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ABSTRACT 

Grape is the key product of Qazvin Province and a vast amount of it is annually lost 

during supply chain due to various causes. This study, therefore, aimed at examining the 

effective and significant causes of grape losses in supply chain in Qazvin. First, to identify 

the main causes of the grape losses and to develop the research framework, data was 

gathered through some qualitative methods. Twenty-three grape growers, researchers, 

and experts were interviewed by research team as the key informants. Meanwhile, 

grounded theory techniques were employed for data analysis simultaneous with data 

collection processes to develop the final theory and model. In second part, the study's 

hypotheses and research model were formed based upon the developed theory. Then, to 

examine the research model, Partial Least Square Structural Equation Modeling and 

Important-Performance Matrix Analysis techniques were used. The population 

involved/affected in this part was grape growers from five districts of Qazvin Province. 

The sample consisted of 380 grape growers who were selected through stratified random 

sampling. A questionnaire was utilized for data collection and data was analyzed with the 

Smart-PLS 3.0. Main findings show that “management practices and resource and 

equipment” had significant effect on the grape losses. In accordance with Important 

Performance Matrix Analysis (IPMA), “extension and advisory services and management 

practices” are of paramount prominence. Moreover, in indicators level, providing on-farm 

participatory training, intelligible educational programs in local media, and financial 

resources, had the utmost importance in mitigating grape losses.  

Keywords: Extension and advisory services, Important-Performance Matrix Analysis 

(IPMA), Management practices, Partial Least Square Structural Equation Modeling (PLS-

SEM). 
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INTRODUCTION 

Losses of horticultural crops in general, 

and fresh fruits in particular, are quite 

crucial challenges within developing 

countries (Hailu and Derbew, 2015). Fruits 

sub-sector has the potential to contribute to 

improving smallholder’s nutrition, and food 

security (Van den Broeck et al., 2018) 

consumed in either fresh or processed forms. 

Yet, both forms are lost or wasted each year 

throughout the whole supply chain by dint of 

numerous causes (Gustavsson et al., 2011). 

As stated by most researchers, loss of fruit in 

developing countries transpires primarily 

during the initial and middle stages of the 

supply chain encompassing agricultural 

production and postharvest processing 

(Kereth et al., 2013; Hailu and Derbew, 

2015), and average of losses is between 20-

50% (Mashau et al., 2012; Kereth et al., 

2013).  

In Iran, analogous to other developing 

countries, fruits suffer the highest rate of 

losses compared to other agriculture crops 

(Alikarimi, 2017). Moghaddasi et al. (2005) 

accentuated that roughly 7.6 million tons of 

the 25 million tons of fruit and vegetables 
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are lost annually in Iran. Nonetheless, the 

rate of losses varies among fruits and the 

problem of losses becomes a more serious 

challenge when it comes to fruits such as 

grapes (Rajabi et al., 2015). Among fruits, 

the most rates of the losses belong to grapes 

with 35-55 percent (Alikarimi, 2017). 

Losses during the supply chain may be 

aggravated due to grapes’ delicateness and 

extreme perishability compared to other 

fruits. According to Moghaddasi et al. 

(2005), approximately 3 million tons of 

grapes are annually produced and nearly 

640000 tons are processed in Iran, of which 

30-38% are lost and thrown away at various 

stages of the postharvest chain. Rajabi et al. 

(2015) examined the amount of grape losses 

and waste throughout supply chain among 

small-scale grape growers in Qazvin 

Province. They revealed that about 53% of 

the grapes produced were lost in various 

stages of supply chain, which, major part of 

it (about 46%) took place in processing stage 

(19%), agricultural production (17.6%), and 

postharvest (9%) while only about 7% of the 

grapes were wasted during distribution and 

consumption stages. It is clear that losses 

represent a waste of land, water, energy, 

inputs, and other resources, while these 

resources could be used to increase fruit 

production and affect smallholders’ food 

security (Tielens and Candel, 2014). Given 

all this, the ensuing questions were posed in 

this study: 

RQ1: What are the main causes of grape 

losses in processing, agricultural production, 

and postharvest stages of grape supply chain 

in Qazvin Province? 

RQ2: What are the most effective and the 

most important causes of the rising amount 

of grape losses in Qazvin Province?  

In the present study, we aimed to answer 

the aforementioned questions. 

MATERIALS AND METHODS  

In order to identify the main causes of the 

grape losses and then to determine the 

effective and crucial causes, this study was 

conducted in two parts. First, a qualitative 

process and a review of literature was 

performed to identify the main causes of the 

grape losses and to reach a research 

framework. Then, to determine effective 

causes and important causes pivoting on the 

results of the first section, Square Structural 

Equation Modeling (SEM) was employed.  

Research Framework and Hypothesis 

Development 

To identify the main causes of the grape 

losses and to develop the research 

framework, first, data was gathered through 

the utilization of some qualitative methods 

including in-depth interview, observation, 

field notes, and document review (for 

comparison and conformity with previous 

literature). Snowball sampling as a type of 

purposive sampling was used for 

respondents selecting sequentially based on 

theoretical sampling. We achieved 

theoretical saturation when the number of 

respondents reached 23 participants, 

including 12 smallholder farmers (grape 

growers) from various areas of Qazvin, five 

researchers from Qazvin Agricultural 

Research and Education Organization 

(QAREO), and Takestan Grape Research 

Institute (TGRI), and six experts from 

Qazvin Agriculture-Jahad Organization 

(QAJO). Meanwhile, grounded theory 

techniques were employed (open coding and 

selective coding) for data analysis 

simultaneous with data collection processes 

to develop the theory. The constant 

comparative process form concepts outlined 

as Figure 1. 

 “Model of Main Causes of Grape Losses” 

(MMCGL) consisted of five categories and 

several subcategories of causes of grape 

losses in stages of pre-harvest, postharvest, 

and primary processing by farmers, as 

described in the following sections.  

