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Abstract— An experienced Japanese farmer expects to cultivate high quality crop for market. However, he often performs a 
farm task mainly according to his own intuitive observation of the vegetable field. Since the observation is qualitative, not 
quantitative, he gives an inadequate amount of farm task to the field. That causes him fail to get high quality vegetable. The 
paper proposes a system to assist the farmer doing cultivation. Sensors are plunged into the field soil to take quantitative 
information of soil humidity. At the same time, quantitative information of weather is given to the system. The farmer inputs 
the evaluation of the product when he harvests the vegetable.  
The system extracts good cultivation rules with a decision tree algorithm. During the farmer cultivates a new crop of the 
same vegetable, the system recommends a specific farm task with a specific amount to the farmer, enables him to achieve 
high quality vegetable. The preliminary experiment is conducted on 3 soil ridges where a farmer plants mustard spinach. The 
results show it is able to extract good cultivation rules.  
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I. INTRODUCTION 
 
An experienced Japanese farmer wants to cultivate 
high quality crop for market. However, when he does 
a farm task, such as watering, he relies mainly on his 
own intuition and experience of cultivation. He 
observes the field condition such as soil humidity, 
weather, and the vegetable growth, to decide how 
much water he gives to it. Since his decision to give 
an amount of water to the vegetable is very subjective 
with a qualitative manner, he often fails to produce 
high quality products as he has expected. For 
example, the farmer observes the soil on which he is 
planting vegetable. He feels the soil too dry. He gives 
10 liters of water to 1 square meter of vegetable field. 
As a result of water superfluous, the vegetable 
absorbs too much water, the vegetable grows quickly. 
It tastes not delicious. Indeed, the vegetable needs 
only 5 liters for such a dry field status. If the farmer is 
assisted with a quantitative measure for humidity 
status of the soil, and the corresponding amount of 
water he should give to it, it would be very beneficial 
to him. 
The paper proposes a system to assist the farmer to 
achieve high quality vegetable. It uses sensors 
plunged into the soil to get humidity and temperature 
along the cultivation of a specific vegetable. As the 
same time, quantitative information of weather is 
inputted to the system. The farmer inputs his opinions 
about the vegetable when he harvests, such as good or 
bad. The system creates rules which state cultivation 
status to achieve a good product. Since the sensors 
get humidity quantitatively, and the weather 
information is also quantitative, the system is able to 
extract good quantitative rules for the cultivation, 
with a decision tree algorithm. When the farmer 

cultivates a new crop of similar vegetables, the 
system will recommend the good rules to the farmer. 
The farmer therefore can give an appropriate amount 
of the specific farm task to his crop. 
We conducted preliminary experiment on 3 soil 
ridges where a farmer plants mustard spinach. A 
sensor was plunged into each ridge to get water 
potential. The results show it is able to extract good 
cultivation rules. systems. 

 
II. OBJECTIVITY DECISION 
 
2.1. Decisions by experiences and intuition 
The experienced farmer decides with rules among 
cultivation. The rules are proper each characteristic of 
their fields. The farmer performs subjectively the 
farm works as usual. However, he fails in cause of 
weather variation.For reducing failure, the farmers 
have to record farming information, and check 
whether their decision is correct or not. The 
information such as temperature, humid, state of crop 
and so on have to be gotten quantitatively. For 
quantitative acquisition, the existing researches get 
quantitatively field information like crop as pictures 
with image sensor. Other researches use such as PC 
[1] , RFID[2] or acceleration sensors[3]. 
 
2.2. Decision from complexly information 
The experienced famer decides that perform farm 
works with not only information at the time of farm 
works, but also many situations.  For assist of 
decision of the farmer, the existing researches [4,5] 
show recorded information. However, the methods 
only show original information to the farmers. It is 
difficult for them to choose necessary information 
from much information and understand it. In the 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-2 Feb.-2016 

Cultivation Support with Extraction of Farming Work Rules 
 

135 

research, we define a rule based on quantitative 
information as a farm work rule. The farm work rules 
which can bring clearly decision are required for the 
decision correctly for performing the farm work. 
 
III. SHOWING FARM WORKS WITH 
EFFECTIVE RULES FOR CROP 

 
3.1. Showing farm works quantitatively with rules 
We propose a system showing effective farm works 
based on quantitative rules to experienced famers. 
The system is described in figure 1. 
 Sensors get quantitative information of the field. The 
sensors include temperature, and humidity. The 
farmer inputs quantitative information of farm works, 
such the amount of water, and amount of a specific 
fertilizer into the system. He also inputs the vegetable 
growth such as how many leaves, and the length of 
the vegetable. When he harvests the vegetable, he 
inputs his opinions about the product as good or bad. 
The inputs of the farmers are associated with the 
information from sensors along the cultivation of a 
specific kind of vegetable to make a cultivation rule. 
The effective rules, which result in good product, are 
recommended to the farmer when he makes a new 
crop of the vegetable. The farmer refers to the 
effective rules to achieve high quality crop..  
 

