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Abstract. Cayenne pepper productivity in Bali Province tend to decline 
predicted caused by the traditionally cayenne pepper cultivation applied by 
farmers related. One of effort to optimize the cayenne pepper productivity is 
implementation of Integrated Crop Management (ICM) technology in 
cayenne pepper cultivation. ICM technology can be introduced to the 
farmers related by technical guidance method at early stage. The goal of its 
technical guidance method was to find out the changes of farmer’s 
knowledge and attitude to the ICM technology of cayenne pepper 
cultivation. Study was conducted in Klungkung Regency used primary data 
obtained by directly interview using questionnaire to the 30 farmers before 
and after participate in the ICM technical guidance for cayenne pepper crop 
cultivation. Collected data was analysed by non-parametric test using 
Wilcoxon rank sum test. Result indicated that the farmer’s knowledge 
significant changes to the ICM technology of cayenne pepper cultivation 
from not know to recognize through this technical guidance method. It was 
on the same line with the changes of farmer’s attitude namely from hesitate 
became agree to the ICM component technology of cayenne pepper 
cultivation. This significance changes of knowledge and attitude were found 
out in almost all of ICM component technology. 

1 Introduction 

Cayenne pepper is one of important national horticulture commodity apart from shallot, 
potatoes, mango, mangosteen, orange, snake fruit, crystal guava, orchids and 
chrysanthemum. Cayenne pepper also has high economic value and required by almost 
overall citizen due to its spicy taste hold the important element in almost Indonesian cuisine. 
Cayenne pepper crops have been cultivated by many farmers in Indonesia including Bali. 
Central Statistics Agency reported that cayenne pepper’s national productivity during 2007-
2016 increased up to 3,66% per year and it increased up to 6,28% per year in Bali Province. 
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However, cayenne pepper’s productivity in Bali decreased up to 1,67% per year during 2017-
2019 meanwhile the cayenne pepper’s national productivity increased up to 4,60% per year.  

The decreasing of cayenne pepper’s productivity in Bali may predicted caused by the 
technology of cayenne pepper cultivation by farmers was traditionally implemented. On 
other hand, the cayenne pepper’s productivity able to reach up to 10-20 ton/ha supported by 
cayenne pepper’s cultivation technology as suitable the recommendation [1]. The traditional 
farming system is characterized by pest and disease management was done by using chemical 
pesticide intensively without considering the Integrated Pest Management (IPM) principals. 
Excessive use of chemical pesticide created many negative effects such as the increasing of 
farming system cost, un-optimum crops productivity, environmental pollution, the presence 
of pesticide residues in fruits or vegetables after and during harvest, pest become resistant to 
pesticides, the destruction of biodiversity, lead to secondary pest outbreaks and harmful to 
human health [2, 3, 4, 5, 6, 7]. Furthermore, farmers in Bali Province have not applicated yet 
the balanced fertilization, they only applicated the chemical fertilizer for their farming 
system. Anisyah [8] stated that the use of chemical fertilizer without combined with the 
organic fertilizer can lead to the lack of soil fertility. Organic fertilizer hold important role to 
improve phsyic, chemical and biological soil properties. Organic fertilizer capable to increase 
soil fertility and crops productivity. The application of organic fertilizer has potential to 
reduce the dependency of chemical fertilizer [9].  

One of efforts to solve issues described above are the implementation of Integrated Crop 
Management (ICM) technology for cayenne pepper crops cultivation. The Integrated Crop 
Management (ICM) is a farming method that balances the requirements of running a 
profitable business with environmentally sustainable responsibility includes waste 
management practices, enhance energy efficiency and minimize pollution. The ICM 
technology linked to best management practices such as Integrated Pest Management (IPM) 
includes soil fertility, the timing of planting and harvesting, varieties selection, tillage, crop 
rotations, the uses of silver-on-black plastic mulch and other crop production factors. All 
crop production management decisions were created by considering the balance of labor 
availability, soil, machinery resources and environmental concern. ICM combines the 
traditional farming methods with appropriate modern technology also good environmental 
management. The ICM implementation is emphasizing on farmer active participation to 
choose and evaluate appropriate technology for their biophysical environment, social-
cultural, and economic aspect. The implementation of ICM is not only solely purposed to 
maximizing yields but also environmentally sustainable while increasing production 
efficiency and profitability [7, 11, 10, 12]. Many studies have reported the successful of ICM 
implementation to increase the productivity of crops and farmer’s income particularly to the 
food crops and horticulture commodity such as rice, maize, and cayenne pepper [13, 14, 15, 
16, 17, 18].  

