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Fuzzy logic approach in prioritization of crop growing parameters

In protected farms: a case in North East India
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Abstract: Global food demand is rising exponentially as the population is increasing. Protected farming is becoming
increasingly popular among the farming communities for fast growing vine crops round the year. Consideration of crop
growing parameters while designing and maintaining a protected farm is very important for optimal crop growth and profit.
Many farmers does not consider all the crop growing parameters and does not know the importance of all factors in the optimal
crop growth.
crop growing parameters were selected from the literature and scored by four different evaluation methods viz., food consumer

In this paper, an attempt has been made to prioritize 12 crops growing parameters using fuzzy approach. 12
importance, expert’s importance, farmer importance and food dealer importance. The results revealed that the descending
order of relative importance of the 12 crop factors are water quality, light intensity, nutrient availability, crop cultivar, substrate
media, daylight length, moisture availability, crop spacing, temperature, air freshness, air circulation and relative humidity
respectively. Priority for crop growing factors must be considered while designing and maintaining a protected farm for

optimal crop growth and net return.

Keywords: greenhouse, crop factors, optimum crop yield, multi-criteria decision-making (MCDM)

Citation: Sarkar, A., and M. Majumder. 2017. Fuzzy logic approach in prioritization of crop growing parameters in protected
farms: A case in North East India. Agricultural Engineering International: CIGR Journal, 19(1): 211-217.

1 Introduction

With the advent of civilization, open field agriculture
is facing some major challenges, most importantly
decrease in per capita land availability. Eco-friendly
solutions to meet food needs are today’s seriously
concern which is one of the fastest growing sectors in the
developing countries. It is a capital-intensive technology,
which drastically increases yields and quality of fresh,
nutritious food year round and has numerous advantages.
Protected farms are a method of growing vine fruits and
vegetable crops using mineral nutrient solutions specially
This
implemented in places where the soil type is not ideal for

designed growing media. method can be
the desired crop. In addition, the technique can be used in

rooftop farming and, therefore, is very useful in areas
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with limited space such as urban areas (MIT, 2014).
There are many factors affecting plant growth and net
profit. The suitable high-value vine crops like tomato,
cucumber, capsicum, lettuce, cut flowers, strawberry,
eggplant, muskmelon etc are suitable for growing in
protected farming. Optimal environment for different
crop varieties is different (MAFES, 2015). Constructing
individual structures for different crop varieties with
different optimal environment will be expensive by the
marginal and small farmer. Therefore, selecting nearly
optimal multi-crops for growing in a single protected
farm is highly desirable for the small and marginal
grower. Growing food within cities, at the doorstep of the
consumers eliminates the need of transportation and
therefore reduces greenhouse gas emissions (AVF, 2013).
Protected farming allows local crops to be produced year
round. The major agricultural problems such as pesticides,
pests, deforestation, and soil erosion would be nearly
2009).
environment, farming increase crop yields and decrease

non-existent (Despommier, Under controlled

disease transmission (George, 2014). The crop Yyield
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under controlled environment agriculture much higher
than the open field agriculture (Banerjee and Adenaeuer,
2014). The controlled environment farming have savings
benefits in terms of growing time, nutrient requirements,
land requirements and water requirements over open field
farming (Meyers, 2010). Commercial protected farming
are practicing by Go Green Agriculture in California,
Good Life Farms in Indiana, USA (American Hydroponics,
2015). The crops like tomatoes, peppers, cucumbers,
strawberries, herbs, watercress, chicory, lettuce are grown
hydroponically in large-scale in Thanet Earth farm in
Kent, Britain (Thanet Earth, 2015). Sky Greens vertical
farm is over 100 mtall tower constructed in Singapore
(CNN, 2012). Fast growing nearly all leafy greens are
suitable to growing in a same growing environments
(Jensen, 2012). An attempt has been made in this paper to
prioritize crop growing factors using fuzzy logic
approach.

