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Environmental management of pesticide consumption is one of the most 
important aspects of pest management programs. The present study was 
carried out considering the farmers’ knowledge, attitudes and practices of 
pest management in rice paddies in four Iranian cities: Sari, Babol, Amol 
and Nour in Mazandaran province, which are the highest rice-cultivating 
regions. The effective factors in pesticide consumption management are 
education, pesticide application technology, regulations, Integrated Pest 
Management implementation and the price of pesticides; therefore, a 
questionnaire with 27 items regarding these factors was designed and 220 
farmers were interviewed. The obtained data were converted to quantita-
tive measures by the Likert procedure and then analyzed by descriptive 
statistical methods. In order to evaluate the current status of pesticide en-
vironmental management, the quantitative information was categorized 
into five levels: very poor, poor, medium, good and excellent, based on the 
Food and Agricultural Organization and Iran Plant Protection Organiza-
tion index. The weakness of the education parameter in studied samples 
was one of the most significant results of this research. The total education 
score was 1.9, which is very poor. The study demonstrated that the exist-
ing regulations have many deficiencies in comparison with the standards. 
The 48% overall management rank was considered poor. In 35%, the pest 
management rank was medium and in 17%, the rank was very poor. No 
good or excellent rank was obtained in this research. Hence, a comprehen-
sive practical program needs to be initiated to improve the present status 
of pesticide consumption management in the province. The results 
achieved in this study may be used as a database to establish a manage-
ment and monitoring program for pesticide consumption environmental 
management in Mazandaran province.　© Pesticide Science Society of 
Japan
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Introduction

1.　Rice importance and role of pesticides in rice production
Rice is one of the most significant food products and grows con-
veniently in humid and warm areas. After wheat, rice has the sec-
ond place in case of food significance. Consistent with agricultur-
al development, pesticides have become an important tool as 
plant protection agents for increasing food production. Pesticides 
play a significant role in controlling pests, while exposure to pesti-
cides both occupationally and environmentally could cause a wide 
range of human health problems. It has been observed that pesti-
cides have a direct connection to immune suppression, hormone 
disruption, diminished intelligence, reproductive abnormalities 
and cancer.1,2) The main reason for farmers to use a high amount 
of chemical pesticides, such as insecticides and herbicides, is to 
achieve higher rice yield. Undoubtedly, these pesticides contribute 
to increase rice production and to control pest problems.

2.　Pesticide management 
Thus, due to the importance of rice for human food and regarding 
the necessity of pesticide use in rice cultivation, an integral man-
agement program should be designed. One of the most useful 
concepts for better management is to identify existing deficiencies 
and submit each effective factor to a managerial approach. The 
definition of Integrated Pest Management (IPM) is: “a sustainable 
approach to managing pests by combining biological, cultural, 
physical and chemical tools in a way that minimizes economic, 
health, and environmental risks.”3,4) The steps of IPM are de-
scribed as:

・Scouting or Monitoring: The purpose of scouting is to detect 
the presence, concentration, and type of pests.

・Identi�cation: Identifying pests properly is an important as-
pect of scouting.

・Pest Situation Assessment: In this step, scouts analyze the in-
formation obtained from scouting and pest identification, and 
then the need for pest control is determined. The key question is 
whether the potential damage is more costly than the control cost. 
The last stage of pest management is considered to be chemical 
pesticide consumption.

・Implementation: Once the management strategies have been 
selected, they should be employed in a timely manner.