The dissemination of ICM technology for cayenne pepper crops cultivation is necessary 
to be transferred to the farmers in order to change the farmer’s habits and attitudes in cayenne 
pepper crops cultivation. Furthermore, it can be realized by doing the ICM technical guidance 
of cayenne pepper crops to the farmers. Study by [19] proved that technical guidance capable 
to improve the knowledge and attitude’s stakeholder as the active user of technology 
innovation in the future. The goals of this study were (1) to find out the changes of farmer’s 
knowledge to the ICM technology of cayenne pepper cultivation, (2) to find out the change 
of farmer’s attitude to the ICM technology of cayenne pepper cultivation. 

2 Materials and methods 

Research location was selected purposively namely in Subak Kacang Dawa, Gelgel Village, 
Klungkung District, Klungkung Regency, Bali Province according to the declaration of this 
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area as centre for horticulture commodity development area particularly cayenne pepper in 
Bali Province. Study was conducted in April 2020 used primary data obtained by directly 
interview using questionnaire to the 30 farmers before and after participate in the ICM 
technical guidance for cayenne pepper crop cultivation.  

Questionnaire was arranged consist of ICM component technology particularly related to 
the farmer’s attitude and knowledge to the ICM technology for cayenne pepper crops 
cultivation such as the utilization of superior varieties, seed treatments, seed nursery, the 
utilization of Mirabilis jalapa extract to induce the plant resistance to virus pathogen, ideal 
seedbeds preparation for optimum yield, the use of silver-on-black plastic mulch, the uses of 
organic fertilizer, the uses of NPK fertilizer as basic fertilizer, dolomite application to acidic 
soils, the uses of cover, border and trap crops to repel insect herbivores on crop plants, the 
ideal plant spacing, irrigation, fertilization, stake installation, pruning of lateral shoots, the 
uses of organic pesticide, application of yellow sticky trap to trap many pests and harvesting 
crops at the right time.  

Collected data was analysed by non-parametric test using Wilcoxon rank sum test to know 
the significance differences in each ICM component technology questioned to the farmers 
based on their knowledge and attitude. Data obtained was also analysed the average of its 
changes according to the classification which determined by using interval equation [20]: 

 

𝐼𝐼𝐼𝐼 =
𝐽𝐽𝐽𝐽
𝐾𝐾𝐾𝐾

 
Note: 
I = Class interval 
J = The space between maximum score and minimum score 
K = number of class used in grouping 

 The measurement of each ICM technology components based on five classifications 
in farmer’s knowledge and atttitude which described in Table 1.  
 

Table 1. The classification measurement of farmer’s knowledge and attitude to the ICM 
technology for cayenne pepper crops cultivation 

Knowledge classification Attitude classification 
• Fully not understand • Strongly disagree 
• Not understand • Disagree 
• Enough understand • Hesitant 
• Understand • Agree 
• Fully understand • Strongly agree 

 
3 Result and discussion 
3.1 The changes of farmer’s knowledge to the cayenne pepper’s ICM 

technology 
Knowledge is the initial stage in the occurrence of perception then forms attitudes and creates 
actions. Sudarta [21] argued that knowledge had important meaning in terms of accelerating 
agricultural development due to knowledge capable to improve the ability to adopt new 
agricultural technology. The farmer’s knowledge in Subak Kacang Dawa, Gelgel Village, 
Klungkung District, Klungkung Regency at pre and post of the ICM technology technical 
guidance can been seen in Table 2.  

