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SUMMARY

. Title

Domestic System Development of Automatic Nutrient Solution Controller and

Equipment for Expanding Nutriculture

[I. Importance and Objects of the Study

Since the conclusion of world trade organization, opening of the agricultural field
has also been rapidly progressed in all its aspects. Thus the Korean agriculture is
to face the limitless competition. It is urgently needed to orient Korean agriculture
by technology, of high quality and for exportation for strengthening the constitution
of Korean agriculture and supporting the subsistence of Korean farmers.

The countries developed in agriculture, such as Netherlands, France, Belgium,
Japan, the United States of America, etc., have exerted their efforts for several
decades through the innovation of production and marketing technologies to promote
the competitive ability of their agriculture for the preparation against its
internationalization. Korea, on the other hand, has only recently started horticulture
in the structures along with hydroponics, the prime of agricultural technologies, out
of traditional rice-oriented agriculture. For the existing types of nutrient solution
management systems and fertigation instruction devices, those by ventury tube,
quantified pump, magnetic pump, diaphragm and flow meter for the former, and
those by amount of solar radiation, moisture in rhizosphere and time- dependent

control for the latter are utilized singly or in combinations : At present the
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equipment and devices related to fertigation are imported extensively from
Netherlands, Japan and Israel, but several domestic companies make their efforts to
develop their own, including nutrient solution diluter.

In hydroponics the supply and drainage of nutrient solution differ by cultural
systems, culture solutions substrates and equipments and devices for fertigation.
T he temperature, concentration and pH of the nutrient solution also vary greatly by
crop species and growth stages. In addition, the systems should be compatible to
the stature of most Korean farmers and their farming. T hese emphasis the carefull
choice and localization of equipments and devices related to hydroponics.

Crop production by hydroponics, though differs by crop species to some extent,
brings about labor saving efficiency by 5 to 15 times and elevation of land
productivity by 3 to 20 times, especially it can make available the quantity and
quality of products year-around depending on scale and sophistication of the
systems. To make the Dbest utilization of hydroponics in Korea, the
hydroponics- related equipments, devices and systems, above all, should be localized
and standardized. This will bring about the effects that would substitute the whole
quantity depended on importation, and at the same time induce the manufacturer's
investment on ground build- up for agricultural production.

The purpose of this study was to develop a nutrient solution diluter and its
incidental equipments, which is one of the important components of the hydroponic
systems. In addition, a hydroponic system which is least polluting environment and
harmonized with the stature and logic of Korean farmers was developed. Softwares
for managing nutrient solution by types and scales of hydroponic systems were
constructed and verified on-the-spot. A field manual on the production of vegetables
and flowers in hydroponics was prepared and distributed to growers, researcher and

extension agencies.

[11. Contents and Range of Research
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We developed an automatic diluter, an automatic temperature adjuster and a
sterilizer of nutrient solution and control device for fertigation, and then, after
on-the- spot verification, distributed them to growers in order to promote

hydroponics in Korea.

1. Development of Nutrient Solution Diluter

The main characteristics of the diluter is to control the individual fertilizer
components at will by growing stages. It so was desighed that emergency measures
against physiological disorders can be easily taken. In addition, this diluter utilize a
cheap magnetic pump instead of an expensive quantified pump, and it was linked to
3-way valves to precisely control the solution concentration. It can also
automatically regulate the amount and composition of the nutrient solution supplied
by crop species and growth stages, once the background data of the underground

water is input.

2. Development of Nutrient Solution T emperature Adjusting System

The temperature of nutrient solution greatly influences root zone environment. For
the maintenance of optimum temperature in the rhizospere, a temperature adjuster of
nutrient solution was developed. The temperature adjuster is energy-saving,

multi- functional and can be installed along with heat sterilizer.

3. Development of Nutrient Solution Sterilizer

Sterilization aims to Kkill harmful microorganisms in the nutrient solution, but
different types of sterilizers have been used as non- selective ones. Sterilization of
nutrient solution has been yet practiced in Korea due to lack of understanding its

benefits. The nutrient solutions are sterilized by various agents such as ozone, heat,



chemicals and filters. The sterilizers developed in this research are those using heat

and ultra- violet. An integrated sterilization using microorganisms was also intended.

V. Results and Suggestions for Their Applications

The results of the research project are summarized as follows :

1. The present status of hydroponics in Korea, with the helps of provincial offices
of rural administration and agricultural extension stations, including acreages, culture
methods, crop species, cultural types of hydroponics by individual growers
throughout the country was surveyed, and the data were analyzed to predict a

prospect of hydroponics in Korea.
2. Nutrient Solution Diluter

The solution diluter can control the integrated supply of water and nutrient
solutions at various conditions to different types of nutrient culture systems such as
pure hydroponics and cultivation on solid substrates. The diluter is capable to
automatically control the amount and time of supply in relation with pH and electric
conductivity of the nutrient solution. By connection of its main control device to a
personal computer, it is able to check up the functioning condition of the system,
readjust the conditions, change to manual operation, and output or store various
data. Low prices, simplification of operation and language for programming were
emphasized in developing the diluter. The diluter can control the nutrient solution by
crop species, growth stages and seasons, and by individual components of fertilizers.

A control package by main computer for large scale operations was also prepared.

3. Nutrient Solution T emperature Adjuster



The temperature adjuster can maintain the temperature of a certain amount of
solution at a target temperature. Heating and cooling can be accomplished by
separate operations. Heating is done by circulation of underground water through
heat exchanging pipes, and cooling by connecting the pipes to the boiler equipped
with a burner. Pipes can be of either stainless steal or polyethylene depending on
the control capacity, though the former is preferred. Either light oil or liquidified
petroleum gases can be used for the burner. The exhaust gas, when the latter was
used for heating, can be utilized as CO2 source to the crops. The heat from the

boiler can also be utilized for sterilization.

4. Nutrient Solution Sterilizer

With the ever-increasing emphasis of environmental protection, the solution
sterilizer for hydroponics is also recognized as an important component along with
augmentation of recycle system. One heat sterilizer connected to the temperature
adjuster and another ultra violet sterilizer were developed. T he heat sterilizer which
shares with the temperature adjuster the same heat source can control the
temperature within the range from 60 to 95 . For ultra violet sterilization, the
lamps of easy purchase were installed apart from the solution cannals so that it
would not contaminate nutrient solution in case of breakage. It is easy due to its

simple structure to change the lamps and to parallel the lamps for extension.

5. Fertilization Instruction Device

This device was designed to control the diluter function independently without
connecting to a computer. T he device works based on inputs of actual measurement
for the last 3 weeks of aerial and root zone environment, predicted data and
growing state of crops. Type, concentration and pH value of nutrient solution, and

state of vegetative growth or fruit set are the other items of input. In addition, a
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program will be prepared, which enables taking emergency measure against
physiological disorders, when the kind of disorder and extent of its incidence are
input, during operation. The Data based program will be prepared by using the
predicted values by species, predicted microelement within the structure by seasons,
and environment of the nutrient solution by types of hydroponics. Those expected

values were catalogued for the convenient reference of the users.

6. Publication of a Manual on Hydroponics

Principles and techniques of hydroponics for major vegetables and flowers are
arranged, laying stress on the actual practices. Two books titled, “Growing Fruit
Vegetables by Hydroponics” and “Cut Flower Production by Hydroponics”, were
written primarily based on the field data collected for this project, which are now
under distribution to vegetable and flower growers, agricultural research, education,

extension and administration agencies.
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2- 1

( . ha)
'90
91 '92 '93 '94 '95 '96
- - - - - 0.06 0.11 0.17
08 - 0.06 05 0.43 - 0.24 2.03
08 - 0.06 05 0.43 0.06 0.35 2.20
- - - - 05 2.03 0.67 3.2
- - 0.26 0.3 0.1 - 0.01 0.67
- - 0.26 0.3 0.6 2.03 0.68 3.87
- - - - 0.006 - - 0.006
- - 0.01 - 0.006 0.2 0.26 0476
- - 0.01 - 0.012 0.2 0.26 0482
- - - - - 0.25 0.28 0.53
- - - - 0.26 - 0.27 0.53
- - - - 0.26 0.25 0.55 1.06
- 0.4 - - 0.78 0.35 4.96 6.49
- - 013 0.45 0.36 - 0.06 1.00
- 0.4 013 0.45 114 0.35 5.02 7.49
- - - - 0.86 0.4 0.76 2.02
- 0.43 0.06 - - - 0.01 05
- 0.43 0.06 - 0.86 0.4 0.77 252
- - 0.3 0.15 5.01 4.42 24.12 34
078 0.63 0.35 142 0.46 0.06 1.34 5.04
078 0.63 0.65 157 547 4.48 25.46 39.04
- - 20 - - 291 3.7 8.61
- 0.1 - - - - - 0.1
- 0.1 20 - - 291 3.7 8.71
0.16 0.55 - 148 132 0.88 4.98 9.37
0.16 0.16 - - 0.1 - 0.01 0.43
0.32 071 - 148 142 0.88 4.99 9.80
- - - 0.46 6.8 41 16.47 27.83
- - - 0.46 6.8 41 16.47 27.83
- - 0.1 1.0 0.73 4.03 21.46 27.32
- - 0.9 0.36 - - 0.97 2.23
- - 1.0 1.36 0.73 4.03 2243 29.55
0.3 14 19 419 10.03 0.33 22.87 41.02
0.23 0.15 0.46 0.98 0.33 0.03 0.62 156
053 155 2.36 5.17 10.36 0.36 2225 4258
- - 0.06 - 1.90 3.92 531 11.19
0.4 2.67 0.66 - 0.66 14 2.39 8.18
0.4 2.67 0.72 - 2.56 532 7.70 19.37
- - - 1.07 3.07 6.78 45.14 56.06
- - 0.01 0.7 0.31 133 9.69 12.04
- - 0.01 177 3.38 8.11 54.83 68.10
- - 05 0.1 14 0.3 3.64 5.94
- - 0.26 315 0.49 24 3.1 941
- - 0.76 3.25 1.89 27 6.75 1535
046 2.35 4.86 8.45 324 3076 | 15447 | 233.756
237 414 316 7.86 351 542 17.74 44.196
2.83 6.49 8.02 1631 | 3591 | 3618 | 17221 | 277.952
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(
NFT, ,
DFT
6,100 - - - - 500 - | 6,600
9 - - - - 2 - 11
2,000 - - 7,900 - 1,700 - | 11,600
4 - - 6 - 2 - 12
1,418 - - - - 18 - | 1436
5 - - - - 1 - 6
1,600 - - 1,600 - - - | 3200
2 - - 1 - - - 3
- | 3010] - - | 4100 15360 - | 22470
- 6| - - 3 26 - 35
- | 1500 | - - 600 | 4,400 - | 6500
- 3| - - 1 7 - 11
15,130 - - | 21,700 | 600 | 79,397 300 | 117,127
21 - - 18 2 80 1 122
300 - - | 12,980 - | 11,650 | 1,200 | 26,130
1 - - 7 - 15 4 27
1,300 - - 9,007 - | 14150 | 4,950 | 29,407
3 - 8 - 20 7 38
- - - | 10800 - | 72,710 - | 83510
- - - 11 - 105 - 116
6,700 - - | 54660 - | 27315 - | 88675
9 - - 48 - 24 - 81
200 | 3,900 | 570 | 33,720 | 40,270 | 47,076 | 2,000 | 127,736
2 6| 1 25 38 57 1 130
21121 | 3400 | 30| 5973 | 7,950 | 19,650 - | 58124
40 3] 1 8 10 23 - 85
10920 | 25200 | - | 86,640 - | 54,840 | 26,700] 204,300
18 27| - 79 - 52 28 204
4900 | 23330 | - | 12,140 - 700 | 5,000 | 46,070
8 25| - 10 - 1 4 48
71,689 | 60,340 | 600 | 257,120 | 53,520 | 349,466 | 40,150 | 832,885
122 70| 2 221 54 415 45 929
11996 12 2 ()
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- 27 -

( )
400 - - - - | 3200 | 1,800 - | 1200 | 6,600
- | 2500 - | 300 - | 900 - | 7900 - | 11,600
- - 30| 18 - | 1,388 - - - | 1436
2,350 - - - - | 80 - - - | 3200
10,600 | 7,220 - - 1,000 - - | 2600 | 1,050 | 22,470
700 - | 3100 | 600 - | 1,500 - 600 - | 8500
25275 | 3,600 | 20372 | 9,350 - 111,230 | 2910 | 31,370 | 13,020 117,127
15440 | 3800 | 4340 | 1,200 - | 1,350 - - - | 26130
- | 11,040 | 7,917 | 3,600 - | 2720 | 550 | 1,600 | 1,880 | 29,407
5800 | 28,700 | 26,160 | 3,850 | 300 | 3,800 - | 13200 | 1,800 | 83510
3000 | 12,200 | 8615 | 8,000 - | 2900 | 300 | 53660 - | 88675
45,776 | 60,180 | 13,640 | 2,040 | 2,400 - - | 3600 | 100 | 127,736
15,178 | 13,300 | 4550 | 1,800 - | 5100 | 350 | 2700 |15146 | 58124
45600 | 6,690 | 12,000 |49,200 - | 5820 - | 84390 | 600 | 204,300
12,180 | 16,793 | 5100 | 5000 - | 4497 - | 2000 | 500 | 46070
182,209 | 166,123 | 105,824 |84,958 | 3,700 |45255 | 5910 | 203520 35296 | 832,885
1996 12 2 , ()




( )
NF T| DFT
69,583 | 66,076 | 3,200 | 30,300 | 6,020 | 1,200 | 5,920 182,299
15910 | 88,070 | 17,070 | 18270 | 8,030 | 2,200 | 16,573 166,123
18,947 | 73,647 - | 9300 | 1,330 | 1,700 | 900 |105,824
1,300 | 8,850 - | 2170 [ 15918 | 12,920 | 4,097 | 45255
- | 1,760 - 550 | 1,800 | 1,800 - | 5910
16,440 | 41,200 - |20518 | 300 | 600 | 5900 | 84,958
- | 3,700 - - - - - | 3,700
500 | 16,870 - | 1,880 [ 11,896 | 3,700 | 450 | 35,296
134,800 | 24,400 - | 1550 - - 23,000 183,750
1,400 | 2,700 - - - - 400 | 4,500
1,800 | 11,720 - | 1,750 - - - | 15,270
260,680 | 338,993 | 20,270 | 86,288 | 45294 | 24,120 | 57,240 /832,885
11996 12 2 ()
2-5.
( )
FTIDFT
- 400 - - - - - 400
1,600 - - - 750 - - 2,350
- 5,250 1,200 2,900 - - 1,250 | 10,600
- 700 - - - - - 700
- 24,975 - - 300 - - | 25,275
7,400 6,540 - 1,500 - - - | 15,440
2,800 3,000 - - - - - 5,800
3,000 - - - - - - 3,000
19,570 8,806 2,000 | 14,300 - - 1,100 | 45,776
3,573 6,505 - 5,100 - - - | 15,178
24,000 9,900 - 6,000 | 2,400 | 1,200 2,100 | 45,600
61,943 66,076 3,200 | 29,800 | 3,450 | 1,200 4,450 {170,119
11996 12 2 ()
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2-6.