 
Fig1. Outline of the system 

 
3.2. Subjectivity and quantitative information 
For extraction of the quantitative rules, the subjective 
information of the farmers should be obtained 
quantitatively. Farmers have subjective opinions 
about the cultivation condition. For example, 
opinions about the soil are wet, or dry. Opinions 
about weather are hot, cold, or humid. The opinions 
are just about qualitative.  
We use sensors to measure the opinions. The sensors 
get soil information such as water potential, soil 
temperature and water potential along the cultivation. 
Since the sensors get quantitative information, it 
enables us to know what farm task, when, and how 
much of the farm task the farmer has done to the 
field. In addition, the system gets temperature, 

humidity and sunshine duration quantitatively from 
weather forecast sites as input. 
3.3. Extraction of farm work rules 
Figure 2 shows the method to extract the quantitative 
farm work rules. The rules are extracted using a 
decision tree algorithm. Explanatory variables 
represent field and growth information including 
temperature, weather, and growth of crop. Response 
variable include the amount of water, the amount of 
fertilization and the number of elimination. The 
associations of explanatory variables and response 
variable are figured out by decision trees algorithm. 
The algorithm distributes universal set to sub set. The 
farm work information is distributed along the 
environment and plants information. We obtain the 
objective rules describing when, how much a farm 
task the farmers perform. The decision trees simplify 
an understanding of the rules because it can check the 
experienced famer’s decision orderly. 
 

 
Fig2. Extracting farm work rules 

 
3.4. Farm work rule and crop quality 
Figure 3 shows association of the extracted rules with 
crop quality. Crop quality is evaluated when 
harvesting as high or low. The extracted rules which 
come from the decision tree algorithm and associated 
with the crop quality evaluation. If the crop quality of 
associated rule is more than a threshold, the rule is 
defined as high quality rule. If the crop quality is less 
than the threshold, the rule is defined as a low quality 
rule. The effective cultivation corresponding to high 
quality rules are shown to the farmers. 

 

 
Fig3. Association the rules with crop quality 
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IV. PRELIMINARY EXPERIMENT 
 

4.1 Overview 
We focused on watering as a pre-step for the 
subjectiveness of opinions of farmer. The experiment 
was performed at a field. We made three ridges, 
named A, B, C. Each ridge is 80 cm high and 100 cm 
long. Ridge A is good drainage, the ridge C is bad 
drainage, and ridge B is between the A and the C. We 
cultivated Japanese mustard spinach with the 
subjective rules for 1 week. 

 
4.2 Obtained information 
The weather at time of watering, and the weather 
forecast per 3 hours until 24 hours later, the water 
potential as the environment information were 
obtained. Water potential shows a soil condition. If 
water potential is low, soil is wet. If water potential is 
high, soil is dry. We also obtained the time of 
watering farm task, and the amount of water. 
 
V. RESULT AND DISCUSSION 

 
Figure 4 shows water potentials in ridge A, B and C. 
There were 5 durations of time, marked #1, #2, #3, #4, 
and #5 in the experiment. We did the watering 5 
times in the experiment. Red bars represent the 
watering time stamps. In the meanwhile, the blue bars 
show rain. 
 

 
Fig4. Water potentials in ridge A, B and C. 
 

First, we discuss durations of #1, #4 and #5.  At 
duration #1, the soil was dry. However the watering 
was not performed due to the consideration that the 
weather forecast was rain tomorrow. The weather 
forecast certainly affected the decision. At the 
occasion of #4, the watering was performed because 
the soil was dry and the weather forecast was sunny 

tomorrow. At duration #5, the watering was not 
performed because the weather was rain. And the 
weather forecast was rain tomorrow. Durations #1, #4 
and #5 are correct decisions of the watering.  
We discuss durations #2 and #3. At duration #2, the 
watering was performed, although the soil was wet. 
At duration #2, the watering was not performed, 
although the soil was dry and the weather forecast 
was sunny tomorrow. At duration #2, the watering 
was performed without needed. At duration #3, the 
watering was not performed although the watering 
should be performed. The decisions were wrong at 
duration #2 and #3. The correct decisions at durations 
#1, #4 and #5 have regularity. The water was 
performedconsidering preservation of the water 
potential in ridges. For those reasons, the farm work 
rule is able to be extracted from the obtained 
information considering the wrong decisions in the 
experiment. 

 
CONCLUSION 

 
The paper proposes a system to assist the farmer to 
obtain the field condition quantitatively.The system 
creates rules which state cultivation status to achieve 
a good product and recommend the good rules to the 
farmer.The farm work rule is able to be extracted 
from the obtained information in the experiment.We 
will verify a utility of the system in later experiment. 
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