The average of farmer’s knowledge at pre-the ICM technology technical guidance in 
Subak Kacang Dawa, Gelgel Village, Klungkung District, Klungkung Regency reached the 
score was 2,21 therefore it can be said that the farmers were not understand the ICM 
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technology for cayenne pepper cultivation (Table 2). This score proved that farmers related 
conducted their traditionally cayenne pepper farming system during this time. Meanwhile at 
the post-the ICM technology technical guidance, the farmers knowledge was increase to 
higher category namely understand strengthen by the changes of score average reached 3,48 
(Table 2). It can be concluded that the ICM technical guidance had ability to improve the 
farmer’s knowledge about good practices in terms of cayenne pepper cultivation.  
 
Table 2. The farmer’s knowledge at pre and post of the Integrated Crop Management (ICM) technical 
guidance for cayenne pepper cultivation in Subak Kacang Dawa, Gelgel Village, Klungkung District, 

Klungkung Regency in 2020 

ICM components 
Score of knowledge Changes (person) 

Pre- Post- 
Positiv

e 
Negativ

e 
Tie
s 

Superior varieties 1.63 a 3.90 b 27 - 3 
Seed treatment 2.00 a 3.50 b 23 - 7 
Seed nursery 1.70 a 3.17 b 24 - 6 

Organic inducers for plant resistance 1.37 a 3.10 b 25 - 5 
Ideal seedbeds preparation 3.73 a 4.10 b 14 - 16 

Silver-on-black plastic mulch 2.83 a 3.40 b 15 - 15 
Organic fertilizer 2.27 a 3.93 b 28 - 2 

NPK fertilizer as basic fertilization 2.83 a 3.93 b 22 - 8 
Dolomite fertilizer 1.57 a 3.37 b 27 - 3 

Cover, border and trap crops 2.00 a 3.33 b 24 - 6 
Seed plantation 1.53 a 2.93 b 24 - 6 
Plant spacing 2.77 a 3.93 b 24 - 6 

Irrigation 3.37 a 4.03 b 18 - 12 
Fertilization 2.00 a 3.43 b 21 - 9 

Stake installation 1.83 a 3.07 b 22 - 8 
Pruning of lateral shoots 1.87 a 2.17 a 12 - 18 

Organic pesticide 1.80 a 3.43 b 27 - 3 
Yellow sticky traps 1.60 a 3.47 b 27 - 3 

Harvesting at right time 3.20 a 3.87 b 20 - 10 
Average 2.21 3.48    

Category 

Not 
understan

d 
Understan

d 

   

Note: Numbers followed by the different letters in the same column were significantly different 
according to Wilcoxon rank sum test (P<0.05) 
Knowledge classification: Fully not understand (1.00-1.79), not understand (1.80-2.59), enough 
understand (2.60-3.39), understand (3.40-4.19), fully understand (4.20-5.00) 
 

Most of the farmer’s knowledge changes about the ICM technology components were 
significantly changing into positive direction except pruning of lateral shoots. Even though 
the pruning of lateral shoots was positively changed, it was not significantly different to pre-
technical guidance. It caused by the distrust in farmers to pruning of lateral shoots. Farmers 
thought that pruning of lateral shoots would obstruct the plant growth. The pruning of lateral 
shoots aimed to optimize the plant growth by removing many of the flower buds and lateral 
buds to promote main branching. Pruning will make the fruits easier to harvest (height and 
position of fruit), have larger and higher quality fruit, likely more disease free and have 
improved structural support for the fruit [22]. The largest of farmer’s knowledge changing 
occurred on technology component of organic fertilizer utilization, superior varieties, 
dolomite fertilizer, organic pesticide, yellow sticky traps, organic inducers for plant 
resistance, seed nursery and seed treatment.  
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The farmer’s knowledge about the utilization of organic fertilizer for cayenne pepper 
cultivation was significantly increase to higher category namely from not understand (2.27) 
became understand (3.93). It means that farmers have understood the important of organic 
fertilizer utilization for cayenne pepper cultivation through the ICM technology technical 
guidance. Before this technical guidance, farmers know nothing about the important of 
organic fertilizer for their farming system therefore they did not apply the organic fertilizer 
during this time. Study by [23] reported that the utilization of organic fertilizer in cayenne 
pepper crops significantly affected to vegetative and generative phase growth also its 
productivity. In line with these statements, organic fertilizer positively affected to plant 
height, numbers of productive branches, and number of fruits per plant and fruits weight per 
plant [24]. The application of manure fertilizer from cattle, goat and chicken improved the 
growth and yield crops particularly plant height, branching level, fruits length and dried 
weight stover [25].  