・Evaluation: Compare pest activity before and after imple-
mentation of pest management strategies.5)

Notwithstanding that pesticides are valuable tools in pest man-
agement, their misuse has led to some disadvantages, such as pest 
resistance to the pesticide, outbreaks of secondary pests, and ad-
verse effects on non-target organisms, unwanted pesticide resi-
dues and direct hazards to the users. Used correctly, pesticides are 
indispensable tools in pest management programs.6) Several ef-
forts have been made globally to devise location specific systems 
which integrate different available pest management practices in a 
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compatible manner to keep the pest population below the eco-
nomic injury level, in such a way that it is not only economically 
viable, but also ecologically sound.7) Many projects/programs 
have been launched in the USA,8,9) Canada10) and Asia.11,12)

Most Asian rice-cultivating farmers have adopted pesticides as 
the main pest control tactic, using insecticides more frequently 
than herbicides and fungicides.13,14) In many cases, insecticide ap-
plication is unnecessary and also unlikely to result in economic 
turnover. For example, in the Philippines, about 80% of insecti-
cide sprays were misused as they were applied at the wrong time 
and for the wrong target due to the lack of education of the farm-
ers.15)

The rapid growth in intensive rice production systems in Asia 
was studied in 1997. The consequent increase in using indiscrimi-
nate insecticide led to a disruption of the pest predator environ-
ment, pest outbreaks and yield losses. Adverse consequences for 
the environment, paddy ecology and human health are well docu-
mented. Policy and institutional requirements for implementing a 
reduced insecticide usage strategy for rice were also presented.16) 
A strategic research approach to pest management has been ap-
plied to the problem of rice pest management in Malaysia. Initial-
ly, the major components of the problem surrounding rice pests 
and their control are identified. Generally, identifying effective 
key factors in increasing chances of pest management improve-
ment is the major purpose of such an approach.17)

Hashemi et al. studied farmers’ knowledge in Iran. The study 
was conducted using 90 farmers in Karaj, a city with widespread 
agricultural fields, during 2007–2008. Hashemi’s study showed 
that farmers who perform pest management had significantly 
higher knowledge scores than their non-educated counterparts.18) 
Another study in Iran explored the impacts of pest management 
studies on farmers’ competence in pest management practices and 
identified their need for pest management training.19) Koushiar et 
al. (2005) performed the same analysis procedure for hospital 
waste management in Iran and evaluated the overall management 
by a descriptive analysis method and, subsequently, the results of 
their study were used as complete research in order to be used for 
other case studies in Iran.20)

3.　Scope of this study
Due to the suitable weather conditions near the Caspian Sea, in 
the north of Iran, rice is the best cultivated product in this area. 
Mazandaran province with a 2,440,000 hectare area is significant 
in this region and was therefore chosen as the case study of this 
research. Rice is cultivated in 235,000 hectares in Mazandaran 
province. According to Mazandaran’s Plant Protection Unit, there 
are around 250,000 farmers in Mazandaran. In 2010, the rate of 
herbicide consumption was 526,027 kg out of total of 4,572,509 kg 
pesticides consumed in rice paddies in Mazandaran. For example, 
Diazinon insecticide has the highest consumption in Iranian rice 
paddies. It is used in two formulations, EC 60% and Granule 10%. 
The total amount of Diazinon granules consumed in rice paddies 
was 1,815,422 kg, and 1,047,619 kg was for other insecticide for-
mulations.21)

Agricultural management is a concept that uses the compo-
nents of agriculture in accordance with certain policies and to 
achieve defined objectives. It is necessary for each component of 
the environmental management of pesticide consumption to be 
measured individually as variables of the study. There are specific 
variables, such as educational systems, lack of suitable regulations 
by governmental organizations, nonperformance of integrated 
pest management and etc., so the necessity of considering IPM 
performance as an important factor to achieve better manage-
ment is distinct.

The main goal of the present study was to assess the present sta-
tus of pesticide consumption in rice paddies in Mazandaran prov-
ince to establish a baseline to improve the environmental manage-
ment of pesticide usage in this province. The approach, however, 
is inferred to clarify a method for more sustainable rice produc-
tion, a better environment and healthier lives for the farmers and 
their families as well as others.

