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Introduction

The 2018 Food and Agriculture Organization of 
the United Nations (FAO) report on the state of 
world fisheries and aquaculture highlighted the 

critical importance of fisheries and aquaculture sector 
to the global economy and well-being of coastal commu-
nities through providing employment, food and nutri-

tional security, and income and livelihoods (FAO, 2018). 
It is also well-recognized that small-scale fisheries (SSF) 
that predominate in developing countries constitute a 
significant part of the global fisheries sector and are crit-
ical for socio-economic well-being and food security of 
the world’s most vulnerable communities (Schuhbauer 
and Sumaila, 2016; Jentoft, 2014; Teh et al. 2011).  For 
instance, Teh & Sumaila (2013) estimated that SSF em-
ploy about 22 million fishers (i.e. about 44% of all fishers) 
engaged in harvesting sector.  In a consultative meeting 
organized by FAO in co-operation with the Ministry 
of Agriculture and Fisheries (hereafter, MAF) held in 
Muscat, Oman, March 26-28, 2012, attainment of sus-
tainability in small-scale fisheries in the Near East and 
North Africa region was highlighted with the purpose of 
bringing together responsible fisheries and social devel-

هل الادارة التشاركية مجدية لتحقيق استدامة المصايد: دراسة حالة لمصايد 
الشارخة في سلطنة عمان   

شيكار بوز*1 وعبدالله هلال البلوشي2 واحمد الهدابي3 ورقية البلوشي4 

Abstract. This study assesses the feasibility of co-management arrangements in managing scalloped spiny lobster 
(Panulirus homarus) fishery in the Sultanate of Oman. The appraisal is conducted using various indicators involving 
pre-implementation phase and institutional characteristics and substantiated by findings of the review of relevant local 
and global literature and the results of a structured questionnaire survey conducted during 9-28 June, 2013 with 536 
randomly selected fishers from three Governorates namely Al-Sharqiyah South, Al-Wusta, and Dhofar. The former 
method helps identifying suitable assessment criteria and provides indication of readiness while the later method helps 
determining primary stakeholders’ perceived views on various aspects of regulatory measures and co-management ar-
rangements. While findings related to fishers’ commitments, willingness to support government decisions, willingness 
to participate in co-operative research, and preference for co-operative decision-making are promising, institutional 
weaknesses identified under the category of ‘interactive organization’, ‘resource ownership and control’, ‘existence of 
planned process’, and ‘diversity’ should be of major concerns for policy-makers in moving towards co-management 
arrangements. Based on the findings some policy implications are also discussed.

Keywords:  co-management; fisheries sustainability; lobster fishery; Oman.

المستخلص: تقيّم هذه الدراسة جدوى الإدارة التشاركية في إدارة مصايد شارخة الصخور )Panulirus homarus(   في سلطنة عمان. تم إجراء 
التقييــم باســتخدام العديــد مــن المؤشــرات شملــت مرحلــة مــا قبــل التنفيــذ وخصائــص المؤسســة مدًعمــة بمخرجــات الدراســات المرجعيــة المحليــة والعالميــة ذات 
الصلــة ونتائــج اســتبيان أجــري خــلال الفــرة مــن 9 الى 28 يونيــو 2013 مــع 536 صيــاداً تم اختيارهــم عشــوائياً مــن ثــلاث محافظــات هــي: جنــوب 
الشــرقية، والوســطى، وظفــار. ســاعدت المنهجيــة الاولى في تحديــد معايــر التقييــم المناســبة كمــا وفــرت مؤشــراً علــى مــدى الاســتعداد، بينمــا ســاعدت 
المنهجيــة اللاحقــة في تحديــد وجهــات نظــر أصحــاب المصلحــة الرئيســيين حــول الجوانــب المختلفــة للتدابــر التنظيميــة وترتيبــات الإدارة التشــاركية. وعلــى 
الرغــم مــن أن النتائــج المتعلقــة بتقًيــد الصياديــن، والرغبــة في دعــم القــرارات الحكوميــة، والرغبــة في المشــاركة في البحــوث التعاونيــة، وتفضيــل اتخــاذ القــرارات 
بصــورة تعاونيــة هــي قضايــا واعــدة، الا ان الضعــف المؤسســي المحــدد تحــت فئــة »المؤسســة المتفاعلــة«، و »ملكيــة المــوارد والتحكــم بهــا »، و »وجــود خطــة 
للعمليــات« و »التنــوع« يجــب ان تكــون أكــر اهتمامــات صانعــي السياســات في الاتجــاه نحــو ترتيبــات الإدارة التشــاركية. في ضــوء المخرجــات تم ايضــاً 

مناقشــة بعــض الآثــار المرتبــة علــى السياســات.
الكلمات المفتاحية: الإدارة التشاركية، استدامة المصايد، مصايد الشارخة، عمان 
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opment (FAO, 2012). 
However, SSF in developing countries including the 

Sultanate of Oman (hereafter, Oman) are usually char-
acterized by the problems of overfishing, overcapacity, 
non-compliance, weak enforcement, economic inef-
ficiency (Al Siyabi & Bose 2018; FAO 2017; Pomeroy, 
2012; Salas et al. 2007). In Oman, the socio-economic 
significance of the fisheries sector in the country’s eco-
nomic diversification policies and sustainable develop-
ment drive is well-echoed in the national policy agenda 
(MNE, 2007a; MNE, 2007b; Bose et al. 2010). For in-
stance, to enhance achievement of economic diversifi-
cation policy objectives. The fisheries sector has been 
identified as one of the five promising sectors in the 9th 
Five-Year Plan (2016-2020) and the sector is expected to 
achieve an average growth rate of 6.5% (in constant pric-
es) and the share in GDP is expected to rise from 0.5% to 
0.6% (SCP, 2016).

Accordingly, considerable efforts have been directed 
by government agencies in Oman to ensure sustainable 
utilization of fisheries resources and to maximize so-
cio-economic benefits from the sector (MNE, 2007b). 
Despite such efforts, some challenges such as overfish-
ing of high value commercial species such as kingfish 
(Al-Oufi et al. 2004; Al-Balushi et al. 2016) and lobster 
(Al-Haddabi, 2010), inefficiency in fishing operations 
(Al-Siyabi and Bose, 2018), weak enforcement and the 
presence of non-compliance (Al-Subhi et al., 2013; Bose 
et al., 2017) etc. are still confronting the sector and ad-
versely impacting on the progress towards sustainability 
in fisheries.

 To address these challenges the implementation of 
co-management approach to effectively manage SSF has 
been advocated since the late 1980s by the scholars in 
the field (Jentoft, 1989; Pomeroy, 1995; Sen and Niel-
sen, 1996; McCay & Jentoft, 1996; Pomeroy & Berkes, 
1997; Jentoft, et al. 1998; Jentoft, 2004; Al-Habsi, 2012; 
Kalikoski & Franz, 2014; to name a few). It is noted that 
routinely ascribed characteristics such as undemocrat-
ic, unfair, and ineffective to the top-down-management 
approach to fisheries management (i.e. command-and 
control approach) form the basis for joint action or 
co-management (Fiorino, 1990; Berkes, 2009).

Co-management has been touted in fisheries man-
agement with the expectation to: 1) encourage dem-
ocratic participation of resource user-groups in reg-
ulatory decision-making that helps advancing equity, 
legitimacy and efficiency (Nielsen et al. 2004; Al-Balushi 
et al., 2016), 2) improve rule compliance and hence reg-
ulatory effectiveness (Pomeroy & Berkes, 1997; Al-Subhi 
et al. 2013), 3) empower local community (Nielsen et al. 
2004) and boost fishers’ competence by upgrading their 
skills through training and through the formation of so-
cial capital (for example, fishers’ social networks) (Rydin 
& Pennington, 2000;  Schusler, et al. 2003; Nenadovic 
& Epstein, 2016), 4) foster mutual respect and hence 
cooperation (Bose & Cress-Morris, 2009), 5) minimize 

transaction costs (Abdullah et al. 1998), 6) provide basis 
for the integration of scientific knowledge with fishers’ 
knowledge and hence improved management (Mackin-
son, 2001; Bergmann et al. 2004; Hartley & Robertson, 
2009), and 7) help broaden decision makers’ under-
standing of user-groups’ perceptions and attitudes that 
improves regulatory effectiveness and the successful 
implementation of policies (Mackinson, 2001; Jentoft & 
McCay 1995).

Recognizing these potentials, Al-Oufi (2002), Al-Hab-
si (2012), Al-Subhi et al. (2013), Al-Balushi et al. (2016) 
and Bose et al. (2017) advocated the approach to local 
fisheries management. The encouragement and devel-
opment of fisheries co-management approach in man-
aging fisheries resources in Oman is also echoed in the 
development of long-term strategic direction and policy 
recommendations for the sector by international ex-
perts (WB & MAF, 2015). Although, community-based 
management approach in the form of traditional com-
mittee (locally termed as ‘Sunat Al-Bahar’ Committee) 
has existed in Oman, the functioning of such committee 
has diminished over time.(Al-Oufi et al. (2000); Al-Sub-
hi et al.2013). The top-down management approach is 
more evident in Oman and fishers’ participation in deci-
sion-making is not well-articulated. While, research on 
co-management in fisheries was conducted with geo-
graphical intent (Al-Oufi, 2002, Al-Habsi, 2012), the fea-
sibility of such management approach has not received 
adequate attention. 

Given this background and considering the strategic 
importance of the fisheries sector, the main objective of 
this case study was to assess the feasibility and desirabil-
ity of co-management approach to the management of 
the scalloped spiny lobster (Panulirus homarus) fishery 
in Oman. The main reasons for considering lobster fish-
ery are two-fold: first, the fishery has been experiencing 
a prolonged period of high fishing pressure (Fig. 2). The 
decline in total landings has caused legitimate concern 
among policy makers, scientists, and fishers about its 
possible socio-economic consequences. Second, lobster 
is one of the high-valued species in Oman and the fish-
ery provides significant employment and income oppor-
tunities to the traditional fishing communities. 

This research has significance in terms of academ-
ic, industry and policy perspectives. While various 
country-specific studies have been conducted on this 
approach, however, research on this topic in Oman 
is scarce, and to this end, this paper not only fills the 
existing knowledge gap in local research but also com-
plements the existing global literature by adding coun-
try-specific case study. The documentation and dis-
semination of country specific experience have been 
encouraged by Nielsen et al. (2004) to guide others. 
Furthermore, by presenting barriers and opportunities 
for moving towards partnership approach this study 
contributes to the practical realm as well, as it provides 
policy makers and fishery managers of local and global 
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resources called ‘collective’ or ‘public good’ (Ostrom, 
1990). Interested readers are referred to Plummer & 
Fitzgibbon (2004) for further details on a conceptu-
al framework developed through blending theory and 
practice on co-management.

Despite these potential benefits, some limitations of 
co-management approach are also documented in the 
literature. It is argued that no self-interested individuals 
would join a collective effort when there are incentives 
generated by externally enforced rules (address free-rid-
er problem) (Ostorm, 2000).  Another is the dilemma for 
legitimacy when representatives have fixed mandates 
and a system based on personal representation that is, 
fishers’ cooperatives may represent only members’ inter-
ests (Jentoft, 2000). Next is the accountability and moti-
vation, which are related to human dimension (Grafton, 
2007). It is worth mentioning that in reviewing fisheries 
governance mechanisms involving countries from South 
East Asia and Southern Africa, Nielsen et al. (2004) pro-
vided evidence of mixed results of co-management ap-
proach. Similar view of mixed results is also recognized 
in Cinner et al. (2012).

Case study background 
In Oman, the lobster fishery is located in three Gov-
ernorates namely Al-Sharqiyah South, Al-Wusta, and 
Dhofar (see Figure 1). The governorate Dhofar was dom-
inant in terms of landings (67.8%) followed by Al-Wusta 
(25.8%) and Al-Sharqiyah South (6.4%) (MAF, 2012).  

origins with knowledge that has the potential to assist in 
designing effective strategies. 

