEGA5（Fig.5）. The results show that CAB-L005 is most similar to Bacillus thuringiensis (99%); CAB-L012 is most similar to Bacillus subtilis (100%); CAB-L014 is most similar to Bacillus anthracis (100%); CAB-L022 is most similar to Bacillus cereus (100%).    
Morphological observation, physiological and biochemical characteristics of strains: According to Manual for Systematic Identification of Common Bacteria (Dong and Cai, 2001) and Bergey’s Manual of Determinative Bacteriology (8th edition,1984) (R. E. Buchanan and N. E. Gibbons, 1984), the morphological and physiological and biochemical characteristics of bacterial strains were compared with the strains CAB-L005, CAB-L012, CAB-L014 and CAB-L022, it is preliminarily determined that the four strains are bacillus, which is consistent with the results of molecular sequencing. Four biocontrol strains were inoculated on Nutrient agar medium (NA). The results of microscope observation and main physical and chemical characteristics were shown in Table 1. It is found that the results of morphology, physiological and biochemical characteristics, carbon and nitrogen sources of the strains are different from each other.
Growth characteristics of strains: Four biocontrol strains can grow at different pace with time and under different temperatures, their growth increased gradually from 4℃ to 37℃ at the same time point, and weakened gradually from 37℃ to 65℃, therefore the peak temperatures appears at 37℃, and then decreases to both sides, so it can be concluded that the optimum growth temperature of the four strains is around 37℃. For heat tolerance, four strains can survive at 65℃, but in very poor condition（Fig.6）.
Four biocontrol strains can grow at different pace with time and at different pH value（5～9）, among which the optimum pH of CAB-L005 is 7, the optimum pH of CAB-L012 is 6, the optimum pH of CAB-L014 is 6, and the optimum pH of CAB-L022 is 6（Fig.7）.

In vivo field experiment: Mixed bacterial suspension was made in 1:1 ratio of soft rot and biocontrol bacteria CAB-L005, CAB-L012, CAB-L014 and CAB-L022 respectively (1.0×107CFU/mL). After 14 days, the observation results showed that the corm of the control plant was infected (CK), the wound became soft, deformed, rotted seriously with smell, while the corm mixed with bacterial suspension had no obvious change（Fig.8）.
Discussion

In the long-term evolution process of organisms, various kinds of microorganisms around the plant rhizosphere are closely related to the plant itself, and some microorganisms can better inhibit the growth and reproduction of plant pathogens (Ding et al., 2014; He and Ye, 2014). A large number of studies have found that biocontrol bacteria can prevent and control the spread of plant bacterial diseases by competing with plants in space, competing for nutrition or inducing plants to produce disease resistance and other mechanisms (Xu et al., 2006; Ulrich et al., 2008). The development of new pesticides by using the Bacteriostasis of microorganisms can effectively protect the soil environment and food safety. The development and application of new Biofungicides have an important development prospect in the pollution-free agricultural production (Ren et al., 2014; Wu et al., 2012). Screening of fungi, bacteria, actinomycetes and other microorganisms that have inhibitory effect on pathogenic bacteria provides an important basis for biological control of soil borne diseases in farmland (Saligkarias et al., 2002; Ryan et al., 2008). In this experiment, 53 strains of bacteria were isolated and purified from the rhizosphere soil of taro plant in Fuding. Four different bacteria, CAB-L005, CAB-L012, CAB-L014 and CAB-L022, were obtained by corm screening in vitro, molecular sequencing, physiological and biochemical experiments, all of which share the maximum similarity with Bacillus thuringiensis, Bacillus subtilis, Bacillus anthracis and Bacillus cereus respectively. It was found that these four strains had better control effect and had certain biological control application value. At present, there are few studies on the screening of biocontrol bacteria of soft rot in taro. This paper provides some references for the screening of biocontrol bacteria, prevention and the control of soft rot in taro.    