FTIDFT
- | 1,700 - - | 800 - - | 2,500
- | 6310 - - - - 910 | 7,220
- | 3300 - 300 - - - | 3,600
1,400 | 2,400 - - - - - | 3,800
4540 | 6,600 - - - - - | 11,140
- | 28,700 - - - - - | 28,700
- | 8700 - - | 3500 - - | 12,200
6,370 | 18870 | 17,070 | 14970 | 100 - | 2,800 60,180
- | 8400 - - | 2,700 | 2,200 - | 13,300
3,600 | 3,090 - - - - - | 6,690
15910 | 88,070 | 17,070 | 15270 | 7,100 | 2,200 | 3,710 149,330
11996 12 2 ()
2-7. ( )
FTIDFT
- - - - 30 - - 30
- - - | 3100 - - - | 3,100
4,000 | 14,872 - 200 | 1,300 - - | 20372
3,440 900 - - - - - | 4340
3767 | 4150 - - - - - | 7917
- | 26,160 - - - - - | 26,160
- | 8615 - - - - - | 8615
4140 | 8,000 - | 1500 - - - | 13,640
- | 4550 - - - - - | 4550
600 | 5,700 - | 4500 - | 1,200 - | 12,000
15,947 | 72,947 - | 9,300 | 1,330 | 1,200 - 100,724




( )
FTIDFT
- - - | 300 - - | 300
- - 18 - - - 18
- 600 - - - - | 600
- 9,350 - - - - | 9350
- 1,200 - - - - | 1,200
- 1,900 1,700 - - - | 3600
- 3,850 - - - - | 3850
5000 | 3,000 - - - - | 8,000
940 300 800 - - - | 2,040
- - 1,800 - - - | 1,800
10,500 | 21,000 16,200 - | 600 | 900 | 49,200
16,440 | 41,200 20518 | 300 | 600 | 900 | 79,958
11996 12 2 ()
2-9, ( )
FTIDFT
- 1,000 - - - - | 1,000
- 300 - - - - | 300
- 2,400 - - - - | 2400
- 3,700 - - - - | 3,700
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2-10.

NFTIDFT
- 100 - - | 3,100 - | 3,200
- - - 900 - - 900
- - - | 1,388 - - | 1,388
- - - 850 - - 850
- - - - - | 1,500 | 1,500
- 4,200 - | 7,030 - - 11,230
- 750 300 | 300 - - | 1,350
- - 1,420 - | 1,300 - | 2720
- 3,800 - - - - | 3,800
- - - | 1,000 | 1,800 - | 2,900
- - 450 | 3450 | 1,200 - | 5100
300 - - - | 5520 - | 5820
300 | 8,850 2,170 | 15,018 | 12,920 | 1,500 | 40,758
11996 12 2 ()
2-6. ( )
NFTIDFT

- - - - | 1,800 - | 1,800
- 1,760 - | 1,150 - - | 2,910
- - 550 - - - 550
- - - 300 - - 300
- - - 350 - - 350
- 1,760 550 | 1,800 | 1,800 - | 5910




2-12.

NFTIDFT
- - - - | 1,200 - 1,200
- 600 - - - 450 | 1,050
- 11,870 1,150 - - | 13,020
- 600 1,280 - - - 1,880
- 1,800 - - - - 1,800
- - - - 100 - 100
- 1,400 600 | 10,746 | 2,400 - | 15,146
- 600 - - - - 600
- 16,870 1,880 | 11,896 | 3,700 450 | 34,796

2-13.

( )

NFTIDFT
6,500 - - - - - 6,500
- 1,800 - - - - 1,800
- - 600 - - - 600
21,700 8,350 - - - - | 30,050
700 900 - - - - 1,600
8,000 2,400 - - - - | 10,400
44,860 - - - - - | 44,860
2,700 - 450 - - - 3,150
2,700 - - - - - 2,700
47,640 | 10,950 - - - | 22,200 | 80,790
- - 500 - - 800 | 1,300
134,800 | 24,400 1,550 - - | 23,000 183,750




2-14.

( )
FTIDFT
1,400 - - - - - | 1,400
- - - - - 400 400
- 2,700 - - - - | 2,700
1,400 2,700 - - - 400 | 4,500
1996 12 2 , ()
2-15. ( )
FTIDFT
- 400 - - - - 400
- 720 600 - - - | 1,320
- 2,700 - - - - | 2700
1,800 7,000 - - - - | 83800
- - 450 - - - 450
- 900 - - - - 900
- - 700 - - - 700
1,800 | 11,720 1,750 - - - | 15,270




4 5
2-6
40%
1
2-7
1
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5
2-9
NFT  DFT
2-12
8
2-14
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. pH EC
, pH EC
B
2-3
2-3
pH
EC
2.4 1500
( , Topse)
pH, EC
pH EC
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(2HP

2-5

. pH

EC

DACE

. pH
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P.v.d. Berg Techniek

. pH
2-5

2-7

Volmatic

95 97

- 46 -

EC

2-5



- 47 -

AIS



- 48 -

20%



10.

11.

12.

13.

. 1988.

. 1993.

. 1993.

. 1986.

. 1986.

. 1983.

. 1982.

. 1993.

. 1992.

. 1991.

. 1993.

. 1991.

.7 99-112.
().
. pp 12-15.
. pp 3-70.

1: 8894
46 : 12- 21.
» 37-47.
46 : 22- 30
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. 1986.
61:107- 114.

Benoit, B. 1990. Economic aspects of ecologically sound soilless growing
methods. Vegetable Res. Sta., B- 2580 Belgium.

Cooper,A.J. 1979. The ABC of NFT. Grower Books.

Cooper.A.J. 1985. Hydroponics worldwide : State of the art in soilless

crop production. pp. 180- 185.

Gericke, W.F. 1940. The complete guide to soilless gardening.
Prentice- Hall, New Y ork.

Jensen, M.H. and W.L. Coallins. 1985. Hydroponic vegetable production.
Hort. Rev. 7 : 483- 558.

Nelson, P.V. 1991. Greenhouse operating and management. Prentice Hall.

Resh, H.M. 1993. Hydroponic food production. Woodbridge Press Pub.
Company.

Saunby, T. 1974. Soilless culture. Atlantic Arts, Inc.
Tibbits, T.W. and R.J. Bula. 198. Growing plants in space. In. Reports

of international symposium on high technology in protected cultivation.
Pub. Chiba Univ. Japan. pp 133- 142.
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, PH

EC(
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pH
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, EC, pH,



, software

3
(detecing- transduction), 2

(signal readout)

1

(signal conditioning), 3

- 53 -

’ pH;



(detector)

(transducer) , ,

- (analog- to- digital conversion)

A/D

(least square method)

regression equation)

31

- 54 -

(sensor)

1

), PH,

(linear



( pH
( )
0 20mS H 2 12 0 10ppm
0 50 p pp
05-1.0% F.S 05 20 mS/F.S (0.2 pH, 2% F.S 2% F.S
2% F.S
30 -2
(90%)
pH
(
:0.1IN )
pH
( )
EC, pH,
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thermostat ( )

1 ,
thermostat ,
15 25
4
. pH( : pH = loglJHA)
(pH)
pH
pH 55 6.5 pH
NaOH |, HXS04 . pH (
pH 2 )
. pH
2% ( ), 5% (
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pH

pH

), 10%

KOH

pH
(



14

pH

pH 55 65 ,

, 0.2 pH 2% FS, 10

(electric conductivity : EC(mS/cm))

1lcm?2 1cm

. EC
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pH O

EC



0 20mS,

EC

)

0.5 2.0%FS,

2%/
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EC

10



EC
EC sensor . EC sensor
monitoring
(100
EC sensor Caty; Mg+
K+ NO3, Ca+

K+ NO3, Cat

calibration
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EC
pH (6.0
batch
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ON- OFF

. pH, EC

pH EC

— Qd{l-exp(-t/T) : t 2 L

ON/OFF

t <L
A

- 60 -

, controller

on- off
- le ECI
pH EC
Qd pH EC
ON/OFF (offset)
pH EC



a=Qdl - exp(-L/T)}

PID : PID
offset
PID
e(t) m(t)
1 1 de(t)
m(t) = Kp{e(t) + — + —1et) + TD——}
TI TI dt
Kp : , TD: , Tl
, Kp , Kp/T1 :
PID
e(t)
TS k TD

m(k) = KP{ e(k) + — 2le(i) + — [ e(k) - e(k-1)J}
TI 10 TS
, mk) ek) t=KTS mt)  ek)

- 61 -



m(k) - m(k- 1)

m(k) = m(k-1) + a e(k) + B e(k-1) + vy e(k-2)

= KR1+ TSTI+ TDTY

“KR1 + 2TDTS
KPTDTS

a
B
Y

monitoring time

(adaptive)

PID

PID

3way valve

- 62 -

offset
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software



electrode)

Specication

- Display :

- Inputs :

, , AIS

(pH)

LCD
pH electrode

RTD Pt 100 3 wires

- 64 -

(combination



Output

T emp. Compensation :
Zero :

Sensitivity (Span) :
Input Current :

Input Resistance :

Operating Temperature :

Operating Humidity :
Power supply :
Isolation :

Terminal block :

Net weight :

Mounting :

pH sensor 2

4/20 mA dc isolated
0.00/14.00 pH

manual or automatic
adjustable +/- 15%
adjustable from 86% to 112%
< 2 pA

> 10 exp 12 Ohm

0/50

95% without condensation
10/30 vDC

500V olt Input to Output
Detachable

200g

DIN Rail mountable

. pH EC sensor

by- pass

(EC)

(EC)

- 65 -



Display :

Input :

Output :

Scales :

T emp. Compansation :

Temp. Com. Coefficient :

Temp. Com. Reference :
Zero :

Slope :

Operating Temperature :

Operating Humidity :
Power supply :
Isolation :

Terminal block :

2 sensor

EC

nA

sensor

LCD

2- electrodes EC cell

4- electrodes EC cell

RTD Pt100 2 wire

4/20 mA isolated

0/200.0 p S - 0/2000 p S 0/20 mS
-10.0/120.0

manual or automatic

0/4.0 %/ adjustable

20

adjustable +/- 15%

adjustable 86/112 % narrow range
adjustable 0/160 % wide range
0/50

95% without condensation
10/30vDC

500 Volt Input to Output

Detachable

EC EC

- 66 -



: DC 24V
< 12VA
Il ):UA=DCO- 10V = 0 - 10klux, 1ATE 5mA
II(  ):UA=DCO- 10V = 0 - 100klux, 1At 5mA
: 100nsec (10- 90%)

(PM- 015N M) 3-1

3 way valve 32

- 67 -



35

PM-015NM

30

25

20

N

15

244 (m)

10

100 150

F5(//min)

200 250 300

29 3-1. gujgxe] LgA BE FT¥ 54

800
700
800
SO0
400
300
200
100

o

#3ec)

800
700
600
500
400
300
200
100

#3(cc)

L g
— i (a)

Ty

y = 23.716x + 3.1496
R2 = 0.9987

o 10 20 30 40
AlZE(=™)
i e b
— Al (b)
y = 23.578x + 1.9455
A2 = 0.9987
o 10 30 40

20
AlZr(2)

agY 3-2. Ju)PZ(PM-015NM)$} 3way valveE ZHAIAE o 25 A7
g +%
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: 05 10kg/cm2
D x 2%( )
: 101, 1001, 10001,
: 24V AC(60HZ)
: 0.4amp(inrush), 0.20amp(holding)
block

main

controller

: 0.7 - 10kg/cm2
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: 24V AC(60HZz)
: 0.40amp(in-rush), 0.20amp(holding)

1 125

x 1.25

- 70 -



. Main pump

1
1
220V
AC 50001
pH EC
EC pH
, 2 3
data
; 3-3
3-3,
3-4 . , pH EC controller
one- board chip . controller

pH EC ,
(1C)

- 71 -



(ROM) (RAM)

EC pH

main pump main valve(l ),

(3 )2
, 32
, data
PC ,
, , data
: 220V AC 60Hz
12V RAM
8 , 3 , On/Off
(4 20mA) 4

- 72 -
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5

16

, Analog

IBM

PC,

(3
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Set point fred AUt tuning
algonthm

Input data
Sol.Temp., EC, pH
Ster, Temp. Ught

[ Measuring of EC, pH |

% JSumoly num,
sol. or acid

29 3-4 FAHNY), FALTA) B FALERAAY Ao BEE

_74-

POIB/08/18 15028 W A/ &L

NeEX: UM SSHUE K6 XISLH 22|10, BX, AIAES S5} Y. AFSHRBIN / =2

i



1. . 1992. ().

1: 9397
2. . 1993. . 2 : 147- 149.
3. . 1995. - -
4. . 1991.
5. . 1988. -

: 94- 100.
6. . 1988. . 61
. 89- 93.

7. . 1987. .-
8. . 1986. -
9. . 1991.

10. Asher, C.J., P.G. Ozanne, and J.F. Loneragon. 1965. A method for

61

controlling the ionic environment of the plant roots. Soil Sci. 100(3) :

149- 150.
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11.

12.

13.

14.

15.

16.

17.

18.

Chotai, A. and P.C.Young. 1991. Self- adaptive and self tuning control of
Ntrient Film Technique(NFT) system, in Y. Hashimoto and W.
Day(eds.), Mathematical and control applications in agriculture and

horticulture, Pergamon Press, Oxford.

Cooper, A.J. 1979. The ABC of NFT. Grower Books.

Donald J. Pitts, A. James, et al. 1986. Trickle irrigation lateral line

design by computer analysis, Transactions of the ASAE 29 : 1320- 1324.

Hisao Anycji and I- pai Wu. 1987. Statistical approach for drip lateral
design. Transactions of the ASAE 30 : 187-192.

Hollis, P. and R.W. Hindmarch. 1980. A microcomputer controlled farm

management system. Transactions of the ASAE 35 : 35-37.

Kenneth H. Solomon. 1985. Global uniformity of trickle irrigation
systems. Transactions of the ASAE 28 : 1151- 1158.

Numan, M., and E. Gordon. 1989. Emmiter discharge evaluation of
subsurface trickle irrigation systems. Transactions of the ASAE 32 :

1223- 1228.

Y asushi Hashimoto, Gerard P.A. Boot, W. Day, H.J. Tantau and Hiroshi

Nonami. 1993. T he computerized greenhouse. Academic Press, Inc.
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29 327

(1982)

20/17

16 22

(1968)
16

Morgan

20/12.2

- 77 -

(1978)
255

, Jones

(1978)



30

30 . Gosselin ~ (1983)
, 20
150 200pnl OZg(fresh root)/hour QI=2 30 300
4001 OZ . 100g 20 101
4.3 30 18
cytokinin ,
abscisic acid
25
1 2 ,
12 3
24 22
22
24 . 2
22
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NFT

21

25

18

30

25
25

3%

- 79 -

15

15

. NFT

18

NFT

, 19



(

15

, 1992)
30

: SUS 27 (304) 15t
1 2.32m?2
: 40w, 220V, 1/18HP(36001/h)

- 80 -

24



: PE(XL pipe) stainless

© 6.28mZ/100m

: 80,000 kal/h
: 90 95%
: 103 l/h
1 220V
1 Kw/h

compressor
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NFT

electric heating bar

on- off thermostat

- 82 -



146,952 kcal/mz hr
8,980,400 kcal/mz hr

15 17

- 20 40

- 83 -

XL pipe

. PE pipe(100m,

LPG

65

30

PE

6.28mz)
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10

, . . 1992
17 : 97- 104.
, , . 1993.
2:1-8
L] L] ] ] y . 1995
. 1986. . 61 :
223- 228.
, . 1968. 10 : 59-70.
. 1985. - -. pp. 59-117.
62 : 86-90.
. 1985. . 60 :
1213- 1216.
. 1972 . . 28(1) :
19- 22.

. Gosselin, A. and M.J.Trudal. 1986. Root- zone temperature effects on
pepper. J. Amer. Soc. Hort. Sci. 111(27):220- 224.
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11.

12.

13.

14.

15.

16.

17.

19.

Kitaya, Y. T. Imanaka, M. Kiyota, and I. Aiga. 1988. Advantageous
arrangement of plants in a plant factory- cultivation of lettuce suspended
upside down. Acta Hort. 230 : 271- 278.

Kuo, B.C. 1987. Automatic control systems, 5th ed., pp. 721.
Prentice- Hall, Inc.

Mastalerz, JW. 1978. T he greenhouse environment. John Wiley and
Sons.