According to the “MMCGL”, low level of 

knowledge, poor attitudes, and insufficient 

skills in all three stages of pre-harvest, 

postharvest, and primary processing could 
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Poor infrastructures

Causes of grape 
losses 

 Agricultural infrastructures
lack of appropriate trellis systems, 
irrigation systems, harvesting equipment, 
and local agro-meteorology center 

 postharvest infrastructure 
packaging, storage (sorting, grading, pre-cooling, temperature and 
humidity settings), and transportation (roads and vehicles

 processing infrastructure
Lack of juicing, nectar making, drying (sun drying, shade drying, and solar drying), thermal processing

 

Figure1. Model of the main causes of grape losses. 

 derive from the absence of innovative 

instructional approaches, providing 

educational programs for farmers without 

requiring assessment, lack of intelligible 

educational programs in local media, and 

lack of participatory trainings on-farm. 

Nevertheless, researchers emphasized that 

extension and advisory service providers are 

responsible to meet needs of each group and 

training is vital in the process of reducing 

losses (Abass et al., 2014; Hailu and 

Derbew, 2015; Midega et al., 2016; Epeju, 

2016). In addition, increasing farmers’ 

technical know-how and training (Abass et 

al., 2014), fitting technical training (Hailu 

and Derbew, 2015), educational innovation 

(Epeju, 2016), understanding local farmers' 

situations and needs (Midega et al., 2016), 

providing information through local media 

(McNamara and Tata, 2015) could be 

aggravating factors. 

According to the model, weakness of 

agricultural management practices, technical 

management, farm health and safety 

management, environmental management, 

storage management, and processing 

management may raise grape losses in all 

three stages. In other words, good and timely 

agricultural practices, adaptive capacity to 

cope with climate changes, careful attention 

to the farm health, and good technical skills 

could be responsible for reducing grape 

losses. Some researchers revealed that 

improper practices (such as improper 

harvesting periods, mechanical injury, poor 

sanitation and improper packaging) result in 

crops losses (Hartikainen et al., 2018; 

Agarwal, 2017; Kereth et al., 2013); while 

improving post-harvest management 

systems (harvesting and handling 

techniques, packaging, storage and 

transportation facility, disease and pests, 

climate and weather condition) is apriority 

for farmers (Hartikainen et al., 2018; Kasso 

and Bekele, 2018; Arzani et al., 2009). 
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Figure 2. Research model: The main causes of grape losses. 

 

Based on the model, farmers are faced 

with limited financial resources; 

mechanization and equipment limitation; 

water resources restriction; limited skilled 

human resources during grape production 

process; and inappropriate handling and 

carrying tools. In other words, inadequate 

funds to provide input and equipment 

(Mandal, 2014); poor access to 

mechanization (Kasso and Bekele, 2018); 

water scarcity; inability to control pests and 

diseases (Abass et al., 2014; Mandal, 2014); 

lack of skilled manpower and labors (Kasso 

and Bekele, 2018); unsuitable packaging 

materials and transporting tools (Kasso and 

Bekele, 2018; Abass et al., 2014) may lead 

to higher grape losses.  

According to the model, poor 

infrastructures could be divided into 

agricultural, postharvest, and processing 

infrastructures, every type of which has 

several subcategories (Figure 1). For 

example, lack of appropriate trellis systems, 

irrigation systems, harvesting equipment, 

and suitable local agro-meteorology center 

are some of the agricultural infrastructure 

limitations. In this way, Agarwal (2017) 

emphasized that losses are highest for the 

horticultural crops due to mechanical injury, 

improper packaging, inadequate storage, 

high temperature, transportation 

infrastructure, and processing units. 

Similarly, Beausang et al. (2017) referred to 

lack of processing facilities and Kasso and 

Bekele (2018) believed that harvesting and 

handling, storage, transportation and 

marketing facilities are major causes of post-

harvest loss. Also, according to Gardas et al. 

(2019), high costs of marketing and limited 

marketing infrastructures could influence the 

efficiency of crops supply chain process.  

Based on the model, numerous types of 

support services affect farmer’s practices 

regarding high rate of grape losses. In other 

words, lack of financial, agricultural, 

advisory and legal support services might 

increase losses. In this regard, Ghiasi et al. 

(2017) indicated that smallholders in 

developing countries have limited access to 

consulting and extension services. Also, 

Mandal (2014) referred to inadequate 

government support for applied research and 

extension. Government financial assistance 

is the other factor that has been emphasized 

by researchers (Briones, 2013 and Li et al., 

2018) through which Briones (2013) and 

Ghazanfari et al. (2019) avowed input 

subsidies, credit, investment plans as the 

government assistance to the farmers. 

Meanwhile, Rahimi-Soureh (2001) referred 

to assured prices and subsidy; He referred to 

subsidy paid as a support policy in Iran. 

According to the above, the study’s 

hypotheses and research model were formed 

(see Figure 2). 

Effective and Important Causes of 

Grape Losses in Supply Chain  

After a comprehensive literature review on 

theoretical bases of the causes of grape 
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losses and hypothesis development, the 

second main objective was to determine the 

effective and important causes of grape 

losses in supply chain including: agricultural 

production, postharvest, and primary 

processing by farmers in Qazvin Province. 

Based upon the objectives, this paper has 

concentrated on determining effective 

causes and important causes of grape losses 

in Qazvin Province. As explained earlier, the 

research model includes six constructs: 

extension and advisory services, 

management practices, infrastructures, 

resources and equipment, and support 

services as independent constructs, and 

amount of grape losses as dependent 

construct. 

The population of this study was 

smallholder farmers (grape growers) who 

were producing grapes at five regions 

(Khoramdasht, Ziaabad, Yahiaabad, 

Esfarvarin, and Takestan) in Qazvin 

Province (N= , ). The sample of the 

study consisted of  farmers, based on 

Cochran, selected through stratified random 

sampling. From the total sample, 92% were 

male and 8% were female. As to age 

distribution, 12% of the respondents were 

below 25 years old, 39% aged 26-35 years, 

38% were 36-45 years, and 11% were over 

46 years. In terms of educational level, 

majority of the respondents (83%) had only 

high/elementary school level education, 9% 

were illiterate, and only 8% had academic 

degree. 