Co-management: pros and cons
Co-management was initially considered as a pow-
er-sharing arrangement between the management 
authority and a community of resource users and the 
concept has been evolved over time with the experience 
from the field (Sen & Nielsen, 1996; Pomeroy & Berkes, 
1997). For instance, Berkes (2009) branded co-manage-
ment as a process/mechanism of determining power 
sharing, building institutions, building trust and social 
capital, solving problems, and as people-centered gov-
ernance approach.

The emerging interest in the co-management of nat-
ural resources has a sound theoretical basis as it has 
deep roots in public-choice and social-choice theories 
(Sen, 1995; Ostrom, 1998; Jentoft, et al. 1998). The con-
trast between these two theoretical postulates is that 
the former is based on individual rationality where - as 
‘homo economicus’—individual behaviour is based on 
self-interests, while the later promotes an integrated 
social preference from diverse individual preferences 
(Sen, 1995). Fisheries managers and policy makers are 
already aware of the problems caused by biological and 
economic overfishing, stock depletion, and user-group 
conflicts associated with open access fisheries (Gordon, 
1954; Seabright, 1993). However, with regard to the ef-
fective management of common property resources 
like fisheries (Gordon, 1954) a dichotomy of opinion 
prevails in the existing literature. One group advocated 
government ownership or privatization to sustain com-
mons. For instance, to sustain commons Hardin (1968) 
suggested for some sort of mutually agreed upon coer-
cion involving the government to solve ‘the tragedy of 
commons’. Linked to this proposition, economists argue 
that adoption of private property rights would results in 
conservation and economically efficient use of common 
property resources as the internal benefits and costs ac-
crue to the owner (Schlager & Ostrom, 1992; Ostorm, 
2003).

However, opponents (mostly anthropologists and 
social scientists) argued that this proposition is not 
cross-culturally valid and have promoted effective lo-
cal institution by resource users as a way to avoid the 
‘tragedy’ (Acheson, 1989; Ostrom, 1990; Agarwal, 2001). 
By drawing a distinction between ‘common-property’ 
and ‘communally owned resources’ and citing a number 
of cases, Acheson (1989) pointed out that communal-
ly owned property is not necessarily subject to overex-
ploitation as property owned communally does have an 
owner after all. Here lies the idea of collective action or 
co-management as local level management system can 
co-exist with the centralized institution involving gov-
ernment and avoid ‘tragedy’ of commons. It is argued 
that under some circumstances local-level communi-
ties can generate institutions and rules to manage their 

Figure 1. Map of the Sultanate of Oman with study sites
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The fishery is regulated under the Marine Fishing and 
Living Aquatic Resources Protection Law and its Execu-
tive Regulations. Besides other relevant articles, Article 
14 of the Marine Fishing and Living Aquatic Resourc-
es Protection Law that is specific to the lobster fishery 
includes the following elements: 1) prohibition of lob-
ster catching during the breeding and reproduction sea-
son, 2) harvesting lobster shall be by lobster traps with 
specifications determined by the competent authority, 
3) prohibition of catching or handling egg bearing lob-
ster, and lobster with carapace length less than 80 mm, 
4) prohibition of processing or dealing in lobster during 
the breeding and reproductive seasons, and 5) amount 

of lobsters in possession must be registered at the end of 
each season with the competent authority.

Since 1986, a number of Ministerial Decisions were 
issued related to the fishing season in the lobster fish-
ery (Al-Haddabi, 2010). Non-compliance with the reg-
ulations includes penalties such as fine (fixed amount 
and doubled with recurrence of offense), imprisonment, 
confiscation of catch, gear, boat and license (for a period 
or permanently) based on court’s decisions (Al-Haddabi, 
2010).

Artisanal fishers have been using lobster trap, gill-
nets and tangle nets to harvest lobster with nets being 
the dominant fishing gear. This suggests that the regula-
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Figure 3. Gross value (‘000 OMR) of lobster landings during 1991-2017.
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tory measure involving fishing gears as stipulated in the 
Marine Fishing and Living Aquatic Resources Protection 
Law as ‘Harvesting lobster shall be by lobster traps with 
specifications determined by the competent authority’ 
has not been enforced. In addition, there is no special li-
cense requirement for harvesting lobster. The data from 
the present study suggests that a considerable number of 
part-time fishers are involved in the lobster fishery.

According to data on landings collected by the MAF, 
the lobster landings dropped from 1936 mt in 1988 to 
339 mt in 2017, an average growth rate of -5.83% during 

the period of 1988-2017 (Fig. 2) with most of the drop 
during in the first decade. The gross value of lobster 
catch has shown the similar pattern (but to a lesser 
extent), an average growth rate of -1.54% during 1991-
2017 (Fig. 3).  However, it is interesting to note that the 
unit value of lobster has shown a positive growth (2.12%) 
during the 1991-2017 (see Figure 4). This indicates an 
economic potential that can be achieved if the sustain-
able utilization of the resources was adhered to.

As shown in Figure 2, the fishery has experienced a 
considerable decline in total landings. During the period 

Table 1. Assessment criteria with explanatory note for co-management feasibility.

Criteria Explanatory note

Pre-implementation phase

Initiator of the idea of co-management How and by whom the idea of co-management is conceived?

Conditions and driving force Issues and conditions (i.e. drivers) in fisheries that led to the idea of co-man-
agement

Community willingness to support the idea Extent of fishers willingness to support the idea of co-management

Communicative process comprising participation, 
preparation, reflection and adaptation

Existence of mechanisms for regular exchange of management information 
with fishers, fishers’ access and willingness to take part in management meet-
ings, active participation of fishers in the preparation of co-management plan

Institutional characteristics

Interactive organization

This promotes institutional flexibility not only in terms of space and time but 
also in terms of process/functions, and structure. It also embraces the presence 
of advisory organization that represents fishers’ interests. It also points out 
institutional fitness to accommodate effectively geographically oriented fishing 
communities.

Resource ownership and control This includes access and withdrawal rights, collective choice rights (manage-
ment rights, exclusion rights, enforcement rights, and transfer rights). 

Existence of planned process Existence of the process of preparing co-management plans with clear objec-
tives, and functions and responsibilities of each institutional actor.

Diversity
Comprises equity (i.e. fairness in the representation of the range of interests, 
and participatory democracy), fisheries contribution to economic develop-
ment, and fisheries sustainability.

 Source: Noble (2000), Chuenpagdee & Jentoft (2007), Cinner et al. (2012).
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Figure 4. Gross value (OMR/mt) of lobster landings during 1991-2017.
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1988-2017, the fishery experienced changes in manage-
ment measures related to fishing season including its 
duration and timing through the issuance of a number 
of Ministerial Decisions. For instance, a two months 
period (December-February) fishing season was first 
introduced in 1992 and subsequently changed to the 
period October 15-December 15 in 2002. Prior to 1992, 
fishing season was six months period (October-March). 
In 2009, the fishery was technically inoperative due to a 
decision on the shift in fishing season (from 15th Octo-
ber -15th December to 1st March- last day of April). The 
indicators of  severity of exploitation of lobster resources 
are identified in various studies as follows 1) the catch 
is dominated disproportionately by younger size group 
(Mehanna et al. 2012; MAF, 2012; Rogers, 2002), and 2) 
the dramatic decline in catch over the period (Fig. 2). 
In addition, a large proportion of egg bearing females in 
the catch, as pointed out by Mehanna et al. (2012) and 
Rogers (2002) harms the reproductive potential of the 
population. There is also a substantial indication of fish-

ers’ non-compliance with the regulations specific to the 
lobster fishery as stated above (Roger 2002, Al-Haddabi, 
2010; Mehanna et al. 2012; MAF, 2012) which under-
mines the effectiveness and legitimacy of regulations.

Materials and Methods

Selection of criteria for assessment
Prior to addressing the research objective and to provide 
specificity to the subject-matter at hand, some relevant 
criteria were selected from the literature for evaluative 
purpose. Table 1 presents the selected criteria with brief 
explanation.

In appraising the pre-implementation stage of 
co-management, Chuenpagdee & Jentoft (2007) have 
identified some key criteria that include: i) how and by 
whom the idea of co-management is conceived, ii) condi-
tions and driving force that led to the idea, iii) communi-
ty willingness, iv) communicative process, v) participa-

Table 2. Respondent’s profile.

Item

Al-Sharqiyah South
(N= 68) *

Al-Wusta
(N= 106) *

Dhofar
(N=362) *

No. % No. % No. %

Boat Owner 67 98.5 82 96.5 298 83.5

Crew 1 1.5 3 3.5 59 16.5

Participation

Full-time 63 92.6 25 23.8 225 62.2

Part-time 5 7.4 79 75.2 137 37.8

Experience in fishing

≤ 10 years 6 8.0 16 15.2 78 21.8

Above 10 years 61 91.0 89 84.7 279 78.2

Educational Status

≤ Elementary & Preparatory 61 92.4 64 62.7 91 25.4

Above Elementary & Preparatory 5 7.6 38 37.3 267 74.6

Is (was) your father a fisher? 68 100.0 105 100.0 235 65.1

Community dependency on fisheries 68 100.0 67 63.2 295 81.5

Is (was) your father a fisher? 68 100.0 105 100.0 235 65.1

Age of respondent (average years) 44.3 31.2 37.2

Proportion of annual income from fishing (%) 90 51 46

* For each question the percentage figure is calculated based on the total number of responses rather than the overall sample size (N). All figures have been 
rounded to nearest decimal place.
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tion and preparation, and vi) reflection and adaptation. 
Similar thematic criteria were also used by Cinner et al. 
(2012) in analyzing transitions towards co-management 
involving three African countries. From an institutional 
perspective, Noble (2000) has added some institutional 
criteria (along with sub-criteria) that are prerequisites 
to effective co-management namely: i) the extent of in-
teractiveness in organization, ii) the extent of resource 
ownership and control by community, iii) level of com-
munity support, iv) presence of planned process, and v) 
diversity. Furthermore, the following important obser-
vations are made from a brief review of literature. First, 
driving forces that led to the introduction of co-man-
agement initiatives were not common across countries 
that provide justification for the case study at hand. For 
instance, conflicts over fisheries resources that popular-
ized co-management in South East Asia (Nielsen et al. 
2004), is relatively uncommon in Oman. Second, while 
the factors of influence differ in their extent across coun-
tries, the overall objective of resource sustainability had 
been the main attraction to co-management approach. 
Third, the deliberation of co-management approach 
helps create a bridge between the two theoretical postu-
lates namely public and social choice theories.

To facilitate the process of assessment, this paper 
draws evidence from studies on co-management of local 
and global origins, and elicits fishers’ views on various 
aspects such as, socio-economic, technical, and regula-
tory aspects of the fishery, awareness of co-management 
requirements, willingness to participate in management 
decision-making, monitoring and research, and sharing 
management responsibilities, etc. A field survey based 
on face-to-face interviews with a structured question-

naire was conducted during June 9-28, 2013 with ran-
domly selected 536 lobster fishers from three Governor-
ates namely Al-Sharqiyah South South, Al-Wusta, and 
Dhofar. Prior to the design of the questionnaire for the 
field surveys, a pilot field visit was made to Al-Sharqiyah 
South (March 17, 2013) and discussions were held with 
local officials and fishers to gain a clear understanding 
of the key issues and challenges faced by the fishery. Fol-
lowing the field visit and based on the review of existing 
literature, a questionnaire was developed. In the absence 
of any specific register for lobster fishers to draw samples 
from, the interview was carried out by asking whether 
the respondent has involvement in lobster fishing. The 
sampling approach relied on a stratified sampling based 
on the number of boats involving 11 coastal villages 
from Al-Sharqiyah South, Al-Wusta, and Dhofar Gov-
ernorates. The participation in the survey was voluntary 
and to avoid any inappropriate use of survey informa-
tion the respondents were kept anonymous according 
to the code of conduct of the Ministry of Agriculture 
and Fisheries (MAF). On average it took about 40 min-
utes to complete the questionnaire in the field. Survey 
data were processed using Excel and SPSS. A workshop 
comprising the data collectors was held on June 5, 2013 
to reduce potential ‘interviewer bias’, and to discuss the 
interview protocol and the structured interview ques-
tions. During the workshop data collectors were given 
opportunity to review the questionnaire and to clarify 
any question if arises. It can be noted from Table 2-9 
that survey questions are both binary and scale-based 
in nature. The scale-based questions were measured on 
a five-point scale.