McLendon, B.D., R.B.Dodd and J.M .Allison. 1981. Panel heating using
polyvinyl chloride pipe(PVC). Trans. of the ASAE 24 : 1287- 1290.

Matsuoka, T. and H. Suhardiyanto. 1992. T hermal and flowering aspects
of growing petty tomato in cooled NFT solution during summer.

Environ. Control in Biol. 30:119- 125.

Morgan, J.V., A.T .Moustage, and A.T an. 1980. Factors affecting the
growing-on stage of lettuce and chrysanthemum in nutrient solution
culture. Acta Hort. 98:253- 261.

Okada, M. 1990. T he heating load of greenhouse. J. Agri. Met. 35 :
235- 242.

Rudd- Jones, D. and G.W.Winsor. 1978. Environmental control in the root
zone : Nutrient film culture. Acta Hort. 87:185- 195.
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(  ,1966)

2000
(closed recycling system)

(PTG)

(green mottle mosaic virus ; CGMMYV),

- 89 -



(tomato mosaic virus ; ToMV),
virus ; TNV), big vein virus agent(LBVA)
(Paludan, 1985).

Olipidium brassicae(

, NFT
LBVA 99- 100%
Faithfull 1979).
Phytophthora cryptogea
(Wohanka, 1990a).
oxysporum f. sp radicis- lycopersici
1991).
60 10
10
Runia(1988)
Verticillium 83 , TMV 97
95 30
virus> > >

- 90 -

TNV

(tobacco necrosis

LBVA

(Tomlinson and

Fusarium

(Rattink,

70

10



pH

pH 4 (However Farooq et al., 1977).
10g Im2
1 5_ 1 ’
uv
5-1. 20g (1 )
()
0 560 33,200
10 - 10,800
15 206 -
30 3 104
45 2 -
60 0 76
UV (ultra- violet) 100- 400nm . 200- 280nm
uv , 253.7nm
(Gelzhsuser , 1985). 2
uv 200- 280nm
253.7nm ( 10% UV )
( 40% UV . UV
0.4- 0.8mm

10mJ/cmz UV

- 91 -



250mJ/cmz (Runia

1994).
(membrane)
(microfiltration membrane)
(Phytaophthora)
(Fusarium)
3-7m 90cm
Ceramic 4m 100%
(iodine)

0.7ppm

(hydrogen peroxide)

400ppm 99.97%

- 92 -



95- 97

LPG LPG

main pipe pipe

- 03 -



- 94 -



1.
3
(Phytcphthora), (Pythium), (Fusarium)
P hytcphthora, Pythium
( ,1980). ,
1972a,b) ,
(Pythium) (

- 05 -



main pipe
main pipe
(500I)
160l
95 97
1
(XL- pipe, 16mm, 100m, 62.8m2)
thermostat on- off

(1)

- 96 -



- . SUS 27 (304) 15t
- 1 2.32m?2
- : 40w, 220V, 1/18HP(36001/h)

(2)

- : PE(XL pipe) stainless
- : 6.28m2/100m

- : 80,000 kal/h

- : 90 95%

- : 103 l/h
- 1 220V

- 1 Kw/h

(Pseudomonas
solanacearum) glucose

3x104cfu/ml 50 80

- 97 -



. 300ml 3 10 50ml
5 120

(Fusarium oxyporum f. sp. radicis lycopersici) PDA

3
2cm 5ml
10 50 90
Fusarium 20 30
10
2 (30x30x7.5cm)
300ml 6 50ml 9% ,1
(1C- 500,
Dionex, USA)
3.
1 20
95, 85, 75, 65 55 57, 5.9, 6.1, 64

- 98 -



70%

- 99 -

7.2(11 ) 80, 78, 76, 74
, 2 45
5- 2.
()
5 10 20 30 60
50
60
70
80
2x 10«cfu/ml
5-3.
()
() 3 5 10 20 30 60
50 10* 10 10 10 10 10
60 10 10 6 4 2 0
70 2 1 0 0 0 0
80 0 0 0 0 0 0
90 0 0 0 0 0 0
* 10
50
( 5-2) 60 10 70 5
50
1 . 60 30
70 10



, 80 3 . 53
5-4
NOZ N, K, Ca 95
5- 4.
( %, mS/cm, ppm)
EC NO-N P K Ca Mg S Fe Mn Zn Cu
17 207 0 29% 125 27 26 272 173 013 012
19 209 0O 313 128 28 27 258 165 018 0.11
[/ x100 (101) (106) (102) (103) (102) (95) (95) (138) (92
27 309 23 406 185 58 52 326 189 066 0.76
29 334 25 464 193 60 48 350 185 163 0.78
/  x100 (108) (109) (114) (104) (103) (92) (107) (98) (96) (103)
95 1

- 100 -




100 400nm

400nm(short- wave)

150mJcmz

Verticillium

(Runia,1991).

(1) UV

Br, Sr, Ca

200
uv 253.7nm
(Gelzhsuser , 1985). UV-C

Giardia cysts
20 25mJcmz
(Bernard , 1991). UV
430mJcm2
Fusarium 100% ,

74%

(253.7nm)

(emitter;

- 101 -
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Bacillus, Pseudomonas

Penicillium, Aspergillus

20,000

,1986).

Seprolegunia, Achilia, Aphanomycets

40,000uw - s/cmg,

200x 10w -

s/cme, 30 49x 10FHw- s/cme ( ,1980).
120x 10FHwW - s/cme, 360x 10%
w- s/cmz ( , 1974).
5-5.
guw - s/cmz)
Bacillus subkilis 11,000
B. subtilis(spore) 22,000
Corynebacterium diphtheriae 6,500
Pseudomonas aeruginosa 10,500
P. fluorescens 6,600
Salmonella sp. 10,000
Saccharomyces cellipsoideus 13,200
Penicillium roqueforti 26,400
Aspergillius flavus 99,000
Asp. niger 330,000
M ucor racemosus 35,200
Oospore lactis 11,000
(hw/cm?) ()
: ( ) :
( 5-6).
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(mm) (uw/cmz) (%)
0 2,490 -
20 885 65
30 237 22
40 116 14
50 50 7.7
60 19 3.1
70 5 1.0
5-7.
30cm
() (%) (%) (%)
0 0 0 0
0.5 99 72 66
1 100 100 83
2 100 100 98
3 100 100 100
5 100 100 100
5-7 30cm
1
100%
Fusarium
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10
( 5- 8).
5-8.
(%)
()
0 0 0
5 6.3 0
7 21.8 0
10 59.4 3.1
14 65.6 15.6
20 75.0 53.1
(
overflower

(

15, 13, 11, 9, 7, 5 I/min
1/3HP, 15!/min)
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(liter/min)
(W)
15 13 11 9 7
3.2 25.4%) 24.5 20.7 10.8 5.8 0
6.4 33.2 30.5 25.6 12.9 0 0
§) (x 10tcfu/ml).
5- 10.
(liter/min)
(W)
15 13 11 9 7
3.2 79.5) 60.5 30.5 185 4.7 0
6.4 98.1 35.3 29.4 7.5 0 0
b (c/c)
11/ min 71/min
71/min
3.2W

6.4W

(Pythium gphanidermatum)

1/3HP, 151/min)
7l1/min , [/min
Pythium gphanidermatum

(  5-11).
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AN AYZI}t YEEF H4Yue
YA T3¢ 49 Fliter/min)
F2A} 15 13 11 9 7
Pythium aphanidermatum + + + + - -
Fusarium oxysporum + + + + + —

A8 DE(Tosba AT NS FI2WROE)E Lo ZATT
AH ZAE, AEY NLAE AQE 38mm, 2] 50mmE FAL EAL
FAE, tiofgte] AEo] ARY, —: B

. A A ZAA| kY Fe-EDTA A3 84

@ ANHE MFde] A&ANNY WG Vo) FFo] AHD
A& AR 275 FE AFYFo] LAV 5-7) oY FAL Y4
NEAE AAF 4~7Y =AM Yl YWY wgZ Witk AvjE
9 329¥e B 4+ 0 Aoz ArE

ikt e] A e F(ppm)

ol 1 1 1
0 1 2 4 8 12 24 (hr)
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high- tech

( , 1994 : Price Nolan, 1984 :; van Assche
Vangheel, 1994 ; Davies, 1980 ; Jenkins  Averre, 1983).
, NFT

(Price  Nolan, 1984 ; Davies, 1980).

(Stanghellini , 1988).

, (inoculum levels),
(Price
Nolan, 1984). )
(van Assche  Vanghesl,

1994).

(Ewart  Chrimes, 1980).

Pseudomonas sp.(van Peer  Schippers, 1989 ; Eklund, 1970 ;
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Howell  Stipanovic, 1979), Bacillus sp.(Schippers , 1987) Azospirillum
sp.(Okon , 1988)
siderophores, 2
. Fe
(Eklund, 1970 ; Schippers , 1987 ; Scher Baker,

1980).
2.
‘9% 2 97 1
(Fusarium oxysporum f. sp. cucumerium)
(Fusarium oxysporum f. sp. lyccpersici.) (Pythium
sp.), (Rhizoctonia sp.)
( , 1975).
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70% ethanol

, HCI

agar (PDA) medium]
( 5-8).

pH 3
25

5% sodium hypochlorite(NaOCI)

incubator

(NASTI)

10

[potato dextrose

( 5 12).

T able 5- 12. Isolation of root- infected pathogenic fungi from hydroponically grown
cucumber and tomato plants

Pathogens Hosts Knc;rnt:aen C?]ZnT:n Sources
Fusarium oxysporum f. sp. Cucumber fusarium wilt this study,
cucumerium NAST I*
Fusarium oxysporum f. sp. T omato fusarium wilt this study,
lycaopersici NASTI

. Cucumber, . this study,
Pythium sp. tomato damping off NAST|

. . Cucumber, . this study,
Rhizoctonia sp. tomato damping off NAST|

NASTI* : National Agricultural Science and Technology Institute

Sampling the infected plant tissues

Washing and suntace— sterilization (70% ethanol, 5% NaOCI)
Rinsed in salirile solutions (0.85% NaCl solution)
Placed on fungli selection medium (PDA+HCI, pH 3.0)
Sporulation ané pure culture

Fig. 5- 8. Selections of root- infected pathogenic fungi from plant tissues
( , 1975)
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0.85% saline solution

[nutrient agar(NA) medium]

35 incubator
(colony)
(pH 5.6)
PDA
2cm
(inhibition zone)
cell mass 4 5,000rpm 15

0.22xl ,

24 48

. PDA

colony

5 20cm

25

5-8).

782

24

Restreaking the antagonistic rhizobacteria on the NA media for activation

1
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Culture of pathogenic fungi(Pythium sp., Fusarium sp. and Rhizoctonia sp.)
on the PDA media at 25 (24 48hrs, darkroom)
!
Spotting of root- infected pathogenic fungi on the center of the PDA media
!
Incubation at 25 for 24hrs(darkroom)
!
Spotting of selected and purified rhizobacterial isolates on the side
(2cm apart from the center) of the PDA media
!
Incubation for 3 7 days at 25 (darkroom)
!
Selection of antagonistic rhizobacteria showing strong inhibition zone
!
Genetic marking adding kanamycin and rifampicin 200ppm into the NA
media
!
Incubation(35 incubator) for 24hrs and single colony picking up
!
Single colony culture in nutrient broth(to O.D.€((rn=1.2)
!

Preservation of strains(adding glycerol 10%) in microcentrifuge tube at - 68

Fig. 5-8. Selections of antagonistic rhizobacteria against root-infected
pathogenic fungi of hydroponically grown cucumber and tomato
plants( , 1975)
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Bergey's mannual, Microbiological method, T he Procaryotes

Biolog system ( , 1975
; Krieg  Holt, 1984). Bacillus subtilis ATCC 6633 |,
Azospirillum brasilense ATCC 29145 , Pseudomonas fluorescens ATCC
31125 , P. putida ATCC 11250 American Type  Culture

Collection(ATCC) (Rockville, Maryland, USA)

3.
(Schippers , 1987),
(Eklund, 1970),
(Schippers , 1987)
(Fusarium sp.), (Pythium sp.) (Rhizoctonia
sp.)
5-9 5-12 5-13
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Fig. 5-9. Inhibition effect of antifungal bacteria against Fusarium sp. of
hydroponically grown tomato. Plates were incubated at 25°C for 7days.
A B C DEF, G, H and I represent Fusarium sp., antifungal
rhizobacteria JY20A, JY233, JY20B, JY20C, JY231, JY220, JY211 and
JY218, respectively.
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Fig. 5-10. Inhibitiom effect of antifungal bacteria against Fusarium sp. of
hydroponically grown cucumber. Plates were incubated at 25°C for
7days. A, B, C, D, E, F, G, H and I represent Fusarium sp., antifungal
rhizobacteria JY20A, JY233, JY20B, JY20C, JY231, JY220, JY211 and
JY218, respectively.
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Fig. 5-11. Inhibition effect of antifungal bacteria against Pythium sp, of
hydroponically grown tomato and cucumber. Plates were incubated at
257C for 7days. A, B,C, D, E, F, G, H and I represent Pythium sp.,
antifungal rhizobacteria JY20A, JY233, JY20B, JY20C, JY231, JY220,
JY211 and JY218, respectively.
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Fig. 5-12. Inhibition effect of antifungal bacteria against Rhizoctonia sp. of
hydroponically grown tomato and cucumber. Plates were incubated at
25C for 7days. A, B, C, D, E, F, G, H and I represent Rhizoctonia sp.,
antifungal rhizobacteria JY204, JY233, JY20B, JY20C, JY231, JY220,
JY211 and JYZ218, respectively.
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T able 5- 13. Suppressiveness of antagonistic rhizobacteria against root- infected
Fusarium sp., Pythium sp., Rhizoctonia sp. of hydroponically grown
cucumber and tomato. Antifungal activities were measured at 7 days
after incubation(25 , darkroom).

Pathogens F. o. lycapersici F. 0. cucumerium

Antagonisti Inhibition | Antifungal | Inhibition| Antifungal
rhizobacteria zone(cm) | activities(%) | zone(cm) | activities(%)

JY 20A 5.85 65.02) 6.00 66.7

JY 233 5.77 64.1 5.40 60.0

JY 20B 4.50 50.0 5.61 62.3

JY 20C 5.82 64.7 5.85 65.0

JY 231 6.11 67.9 4.78 53.1

JY 220 5.16 57.3 5.61 62.3

JY 211 472 524 472 52.4

JY 218 5.29 58.8 497 55.2

Pathogens Pythium sp. Rhizoctonia sp.
Antagonistic Inhibition | Antifungal | Inhibition | Antifungal
rhizobacteria zone(cm) | activities(%) | zone(cm) | activities(%)

JY 20A 5.76 64.0 5.81 64.6

JY 233 5.62 62.4 7.29 81.0

JY 20B 5.90 65.6 5.62 62.4

JY 20C 5.62 62.4 5.38 59.8

JY 231 5.62 62.4 7.33 814

JY 220 5.21 57.9 5.72 63.6

JY 211 493 54.8 6.99 77.7

JY 218 5.33 59.2 6.86 76.2

Colony diameter of antagonistic rhizobacteria
Pathogen colony diameter of no treatment

2) Antifungal activities(%) = 100

8 ,
50 67.9%
( 2. Jy 231
67.9% , 50%
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JY 20A

65.6% 81.4%

2 35 ,
(Krieg  Holt, 1984 ; Stanghellini

Orlikow ski, 1987).

(van Peer  Schippers, 1989).
5-14

4 5.2x 107c.f.u. 3.6x 10<«ells
0.01% ( , 1979)

66.7%

JY 20B JY 231

20 25

, 1988 ; Price Nolan, 1984),

25

(Gullino  Garibaldi, 1994 ;

yeast extract

200m| 1%(2ml)

531 84.6%

(root cell debris)



Averre, 1983 ; Schippers

(Eklund, 1970 ; Schippers

, 1987).