In this research, a questionnaire was 

utilized for data collection. The 

questionnaire encompassed 26 questions 

pivoting on 7-point Likert scales. The 

questions derived from the MMCGL (Figure 

1) (categories as constructs and 

subcategories as items) and were confirmed 

with previous studies and then modified to 

fit to the nature of this study. Validity and 

reliability were measured through pre-test, 

which was first distributed among 30 grape 

growers who were not in the sample of the 

study. The data was analyzed using Smart 

PLS 3.0 to ensure the measurement items 

were valid and reliable. To measure 

convergence validity of each constructs, 

factor loadings, Average Variance Extracted 

(AVE), and Composite Reliability (CR) 

were used. The results showed that the value 

of AVE of all constructs were greater than 

0.50 (Barclay et al., 1995). In addition, CR 

for all construct was above the acceptable 

value of 0.70 in this study (Hair et al., 

2010). Meanwhile, each square root of the 

value of AVE was more than correlation 

coefficient (Fornell and Larcker, 1981), thus 

discriminant validity was also supported. 

Additionally, Cronbach’s alpha coefficient 

was used to assess the inter item consistency 

and the results suggested that the 

Cronbach’s alpha of all the research 

variables had an acceptable reliability and it 

was more than 0.70. After verifying the 

validity and reliability, in total, 380 

questionnaires were distributed among 

respondents, and 375 of them, that were 

fully and accurately completed, were used 

for data analysis purposes. 

To test the research model, we used the 

Partial Least Squares (PLS) technique of 

structural equation modeling with Smart-

PLS 3.0 (Ringle et al., 2015). The reason to 

use the PLS technique was its suitability 

with the exploratory nature of this study. A 

two-step process was applied: assessment of 

measurement model, to evaluate reliability 

and validity of the variables; and assessment 

of structural model, to evaluate the relations 

among the constructs and significance of the 

path coefficients by bootstrapping technique 

(Henseler et al., 2009).  

In the last step, the Importance-

Performance Matrix Analysis (IPMA) of 

path modeling was carried out extending the 

findings of the basic PLS-SEM in order to 

determine the areas that needed to be 

considered and improved. However, IPMA 

is a different way of presenting path 

information by assessing the impact of latent 

variables with a high importance (structural 

model total effect) and low performance 

(average values of the latent variable scores) 

on the endogenous latent variable (Hock et 

al., 2010). In this case, IPMA is useful to 
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Figure 3. Measurement model: The main causes of grape losses. 

introduce the causes of grape losses, which 

should be focused in order to reduce the 

losses.  

RESULTS 

In order to achieve the objectives, first, the 

developed model based on research model 

(Figure 2) in Smart-PLS 3.0 was assessed 

with a two-step process as follows: (a) 

Measurement model evaluation, and (b) 

Structural model evaluation. Second, in 

order to further investigate the constructs 

and to highlight the important constructs for 

improving the management activities, IPMA 

was carried out.  

 Measurement Model 

Initially, confirmatory factor analysis was 

executed to examine the reliability, 

convergent validity, and discriminant 

validity of the constructs for achieving the 

optimum values of parameters. As revealed 

in Figure 3 and Table 1, all factor loadings 

are higher than 0.5, and the AVE of all the 

reflective constructs are higher than the 

required value of 0.5. Besides, CR values of 

all the constructs are higher than the cut-off 

value of 0.7.  

Meanwhile, to achieve adequate 

discriminant validity, each square root of the 

value of AVE was more than correlation 

coefficient. According to Table 2, the 

diagonal values of the correlation matrix 

were greater than the off diagonal values 

(Barclay et al., 1995; Hulland, 1999). 

Discriminant validity was also assessed 

using HeteroTrait-MonoTrait (HTMT) 

criterion (Henseler et al., 2015) and all the 

values were below the threshold of 0.85.  

Structural Model 

Structural model was assessed by 

evaluating the R
2 

and path coefficient (β) 

values. The R
2 

value of endogenous latent 

variable (amount of grape losses) was 0.703, 

which indicates that all the constructs 

significantly affect the endogenous latent 

variable. For the path coefficients, β values 

of each path were found to be 0.419 for 

management practices, 0.353 for resources 

and equipment, 0.133 for extension and 

advisory services, 0.082 for infrastructures, 

and 0.010 for support services (Figure 3). 
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Table 1. Results of measurement model based on confirmatory factor analysis. 

Variables Items Loadings AVE CR 

Extension and advisory services Edu.program. need.assess 0.723 0.648 0.879 

 Innovat.instruct 0.719  

Intellig.edu.media 0.857 

Particip.training 0.905 

Management practices Agri.practic.manage 0.754 0.556 0.880 

 Environme.manage 0.591  

Farm.health.manage 0.829 

Proces.manage 0.860 

Storage.manage 0.824 

Technic.manage 0.560 

Infrastructures Postharv.infrustruc 0.800 0.676 0.862 

 Process.infrustruc 0.902  

Agri.infrustruc 0.758 

Resources and equipment Financ.resource 0.718 0.637 0.897 

 Handl.tools 0.762  

Mechniza.equipment 0.842 

Skilled.human.resource 0.873 

Water.resource 0.787 

Support services Advisory.support 0.897 0.711 0.907 

 Agri.support 0.693  

Financ.support 0.860 

Legal.support 0.905 

 

 Then, to assess the significance of all the 

paths, bootstrapping was performed. The 

path coefficient is significant if the t-value is 

larger than 1.96. The results showed that the 

relationships among extension and advisory 

servicesgrape losses, 

infrastructuresgrape losses, and support 

servicesgrape losses, were not significant 

(Table 3). All other path coefficients were 

significant, specifically, management 

practices (t-value= 2.967; P= 0.000) and 

resource and equipment (t-value= 2.788; P= 

0.005), each has significant and positive 

effects on the grape losses. Meanwhile, the 

extension and advisory services had a 

significant effect on management practices 

(t-value= 4.100; P= 0.000) and also support 

services had a significant effect on resource 

and equipment (t-value= 5.113; P= 0.000). 