Results
This section presents respondents’ background profile, 
some economic fundamentals, and the assessment of 
the feasibility of co-management arrangements in the 
lobster fishery under the selected criteria presented in 
Table 1.

Respondent’s profile and some economic fun-
damentals
Table 2 presents respondent’s profile. Majority of the re-
spondents in all study sites were boat owners and had 
more than 10 years of fishing experience. The number 
of full-time fishers in Al-Sharqiyah South was compar-
ative higher than that of the other study sites. Overall, a 
majority of the respondents had low educational attain-
ment with the average age profile ranged from 31.2 years 
to 44.3 years. It was perceived by the respondents that 
fisheries are an important part of community livelihoods 
and the average proportion of fishing income (generated 
from all fishing activities) out of overall household in-
come ranged from 46% to 90%. 

The crude estimates of average catch, average price, 
average gross earnings, and average operating costs per 

Table 3. Crude estimates of average catch, average price, and 
gross earnings.

Governorates Average 
Catch 
(kg)/
Boat

Average 
Price 

(OMR)/
kg

Average 
Gross 

Earning 
(OMR)/

Boat/
Trip

Average 
Operating 

Costs 
(OMR)/

Trip*

Al-Sharqiyah 
South

7 7.4 51.80 7.00**

Al-Wusta 36.56 5.5 201.08 30.32***

Dhofar 21.03 4.8 100.94

67.60 (for 
trap)***

38.15 (for 
net)***

* The average operating costs per fishing trip for the fiberglass 
boats engaged in harvesting kingfish was estimated to be OMR 
6.87 (Al-Oufi et al., 2004).
** excluding labor cost.
*** including labor cost.
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trip for the boats engaged in lobster fishing are provid-
ed in Table 3. The price (OMR/kg) of lobster during 
the 2013 season ranged from 4.8 OMR in Dhofar to 7.4 
OMR (Al-Sharqiyah South). In Al-Sharqiyah South and 
Al-Wusta, lobster is sold predominantly to retailers and 
truckers respectively, while retailers, truckers, and com-
panies are engaged in buying lobster in Dhofar Gover-
norate. The average (gross) earning of the respondents 
from Al-Wusta was about four and two times higher 
than that of the respondents from Al-Sharqiyah South 
and Dhofar respectively.  During the pilot visit fishers 
and the local officials reported that lobster catch had al-
ways been high during the earlier part of the season and 
declined gradually towards the end of the season during 
which fishers divert their fishing efforts to catch other 
species. In Al-Sharqiyah South and Al-Wusta nets were 
used for harvesting lobster, however, in Dhofar, both 
traps and nets were used. On average, the crew members 
per boat ranged from 2 to 3. The trip duration per day 
ranged from 5 hours (Dhofar) to 11 hours (Al-Sharqiyah 
South), and trip numbers ranged from 5 to 6 times per 
week.

Criteria-based assessment of co-management 
feasibility

Initiators of the idea of co-management 
It was evident from a number of local studies that the 
present-day concept of co-management was embedded 
in the currently operated Sunat Al-Bahar Committee 
at coastal wilayat level headed by the Wali and that in-
cludes member from fishing community and the MAF. 
The ‘Sunat Al-Bahar’ (meaning the ‘code of the sea’) 
historically encompassed rules and person with exten-
sive knowledge. The task of the committee is to study 
fisheries related decisions of the Ministry, help in solv-
ing conflicting issues, and communicate fisheries issues 
with fishers and the management authority. (Al Oufi et 
al. 2000; Al-Balushi et al. 2016; Al-Subhi et al. 2013). 

However, local studies also pointed out the dimin-
ishing role of the traditional committee (Al Oufi et al. 
2000, Al-Subhi et al. 2013) and recommended the re-
vitalization of the function of traditional institution to 
enhance community attitudes to resource use and rule 
compliance (Al-Balushi et al. 2016; Al-Subhi et al. 2013). 
Recently, the 2040 strategy developed for the sector by 
the World Bank (WB) has placed a greater emphasis on 

Table 4. Effect of charbohydrate type and concentration on solanine % (mg.g-1 DW) in microshoots, callus and cell suspension 
of in vitro grown S.nigrum, in addition to wild (in green house) grown S. nigrum.

Item

Fishers Compliance
Al-Sharqiyah 

South
(N=68)***

Al-Wusta
(N=106)***

Dhofar
(N=362)***

No. % No. % No. %

Compliance with fisheries regulations

 ≤ 50% 34 50.0 68 64.1 236 65.6

 Greater than 50% 34 50.0 38 35.8 124 34.4

Violation of lobster fishery rules

 ≤ 50% 42 61.8 72 67.9 238 67.0

 Greater than 50% 26 38.2 34 32.1 117 32.9

Enforcement

Item
(Measuring scale used: 

1=Strongly agree and 5=strongly dis-
agree)

Al-Sharqiyah 
South

(N=68)

Al-Wusta
(N=106)

Dhofar
(N=362)

K-S Test
(df =2)

Mean  HFS* Mean  HFS Mean  HFS
Adequacy of enforcement at sea 2.87 4 1.66 2 2.67 2 53.78**

Adequacy of enforcement at landing sites 2.76 4 2.44 2 2.52 2   2.65

Self-enforcement 3.63 5 2.50 2 3.46 5 36.32**

* HFS represents highest frequency score.
**The Kruskal-Wallis (K-S) test results indicate that the results are significant at the 1% level (Critical value is 9.21).
*** For each question the percentage figure is calculated based on the total number of responses rather than the overall sample size 
(N). All figures have been rounded to nearest decimal place.
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consultation with stakeholders to improve communica-
tion necessary for effective fisheries management (WB 
& MAF, 2015). Therefore, it appears that local and in-
ternational experts have been the initiator of the idea of 
co-management.

Conditions and driving force 
The primary driver of the recent co-management appeal 
resulted from overfishing of certain high valued spe-
cies (Al-Balushi et al. 2016), extent of non-compliance 
(Al-Subhi et al. 2013), weak enforcement (Bose et al. 
2017) in general and the catch of undersized lobster in 
particular (Bose et al. 2017). To address this situation, 
local researchers recommended the implementation of 
partnership approach as a tool to revitalize the role of 
traditional committee, and to enhance awareness, mu-
tual trust and legitimacy (Bose et al. 2017; Al-Subhi et 
al. 2013).  

With regard to the case in hand, inadequacy of en-
forcement and non-compliance with regulations (Table 
4), lack of fair market price, decline in stocks (Table 9), 
etc. pose threats to both biological and economic via-
bility of the fishery which have been major concerns to 
both fishers and fishery managers. The decline in lobster 
stock (Fig. 2), and lack of enforcement and compliance 
were of common concerns to respondents. A majority of 
the respondents from Al-Sharqiyah South in particular 
viewed that fisheries enforcement at sea and at landing 
sites was inadequate. The extent of compliance with 
fisheries regulations in general and lobster regulations 
in particular perceived by respondents is consistent with 
enforcement inadequacy (see Table 4). It is noted that 
‘self-enforcement’ is not a practical option at the cur-
rent stage and there was a significant difference in views 
across the Governorates. Co-operative decision-mak-
ings involving fishers and the management authority 
were preferred by a majority of the respondents across 

all Governorates and the non-parametric test results did 
not show any significant difference in their views (Table 
6).

Community willingness and support
With regard to community willingness and support, 
the results are positive as respondents acknowledged 
the resource threats and a relatively high proportion of 
respondents from Al-Sharqiyah South and Dhofar ex-
pressed their high level of commitment to co-manage-
ment. Furthermore, respondents’ were willing to: 1) par-
ticipate in decision-making, 2) provide fishery-related 
information, 3) take part in monitoring and enforcement 
activities, and 4) take part in cooperative research. Re-
spondents were prepared to assist the authority by sup-
porting decisions (Table 7). When asked if they would 
like to form a local committee, a majority of respondents 
agreed to form a local committee involving relevant 
stakeholders for effective management of the lobster 
fishery. It is also noted that a relatively high proportion 
of respondents from Al-Wusta and Dhofar showed low 
level of willingness to take full management responsi-
bility (Table 7). This is, perhaps, because they felt they 
would be unable to manage the fishery on their own and 
hence co-operative decision-making was preferred by 
a majority of the respondents across all Governorates 
as mentioned above. While a generational transfer of 
fishing profession was observed in case of Al-Sharqiyah 
South and Al-Wusta Governorates, involvement of new 
generation fishers (34.9%) was noted in case of Dhofar 
(Table 2). When asked ‘whether they would encourage 
their next generation to choose fishing as profession’ 
85% and 43.9% of the respondents from Al-Wusta and 
Dhofar respectively responded negatively.

Table 5. Views on management regulations.

Item
(Measuring scale used: 
1=Strongly agree and 
5=strongly disagree)

Al-Sharqiyah South
(N= 68)

Al-Wusta
(N= 106)

Dhofar
(N=362)

K-S 
Test

(df =2)

Mean HFS Mean HFS Mean HFS

Which of the following general tools of fisheries management do you feel are most effective in reducing fishing pressure?

Size limit 3.13 4 2.26 1 2.84 4 18.92*

Closed season 3.03 4 2.82 1 2.49 1  9.05**

Market control 1.84 2 1.97 1 1.59 1 35.96*

Gear restrictions 2.01 2 2.02 2 1.61 1 41.52*

Closed area 3.07 4 3.36 4 3.15 5   2.08

*The Kruskal-Wallis  (K-S) test results indicate that the results are significant at the 1% level (Critical value is 9.21).
** The Kruskal-Wallis  (K-S) test results indicate that the results are significant at the 5% level (Critical value is 5.99).



11Research Article

Bose, Al-Balushi, Al-Haddabi, Al-Bulushi

of effective co-management that involves, among others, 
concept clarity, capacities of fishers (i.e. technical exper-
tise, administrative skills, and social cohesion), provi-
sion of protection from outsiders, provision of legislative 
support, credible commitments and accountability from 
both parties, mutual trust, refraining from opportunis-
tic behaviour etc. (Charles, 2008; Singleton, 2000) was 
found to be low among respondents across the sampled 
areas.

Resource ownership and control 
While fishers having valid fishing and boat licenses have 
the legal right to access the fishery and harvest lobster, 
they do not possess collective choice rights that include 
management rights, exclusion rights, enforcement 
rights, and transfer rights. Furthermore, private prop-
erty rights for individual fishers or communities in the 
form of individual quota (i.e. individual/community har-
vest rights) do not exist in the fishery. There is no clear 
evidence of power delegation or transfer (i.e. decen-
tralization) of management functions to the traditional 
community organization to manage and control lobster 
resources. Furthermore, the scope of delegation and de-
centralization is diminished by the absence of fishers’ 
technical capacities and lack of awareness about the es-
sentials of co-management approach. The diminishing 
role of traditional institution within fishing communi-

Communicative process
To the best of authors’ knowledge no planned process 
exists at present in connection with the preparation of 
co-management plan, and therefore, the contemplation 
of the criteria such as ‘participation and preparation’ and 
‘reflection and adaptation’ mentioned by Chuenpagdee 
& Jentoft (2007) was not possible. Furthermore, mech-
anism for exchange of management information with 
fishers is unclear and information exchange is irregular 
in nature. 

Interactive organization 
The low level of fishers’ participation in traditional in-
stitution (i.e. Sunat Al-Bahar committee) undermines 
its continued existence, operational effectiveness and 
the advisory role of traditional organization in fisher-
ies management (Table 7). Furthermore, it weakens the 
representative voice of fishing communities. Responses 
with regard to the occurrences and level of awareness 
of consultation meeting, participation in ministry meet-
ings in case of Al-Sharqiyah South and Dhofar, prop-
er acknowledgement of fishers’ views raised, extent of 
fishers’ involvement in traditional committee, and level 
of fishers’ representation (particularly in Al-Sharqiyah 
South), undermine the basic characteristics of interac-
tive organization (Table 7). 