, 1987).

Table 5-14. Antifungal effects of antagonistic rhizobacteria against
root- infected pathogens of hydroponically grown cucumber and
tomato as affected by antagonistic cell intacts. 2ml cultures of
antagonistic bacterial cells(5.2x 10ic.f.u) and pathogenic fungi(3.6
x 10<cells) were added into 200ml cultural broth and incubated at
25 for 2days. Colonies on selective agar media were incubated
and counted after homogenization and dilution of antagonistic
and pathogenic cultures.

(Jenkins

Rhizobacyteria
JY20A |JY233|JY20B |JY20C| JY231 | JY220 | JY211| JY218
Pathogens
F. 0. cucumerium 76.02)| 624 | 608 | 812 | 763 | 678 | 621 63.4
F. o. lycopersici. 823 | 719 | 605 | 753 | 634 | 657 | 64.2 65.8
Pythium, sp. 740 | 634 | 531 | 834 | 817 | 643 | 64.6 73.8
Rhizoctonia sp. 846 | 739 | 837 | 60.7 | 793 | 60.1 | 67.7 80.1

2) ratios of antagonistic bacterial cells to root-infected pathogens on selective media

5-15

cell mass

Table 5-15. Antimicrobial activities of antagonistic rhizobacteria as affected
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by filtered secondary metabolites against root-infected fungi of
hydroponically grown cucumber and tomato.

Secondary
metabolites Antimicrobial activities of secondary metabolites(%)
Pathogens JY20A | JY 233 |JY20B |JY20C | JY231 | JY220| JY211 | JY 218

F. o. cucumerium 67.4 641 | 608 | 613 | 517 | 60.9 51.0 53.7

F. o. lycopersici. 62.0 618 | 52.7 | 628 | 60.7 | 519 54.8 60.4

Pythium sp. 65.0 619 | 60.8 | 58.7 | 684 | 54.2 56.1 61.4

Rhizoctonia sp. 62.7 709 | 60.7 | 541 | 769 | 60.8 72.9 721
, 50%

JY 20A 67.4%
JY20C 62.8%,

JY231 68.4%  76.9% . ,

(Schippers ,
1987).

5-16
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T able 5- 16. Morphological characteristics of antagonistic rhizobacteria

Characteristics strains JY 20A | JY 233 | JY20B | JY20C |JY 231 |JY 220|JY 211 |JY 218
Cell diameter 2.0mm | 2.2qm | 1.6pm | 1.8ym | 1.5pm | 2.0pym | 2.3pym | 1.9rm
Endospore + - - - - - - +
Gram stain + - - - - - - +
Form rod rod rod rod rod rod rod rod
M otility + + + + + + + +

Symbols : -, 90% or more of are negative ; +, 90% or more are positive ; d,

11 89% are positive

, 15 2.3
m . JY 20A Jy 218
, Bacillus sp.
(Krieg  Holt, 1984). JY20A Jy218
negative . rod

Biolog system Bergey's mannual
JY20B JY231 Pseudomonas fluorescens , JY 220
JYJY20C P. putida , JY211 JY233 Aczospirillum sp. , JY20A
JY218 Bacillus sp. (Krieg  Holt, 1984
; , 1975).
JY 20A, JY 233, JY20B JY 20C
chitinase, pectinase cellulase

5-17

Table 5-17. Production of chitinase, pectinase and cellulase by antifungal
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rhizobacteria and pathogenic fungi selected in this experiment.

Characters
Strains Chitinase| Pectinase| Cellulase
Antagonistic rhizobacteria JY 20A + - +
JY 233 + - +
JY 20B + - +
Jy 20C + - +
Pathogenic fungi F. 0. cucumerium - + +
F. o. lycapersici. - + +
Pythium sp. - + +
Rhizoctonia sp. - + +
Symbols : -, 90% or more of are negative ; +, 90% or more are positive ;
+,11 89% are positive
JY20A, JY233, JY20B JY 20C
chitinase  cellulase pectinase ,
chitinase pectinase
chitin
: chitin
(Krieg Holt, 1984 ; Howell

Stipanovic, 1979),
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782 , JY20A, JY 233,
JY 20B, JY 20C, JY 231, JY 220, JY211 JY 218 8

JY 20A 66.7%,
JY231  67.9%, JY 20B
JY231 65.6% 81.4%
2
Pseudomonas sp., Azospirillum sp. Bacillus sp.
, 15 2.3mm . chitinase
chitin
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MnSO<4 4HZ20 1.567
ZnS0O<Z- 7THZ0 0.220
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6-11 EC EC
4 14
EC 30 . EC B-1
B-2 0.4 0.6mS/cm
6-12 pH
3 20 pH 85
4 10 pH
pH
pH 65 pH

6- 4. 85

\ (cm) | (mm) (cm) (ea) (cm) (ea)
(cm) | (mm)
Control | 63.5cz 7.2¢ 30.9 63.0b 1842.3c | 201.7 19a | 4.8b
B-1 70.7ab 7.8b 321 74.0a 2109.7b | 220.3 12c | 5.0b
B-2 71.8a 8.4a 31.1 74.3a 3189.3a | 194.3 17b | 54a
B-3 67.4bc 7.2c 325 63.7b 2076.7b 172.7 17b | 5.0b
(g/plant) (g/plant)
(cm)

Control | 12.8c | 72.3c |41.3b| 76.6/31.1c | 217.9 |144c |19.6b|11.7| 3.6 | 49.3b
B-1 15.9b | 76.4c |46.2b | 106.7/42.7ab | 271.9 |16.1bc | 20.5b | 16.0| 5.6 | 59.2b
B-2 17.0a |139.9a |71.6a| 85.8/44.1a | 217.9 |26.0a |32.2a|16.2| 53 | 80.3a
B-3 16.0b | 90.0b |40.8b | 73.6/35.6bc | 250.0 |18.3b |18.5b|14.4| 4.4 | 57.6b

z Mean separation within columns by Duncan's multiple range test at 5% level.
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14 3
6-5
40:60 20:80 20:80
0:100 20:80
2317cmz
15cm 12 13cm
6- 5. 71

(cm) (mm) (cm) (ea) (cm) (ea) (cm) (mm)

P:C=100 : Oy | b56.4cz 7.3 25.8a 50.3d [1563.7d |158.2c 1.7a 5.2

80 : 20 | 59.4b 7.9 24.5a 57.0bc |1935.0bc |153.7cd 1.3b 49

60 : 40 59.1b 7.6 24.1ab 54.6¢c |1817.3cd |147.3d 0.8c 54

40 : 60 | 68.4a 8.0 20.2b 62.3a |1842.3c |170.0bc 1.3b 55

20 : 80 69.1a 7.8 15.9c 63.0a |2317.7a |179.7ab 1.8a 52

0:100 | 67.7a 8.0 18.2bc 58.6b |2269.0ab |197.5a 1.6a 5.0

(g/plant) (g/plant)
(cm)

P:C=100 : Oy |16.4a |61.5c | 47.2d |87.7a|41.0a |237.4b |11.8c |15.1c |[16.1a| 4.4a |47.4c
80 : 20 |15.7ab (83.4b | 62.1c | 63.5b |36.6bc [245.6b |15.6ab |20.7b |11.8a| 4.2a |52.3b
60 : 40 |16.0a |77.6bc| 53.2d |55.2b |37.6ab [223.5b |12.6bc |16.7c |10.9a| 4.2a |44.3c
40 : 60 |15.4b |90.5ab| 70.5a | 80.1a|33.1c |274.9a |16.2a |22.0b |15.6b| 3.3b |57.1a
20 : 80 |12.3d |104.6a| 68.9b |31.7c |16.1e |221.3bc|185a |26.1a |10.3c| 2.0c |56.9a
0 : 100 |13.8c |91.6a | 66.3b | 31.0c |22.2dc |214.0c |16.3a |23.4ab [10.0c| 2.4c |52.1b

z Mean separation within columns
y P:C represents mixing ratioes(v/v) of perlite and cocopeat

by Duncan's multiple range test at 5% level.
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. NOz-

1600ppm
6-21 6-22 HZPPOL SOL-

40 60ppm
120ppm 50 100ppm 300 500ppm
40:60 20:80
6-23 NH4
3 21 4 10
3 21
3 21
6-24 K+ . 200ppm
3 21 400 500ppm
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) 40 60
6- 6.
(9) (9)
(cm) | (mm)| ( )
( /20 )|(g/20 )
228 8 22 388 | 390 60 26 187 32018
(40 )
225 9 24 437 | 403 65 27 181 35258
(60 )
Biobed |
( ) 209 9 22 400 | 363 58 25 228 39356
(25 )
Biobed II-1
( ) 201 9 21 323 | 320 | 46 21 237 37885
(25 )
Biobed 1I-2
( )| 226 9 22 340 | 343 51 23 208 34985
(25 )
Biobed II-3
( )| 237 9 23 440 | 417 65 28 216 36012
(25 )
6-6
-3
11-3 237cm
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430g
-1
|
228 237
216 . 40
10 39%g
40
32kg/10
-2
6-7 6-8 25 54
(NH4 N)
0 8%
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20 50%

25 , 100%
400%
6-7.
(6 21 , 26 ) , %)
Na+ |[NH4 N K+ Cax+ | Mgzt Cl- |NOZN P S
464 5 52 98 169 210 64 36 201
(40 )
451 0 37 72 102 173 46 11 212
(60 )
Biobed |
( ) 245 0 55 78 126 157 50 14 171
(25 )
Biobed I1I-1
( ) 313 5 69 113 217 168 81 86 275
(25 )
Biobed 1I-2
( )| 296 8 79 120 189 167 84 77 205
(25 )
Biobed I1I-3
( )| 337 8 51 85 124 173 40 12 200
(25 )
54
25 100%
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6- 8.

(6 19 , 54 ) ( , %)
Nat+ INH4N| K+ | Caz+ | Mgzt| ClI- |[NOX- N P S
291 16 61 112 | 229 81 69 44 305
(40 )
210 55 82 104 | 162 90 84 100 185
(60 )
Biobed |
( ) 163 45 89 110 | 168 95 84 84 173
Biobed II-1
( ) 200 57 100 | 114 | 164 | 114 75 89 197
(25 )
Biobed II-2
( ) 284 20 93 140 | 243 | 108 89 72 296
Biobed 1I-3
( ) 293 18 84 131 | 236 | 115 84 58 297
3.
1884g
162 165
6.979 4.429g
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(g/plant)
(9) (mm) (mm) | (Brix)
1820.3+ 100.3|147.2+ 0.9|152.3+ 2.3|16.2+ 2.3 136.0+ 19.1/4.42+ 0.98
1884.0+ 81.7 |147.2+ 0.8|151.8+ 1.2|16.5+ 1.1 130.7+ 21.1/6.07+ 0.85
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1.
1/3
(
6- 10.
(300
( )
2,000 *4000 =|800 *8,000 =
(40 )| 8,000,000 6,400,000 1000 !
2,000 *2500 =|500 *8,000 = 10% 10 15
(25 5,000,000 4,000,000 1,000,000 1,000,000
3,000,000 2,400,000 1,000,000 1,000,000
7,400,000 (300 )
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10.

(300 )
( )
1,000 *4,000 =|400 *8000 = 1000
(40 4,000,000 3,200,000 1000
1,000 *2500 = 250 *8000 = 5% 15%
(25 2,500,000 2,000,000 500,000 1,500,000
1,500,000 1,200,000 500,000 1,500,000
4,700,000 (300 )
9 10
4000
2500
100 1 8000 300
1000
1 2
3 1
2.
() ( )
(2
(3)
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1
, pH 55 65 , ,
1 ’ 1 pH
16 (C, H, O, N, P, K, Ca,
Mg, S, Fe, Mn, B, Cu, Zn, Mo, Cl) . S 9
C,H, O
N 13 Cl

(1993, 1994) ,
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80

90

pH

(n/fw, n

1)
(1980)
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me

(1976)

EC



1 10a 5 6ém:
pH 1 1
BOD( ) COD( )
BOD , (CHY,

(NH9), (H2S), (Fe), (Mn)

COD . BOD

(Cu)
1.0ppm
pH

Ca, Mg, Fe, Mn, Cu, Sn,
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HCO:, Cd, Pb

pH 45 52
(EC), (pH)
(NO-N), (NH#4-N),
(Ca#), (HPO~-P), (Mg+), (SO4-S)
(Fed), (MnZzd), (Cuzt, (ZnZ),
(BH)
(Nad), (Cl-), (HCO%)
7-1 7-2 PTG
7-1
7- 1.
EC 0.3mS/cm
pH 5 8
N(NOZ= N, NHZ= N)
Ca 40ppm
Mg 20ppm
Cl 60ppm
7- 2. PTG

195 -

(K4),

(Mo3),



1 2
Cl < 50 ppm 50 100 ppm
Na < 30 ppm 30 60 ppm
HCO < 40 ppm < 40 ppm
Fe < 1.0 ppm < 1.0 ppm
Mn < 0.5 ppm < 1.0 ppm
B < 0.3 ppm < 0.7 ppm
Zn < 0.5 ppm < 1.0 ppm
EC < 1.5 ppm
7- 3. ( , 95 )
A B A B C
pH 55 75|50 80| 60 75 50 80| 50 80
EC(mS/cm) <03 <05 <0.2 <05 <05
Ca( ppm)| <20 <60 <20 <40 <80
Mg <10 <20 <5 <15 <30
Na <20 <30 <10 <30 <60
Cl <15 <30 <15 <30 <50
S04 <20 <40 <20 <40 <60
HCO3 <50 <100 <50 <100 <200
Fe <05 <10 <0.03 <05 <10
Mn <0.2 <06 <0.2 <0.6 <10
Zn <0.2 <05 <0.15 <05 <10
B <0.05 <01 <0.05 <01 <0.7
EC 0.3mS/cm
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1.5mS/cm

Cl )
Mg, K
EC
EC Ca, Mg
Cl
Na CI
0 40ppm Na Cl
75ppm
100ppm
Ca Mg
NaCl
NaCl
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Ca,
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Fe Fe(HCO9): ,
Fe(OH): . Fe(OH)3

HCO: (A) pH
(B)
(4% ) ( 40%) . pH
HCO:

(A) : HCO& + HZO ---> OH- + CO2+ HZO
(B) : HCO& + HNO3 ---> NOZ + CO2+ H:O
HCOZ + HZPO4 ---> HIPOs + CO2+ HZO

7- 4. (1997. 3 - 12)
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Ca| K N S Cl- | HCO:-
6.7 05 17/ 223 101 1980 1
529 21 - - -l 1928 2
70 08 07 21 113 1730} 3
247 05 - 13| 104 1403 4
45 101 32 08 270 1400 5
79 03 04, 39.7 83 1400, 6
419 14 20, 31 16.3] 1400 7
173 11 0.6 - -| 1287 8
143 05 30 38 151 1256/ 9
227 10 16/ 19 6.0, 119.0] 10
91 14 0.6/ 190 110 90.0 11
94/ 13 - - - 72.6| 12
95 12 04 - - 69.5 13
122 13 | 05 - - 68.3 14
42| 34 25 98 140 65.0 15
216 - 08 55 04 540 16
16.3 11 - - - 525 17
2.1 12 55 63 04 43.0, 18
210 56 82 85 5.3 30.6/ 19
19 30 51 36.0 68.0 -1 20
7-4 1997. 3 12
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EC

0.0224 x X

Jones(1983)

0.218 - 036 x EC

(EC)

- 200 -

, atm

(mM)



pH

pH 55 65 , 9.0
pH
NOZ- NH#
NO:z
, NH#
pH :
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7.0

pH



pH

NO:-

NHz

pH
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3 Fuzzy

1. Fuzzy

1965 L. A. Zadeh “
(fuzzy set theory) 1974 E. H. Mandani

(FLC; Fuzzy Logic Controller)

(neuron) . , system

(Membership function) (discrete)

random

praject
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rule

(High Level)
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(tuning)

(low level) (

(high level) (
)
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(classification)
(associative memory)
(function approximation)
(classification)
(associative memory)

(function approximation)

( )

(anology)

(sigmoid)

(22X W)

(MAX MIN{%,(A"), Wg(B")})
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1)

2)
(
3) block diagram.
X1 al Y1
_ 8 —
X2 a2 N Y2
.’ BOX - BOX i
: A B :
Xm . an - Yn .
EE— > —
7- 1. block diagram.
BOX A:
BOX B:
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© HAZE #3

Ry : if X, is A}

then Y, is C) and

R, : if X, is A?

then Y, is C* and

Ry: if X, is A}

then Y, is Ct and

and

and

and

.....

