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Abstract: Today, the use of herbal medicine like artichoke is rapidly increasing worldwide. The consumption of 
artichoke as a food source is rising, too. Therefore, it is necessary to determine the main factors affecting the growth 
of this plant, which are investigated in this study. A comprehensive analysis of the literature was performed to detect 
these factors. A fuzzy Analytic Hierarchy Process (AHP) was employed to prioritize the factors. Results indicate that the 
conditions of irrigation and soil are the most important ones. In addition, the best conditions for artichoke growth are a 
medium level of irrigation, soil with suitable drainage, low temperature, and sufficient sunlight.
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1. Introduction and literature review
Nowadays, the growing trend of medicinal herbs usage and the special attention of the human society to these herbs 

have led researchers to study and test different aspects of herbs and to improve the qualitative properties of medicinal 
herbs by studying the effects of various factors affecting the growth of artichoke including light, irrigation, temperature, 
soil, etc. These factors play a significant role in the growth and health of plants, including medicinal herbs (Figure 1).

The effects of artichoke as a medicinal plant on the human life have been studied by many researchers. Petropoulos 
et al. [1] evaluated the nutritional value and chemical composition of Greek artichoke genotypes and found that the 
palmitic and linoleic acids are the most abundant fatty acids in artichoke heads. The vitamin C and fatty acids contents, 
chemical conversions and overall chemical composition of Jerusalem artichoke under fermentation followed by freeze-
drying was studied by Koczoń et al. [2]. Diaz et al. [3] investigated the function of underground tuber of Jerusalem 
artichoke in dietary fiber.

These studies indicate the significant role of artichoke in human health and safety. Hence, identifying the factors 
which affect the growth and chemical composition of this plant is essential and vital. In this field, Rabara et al. [4] 
studied the implementation of artificial red, blue and white Light-Emitting Diode (LED) lights on the growth of 
artichoke. They showed that the Photosynthetic Photon Flux Density (PPFD) has the highest effect under the red LED 
light which is only a third of the total PPFD compared to natural light. In addition, the red light significantly influences 
the height, root length, biomass and chlorophyll contents (Figure 2).
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Figure 1. The suitable inulin of artichoke roots [5]

Figure 2. The effect of red light on growth of artichoke

Long et al. [6] studied two genotypes of Jerusalem artichoke by different seawater concentrations and various 
periods of time. They evaluated the seedling growth, ion content, and photosynthetic productivity in a greenhouse. The 
results showed the reduction of almost all the growth parameters. Rouphael et al. [7] experimented the effect of nutrient 
solution concentration on leaf dry biomass, leaf number, and macro element concentrations of artichoke and found a 
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direct relationship between them. Leskovar and Othman [8] mentioned the influence of nitrogen and fustigation methods 
on growth of artichoke.

Up to now, many researchers have tried to detect the effective factors on growth of artichoke under various 
laboratory conditions where three majority concerns are considerable. The first concern is that the experiment is time 
consuming and costly. The second one is that there are too many factors such that it is impossible to control all of them. 
And, the last one is that the features of artichoke under different conditions of breeding will be varied. Because of these 
concerns, use of expert systems such as knowledge-based systems, artificial intelligence, etc. can be profitable for 
industries. Piri et al [9]. proposed an Analytic Hierarchy Process (AHP) and Geographic Information System (GIS) for 
selecting the suitable areas for medicinal species. Paungbut et al. [10] investigated growth and phenology of Jerusalem 
artichoke. They found that seasonal variation is influenced on phenological development and growth stages of the plant.

Due to the increasing population of the world and the importance of the increasing growth of plants, this study 
designs an expert-based model for identification and prioritizing the effective factors of growth of artichoke medicinal 
plant under the climatic and geographical conditions of cultivation in farms of the city of Sari in northern Iran. Many 
studies tries to detect and measure the impact of important factors on the growth of plants. Most of these studies try to 
do it in laboratory conditions [11]. Some of them also do it in natural situations. In this case the environmental factors 
such as temperature influence the growth of plant in addition of bio and chemical fertilizer [12]. Hence, the optimal 
set of this factors in different situations are important for researchers. In this study, the setting of the environmental 
conditions is done by experts which are aware of the environment as prestudy.

