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Abstract: In order to solve the problem of disease in the process of grape growing in facilities, a web-based expert system for
diagnosis of selenium-rich grape disease was designed. The system took the common grape diseases as the research object,
and the traditional experience and the expert knowledge transformation was vsed as the diagnosis rules. It provided remote
support and services to the grape farmers through the Internet by using the ADO technology as the object-oriented interface, the
ASPNET for web design and the HTML language for the system development. This study adopted the method of artificial
acquisition to collect and collate the knowledge and adopted the method of combining forward and reverse reasoning to solve
the problem that may be a corflict in the process of disease and symptoms matching. By adding, modifying, deleting and querying
the data ir: the knowledge base, the grape disease diagnosis was achieved. The system has the features of safe, simple and practical.
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1 Intreduction

With the improvement of living standards, people also
have higher demand for daily intake of nutrients in food.
The selenium-rich grapes have achieved a lot of attention
in recent years because it is rich in selenium elements and
a variety of other nutrient elements as well, which can be
a supplement to the daily needs of people (Chen et al.,
2013). Therefore, it will have broad market prospects to
vigorously develop the facility selenium-rich grape
cultivation and improve its production. -

The selenium-enriched grape facilities are based on
the full use of natural environmental conditions, including
the greenhouse, plastic sheds and shelters and other
protection facilities, to improve or control the
environmental factors within the facilities and provide

appropriate environmental conditions for the growth and
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development of seleninm-rich grapes (Li et al., 2010; Yan
et al., 2013; Wang et al., 2009). As the temperature and
humidity in the facilities are obviously higher than those
in the open field, the plant growth is relatively dense and
of the to the

selenium-enriched grapes in the facilities is often earlier

young. The occurrence disease
and sudden, even more complex, which brings some
difficulties in identification, prevention and control of the
disease (Li et al., 2015; Zhao et al., 2014). Therefore, it is
of great practical significance to understand the
characteristics of the sclenium-rich grape diseases in the
facilities and to diagnose them in time to minimize the
damage.

In recent years, with the rapid development of
computer technology, agricultural expert system has also
made great progress, and is widely used in many aspects
of agricultural production management with huge
economic and social benefits.

The study of agricultural expert systems originated in
the late 1970s, with the earliest in the United States (Ge et
al., 2008; Wu et al,, 2008). China's agricultural expert
system rtesearch began in the 1980s. Zhejiang University
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and the Institute of Sericulture of the Chinese Academy
of Agricultural Sciences cooperated to study the expert
system of sitkworm breeding in 1980. The Institute of
Intelligent Machinery of the Chinese Academy of
Sciences and the Soil and Fertilizer Institute of Anhui
Academy of Agricultural Sciences worked together to
develop a mortar black soil wheat fertilization expert
system, which had a large scale of application in more
than ten counties in the city of Huaibei, and Anhui
Province in 1983 (Ma et al., 2005; Yu et al., 2015). Li et
al. (2002) developed a web-based diagnosis system for
ﬁsh disease in 2002. The system used 300 rules, 400
images and charts to construct a web-based expert system
to identify fish disorders, which could identify 126
diseases of 9 species of freshwater fish. Duan et al. (2003)
had further developed a web-based remote diagnosis
system for f{ish diseases, including synchronous and
asynchronoys diagnostic systems in 2003. Xu et al. (2006)
designed and developed a web-based citrus production
expert system, using the forward reasoning on the citrus’
diagnosis of 183 kinds of nutrient and pests and discases,
and putting forward corresponding preventive measures
and methods in 2006. Chen et al. (2006) designed and
developed a web-based tobacco expert system to collect
and compile 121 kinds of tobacco nutrition diagnosis and
pest diseases with more than 1,000 pictures and video
clips. Then the tobacco experts summarized out more
than 100 kinds of tobacco pests and weeds, and the
relationships the concepts were described in a regular
form (Chen et al., 2006). Jin et al. (2009) designed and
developed an expert system of grape disease diagnosis
based on artificial neural network, and analyzed the
symptoms m five infestation sites including grape roots,
dendrites, leaves, inflorescence and ears, which could
diagnose 18 diseases of grapes. Liu et al. (2011) studied
and designed an artificial neural network based diagnosis
system for apple disease in 2011. Pertot et al. (2012)
designed a web-based plant disease identification system.
Sun et al. (2013) used a three-layered B/S architecture to
design a crop pest diagnosis system, which was queryable
diagnosable and consultable in 2013. Tan et al. (2014)

>

used computer vision technology combined with BP
Artificial Neural Network (ANN) to identify the soybeans

with gray leaf spot, mothy soybeans, moldy soybeans and
damaged soybeans in 2014. Xu et al. (2014) focused on
the three common diseases in sunflower leaves including
bacterial leaf spot, black spot and downy mildew disease
and developed a sunflower leaf disease diagnosis system
based on image recognition in 2014. Xue et al. (2015)
designed and developed an Android-based identification
of new potato pest’s diagnostic system in 2015. Liu et al.
{2016) designed a WebGIS-based tobacco pest diagnosis
and prediction system in 2016.