Thus, “extension and advisory services” and 

“support services” had indirect effects on the 

grape losses. Therefore, H1a, H2, H3, and 

H4a are supported, whereas H1, H4, and H5 

are not supported. 

Importance-Performance Matrix Analysis 

In the last step, IPMA was used in order to 

generate additional findings. We used IPMA 

for prioritizing both constructs and 

indicators separately and identifying the 

most important areas regarding the best 

grape-losses-management activities. The 

first step in using an IPMA is checking the 

requirements. Therefore, we reviewed the 

questionnaire and found that all the indicator 

data were on an interval scale from 1 to 7, a 

higher value represents a better outcome. 

Next, we checked the signs of the outer 

weights, all of which were positive. Then, 

Smart-PLS computed the performance and 

important values of the constructs and 

indicators.  

As shown in Table 4, in constructs level, 

“extension and advisory services”, and 

“management practices”, had high  
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Table 2. Discriminant validity and correlation between constructs.
a
 

Constructs 1 2 3 4 5 6 

1. Extension and advisory 

services 

0.805      

2. Grape losses 0.545 0.740     

3. Infrastructures 0.238 0.591 0.822    

4. Management practices 0.581 0.767 0.593 0.746   

5. Resources and equipment 0.414 0.722 0.627 0.611 0.798  

6. Support services 0.357 0.557 0.671 0.584 0.566 0.843 

a
 Correlation is significant at the 0.05 level (2-tailed). Diagonal values are the square roots of the AVE, 

and below the diagonal values are the correlations between the construct values. 

 

Table 3. Hypothesis testing, relationships between constructs. 

Hypothesis  Sample 

mean 

Standard 

deviation 

t-value P-value Decision 

H1 Extension and advisory servicesGrape losses 0.151 0.161 0.826 0.409 
Not 

supported 

H1a 
Extension and advisory services 

Management practices 
0.583 0.142 4.100 0.000 Supported 

H2 Management practices  Grape losses 0.400 0.141 2.967 0.000 Supported 

H3 Resource and equipment Grape losses 0.358 0.127 2.788 0.005 Supported 

H4 Support services  Grape losses 0.016 0.198 0.049 0.961 
Not 

supported 

H4a Support services Resource and equipment 0.589 0.111 5.113 0.000 Supported 

H5 Infrastructures  Grape losses 0.108 0.189 0.436 0.663 
Not 

supported 

 

Table 4. IPMA results in construct level. 

Latent variables Importance Performance 

Extension and advisory services 0.442 58.779 

Management practices 0.411 65.575 

Resources and equipment 0.349 65.962 

Support services 0.200 75.945 

Infrastructures 0.079 69.589 

 

 

 

 

importance values. As indicated, the direct 

effect of the extension and advisory services 

on grape losses is not significant; 

meanwhile, it leaves significant indirect 

effect on grape losses through management 

practices. Therefore, the total effect 

(importance) of extension and advisory 

services is of the highest importance. In this 

regard, managerial actions should prioritize 

improving the performance of extension and 

advisory services. In other words, the best 

management for grape losses can be 

achieved by enhancing the extension and 

advisory services.  

In the same way, as shown in Table 5, in 

indicators level, “participatory trainings on-

farm”, “intelligible educational programs in 

local media”, and “financial resources”, 

were the top three areas enjoying high 

importance that could be focused in grape 

losses management activities compared with 

other indicators. 

Furthermore, when we focus on each of 

the significant constructs and low 

performance, in extension and advisory 
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Table 5. IPMA results in indicators level. 

No Indicators Importance Performance 

1 Particip.training Participatory trainings on-farm 0.156 57.778 

2 Intellig.edu.media Intelligible educational programs in local media 0.121 53.333 

3 Financ.resource Financial resources 0.096 60.000 

4 
Edu.program. 

Need.assess 

Educational programs for farmers with need 

assessment 
0.086 66.667 

5 Proces.manage Processing management 0.080 71.667 

6 Innovat.instruct Innovative instructional approaches 0.079 60.556 

7 Environme.manage Environmental management 0.079 81.667 

8 Mechniza.equipment Mechanization and equipment 0.079 80.556 

9 Financ.support Financial supports 0.068 78.889 

10 Storage.manage Storage management 0.067 61.667 

11 Skilled.human.resource Skilled human resources 0.067 56.667 

12 Agri.practic.manage Agricultural practices management 0.066 56.667 

13 Farm.health.manage Farm health and safety management 0.061 62.778 

14 Technic.manage Technical management 0.060 53.333 

15 Water.resource Water resources 0.055 67.778 

16 Handl.tools Handling and carrying tools 0.051 65.000 

17 Agri.support Agricultural supports 0.046 82.778 

18 Advisory.support Advisory supports 0.043 69.444 

19 Legal.support Legal supports 0.043 70.556 

20 Process.infrustruc Processing infrastructure 0.031 69.444 

21 Postharv.infrustruc Postharvest infrastructure 0.027 67.222 

22 Agri.infrustruc Agricultural infrastructures 0.021 72.778 

 

services, indicators such as on-farm 

participatory trainings and intelligible 

educational programs in local media need 

more attention from experts, researchers, 

and extension agents. Concerning 

management practices, processing 

management and environmental 

management need to improve, and about 

resources and equipment, reinforcement of 

financial resources and mechanization and 

equipment should be considered. 

DISCUSSION 

In Iran, in line with other developing 

countries, substantial amount of losses of 

fruits occur in initial and sometimes middle 

stages of supply chain, particularly for 

grapes, which are the most vital product of 

Qazvin Province; yet, great amount of it is 

lost annually. Therefore, the main objective 

of this study was determining major causes 

of grape losses in grape supply chain, 

including agricultural production, 

postharvest, and primary processing by 

farmers in Qazvin Province by using PLS-

SEM and IPMA. 