A fuzzy Analytic Hierarchy Process (AHP) is employed to prioritize the factors affecting the growth of artichoke, 
since it is a structured technique for organizing and analyzing complex decisions [13, 14]. The focus of the presented 
study is on the therapeutic features of the plant in the treatment of liver diseases. It can be a preliminary study for 
researchers to strategically control the factors which are more effective and save time and cost.

2. Methodology
The first and main step of this study is based on the presented literature review for detecting the effective factors 

in growth of artichoke. A careful study of researches is shown that some factors influence the growth of plants such as 
artichoke generally. For this reason, in this study these factors are identified by experts via DELPHI techniques and 
summarized in Table 1. Based on this table, the factors affecting the growth of artichokes are grouped in four types and 
sub-factors are determined for each group.

Table 1. The effective factors and sub-factors on the growth of artichokes

Factors Sub-factors

Light Light intensity, Sunlight

Irrigation quantity Low, Medium, Much

Temperature Low, Medium, High

Soil Soil Depth, PH of Soil, Soil drainage

2.1 Analytic hierarchy process

Analytic Hierarchy Process (AHP), as one of the most applicable techniques for Multiple-Criteria Decision-Making 
(MCDM) was proposed by Saaty [15]. The main feature of this technique is pairwise comparisons between criteria and 
alternatives based on each criterion. To do so, a hierarchy structure of problem is constructed. The hierarchy structure of 
the proposed problem is shown in Figure 3.
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Figure 3. The hierarchy structure of the proposed problem

2.2 Fuzzy AHP

Fuzzy set theory was first introduced by Zadeh [16] as a mathematical approach to represent and handle vagueness 
in decision-making. In this study, the fuzzy numbers equivalent to linguistic variables are set according to Table 2.

Table 2. Linguistic variables of the proposed problem

Fuzzy numbers Crisp values Linguistic variable

(0, 0.1, 0.2) 1 Equal importance (E)

(0.1, 0.2, 0.3) 2 Weak (W)

(0.2, 0.3, 0.4) 3 Moderate Importance (MI)

(0.3, 0.4, 0.5) 4 Moderate Plus (MP)

(0.4, 0.5, 0.6) 5 Strong Importance (SI)

(0.5, 0.6, 0.7) 6 Strong Plus (SP)

(0.6, 0.7, 0.8) 7 Very Strong importance (VS)

(0.7, 0.8, 0.9) 8 Very Very strong (VV)

(0.8, 0.9, 1) 9 Extreme Importance (EI)

2.3 De-fuzzification method

In this study, the fuzzy numbers are converted into crisp values based on the method introduced by Opricovic and 
Tzeng [17]. In this method, ( ), ,k k k k

ij ij ij ijA l m r=    indicates the fuzzy assessment between the criterion i and the criterion j of 
the kth evaluator. The steps of the method are described as follow:

Step 1: Normalization:

,max k k
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Step 3: Computing total normalized crisp value:
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Step 4: Computing crisp value:
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Z k
ij is a crisp value of comparison between the criteria or alternatives i and j for the kth evaluator.

1 2 ... .kk
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The final weight of each criterion or alternative can be calculated by Equation (10) introduced by Saaty [15].
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where “n” is the number of criteria or alternatives in pairwise comparisons matrix.