At present, it is no longer a vision for the computers
entering into the rural areas for the majority of farmers to
ﬁrovide a variety of advisory services. Therefore, it is a
feasible and meaningful thing to study how to effectively
use the computer to spread the kndwledge of agricultural
experts to millions of households and to guide farmers to
perform scientific diagnosis. This paper mainly includes
two parts. Firstly, in the process of system construction,
knowledge of a wide range of selenium-rich grape in
facilities was collected from a large number of channels
for the construction of a database. Secondly, a web-based
selenium-rich grape disease diagnosis system was
established to provide remote support and services for the
grape growers through the intemnet, helping them to get

accurate and objective disease diagnosis results.
2 Knowledge acquisition and presentation

2.1 knowledge acquisition

Knowledge acquisition is a very important part in the
process of building a selenium-rich grape disease
diagnosis expert system. The basic task of knowledge
acquisition is to acquire knowledge for the expert system
and establish a sound, perfect and effective knowledge
base to meet the needs of solving the problems in the
field. In the construction process of the system,
knowledge of a wide range of selenium-rich grape in
facilities was collected from a large number of channels
for the construction of a database. Knowledge was
collected and acquired from the knowledge sources,
basically in the following three ways:
That is, the knowledge

engineers discuss with the domain experts to collect,

e Manual acquisition.

organize and summarize the relevant knowledge, and
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build up a knowledge base after reorganizing the
knowledge in a manual way.

» Semi-automatic access. The computer deals with
the experts through an intelligent editor tool, organizes
and arranges the knowledge base in accordance with the
requirements of human-computer interaction.

» Automatic access. The computer directly obtains
the knowledge from the experts, books, examples and
data, and continuously improves the performance of the
knowledge in the acquisition process, for example, using
the machine learning.

As the basic information of disease diagnosis mainly
comes from the field of knowledge and expert experience,
this study has taken the way of artificial acquisition of
knowledge collection and finishing in order to ensure the
accuracy and applicability of knowledge expression. And
in the system operation, the administrator can
continuously add, delete and modify knowledge through
the management Interface. As the diseases features and
prevention approaches of the selenium-rich grape in
facilities are different from that of the common grapes
cultivated in open field, in order to ensure the accuracy
and applicability of the expert system and to facilitate the
practical application and operation of the grassroots users,
this study has collected nine of the most common grape
diseases in facilities.

2.2 Knowledge representation

Because of the empirical and causal characteristics of
the knowledge of the selenium-rich grape disease, this
study applied the most widely used productive method to
express the knowledge of the grape disease diagnosis.
The term “productive” was first proposed by American
mathematician E. Post in 1943, and its basic form is:

IF <condition 1>, <condition 2>, ..., <condition N>
THEN <expression>

Where <condition 1>, <condition 2>, ..., <condition
N> are the prerequisites for indicating whether the
production is available, and each condition is a compound
condition connected with “and” or “or”, and the
<expression> is a set of conclusions or operations that
indicate the conclusions that should be drawn or the
should be

prerequisites are met. The meaning of the whole

operations  that performed when the

production is that if the premise is satisfied, the action
specified by the expression <expression> or the execution
of <expression> can be introduced.

The disease knowledge base system has got mne
common grape diseases in facilities. The diagnosis and
control of diseases in the process of grape growing should
be on the basis of the known information such as the site
of the diseases and the symptoms to determine the types
of diseases in order to make the right disease prevention
or treatment decisions and control the development of the
disease. The grape growth evidence obtained here uses
“I’” to represent a record in the discase signature, that 1s, a
primary characteristic atiribute that determines the
disease. Then it can be expressed as follows.

