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Development of Evaluation Indicators of Greenhouse
for Tomato Cultivation Using Delphi Survey Method

In Ho Yu*, Myeong Whan Cho, Eung Ho L ee, Hee Ryong Ryu, and Young Chul Kim
Protected Horticulture Research Sation, NIHHS, RDA, Busan 618-800, Korea

Abstract. This study aimed to develop the comprehensive indicators which can be used for evaluating
greenhouse for tomato cultivation. To achieve this aim, the study developed the evaluation indicators com-
posed of evaluation items, grades and criteria by extracting preliminary evaluation items through analyzing
the related papers and preceding studies, and conducting Delphi survey on an expert group. During the three
surveys, the questions of closed-ended type were given to a panel of 100 experts - professors related to
tomato cultivation and facilities, researchers and farmers (practical users). As aresult, the finally established
evaluation indicators consist of 4 categories and 39 specific evaluation items. The 4 categories are the struc-
tural factor of greenhouse, equipment factor of greenhouse, cultivation factor, and infrastructure factor.
These factors consist of specific evaluation items of 9, 15, 7 and 8, respectively. In addition, on 39 specific
evauation items, weighted values were calculated and grades and criteria were established by collecting
opinions of the experts. The newly developed evaluation indicators through this study will play an impor-
tant role in developing new greenhouse models, considering things that should be complemented preferen-
tially regarding in-use facilities, and improving the efficiency of projects supported by the government.
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Table 1. Preliminary evaluation items of greenhouse for tomato cultivation.

Category

Specific evaluation item

- Roof shape

- Greenhouse width

Structural factor

of greenhouse + No. of span

- Structura safety

- Type of covering material

- Greenhouse height

- Greenhouse area

- Greenhouse azimuth
- No. of covering layer

- Type of ventilator - Heating method

- Hester capacity - Type of fuel
Equipment factor - Alternative energy - Thermal screen material
of greenhouse - No. of thermal screen layer - Cooling system

- Irrigation method - Environmental control method

- Devicefor labor saving - Distribution facilities

- Cropping system - Cropping pattern
Cultivation factor - No. of flower cluster - Planting density

- Nutrients management - Pest management

- Air temperature - Amount of insolation
I’\cl) girgln;n? actor . Du_ration of sunshine - Frequency of disaster

- Soil texture

- Accessihility - Available worker
;gastructure - Water capacity - Water quality

or .
- Drainage
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Table 2. The composition of panel and response percentage of panel.

Professor Researcher Farmer Total

) . No. of panel surveyed 31 28 11 100
g:r:/t Delphi No. of respondents 23 28 13 64
4 Response percentage 74 100 32 64

No. of panel surveyed 23 28 13 64

Second Delphi survey No. of respondents 14 19 3 36
Response percentage 61 68 23 56

No. of panel surveyed 14 19 3 36

Third Delphi survey No. of respondents 12 19 2 33
Response percentage 86 100 67 92
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Table 3. Frequency of selection by specific evaluation item in structural factor.

Item Professor (%) Researcher (%) Farmer (%) Total (%)
Greenhouse height 95.7 89.3 69.2 87.5
Type of covering material 87.0 82.1 84.6 84.4
Greenhouse azimuth 82.6 67.9 69.2 734
No. of covering layer 69.6 67.9 30.8 60.9
Greenhouse area 435 57.1 61.5 531
Greenhouse width 60.9 46.4 46.2 51.6
No. of span 435 429 46.2 438
Roof shape 47.8 39.3 385 422
Structural safety 435 429 30.8 40.6
Table 4. Frequency of selection by specific evaluation item in equipment factor.
Item Professor (%) Researcher (%) Farmer (%) Tota (%)
Irrigation method 87.0 75.0 69.2 78.1
Environmenta control method 783 85.7 46.2 75.0
Type of ventilator 65.2 78.6 61.5 70.3
Thermal screen material 69.6 714 61.5 68.8
Heater capacity 73.9 57.1 76.9 67.2
Heating method 87.0 50.0 61.5 65.6
Cooling system 82.6 57.1 46.2 64.1
No. of thermal screen layer 739 57.1 385 59.4
Devicefor labor saving 34.8 60.7 231 438
Alternative energy 26.1 321 61.5 359
Distribution facilities 217 35.7 385 313
Type of fuel 13.0 21.4 46.2 234
Table 5. Frequency of selection by specific evaluation item in cultivation factor.
Item Professor (%) Researcher (%) Farmer (%) Totd (%)
Nutrients management 95.7 96.4 69.2 90.6
Pest management 95.7 85.7 76.9 875
Cropping pattern 82.6 85.7 84.6 84.4
Planting density 87.0 821 69.2 813
Cropping system 73.9 82.1 61.5 75.0
No. of flower cluster 65.2 714 69.2 68.8
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Table 6. Frequency of selection by specific evaluation item in natural and locational factor.