Materials and Methods

1.　Designing the research tools
According to the information achieved from similar researches 
and expert comments, some of the effective factors for providing a 
comprehensive approach to the environmental management of 
pesticide consumption are:
・Education
・Current law and regulations
・Approach in pest management standards
・Pesticide application technologies 
・E�ects of pesticide price 

The farmers were assessed using a questionnaire with 27 ques-
tions to cover all of the above categories. These were considered as 
the variables of the study. The questionnaire was designed to con-
vert the answers to quantitative measures by the Likert scale, 
which assigns a range from “very poor” to “excellent”. The Likert-
type scale is a psychometric scale commonly used in question-
naires and is the most widely used scale in survey research. This 
scale generates a widespread range of scores that improve the 
transparency of the data and also increases the reliability and ac-
curacy of research outputs.22) According to the above descriptions, 
five levels of the Likert scale are shown in Table 1 and applied for 
the development of experimental tools.23) An example of Likert 
scale performance can be found in most social survey researches. 
McKeiver and Gadenne (2005)24) studied Environmental Manage-
ment Systems in Small and Medium Businesses using a Likert-type 

Table 1.　Five levels of Likert scale

Variable number Rank

1 Very poor

2 Poor

3 Medium

4 Good

5 Excellent
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scale. Their study examined the various external, moderating and 
internal factors that may influence the implementation of an envi-
ronmental management system by five-point Likert scale items. 
The Likert scale was used for each of the measures of External In-
fluences, Internal Influences and Moderating Variables.

2.　Research samples
There are fifteen cities in Mazandaran province, which all culti-
vate rice, as shown in Table 2. Regarding their characteristics and 
the cultivated area in these cities, four cities, Sari, Babol, Amol 
and Nour, were selected as the study sample for assessment of the 
present status in this research.

The Cochran model was adopted to estimate the sample size. 
Mazandaran’s farmers comprise 250,000 individuals; therefore, 
220 farmers from Mazandaran were selected to fill in the ques-
tionnaires. Implementation of the sample size formula is used 
when the number of centers is large and the success rates of each 
individual center are not clearly known.25) The Cochran formula 
is given below:
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Where ε represents the margin of error; Zα/2 describes the normal 
distribution of data and p shows the success probability.26) Two 
hundred and twenty farmers were interviewed using the question-
naires, which were completed from May 2010 to January 2011.

3.　Data analysis
The answers to the questionnaires were collected, summarized 
and analyzed by descriptive statistical tools using SPSS (originally, 
Statistical Package for the Social Sciences) software to evaluate all 
of the factors described above, such as education, IPM implemen-
tation, etc. that comprise the environmental management of pesti-
cide consumption. Descriptive analysis is recommended when the 
objective is to describe and discuss a data set more generally and 

conveniently than would be possible using raw data alone. In this 
research, descriptive analysis was performed for the data after cat-
egorizing them using SPSS software. Factors such as variance, av-
erage, standard deviation, etc. were considered for analysis.

The explored results of the analytical procedure were compared 
with the existing standards of Iran Plant Protection Organization, 
all of which were based on the guidelines of FAO in order to find 
differences between the actual situation and the standard’s figures. 
The standard includes some general contents as below:

・Proper specification of sprayers such as nozzles, calibration, 
etc.

・Educational instruction such as holding Farm Field School 
(FFS) courses

・Biological controls
・Formulators’ commitments such as compatibility of their for-

mulations with environmental standards
・Pesticide distribution
Some questions were discussed using the questionnaire in order 

to evaluate the above points in real situations. According to the 
prepared questionnaire, score 5 was assigned to answers which 
were compatible with the standards (Optimal condition) and 
score 1 was assigned to answers that did not comply with the stan-
dards.