The level of awareness of the ‘terms and conditions’ 
Table 6. Views on management regulations.

Questions

Al-Sharqiyah 
South

(N= 68) **

Al-Wusta
(N= 106) **

Dhofar
(N=362) **

χ2  test
(df=6)

Yes % Yes % Yes %

Do you agree with having a lobster closed-season?  27 39.7 32 30.2 284 78.5 108.11*

Do you agree with the minimum size restrictions? 52 76.5 44 41.5 306 84.5 88.80*

Do you agree with the restrictions on gear that can 
be used? 49 72.1 82 77.4 338 93.4 46.05*

Do you agree with the restrictions on taking 
lobster with eggs? 53 77.9 91 85.8 348 96.1 41.43*

Do you respect lobster closed-season? 67 98.5 92 86.8 342 94.5 11.76

Do you catch lobster during closed season? 3 4.4 16 15.1 13 3.6 53.86*

Do you get lobster as bycatch during closed 
season? 18 26.5 60 56.6 213 58.8 33.42*

Should the Ministry, the fishermen or both make 
decisions on managing the lobster fishery?

χ2  test
(df=4)

 Ministry 1 1.5 6 5.8 9 2.5 5.48

 Fishermen 5 7.4 2 1.9 5 1.4

 Both 62 91.2 95 92.2 348 96.1

* The results are significant at the 1% level (Critical values for 6 and 4 dfs at 1% level are 16.81 and 13.28 respectively.
** For each question the percentage figure is calculated based on the total number of responses rather than the overall sample size 
(N). All figures have been rounded to nearest decimal place.
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ties, perhaps, influenced by the ever-changing nature 
of fisheries issues involving resources and user-group 
(Nielsen et al. 2004). Across all Governorates, a relative-
ly high proportion of respondents (>50%) raise fisheries 
issues through the Sunat Al-Bahar Committee (Table 9), 
however, the traditional committee have no legal rights 
to impose any regulatory measures. 

As discussed earlier the lobster fishery is managed 
through the implementation of regulatory measures 
such as closed season, gear restrictions, and size limits, 
by the management authority. Although the respon-
dents respect the measure of closed season, less than 
50% of the respondents from Al-Sharqiyah South and 
Al-Wusta agreed with the measures. With regard to 
‘minimum size’ a similar pattern was observed in case 
of Al-Sharqiyah South. A significant difference in the 
views of the respondents on their agreement with the 
regulatory measures was observed across the sampled 

areas (Table 5). While prohibition of catching egg bear-
ing females, market-based control, and gear restrictions 
were viewed as effective management measures by a ma-
jority of the respondents across the sampling areas, the 
extent of disagreement reflected through the perceived 
views on ‘closed season’ and ‘minimum size’ indicate the 
site-specific diversity that require specific attention from 
the authority (Table 6). Both functional and territorial 
characteristics should also be taken into consideration 
to promote equity through participatory democracy.

Existence of planned process
There is no evidence of common priority-setting efforts 
with participation from both sides. Lack of efforts in 
this regard reflects organizational inertia undercutting 
the progress to improve the situation. Based on the 
findings it can, perhaps, be suggested that interviewed 
fishers may not wish to maintain the status quo as the 

Table 7. Awareness, participation, membership and representation. 

Item

Al-Sharqiyah 
South

(N= 68) **

Al-Wusta
(N= 106) **

Dhofar
(N=362) **

Yes (%) No (%) Yes (%) No (%) Yes (%) No (%)

Awareness of consultation meeting for making 
regulations 13.2 85.3 34.0 63.2 47.8 51.7

Participation in Ministry meetings (2011-2013) 11.8 88.2 50.9 45.3 37.3 62.7

Recognition of views raised in meetings (if partic-
ipated)

51.5 
(N=47) 17.6 16.0 

(N=38) 26.4 19.3 (N=201) 36.2

Membership in Sunat Al-Bahar Committee 7.4 91.2 12.3 84.9 3.9 96.1

Do you feel that Sunat Al-Bahar Committee 
represents you? 41.2 58.8 81.1 16.0 62.7 36.2

Way of Helping the Authority

Al-Sharqiyah 
South

(N= 68) **

Al-Wusta
(N= 106) **

Dhofar
(N=362) ** K-S Test

(df =2)

Yes (%) No (%) Yes (%) No (%) Yes (%) No (%)

Supporting decisions 76.5 17.6 52.8 46.2 94.5 4.1 119.18*

Participating in decision-making 79.4 14.7 72.6 26.4 92.0 4.1   46.02*

Sharing management responsibilities 45.6 48.5 58.5 39.6 71.3 21.3   26.02*

Providing information 61.8 32.4 71.7 26.4 84.5 13.5   19.10*

Monitoring and enforcement 86.8 7.4 58.5 39.6 92.8 5.5   81.93*

Participating in research project 61.8 32.4 30.2 67.0 76.2 15.5   97.14*

Taking full management responsibility 42.6 52.5 21.7 76.4 49.4 39.8   32.64*

Formation of a local stakeholder committee to 
better manage 67.6 32.4 75.5 22.6 82.0 16.3     9.73*

* The Kruskal-Wallis (K-S) test results indicate that the results are significant at the 1% level (Critical value is 9.21).
** For each question the percentage figure is calculated based on the total number of responses rather than the overall sample size 
(N). All figures have been rounded to nearest decimal place.
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current bio-economic situation (such as stock status, 
fishing costs, lack of local market outlets, competition 
etc.) affecting the livelihood of fishers (see Tables 4 and 
5). Majority viewed that creating awareness and market 
opportunity through government initiative would help 
mitigating such concerns. This signal is conducive to the 
introduction of partnership arrangements. It is also not-
ed that the existing institutional environments are not 
unfavorable either as there has been a long tradition of 
community organization (i.e. Sunat Al-Bahar Commit-
tee) and partnership in the sector. However, as noted 
from the responses (see Table 8), the delegation of re-
sponsibilities that suits the capacity of the local commit-
tee should be decided upon carefully. 

Al-Balushi et al. (2016) argued that the authority 
could take essential steps to reform the traditional in-
stitution by establishing clearly defined roles for and 
responsibilities of the committee in relation to fisheries 
management. This action will not only provide an oppor-
tunity for the management authority to raise commu-
nity awareness of fisheries issues, but also help reduce 
any communication gaps between the authority and the 
primary stakeholders. It is important to note that such 
approach focuses on disseminating conservation eth-
ics through awareness programs and helps reduce local 
opposition to regulations. Of course, the effective solu-
tions to the prevailing issues are likely to emerge over 
time through a learning process, however, inclusion and 
transparency in decision-making and, persistent dia-
logue with community leaders and members could help 
gain support from the local community.

Diversity
There is no evidence of the existence of well-articulated 
process that supports equity in relation to fishers’ par-
ticipation in decision-making. With regard to fisheries 
contribution to economic development, the existing 

conditions identified above will not only weaken the 
sector’s contribution to national food security and com-
munity well-being but also fail to ensure access of new 
generation of fishers to lobster resource. In addition, this 
study identified some key challenges for the fishery in-
cluding overfishing, decline in economic returns, mar-
ket inefficiency, ineffective management measures, lack 
of enforcement and compliance, amongst others that 
need to be addressed to protect stock and achieve long-
term sustainability. 

Discussion and policy implications
The results associated with boat-ownership, average age 
profile and the proportion of income from fishing indi-
cate that the livelihoods of those owner operators and 
younger fishers are linked to the long-term sustainability 
of the fishery. The results with regard to the dependency 
on fishing income are consistent with the proportion of 
part-time fisher in the respective Governorate.  The low-
est proportion of annual income generated from fishing 
in case of Dhofar is consistent with Al-Marshudi & Ko-
tagama (2006) who reported that fishers from Dhofar 
have other jobs along with fishing. The low level of ed-
ucational attainment particularly in Al-Sharqiyah South 
and Al-Wusta not only limits fishers’ choice of profes-
sion as pointed out by Bose et al. (2013), but also fishers’ 
ability to contribute to co-management arrangements. 
Furthermore, if fishers’ unwillingness to encourage their 
next generation to take fishing as profession is true it 
may inspire short-term interests of fishers which is not 
conducive to long term sustainability.

It should be noted that the existing regulatory mea-
sure of closed-season was not agreed upon by the ma-
jority of the respondents from Al-Wusta and Al-Shar-
qiyah South. Consequently, the existing management 
approach will be ineffective and, therefore, will not be 
able to deliver the desired results. The disagreement 

Table 8. Factors of co-management.

Factors

Al-Sharqiyah 
South

(N= 68) 

Al-Wusta
(N= 106) 

Dhofar
(N=362) K-S Test

(df =2)

Mean HFS2 Mean HFS Mean HFS
Awareness of ‘terms & conditions’ of Co-manage-

ment1 1.2 1.0 2.1 1 1.9 1 28.33*

Willingness to take responsibility 3.1 5.0 2.6 3 2.1 1 32.95*

Ability to Manage lobster resource 3.2 5.0 2.7 3 2.2 1 29.53*

Level of commitment 4.1 5.0 2.8 3 3.1 5 32.60*

1‘terms and conditions’ of effective co-management involves, among others, concept clarity, capacities of fishers (i.e. technical ex-
pertise, administrative skills, and social cohesion), provision of protection from outsiders, provision of legislative support, credible 
commitments and accountability from both parties, mutual trust, refraining from opportunistic behaviour etc. (Charles, 2001; 
Singleton, 2000).
2 HFS denotes ‘highest frequency score’. 
* The Kruskal-Wallis  (K-S) test results indicate that the results are significant at the 1% level (Critical value is 9.21).
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with regard to the existing closed-seasons may be in-
fluenced by the genetically different stock structures of 
scalloped spiny lobster (Panulirus homarus) as observed 
by Al-Breiki et al. (2018). Roger (2002) pointed out that 
if the priority is resource conservation then it is import-
ant to determine the reasons behind the non-preference 
of the existing closed-seasons by initiating a cooperative 
research. Although a majority of the respondents agree 
with the gear restrictions, the findings indicate that the 
use of traps as required by the regulation was not popu-
lar among fishers and consequently not followed by the 
majority of the respondents from Al-Sharqiyah South 
and Al-Wusta. Presence of significant diversity between 
Governorates with regard to views and perceptions of 
fishers should be taken into consideration and evaluated 
appropriately prior to developing partnership arrange-
ments. The ‘one-size-fits-all’ approach would not be 
conducive as the findings indicated significant differenc-
es in respondents’ preference structures with regard to 
the extent of participation in co-management.

The driving force behind the move towards co-man-
agement for the case in hand was found to be from local 
scientists and international experts which  is in contrast 
with the findings from Cinner et al. (2012) where move 

towards co-management in case of Kenya, Tanzania, and 
Madagascar was mainly driven by donor ideology and 
subsequent support.  However with regard to conditions 
that led to the development of co-management idea, the 
present finding is in line with the case of SSF of Lake 
Chiuta where circumstances such as environmental deg-
radation and overexploitation of fish stocks led to the 
government initiated development of co-management in 
the early 1990s (Donda, 2017). Yang & Pomeroy (2017) 
mentioned that to prevent the increasing rate of deteri-
oration of SSF resources in the Philippines and due to 
poor performance of the other management system gov-
ernment actively promoted the development of commu-
nity-based fisheries management (CBFM). They argued 
that the CBFM approach improved equity in the fishing 
community with regard to community participation in 
fisheries management, control of resource use pattern, 
the level of bargaining power over decision-making, fair 
allocation of operational rights and family income.

Respondents’ unwillingness to take full manage-
ment responsibility should not hinder the possibility 
of co-management approach. Noble (2000) argued that 
even if fishers are not capable or not willing to take full 
responsibility of resource management, they can active-

Table 9. Raising issues, fishery concerns, and government support.