IF 11 (disease site) AND I2 (disease symptom) Ea,
THEN D (disease name),

Where, « is the disease knowledge base, D is the
disease hame based on the above conditions. Some
diseases have symptoms in the incidence of multiple parts
such as leaves, fruits and others, which need to meet
multiple symptoms at the same time to diagnose the
disease results. Some typical disease diagnosis method is
relatively simple, just a symptom to determine the disease
name.

For example, in the grape disease diagnosis rule base,
there is a production type:

IF onset site = flower AND symptoms = large amount
of rot

THEN disease name = gray mold
3 System design

3.1 Design goals

The expert system tries to combine the knowledge of
the planters, experts and the computer technology to
establish a web-based selenium-rich in-facility grape
disease diagnosis system. This system will provide
remote support and services to the grape farmers, so that
the experts’ knowledge, experience and problem-solving
methods can be promoted and inherited, so as to help
grape growers to have accurate and objective diagnosis of
the diseases.
3.2 Siructure and function design

The functional modules of the system include: the
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overview module of selenium-rich grapes in the facilities, Table 2.
the prevention and control modules of the Table1 Disease symptom
selenfum-enriched grape diseases, and the diagnosis and Field name Diata type Lengta Field description
system management module of the selenium-rich grape id it 4 Automatic identification
. . R symptom varchar 200 Symptom description
disease. Each functional module is composed of several _
part varchar 10 Disease part
sub-modules as shown in Flgure 1. image varchar 50 Symptom image file riame
—i Culfivation origin Table 2 Symptoms set
Ai Overview |-—| Cultivation benefits | id Symptom Part Image
tculﬁvaﬁon types —[ 1 Rottenalot flower  picl.jpg
Symptoms 2 White powder fruit pic2 jpg
a —-{ Symptoms list ) . .
ane - Water-stained brown spots with expansion of . oy
prevention of 3 & . fruit pic3.jpg
. PIession
R . - diseases ‘1 Cantrol methods
SClCnﬂ:]m-riC]J‘faClhfy 4 Small black spot on the lesion fruit picdipg
grape disease diagnosis [ .
system - Disease User management 5 Rastred conidia frait picsipg
diagnosis
Disease information Round dark brown spot with diameter of 2 mm on
management the surface of young fruit epidermis. As the fruit
6 is constantly expanding, the lesion has scab-Fke fruit picé.jpg
System || Discase symptom surface. When the fiuit grows into medium size,
management ] management the sceb falls off.
- 7 Black coal-like small particles fruit picT.ipg
i Diagnostic ule . s o
management 8 Hardened flesh fruit pic8.jpg
. . ] 9 Cracked fruit fruit pic%.jpg
Figure 1 Syster function module structure diagram 10 Stop growing frait piclO.jpg
The main functions of the system modules are as 11 Mause gray mold fruit  piclljpg
12 Light brown rounded small spot - fruit picl2.jpg
follows: . .
The middle of the spots graduzlly become white,
® In—facility grapes overview module. Tt introduces 13 depression, with the reddish-brown edge, like fruit pict3 jpg
’ “bird” shape .
the basic information of the origin, cultivation benefit and 14 Black lesions, hardening cracks froit  picl.jpg
cultivation type of the grapes in facilities. 13 Brown spot leave  piclS.jpg
. . Sporadic small yellow spets appear on the leaves, . .
¢ Grape disease symptoms and prevention module. It 18 Sumounded by water-like shape leave  picl6.jpg
introduces the common symptoms of typical grape 17 E;?noiiiem water-like small spots with the edge leave  picl7.jpsg
diseases, and the control methods of several typical grape 18 Withered leave  picl8jpg
discases in facilities. 19 Early fall off leave  picl9.jpg
. . . 20 The lesion is and may form perforations. leave ic20.j
e Grape disease diagnosis module. Tt selects the dry oL PIe=tipg
21 The veins are rhombic or fusiform. leave  pic2l.jpg
disease symptoms in the fruit, leaves, flowers and spike, Yellow round spat with dark brown mergin and o
. . 22 light brown or gray center. leave  pic22.jpg
etc., and thus determines the type of grape diseases. )
23 Pale yellow lesions leave  pic23.jpg
e System management module. It mainly takes 24 Yellow brown spo leave  pic24.pg
management of the grape disease information database, 25 Yellow-green lesions leave  pic25.jpg
. . . 26  White powder lear ic26.]
disease symptom database, diagnostic rule base and user ¥ Ve Peshang
: 27 The back of the lesion produces white mold. leave  pic27jpg
mformation  database, including data  addition, 35 A lotes number of orange-yellow powdery sporss | I
modification, deletion and etc. cover the leaves.
. The back of the diseased leaves has crange
3.3 Database and knowledge base construction 29 summer spores heap, gradually expanded along leave  pic29.jpg
the veins.
The selenium-rich prape disease diagnosis expert
£rap & D 30 Crisp spike ear fiinge  pic30.jpg
system 1is using_ SQL server 2000 to build the system 31 Far deformed, withered fringe  pic3Lipg
database, and the main contents of the database include: Tke ear branches of the young ear produce brown
water-like small spots, and quickly spread to the i . R
. . . 32 dings. The entire branch }flﬂf ike i fringe  pic32.jpg
e The selenium-rich grape disease symptoms table surroundings. Ihe entire branch of the spike is
dead in serious situation.
This table stores the symptoms of grape diseases, as The surface has black mold and the ear has . o
33 fringe  pic33jpg