Item Professor (%) Researcher (%) Farmer (%) Total (%)

Amount of insolation 95.7 89.3 92.3 922
Air temperature 95.7 89.3 76.9 89.1
Duration of sunshine 87.0 85.7 53.8 79.7
Soil texture 73.9 57.1 46.2 60.9
Frequency of disaster 47.8 35.7 53.8 438

Table 7. Frequency of selection by specific evaluation item in infrastructure factor.
Item Professor (%) Researcher (%) Farmer (%) Total (%)
Available worker 56.5 85.7 100.0 78.1
Water quality 87.0 75.0 615 76.6
Water capacity 87.0 64.3 61.5 719
Drainage 69.6 67.9 69.2 68.8
Accessibility 52.2 46.4 61.5 51.6

Table 8. Importance by category.

Category Professor (%) Researcher (%) Farmer (%) Tota (%)
Structural factor 20 229a 191a 219
Equipment factor 250a 230a 21.8a 235
Cultivation factor 26.1a 241a 255a 251
Natural and locational factor 152a 179a 159a 16.5
Infrastructure factor 11.7b 121b 17.7a 130

“Mean separation by Duncan’s multiple range test, P = 0.05.
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Table 9. Importance by specific evauation item in struc-
tural factor.
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Item Mean  Sid. deviation 2ollA 157, AA 9aolA 7, A 94
Greenhouse height 442 0.69 N2 FHo1ELE O o
Type of covering material 4.19 0.75 W = ZAE AT WIS S d
Greenhouse azimuth 3.92 0.97 o, 3P AN B7FRHERO 2 S5 th(Table 13).
No. of covering layer 3.75 0.81
Greenhouse area 3.39 0.90
Greenhouse width 3.08 0.84 Tab_le 11. Importance by specific evaluation item in cultiva
No. of span 3.03 0.94 tion factor.
Roof shape 303 0.94 Item Mean Std. deviation
Structural safety 3.06 115 Nutrient and water management  4.81 0.52
Total 4.03 0.88 Pest management 4.42 0.73
Cropping pattern 4.19 0.62
. o ) ) Planting density 3.83 0.74
Table 10. Importance by specific evaluation item in equip- Cropping system 383 0.85
ment factor. No. of flower cluster 3.97 0.84
Item Mean Sd. deviation Soil fertility 4.22 0.72
Irrigation method 4.03 0.74 Total 4.36 0.87
Environmental control method  4.36 0.83
Type of ventilator 3.75 0.87
Thermal screen material 367 0.96 Table 12. Importance by specific evaluation item in infra-
Heater capacity 3.69 0.86 structure factor.
Heating method 3.78 0.72 —
Cooling system 358 0.85 Item Meen Sid. deviation
No. of thermal screen layer 358 0.91 Amount of outsideinsolation  4.64 0.83
Devicefor labor saving 358 0.94 Outside air temperature 414 0.76
Device for agrochemica spray  3.58 0.84 Frequency of disaster 358 0.84
Shading equipment 361 0.73 Available worker 3.56 1.00
Hesting for root zone 3.39 0.87 Water quality 394 0.67
Dehumidifier 342 0.81 Water capacity 353 0.70
Air circulation fan 3.72 0.66 Drainage 3.9 0.75
Carbon dioxide enrichment 4,08 0.81 Accessihility 3.17 0.77
Total 417 0.74 Total 3.56 1.05
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Table 13. Thefinal evaluation items of greenhouse for tomato cultivation.