Agricultural modeling and management are complex
conceptual processes, where a large number of variables
are taken into consideration and interact for system
analysis and decision making. Most of the processes in
the agricultural sector include the uncertainty, ambiguity,
incomplete  information and  human intuition
characteristics. These processes are not only constrained
by their environment (e.g., market, climate, seasons,
consumer choices), but they are also highly influenced by
human factors (stakeholders’ perceptions). Fuzzy sets are
able to manage and represent uncertainty, andassure that
the incomplete information is valued and provide
solutions to issues which are crucial in agriculture like
fertilization, land degradation, soil erosion and climate
variability during planting material selection in
physiological analysis. Fuzzy sets have gained constantly
increasing research interest in the last 20 years and have
found great applicability in the agricultural domain,
helping farmers to take right decisions for their cultivated
(Papageorgiou et al., 2016). Fuzzy based intelligent
irrigation control system could recover water deficiency
using wireless sensors. This system access the moisture
level of soil and temperature of surrounding area with the
help of wireless sensors controlling the sprinkler to

irrigate the field within the requirement. To control the

irrigation system efficiently, this system consists of soil

moisture, temperature sensors, and an intelligent
controller using fuzzy logic approach for irrigation (Khan
et al., 2014). Fuzzy logic had however been studied since
the  1920s, logic-notably by

Lukasiewicz and Tarski (Pelletier, 2000). Several sources

as infinite-valued

have shown and proven that fuzzy systems are universal
approximators (Kosko, 1994; Ying et al., 1999). Fuzzy
logic has been employed to handle the concept of partial
truth, where the truth value may range between
completely true and completely false (Nov&k et al., 1999).
Furthermore, hen linguistic variables are used, these
degrees may be managed by specific (membership)
functions (Ahlawat et al., 2014).

Applications of fuzzy logic in disease management
for evaluate the severeness of the disease that had been
identified using the symptoms and appearance (Yanget al.
2000; Van der Werf et al., 2013). Application of fuzzy
logic in pest management (Dubey, 2013). Application of
fuzzy logic in weed management (Yang et al., 2000).
Application of fuzzy logic to study and analyze soil
(MacMillan et al., 2000; Marks et al., 1995). Application
of fuzzy logic in developing expert system for various
crops (Prakash, 2003; Roussel et al., 2000; Kolhe, 2011;
Hartati, 2010).
Suitability using Application of Fuzzy

Evaluation of Agricultural Land
Indicators
(Kurtener et al., 2008). Demonstration of fuzzy modeling
of farmers’ knowledge (FK) for agricultural land
suitability classification using geographic information
system (GIS) indicate usefulness of fuzzy modeling in
FK-based classification of agricultural land suitability,
which could provide useful information for optimum
land-use planning (Sicat et al., 2005). Weighted average
estimation of land suitability is obtained by composite

fuzzy indicator (Burrough, 1989).
2 Methodology

The term fuzzy logic was introduced with the 1965
proposal of fuzzy set theory by Zadeh (1965). Fuzzy logic
had however been studied since the 1920s, as
infinite-valued logic-notably by Lukasiewicz and Tarski
(Pelletier, 2000). Both degrees of truth and probabilities

range between 0 and 1 and hence may seem similar at
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first, but fuzzy logic uses degrees of truth as a
mathematical model of vagueness, while probability is a
mathematical model of ignorance. Fuzzy logic has been
employed to handle the concept of partial truth, where the
truth value may range between completely true and
completely false (Nov& et al.,, 1999). Furthermore,
when linguistic variables are used, these degrees may be
managed by specific (membership) functions (Ahlawat et
al., 2014).

The fuzzy logic approach is one important methods of
MCDM. It
domains where a selection of the best alternative is highly

provides scientific decision-making in

complex (Aruldoss et al., 2013). It combines tangible and
intangible aspects to obtain the priorities associated with
the alternatives of the problem (Calizaya et al., 2010).
The fuzzy method is used when the goals or objectives
and the constraints are not of equal importance to the
decision-maker (O’Hagan, 2000). The fuzzy values of
linguistic relative importance are in the lower and upper
limit are 0 and 1 respectively. Fuzzy set is a class that
admits the possibility of partial membership in it is called
fuzzy set.