Item*

Al-Sharqiyah 
South

(N= 68)* 

Al-Wusta
(N= 106)* 

Dhofar
(N=362)* 

No. (%) No. (%) No. (%)

Approach to raise fisheries concerns: 

 Local Fisheries Office 10 14.7  2 1.9 44 12.2

 Sunat Al-Bahar Committee 62 91.2 86 81.1 268 74.0

 Wali’s Office   4   5.9 48 45.3 142 39.2

 Peers 20 29.4 50 47.2 98 27.1

List of major concerns about the lobster fishery:

 Fishing Season Nil 0.0 Nil 0.0 174 48.1

 Decrease in Stock 51 75.0 26 24.5 250 69.1

 Non-Compliance 37 54.4 50 47.2 216 59.7

 Market Price 39 57.4 11 10.4 1 0.3

 Lack of Enforcement 32 47.1 82 77.4 236 65.2

Government Support:  (Yes) 67 98.5 65 61.3 341 94.2

Type of support from the Government

 Management 21 30.9 5 4.7 166 45.9

 Administration 53 77.9 0 0.0 230 63.5

 Training 39 57.4 8 7.5 145 40.1

 Research 18 26.5 1 0.9 141 39.0

 Creating Market Opportunity 48 70.6 34 32.1 196 54.1

 Creating Awareness 58 85.3 4 44.3 229 63.3

* For each question in the table, the percentage figure was calculated based on the total number of responses rather than the overall 
sample size (N). All figures have been rounded to nearest decimal place.
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ly participate in planning and decision-making through 
properly planned co-management arrangements. In ad-
dition, Noble (2000) pointed out that a full institutional 
restructuring is not always necessary to make partner-
ship arrangements possible. 

Despite respondents’ unwillingness to take full re-
sponsibility of resource management (particularly in 
Dhofar and Al-Wusta) their high level of commitment 
(Al-Sharqiyah South and Dhofar) and full support for 
the co-operative approach signify the fact that the ap-
proach is demand (fishers)-driven. The management au-
thority should take advantage of this signal and initiate 
a plan and capacity building efforts through the design 
of co-operative research projects which may provide 
opportunities for both parties to collectively arrive at 
more effective solutions to overfishing and non-compli-
ance problems. Tightly constrained fishery budget make 
it all the more crucial to reduce management and en-
forcement costs. Furthermore, the finding with regard to 
fishers’ willingness to take part in cooperative research 
provides support to design a knowledge-based planning 
process through the integration of socio-cultural and 
economic characteristics of local community and eco-
logical knowledge of fishers.

Non-compliance has also been viewed as one of the 
key factors responsible for overfishing of lobster stock 
which is in line with the observation by Rogers (2002). 
The capacity to detect non-compliance is of utmost im-
portance, not only to gain better information for stock 
assessment purpose but to protect stock and ensure the 
integrity of management measures and sustainability of 
lobster resources. As the majority of the respondents 
are ready and willing to support the authority (see Ta-
ble 7), local officials and fishers can join together un-
der a partnership arrangement to become stronger and 
more effective in enforcement monitoring and of rules 
and regulations. To cite an example, Cinner et al. (2012) 
pointed out that the enforcement of regulation banning 
beach seine nets was effective through the establishment 
of Beach Management Unit (BMU) – a formal organiza-
tion of fishers and other stakeholders in Kenya. For the 
present case, the establishment of an integrated compli-
ance program will be critical to the effectiveness of fish-
eries management. Donda (2017) examined the impacts 
of co-management arrangements in case of Lake Chiuta, 
Malawi and observed that such arrangements benefit-
ed government in terms of reduced enforcement costs 
and creating positive image for establishing a sustainable 
fishery through fostering user participation, and bene-
fited fishers in terms of getting government protection 
from outsiders, increased income, employment and im-
proved livelihoods. The recent report by the World Bank 
and MAF mentioned that the commitment to increase 
stakeholder input and participation in the fisheries sec-
tor is an important step toward maximizing voluntary 
compliance (WB & MAF, 2015).

With regard to respondents’ low level of educational 

attainment and lack of awareness about the ‘terms and 
conditions’ of co-management indicate that intervention 
to augment fishers’ capacity through the development 
of technical and administrative skills and strengthen-
ing traditional institutions through appropriate aware-
ness program may prove beneficial in the long-run and 
may be the key for resolving local level fisheries issues. 
In stressing the gender issue in traditional fisheries in 
Oman and low educational attainment of fisherwomen 
involved in shellfish fisheries, Bose et al. (2013) also rec-
ommended a ‘target group’- based approach to skill de-
velopment programs to equip fisherwomen with generic 
skills that are easily transferable to other occupations.  
The ‘Fisheries Extension Department’ should play a sig-
nificant role not only in delivering various extension ser-
vices but also promoting awareness among fishers about 
their roles and responsibilities in achieving sustainability 
in the fishery. Fisheries extension program must strive to 
educate fishers on the association between overfishing 
and its impact on the resources on which many of the 
fishers depend for their livelihoods. Capacity building 
efforts, if they are to be sustained, must include provi-
sions of long-term support from the authority. However, 
the ultimate success of any co-management initiatives 
would depend upon their ability to influence fishers’ at-
titudes towards resource sustainability. However, exten-
sion officers should receive appropriate training to deliv-
er intended services to fishers effectively. The details of 
such a partnership arrangement with respect to its type, 
selection of members, functions, responsibilities etc. 
need to be worked out.

Considering the fishery situation, an arrangement 
of participatory management should be considered in-
volving the key stakeholder groups and strived for broad 
consensus on the management measures to ensure the 
protection and conservation of the lobster resources. 
This approach will enhance trust, legitimacy and en-
courage voluntary compliance and reduce enforcement 
expenditures. The evolution of co-management institu-
tion for Pacific Northwest salmon fisheries as reported 
by Singleton (2000) illustrates the fact effective partner-
ship approach is possible despite the historical adversar-
ial relations between the state and the American Indian 
tribes as they were engaged collectively in collecting 
and analyzing data and implementing other initiatives. 
In a Canadian case Davis (2008) found that incentive to 
participate, consensus decision-making and indepen-
dent facilitation were essential to ensure fairness and 
effectiveness of the planning process. The process can 
be developed through the issuance of Ministerial De-
cision that will not only provide the legal mandate but 
also help attracting community and industry attention 
to the fishery. Examples of such decisions can be found 
in Al-Balushi et al. (2016). The study by Al-Balushi et al. 
(2016) exemplifies that a co-operative management plan 
could be developed and differences in interests could be 
accommodated with impressive rating on the compre-
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hensiveness of such plan.
Development practitioners argue that property rights 

institutions should be designed to be beneficial, flexible, 
socio-culturally sensitive, politically encouraged, legally 
and socially recognized, enforceable by a legitimate au-
thority, and conducive to local conditions in order to ef-
fectively conserve resources and protect community in-
terests (Acheson, 1989; Seabright, 1993; Agarwal, 1994; 
Ostrom, 2003).

Conclusion
This case study focuses on the feasibility of co-manage-
ment in the lobster fishery of Oman and highlights some 
strengths and weaknesses related to the feasibility and 
desirability of such management approach. While find-
ings related to fishers’ commitments, willingness to sup-
port government decisions, willingness to participate in 
co-operative research, and preference for co-operative 
decision-making are promising, institutional weakness-
es identified under the category of ‘interactive organi-
zation’, ‘resource ownership and control’, ‘existence of 
planned process’, and ‘diversity’ should be of major con-
cerns for policy-makers in moving towards co-manage-
ment arrangements.

Although the results are dependent on the limited in-
dicators used in the feasibility assessment, it is believed 
that the incorporation of additional indicators in the 
assessment process would not alter the basic thrusts of 
the conclusion. If continuity and long-term sustainabil-
ity of the fishery is a priority, then fishers’ commitment 
in running an economically viable and environmentally 
sustainable fishing should be secured through a partner-
ship approach. Therefore, without successfully address-
ing these impediments, any co-management initiatives 
will not live up to their full potential. The real challenge 
is to create mechanisms that facilitate coordination be-
tween both parties. Genuine attention from the man-
agement authority to the subject matter would not only 
demonstrate the ‘sense of moral duty’, but would also be 
in harmony with the national policy direction on the in-
clusion of key stakeholders in socioeconomic develop-
ment programs.
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Introduction

Gillnet selectivity is the quantitative measure of 
the amount of fish caught within a size range 
that is retained by the net and it is a function 

of the probability of the fish encountering the net, the 
chance of being caught and the intensity of the fishing. 
Generally, one length class will be sampled most effi-
ciently with efficiency decreasing symmetrically to zero 
both above and below this length class.  Because gillnets 
are highly selective for fish of certain sizes, knowledge 
of the selection is necessary for both population as-
sessment and management of the fishery (Carlson and 
Cortés, 2003). Selection curves can be used to set a mesh 
size that can restrict the size of fish captured and hence, 

limit the catch of immature fish or reinforce minimum 
landing size regulations. In this study we describe the 
selection curve of the Indian oil sardine (Sardinella lon-
giceps) harvested in the Sea of Oman.

The Indian oil sardine is found in the north and west 
Indian Ocean ranging from the horn of Africa, along the 
Arabian Sea, Sea of Oman and Aden (excluding the Red 
Sea and Arabian Gulf ) and then eastward to the south-
ern coasts of India and Sri Lanka (Al-Abdessalaam, 
1995). Small pelagic fish, including S. longiceps, occur in 
abundance in Omani waters.

 This species forms an important component of the 
marine food web because it comprises the bulk of the 
forage for large fish and other predators (Al-Barwani et 
al., 1989). The Indian oil sardine and other sardines also 
contribute significantly to the Omani marine fishery. In 
2013 about 52544 tonnes of sardines were landed along 
the coast of Oman, of which 8320 (16%) tonnes were S. 
longiceps (Anonymous, 2013). 

This species, as well as other sardines, is exploited 

 Sardinella( إنتقائية الشباك الخيشومية لأسماك السردين الزيتي الهندي
longiceps( المصطادة في بحر عمان

أنيش جوفيندر* وحمد العوفي**
Abstract. The size selectivity of drift gill-nets for Sardinella longiceps was investigated in the Sea of Oman using a 
range of 5 nets between 3.3 and 5.7 cm stretched mesh size. All nets had a hanging ratio of 0.5. A total of 1211 Indian 
oil sardines were caught in the 5 experimental nets, the majority of which were retained by the 3.3, 3.8 and 4.5 cm mesh 
nets. Peak selectivity was reached at 14.9 cm FL for the 3.3 cm mesh size increasing to 16.9 cm for the 3.8 cm mesh size. 
The estimated and observed length frequency distributions were unimodal. A log-normal selection function indicated 
that the highest selectivity was obtained when the length class to mesh size (l:m) ratio was 4.4. Sardinella longiceps’s rel-
ative abundance was estimated to be the highest at 16.4 cm FL, with numbers decreasing beyond this peak. This would 
indicate that selectivity by gilling is optimal with a mesh size of 3.8 cm with nets having a hanging ratio of 0.5. This mesh 
size appears to satisfy two criteria:  high catch efficiency and protection of juveniles.  

Keywords: Sardine; gillnet selectivity; model; Sea of Oman. 