The significantly increasing of farmer’s knowledge also occurred in superior variety 
utilization technology component namely from fully not understand (1.63) became 
understand (3.90). It indicated that farmers understand the important of superior variety 
utilization through this technical guidance. The implementation of superior variety utilization 
technology which suitable to land characteristics would impact to better yield compared to 
the utilization of seeds from previous harvest. Most farmers did not know the presence of 
superior cayenne pepper variety therefore they always use local cayenne pepper variety [26].  

The changes of farmer’s knowledge also can be found in dolomite fertilizer utilization 
technology component namely significantly changing into positive direction from fully not 
understand classification (1.57) became understand classification (3.37). It means that 
farmers have understood the important of dolomite fertilizer utilization for cayenne pepper 
cultivation through the ICM technology technical guidance. It happened due to farmers never 
measure the soil acidity in their cayenne pepper cultivation. Dolomite fertilizer utilization 
can improve the physic, chemical and biological soil properties therefore it can enhance the 
efficiency of nutrient absorption from organic and chemical fertilizer [27]. Study by [28] 
showed that dolomite fertilizer utilization for cayenne pepper cultivation in inceptisol and 
peat soil greatly affected to stem diameter, number of fruits, fruits length, fruits diameter and 
fruit weight.  

Other changes of farmer’s knowledge also happened in organic pesticide utilization 
technology component. The changes mentioned was from not understand (1.80) became 
significantly change to understand (3.43). It proved that farmers have understood the 
important of organic pesticide utilization for cayenne pepper cultivation through the ICM 
technology technical guidance to control the pest and disease against and minimize the cost 
of farming system for purchasing the chemical pesticide. Study by [4] reported that the 
organic pesticide utilization to control the pest and disease against able to suppress the 
chemical pesticide utilization up to 73.33% and also decrease the cost of chemical pesticide 
purchase up to 96.39%. Organic pesticide can reduce the intensity level of anthracnose in 
cayenne pepper crops [29]. As same as with organic pesticide utilization, farmer’s knowledge 
about the utilization of yellow sticky traps also positively and significantly changes from 
fully not understand (1.60) became understand (3.47). Farmers never tried to do preventive 
action of pest and disease against in cayenne pepper crops. Ladja [30] stated that yellow 
colour in yellow sticky traps attract the herbivorous insect pest, captured them and then 
reduced their migration on host crops.  

Farmer’s knowledge about organic inducers for plant resistance particularly inducers 
made from Mirabilis jalapa extract was also greatly improve namely from fully not 
understand category (1.37) change to enough understand (3.10). Through ICM technology 
technical guidance, farmers quite understand the important of organic inducers application 
for plant resistance to virus pathogen against in cayenne pepper crops. Farmers also obtain 
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the knowledge about how to make these inducers. Farmers never tried to do preventive action 
of virus pathogen against which cause curl and bright yellowing leaf in cayenne pepper crops 
which caused the reducing of yield. Study by Reference [31] reported that Mirabilis jalapa 
flower extract has ability to suppress the virus pathogen attack in cayenne pepper crops.  

In terms of seed treatment and seed nursery, farmer’s knowledge also significantly 
improved from not fully understand (1.70) became quite understand (3.17) for seed nursery. 
Meanwhile for seed treatment, the change was from not understand category (2.00) became 
understand category (3.50). Seed treatment by hot water soaking can prevent establishment 
of seed-borne diseases on the farm [32]. This statement also strengthened by [33,34] that seed 
treatment by using Rhizobacteria capable to control and suppress the disease incidence by 
fungus Phytophthora capsici in cayenne pepper crops. During this time, farmers are used to 
directly planting the seed into land been prepared without seed treatment and nursery first. 
These habits cause the large seed requirement for their farming system due to it require 6-10 
seeds per hole. 

Farmer’s knowledge was one of key factor which determined the farmer’s ability to adopt 
new technology in their farming system [21]. The higher farmer’s knowledge level, their 
ability to adopt new technology will be higher. With the increase in farmers' knowledge, the 
dissemination of cayenne pepper’s ICM technology can be transferred quickly to the farmers.  