 Key Findings 

According to the results, “management 

practices” had a strong and positive effect on 

the amount of grape losses. This finding was 

consistent with Kasso and Bekele (2018) 

and Abass et al. (2014) who suggested that 

good and timely agricultural practices, and 

good technical skills and postharvest 

handling competencies could be responsible 

for reducing losses. This result also 

validated the findings of Beausang et al. 

(2017) and Hartikainen et al. (2018) who 

revealed that adaptive practices to cope with 

environmental changes. 

Second, “extension and advisory services” 

has indirect effect on the grape losses 

through management practices. The results 
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suggested that appropriate education and 

extension services and training programs 

reduce losses through raising farmers’ 

knowledge, attitudes, and skills, which was 

in accordance with previous studies (Kereth 

et al., 2013; McNamara and Tata, 2015; 

Hailu and Derbew, 2015; Midega et al., 

2016; Epeju, 2016). 

Third, the result of IPMA in indicators 

level showed that “on-farm participatory 

trainings” have the highest importance in 

improving farmers’ performance and 

reducing grape losses. This result validated 

the finding of McNamara and Tata (2015) 

and Gadzirayi and Mafuse (2015). Gadzirayi 

and Mafuse (2015) indicated that farmer 

field schools were more effective in terms of 

improvement in farmers’ knowledge, skills 

empowerment, and change in crop practices. 

The IPMA results further revealed that 

“intelligible educational programs in local 

media” play a crucial role in improving 

farmers’ performance, which was consistent 

with the result of the study of McNamara 

and Tata (2015), who believed that an 

education program could utilize 

demonstrations through radio messages, 

print media, and local newspaper articles. 

This finding was in accordance with 

previous studies (Rezaei et al., 2017; Nazari 

and Hassan, 2011). The findings of Rezaei et 

al. (2017) revealed a significant relationship 

identified among networks and media on 

farmers' perception and their activities 

toward better management. Nazari and 

Hassan (2011) indicated that mass media is 

an effective channel for communicating 

agricultural messages, which increases 

knowledge and influences behavior. In this 

regards, Kassem et al. (2019) revealed that 

the print media such as pamphlets are highly 

qualified for disseminating information. In 

addition, the IPMA results confirmed that 

“financial resources” was one of the areas 

enjoying great importance. This was 

consistent with the result of the study of 

Kiaya (2014) that indicated the investment 

was required to reduce losses. This result 

also validated the finding of Briones (2013) 

pointed out input subsidies, credit, and 

investment plans as the government 

assistance to the farmers. Meanwhile, 

Rahimi-Soureh (2001) referred to assured 

prices and subsidy and indicated that the 

total subsidy is paid for agriculture in line 

with support policies in Iran. 

 Implications for Research 

This study has several implications to the 

existing literature. Firstly, it should be noted 

that we developed and introduced the 

“Model of Main Causes of Grape Losses” 

(MMCGL) as the new theory in this area. 

Secondly, we used this model as the 

conceptual framework to identify important 

causes of grape losses and the results 

revealed that good and adaptive 

management practices would reduce amount 

of grape losses, while these practices are 

strongly affected by appropriate extension 

and advisory services. However, researchers 

emphasized that extension and advisory 

service providers are responsible to meet the 

needs of different actors who are involved in 

supply chain (McNamara and Tata, 2015), 

while prior studies often neglected the 

indirect effects of extension and advisory 

services through managerial skills. Thirdly, 

we used IPMA for prioritizing and 

identifying the most important areas 

regarding the best grape losses management 

activities and found that “on-farm 

participatory trainings” and “intelligible 

educational programs in local media” were 

two effective educational approaches that 

extension and advisory service providers 

could adopt in Qazvin Province to reduce 

amount of grape losses. Generally, effective 

extension cannot be achieved without the 

active participation of the farmers 

themselves. In participatory approaches, 

farmers involve in decision-making 

processes, development of the programs, 

implementing programs, and evaluating 

programs (Cohen and Uphoff, 1980). 

Therefore, on-farm participatory trainings 

have the highest importance in improving 

farmers’ performance. In addition, it seems 
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that mass media is an effective channel for 

communicating agricultural messages that 

increase knowledge and influences behavior 

of audience (Nazari and Hassan, 2011; 

McNamara and Tata, 2015). This is the most 

important contribution in our research. 

 Implication for Practice 

From a practical perspective, this study 

might help extension and advisory service 

providers to target their training strategies 

facing grape growers, especially the 

smallholders. According to the results, “on-

farm participatory trainings” and 

“intelligible educational programs in local 

media” were two effective educational tools 

to improve knowledge, practices, and skills 

of grape growers. In this regard, educational 

programs for farmers could be offered in 

proper time and appropriate manner in local 

media such as radio, TV, newspaper, and 

pamphlet. In addition, considering the 

expansion of mobile applications and ICT 

even in the rural and among illiterate 

farmers, training and educational programs 

can be presented through popular 

communication apps. Therefore, 

communication apps have become common 

tools for transmitting voice, video, 

documents, and other services in the form of 

groups and channels. Therefore, researchers, 

extension agents, and specialists can use this 

capacity to improve their training and 

extension services for grape growers and 

their families and receive their comments 

and feedbacks. 

 Limitation and Future Research 

All studies have limitations that affect the 

findings. We also had some major 

limitations in this study that should be 

interpreted. First, we developed and 

introduced the “Model of Main Causes of 

Grape Losses” as the new theory in this area 

and, then, we examined it as the conceptual 

framework in this study. To confirm the 

validity of this model, future study should 

examine this model as a conceptual 

framework in other Provinces and even 

other similar crops. Second, the size of the 

sample in this study is relatively small, 

which may affect the generalizability of the 

findings to all grape growers. Third, in this 

study we concentrated on smallholder grape 

growers in Qazvin Province. Therefore, we 

can’t generalize the findings to other types 

of farmers in different areas. Finally, we 

suggest future studies investigate the role of 

“extension and advisory services” and 

“management practices”, in general, and 

“on-farm participatory trainings”, and 

“intelligible educational programs in local 

media”, in more details, since they were 

found as the highly important areas in grape 

losses management in Qazvin Province.  