shown in Table 1, and the symptoms set is shown in

atrophy and fails off.
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e Selenium-rich grape disease basic information table
This table stores the basic information of the grape
disease, details the symptoms of each discase and the
prevention and treatment methods, and the number of
features corresponding to each disease wvaries. For

example, there are three symptoms for the disease of gray

mold. See Table 3 and Table 4 for details.

Table 3 Grape disease basic information data

Field name Date type Length Field description
id int 4 Automatic identification
Disease name varchar 20 Disease name
SYmMpIoms varchar 50 Basic symptom
prevention text 6 Prevention method

Tabie 4 Coliection of disease information

Prevention

Completely clear the garden. The cut diseased branches and residual leaves should be completely burned each winter.
Five-degree stone sulfur mixture i spayed on the plant before germination for the eradication of winter disease.

The 800 times 70% methyl thiophanate or 1500 times 15% pink rust wet powder or 400 times sulfur suspension,
should be applied in the early onset of the disease and again half a month later so as to guarantee a good control effect.

It is necessary to strengthen the cultivation management in the facilities and reasonably regulate water, fertilizer,
temperature and water conditions, to prevent sharp steep branches, and pay attention to timely topping, fixing so as to

Drugs should be timely applied before and after flowering. The commonly used drugs include 800 times 40% Exhale
leaching agent, 50% Sumilex 200 times liquid and 1000 times 50% iprodione wettable powder.
The soil moisture and air humidity within the facility should be reasonably controlled, so as to control high humidity

Carefully clear the garden. The cut branches, leaves and weeds should be completely burned and removed in winter to

In the two or three leaves stage, 800 times 70% carbendazim solution or 600 times 78% Kobo WP or 200 times
cuproxat, etc. should be sprayed once. And then 200 times Bordeaux with half amount of lime should be applied every

It is mecessary to strengthen the cultivation and management within the facilities, increase application of phosphorus,
potash fertilizer, and timely prune the tied vine 50 as to improve the ventilation and light conditions within the facility
and promote the robust branches. Pay attention to the disinfection of seedlings, and apply 10% ferrous sulfate solution
plus 1% crude sulfuric acid, or the Bome 3 degrees stone sulfur mixture to dip the seedlings for 1-2 seconds or fully

The diseased branches and fallen leaves should be completely burned and removed before and after pruning in autumn
to reduce the source of infection in coming winter. The five-degree stone sulfur mixture should be sprayed on the

From the beginning of two or three leaves stage, the following drugs should be applied once every 7-10 days including
240 times half amount Bordeaux or 600 times 78% Kobo liquid, At the beginning of the incident, the drugs should be
immediately sprayed including 300 times 40% phosphorus aluminuza, 2000 times 69% enoyimorpheline or 800 times

Carefully clear the garden. The diseased branches and residual branches should be thoroughly removed. The
eradication agent like stone sulfur mixture should be spayed on the mother branch with fruits before sprouting.

In the two or three leaves stage, full and careful spraying of 600 times 78% Kobo or 500 times 50% anthrax Ami
should be done to prevent the invasion of bacteria. In the fruit coloring or early onsef stage, 2000-3000 times 45%
amide cream should be applied rapidly. The ear bagging should be implemented in the facilities.

Tt is necessary to do a good clearing and overwintering control. The 3-5 degrees Be stone sulfur mixture should be
sprayed before sprouting. The management with enough fertilizer to maintain 2 good growth potential should be

The drugs should be immediately sprayed in the onset of disease, laying the emphasis on the leaves and leaves back in
lower part of the plant. The main reagent includes 0.2-0.3 degrees Be stone sulfur mixture, or 15% rust wet powder
1500 times spray, or the polysulfide suspension 300-500 times, once every 15-20 days.