3.2 The changes of farmer’s attitude to the cayenne pepper’s ICM technology 
In generative phase, parameters observed were 5 fruits weight, fruit length and fruit diameter. 
Attitude is defined as the degree of human’s depressing or encouraging feeling and mirrored 
the way of thinking, feeling or acting of a person towards a situation or cause. Attitude of an 
individual hold an important role in determining behaviour [35]. Reference [36] said that 
attitude indicated the readiness of farmers to react on adopting the appropriate technology. 
Attitude also is one of key factor considering in term of farmer’s adopting level. The changes 
of farmer’s attitude to the Cayenne Pepper’s ICM technology at Subak Kacang Dawa, Gelgel 
Village, Klungkung District, Klungkung Regency were informed in Table 3.  
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Table 3. The farmer’s attitude at pre and post of the Integrated Crop Management (ICM) technical 
guidance for cayenne pepper cultivation in Subak Kacang Dawa, Gelgel Village, Klungkung District, 

Klungkung Regency in 2020 
 

ICM components Score of knowledge Changes (person) 
Pre- Post- Positive Negative Ties 

Superior varieties 2.70 a 4.20 b 21 - 9 
Seed treatment 2.77 a 4.20 b 21 - 9 
Seed nursery 2.20 a 3.57 b 26 - 4 

Organic inducers for plant resistance 2.23 a 3.60 b 25 - 5 
Ideal seedbeds preparation 3.80 a 4.37 b 15 - 15 

Silver-on-black plastic mulch 2.63 a 3.93 b 22 - 8 
Organic fertilizer 2.77 a 4.07 b 19 - 11 

NPK fertilizer as basic fertilization 3.40 a 4.27 b 18 - 12 
Dolomite fertilizer 2.83 a 3.87 b 20 - 10 

Cover, border and trap crops 2.67 a 3.83 b 23 - 7 
Seed plantation 2.13 a 3.60 b 24 - 6 
Plant spacing 2.93 a 4.33 b 20 - 10 

Irrigation 3.63 a 4.27 b 17 - 13 
Fertilization 2.97 a 3.77 b 17 - 13 

Stake installation 2.07 a 3.80 b 26 - 4 
Pruning of lateral shoots 2.30 a 3.00 b 18 - 12 

Organic pesticide 3.00 a 3.97 b 19 - 11 
Yellow sticky traps 2.40 a 3.90 b 24 - 6 

Harvesting at right time 3.33 a 4.13 b 14 - 16 
Average 3.02 3.93    
Category Hesitant Agree    

Note: Numbers followed by the different letters in the same column were significantly different 
according to Wilcoxon rank sum test (P<0.05) 
Knowledge classification: 

• Strongly disagree (1.00-1.79) 
• Disagree (1.80-2.59) 
• Hesitant (2.60-3.39) 
• Agree (3.40-4.19) 
• Strongly agree (4.20-5.00) 

 
It can be seen on the Table 3 that the average of farmer’s attitude at pre-the ICM technical 

guidance for cayenne pepper crops cultivation at Subak Kacang Dawa, Gelgel Village, 
Klungkung District, Klungkung Regency obtain score was 3.02 and categorized into hesitant 
classification to the ICM technology for improve their cayenne pepper crop cultivation. The 
change was occurred after they obtained the information about ICM component technology 
through technical guidance. The change mentioned was their score was increase up to 3.93 
which mean that they agree with ICM technology component. It was encouraging to 
understand that the ICM technology technical guidance for cayenne pepper crops cultivation 
capable to improve the farmer’s attitude namely being agree to the implementation of ICM 
technology to obtain optimum yield in their cayenne pepper crops cultivation. Based on 
Wilcoxon sum rank test, all the farmer’s attitude changes about the ICM technology 
components were significantly changing into positive direction. The largest farmer’s attitude 
changes can be found at ICM component technology of seed nursery, stake installation, 
organic inducers for plant resistance, seed plantation, the utilization of yellow sticky traps, 
border crops and silver-on-black plastic mulch.  