Results

In this research, we decided to specify the main factors which 
comprise the environmental management of pesticide consump-
tion and to consider the current situation in detail. The results of 
computed scores for all farmers were processed to reveal the cur-
rent status of environmental management of pesticides in Mazan-
daran (Table 3) explained as below:

1.　Education
This is one of the most significant factors in the formation of envi-
ronmental management of pesticide consumption. Education in-
cludes training in correct usage methods, proper application of 
the instruments, awareness of suitable times for spraying, the best 
selection of recommended pesticides, etc. The study showed that 
the average and standard deviation of education scores were 1.90 
and 1.065, respectively. Education scores varied from 1 to 4. In 
90% of cases, education scores were 3, indicating intermediate 
levels of education. Moreover, in 50% of cases, the scores were 
≤1. In comparison with the standard figures, the weakness of the 
education parameter in studied samples was one of the most sig-
nificant outputs of this research. The total education score was 1.9, 
which was very poor, demonstrating that farmers do not have any 
information about pesticide use. The distribution of education 
level in selected Mazandaran cities is shown in Fig. 1.

2.　Regulations
This factor generally resulted in the average performance of farm-
ers and other related parties such as governmental supervisors, 
pesticide sellers, etc. The more comprehensive the regulations and 
laws, the better the results will be for pesticide consumption and, 

Table 2.　Amount of cultivated area of rice paddies in Mazandaran cities 
(Mazandaran PPO, 2011)

City 
Cultivated area 
of rice paddies 

(hectares)
City 

Cultivated area 
of rice paddies 

(hectares)

Behshahr 12,500 Neka 10,200

Sari 31,100 Jouibar 10,000

Savadkooh 3,000 Ghaemshahr 16,098

Babol 49,120 Chaloos 2,000

Fereidounkenar 6,524 Amol 37,708

Mahmoudabad 20,650 Nour 13,498

Noshahr 3,500 Tonekabon 13,000

Ramsar 1,200
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subsequently, environmental friendly rice will be produced. The 
average and standard deviation of pesticide regulation condition 
scores were 2.09 and 0.728, respectively (Table 3). The current 
regulation scores varied from 1 to 3. In 90% of cases, the efficien-
cy of pesticides regulations and instructions scores was ≤3. Also, 
in 50% of cases, the scores were ≤2. The findings showed that the 
total score of pesticide regulation was poor. Individual regulation 
situations in selected Mazandaran cities are shown in Fig. 2.

3.　IPM implementation
The average and standard deviation of pest management standard 
application in Mazandaran samples were 2.57 and 0.794, respectively 
(Table 3). This parameter scores varied from 1 to 5. In 90% of cases, 
pest management scores were ≤3. Also, in 50% of cases, the scores 
were ≤3. The awareness of farmers about integrated pest manage-
ment was below the medium level. The distribution of the scores of 
this parameter in Mazandaran samples is presented in Fig. 3.

Table 3.　Descriptive statistical analysis of computed scores of different farmers

Statistical parameters Education level Pesticide law and 
regulation

IPM approach in 
pest control

Pesticide 
application 
technology

Effects of price of 
pesticides

Overall pest 
management

Number of farmers 220 220 220 220 220 220

Missing 0 0 0 0 0 0

Mean 1.90 2.09 2.57 3.71 2.36 2.52

Std. Deviation 1.065 0.728 0.794 0.637 0.698 0.529

Variance 1.135 0.531 0.630 0.406 0.487 0.281

Range 3 2 4 2 2 2

Minimum 1 1 1 3 1 1

Maximum 4 3 5 5 3 3

Percentiles 25 1.00 2.00 2.00 3.00 2.00 2.20

　　　　 50 1.00 2.00 3.00 4.00 2.00 2.50

　　　　 75 3.00 3.00 3.00 4.00 3.00 3.00

　　　　 90 3.00 3.00 3.00 4.00 3.00 3.20

Fig. 1.　Distribution of education scores in Mazandaran province.

Fig. 2.　Distribution of pesticide regulation scores in selected cities.
Fig. 3.　Distribution of pest management standard application scores in 
selected cities. 
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4.　Applied technology
The average and standard deviation of pesticide application tech-
nology scores were 3.71 and 0.637, respectively (Table 3). The 
quality of sprayers and other tools of pesticide application varied 
from 3 to 5. The farmers’ equipment for pesticide application in 
rice paddies was of an intermediate level in comparison with the 
Plant Protection Organization (PPO) standards. The distribution 
of the scores of this parameter in Mazandaran samples is present-
ed in Fig. 4.