CONCLUSIONS 

In this study, the “Model of Main Causes 

of Grape Losses” was added to previous 

literature about crops losses and wastes, as a 

new theory in this area. In addition, this 

study showed how the “on-farm 

participatory trainings” and “intelligible 

educational programs in local media” could 

be two effective educational approaches that 

extension and advisory service providers 

could adopt in Qazvin Province to reduce 

amount of grape losses. However, this study 

suggested that amount of grape losses would 

be reduced significantly by offering 

educational programs to farmers. These 

trainings should include issues on modern 

cutting, grafting, soil and grapevine 

nutrition, irrigation, pruning, drying, juicing, 

and packaging methods of the grapes or 

about pest and diseases management, use of 

hormones and micronutrients, protection of 

seedlings and fruits against climate change 

and unforeseen rain, harvesting in proper 

time and in appropriate manner, and pre-

cooling ways. Education can be done 

through local media such as radio, TV, 

newspaper and pamphlet and through mobile 

applications and channels. It is necessary for 

future research to examine other effective 

factors that could decrease the grape losses 

in Qazvin Province. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
20

.2
2.

3.
14

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                            11 / 14

https://dorl.net/dor/20.1001.1.16807073.2020.22.3.14.4
https://jast.modares.ac.ir/article-23-27276-en.html


  ________________________________________________________________________ Rajabi et al. 

636 

ACKNOWLEDGEMENTS 

Authors would like to thank anonymous 

reviewers for their valuable comments 

which have helped in improving the quality 

of the paper. Also, authors gratefully 

acknowledge Prof. Kazem Poustini, Editor-

in-Chief, Journal of Agricultural Science 

and Technology. 

REFERENCES 

1. Abass, A. B., Ndunguru, G., Mamiro, P., 

Alenkhe, B., Mlingi, N., and Bekunda, M. 

2014. Post-Harvest Food Losses in a Maize-

Based Farming System of Semi-Arid 

Savannah Area of Tanzania. J. Stor. Prod. 

Res., 57: 49-57. 

2. Agarwal, S. 2017. Post-Harvest Losses in 

Agri-Food Supply Chain: A Literature 

Review. IJARSE, 6(04). 

3. Alikarimi, A. 2017. National Agricultural 

Waste Reduction Plan. 

https://www.linkedin.com/pulse 

4. Arzani, K., Sherafati, A. H. and Koushesh, 

S. M. 2009. Harvest Date and Postharvest 

Alkaline Treatment Effects on Quantity and 

Quality of Kashmar, Iran, Green Raisin. J. 

Agr. Sci. Tech., 11(4): 449-456. 

5. Barclay, D. W., Higgins, C. A. and 

Thompson, R. 1995. The Partial Least 

Squares Approach to Causal Modeling: 

Personal Computer Adoption and Use as 

Illustration. Tech. Stud., 2(2): 285– 309. 

6. Beausang, C., Hall, C. and Toma, L. 2017. 

Food Waste and Losses in Primary 

Production: Qualitative Insights from 

Horticulture. Resour. Conserv. Recy., 126: 

177-185. 

7. Briones, R. M. 2013. Impact Assessment of 

the Agricultural Production Support 

Services of the DA on the Income of Poor 

Farmers/Fisherfolk: Review of the Evidence. 

Department of Budget and Management, 4 

March, Philippine Institute for Development 

Studies. 

8. Cohen, J. M., and Uphoff, N. T., 1980. 

Participation's Place in Rural Development: 

Seeking Clarity Through Specificity. World 

Dev., 8 (3): 213-235. 

9. Epeju, W. F. 2016. Knowledge and 

Innovations for Farmers from Teaching 

Agriculture in Ugandan Primary Schools: A 

Study of Kumi Communities in the Teso 

Sub-Region. Sustain. Agric. Res., 5(1). 

10. Fornell, C. and Larcher, D. 1981. Evaluating 

Structural Equation Models with 

Unobservable Variables and Measurement 

Error. J. Mark. Res., 18(3): 39-50. 

11. Gadzirayi, T. and Mafuse, N. 2015. 

Comparative Analysis of Farmer 

Participatory Extension Approaches: Case of 

Farmer Field Schools and Master Farmer 

Training in Mashonaland Central Province 

of Zimbabwe Christopher. Asian J. Agri. 

Ext. Econ. Socio., 4(4): 317-324. 

12. Gardas, B. B., Raut, R. D., Cheikhrouhou, 

N. and Narkhede, B. E. 2019. A Hybrid 

Decision Support System for Analyzing 

Challenges of the Agricultural Supply 

Chain. Sustain. Prod. Cons., 18: 19-32 

13. Ghazanfari, M., Mohammadi, H., Pishvaee, 

M. S. and Teimoury, E. 2019. Fresh-Product 

Trade Management under Government-

Backed Incentives: A Case Study of Fresh 

Flower Market. IEEE Trans. Eng. Manage., 

66(4):1-14. 

14. Ghiasi, R., Allahyari, M. S., Damalas, Ch., 

Azizi, J. and Abedi, M., 2017. Crop 

Protection Services by Plant Clinics in Iran: 

An Evaluation through Rice Farmers' 

Satisfaction. J. Crop Prot., 98: 191-197. 

15. Gustavsson, J., Cederberg, C., Sonesson, U., 

Van Otterdijk, R. and Meybeck, A. 2011. 

Global Food Losses and Food Waste. Food 

and Agriculture Organization of the United 

Nations, Rome, Italy. 