8OX B

QFOH
S M

a9 7-2. HA 43w 74
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1)

2)

BOX B LU U &,
- (U\i, G oo e e o
( )

_ 1 2
E= ‘2'2 ( %i- %)
i j A Wiji
_ 9B _ . (. 9E _99_OSneti.
VWi Sow o Oneti ow,
= N 9;- 0;)fi"(net;) 9,
E 99; .
<o =" (8- ©°) smetr = (et = f(1- )
9net 9 _
9 Wy 9 Wy ZWJI =9
net,. 2W;9,
0.= f(net,)
_ _9E__  9E _9% _ ,
S e T oo gner = (%F (net)
n
f ( )
i i A WK
_ 9B _ 3 9E 9% _ 4 9E 99
VWi = YT Y0 owy, T V90, Sner,
= Y- o) (net)o,= YTIEW, T (net)o,= 30,
j I
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E E %neti f
_%Oj_: Z_%%eﬁg—oj: Z‘aiwjf (net))

. 9 __ 9 %% _ S ewf(net
5= - Onet; ~ %0, 9net; 255 W T (net;)
3) n (momentum rate)

E .
w D= N OB (‘K\Wj(it 2

! OW;
_ 9E -
NIARE: 33§W;+ W Y
BOX A : (X1Xp, = = v v -
(Yiya, = = = = - +Ym)
U (xi)
1.0------- Cm
S - - -|
-
8 L SR
7- 3.
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1- S—R XE[Cmva+ SR]
Crm Si . Sr(X) = l 1- Xm0 yele,- SLcnl
SR m 1 m
0 other wise
Cn :
S.,Skr - ( )
-
- . _SE__ (o_ o .
©= - e = (9 0)f' (net)
-
_ OE _ .
€= - Snet Z%iwjf (net;)
-k
OE
= oner, - 24
1
E'= ) k.;(tk' Ok)2
BOX A Dty L0y
BOX A 2B (e o BOX B
90y
k e k
BOX A m
(
, MAX-MIN )
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3B - g3 9T 90
%Cm Zk gok %Cm

= 90, 90; 90y
_ Q Zk %Ok Zl 901 %Om %Cm

90, 90; 90,
Q Zk‘ak Zl %Oi %O:] %Cm

ve

% _ [ 1 ifo,= 0, and W, = 1
90, ~ | O otherwise

_%0. _ [ 1 ifo;= o, and Wy = 1
90, | O otherwise

= - )X_%EL'_ Y %90, 90; 90,
“SL %SL Zkgk Z| 901 %Om %SR
= OB’ _ 90, 90, 90
NSk = - 9S, =% Zk?’k ZI 9, 90, 9S,

%Om %Om %Om
9%, ' 9Sg’ 9Sk

-100 % +100 %%
Errar

7-4.
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7-5 block diagram

PC Sensor
( ) ( )
ot Controller - Plant
»| (mixer,motor,
boint (80196kc > (
software) »| solvalve )
.
7- 5. block diagram
, Plant
(Controller)
Hardware, Software Relay
Solanoid Valve A ctuator
, Hardware , 4 Main, Sub, Input- Output( )
DIO . Main
Intel 80C196KC ;
Memory ROM (27256) RAM (62256) . PC
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RS- 232C . Intel 80C196K C
64K

) 0x 0000 OxO1FF
Ox1FFF 0x207F
, (memory- mapped 10)
7-5 Intel 80C196KC

7-5. 80c196kc Memory Map

FFFF 6000

5FFF 2080 I ( ROM)

205E 207F

2040 205D PTS

2030 203F 8

2020 202F ROM

2019 201F

2018

2014 2017

2000 2013 8

1IFFE 1FFF 3, 4

1FFD 200

100 1FF ( RAM, 196K C )

0 FF ( )

Sub DIO main CPU interface

A/D converter actuator
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CPU digital input- ouput
. A/D converter 8 channel , DIO Triac
AC Sol-Valve
AC 32 channel DC 16 channel

DIO
Input- output( ) user
key- board , LCD
, software Fuzzy-
Turbo C++
Map , 80C196KC
controller
compile link ROM writer 27C256 ROM
, relay solenoid valve actuator . Actuator
relay ,
motor
7-6 block diagram . PCB
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T

Key Board I g} CPU I@ % Sub Board I
Power Supply Interface
M @ (AC, DC, DIO)

7- 6. block diagram

-7 7-14 PCB
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. Plant( )

. Controller
Sol- Valve
0.1ton
1 ton ,
motor bed motor
1 ;
Sol- Valve Plant( )
; S1, S3 P1 P1
. T2 Data- base S4
P1
S4, S5 P1
7- 15
7- 16
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% s=dole ALFR) de A2 g sAEY Z boardd] TF
2 A% Z2agoz FAHHE s=doly LTz aYolnt =g =
713t =2 aPo) AYsojof v, o Fo #AF AREY F3, Ao}, /HF, A
Z, A4, Y 59 Sub TZIYPESZ FAH AT}

YA v AH
UNAI 44 Clock_lime = 77 : 77

UZ 2R AU 48 Statdrigation_time = 00:00 Clock_time = 8IR Al
US 29 ZEAYU ¥Y End_imgation_lime = 00:00 NighUngatlon_time = 0R}294A1Y4
Stratimpationtime = $2 2AAME AIY
_ |End_jmigation_time = F2} 24 ¢t 4Y
Sel_sum_of_sunlight = 4% %YM
Set_counttime_afler_rdgation = 4% Y% 211
Set_EC = AH EC
SetPH = 4 pH
il 2 & YA HAGHIN? Sel_irigation_amount = 45343
Countlime_alter Jrigation = SH Y J1E8X| &2 Algt
' Sunlight_sensor = R/ A3 HR3!
l Sum_ol_sunlight = £ RIAIY
Drain_£C = 49} £C
FRohy
Nightnigation_time? = 00:00 TargetLEC = AHUAM HR 2§ W RE(ZYMoI) EC 2t
Night Jrrigation. lime2 = 00:00 TargslLPH = A HpHZMA R XALUE W THHOIY pHt
Night_inlgation_time3 = 00:00 lirgatlon_amount = 29%
Nightnigation_timed = 00:00 l

l

THUNTEY T Sel_sum-ol_sunight = 77 Wim
B3 AIY JY Selcountlime_aller rigation = 77 &
2949 4Y Sel_inigation_amount = 777 2|6

>
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Nithqunlion_umﬂ L of
Hight drrigation_timed, or

Night_irigation_time2, or
Nighimgalion

/EEE%{'?'M'" WNECH A TR TR ARG J
I =0 31 298 Al tHcountime) & counmB1C) R
v

Drain EC &t M &(5¥0|C)) <+
Sul'ulnht.llmnr i na(sgoc})
(& efter duigation & MaA(Mg)

ELELEREN
YU AIUB VIR

im_ol_sunlight > =
Sel_sum_ol_sunlight

et WUEX]
Y UAINE .
i

Counitima_alier Juigation > =
Sel_counltime_allerlilgatlon

il ECDrainec 8 W]
cl ECS)M Il

[y

Set_EC = Se1_EC + 0.5

No

e S M Enedl
(Targel ECB ECM &I&]of ging
Hinate® =Y )

S

=0.3 > TargalPH

8 0.3 < Target_PH
GLEAETT

Yep

29EE ON, 3%WE= ON
aersmount (2MAEN) AR

Go Alarm
system stop
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10 (5[Ca(NO9Jz 2HZOINHNOI) 5  (Ca(NOIz 7HZO)

flow chart
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1. Tomato( S0} X&) 4. Chrysanthemum(=12})
2. Cucumber(R0{) 8. Rose(¥ol)

3. Sweet pepper{mM %) 8. Camatlcn(?lulolg)

v
<;.I:;> N_ol

Wi QAR MYBiAlL Hi Y & MYsiA R
1. JBS sol.(WENAIY) 1.J8S sol.(UEHA|)
2. Yamazaki acl.0a} X9 |y 2. Ichi sol.(olo]ale4)
3. PTG sol. 3. PTG so0l.
4. EVRDC sol. 4, AVEXEF T 2|
- |
, S

sy E 3iA2
SEEAMR RNEA 2F USH 022 iy
[lAHNO3) 7 : —> Spring_analysis_nitrate2
22 L{o(NMe) 7 : —> Spring_sanalysis_ammonium2
stai(K) 7 : —>> Spring_snalysls_polasium2
wa(Ca)?: —>> Spring_analysis_caiclum2
YaKP) 2 : —>> Spring_analysis_phosphate2
olaudig(Mg) ?7: —3> Spring_anslysis_magnesum2
#WLHS04) 2 —> Spring_analysis_sutfate2
S eiaHHCOI) 7 + —=> Spring_analysls_carbahydrate1(HC1) |

Yes

C1>50 +
No HC2=((Spring_analysis_carbohydrate’ —50)=61)/2
Calculation_HNO3_HC3=(HC2+63)

Wue_uuoz_mmm-o Calculation_H3IPO4_HC4=(HC2+97.99)
Include_H3PO4_phosphatel=0 Include_HNOJ_nitrate3=Calculatlon_HNO3_HC3/0.22
Include_HIPO4_phosphated=Calculation.HNQO3_HC4/0.32
Results_HNO3_HNO20 = (Calculation_HNO3_HC3+0.8)

2ztolgws AlAtgt

Target_elemant_nitrate4sNO1 - Spring_snalysls_nitrate2 - include_HNO3_nitrate3
Target_stement_ammonium3= NH1 - Spring_analysis_ammonium2
Terget_slement_potasium3=K1 - Spring_analysis_potasium2

Targei_slement_calclum3d=Ca1 - Spring_analysis_catclum2

Targal_alk W_phosphated4=P1 - Spring_analysis_phosphate2 - Include_H3PO4_phosphate3
Target_element_magnesum3=Mg1 - Spring_enalysia_magnesum2
Target_element_sulfate3d=S01 - Spring_analysls_sulfate2

< e
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Cav| 22 5{Ca(NO3)22H20]NH4ND3
T8 Uy IS8 Al st N7

Ca4 = (Targe!_slemant_calcium3/CANHCC) Ca4 = (Target_element_calciumd/CANCC)
Include_5[Ca(NO3)22H20]_ecaltiumS=(Ca4*CANHCC) Include_Ca(NO3)24H20_calcium5={Ca4"CANC
Include_S[Ca(NO3)22H20] nitrate5={Cad*CANHNC) c) i
Include_S[Ca(NO3)22H20]_ammonium4=(Cad4*CANHHC)| |Include_Ca(NO3)24H20_nitrate5=(Ca4*CANNC)

Results_5{Ca{N03)22H20] CANNH20=Ca4
NOS=Include_S[Ca(NO3)22H20]_nitrate5
NH4=include_5{Ca(NO3)22H20]_ammonium4

Include_Ca(NO3)24H20_ammaniumd=0
Results_Ca(NO3)24H20) CANN20=Ca4
NO5=Include_Ca(NO3)24H20_nitrates

[T
>

-y LY

-

h 4
NH5=Target_element_ammoniuma - NH4
NHB8=NHSMNHPNC
Include_NH4H2PO4_phosphata5=NHE"NHPPC
Include_NH4H2PO4_ammoniumS=NH5
PS5=Include_NH4H2POJ4_phosphates
Result_NH4H2PO4_NHP20=NHB

v

PS§<=
Target_element_phosphate

mP_B-angat_alaanphosphaM ]

P9=Target_e}
|[P10=PB / KHPPC

Include_KH2PO4_potasium 4=P10°KHPKC
KS=Target_element_potasium3 - Include_KH2PO4_potasium
4

t_phosphated - P5
ol P5<= P8

<
-

7=(P5-PB)/INHPNG
P8=Result_NH4H2PO4_NHP20-P7
Result_NH4H2PO4_NHP20=F8
NHB=(NHS - (PB*NHPNC))2
Result_NH4NO3_NHNO20=NHE/NHNHC
P5=P7*NHPNC

K5=0

2016/08/18 1514
KNS 227101, X, NAES Z4e Y, 2 SHFE NN/ s

0
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q: LHTHEY &

]
J

=t CH

0
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d0
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CP

NO6=Target_element_nitrated - NO5
NO7=NOB/KNONC
Include_KNO3_nitrate 8=NO6
Include_KNO3_potasium 6=NO7*KNOKC
K7=Include_KNO3_potasium 6+K5
NO9=Include_KNO3_nitrate 8+NO5
Mg3=0

Result_KNO3_KN20=NO7

v

K7<=
Target_element_potasium3

No

Yes

K8=K5-Target_element_potasium3

K9=K8/KNOKC
K8=Target_elament _potasium3-K7 Include_KNO&_nitrate10=K9'KNONC
Include_K2S04_potasium 10=K8 NO8=NOS5+Include_KNO3_nitrate10
Include_K2504_sulfate 5=K9°KSSC NO10=Target element_nitrated-NOS
Result_K2S04_KS20=K9 NO11=NO10/MGNC

Include_MgNO3_magnesium4=NO11*MGNC
Mg3=Include_MgNO3_magnesium4
Result_MgNO3_MGN20=NO11
4—{Include_K2S04_sulfate5=0

Mg4=Target_element_magnesium3-Mg3
Mg5=Mgd/MSMC ,
Include_MgSO4_sulfate6=Mg5*'MGSSC
Result_MgS04_MGS20=Mg5
S5=Include_K2S04_sulfate 5 + Include_MgSO4_sulfates

’
D
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NEEX . AT 2ESEUE A

]

No

96285 - 120
Yes [S7:K9 - (SSKSKC)
Inciude_K2504_potasium 11=$7°¢ KSKC
Result K2504_KS20=57

{1)/KHPPC
Include_KH2PO4_phosphated=K12'KHPPC

P13=K12+P10
@ Restit_KH2PO4_KHP20=P13
P14=(P13'KHPPC) +P5

P15=P620
$5=57KSSC

K 12={ Include_K2504_potasium 10-Inciude_K2504_potasium

!

No
P16=P15- P14
P17=P16 NHPPC
P18=NH5 -P17
Resulf_NH4H2PO4_NHP20=P18

P20=(PIOINHNC).
[Resul NHANOS NHNO2Z=P20

Include NH4H2PO4_ammonium 10=P 18 *NHPNC
P18=NHS - Include_NH4H2PO4_ammonium 10
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D
v

" 5|Ca(NO3)22H20)NH4NO3 0]t} Ca(NO3)27H209 H|8 % * =
Result_5[Ca(NO3)22H20)_CaN20 , *cpm %&£ g/ion"

* MgSO42| H| 2 * = Result_MgS04_MgS20 , "ppm & g/ton”

* KH2P044<9 Y| 2% ° = Rosult_LKH2PO4_KHP20 , "ppm &£& g/ton”®

" KNO3Y 4|2 % " = Result_KNO3_KN20 , "ppm £+ g/ton"

* K2S042 8|8 Y * = Result_K2S04_KS20, "ppm £ g/ton’

* NH4H2PO42| ¥|&3 " , = ResullLNH4H2PO4_NHP20 , ‘ppm £&
o/ton®

* NHANO32| H| 82} , = Result_NH4NO3_NHNO20 , “ppm %£& g/ton”
"MgNO32 v 2% * =Result_MgNO3_MGN20,"ppm %&£ g/ton”

* HNO3 8|23 ° = Result_HNO3_NHO20 , "ppm %&£ g/ton”

L HIRO4 M S 3 = Rosultl-HIROA-_HROZD-—ppm-Li=gloa——— ———

:

KN21=[(Result _KNO3_KN20 +Result_5[Ca(NO3)22H20]_CaN20+Result_MgSO4_MgS20+
Resull_KH2PO4_KHP20+Resull_NH4ANO3_NHNO20+ Result_NH4H2PO4_NHP20+
Resull_K2504_KS$20)/2-( Result_5[Ca(N03)22H20]_CaN20+Result_NH4NO3I_NHNO20}+MgN20]

!