Let X={x} denotes a space of objects. Then a fuzzy
set A in ‘X’ is a set of ordered pairs mathematically
represented by the equation below Equation (1) and
Equation (2). The grade of membership of x in set A
ismathematically represented by Equation (3).

A={r ()} @)
x € XA, @
Ha(x) €[0.]] @)
1cistotallyin A
where, A=:0,7€A , M represents

(4,0)if xis partially in A

number of members and ua(x) is the grade of membership
of x in set A.

This set is always a continuum of possible choices.
Data may be classified as crisp data and fuzzy data. Crisp
data has no vagueness or impreciseness. Fuzzy data can
be of two types, approximate values and linguistic values
(Chaudhuri et al., 2011). Linguistic variables are the input
or output variables of the system whose values are words
instead of

or sentences from a natural language,

numerical values. A linguistic variable is generally
decomposed into a set of linguistic terms. Membership
function represents the grade of membership associates
with particular groups or a set by a member of that set or
group. Determination of membership function in terms of
shape and boundary has clear effect on the result of
classification performed by fuzzy logic. In the established
model, different membership function were formed for
input variables. Using Equation (1) and Equation (3), the
fuzzy logic different linguistic relative importance
membership functions (out put variables) with respective
abbreviations is shown Figure 1. Accordigly, the fuzzy
logic different linguistic relative importance with
respective fuzzy membership value (out put variables are

shown in Table 3.
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Linguistic scale of relative importance

Figure 1 Saaty’s fundamental scale of linguistic relative
importance

Twelve crop growing parameters viz., air circulation,
air freshness, crop cultivar, crop spacing, daylight length,
light intensity, moisture availability, nutrient availability,
relative humidity, substrate media, temperature, water
quality were selected from the literature and scored by
four different evaluation methods viz., food consumer
importance, expert’s importance, farmer importance and
food dealer importance. Relative importance of the 12
crop growing factors were collected by four different
evaluation methods through face to face questioning to
10consumer household heads, 10 agriculturist, 10
medium farmers and 10food dealers in Tripura state of
North Eastern India. The relative importance of 12 crop
factors was score by the above four different evaluation
methods in a 0 to 10 point scale are shown in Table 1.
The relative importance of the four different evaluation
methods viz.,

food consumer importance, expert’s
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importance, farmer importance and food dealer
importance were scored as 4, 8, 6 and 2 respectively
through a group discussion among five member
agricultural professionals. The pairwise comparison
matrix of four evaluation methods and their normalized
values of importance were shown in Table 2. The
graphical representation of scale of linguistic relative
importance is shown Figure 1 which is created based on
the Saaty’s fundamental of relative importance (Saaty,
2008). Fuzzy values of different linguistic relative
importances are shown in Table 3. The pairwise
comparison matrix of fuzzy linguistic importance of four
evaluation methods is shown in Table 4 and the pairwise
comparison matrix of fuzzy linguistic values of four
evaluation methods and their normalized values of

importance is shown in Table 5.

Table 1 Summary of twelve crop factors scores by four
different evaluation methods

Score of relative importance (0 to 10 point scale)

Crop Criteria

Fo_od consumer _Expert’s ) Farmer l_:ood dealer
importance  importance  importance  importance
Air circulation 4 5 25 25
Air freshness 25 35 2 6.5
Crop cultivar 9.5 85 7 55
Crop spacing 15 45 4 2
Daylight length 6 6.5 5 45
Light intensity 8.5 55 75 9.5
Relative humidity 8 15 1 0.5
Nutrient availability 7 8 9 7
Moisture availability 3 4 6.5 8
Substrate media 55 75 8 6
Temperature 35 6 45 4
Water quality 75 9.5 9.5 8.5