Category

Specific evaluation item

- Greenhouse height

- Greenhouse azimuth

Structural factor

- Type of covering material
- No. of covering layer

of greenhouse - Greenhouse area - Greenhouse width
- No. of span - Roof shape
- Structura safety
- Irrigation method - Environmental control method
- Type of ventilator - Thermal screen materia
- Heater capacity - Heating method
Equipment factor - Cooling system - No. of thermal screen layer

of greenhouse - Devicefor labor saving - Devicefor agrochemical spray

- Shading equipment - Heating for root zone

- Dehumidifier - Air circulation fan

- Carbon dioxide enrichment

- Nutrient and water management - Pest management
Cultivation factor . Cropp!ng pattern - Planting density

- Cropping system - No. of flower cluster

- Sail fertility

- Amount of outsideinsolation - Outside air temperature

- Frequency of disaster - Available worker
Infrastructure factor . Water quality . Water capacity

- Drainage - Accessibility
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Table 14. Weighted value by specific evaluation item.

Category Specific evaluation item Total weighted
Item Weighted value  Item Weighted value value
Greenhouse height 0.139 0.035
Type of covering material 0.131 0.033
Greenhouse azimuth 0.123 0.031
No. of covering layer 0.118 0.029
Swrucurel factor 0.250 Greenhouse area 0.106 0.027
9 Greenhouse width 0.097 0.024
No. of span 0.095 0.024
Roof shape 0.095 0.024
Structural safety 0.096 0.024
Irrigation method 0.072 0.019
Environmental control method 0.078 0.020
Type of ventilator 0.067 0.017
Thermal screen material 0.066 0.017
Heater capacity 0.066 0.017
Heating method 0.068 0.018
. Cooling system 0.064 0.017
;q;:g&irgljgtor 0.259 No. of thermal screen layer 0.064 0.017
Devicefor labor saving 0.064 0.017
Device for agrochemical spray 0.064 0.017
Shading equipment 0.065 0.017
Heating for root zone 0.061 0.016
Dehumidifier 0.061 0.016
Air circulation fan 0.067 0.017
Carbon dioxide enrichment 0.073 0.019
Nutrient and water management 0.164 0.044
Pest management 0.151 0.041
Cropping pattern 0.143 0.039
Cultivation factor 0.270 Planting density 0.131 0.035
Cropping system 0.131 0.035
No. of flower cluster 0.136 0.037
Soil fertility 0.144 0.039
Amount of outside insolation 0.152 0.034
Outside air temperature 0.136 0.030
Frequency of disaster 0.117 0.026
Available worker 0.117 0.026
Infrastructure factor 0.221 Water quality 0129 0.029
Water capacity 0.116 0.026
Drainage 0.129 0.029
Accessihility 0.104 0.023
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Table 15. The fina evaluation indicators of greenhouse for tomato cultivation.