Aol B vlEYE clZa gt
(10061 1 27|&8))

o2 T &3

* 5[Ca(N0O3)2-2H20]NHANO3 * = CaN20 » 0.1, "kg/ton®

" KNO3 * = KN21 « 0.1, "kg/ton”

* NH4NO3 " = NHNO20 = 0.1 , “kg/ton”

" HNO3 * = HNO20 » 0.1, “kg/ton"”

“FeEDTA = =48 m) x 0.1 § 3j0d kg EI9I2 goA|2"

BYo| AU v|EYE 2D} UL,
(100uie] 1@2|B9))

" KNO3 * = (KN20—KN21) « 0.1 , "kg/ton)

* MgSO4+7H20 * = MgS20 » 0.1 , "kg/ton”

" KH2PO4 " = KHP20 * 0.1 , "kg/ton"

* NH4H2PO4 * = NHP20 » 0.1, "kg/ton®

" K2504 " = KS20 * 0.1, “ko/ton”

*MgNO3"=MGN20°0.1, "kg/ton®

* H3PO4 " = HPOZ20 « 0.1, "kg/ton" ,

"o|yeLE =4 ES F(ppm)x 100 & 810} gEIY 2 FeAle®

CEND 5
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6. WHAHFFAE o] 4T FY=d

€ BHAYFAE o] g5t Z g0 BE WFAS AHsq AA du|y
Zo AFPao e ECUsE FH5A.

2.5
2 |- e DRSNS RP=0.9991 =8
R o Ichi /a’ """"
= 0 JBS -
O 1.5 ¥l aAfTE [rremmeommmsmenimngpy Bl snns pu il
n
E 1 ..................
o - "T PTGy = 2.0796x + 0.0525
w R? = 0.999
0.5 - a=sPm e JBSy = 1.593x + 0.0198
R? = 0.9971
0 [\ 1 1
0 0.2 0.4 0.6 0.8 1 1.2

Unit(1=Full strength)
2@ 7-17. F3 wlFele) My AuPZe} A5 ECY W3

29 7-17¢ F3he) wioke] Aubd ulyme) FFA ECHSE AANoE
g Roloh. 23e] WFAE Ichi Wtz PTGHERo] Al 2e £79
ECE uvehdonl dAuFede] of W& ECE Ueich 2 sAMY @S
= 1EY 494 Yeh QuTr} YA AESUTE AE YERF
A,

a9 7-18€ 20]9 792 EVRDCAWo| 713 ¥& ECE JeWen, o
go] YR YA MY, PTG, Yamazakithdel £02 vehdeh ol 94 2E
o fe4e Jyeu,
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Cucumber EVRDC y = 2.7594x + 0.0873 ,_-,’-6
2.5 h-paz=cccecen-on- R? = 0.998 '“--;‘af,ﬁ".’";ﬁ """"""""
© Yamazaki AT e
- 4 "
= 2 F|BJBS  freceeeeieeeeoiee- s Pt g ol e mm e e
O A P
> a EVRDC -
£ 1.5 JBS y = 2.7154x + 0.0475
‘6 R? = 0.9988
w 1 PTG y = 2.3948x + 0.0506
2 R? = 0.999
0.5 7 Yamazaki y = 2.1801x + 0.0557
R? = 0.9984

0o 0.2 0.4 0.6 0.8 1 1.2
Unit(1=Full strength)

29 7-18. 2.0] wiFele] Ay uWze) 25X ECO) Ws

3
EVRDC y = 2.5043x + 0.0424
Tomato . .H
25 R =09988 o N
y o Yamazaki| JBS y = 2.6761x + 0.0788 . S
T o flless | UL S -~ o il S,
3] A EVRDC n - 4. ~PTGy = 2.2598 + 0.0768
e®
0 15 HXPTG  J--oeoooee. LI S - R? = 0.9895
E il
O 4 b Ay LA < 8.
UJ 1 . ;:. ’
0.5 R LA i Yamazakiy = 1.3178x — 0.0086
) - R? = 0.9957
L 1 1

0 0.2 0.4 0.6 0.8 1 1.2
Unit(1=Full strength)

a9 7-19. EctE wigde Aud duiP=e] AF A ECo W3
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1.
1997 5 16 ( ) 2-3
73
6 22
2
25cm, 10cm 6
2.7 po
Crop © Tomato o
2.5 HSetpoint : 1.8BmS/iem L, e AL e m

EC(mS/cm
(%]

1.9
17
1.5 : : :
o 8§ K &8 8 8 5 a4 8 9 v @ &
[ o
Date
7- 20. EC

EC
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10 7 2
7- 20 EC 1.8mS/cm
EC =01 EC + 0.7
0.3 EC
21 2.7mS/cm
7 31 8 3
EC EC 15
4
(Crop - Tomato
3.5 |[Setpoint : 2.2mS/cm) o B oL
™ | |Panting day : 6/22 E-C T
E o
% i . .’D —r— Supply ‘
o - N it T R el P (- —
o -4 - P o
1_"’.—‘_’\'\,,/’.\\',—//\\'./‘_‘}
15 : : ; : : 3 T 3 3 3
o @k owoee m R SRR RS
o
Clate
7-21 . EC
EC
7-21 50 8 15 EC
EC EC 1.0 8 25
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2.0

1997 5 16 ( ) 2-3
7:3
6 22
25cm, 10cm 6
4
iGro[h:D.ncumber
Set point © 2.3 mSfom n
£ 0 o o g :
o |:= T i o ‘
o A x - -
3 o 0 | e a0 G~y M 1 AR P M OV 0
= e
5o B.. -7 &7 T | ——Supply
Ceslbwt - -8~ - Drain
B EE R E-EEELEERE & B
o [win]
Ciate
7-22 . EC

EC
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7-22 EC EC
EC 2.3mS/cm + 0.1
+ 05
+ 0.3 EC 25 36
EC
45
-i‘D“ EL__ _-'D -D..-l_I|I

4+ . :U R *‘ "ﬂ o
.E. . U " e o ‘I i - ,D"
o e -7 Crop @ Cucumkber r
E 9 Set point : 2.5 mS/em T A
i Planting day © 6/22 = -0 -Dran

2 | | | | | | | | | i |

wm 2 = 2 " R N & T I S
o
Date
7-23. EC
EC
7-23 8 15 8 28 EC
25 EC 32 4.4
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/I MainFrm.cpp : implementation of the CMainFrame class

/1

#include "stdafx.h"
#include "culture.h"

#include "MainFrm.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS FILE

static char THIS_FILE[] = _FILE_;
#endif

[ ]
[/l CMainFrame

IMPLEMENT_DYNCREATE(CMainFrame, CFrameWnd)

BEGIN_MESSAGE_MAP(CMainFrame, CFrameW nd)
HH{{AFX_MSG_MAP(CMainFrame)
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//}}AFX_MSG_MAP
END_MESSAGE_MAP()

[ ]
// CMainFrame construction/destruction

CMainFrame::CMainFrame()

{
}

CMainFrame::~CMainFrame()

{
}

BOOL CMainFrame::PreCreateWindow (CREATESTRUCT & cs)
{

return CFramewWnd::PreCreateWindow (cs);

LT T
/I CMainFrame diagnostics

#ifdef DEBUG
void CMainFrame::AssertValid() const

{
CFramewWnd::AssertValid();

void CMainFrame::Dump(CDumpContext& dc) const

{
CFramewnd::Dump(dc);

#endif //_DEBUG
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LT
/I CMainFrame message handlers
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/I InputDIg.cpp : implementation file
/1

#include "stdafx.h"
#include "culture.h"
#include "InputDlg.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS FILE

static char THIS_FILE[] = _FILE__;
#endif

LT
/1 ClnputDlg dialog

ClnputDIg::ClnputDIg(CWnd* pParent /*=NULL*/)
: CDialog(ClnputDIg::IDD, pParent)

H{{AFX_DATA_INIT (ClnputDIg)
m_ca = 0.0f;
m_h2po4 = 0.0f;
m_hco3 = 0.0f;

m_k = 0.0f;

m_mg = 0.0f;

m_nh4 = 0.0f;

m_no3 = 0.0f;
m_plant = _T("");
m_solution = _T("");
m_so4 = 0.0f;
m_h2010 = O;
[IPYAFX_DATA_INIT
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void ClnputDlg::DoDataExchange(CDataExchange* pDX)

{
CDialog::DoDataExchange(pDX);
HH{{AFX_DATA_MAP(ClinputDIg)
DDX_Text(pDX, IDC_CA, m_ca);
DDX_Text(pDX, IDC_H2P0O4, m_h2po4);
DDX_Text(pDX, IDC_HCO3, m_hco3);
DDX_Text(pDX, IDC_K, m_Kk);
DDX_Text(pDX, IDC_MG, m_mg);
DDX_Text(pDX, IDC_NH4, m_nh4);
DDX_Text(pDX, IDC_NO3, m_no3);
DDX_CBString(pDX, IDC_PLANT, m_plant);
DDX_CBString(pDX, IDC_SOLUTION, m_solution);
DDX_Text(pDX, IDC_SO4, m_so4);
DDX_Radio(pDX, IDC_H2010, m_h2010);
[11YAFX_DATA_MAP

BEGIN_MESSAGE_MAP(CInputDlg, CDialog)
IH{{AFX_MSG_MA P(ClnputDIg)
ON_BN_CLICKED(IDC_OK, OnClickedOk)
//}}AFX_MSG_MAP

END_MESSAGE_MAP()

LT T
/I ClnputDlg message handlers

void ClnputDlg::OnClickedOk()

{
/I TODO: Add your control notification handler code here

UpdateData(T RUE);
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if(m_plant==" " || m_plant==" " || m_plant==" ")

{
{
M essageBox (" o
return;
}
}
else if(m_plant==" n ” m_plant==" n ” m_plant==" ..)
{
if(m_solution=="Y amasaki"||m_solution=="EV RDC"||m_solution=="")
{
M essageBox (" o
return;
}
}
else
{
MessageBox (" "):
return;
}

CDialog::0nOK();

}

BOOL ClnputDlg::OnlnitDialog()

{

/1 (CButton*)GetDIgltem(IDC_H2010)- > SetCheck(h2010);

CDialog::OnlnitDialog();

// TODO: Add extra initialization here
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return TRUE; // return TRUE unless you set the focus to a control
/I EXCEPTION: OCX Property Pages should return

FALSE

void ClnputDlg::OnOK()

{
// TODO: Add extra validation here
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/I cultureView.cpp : implementation of the CCultureView class
/1

#include "stdafx.h"
#include "culture.h"

#include "cultureDoc.h"
#include "cultureView.h"
#include "inputdlg.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS FILE

static char THIS_FILE[] = _FILE__;
#endif

[T
// CCultureView

IMPLEMENT_DYNCREATE(CCultureView, CScrollView)

BEGIN_MESSAGE_MAP(CCultureView, CScrollView)
[H{{AFX_MSG_MAP(CCultureView)
ON_COMMAND(ID_FILE_NEW, OnFileNew)
ON_COMMAND(ID_FILE_EDIT, OnFileEdit)
I1}YAFX_MSG_MAP
/] Standard printing commands
ON_COMMAND(ID_FILE_PRINT, CScrollView::OnFilePrint)
ON_COMMAND(ID_FILE_PRINT _DIRECT, CScrollView::OnFilePrint)
ON_COMMAND(ID_FILE_PRINT_PREVIEW,
CScrollView::OnFilePrintPreview)
END_MESSAGE_MAP()

LT T
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// CCultureView construction/destruction

CCultureView::CCultureView() : m_rectPrint(0,0,2000,3000)

{
}

CCultureView ::~CCultureView ()

{
}

BOOL CcCultureView::PreCreateWindow (CREATESTRUCT & cs)
{

return CScrollView::PreCreateWindow/(cs);

LT LT
/1 CCultureView drawing

void CCultureView::OnDraw(CDC* pDC)

{
CFont bigfont,smallfont;

CFont* poldfont;

CCultureDoc* pDoc = GetDocument();
CString str;

int i;

ASSERT_VALID(pDoc);

bigfont.CreateFont(-
100,0,0,0,400,FALSE,FALSE,0,ANSI_CHARSET,OUT_DEFAULT _PRECIS,

CLIP_DEFAULT _PRECISDEFAULT _QUALITY,DEFAULT_PITCH
FF_ROMAN,"

");

smallfont.CreateFont(-
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50,0,0,0,400,FALSE,FALSE,0,ANSI_CHARSET ,OUT _DEFAULT _PRECIS,

CLIP_DEFAULT _PRECIS,DEFAULT _QUALITY ,DEFAULT _PITCH
FF_ROMAN,"

");
poldfont = (CFont*)pDC- > SelectObject(& bigfont);
pDC- >T extOut(700,- 200," ");
pDC- >Rectangle(650,- 300,1350,- 310);