3. Discussion
In this section, the steps of the proposed method are applied. The linguistic pairwise comparison of criteria and 

their fuzzy equivalence are done using the opinion of many experts. The results are summarized in Tables 3 and 4.
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Table 3. The linguistic pairwise comparisons matrix with respect to the goal

Criteria C1 C2 C3 C4

C1 I SP E SP

C2 - I 1/SI E

C3 - - I SI

C4 - - - I

Table 4. The fuzzy pairwise comparisons matrix with respect to the goal

Criteria C1 C2 C3 C4

C1 1 (0.5, 0.6, 0.7) (0, 0.1, 0.2) (0.5, 0.6, 0.7)

C2 - 1 1/(0.4, 0.5, 0.6) (0, 0.1, 0.2)

C3 - - 1 (0.4, 0.5, 0.6)

C4 - - - 1

From Table 4, the weights of criteria are computed as follows:

w1 = 0.9855, w2 = 0.0041, w3 = 0.0101, w4 = 0.0002

Then, the alternatives are compared together based on each criterion and the results are shown in Tables 5, 6, 7 and 8.

Table 5. The fuzzy pairwise comparisons matrix with respect to the irrigation quantity (C1)

Alternatives A1 A2 A3

A1 1 1/(0.6, 0.7, 0.8) 1/(0.2, 0.3, 0.4)

A2 - 1 1/(0.5, 0.6, 0.7)

A3 - - 1

Based on Table 5, the value of each alternative is computed according to irrigation quantity as follows:

w11 = 0.0474, w21 = 0.7625, w31 = 0.2053

Table 6. The fuzzy pairwise comparisons matrix with respect to the temperature (C2)

Alternatives A4 A5 A6

A4 1 (0.3, 0.4, 0.5) (0.7, 0.8, 0.9)

A5 - 1 (0.5, 0.6, 0.7)

A6 - - 1
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Based on Table 6, the value of each alternative is computed according to temperature as follows:

w42 = 0.9473, w52 = 0.0466, w62 = 0.0061

Table 7. The fuzzy pairwise comparisons matrix with respect to the soil (C3)

Alternatives A7 A8 A9

A7 1 (0.4, 0.5, 0.6) (0, 0.1, 0.2)

A8 - 1 1/(0.4, 0.5, 0.6)

A9 - - 1

Based on Table 7, the value of each alternative is computed according to soil as follows:

Table 8. The fuzzy pairwise comparisons matrix with respect to the light (C4)

Alternatives A10 A11

A10 1 (0.4, 0.5, 0.6)

A11 - 1

Based on Table 8, the value of each alternative is computed according to light as follows: 

w104 = 0.1785, w114 = 0.8215

Finally, the weight of each alternative can be computed according the values reported in Table 9:

Table 9. The final weights of alternatives

Alternatives C1 C2 C3 C4 Weight Rank

Criteria 0.9855 0.0041 0.0101 0.0002 - -

A1 0.0474 - - - 0/046713 3

A2 0.7625 - - - 0/751444 1

A3 0.2053 - - - 0/202323 2

A4 - 0.9473 - - 0/003884 5

A5 - 0.0466 - - 0/000191 7

A6 - 0.0061 - - 0/000025 11

A7 - - 0.0042 - 0/000042 9

A8 - - 0.1375 - 0/001389 6

A9 - - 0.8583 - 0/008669 4

A10 - - - 0.1785 0/000036 10

A11 - - - 0.8215 0/000164 8

Ret
ra

cte
d



Food Science and EngineeringVolume 1 Issue 2|2020| 69

Table 9 shows that the weight of irrigation and the weights of its alternatives are the largest values and the soil 
condition and the drainage of it are the next important factors. Furthermore, the temperature and light criteria are less 
important.

4. Conclusions and future work
According to the results, it can be summarized that a medium level of irrigation, soil with suitable drainage, low 

temperature, and sufficient sunlight are the best conditions for artichoke growth. Regarding the importance of irrigation, 
the identification of factors, their levels of control that influence irrigation, and the interrelation between them, 
techniques such as Analytic Network Process (ANP) can be employed in the future. Also, determining other factors that 
influence the growth of artichoke can be investigated in the future.
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