Table 2 Pair wise comparisons matrix of four evaluation methods and their normalized values of importance

. Group discussion Local consumer Expert’s Local farmer Food dealer Weightage of Normalized
Methods of evaluation . . - . .
score importance importance importance importance parameter weightage
Local consumer importance 4 1.00 0.50 0.67 2.00 1.4287 0.2417
Expert’s importance 8 2.00 1.00 1.33 4.00 1.6990 0.2875
Local farmer importance 6 1.50 0.75 1.00 3.00 15811 0.2675
Food dealer importance 2 0.50 0.25 0.33 1.00 1.2014 0.2033

Table 3 Fuzzy values of different linguistic relative
importance

Table 4 Pair wise comparisons matrix of fuzzy values of
linguistic importance by the four different evaluation methods

Different linguistic relative importance Abbreviations Fuzzy values

Highest important HTI 1.0
Extremely high important EHI 0.9
Very high important VHI 0.8
High important HI 0.7
Moderately important Ml 0.6
Neither high neither low important NHNLI 0.5
Moderately low important MLI 04
Low important LI 0.3
Very low important VLI 0.2
Extremely low important ELI 0.1
Nil important NI 0.0

Evaluation coh(s)ﬁﬁ!er Expert’s Local farmer  Food dealer
methods importance  IMmPorance  importance  importance
Local consumer 1.00 VLI LI VHI
importance
Expert’s VHI 1.00 VHI EHI
importance
Local farmer HI VLI 1.00 VI
importance
Food dealer VLI ELI LI 1.00
importance

Table 5 Pair wise comparisons matrix of fuzzy linguistic values of four evaluation methods and their normalized values of

importance

Evaluation methods Consumer importance Expert’s importance Farmer importance Food dealer importance Weightage of parameter Normalized weightage

Local consumer importance 1.00 0.2
Expert’s importance 0.8 1.00
Local farmer importance 0.7 0.2
Food dealer importance 0.2 0.1

0.3 0.8 1.2315 0.2466
0.8 0.9 1.3678 0.2739
1.00 0.7 1.2698 0.2543
0.3 1.00 1.1247 0.2252

3 Results and discussion

The major challenges of successful protected farming

venture are efficient design and monitoring crop growing
parameters. A high degree of competence in plant science
and engineering skills are required to work together for
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successfully maintaining of protected farms. The relative
ranking of twelve crop factors by fuzzy methods is shown
in Table 6. The results revealed that the descending order
of relative importance of the twelve crop factors are water
quality, light intensity, nutrient availability, crop cultivar,
substrate media, daylight length, moisture availability,

crop spacing, temperature, air freshness, air circulation
and relative humidity respectively. Therefore, priority
wise crop growing factors must be considered while
designing and maintaining a protected farm for optimal
crop growth and net return.

Table 6  Relative ranking of twelve crop factors generated by fuzzy approach
Normalized importance of criteria Normalized ) ) )
Criteria X importance of Weighted Weighted, Weighted
_Consumer _Expert’s ) Farmer I_:ood dealer Alternatives value % rank
importance importance importance importance

Air circulation 0.0491 0.0498 0.0491 0.0491 0.0493 4.9286 11
Air freshness 0.0503 0.0492 0.0486 0.0501 0.0495 4.9509 10
Crop cultivar 0.0501 0.0506 0.0505 0.0501 0.0503 5.0339 4
Crop spacing 0.0495 0.0502 0.0501 0.0497 0.0499 4.9891 8
Daylight length 0.0500 0.0504 0.0502 0.0501 0.2466 0.0502 5.0187 6
Light intensity 0.0511 0.0503 0.0507 0.0510 0.2739 0.0508 5.0780 2
Relative humidity 0.0485 0.0492 0.0488 0.0489 0.2543 0.0489 4.8863 12
Nutrient availability 0.0505 0.0505 0.0509 0.0504 0.2252 0.0506 5.0589 3
Moisture availability 0.0506 0.0494 0.0502 0.0504 0.0501 5.0147 7
Substrate media 0.0502 0.0502 0.0504 0.0499 0.0502 5.0190 5
Temperature 0.0496 0.0500 0.0497 0.0495 0.0497 4.9694 9
Water quality 0.0509 0.0508 0.0510 0.0506 0.0508 5.0817 1