In the-inflorescence interval and one week after flowering, the foliowing drugs should be applied once including 600
times 50% carbendazim WP or 50% thalidomide wettable powder 1000 times solution, or 800 times 50% methyl

id Disease name Symptoms
1 Powdery — o14/15/18126/30031
mildew
improve the ventilation and light conditions in the faciities.
2 Gray mold 111135]
and prevent disease induced conditions.
reduce the source of infection in the coming vear.
3 B;e}ckpox 912|13[14[20121122| 15 days to effectively prevent disease.
iseage
spray, and then dry for planting or cutting.
Down grape dendrites before germination to kill the winter pathogens.
4 oy 15(17|1920/23[24)27|
mildew
72% Klu, 1000 times 58% Biomedium manganese zinc, etc., once every 15 days.
5 anthrax 314(s|
g i i ed.
5 Rust 16/18]1925[28/29) strengthened, and the diseased leaves should be timely remove
Roots of leafb
. 2
7 light 6[32[33|

thiophanate solution.

+ Selenium-rich grape disease diagnosis rules

The rules used in the diagnosis of the grape disease
are stored in the table. The diagnostic rules are created
and maintained by dynamicaily adding and deleting
columns m the symptom table.

The words that add columns to the symptoms table
are as follows:

alter table symptoms add 'powdery mildew 3’ bit

This
“Powdery mildew 3 is added, that is, the third diagnostic

statement indicates that a column named

rule for powdery mildew, with the data type bit.

The words that delete columns from the symptoms
table are as follows:

alter table symptoms drop column ‘Powdery mildew
9

This
“Powdery mildew 27 is deleted, that is, the second

gtatement means that the column named

diagnostic rule for powdery mildew removed.
Part of the collection of diagnostic rules are as shown

in Table 5, with the columns of symptom, part and image
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omitted. As shown in the table, when the id is 2 and 6, the mildew is for that the disease type of the grape can be

value of powdery mildew 2 is TRUE and the rest is judged as powdery mildew when the symptoms of the

FALSE. This means that the second mile of powdery grapes in the facility are with the 1d of 2 and 6.

Table 5 Part of the set of diagnostic rules

id Powdery mildew 1 Graymold 1  Blackpox disease 1 Downy mildew ! Downy mildew 2 Anthrax 1 Rust 1 Rust 2 Rootl 1

1 FALSE . TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
2 TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
3 FALSE FALSE FALSE FALSE FALSE TRUE FALSE FALSE FALSE
4 FALSE FALSE FALSE FALSE FALSE TRUE FALSE FALSE FALSE
5 FALSE FALSE FALSE FALSE FALSE TRUE FALSE FALSE FALSE
6 FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE TRUE

7 FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
8 FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE
9 FALSE FALSE TRUE FALSE FALSE FALSE FALSE FALSE FALSE
10 TRUE FALSE FALSE FALSE FALSE FALSE FALSE FALSE FALSE

3.4 Reasoning machine design
34.1 Selenium-rich grape disease diagnosis reasoning
process

The reasoning process shown in Figure 2 is used in
the process of grapefruit discase diagnosis according to
the human thinking of disease diagnosis, combined with

the experience of experts in the fields.

&
Select the site of the disease

I
+ 3 i
¥

Select symptom
characteristics

Is it in the diagnostic
rule base?

Re-diagnosis

Preliminary
diagnosis results

Is there a conflict?

Conflict handling

Na

b
A

Final diagnosis results ]
™
<t

Figure 2 Reasoning process

In this study, both of the positive and negative
reasoning methods are adopted according to the
traditional production rules system, in which from the

beginning of diagnosis to determine the possible

occurrence of the disease stage, and from the onset of
discase symptoms to determine the specific type of
disease, it is a positive reasoning process. Using the
following reasoning process to achieve positive reasoning,
the rule sets are defined as follows:

Rule I: IF P1 THEN P2

Rule 2: IF P2 THEN P3

Rule 3: IF P3 THEN q3

Where P1, P2, P3, q3 in the rules are predicate
formulas. Suppose the total database has the fact P1, then
these three rules are applied for forward reasoning, which
is the process that is derived from P1 to infer g3. The
forward reasoning link process diagram is shown in

Figure 3.