(CFont*)pDC- > SelectObject(& smallfont);

pDC- >T extOut(150,- 400,"1. M);

pDC- >T extOut(600,- 400,pDoc- > m_strPlant);

pDC- >T extOut(150,- 500,"2. ")

pDC- >T extOut(600,- 500,pDoc- > m_strSolution);
pDC- >T extOut(1000,- 500,"[ M);
if(pDoc- >m_whichh20==0) str.Format("10 1");
else str.Format("4 1M);

pDC- >T extOut(1400,- 500,str);

pDC- >Rectangle(130,- 680,1980,- 850);
for(i=0;i< 8;i++)

pDC- > Rectangle(380+i* 200,- 680,580+i* 200,- 850);
pDC- >Rectangle(130,- 760,1980,- 770);

pDC- > T extOut(150,- 600,"3. )
pDC- > T extOut(150,- 700" ");
pDC- > T extOut(150,- 780" ";

pDC- >T extOut(400,- 700,"Ca");
pDC- >T extOut(600,- 700,"NO3");
pDC- > T extOut(800,- 700,"NH4");
pDC- >T extOut(1000,- 700,"K");
pDC- >T extOut(1200,- 700,"H2P0O4");
pDC- > T extOut(1400,- 700,"SO4");
pDC- >T extOut(1600,- 700,"Mg");
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/1
/1

pDC- >T extOut(1800,- 700,"HCO3");
str.Format("%.2f",pDoc- >m_Sca);
pDC- >T extOut(400,- 780,str);
str.Format("%.2f",pDoc- >m_Sno3);
pDC- >T extOut(600,- 780,str);
str.Format("%.2f",pDoc- >m_Snh4);
pDC- >T extOut(800,- 780,str);
str.Format("%.2f",pDoc- > m_Sk);
pDC- >T extOut(1000,- 780,str);
str.Format("%.2f",pDoc- > m_Sh2po4);
pDC- >T extOut(1200,- 780,str);
str.Format("%.2f",pDoc- >m_Sso4);
pDC- >T extOut(1400,- 780,str);
str.Format("%.2f",pDoc- > m_Smgq);
pDC- >T extOut(1600,- 780,str);
str.Format("%.2f",pDoc- >m_Shc3);
pDC- >T extOut(1800,- 780,str);

pDC- > Rectangle(130,- 980,1900,- 1470);
for(i=0;i< 8;i++)
pDC- > Rectangle(380+i* 200,- 680,580+i* 200,- 850);

pDC- >Rectangle(130,- 760,1950,- 770);

pDC- >T extOut(150,- 900," 4. ");

pDC- >T extOut(150,- 1000,"A  ");

pDC- > T extOut(150,- 1080," ");

pDC- >T extOut(150,- 1160," KNO3");

pDC- >T extOut(150,- 1240," NH4NO3");

pDC- >T extOut(150,- 1320," HNO3");

pDC- > T extOut(150,- 1400," FeEDT A(12.5%)");

str.Format("%.2f",pDoc- > m_Acanh4no3);
pDC- >T extOut(1000,- 1080,str);
str.Format("%.2f",pDoc- >m_Akno3);
pDC- >T extOut(1000,- 1160,str);
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str.Format("%.2f",pDoc- > m_Anh4no3);
pDC- >T extOut(1000,- 1240,str);
str.Format("%.2f",pDoc- >m_Ahno3);
pDC- >T extOut(1000,- 1320,str);
str.Format("%.2f",pDoc- > m_A canh4no3/10);
pDC- >T extOut(1500,- 1080,str);
str.Format("%.2f",pDoc- > m_Akno3/10);
pDC- >T extOut(1500,- 1160,str);
str.Format("%.2f",pDoc- > m_Anh4no3/10);
pDC- >T extOut(1500,- 1240,str);
str.Format("%.2f",pDoc- >m_Ahno3/10);
pDC- >T extOut(1500,- 1320,str);

pDC- >T extOut(1000,- 1000,"ppm");

pDC- >T extOut(1500,- 1000,"100 1 ")
pDC- >T extOut(1000,- 1400,"20.0");

pDC- >T extOut(1500,- 1400,"20.0");

pDC- >T extOut(1800,- 1080,"Kg");

pDC- >T extOut(1800,- 1160,"Kg");

pDC- >T extOut(1800,- 1240,"Kg");

pDC- >T extOut(1800,- 1320,"Kg");

pDC- >T extOut(1800,- 1400,"Kg");

pDC- > Rectangle(130,- 1480,1900,- 2130);

pDC- >T extOut(150,- 1500,"B  ");

pDC- >T extOut(150,- 1580," KNO3");

pDC- >T extOut(150,- 1660," MgSO04* 7TH20");
pDC- >T extOut(150,- 1740, 1 KH2PO4");

pDC- >T extOut(150,- 1820," 1 M H4H2P0O4");
pDC- >T extOut(150,- 1900, K2S04");

pDC- >T extOut(150,- 1980," H3PO4");

pDC- >T extOut(150,- 2060," MgNO3");

str.Format("%.2f",pDoc- > m_Bkno3);
pDC- >T extOut(1000,- 1580,str);
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str.Format("%.2f",pDoc- > m_Bmgso4);
pDC- >T extOut(1000,- 1660,str);
str.Format("%.2f",pDoc- > m_Bkh2po4);
pDC- >T extOut(1000,- 1740,str);
str.Format("%.2f",pDoc- > m_Bnh4h2po4);
pDC- >T extOut(1000,- 1820,str);
str.Format("%.2f",pDoc- > m_Bk2s04);
pDC- >T extOut(1000,- 1900,str);
str.Format("%.2f",pDoc- > m_Bh3po4);
pDC- >T extOut(1000,- 1980,str);
str.Format("%.2f",pDoc- > m_Bmgno3);
pDC- >T extOut(1000,- 2060,str);

str.Format("%.2f",pDoc- > m_Bkno3/10);
pDC- >T extOut(1500,- 1580,str);
str.Format("%.2f",pDoc- > m_Bmgso4/ 10);
pDC- >T extOut(1500,- 1660,str);
str.Format("%.2f",pDoc- > m_Bkh2po4/10);
pDC- >T extOut(1500,- 1740,str);
str.Format("%.2f",pDoc- > m_Bnh4h2po4/ 10);
pDC- >T extOut(1500,- 1820,str);
str.Format("%.2f",pDoc- > m_Bk2s04/10);
pDC- >T extOut(1500,- 1900,str);
str.Format("%.2f",pDoc- > m_Bh3po4/10);
pDC- >T extOut(1500,- 1980,str);
str.Format("%.2f",pDoc- > m_Bmgno3/10);
pDC- >T extOut(1500,- 2060,str);

pDC- >T extOut(1000,- 1500,"ppm");

pDC- >T extOut(1500,- 1500,"100 1 ")
pDC- >T extOut(1800,- 1580,"Kg");

pDC- >T extOut(1800,- 1660,"Kg");

pDC- >T extOut(1800,- 1740,"Kg");

pDC- >T extOut(1800,- 1820,"Kg");

pDC- >T extOut(1800,- 1900,"Kg");
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pDC- >T extOut(1800,- 1980,"K g");
pDC- >T extOut(1800,- 2060,"K g");

pDC- >Rectangle(130,- 2140,1900,- 2630);

pDC- >T extOut(150,- 2160," ")

pDC- >T extOut(150,- 2240," H3BO3");

pDC- >T extOut(150,- 2320," CuSO4*5H20");

pDC- >T extOut(150,- 2400," ZnS0O4* 7TH20");

pDC- >T extOut(150,- 2480," MnSo4*H20");

pDC- >T extOut(150,- 2560," Na2M 004* 2H20");
pDC- >T extOut(1000,- 2160,"ppm");

pDC- >T extOut(1500,- 2160,"100 1 ");

pDC- >T extOut(1800,- 2240,"g");
pDC- >T extOut(1800,- 2320,"g");
pDC- >T extOut(1800,- 2400,"g");
pDC- >T extOut(1800,- 2480,"g");
pDC- >T extOut(1800,- 2560,"g");
pDC- >T extOut(1000,- 2240,"2.86");
pDC- >T extOut(1000,- 2320,"0.08");
pDC- >T extOut(1000,- 2400,"0.22");
pDC- >T extOut(1000,- 2480,"1.57");
pDC- >T extOut(1000,- 2560,"0.03");
pDC- >T extOut(1500,- 2240,"286.00");
pDC- >T extOut(1500,- 2320,"8.00");
pDC- >T extOut(1500,- 2400,"22.00");
pDC- >T extOut(1500,- 2480,"157.00");
pDC- >T extOut(1500,- 2560,"3.00");

pDC- > T extOut(150,- 2700,"5.
(062- 520- 6484)");

pDC- > T extOut(150,- 2800,  ( ) (062- 511- 0281)
M)

/lint X, y, XX, VY;
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pDC- > SelectObject(poldfont);

}
void CCultureView::OnlnitialUpdate()
{
CScrollView::OnlnitialUpdate();
CSize sizeT otal(m_rectPrint.Width(),m_rectPrint.Height());
CSize sizePage(sizeT otal.cx/2,sizeT otal.cy/2);
CSize sizelLine(sizeT otal.cx/100,sizeT otal.cy/100);
SetScrollSizes(MM_LOMET RIC, sizeT otal,sizePage,sizeLine);
}

LT LT
/1 CCultureView printing

BOOL CCultureView::OnPreparePrinting(CPrintinfo* plnfo)
{

/1 default preparation
return DoPreparePrinting(pinfo);

void CCultureView::OnBeginPrinting(CDC* /*pDC*/, CPrintinfo* /*plnfo*/)

{
}

void CCultureView::OnEndPrinting(CDC* /*pDC*/, CPrintinfo* /*plnfo*/)

{
}

LT T
/I CCultureView diagnostics

#ifdef _DEBUG
void CCultureView::AssertValid() const

{
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CScrollView::AssertValid();

}
void CCultureView::Dump(CDumpContext& dc) const
{
CScrollView::Dump(dc);
}

CCultureDoc* CcCultureView::GetDocument() // non- debug version is inline

{

A SSERT (m_pDocument- > IsKindOf(RUNT IME_CLASS(CCultureDoc)));
return (CCultureDoc*)m_pDocument;

}
#endif //_DEBUG

LTI
/I CCultureView message handlers

void CCultureView::OnFileNew ()

{
CinputDlg dlg;

if(dlg.DoM odal()==IDOK)

{
CCultureDoc *pDoc = GetDocument();
pDoc- >m_strPlant=dlg.m_plant;
pDoc- >m_strSolution=dlg.m_solution;
pDoc- >m_Sca=dlg.m_ca;
pDoc- >m_Sno3=dlg.m_no3;
pDoc- >m_Snh4=dlg.m_nh4;
pDoc- >m_Sk=dlg.m_k;
pDoc- >m_Sh2po4=dlg.m_h2po4,
pDoc- >m_Sso4=dlg.m_so4;
pDoc- >m_Smg=dlg.m_mg;
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pDoc- >m_Shc3=dlg.m_hco3;
pDoc- >m_whichh2o = dlg.m_h2010;

pDoc- > CalculateCulture();
pDoc- >UpdateAllViews(NULL);

void CCultureView::OnFileEdit()

{
CinputDlg dlg;
CCultureDoc *pDoc = GetDocument();
/I TODO: Add your command handler code here
dilg.m_plant = pDoc- >m_strPlant;
dlg.m_solution=pDoc- > m_strSolution;
dlg.m_ca=pDoc- >m_Sca;
dlg.m_no3=pDoc- >m_Sno3;
dilg.m_nh4=pDoc- >m_Snh4,
dlg.m_k=pDoc- >m_Sk;
dig.m_h2po4=pDoc- >m_Sh2po4;
dlg.m_so4=pDoc- >m_Sso4,
dlg.m_mg=pDoc- >m_Smg;
dlg.m_hco3=pDoc- >m_Shcs;
dig.m_h2010=pDoc- >m_w hichhZ2o;

if(dlg.DoM odal()==IDOK)

{
pDoc- >m_strPlant=dlg.m_plant;
pDoc- >m_strSolution=dlg.m_solution;
pDoc- >m_Sca=dlg.m_ca;
pDoc- >m_Sno3=dlg.m_no3;
pDoc- >m_Snh4=dlg.m_nh4;
pDoc- >m_Sk=dlg.m_k;
pDoc- >m_Sh2po4=dlg.m_h2po4,
pDoc- >m_Sso4=dlg.m_so4;
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pDoc- >m_Smg=dlg.m_mg;
pDoc- >m_Shc3=dlg.m_hco3;
pDoc- >m_whichh2o = dlg.m_h2010;

pDoc- > CalculateCulture();
pDoc- > UpdateAllViews(NULL);
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/I cultureDoc.cpp : implementation of the CCultureDoc class

/1

#include "stdafx.h"
#include "culture.h"

#include "cultureDoc.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = _FILE_;
#endif

[T
/! CCultureDoc

IMPLEMENT_DYNCREAT E(CCultureDoc, CDocument)

BEGIN_MESSAGE_MAP(CCultureDoc, CDocument)
[H{{AFX_MSG_MAP(CCultureDoc)
[I1YAFX_MSG_MAP

END_MESSAGE_MAP()

[ ]
// CCultureDoc construction/destruction

CCultureDoc::CCultureDoc()

{
m_w hichh20=0;
DeleteContents();

CCultureDoc::~CCultureDoc()
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}
BOOL CCultureDoc::OnNew Document()
{
if (ICDocument::OnNew Document())
return FALSE;
return TRUE;
}

[ ]
/!l CCultureDoc serialization

void CCultureDoc::Serialize(CArchive& ar)

{
if (ar.IsStoring())

{
ar << m_strPlant << m_strSolution << m_whichh2o <<
m_Sca <<
m_Sh2po4 << m_Shc3 << m_Sk << m_Smg << m_Snh4 << m_Sno3 <<
m_Sso4 ;
}
else
{
ar >> m_strPlant >> m_strSolution >> m_whichh2o >>
m_Sca >>
m_Sh2po4 >> m_Shc3 >> m_Sk >> m_Smg >> m_Snh4 >> m_Sno3 >>
m_Sso4

}

LT T
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/I CCultureDoc diagnostics

#ifdef _DEBUG
void CCultureDoc::AssertValid() const

{
CDocument::AssertValid();
}
void CCultureDoc::Dump(CDumpContext& dc) const
{
CDocument::Dump(dc);
}

#endif //_DEBUG

[ ]
/! CCultureDoc commands

void CCultureDoc::DeleteContents()

{

m_strPlant="";
m_strSolution="";

m_Sca=m_Sno3=m_Snh4=m_Sk=m_Sh2po4=m_Sso4=m_Smg=m_Shc3=0;
m_A canh4no3=m_Akno3=m_Anh4no3=m_A hno3=0;

m_Bkno3=m_Bmgso4=m_Bkh2po4=m_Bnh4h2po4=m_Bk2so4=m_Bh3po4=m_Bm

gno3=0;
}
LT
/1 /1

/1 /1

/1 /I Caculate Culture. C file.

/1 /1

11
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111
/1

e n u m
{TOMATO,CUCUMBER,PIMAN,CHRYSANTHEMUM ,ROSE,CARNATION};

#define H20_10 O
#define H20 4 1

double NO1,NH1,K1,Cal,P1,Mgl,SO1,Set PH,Set EC; /* Solution Elements */

struct SolutionValue

{
double no3,nh4,k,ca,p,mg,so4,ph,ec;
H
static SolutionValue SolutionT able[6][4]=
{
/I 0. tomato
{
{225, 189, 3132, 1612, 417, 493, 65,
6.2, 2.5},
{84.1, 9.2, 1176, 60.1, 204, 243, 32
6.2, 1.4},
{1925, 175, 341.25, 170, 38.75, 486, 1123,
6.2, 2.6},
{2135, 9.2, 221.4, 2143, 846, 47.7, 532,
6.2, 1.9}
|3
/I 1. cucumber
{
{225, 189, 3132, 1612, 417, 493, 65,
6.2, 2.5},
{182, 139, 2343, 1402, 30.7, 485, 64,
6.2, 2.9},
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3131, 1443,
3411, 189.7,
2734, 80.1,
234.3, 60.1,
2645, 1273,
660.1, 202,
234, 120,
175, 86,
195, 140,
234, 120,
234, 140,
243.75, 150,

{206.8, 12.3,
6.2, 2.5},

{234.8, 0O,
6.2, 2.7}
|3
/1 3: piman
{

{154, 14,
6.2, 2.1},

{126, 11.6,
6.2, 1.8},

{168, 3.5,
6.2, 2.2},

{354.9, 0O,
6.2, 3.5}
|3
/I 4. rose
{

{168, 14,
6, 1.9},

{154, 28,
6, 1.6},

{154, 175,
6, 1.9},

{0,0,0,0,0,0,0,0,0%},
|3
/I 5. Carnation
{

{168, 14,
6, 1.9},

{189, 21,
6, 1.9},

{182, 14,
6, 1.9},

{0,0,0,0,0,0,0,0,0},
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46.4,

50.5,

30.9,

25.6,

38.7,

50.5,

30.97,

36,

38.75,

30.97,

39,

38.75,

34.8,

38,

24.3,

18.2,

27.3,

39.7,

36,

24.31,

18.23,

36,

30,

24.3,

40.1,

43.7,

32,

24.1,

40.1,

52.4,

48,

32.06,

40,

48,

40,

40,



h
/I 6. Chrysanthemum

{
{168, 14, 234, 120,
6, 1.9},
{189, 21, 234, 140,
6, 1.9},
{178, 175, 239.25, 100.25, 31,
6, 1.9},
{0,0,0,0,0,0,0,0,0},
}
H
static double CANHNC = 0.1426,
CANHHC = 0.0130,
CANHCC = 0.1854,
CANNC = 0.1187,

CANCC = 0.1697,
KNONC = 0.1386,
KNOKC = 0.3867,
NHNHC = 0.35,

NHPNC = 0.1217,
NHPPC = 0.2693,
KHPKC = 0.2873,
KHPPC = 0.2276,
KSSC = 0.1840,

KSKC = 0.2244,

MSSC = 0.1301,

MSMC = 0.0986,
MGNC = 0.1094,
MGMC = 0.0950;

void GetSolution(CString plant, CString solution)