5.　Pesticide price
The price of the pesticides specifies the farmers’ tendency of pur-
chasing them from sellers. The average and standard deviation of 
the effects of the price of pesticides were 2.36 and 0.698, respec-
tively (Table 3). This parameter score varied from 1 to 3. In 90% of 
cases, this score was 3. Also, in 50% of cases, it was ≤2. The price 
variable was considered because of its high effect on farmers’ se-
lection of pesticides. The distribution of price scores in four se-
lected cities in Mazandaran is presented in Fig. 5.

6.　Overall management
According to the above mentioned items, education, regulation, 
IPM implementation and the price of pesticides constitute the 
overall management of pesticide consumption in this study. The 
average and standard deviation of the overall environmental  
management of pesticide scores were 2.52 and 0.529, respectively 
(Table 3). Overall management scores varied from 1 to 3 Compar-
ing with PPO standards, total pest management was below the 
medium level. The distribution of overall management scores in 
Mazandaran cities is presented in Fig. 6.

As shown in Fig. 7, the pest management factors have been con-
sidered overall; 48% of the results were poor and 17% were very 
poor in the environmental management of pesticides, and only 
35% received a medium score for the environmental management 
of pesticide consumption through rice paddies.

Discussion

Many deficiencies were recognized during the comprehensive 
study of the current status of pesticide environmental manage-
ment.

1.　Analysis of education variable
Although the Ministry of Agriculture has offered educational 
courses, the farmers are not interested in attending these classes 
(the farmers are not motivated to attend educational courses), and 

Fig. 4.　Distribution of applied technology scores in selected cities.

Fig. 5.　Distribution of price parameter scores in selected cities.

Fig. 6.　Distribution of overall pest management scores in selected cities.

Fig. 7.　Share of each pest management rank in this study.
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believe that these courses may waste their time, since there is a 
wide gap between objective farming and objective prescriptions. 
They prefer to rely on their own experiences of pesticide applica-
tion, disregarding the experts’ guidelines. Moreover, in some re-
gions, the farmers attend FFS classes but, when it comes to apply-
ing pest management standards in rice paddies, they encounter 
many problems, such as a lack of spraying tools as well as specific 
equipment needed to go through the pest management steps. It is 
necessary to mention that such problems can be solved by offer-
ing the farmers a way to obtain appropriate spraying tools and 
equipment to be able to implement their knowledge gained from 
educational courses. If the farmers do not have enough equip-
ment, they cannot use their educational knowledge, so they will 
be forced to start pest management programs from the last step, 
which is chemical pesticide application. One of the most signifi-
cant recommendations of this study is the expansion of training 
courses for better management of rice paddy pesticides.

2.　Analysis of regulation variable
The current regulations do not comprehensively cover environ-
mental management components of pesticide use. Unfortunately, 
the current PPO regulation goes back to 1967 and requires an up-
dated revision and amendment to cover all environmental as-
pects. As a result of the lack of environmental considerations and 
insufficient supervision by PPO on usage methods of pesticides, 
experts always face serious problems when following the regula-
tions. The main problems are due to the weakness of presentation 
of many items, such as clarification of equipment specifications, 
description of pest management components in detail, etc.

3.　Analysis of IPM implementation variable
The findings demonstrated that, in many cases, the farmers had 
no experience and no information about this managerial parame-
ter. Obviously, a detailed educational system is required to inform 
farmers about pest management advantages in long-term usage.