The crop and variety selection are the first
consideration in constructing a protected farm (Bareja,
2011). Most farmers deciding their crops to be grown are
mainly based on its marketability (Bareja, 2011). Some
farmers are using farm lot, which acquired through
inheritance or by purchase. Right decision in the selection
of crop growing factors is very important for a successful
farming venture. Carbon dioxide and oxygen content in
the air are maintained at 0.035% and 21%, respectively
inside the structure for optimal crop growth and yield. Air
temperatures above 35<C are generally not suited for crop
growth in green houses. Warm-season plants perform best
grow at day temperature between 21<C and 26.6<C
(Kessler et al., 2006). For most crops, the acceptable
range of relative humidity is between 50% to 80%;
however for plant propagation work, relative humidity up
to 90% may be desirable (TANU, 2015). Green house
crops are subjected to light intensities varying from
129.6KLux on clear summer days to 3.2 KLux on cloudy
winter days. In the blue (0.446-0.500 pum) and red
(0.620-0.7 pm) bands, the photosynthesis activity is
(TANU, 2015).
light-emitting diode (LED) lighting has been widely used

higher High-intensity  low-energy

for maximizing crop growth. The amount of light

intensity required varies from plant type to plant type.
Halide and sodium metal type light are used by many
commercial growers to ‘supplement’ natural light and to
extend the day length. Metal halide lamps give off a 'blue’
light which is more suitable for young plants and
vegetative growth (Kessle et al., 2006). Generally plants
are intolerant of continuous light for 24 h. Therefore, 12
to 14 h of light per day are given to plants (CSUE, 2011).

The substrate must be capable of supporting the root
system and holding sufficient moisture and nutrients. It
should be free from insects and should allow adequate
aeration of the roots and have good drainage qualities
(Kessler et al., 2006). Peat is commonly substrates used
in protected farms. An inadequate water supply is the
most limiting factor to plant growth. The substrate media
should be flooded, and subsequently drained to keep the
roots moist (Kessler et al., 2006). There are sixteen
elements needed for proper plant growth. The optimal
nutrient solution contains micronutrients viz., nitrogen
(100-250 ppm), phosphorus (30-50 ppm) and potassium
(100-300 ppm), sulfur (50-120 ppm), magnesium (30-
70 ppm), and calcium (80-140 ppm) and trace elements
viz., iron (1-3 ppm), boron (0.2-0.5 ppm), zinc (0.3-
0.6 ppm), copper (0.08-0.2 ppm), manganese (0.5-1 ppm),
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and molybdenum (0.04-0.08 ppm) (Hydrogarden, 2013).
Each plant variety has their different optimal pH ranges
within which they can grow better. Water quality testing
and analysis of irrigation water indicate the amount of
different nutrient elements required for optimal crop
growth (Trejo-Télez and Gdnez-Merino, 2012). The
most crop prefer the pH between 5.5 and 7.5 beyond this
range some nutrient elements will be unavailable to the
plants (Hydrogarden, 2013).

4 Conclusions

The major challenges of successful protected farming
venture are efficient design and monitoring of crop
growing parameters. The descending order of relative
importance of the twelve crop factors are water quality,
light intensity, nutrient availability, crop cultivar,
substrate media, daylight length, moisture availability,
crop spacing, temperature, air freshness, air circulation
and relative humidity respectively. Therefore, priority
wise crop growing factors must be considered while
designing and monitoring a protected farm for optimal

crop growth and net return in the study area.
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