Item (Max. score) Classification Criteria Score
A Eavesheight 4m <X 35
Greenhouse height B Eavesheight 3<X<4m 30
(35) C Eavesheight 2<X>3m 25
D Eaves height X<2m 20
A Glass 33
T ‘ . B PO film 30
ypeol covering C PE film renewal every year 25
material (33) .
D PE film renewal every two years 20
E PE film renewal every three years 15
A EtoW StoN 31
Greenhouse azimuth B Sindle ESE to WNW Multi SSE to NNW 29
(31) C 9 SSE to NNW ESE to WNW 27
D StoN EtoW 25
No. of ingl A X=1 29
(2%.) of covering layer B X =2 o
C X=>3 19
A 10,000 m? < X 27
Greerh B 6,600 < X < 10,000 m? 25
(er)e” ousearea c 3,300 < X < 6,600 2 23
D 2,000 < X < 3,300 m? 21
E X <2,000 m? 19
A 8m< X 24
Greenhouse width B 7<X<8m 22
(24) C 6<X<7m 20
D X<6m 18
A 7<X 24
No. of B 5<X<7 22
0. of span c 3<X<5 20
(24)
D 1<X<3 18
E X=1 16
A Venlo type 24
Roof shape B Even-span type 22
(24) C Archtype 20
D Half-span type 18
A Design standard in regions 100% < X 24
B Design standard in regions 80% < X < 100% 20
(Sztz;ctural safety C Design standard in regions 65% < X < 80% 16
D Design standard in regions 50% < X < 65% 12
E Design standard in regions X < 50% 8
A Automatic irrigation by sensor 19
Irrigation method B Semi-automatic irrigation by considering crop growth 15
(19) C Fixed quantity irrigation by growth stage n
D Fixed quantity irrigation periodically 7
A Multi-variable controller 20
Environmental control B Automatic control by sensor or timer 16
method (20) C Semi-automatic control 12
D Manual control 8
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Item (Max. score) Classification Criteria Score
A Roof + side + forced ventilation 17
B Roof + side ventilation 14
Type of ventilator (17) C Side ventilation 11
D Hole at roof or side 8
E None 5
A Aluminum curtain 17
Thermal screen B Multi-layered thermd curtain 15
material (17) C Non-woven fabric 13
D Vinyl 11
A Optimum capacity 100% < X 17
B Optimum capacity 90 < X < 100% 15
Heater capacity (17) C Optimum capacity  80< X <90% 13
D Optimum capacity 70 < X < 80% 11
E Optimum capacity X <70% 9
A Hot water heating 18
. B Fan coil unit 16
Heating method (18) C Warm air heating 14
D Electricity heating 12
. A Yes 17
Cooling system (17) B NoO 5
A X=3 17
No. of thermal screen B
layer (17) B X=2 14
C X=1 11
Devicefor labor A Yes 17
saving (17) B None 10
Device for agrochemical A Yes 17
spray (17) B No 10
Shading equipment A Yes 17
17) B No 8
Heating for root zone A Yes 16
(16) B No 8
Dehumidifier A Yes 16
(16) B No 10
Air circulation fan A Yes 17
7) B No 10
Carbon dioxide A Yes 19
enrichment (19) B No 5
. A Optimum gpplication by soil testing 44
ml;:getma;?t \Ev;lt)er B Application by considering crop growth without soil testing 34
C Fixed quantity application periodicaly 24
A Application of natural enemy or bio-pesticide 41
(P:f)t management B Watching pest, preventive application of agrochemical 35
C Application of agrochemical after occurrence of pest 29
Cropping pattern A Hydroponics 39
(39) B Sail culture 35
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Table 15. Continued.

Item (Max. score) Classification Criteria Score
. . A L ess than optimum planting density by cropping system 35
Panting density (35) B Over optimum planting density by cropping system 30
A Forcing culture 35
Cropping system B Semi-forcing culture 30
(35) C Retarding culture 25
D Early maturation culture 20
A 8<X 37
(NSC;.)of flower cluster B 5<X <8 20
C X <5 27
A Uplands suitability classification 1grade 39
B Uplands suitability classification 2grade 31
Soil fertility (39) C Uplands suitability classification 3grade 23
D Uplands suitability classification 4grade 15
E Others 7
A Normal insolation 24 MJm? < X 34
Amount of outside B Normal insolation 20< X <24 MIYm? 30
insolation (34) C Normal insolation 16 < X <20 MIn? 26
D Normal insolation 12< X <16 MIn? 22
E Normal insolation X <12 MIn? 18
A Normal air temperature 14°C < X 30
Outside air B Normal air temperature 13 < X <14°C 27
temperature (30) C Normal air temperature 12 <X <13°C 24
P D Normal air temperature 11 <X <12°C 21
E Normal air temperature X<11°C 18
A X<2 26
Frequency of disaster B 2<X<4 22
(No. for 10 year) C 4<X<6 18
(26) D 6<X<8 14
E X>8 10
A Distance from city X <10km 26
. B Distance from city 10 < X <15 km 24
Avallableworker (26) c Distance from city 15 < X < 20 km 2
D Distance from city X>20km 20
A HCO3; X <30 ppm 29
B HCO3 30 < X <50 ppm 26
Water quality (29) C HCO3 50 < X <100 ppm 23
D HCO3 100 < X <150 ppm 20
E HCO3; X > 150 ppm 17
A Good 26
Water capacity (26) B Normal 21
C Bad 16
A Good 29
Drainage (29) B Normal 22
C Bad 15
A Distance from highway 1C X <20km 23
B Distance from highway 1C 20 < X < 25 km 21
Accessihility (23) C Distance from highway IC 25 < X <30 km 19
D Distance from highway 1C 30 < X < 35 km 17
E Distance from highway 1C X >35<km 15
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