المســتخلص: تم البحــث في إنتقائيــة حجــم الشــباك الخيشــومية العائمــة لأسمــاك الســردين )Sardinella longiceps( في بحــر عمــان باســتخدام 5 
شــباك يــراوح حجــم فتحــات عيونهــا بــين 3.3 و 5.7 ســم، وبإســتخدام معامــل تعليــق واحــد )0.5(. تم إصطيــاد مــا مجموعــه 1211 سمكــة مــن أسمــاك 
الســردين الزيــي الهنــدي في الشــباك التجريبيــة الخمســة، حيــث أصطيــدت غالبيتهــا مــن خــلال الشــباك ذات الفتحــات 3.3 و 3.8 و 4.5 ســم. وتم 
الوصــول إلى أفضــل إنتقائيــة عنــد طــول شــوكي 14.9 ســم بالشــبكة ذات حجــم 3.3 ســم والــي إرتفعــت إلى 16.9 ســم بالشــبكة ذات حجــم 3.8 
ســم. ووجــد أن توزيعــات تــردد الأطــوال المقــدرة والملاحظــة كانــت أحاديــة الوســائط. وأشــارت دالــة التحديــد اللوغاريتمــي المعتــدل إلى أنــه تم الحصــول 
علــى أعلــى انتقائيــة عندمــا كانــت نســبة فئــة الطــول إلى حجــم الشــبكة تســاوي 4.4. وتم تقديــر الوفــرة النســبية الأعلــى لأسمــاك الســردين الزيــي الهنــدي 
)Sardinella longiceps( عنــد 16.4 ســم، مــع انخفــاض الأرقــام إلى مــا بعــد هــذه الــذروة. وقــد يشــر هــذا إلى أن الانتقائيــة الخيشــومية مثاليــة 
مــع الشــبكة ذات حجــم 3.8 ســم ومعامــل تعليــق 0.5. حيــث يبــدو ان هــذا الحجــم الشــبكي يلــي معياريــن وهمــا: كفــاءة الصيــد العاليــة وحمايــة صغــار 

الأسمــاك.
الكلمات المفتاحية: السردين، إنتقائية الشباك الخيشومية، نموذج، بحر عمان  
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primarily by cast nets, beach seines and gillnets. As they 
require little investment in manpower and equipment, 
and are efficient in catching pelagic fish, gillnets are 
widely used by traditional Omani fishermen. Because of 
the decline in large pelagics (e.g. Scomberomorus com-
merson (Govender et al., 2006), human consumption of 
sardines has increased, resulting in increased market 
prices. These issues will likely result in over-exploitation 
of sardines which may lead to a decrease in abundance in 
the future. Based on late 1980s data, (Dorr, 1991) already 
observed that sardines were caught at near optimum 
levels. Although fluctuations in sardine abundance are 
largely regulated by the environment (Kawasaki, 1991), 
intensive fishing in coastal waters may reduce fish pro-
ductivity. 

Seeing as the Indian oil sardine is considered one 
of the key species in the Oman fishery, selectivity esti-
mates are potentially of great value in management and 
research. Therefore, the main objective of this study was 
to determine the gillnet selection parameters of the In-
dian oil sardine gillnet using nets of different mesh sizes 
fished simultaneously on the same population.

Materials and Methods
Sampling was carried out monthly between September 
2001 and July 2003 on board the RV Al-Jamiah, a 17.5 m 
(overall length) multipurpose fishing boat. Green poly-
amide (nylon) gillnets of similar thickness (PA 210D × 
6 plays) and of mesh sizes 3.3, 3.8, 4.5, 5.0 and 5.7 cm 
(stretched mesh) were used. For each mesh size a gillnet 
was constructed with 0.5 hanging ratio; thus 5 experi-
mental nets of similar fishing power were constructed 
and joined together as a gang. For all nets, a similar 
hanging ratio was used for the float line and the lead line 
to restrict fish being tangled. All nets were made to the 
same finished length of 25 m, giving a total length of 125 
m and a fishing height of 3 m. The nets were rigged with 
a 6 mm PE (polyethylene) float line fitted with several 
PVC floats (113 g buoyancy) regularly distributed to give 
a float line buoyancy of around 135 g/m, while the sink-
ing force employed for the lead lines had a force of 50 
g/m. The order of mesh panels was randomized at the 
beginning of the experiment. The nets were joined to-
gether with a 2 m gap between adjacent nets. This design 
was chosen to avoid the effect of larger fish being led by 
smaller mesh-sized nets into neighboring nets of a more 
suitable mesh size (Hovgård, 1996; Madsen et al., 1999). 
Each net was coded to enable identification on hauling.

Fishing stations were selected in shallow waters in the 
Muscat (23º 37’ N, 58º 35 E’) area. One end of the net 
series remained attached to the boat by a rope and both 
the net and boat was set to drift with the current. Fish-
ing was carried out a few hours before sunrise and the 
net series was hauled-in after sunrise giving an average 
fishing time of 4 hours. The total number of valid sets 
was 34.

Catches were sorted by species and fork length (FL) 
was measured to the nearest cm and the weight to the 
nearest gram. Girth measurements at the snout, behind 
the head and at maximum girth (before the dorsal fin) 
were also recorded for each fish. Although girth mea-
surements were taken for all fish, fork length was used to 
construct the selectivity curves because length is closely 
related to mesh size as is girth (Reis and Pawson, 1999). 
Gilled or wedged fish were used in the analysis while 
tangled fish were excluded from the analysis as tangling 
of fish is not a function of net selectivity. 

Selectivity modeling 
Hamley (1975) provided a review of the approaches to 
estimate gillnet selection curves and more recently Hov-
gård and Lassen (2000) provided an updated review of 
all methods, including new statistical approaches that 
are based on general models for the selection process. 

Eq. 1

The parameters for the selection curves in this study 
were obtained using maximum likelihood (ML) (Kirk-
wood and Walker, 1987; Millar, 2000). Assuming that 
fishing effort and fishing power are constant, the selec-
tion equation (Hovgård and Lassen, 2000) is written as

Eq. 2

where-?-is the predicted catch in length class l for 
mesh size m, q  is the catchabilty co-efficient (assumed 
constant for each l and each m), N  is the number of 
available fish and S is the selectivity function. We as-
sumed that the selectivity function followed a log-nor-
mal distribution i.e.

Eq. 3

and that the error was Poisson distributed i.e. where 
C is the observed catch, k is the predicted ratio of (l/m) 
that has the maximum selectivity and σ is the dispersion 
factor around k. 

Table 1. Estimates and their 95% confidence intervals for 
the parameters of the selection equation for three mesh sizes 
(3.3, 3.8 and 4.5 cm stretched mesh) with a hanging ratio = 
0.5. The negative log-likelihood (log L) = -4345.944.

Parameter Value 95% Confidence Interval

k 4.4 4.3 – 4.5

σ 0.124 0.117 – 0.133
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Eq. 4

The estimates of the parameters k and σ were ob-
tained by minimizing the negative of the log-likelihood 
(log L), with constant values removed.

 The 95% confidence intervals for the parameters k  
and σ  were obtained using the likelihood ratio test (Leb-
reton et al., 1992). 

Results
A total of 1211 Indian oil sardines were caught in the 
5 experimental gillnets, the majority of which were re-
tained by the 3.3 (454), 3.8 (438) and 4.5 cm (301) nets. 
Because catches obtained with the 5.0 (17) and the 5.7 
cm (1) meshes were small, these data were not included 
in the analysis. Almost all S. longiceps caught (gilled or 
wedged) were observed to have meshes stretched tight 
across their bodies in the region behind the gill cover to 
the maximum girth. Some were observed to have twine 
caught in their mouth (snagged) and some others were 

entangled. Only the first category was included in the 
analysis, although the other two categories do not ap-
pear to affect their size selection as length distributions 
were similar for all three categories of entrapment in the 
nets. 

As expected, the mode of the length frequency distri-
bution of S. longiceps for different mesh sizes increased 
with mesh size (Fig. 1). The observed peak length for the 
3.3, 3.8 and the 4.5 cm mesh gillnets were 16.1, 16.5 and 
18.0 cm, respectively. The size range of fish caught by the 
3.3 cm mesh size was 13-18 cm, compared with 14-19 
cm for the 3.8 cm and 14-20 cm for the 4.5 cm mesh size 
(Fig. 1). The length distributions were unimodal except 
for the 3.3 cm mesh size which showed a second minor 
mode at 14 cm FL (Fig. 1)

Gill net selectivity 
The estimated selectivity curves for S. longiceps ap-
peared bell-shaped (Fig. 2), which is to be expected for 
fish that are gilled or wedged, as was confirmed during 
fishing trials. Peak selectivity was reached at 14.9 cm 
FL for the 3.3 cm mesh size, increasing to 16.9 cm for 
the 3.8 cm mesh size. The results indicated that the 3.3 
and 3.8 cm mesh size had an equal selectivity for fish of 
15.8 cm in length, whereas the 3.8 and the 4.5 cm mesh 
sizes had an equal selectivity for fish of 18.3 cm length 
(Fig.  2). The estimated parameter values and their 95% 
confidence intervals are given in Table 1. Maximum se-
lectivity was achieved at an l:m ratio of 4.4 (Table 1). The 
small confidence intervals indicate that the parameters 
are well estimated (Table 1).   

Discussion
There has been no previous attempts to estimate gill-
net selectivity parameters for the Indian oil sardine and 
hence, comparisons cannot be made. The unimodal 
nature of the selection curve is linked to the catching 
process, namely gilling or wedging, whereas maxillae 
enmeshing or entangling, which would have resulted in 
either a sigmoid-shaped or a bimodal curve, was shown 
to have been of little importance.  Since the Indian oil 
sardine has no spines or any other projections on its 
body which could result in entanglement the shape of 
the selection curve is therefore influenced by fish girth 
alone. Girth being directly proportional to fish length 
justifies the latter being used as a proxy for girth since 
fish length is easier and quicker to measure. These find-
ings are in agreement with those of Reis and Pawson 
(1999) and Santos et al. (1998), although both these 
studies were investigating other fish species; they had 
similar body shapes to S. longiceps. In contrast, sever-
al studies have used  bimodal selection curves with two 
distinct modes that are linked to two different catching 
processes, wedging and entangling (Madsen et al., 1999). 
Millar and Fryer (1999) used a bimodal selection curve 
to describe plaice catch data in a trammel net experi-
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Figure 1. Observed (bars) and predicted (lines) numbers 
of Sardinella longiceps caught with gillnets of varying 
mesh sizes.
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ment while Madsen et al. (1999) used it for sole, plaice 
and cod and Hovgård (1996) used it for cod catch data. 
While our data did showed a minor mode for the 3.3 cm 
mesh net we regarded it as negligible for the model fit-
ting process. 

Previous studies have indicated that S. longiceps 
reaches first maturity at 15.93 cm total length in the 
Sea of Oman (Siddeek et al., 1994). This total length was 
transformed to a fork length using the equation: 

TL=1.075FL+0.72 Eq. 5
 R2=0.96(H. Al-Oufi, unpubl. data). 

Length at first maturity for this population is there-
fore equal to 14.1 cm FL. The length at first maturity is 
slightly lower than the optimal catch size computed for 
the 3.3 cm mesh size.  In catches of the 3.3 cm gillnet, 
individuals under the length at first maturity made up 
slightly more than 11% of the catch, whereas this was 
around 2% for the 3.8 cm gillnet and was virtually zero 
for the 4.5 cm mesh. Although, a minimum landing size 
has not yet been set for S. longiceps in the Omani fishery, 
the results of this study show that in the interests for sus-
tainable fishing of S. longiceps  it can be suggested that 
gillnets with stretched mesh of 3.8 cm (with a hanging 
ratio = 0.5) should be used. This would certainly increase 
the average size caught when compared to the 3.3 cm 
net. Catches obtained with the 4.5 cm gillnet were al-
ways small, confirming that the large mesh size targeted 
only the larger individuals of the Indian oil sardine pop-
ulation in the Sea of Oman. The 3.8 cm mesh size gillnet 
appears to satisfy two criteria:  high catch efficiency and 
protection of juveniles.  

The use of smaller mesh sizes in this experiment may 
have resulted in a better match between the overall se-
lectivity of the gang of nets and the relative Indian oil 
sardine population abundance. However, it was consid-
ered more important to include those mesh sizes that 
have direct applicability to gillnets used by local fishers. 
Construction details of nets used in this study, such as 
twine diameter and hanging ratio, is similar to that used 
by the local fishers (Stengel and Al Harthy, 2002). 

The shape of the selectivity curve depends on several 

characteristics of the fish and the net. Gray et al. (2005) 
reported an overall reduction in mean catch associated 
with an increased hanging ratio, although the results 
were not significant. Of particular importance are the 
physical properties of the twines used, such as exten-
sibility and elasticity (Klust, 1982). Low extensibility 
and elasticity result in the loss of captured fish which 
ultimately will influence the estimated selectivity. The 
twines used to construct the experimental gillnets were 
polyamide continuous filaments, which has high exten-
sibility coupled with high elasticity. Reported elasticity 
was above 96% (Klust, 1982) which means that these 
twines are almost completely elastic, a property that is 
needed to hold the gilled fish securely while the gear is 
in the catching process and during hauling (Klust, 1982). 
Other factors, such as sex, ripeness and amount of food 
in the gut, would also influence the girth of the fish and 
hence the shape of the selectivity curves. To minimize 
variation caused by reproduction and gut contents, 
(Salvanes, 1991) proposed pooling samples for months 
when food availability and temperature are the lowest. 
This could not be achieved in this study as this would 
have reduced sample sizes to unacceptably low num-
bers.  Márquez-Farias et al. (2005) added oceanographic 
currents as a possible factor affecting selectivity; since 
strong currents can distort the shape of the meshes and 
therefore select for fish sizes not captured under condi-
tions of a mild current. This effect was considered negli-
gible in this study.