Figure 3 Forward reasoning link process

It is the reverse reasoming process that from the
control of possible diseases to the selection of typical
symptoms, disease period, the site of the test process, and
from the disease name to the disease symptoms, with the
detailed symptoms of the discase compared with the user
mput disease symptoms. Taking the above-meéentioned
three rules for example, the reverse reasoning method is
applied, starting from P1 to infer q3, it is shown in
Figure 4.

Firstly, it is assumed that the target g3 is true. With
the rule 3 (P3—q3), it is necessary to verify that P3 ig

true. However, the total database does not have the fact
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P3, so. the sub-target P3 13 assumed to be estabhshed.
Then with the rule 2 (P3—P3), the P2 should be verified.
Similarly, since there is no fact P2 in the database, it is
assumed that the sub-target P2 is true. With the rule 1
(P1—P2) to verify P2 is true, P1 should be verified first.
Because there is a fact P1 in the database, the assumed
target P2 is true, and thus P3 is true, and finally the

conclusion g3 is true.

ypothesis M Hypothesis
P23

Figure 4 Reverse reasoning link process

Only after the combination of positive and negative
reasoning does the final diagnosis results seem more
realistic, and the effectiveness and practicality of the
expert system can be increased.

3.42 Conflict resolution

The so-called conflict refers that in the current input
of the disease information, the system infers more than
one disease name, causing the phenomenon of conflict.
When the user’s input is complete, the system has no
conflict because each disease is different from the other
diseases with different symptoms. However, when the
information entered by the user is the common
characteristics of several diseases, the conflict may occur,
so the process of the conflict is the inevitable
phenomenon when the user is using the system. In the
case of reasoning, this must be dealt with to ensure the
effectiveness of the diagnostic results. _

The system firstly uses automatic determination when
it tries to resolve the conflict, and then resolves the
conflict through the conflict resolution method, and
finally outputs the diagnostic results. The conflict
resolution rules can be expressed as:

IF <Condition> THEN <Resolution method>

where, <Condition> is the summary of the conflict,
and <Resolution method> is the corresponding conflict
resolution strategy, which the domain experts often used
in the long-term practice and is proved to be effective
conflict resolution method. The algorithm is described as
follows:

Repeat

Select a conflict resolution rule R from the rule set;
Match R;
If conflict type matches successfully
Then implement the rules to resolve the conflict
Else continues
If the conflict is resolved
Then stop rule-based reasoning
Else continues to expand the rules used
If there is no rule available
Then stop rule-based reasoning
Until there is no matching conflict resolution rule

If the conflict has not been revolved at this time, the
system will judge the conflict based on the information in
the new rules database of the grape disease diagnosis and
the information in the historical records.

If there is no relevant record in the new rules database,
or if the information still fails to elirmnate the conflict,
the system will prompt the user to attach additional
disease features as a basis for further reasoning. At this
time, relying on human-computer interaction, the conflict

can get a reasonable solution.
4 System implementations

The system is developed by using Visual Studio 2005
and SQL server 2000 as the development tools, ADO as
the interface of the database, ASP.NET for web design,
and HTML as system development language. The main

interface of the system is as follows (Figures 5 to 9).

Origin of Grape Protected Cultivation
rape protected cultivation has a long history: IR the early 19th century, some countries, such

= Netherlands and Belgium. had started the grape panting In gregnhouse, and sefected some
\tskte grape varieties like Muscat Hamburs' and “Muscat Alavander’ However, largescals :
Gpment an £résnhouse graps planting was limited becausa of the high price of glass
reenhouse.

Sinca 1970s, with the popularization of plastic film in agricultural productfen, the cost of
bullding a graenhouse was sharply decling, sothat the grape pratectad cultivetion got .
developed rapldly. Like Japsn, which startzd devetepDing grape protected cultivation in 19633 ¢
and the planting arsa of grape protected cultivation had been more than 2 half of tatai

planting arez tifl 2005s.

China's grape protected cultivation research began In fste 1850s.3n 19785 Hellongilang
prowince's mrape protected cultivation research Bot success ingrape cold resistance, and then :
ide grape protactad cultivation wes started afier Ching's reform and openness in

1980s5.In recent yesrs, China's grape industry is ina boom. By the end of 2009, Ching's
planting area of grape protected cultivation had increased 1o 0.1 million scre and k=pt the
world numbar onelnthe mesatime, withthe grape total vield and per unit area vield's
inereasing, and the fruit quatity's impreving, China's Zrape Industry was changing form
quantity effect type to quality affect typz