4.　Analysis of applied technology variable
The quality of sprayers has an important effect on the correct us-
age of pesticides. According to the standard, the calibration of 
sprayers plays an important role in pesticide application; the more 
calibrated the sprayer, the better the distribution of pesticides. 
This will reduce the amount of pesticide needed for rice paddies. 
In fact, this is the most significant reason why applied technology 
was included as a management variable in this research. The only 
variable which has a medium level is the applied technology of 
sprayers. It is possible to increase spraying quality only by updat-
ing the spraying tools and establishing instructions to be followed. 
For instance, encouraging the farmers to undergo periodic repair 
and maintenance courses is a good idea to tackle this variable in 
the current situation.

5.　Analysis of price variable
In the current situation, the price of biological pesticides, which 
are less hazardous to the environment, is much higher than chem-

ical pesticides; therefor, the farmers do not tend to apply such pes-
ticides. Some farmers are educated and aware of the hazardous ef-
fects of chemical pesticides; however, the economic condition 
plays a key role in choosing between pesticides. Sometimes farm-
ers only wanted to control their fields, without paying attention to 
the side effects of agrochemicals.

6.　Analysis of overall management variable
According to the results of overall management, there is a serious 
problem in the current situation of the environmental manage-
ment of pesticide consumption. These problems derive from a 
marked gap in PPO instructions because of their shortcomings to 
handle the current situation. Due to the fact that agricultural is-
sues are inherently dynamic, the related instructions should be re-
vised yearly.

Pesticide application in agriculture imposes several risks to 
both human health and non-target agro-ecosystems. Due to the 
lack of information about the monetary value of pesticide risk re-
duction, it is difficult to perform economic analysis to address the 
social efficiency of policy and draw a conclusion about the appro-
priate degree of regulation.27) Similar research was performed by 
Zink in 200828) using concepts for the integrated assessment and 
design of organizations, and an approach for analyzing the cur-
rent situation was established to identify the “lack of integration” 
in the change initiatives of a company. Along with the develop-
ment of pests and consumer resistance to pesticides, pest-man-
agement and economic incentives increase the emphasis on these 
alternative non-residual/non-chemical measures.29,30)

Developing computing technology has provided an opportunity 
for environmental pest management to change from simple vari-
ables into new managerial methodologies, emphasizing greater 
complexity and detail. Future improvements in computing tech-
nology will continue to facilitate the application of complex de-
scriptive statistical methods for pests, incorporating extensive 
ecological and managerial knowledge. The long-term security of 
the global food supply depends in part on scientists providing de-
cision-supporting tools, including pest management approaches. 
These approaches ensure the continuation of efficient and sustain-
able agricultural production. The role of such methods in ecologi-
cal and insecticide-based pest control strategies was first dis-
cussed in Ascough et al.’s article, followed by a description of the 
major types of available pest management methods. Current ap-
proaches are then presented followed by future research require-
ments.31)

As shown in Fig. 7, in 48%, the overall management ranks were 
considered as poor. In 35%, the pest management rank was  
medium and in 17%, it was very poor. No good or excellent score 
was obtained in this research. The results confirm that environ-
mental management of pesticide consumption is lower than the 
standards of the Plant Protection Organization and Ministry of 
Agriculture, and approximately below the average level. Thus, a 
comprehensive practical program should be initiated to improve 
the present status of pesticide consumption management in the 
province. This program should include all components of envi-
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ronmental management and cover the standard points relevant to 
the current situation. The necessity of establishing a program and 
also the lack of integrated approaches were observable through 
the research participants’ answers. In conclusion, the findings of 
this study can be used as baseline data to establish a management 
and monitoring program for the environmental management of 
pesticides in Mazandaran province.

Acknowledgements

The authors wish to acknowledge all of the experts and managers who 
generously devoted their time and expertise to this study. Special thanks 
go to the manager of the Mazandaran Plant Protection Organization, Mr. 
Eng. Valipour who supported this study by collecting the required infor-
mation.