16. Hailu, G. and Derbew, B. 2015. Extent, 

Causes and Reduction Strategies of 

Postharvest Losses of Fresh Fruits and 

Vegetables: A Review. J. Bio. Agri. Health., 

5(5). www.iiste.org 

17. Hair, J. F., Black, W. C., Babin, B. J. and 

Anderson, R. E. 2010. Multivariate Data 

Analysis. Seventh Edition, Prentice Hall, 

Upper Saddle River, New Jersey. 

18. Hartikainen, H., Mogensen, L., Svanes, E. 

and Franke, U. 2018. Food Waste 

Quantification in Primary Production: The 

Nordic Countries as a Case Study. 

J. Waste Manag., 71: 502-511. 

19. Henseler, J., Ringle, C. M. and Sinkovics, R. 

R. 2009. The Use of Partial Least Squares 

Path Modeling in International Marketing. 

Adv. Int. Mark., 20: 277–319. 

20. Henseler, J., Ringle, C. M. and Sarstedt, M. 

2015. A New Criterion for Assessing 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
20

.2
2.

3.
14

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                            12 / 14

http://www.sciencedirect.com/science/article/pii/S0921344917302355#!
http://www.iiste.org/
https://dorl.net/dor/20.1001.1.16807073.2020.22.3.14.4
https://jast.modares.ac.ir/article-23-27276-en.html


The Causes of Grape Production Chain Losses ___________________________________  

637 

Discriminant Validity in Variance-Based 

Structural Equation Modeling. J. Acad. 

Mark. Sci., 43(1): 115–135. 

https://doi.org/10.1007/s11747-014-0403-8 

21. Hock, C., Ringle, C. M. and Sarstedt, M. 

2010. Management of Multi-Purpose 

Stadiums: Importance and Performance 

Measurement of Service Interfaces. IJSTM, 

14: 188-207. 

22. Hodges, R. J., Buzby, J. C. and Bennett, B. 

2011. Postharvest Losses and Waste in 

Developed and Less Developed Countries: 

Opportunities to Improve Resource Use. J. 

Agr. Sci., 149: 37–45. 

23. Hulland, J. 1999. Use of Partial Least 

Squares (PLS) in Strategic Management 

Research: A Review of Four Recent Studies. 

Strategic Manage. J., 20(2): 195–204. 

24. Kassem, H. S., Abdel-Magieed, M. A., El-

Gamal, H. M. and Aldosari, F. O. 2019. 

Measuring Quality of the Agricultural 

Extension Pamphlets: Scale Construction 

and Standardization. J. Agr. Sci. Tech., 21: 

27-35. 

25. Kasso, M. and Bekele, A. 2018. Post-

Harvest Loss and Quality Deterioration of 

Horticultural Crops in Dire Dawa Region, 

Ethiopia. J. Saudi Soc. Agri. Sci., 17: 88–96. 

26. Kereth, G. A., Lyimo, M., Mbwana, H. 

A., Mongi, R. J. and Ruhembe, C. C. 2013. 

Assessment of Post-Harvest Handling 

Practices: Knowledge and Losses of Fruits 

in Bagamoyo District of Tanzania. J. Food 

Sci. Qual. Manag., 11: 8-15. 

27. Kiaya, V. 2014. Post-Harvest Losses and 

Strategies to Reduce Them. Technical Paper, 

Scientific and Technical Department, Action 

Contre la Faim (ACF).  

28. Li, X., YuYang, L., Poon, J. and HuiLiu, Y. 

2018. Anti-Drought Measures and Their 

Effectiveness: A Study of Farmers’ Actions 

and Government Support in China. Ecol. 

Indic., 87: 285-295. 

29. Mandal, B. C. 2014. Project: Reduction of 

Post-Harvest Losses for Food Security. Food 

and Agriculture Organization of the United 

Nations, November, DRK/10/005/01/99. 

30. Mashau, M. E., Moyane, J. N. and Jideani, I. 

A. 2012. Assessment of Post-Harvest Losses 

of Fruits at Tshakhuma Fruit Market in 

Limpopo Province, South Africa. Afr. J. 

Agric. Res., 7(29): 4145-4150. 

http://www.academicjournals.org/AJAR 

31. McNamara, P. E. and Tata, J. S. 2015. 

Principles of Designing and Implementing 

Agricultural Extension Programs for 

Reducing Post-harvest Loss. Agriculture, 5: 

1035-1046. 

www.mdpi.com/journal/agriculture 

32. Midega, Charles A. O., Murage, Alice W., 

Pittchar, Jimmy O., Khan, Zeyaur R. 2016. 

Managing Storage Pests of Maize: Farmers' 

Knowledge, Perceptions and Practices in 

Western Kenya. Crop Prot., 90: 142-149. 

33. Moghaddasi, R., Mehrbanian, E. and Shariati, 

Sh. 2005. Postharvest Management of Fruit 

and Vegetables in the Asia-Pacific Region. 

APO Seminar on Reduction of Postharvest 

Losses of Fruit and Vegetables held in India, 

and Marketing and Food Safety: Challenges 

in Postharvest Management of 

Agricultural/Horticultural Products in 

Islamic Republic of Iran. 23-28 July 2005. 

34. Musacchi, S. and Serra, S. 2018. Apple Fruit 

Quality: Overview on Pre-Harvest Factors. 

Sci. Hortic. 234: 409-430. 
35. Nazari, M. R. and Hassan, Md S. H. 2011. 

The Role of Television in the Enhancement 

of Farmers’ Agricultural Knowledge. Afr. J. 

Agric. Res., 6(4): 931-936, 

http://www.academicjournals.org/AJAR  

36. Rahimi-Soureh, S. 2001. Strengthening 

Agricultural Support Services for Small 

Farmers. Report of the APO Seminar on 

Strengthening Agricultural Support Services 

for Small Farmers Held in Japan, 4-11 July 

(SEM-28-01). 

37. Rajabi, S., Lashgarara, F., Omidi, M. and 

Farajallah Hosseini, S. J. 2015. Quantifying 

the Grapes Losses and Waste in Various 

Stages of Supply Chain. Biol.l Forum–A Int. 