Figure 5. Crape cultivation overview interface
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Grape diseases description

in facifity, like greenhouse, therais high temperature, hizh humidity, poor ventilation and
poor fight condition. 50 those common diseases In grepe pratected cuttivasion are usually I
under high terperature and high humldieyThefollowing are commen faclity grape disease:

Crisp spike ear

Powdery mildew

Gray mold

Blachpox diseass Ear deformed. withered

Daway mildew

Antirak

Raast

Roots of leaf blight

Figure 6  Grape diseases description interface Figure 7 Grape diseases diagnostic interface

Grape disease information management

Disease Name: ! 4

Frevention a

(2] [Ganeot |

No. ieease Name Prevention Operation

Completely clear the garder. The cut dizeased branches and residual lezves should be
completely burned sach winter. Five-degree stone sulfur mixture is spawed om the plant
1 IP ol w1 dew bafors germination for the eradication of winter dissasze. Hodi £ Delete
The 300 times 70% methyl thiophanate or 1600 times 15% pink Tu=t wet powdsr or 400 times|
sulfur suspension. should be applied in the early onset of the disease and again half a
month later so as to guarantee a good contral effect.

It is nocessary to strengthen the cultivation mamagement in the facilities and
feasonably regulate water, fertilizar, tomperaturs and water conditions, +to pravent
isharp stesp branches, and pay attention to timaly topping, fixing so as to ioprove the
ventilation and light conditions in the facilities.

2 Gray mold [Drugs should be timsly applisd before and aftex flowsring. The commrmly used druge Hodity Delete
includs BOU times 40% Exhals leaching agent, 50K Sumilex 200 timse liquid and 1000 timss
50% iprodione wettabls powder.

It should raasomably contxol the soil moisture and air huni dity within the facility, so
25 to control bish humidity and provent disesce induced conditions.

Carefilly clear the garden. The cut branches, leaves and weeds should be campletaly
burned and removed sach winter 1o reduce the srurcs of infection in the coming year.

In the two or tiwes leaves stage, B0O times 70% carbendazim solution or 600 times TB%
ikobo ¥P cr 200 times cuproxat, etc. should be spayed onca, And then 200 times Sordeaux
with half emount of iime should be applied avery 16 days to effectively prevent diceoasa.
2 [Blackpox dissase Hodify Delets
It iz nacessary %o strengthen tha cultivation and management within ths facilities,
increase epplication of phosphorus, potash fortilizer, and timesly pruns the tied vina so
as to improve the ventilatisn and light conditions within the facility and promote the
pobust branches. Pay attention te the disinfection of seedlings, and apply 1I0% ferrous
sulfate solution plus 1% crude sulfuric acid, or the Bome 3 dezress stone solfur i xtiure)
to dip the sesdlings 1-2 seconds or fully spray, and then dry for planting or cutting,

The disessed branchas and fallen Ieaves should be completely burned and remcved befora
erd after priming each autimm tc reduce the source of infection in the winter. The fiva-
Jdegrea stene sulfur mixture should be sprayed on the grape dendrites before germination
to kill the winter pathogens.

Dowryy wildew Modify Telete
From the beginning of two or three leaves stage, ths following drugs should be applied
nce every 7-10 days including 240 times balf amsunt Bordeaus or 800 times 78% Kaobo
liquid. At the begiming of tha ineidant, the drugs should be inmediztely Sprayed
including 300 times 40% phesphorus aluminum, 2000 timss 69% enoylmorpheoline or 800 times]
7% Elu 1000 timss 58X Bicmediun mangansse rinc, stc., once every 15 days,

[

Carafully clear the garden. The diseased branehes and residual branches should be
thoroughly removed The eradication agent like stone sulfur mixture should be spayed on
the muther branch with fruits before sprouting.

5 |Arthrax Eodify Delets
In the two or three loaves stags, full and careful spraying of GO0 timmss 78% FKobo or 50O
times 50% anthrax Ami should be dens to prevent The invasion of bactoria. In the fruit
coloring or sarly omset stege, 2000-3000 times 464 smide creom should be applied
Fapidly. The ear bageing should be implemsnted in the facilities.

It iz necessary to do a good clearimg and overwintering control. The 3-5 dsgraes Be
=tone sul fur mixture should be sprayed befors sprouting. It snould strangthern the

t with enough fertilizer to maintain a sood growth potential, and timely remove
[the dissased leavas.