References

 1) P. C. Abhilash and N. Singh: J Hazward Mater. 165, 1–12 (2009).
 2) J. Nouri, R. Arjmandi and H. Bayat: Iran J. Public Health. 29, 137–

146 (2000).
 3) U. S. Environmental Protection Agency, Integrated Pest Management 

(IPM) Principles, December 08, 2010.
 4) North Dakota State University, National Integrated Pest Manage-

ment Network (2001).
 5) L. Patty: University of Kentucky Research Center, UK University of 

Kentucky, College of Agriculture, UKREC-Princeton, KY, July 21–
28, 2006.

 6) W. A. Stoop, A. Adam and A. Kassam: Agri. Water Manage. 96, 
1491–1501 (2009).

 7) R. Peshin: PhD Dissertation, the Punjab Agricultural University, 
Ludhiana, India (2005).

 8) R. G. Luttrell: Annu. Rev. Entomol. 39, 527–542 (1994).
 9) M. Kogan: Annu. Rev. Entomol. 43, 243–270 (1998).
10) A. D. Pickett, W. L. Putman and E. J. Le Roux: Proceedings of 10th In-

ternational Congress of Entomology, Vol. 3, pp 169–174, 1958.
11) P. E. Kenmore: LEISA News. 13, 8–9 (1997).

12) J. Pontius, R. Dilts and A. Bartlelt: From Farmer Field Schools to 
Community—Ten Years of Training in Asia. FAO Community Pro-
gramme Jakarta, Indonesia, 2002.

13) K. L. Heong and M. M. Escalada: J. Appl. Commun. 81, 3–17 (1997).
14) K. L. Heong, M. M. Escalada, N. H. HuarP and V. Mai: Crop Prot. 17, 

413–425 (1998).
15) K. L. Heong, N. T. Thu Cut, N. Binh, S. Fujisaka and D. G. Bottrell: 

“Reducing Early Season Insecticide Applications Through Farmers’ 
Experiments in Vietnam. In Vietnam and IRRI. A Partnership in 
Rice Research,” eds. by G. L. Denning and V. T. Xuan, Int. Rice Re-
search Inst., Los Bafios, Philippines and Ministrv of Agriculture and 
Food Industrv. Hanoi, Vietnam, DD. 217–221, 1995.

16) P. L. Pingali, R. V. Gerpacio: Food Policy 22, 107–118 (1997).
17) G. A. Norton and K. L. Heong: Crop Protection 7, 84–90 (1988).
18) S. M. Hashemi, M. Mokhtarnia, M. Erbaugh and M. Asadi: Sci. Total 

Environ. 407, 84–88 (2008).
19) S. M. Hashemi, S. M. Hosseini and C. A Damalas: Crop Prot. 28, 

934–939 (2009).
20) G. Koushiar, R. Nabizadeh, Gh. Omrani, H. Nikoomaram and M. 

Monavari: J. Appl. Sci. 6, 721–725 (2006).
21) Information Received from Mazandaran Plant Prot. Organization, 

Iran, 2011.
22) O. D. Duncan, M. Stenbeck: Social Sci. Res. 16, 245–259 (1987).
23) C. Ryan and R. Garland: Tourism Manag. 20, 107–113 (1999).
24) C. McKeiver and D. Gadenne: Int. Small Bus. J. 23, 513 (2005).
25) J. X. Song and J. T. Wassell: Controlled Clin. Trials 24, 378–389 

(2003).
26) J. E. Barlett, J. W. Kotrlik and C. C. Higging: Inf. Tech. Lear. Perf. 19, 

43–50 (2001).
27) C. V. Travisi, P. Nijkamp and G. Vindigni: Ecol. Econom. 56, 455–474 

(2006).
28) K. J. Zink, U. Steimle and D. Schröder: Appl. Ergonom. 39, 527–538 

(2008).
29) B. C. Longstaff: J. Stored Prod. Res. 30, 179–185 (1994).
30) J. Ferng: Land Use Policy 26, 772–781 (2009).
31) J. C. Ascough II, E. M. Fathelrahman and G. S. McMaster: Encycl. 

Ecol. 1978–1985 (2008).