J., 7(1): 225-229. 

38. Rezaei, A., Salmani, M., Razaghi, F. and 

Keshavarz, M. 2017. An Empirical Analysis 

of Effective Factors on Farmers Adaptation 

Behavior in Water Scarcity Conditions in 

Rural Communities. J. Soil Water Conserv., 

5: 265–272.  

39. Ringle, C. M., Wende, S. and Becker, J. -M. 

2015. SmartPLS 3. SmartPLS GmbH, 

Boenningstedt. 

40. Tielens, J. and Candel, J. 2014. Reducing 

Food Wastage, Improving Food Security? 

Food and Business Knowledge Platform, 

Netherlands. www.knowledge4food.net 

41. Van Den Broeck, G., Van Hoyweghen, K. 

and Maertens, M. 2018. Horticultural Exports 

and Food Security in Senegal. Glob Food 

Sec., 17: 162-171. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
20

.2
2.

3.
14

.4
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ja
st

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                            13 / 14

https://doi.org/10.1007/s11747-014-0403-8
http://www.knowledge4food.net/
https://dorl.net/dor/20.1001.1.16807073.2020.22.3.14.4
https://jast.modares.ac.ir/article-23-27276-en.html


  ________________________________________________________________________ Rajabi et al. 

638 

 

 دیتول رهیزنج ایجاد ضایعات علل یبررس جهت یساختار معادالت یمدلساز کاربرد

 انگور

 س. رجبی، ف. لشگرآرا، م. امیدی، و س. ج. فرج اهلل حسینی

 یدهچک

اًگَر یکی اس هحصَالت کلیذی استبى قشٍیي هحسَة هی گزدد ٍ سبلیبًِ هقبدیز سیبدی اس آى در 

طَل سًجیزُ تَلیذ ثِ جوغ ضبیؼبت هی پیًَذد. لذا، ّذف اصلی ایي هطبلؼِ، ثزرسی ٍ ارسیبثی دالیل 

جْت تؼییي دالیل هَثز ٍ هْن ضبیؼبت سًجیزُ تَلیذ اًگَر در استبى قشٍیي است. در ایي راستب، اثتذا 

اصلی ایجبد ضبیؼبت اًگَر ٍ دستیبثی ثِ چبرچَة هفَْهی هطبلؼِ ثز اسبس آى، دادُ ّبی هَرد ًیبس ثب 

گزدآٍری  استفبدُ اس ثزخی رٍش ّبی کیفی هبًٌذ هصبحجِ ػویق، یبددداضت در ػزصِ، ٍ هزٍر هٌبثغ،

ق هَرد هصبحجِ قزار گزفتٌذ. در اًگَرکبر، هحقق ٍ کبرضٌبس یبغجبًی، تَسط تین تحقی 52ضذ. تؼذاد 

ّویي حیي، تکٌیک گزاًذد تئَری جْت تجشیِ ٍ تحلیل دادُ ّبی جوغ آٍری ضذُ ٍ در طَل فزآیٌذ 

جْت دستیبثی ثِ تئَری ٍ هذل، ثِ کبر گزفتِ ضذ. در گبم دٍم، فزضیِ ّبی تحقیق ٍ   گزدآٍری دادُ ّب،

ل گزفتٌذ. سپس، ثزای ارسیبثی ٍ سٌجص هذل هذل تحقیق ثز اسبس تئَری ایجبد ضذُ اس ثخص اٍل، ضک

-تحقیق، هذلسبسی هؼبدالت سبختبری ثب رّیبفت حذاقل هزثؼبت جشیی، ٍ هبتزیس تحلیل اّویت

ػولکزد، هَرد استفبدُ قزار گزفت. جبهؼِ آهبری ایي ثخص اس هطبلؼِ اًگَرکبراى پٌج ًبحیِ اس استبى 

َد کِ ثِ رٍش ًوًَِ گیزی تصبدفی طجقِ ای ثزگشیذُ اًگَرکبر ث 083قشٍیي ثَدًذ. ًوًَِ آهبری ضبهل 

ضذُ ثَدًذ. پزسطٌبهِ ای هحقق سبختِ ثزای گزدآٍری دادُ ّب در ایي ثخص استفبدُ ضذ ٍ دادُ ّبی 

هَرد تجشیِ ٍ تحلیل قزار گزفت. یبفتِ ّبی هْن  Smart-PLS 3.0حبصل ثب استفبدُ اس ًزم افشار 

تبثیز هثجت ٍ هؼٌی داری  اقذاهبت هذیزیتی، ٍ هٌبثغ ٍ تجْیشاتحبصل اس ایي ثخص ًطبى داد، دٍ ػبهل 

ػولکزد، دٍ حَسُ -ثز ایجبد ضبیؼبت اًگَر دارًذ. ثز اسبس یبفتِ ّبی حبصل اس هبتزیس تحلیل اّویت

ی خذهبت تزٍیجی ٍ هطبٍرُ ای ٍ اقذاهبت هذیزیتی، ثِ تزتیت ثیطتزیي اّویت را داضتِ کِ هی تَاًذ 

ْجَد ٍضؼیت تَلیذ اًگَر قزار گیزد. ضوي ایٌکِ، ریشفبکتَرّبیی چَى فزاّن هذًظز هذیزاى جْت ث

ًوَدى آهَسش ّبی هطبرکتی در سطح هشارع، ارائِ ثزًبهِ ّبی آهَسضی قبثل فْن ثزای اًگَرکبراى در 

رسبًِ ّبی هحلی، فزاّن ًوَدى هٌبثغ هبلی هَرد ًیبس، هْن تزیي ػَاهلی ثَدًذ کِ در صَرت هَرد تَجِ 

 گزفتي تَسط هسئَلیي اهز، در ًْبیت هٌجز ثِ کبّص ضبیؼبت اًگَر هی گزدد.  قزار
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