There are a large number of different microorganisms living in the rhizosphere soil of plants. Lots of studies have shown that the mechanisms of different biocontrol bacteria to improve the resistance of plants against disease are different, some work alone, and some have to work with others (M. Bonkowski et al., 2001; Shao and Li, 2016). In addition, most of the biocontrol microorganisms are living bacteria preparations. When they are used in the field, they are often affected by external factors, such as soil humidity, temperature, pH value, crop growth status and other microorganisms in the soil. It is a complicated process to apply experiments done in the laboratory to the field, and the biocontrol ability of the strains will change compared with the experiments done by the research institute (Zhang and Sun, 2010). In this study, only laboratory and small-scale field tests were carried out, since the mechanism of soft rot in taro is complicated, affected by many factors, further studies are needed in the future on the inhibition mechanism, rules of plant colonization, application method of field control and biosafety of four biocontrol bacteria identified in this experiment.

The occurrence of plant diseases is often the result of multiple pathogenic bacteria infections. Other pathogenic bacteria in the rhizosphere soil are also involved to aggravate the disease. It is found that taro disease is “complex infection-oriented” composed of one dominant disease and multiple co-occurred diseases. Therefore, in the process of control of soft rot in taro , we should explore a comprehensive control strategy that takes both pathogenic bacteria and pathogenic fungi into account, so as to address both symptoms and root causes (He et al., 2016; Liu et al., 2009), for example, whether there are disease resistant varieties, disease occurrence rules, disease cycle, and whether controlling measures should be strengthened. Meanwhile, there are also other key measures to prevent and control disease, such as timely sowing and strengthening management in the field, enhancing resistance to disease and crop rotation, so as to reduce the occurrence and harm of disease (Wen, 2015).
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Fig.1 Biological control effect of corm in vitro
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Fig.2 Antagonistic effect of plate
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Fig.3 Antagonistic effect of fermentation broth and sterile fermentation filtrate of CAB-L026
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Fig.4 The result of PCR amplification reaction system by biocontrol bacteria
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Fig.5 Construction of phylogenetic tree
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Note：Lowercase letters mean significant difference （P<0.05）. 

Fig.6 Growth Curve Analysis of Temperature
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Fig.7 Growth Curve Analysis of pH value
[image: image24.jpg]


 [image: image25.jpg]


 [image: image26.jpg]



CK                CAB-L005 Suspension solution   CAB-L012 Suspension solution
Fig.8 Biological control effect of plant corm
Table1 Physiological and biochemical characteristics of strains
	
	CAB-L005 
	CAB-L012 
	CAB-L014 
	CAB-L022 

	Strain
	Bacillus thuringiensis
	Bacillus subtilis
	Bacillus anthracis
	Bacillus cereus

	Colony Morphology
	light yellow, smooth and wet 
	beige white, rough with wrinkled skin
	white, smooth and wet
	light yellow, smooth and wet

	Shape
	rod-shaped
	rod-shaped
	rod-shaped
	rod-shaped

	Aerobic Type
	facultative aerobic
	facultative aerobic
	facultative aerobic
	facultative aerobic

	Spore Dyeing
	+
	+
	+
	+

	Flagella Staining
	+
	+
	+
	+

	Gram Staining
	+
	+
	+
	+

	Contact Enzyme
	+
	+
	+
	+

	Gelatin Hydrolysis
	+
	+
	+
	+

	Starch Hydrolysis
	+
	+
	+
	+

	Glucose acid Production
	+
	+
	+
	+

	Mannitol acid Production
	-
	+
	-
	-

	V-P
	+
	+
	+
	+

	Indole
	-
	-
	-
	+

	Phenylalanine Deaminase
	-
	-
	-
	-

	Utilization of Citrate Salt
	+
	+
	+
	+

	Nitrate Reduction
	+
	+
	+
	+

	Carbon Sources
	Sucrose
	+
	+
	+
	+

	
	Citric Acid
	-
	-
	-
	-

	
	Glucose
	+
	+
	+
	+

	Nitrogen Source
	Potassium Nitrate
	+
	+
	+
	+

	Salinity  Tolerance

	2%
	+
	+
	+
	+

	
	5%
	+
	+
	+
	+

	
	7%
	+
	+
	+
	+

	
	10%
	-
	+
	-
	-


Note：+Positive, -Negative.
M       CK      CAB-L005  CAB-L009  CAB-L012  CAB-L013  CAB-L014  CAB-L022  CAB-L023  CAB-L026  CAB-L037





2000


1500


1000


750


500





250





100








1
2
2