There are limitations to this study. The study was lim-
ited to the Muscat area (for logistic reasons) and since 
sardines generally school and migrate in similar age/
length classes it is quite possible that smaller/younger 
or larger/older classes were not available for capture. 
This research need should be accounted for in future 
research.
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Introduction

Greenhouses provide higher production and 
more efficient water consumption in compari-
son to open-field cropping (Abdel-Rahman and 

Abdel-Magid 1993; MAF 2009). As a result, the number 
of greenhouses in Oman was increased 5 times between 
2003-2015 (Al-Ismaili et al. 2017). Cucumber (Cucum-
is sativus L.) is the most commonly grown greenhouse 
vegetable worldwide (Mohammadi and Omid 2010; 
Omid et al. 2011) and this is also the case in Oman 
where more than 90% of greenhouses are used for cu-
cumber cultivation (MAF 2013). This could be attribut-
ed to its fast growth, and good nutritional and economic 
value (Al-Kiyoomi 2006; Al-Sadi et al. 2010). Although 
greenhouses provide high yield, they also require high 

energy consumption to achieve this yield (Bolandnazar 
et al. 2014; Heidari and Omid 2011).

Energy-use efficiency (EUE) is considered one of 
the most important factors contributing to agricultural 
sustainability (Firoozi et al. 2014). Such energy analysis 
helps in managing greenhouse production system by 
identifying the wasteful energy parameters and propos-
ing management approaches (Bolandnazar et al. 2014). 
EUE in greenhouse production has been used by many 
researchers to assess greenhouse cropping systems 
(Hamedani et al. 2011; Taki et al. 2013). For instance, 
Mohammadi and Omid (2010) investigated the EUE of 
greenhouse cucumber production. Results revealed that 
cucumber production consumed 148.836 GJ ha-1 of the 
total energy input and diesel fuel was found to be the 
main energy consuming factor. In another study, Heidari 
and Omid (2011) investigated the EUE (output-input ra-
tio) for cucumber and tomato greenhouse production. 
Results indicated that the EUE was 1.48 and 0.69 for 

تحليل كفاءة إستخدام الطاقة لإنتاج محصول الخيار في بركاء، عُمان 
نوال المزيني وعبدالرحيم الإسماعيلي* وسعيد تبوك

Abstract. Sustainable agricultural production can be assessed through energy-use efficiency (EUE). This paper aims 
to evaluate the EUE for cucumber greenhouse production in Oman. Data were obtained through face to face inter-
view with farmers. Results indicated that total energy inputs (e.g. electricity, water, fertilizers and chemicals) and total 
energy output (cucumber yield) were 1171.637 GJ ha-1 and 89.943 GJ ha-1, respectively. The highest energy input in 
the greenhouse production was electricity, consuming 88% of total energy input. Electricity had the highest impact in 
cucumber greenhouse production and 99% of this electricity goes to cooling the greenhouse. When all energy inputs 
were classified into their different forms; direct (D) and indirect (ID), and renewable (R) and non-renewable (NR), the 
highest portion of total energy forms in greenhouse cucumber production was for D and NR energy. The EUE and 
energy productivity (EP) were found to be 0.08 and 0.10 ton GJ-1, respectively. The energy use in greenhouse cucumber 
production was found to be inefficient and solar energy needs to be considered to improve the sustainable cucumber 
greenhouse production in Oman.

Keywords: Energy-use-efficiency; cucumber; greenhouse; energy productivity; energy forms.

المســتخلص: يمكــن تقييــم الإنتــاج المســتدام للزراعــات المحميــة مــن خــلال تحليــل كفــاءة إســتخدام الطاقــة، تهــدف هــذه الدراســة إلى تقييــم كفــاءة إســتخدام 
الطاقــة في البيــوت المحميــة المزروعــة بمحصــول الخيــار في ســلطنة عمــان، تم الحصــول علــى البيانــات عــن طريــق إجــراء مقابــلات مــع المزارعــين )وجهــا لوجــه(، 
وأوضحــت النتائــج إن الكميــة الإجماليــة للطاقــة المســتخدمة والناتجــة مــن البيــوت المحميــة وصلــت الى 1171.637 و 89.943 )جيجاجول/هكتار(علــى 
التــوالي، وتعــد الكهربــاء أكــر مدخــلات البيــوت المحميــة المســتهلكة للطاقــة حيــث يقــدر إســتهلاكها للطاقــة بمعــدل %88 مــن إجمــالي الطاقــة المســتخدمة، 
لذلــك تعــد الكهربــاء أكــر العوامــل المســتهلكة للطاقــة وقــد وجــد أن معظــم الكهربــاء يتــم إســتهلاكها في تريــد البيــوت المحميــة، وعندمــا تم تقســيم الطاقــة 
إلى أنواعهــا الأربعــة وهــي الطاقــة المباشــرة والغــر مباشــرة والمتجــددة والغــر متجــددة، وجــد أن الطاقــة المباشــرة والغــر متجــددة هــي أكــر أنــواع الطاقــة 
المســتخدمة في البيــوت المحميــة، كمــا توصلــت النتائــج إلى أن كفــاءة اســتخدام الطاقــة وانتــاج الطاقــة مــن البيــوت المحميــة وصلــت الى0.08 و 0.01 
)طــن/ جيجاجول(علــى التــوالي، وفي الختــام فــإن كفــاءة اســتخدام الطاقــة في البيــوت المحميــة غــر فعالــة، ومــن أجــل تحقيــق الإســتدامة في الزراعــة المحميــة، 

فإنــه ينصــح بإســتخدام الطاقــة الشمســية لإنتــاج الطاقــة الــي يحتاجهــا البيــت المحمــي.
الكلمات المفتاحية: كفاءة إستخدام الطاقة، الخيار، البيت المحمي، إنتاجية الطاقة، أنواع الطاقة. 
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tomato and cucumber, respectively which reflected an 
inefficient energy use in cucumber greenhouse produc-
tion. Diesel fuel was also the major contributing factors 
for both cucumber and tomato production (Mohamma-
di and Omid 2010). In strawberry greenhouses a total 
energy of 805.380 GJ ha-1 were consumed (Banaeian et 
al. 2011) and diesel fuel was the major energy depleting 
factor with 78% of the total energy. It appears thus that 
diesel fuel is the major variable influencing the EUE of 
greenhouse production. 
In these studies, diesel fuel was mainly used to power 
heaters to provide temperature suitable growing envi-

ronment. In Oman, where weather conditions are gen-
eraly hot, heaters are not necessary but cooling systems 
(generally fan-pad evaporative cooling systems) are used 
instead. In such conditions, EUE of cooled greenhous-
es needs to be evaluated. Therefore, this study aimed to 
investigate the EUE of evaporative-cooled greenhouse 
systems in Oman using major energy performance in-
dicators for instance EUE, energy productivity (EP) and 
net energy (NE).

Table 1. The energy equivalents correspond to each inputs and output use in greenhouse cucumber production.

Inputs and output
(unit)

Energy equivalent
(MJ Unit-1)

Reference

Inputs:

Human labour (h) 1.96 (Taki et al., 2013)

Machinery (h) 13.06 (Mohammadi and Omid 2010; Ozkan et al. 2007)

Chemical fertilizers (kg):

     Nitrogen (N) 66.14 (Mohammadi and Omid 2010; Shrestha 1998)

     Phosphate (P2O5) 12.44 (Mohammadi and Omid 2010; Shrestha 1998)

     Potassium (K2O) 11.15 (Mohammadi and Omid 2010; Shrestha 1998)

     Calcium 1.12 (Mohammadi and Omid 2010)

     Micro 120.00 (Banaeian et al. 2011; Mohammadi et al. 2008)

     Manure (kg) 0.3 (Mohammadi and Omid 2010)

     Chemicals (kg) 120.00 (Mohammadi and Omid 2010)

     Water (m3) 1.02 (Mohammadi and Omid 2010; Mousavi-Avval et al. 2011)

     Electricity (kWh) 11.93 (Hatirli et al. 2005; Mousavi-Avval et al. 2011)

     Seeds (kg) 1.00 (Mohammadi and Omid 2010)

Outputs:

Cucumber (kg) 0.8 (Mohammadi and Omid 2010)

Table 2. The statistical summary of energy inputs (GJ ha-1) and output (ton ha-1) for cucumber production.

Inputs (unit) Mean SD Min Max

A. Inputs (GJ ha-1)

Human labour 7.110 3.653 1.372 14.112

Machinery 1.221 0.496 0.560 1.959

Chemical fertilizers 62.582 55.535 18.793 180.802

Manure 0.008 0.004 0.000 0.015

Chemicals 5.775 3.370 1.714 10.971

Water 6.323 2.499 2.463 9.748

Electricity 1025.352 360.885 557.157 1550.185

Seeds 0.001 0.000 0.001 0.001

B. Output

Cucumber (ton ha-1) 98.937 28.321 58.583 149.349
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Materials and Methods
Data were collected through a survey of 8 cucumber 
greenhouses farmers in Barka region, Sultanate of Oman 
who agreed to participate in the survey. Cucumber is the 
most cultivated crops in greenhouses.                                                                  

Data were obtained through face to face interviews 
of the farmers which encompassed questions related to 
all expenses related to the greenhouses for three months 
(seeding-to-harvesting) during the cropping season 
(summer 2017).

The greenhouses were Quonset with polyethylene 
covering and fan-pad evaporative cooling system 
(Fig.  1). All greenhouses were of similar type, covering 
material and cooling system. The standard dimensions 
of greenhouses were 0.035 ha. The average row and plant 
spacing were 133 cm and 50 cm, respectively. Cucumber 
plants were trained to grow vertically in the greenhouse 
(Fig. 2). The average ambient temperature was around 
29°C during the study period.

The 8 inputs considered in this study were human la-
bor, machinery, chemical fertilizers chemicals, manure, 
electricity, water for irrigation and seeds and the single 
output was yield. The selection of the inputs was based 
similar studies from which we omitted diesel fuel which 
is not used in the greenhouses surveyed (Mousavi-Avval 
et al. ,2011; Mohammadi and Omid 2010 ; Omid et al. 
2011). 

For energy performance analysis, all inputs and out-
put were converted into single energy unit, with conver-
sion values obtained from different sources (Table 1). 
EUE, EP and NE were calculated using Equations 1-3, 
respectively (Mohammadi et al. 2008; Ozkan et al. 2011).

EUE = Energy Output (GJ ha-1)/Energy Input (GJ ha-1)  
(Eq. 1)
EP = Cucumber Output (kg ha-1)/Energy Input (GJ ha-1)
(Eq. 2)
NE = Energy Output (GJ ha-1)–Energy Input (GJ ha-1) 
(Eq. 3)

In general, the energy inputs used in agricultural pro-
duction systems are classified into direct (D) and indi-
rect (ID), and renewable (R) and non-renewable (NR) 
energies (Mohammadi et al. 2010; Mohammadi et al. 
2008). The direct energy inputs involve human labour, 
water, and electricity, the indirect energy involves seeds, 
fertilizers, manures, chemicals, and machinery, the re-
newable energy inputs includes human labour, seeds, 
manure and water and the non-renewable energy ac-
counts for chemicals, fertilizers, machinery and electric-
ity.

Results and Discussion
The descriptive summary of inputs used for cucumber 
production and output are presented in Table 2. There 

Table 3. Amount of inputs and output in cucumber production.