Modify Delete
The druge should be immediatsly sprayed in the onset of disease, laying the emphasiz on
the leaves and leaves back in lowex part of the plant. The main reagent includes 0.2-0. 3
degrees Be sione sulfur mixture, or 15% rust wet powder 1500 times spray, or the
lpolysul fids suspension 300-508 times, omce every 15-20 days.

In the inflorsscence interval and one week after flowerins, the follewing drugs should
i Roots of ieaf blight ibe applisd once including 600 times 50% carbendazim WP or S0% thelidomide wettable Eﬂndiiy Deleta

powder 1000 tines solution, or 8500 times HU% methnl thiophanate solution.

Figure 8 Grape discase information management interface
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Disease Name- | Powdery mildew
Add| Moy
Mo Symptom Descriptions ; Discasedpats | Powd:r} midew | Powdmymild::w ‘Pwdaynﬂdzw 3
2 White pawdﬁ fruit 1
3 Water-stamed brown spcrs with. exp;msmn of s deprasm : froit O ; & I ]
1 Small lack spot on the lesion P s O O ‘ w]
5 Rust red conidia " O | O ; a3
: Rcmdda:kbmwngmtwnhd:metﬁUflmonﬂrsmfax:cof}fomgﬁﬁ'l i
6 | epidermis As thefrui is constanily expanding, the lesion has scab-Hke surface. frmit O ! O ]
Whea the fruit prows &go medim size, the scab falls off !
Black coal-Bee small particles froi [ | [w] \ O
Hardened flesh frozt | O 0
Cracked it T Rk | o W O
Stop growing ! frest iﬁw O ‘ O
Mense ga.ymold | froit I ) ; O O
T Mose gaymgl—é’“ - i H } a E E 5
Light txown Tomded sual spot |gu Frasit | [ ] FA OJ 4
The middle of the spots gxadml'k} -‘became white, depression, “with the reddish- it - ml 0 = ‘ O
P brown sdge, ke 'bird" hape ! |
ST PBlack lesions, hardening cracks fut f o 0 | T
P Fotten alot fower | ] O [ O
L0 Ciisp spiee ear fringe i [
T " Ear deformed, withered i fringe - o =
"The cer branches of the }onngf:arpxo(.’mce srown \vﬂﬁ;ﬁkcsnaﬁgmts, and | | ‘
P32 quickly spread to the sumoundings. The entire branch of the spike is deadm fringe O |m: )
; senons stuation i i
33 The surface has biack moid and the ear has atrophy and fabs of Fringe =] 1 O ! O
N H ! i
29 Theback of the &seasedemzis éo;:li:g;::tj:;ﬂ spores heap, gradoally leaf : 0 \ | 0o
Yellow: -grccn}estoﬁ.s leaf ] ] a
Whﬁepowdﬁ teaf B ~ [}
fihe losion produces white wold T et 0 0 i
2 A large number of arange-y dlow powdery spores cover the leaves feaf ] | [}
17 Transhocent, water-floe small spots with the edge not clear teaf | O i 0 | O
18 ' " Withered Teaf | ' ]
1o Tacly fall off T e ) ' ] 0
The lesicn is dry 2nd may form perforations leaf 0 O O
; " Theveins are thombic or fadform | B leaf i‘_ [ | |
22 Yeflow round spot mth da!:kbmwnmargma&éﬁghtbm\:m or gm} oema} - e } } D WVD |
237 Bale vellow lesions leaf | [ | ]
24 Y eﬂcm brmwn spat leaf ! | O 7
15 . Brown spot T B Tt .- ‘ vl [
: 6 Spmadi«_: small yellow spots appear s;; ti)e lezves: surromded by water-tice et 0 ; [ O

Figure 9 Grape diseases diagnostic rules management interface

5 Conclusions

In view of the most important knowledge acquisition

part of the expert system of selenium-rich grape disease
diagnosis system, this study adopts the method of
artificial acquisition to collect and collate the knowledge,
which can guarantee the accuracy and applicability of
knowledge acquisition.

Since there may be conflict problems in the disease
and symptoms matching search process, a special
inference engine is designed by combining positive and

negative reasoning methods, so as to make the final

diagnostic results more realistic, thereby increasing the
effectiveness and practicality of the expert system.

The system uses the Visual Studio 2005 and SQL
server 2000 as the development tools. With the help of
ADO technology, database technology and expert system
theory, the selenium-rich grape disease diagnosis system
is achieved through the operation of adding, modification,
deletion and query in the knowledge database. The
system has the characteristics of safety, simplicity and
practicality, which reduced the conflict of disease

retrieval and has a good application prospect.
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