{

int iplant,isolution;
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if(plant==" ") iplant=0;

else if(plant==" ") iplant=1;

else if(plant==" ") iplant=2;

else if(plant==" ") iplant=3;

else if(plant==" ") iplant=4;

else if(plant==" ") iplant=5;

else iplant = 0;

if(solution == "JBS") isolution = 0;

else if(solution == "Yamasaki") isolution = 1,
else if(solution == "Ichi") isolution = 1;
else if(solution == "PTG") isolution = 2;
else if(solution == "EVRDC") isolution = 3;

else isolution = O;

NO1 = SolutionT able[iplant][isolution].no3;
NH1= SolutionT able[iplant][isolution].nh4;
K1= SolutionT able[iplant][isolution].k;
Cal= SolutionT able[iplant][isolution].ca;
P1= SolutionT able[iplant][isolution].p;
Mgl= SolutionT able[iplant][isolution].mg;
SO1= SolutionT able[iplant][isolution].so4;
Set_PH= SolutionT able[iplant][isolution].ph;
Set_EC= SolutionT able[iplant][isolution].ec;

void CCultureDoc::CalculateCulture()
{

//local variables

int whichh2o;

/* Spring Elements */
double Spring_analysis_nitrate2,
Spring_analysis_ammonium2,
Spring_analysis_potasium2,
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Spring_analysis_calcium2,
Spring_analysis_phosphate2,
Spring_analysis_magnesium2,
Spring_analysis_sulfate2,
Spring_analysis_carbohydratel /*HC1*/ ;

double
Target_element_nitrate4=0,
Target_element_ammonium3=0,
Target_element_potasium3=0,
Target_element_calcium3=0,
Target_element_phosphate4=0,
T arget_element_magnesium3=0,
Target_element_sulfate3=0,
Calculation_ HNO3 HC3=0,
Calculation_H3PO4 HC4=0,
Include_MgS04_sulfate6=0,
Include_M gNO3_magnesium4=0,
Include_ HNOS3 nitrate3=0,
Incluce_H3PO4_phosphate3=0,
Include_NH4H2PO4_ammonium5=0,
Include_K2S04 _potasium11=0,
Include_KH2PO4 potasium9=0,
Include_KH2PO4 potasium4=0,
Include_ KNOS3 nitrate8=0,
Include_KNO3_potasium6=0,
Include_K 2S04 _potasium10=0,
Include_ K2S04 sulfate5=0,
Include_ KNOS3_ nitratel10=0,
Include_H3PO4_phosphate3=0,
Include_5CaN0322H20_calcium5=0,
Include_5CaN0322H20_nitrate5=0,
Include_5CaN0322H20_ammonium4=0,
Include_NH4H2PO4 _ammonium10=0,
Include_CaNO322H20_calcium5=0,
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Include_CaNO322H20 nitrate5=0,
Include_CaNO322H20_ammonium4=0,
Include_NH4H2PO4 phosphate5=0,
Result_ HNO3_HNO20=0,
Result_H3P0O4_HPH20=0,
Result_ NH4H2PO4 _NHP20=0,
Result_NH4NO3_NHNO20=0,
Result_ KH2P0O4_KHP20=0,
Result_KNO3_KN20=0,
Result_K2S04_K S20=0,
Result_KNO3_K S20=0,
Result_MgNO3_M GN20=0,
Result_MgS0O4_M GS20=0,
Result_5CaN0322H20_CANNH?20=0,
Result_CaN0322H20_CANNH 20=0,
CANZ20=0,
HC2=0,

Ca4=0,

NH4=0,

NH5=0,

NH6=0,

NH7=0,

NH8=0,

M g3=0,

M g4=0,

M g5=0,

K 5=0,

K7=0,

K 8=0,

K 9=0,

KN21=0,

NO5=0,

N O6=0,

NO7=0,

N O9=0,
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NO10=0,
NO11=0,
S5=0,
S6=0,
S7=0,

K 12=0,
P5=0,
P6=0,
P7=0,
P8=0,
P9=0,
P10=0,
P13=0,
P14=0,
P15=0,
P16=0,
P17=0,
P18=0,
P19=0,
P20=0;

//local variables

whichh2o = m_whichh2o;
GetSolution(m_strPlant, m_strSolution);

/I Set Spring Elements //

Spring_analysis_nitrate2 = m_Sno3;
Spring_analysis_ammonium2 = m_Snh4,
Spring_analysis_potasium2 = m_Sk;
Spring_analysis_calcium2 = m_Sca;
Spring_analysis_phosphate2 = m_Sh2po4;
Spring_analysis_magnesium2 = m_Smg;
Spring_analysis_sulfate2 = m_Sso4;

Spring_analysis_carbohydratel= m_Shc3;
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if(Spring_analysis_carbohydratel> 50)

{
HC2 = (Spring_analysis_carbohydratel- 50)/122.0;
Calculation HNO3 HC3 = HC2*63;
Calculation_ H3PO4 HC4 = HC2*97.99;
Include_ HNO3 nitrate3 = Calculation_ HNO3 HC3*0.22;
Incluce_H3PO4_phosphate3 = Calculation_H3PO4_HC4*0.32;
Result HNO3_HNO20 = Calculation_HNO3_HC3/0.6;
Result H3PO4 HPH20 = Calculation_ H2PO4 HC4/0.85;

}

else

{
Include_HNO3_ nitrate3 = 0;
Include_H3PO4_phosphate3 = 0;

}

/I Get Target Elements //
Target_element_nitrate4 = NO1 - Spring_analysis_nitrate2

- Include_HNO3_ nitrate3;
Target_element_ammonium3 = NH1 - Spring_analysis_ammoniumz2;
Target_element_potasium3 = K1 - Spring_analysis_potasium2;
Target_element_calcium3 = Cal - Spring_analysis_calcium2 ;
Target_element_phosphate4 = P1 - Spring_analysis_phosphate2

- Include_H3PO4_phosphate3;
Target_element_magnesium3 = Mgl - Spring_analysis_magnesiumz;
Target_element_sulfate3 = SO1 - Spring_analysis_sulfate2;

if( whichh2o == H20_10)

{
Cad = Target_element_calcium3/CANHCC,;
Include_5CaN0322H20_calcium5 = Ca4* CANHCC;
NO5 = Include_5CaN0O322H20 nitrate5 = Ca4* CANHNC;
NH4 = Include 5CaN0322H20 ammonium4 = Ca4* CANHHC;
CAN20 = Result_5CaN0322H20_CANNH20 = Ca4;

- 275 -



}

NH8=0;

else /* H20 4 */

{

}
NH5

NH6
P5=

Cad = Target_element_calcium3/CANCC;

Include_CaNO322H20_calcium5 = Ca4* CANCC;

NO5 = Include_CaN0O324H20 nitrate5 = Cad4* CANNC;
NH4 = Include_CaN0O324H20_ammonium4 = 0;
CAN20 = Result_CaN0O324H20 _CANNH20 = Ca4;

T arget_element_ammonium3 - NH4;
NH5/NHPNC;

Include_NH4H2PO4 phosphate5 = NH6*NHPPC;

Include_NH4H2PO4_ammonium5 = NH5;
Result NH4H2PO4 NHP20 = NH6;

NH8=0;

if(P5<=T arget_element_phosphate4)

{

else

P9 = Target_element_phosphate4 - P5;

P10 = P9/KHPPC;

Include_KH2PO4 potasium4 = P10*KHPKC,;
K5 = Include_KH2PO4_potasium4;
Result_KH2P0O4 KHP20 = P10;

P6 = Target_element_phosphate4 + 30;

if(P5< =P6)
{
K5 = 0;
}
else
{

P7 = (P5- P6)/NHPNC;

- 276 -



P8 = Result_ NH4H2PO4 NHP20- P7;
Result_NH4H2PO4 NHP20 = P8;

NH7 = (NH5- (P8*NHPNC))/2.0;

NH8 = NH7*NHNHC;

Result_ NHANO3_NHNO20 = NH8/NHNHC;
P5 = P7*NHPNC;

K5 =0;
NH6 = PS;
P10 = 0;
}
}
NO6 = Target_element_nitrate4 - NOS5;
NO7 = NO6/KNONC;

Include_ KNOS3 nitrate8 = NOG6;

Include_KNO3 potasium6 = NO7*KNOKGC,;
K7 = Include_KNO3_potasiumé6 + K5;

NO9 = Include_KNO3 nitrate8 + NO5 + NHS;
Mg3 = 0;

Result_ KNO3_KN20 = NO7;

if(K7<=T arget_element_potasium3)

{
K8 = Target_element_potasium3 - K7;
K9 = K8/KSKC;
Include_K 2S04 _potasium10=KS§;
Include_K 2S04 _sulfate5=K 9*K SSC,;
Result K2S04 KS20=K9;

}

else

{
K8 = Target_element_potasium3 - K5;
K9 = K8/KNOKC;

Include_KNO3 nitratel0=K9*KNONC;
Result_ KNO3_KS20=K9;
NO9 = NO5 + Include_ KNO3 nitratelo;
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NO10 = Target_element_nitrate4- NO9;

NO11 = NO1O/MGNC;
Include_MgNO3_magnesium4 = NO11*M GMC;
Mg3 = Include_MgNO3_magnesium4;
Result_ MgNO3 MGN20 = NO11;
Include_ K 2S04 sulfate5=0;

}
Mg4 = Target_element_magnesium3- Mg3;
Mg5 = Mg4/MSMC,

Include_MgS0O4_sulfate6=M g5* M SSC,;
Result_MgS0O4_M GS20=Mg5;
S5 = Include_K 2S04 sulfate5 + Include_MgSO4_sulfate6;

if(S5<=120)
{
}
else
{
S6 = S5-120;
S7 = K9- (S6/KSKC);

Include_K 2S04 potasiumll = S7*KSKC;

Result_K2S04_KS20 = S7;

K12=((Include_K 2S04_potasium10-
Include_K 2S04 potasium11)/KHPPC);

Include_KH2PO4 potasium9 = K12*KHPPC,;

P13 = K12 + P10;

Result_ KH2P0O4 KHP20 = P13;

P14 = P13*KHPPC;

P15 = P6+20;

if(P14< =P15)
{ }

else

{
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P16 = P15 - P14,

P17 = P16/NHPPC;

P18 = NH6- P17,

Result NH4H2PO4 _NHP20 = P18;
Include_NH4H2PO4_ammonium10 = P18*NHPNC;
P19 = NH5 - Include_NH4H2PO4_ammonium10;
P20 = (P19/NHNHC)/2.0;

Result_ NHANO3_NHNO20 = P20;

}
KN21 = ( (Result_ KNO3_KN20 + CAN20 + Result_MgSO4 M GS20

+ Result_KH2PO4_KHP20 + Result NHANO3_NHNO20
+ Result_NH4H2PO4 NHP20 + Result_K2S04 KS20

+ Result_ MgNO3_MGNZ20)/2

- (CAN20 + Result_ NHANO3_NHNOZ20) );

m_Acanh4no3 = (float) CANZ20;

m_Akno3 = (float)KN21;

m_Anh4no3 = (float)Result_NH4NO3_NHNOZ20;
m_Ahno3 = (float)Result_ HNO3_HNOZ20;
m_Bkno3 = (float)(Result_ KNO3 KN20 - KN21);
m_Bmgso4 = (float)Result_MgS0O4_M GS20;
m_Bkh2po4 = (float)Result_ KH2PO4 K HP20;
m_Bnh4h2po4 = (float)Result_NH4H2PO4 NHP20;
m_Bk2s04 = (float)Result_K2S04 K S20;
m_Bh3po4 = (float)Result_H3PO4_HPH 20;
m_Bmgno3 = (float)Result_MgNO3_M GN 20;

BOOL CcCultureDoc::0nOpenDocument(LPCT STR IpszPathName)
{

if (ICDocument::OnOpenDocument(IpszPathName))
return FALSE;

/l TODO: Add your specialized creation code here
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CalculateCulture();

return TRUE;
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/1 culture.cpp : Defines the class behaviors for the application.
/1

#include "stdafx.h"
#include "culture.h"

#include "MainFrm.h"
#include "cultureDoc.h"
#include "cultureView.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS FILE

static char THIS_FILE[] = _FILE__;
#endif

LT LT
/1 CCultureApp

BEGIN_MESSAGE_MAP(CCultureApp, CWinApp)
[H{{AFX_MSG_MAP(CCultureApp)
ON_COMMAND(ID_APP_ABOUT, OnAppAbout)
II}3JAFX_MSG_MAP
/l Standard file based document commands
ON_COMMAND(ID_FILE_NEW, CWinApp::OnFileNew)
ON_COMMAND(ID_FILE_OPEN, CWinApp::OnFileOpen)
/l Standard print setup command
ON_COMMAND(ID_FILE_PRINT_SETUFP,

CWinApp::OnFilePrintSetup)

END_MESSAGE_MAP()

LT T
/] CCultureApp construction
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CCultureA pp::CCultureApp()

{
}

LT LT
/I The one and only CCultureApp object

CCultureApp theApp;

LT LT
/1 CCultureApp initialization

BOOL CcCultureApp::Initinstance()
{

/] Standard initialization

#ifdef _AFXDLL

Enable3dControls(); /I Call this when using MFC
in a shared DLL
Helse

Enable3dControlsStatic(); /l Call this when linking to MFC
statically
#endif

/I Change the registry key under which our settings are stored.
SetRegistryKey(_T ("Local AppWizard- Generated Applications"));

LoadStdProfileSettings(0); // Load standard INI file options
(including MRU)

/] Register document templates
CSingleDocT emplate* pDocT emplate;
pDocT emplate = new CSingleDocT emplate(

IDR_MAINFRAME,
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RUNTIME_CLASS(CCultureDoc),
RUNTIME_CLASS(CMainFrame), /l main SDI frame
window
RUNTIME_CLASS(CCultureView));
AddDocT emplate(pDocT emplate);

/I Parse command line for standard shell commands, DDE, file open
CCommandLinelnfo cmdinfo;
ParseCommandLine(cmdinfo);

/] Dispatch commands specified on the command line
if (!ProcessShellCommand(cmdinfo))
return FALSE;
m_pMainWnd- > ShowW indow (SW_SHOW);
m_pM ainWnd- > UpdateWindow ();

return TRUE;

LT T
/I CAboutDIlg dialog used for App About

class CAboutDlg : public CDialog
{
public:

CAboutDIg();

// Dialog Data
[H{{AFX_DATA(CAboutDlIg)
enum { IDD = IDD_ABOUTBOX };
[I1YAFX_DATA

/I ClassWizard generated virtual function overrides
HH{{AFX_VIRTUAL(CAboutDlg)

protected:
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virtual void DoDataExchange(CDataExchange* pDX);
DDX/DDV support
II}3AFX_VIRTUAL

/I Implementation
protected:
IH{{AFX_MSG(CAboutDIg)
/I No message handlers
I1PYAFX_MSG
DECLARE_MESSAGE_MARP()

1

CAboutDlg::CAboutDIg() : CDialog(CAboutDIg::IDD)
{
[H{{AFX_DATA_INIT (CAboutDIg)
[IPYAFX_DATA_INIT

void CAboutDlg::DoDataExchange(CDataExchange* pDX)
{
CDialog::DoDataExchange(pDX);
[H{{AFX_DATA_MAP(CAboutDIg)
II}3JAFX_DATA_MAP

BEGIN_MESSAGE_MAP(CAboutDlg, CDialog)
H{{AFX_MSG_MAP(CAboutDIg)
/I No message handlers
[I1YAFX_MSG_MAP
END_MESSAGE_MAP()

/I App command to run the dialog
void CCultureA pp::OnAppAbout()

{
CAboutDlg aboutDlg;
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aboutDIg.DoM odal();

LT LT
/I CCultureApp commands
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