Farmer’s reaction to the seed nursery technology component at pre and post of the ICM 
technical guidance were significantly and positively different each other namely from 
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disagree (2.20) being agree (3.57). It indicated farmers agree that seed nursery can bring great 
effect on the cayenne pepper growth rather than directly planting into the soil. The same 
pattern also occurred in stake installation technology component which the score obtained 
were 2.07 (disagree) at pre- and 3.80 (agree) at post-. This technical guidance can open up 
farmer’s mind to be agree the stake installation for their cayenne pepper crops cultivation. 
During this time, farmers never implemented the stake installation. It is important to be 
known by farmers that the stake installation can prevent the crops and fruits from falling 
down, stake installation can help the cayenne pepper crops handle their own weight when 
produce bountiful harvest [22].  

At pre of the ICM technical guidance, farmers tend to disagree to the ICM technology 
component of organic inducers for plant resistance, seed plantation and the utilization of 
yellow sticky traps. The ICM technical guidance capable to initiate the dissemination of ICM 
technology information to the farmers therefore they believe and agree that implementation 
of organic inducers for plant resistance, seed plantation and yellow sticky traps have positive 
beneficial for their farming system. Study by [31] demonstrated that organic inducers made 
from Mirabilis jalapa flower extract can suppress the curl and bright yellowing leaf incidence 
in cayenne pepper crops. Mirabilis jalapa flower extract contained saponin and flavonoid 
which able to induce the systemic resistance of cayenne pepper crops to the virus pathogen 
attacks [37]. Mirabilis jalapa flower extract also have been reported its ability to control 
pathogen attacks on the yard long beans which characterized by the increasing of fresh pods 
yard long beans weight, fresh and dried stover weight [38]. Farmers also agree that seed 
planting by one seed per hole create nothing competition in terms of nutrients absorption by 
crops and can enhance the efficiency of seed utilization. Through this technical guidance, 
farmers also approve that the uses of yellow sticky traps can repel the existence of 
herbivorous insect pests to migrate on crops. Yellow sticky traps can trap the thrips, aphids, 
fruit flies and others [39].  

For the uses of cover, border, trap crops and silver-on-black plastic mulch, the farmer’s 
attitude changes were from hesitant became agree which the score were 2.67 and 2.63 (pre-) 
respectively and 3.83 and 3.93 (post-) respectively. Farmers believe that the uses of cover, 
border and trap crops in order to reduce the presence of herbivorous insect pests on crops. 
Farmers agree that silver-on-black plastic mulch capable to maintain the soil moisture and 
minimize the pest population on under the leaves. This is in line with the results of research 
by Reference [40] which stated that silver colour will reflect sunlight therefore groundwater 
evaporates less and pests are reluctant to presence because of glare and can prevent crops 
from attack by under-leaves pests such as aphids, mites, trips, caterpillars and others. The 
utilization of silver-on black plastic mulch in cayenne pepper crops was more effective in 
controlling the Myzus persicae population as major pest rather than black plastic mulch [41]. 
Other studies also have been reported that silver-on black plastic utilization showed the better 
growth and yield crops particularly compared to the straw mulch and without mulch 
treatment due to it produce the higher number of fruits and total production [42, 43, 44, 45].  

Based on results obtained in this study, it can be predicted that farmers tend to interest to 
adopt the cayenne pepper’s ICM technology. Results also indicated that correlation between 
farmer’s attitude and the decision to adopt appropriate technology strongly influenced by 
internal factors such as farming system experience and external factors such as the land 
suitability, the easiness of farming system, the availability of infrastructure and farmers group 
supporting [36].  
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4 Conclusion and recommendation 
 
The ICM technology technical guidance capable to improve the farmer’s knowledge and 
attitude to the ICM technology for cayenne pepper crops cultivation. The improved 
mentioned was significantly different namely from not understand category became 
understand category and from hesitant classification improve to agree classification. 

Related government is expected to conduct the ICM technology technical guidance to 
overall farmers in Bali Province particularly in Klungkung Regency as the centre for 
horticulture commodity development area. It is necessary to build the demonstration plot for 
cayenne pepper crops cultivation using ICM technology as learning media for farmers.  
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