Inputs (unit) Quantity per unit area (ha) Total energy equivalent
(GJ ha-1)

Percentage (%) of total 
energy 

SD*

A. Inputs

Human labour (h) 3627.454 7.110 0.607 3.653

Machinery (h) 93.464 1.221 0.104 0.496

Chemical fertilizers (kg): 2035.497 59.847 5.108 38.179

Nitrogen 609.533 40.315 3.441

Phosphate (P2O5) 610.364 7.593 0.648

Potassium (K2O) 752.171 8.387 0.716

Calcium 34.143 0.038 0.003

Micro 29.286 3.514 0.300

Manure (kg) 20535.714 6.161 0.526 3.239

Chemicals (kg) 48.129 5.775 0.493 3.370

Water (m3) 6199.506 6.323 0.540 2.499

Electricity (kWh) 85947.357 1025.352 87.514 360.885

Seeds (kg) 0.857 0.001 0.000

Total energy input (GJ ha-1) 1171.637 100.000

B. Output

Cucumber (ton ha-1) 112.429 89.943 100.000 32.180

Total energy output (GJ ha-1) 89.943

* Represents the standard deviation of energy inputs (GJ ha-1) and energy output (ton ha-1)
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were variations among inputs and output which implied 
that there was a potential efficiency improvement for cu-
cumber greenhouse farmers. Thus, EUE of greenhouses 
was evaluated hereafter.

The inputs with their equivalent energy values con-
sumed in cucumber production for the studied green-
houses are illustrated in Table 3. Average yield was 
112.428 ton ha-1 which is equivalent to a total ener-
gy output of 89.943 GJ ha-1. Results also revealed that 
1171.637 GJ ha-1 of total energy input were needed in 
the production of cucumber crop. Electricity, chemicals 
and chemical fertilizers were calculated as 1025.352, 
5.775 and 59.847 GJ ha-1, respectively. Among all ener-
gy inputs, electricity was the highest energy consuming 
factor with a total of 88% (Fig. 3). This high electricity 
consumption was further analyzed and the analysis re-
vealed that most of this electricity was consumed by the 
cooling system (Fig. 3) as the temperature sometimes ex-
ceeds 50°C (Al-Ajmi and Abdel-Rahman 2001; Al-Sadi 

et al. 2011). To limit this use of non-renewable energy, 
it is recommended to investigate the use of alternative 
power sources such as solar energy to operate the cool-
ing system (fans and pumps).

The EUF, EP and NE of cucumber production were 
0.08, 0.10 tons GJ-1 and -1081 GJ ha-1 respectively (Table 
5). In the literature, the EUE for greenhouse cucumber 
production was considered inefficient when it equals to 

0.017 (Zarini et al. 2013) or even as high as 0.64 (Mo-
hammadi and Omid 2010). Therefore, the EUE of the 
surveyed greenhouses in this study was (0.08) should 
also be considered inefficient. This EUE in cucumber 
greenhouse production could be increased by either 
increasing crop yield or by decreasing inputs consump-
tion. The average EP (0.10 ton GJ-1) for greenhouse cu-
cumber production was lower than the reported values 
of 0.80 (Mohammadi and Omid 2010), 0.55 (Heidari 
and Omid 2011) and 0.50 (Omid et al. 2011). This indi-
cates that every kilogram of cucumber in the surveyed 
greenhouses in Oman consumed 5-8 times more input 
energy than the greenhouses cited above. The high neg-
ative value of NE (-1081.690 GJ ha-1) indicates that en-
ergy being lost in cucumber production. This can be at-
tributed to the high electricity consumption consumed 
by the cooling systems. In Iran, Omid et al. (2011) and 
(Bolandnazar et al. 2014) found that the NE for green-
house cucumber production gave also negative values 
(-55.553 and -149.317 GJ ha-1, respectively) due to the 
high fuel consumption for heating (more than 50% of 
the total inputs energy). Since, energy consumption for 
temperature adjustment (heating or cooling system) is 
the highest among all inputs in greenhouse cucumber 

Table 4. Energy forms (D, ID, R and NR) in cucumber produc-
tion in Oman.

Form of energy Energy value
(GJ ha-1)

% of total energy 
input

D a 1038.785 88.66

IDb 73.005 6.23

R c 19.595 3.32

NRd 1092.20 93.219

Total energy input 1171.637 100.00

a -involves human labour, water, electricity.
b -involves seeds, fertilizer, manure, chemicals, machinery.
c -involves human labour, seeds, manure, water.
d -involves chemicals, fertilizer, machinery, electricity.

Table 5. Energy use efficiency in cucumber production in 
Oman.

Items Unit Value SD 

E input GJ ha-1 1171.64 374.58

E output GJ ha-1 89.94 25.75

Yield ton ha-1 112.43 32.18

EUE unitless 0.08 0.03

EP ton GJ-1 0.10 0.04

NE GJ ha-1 -1081.69 361.78

Figure 1. Quonset greenhouse with polyethylene covering 
and (a) fan-(b) pad evaporative cooling

Figure 2. The greenhouse vertical cultivation
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production; the existing heating/cooling systems need 
improvement in order to achieve a more efficient energy 
use and sustainable crop production.

The percentage of total energy inputs as D, ID, R and 
NR energy is shown in Table 4. It was found that the 
D energy inputs (e.g. human labour, water, electricity) 
followed by NR energy inputs (e.g. chemicals, fertilizer, 
machinery, electricity) were the highest energy consum-
ers and the R energy forms (e.g. human labour, seeds, 
manure, water) were the lowest energy consumers. Oth-
er investigators, such as, Ozkan et al. (2007), Kizilaslan 
(2009), Mohammadi and Omid (2010), Banaeian et al. 
(2011) and Zarini et al. (2013) reported similar out-
comes.

The tetra-inoculum (Tm+Tc+Gr+Gn) reported high-
est average of dry weight of plants which was 710 mg/
plant compared with negative and positive control which 
was 86 and 479 mg/plant respectively, followed by the 
treatment of tri-inoculum (Tc+Gr+Gn) which was 602 

mg/plant. The combined application of Gr+Gn exhibited 
significant increase in the dry weight of plant which was 
559 mg/plant. Tariq and Magee (1990) found that vola-
tile components of garlic extracts inhibited germination 
of the microconidia, macroconidia and mycelium of the 
F. oxysporum f. sp. lycopersici in vitro. Al-Rahmah et al. 
(2013) has been found that ginger extracts has strong 
fungistatic and fungicidal activities against F. oxysporum 
and Pythium aphanidermatum with minimal inhibitory 
concentration. Furthermore, Sahar et al. (2013) proved 
that foliar application of Topsin-M with concentration 
of 0.1 % was significantly reduced the disease incidence 
of Fusarium wilt disease on eggplant.

Conclusion
This study investigates the EUE of greenhouse cucumber 
production. Results revealed that the total energy output 
for greenhouse cucumber production was 12 times low-
er than the total energy inputs. The EUE in greenhouse 
cucumber production was inefficient and electricity was 
the major energy consuming factor. Fan-pad evaporative 
cooling system was the major consumer of the electricity 
and thus the existing cooling systems need be improved 
to achieve better efficient energy. Highest energy form 
in greenhouse cucumber production was the NR energy. 
Special attention has to be given to this form of energy in 
order to achieve sustainable cucumber production. So-
lar energy needs to be exploited to improve the sustain-
able cucumber greenhouse production in Oman.
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Introduction

Consumers have become increasingly interested 
in fish as a source of dietary protein due to the 
rising cost of meat protein foods (Emere and 

Dibal, 2013). Fish as a whole, has a lot of food poten-
tial and can therefore be expected to provide relief from 
malnutrition, especially in developing countries (Ashraf 
et al., 2011). It constitute about 60% of the total protein 
intake in adults especially in rural areas (Adeleye, 1993). 
Foran et al. (2005) pointed that fish is a highly protein 
containing food consumed by a larger percentage of 
population because of its availability and palatability. 
In Nigeria, fish is eaten fresh, preserved or processed 
(smoked) and form a much-cherished delicacy that cuts 
across socio-economic, age, religious and educational 

barriers (Adebayo-Tayo et al., 2008). However, the gap 
between demand and supply of fish is widening due to 
increase in population, poor postharvest handling, lack 
of processing and storage facilities and utilization of 
unconventional fish species (Ogbonnaya and Ibrahim, 
2009). Different fish processing and preservation meth-
ods are used to slow down spoilage resulting in fish that 
are both be safer for consumption and with an increased 
shelf-life. Researchers have also studied the effect of 
processing methods on the nutritional qualities of dif-
ferent fish species. Nutritive and organoleptic changes 
of Nigerian traditionally-processed freshwater fish spe-
cies were studied by Afolabi et al. (1984). The effect of 
traditional drying processes on the nutritional values of 
fish was studied by Eves and Brown (1993). Changes in 
chemical composition and nutritional quality of fried 
Sardine (Clupea pilchardus) produced by frozen stor-
age and microwave reheating were reported by Castril-
lon et al. (1997). Ayeloja et al. (2013) reported the effect 

الاختلافات في قبول المستهلكين والتركيب الكيمائي للكروكر الأصفر  
)Larimichthys polyactis( مع طرق التصنيع 
أيلويا ا.ا. وجورج ف.و.ا. وجيموح و.ا. وعبدلالسلامي س.ا.

Abstract. The effect of processing methods on the proximate composition and consumer’s acceptability of yellow 
croakers were investigated. The experiment followed a completely randomized design with several processing methods. 
Frozen yellow croaker fish of 12 kg were purchased, cut into chunks, divided into 4 groups of 3 kg each, each group was 
salted and then subjected to different processing methods including: air drying in the sun, deep-frying, solar drying and 
smoking. After processing, the products were subjected to organoleptic assessment using an hedonic scale while the 
proximate composition was determined using standard experimental procedures.  The results of this study indicated 
that the odour and flavour of smoked fish product were significantly (p < 0.01) preferred by consumers. Solar dried fish 
product had highest percentage crude protein (71.45 kg/100 kg sample) followed by smoked fish product (70.43 kg/100 
kg sample) while smoked fish product had the highest crude ash (10.73 kg/100 kg sample). The study suggested that it 
was better to process quality yellow croaker using solar dryers and smokers to attract customers. 

Keywords: Consumers; proximate composition; processing methods; yellow croaker.

المســتخلص: تم دراســة تأثــر طــرق التصنيــع علــى الركيــب الكيميائــي وقبــول المســتهلك لســمك الكــرور الأصفــر. وقــد إتبعــت التجربــة تصميمًــا إحصائيــا 
عشــوائيًا تمامًــا مــع طــرق التصنيــع المســتخدمة. تم شــراء أسمــاك الكروكــر الصفــراء المجمــدة بــوزن 12 كجــم ، مقطعــة إلى قطــع ، مقســمة إلى 4 مجموعــات 
كل منهــا 3 كجــم ، وتم إضافــة الملــح علــى كل مجموعــة ثم تعريضهــا لأســاليب تصنيــع مختلفــة بمــا في ذلــك: التجفيــف الهوائــي الشمســي ، القلــي العميــق 
، التجفيــف بالطاقــة الشمســيه والتدخــين . بعــد عميلــة التصنيــع ، تم دراســة المنتجــات بإســتخدام طــرق التقييــم الحســي باســتخدام مقيــاس هيدونيــك 
وكذلــك دراســة الركيــب الكيميائــي باســتخدام التجــارب القياســية. أشــارت نتائــج هــذه الدراســة إلى أن رائحــة ونكهــة منتــج الســمك المدخــن مــن قبــل 
المســتهلكين كانــت مفضلــة بدرجــة كبــرة )P>0.01(. يحتــوي منتــج الأسمــاك المجففــة بالطاقــة الشمســية علــى أعلــى نســبة مــن الروتــين الخــام )71.45 
كجــم / 100 كجــم عينــة( يليــه منتــج الســمك المدخــن )70.43 كجــم / 100 كجــم عينــة( بينمــا يحتــوي منتــج الســمك المدخــن علــى أعلــى نســبة 
رمــاد خــام )10.73 كجــم / 100 كجــم عينــة(. أشــارت الدراســة إلى أنــه مــن الأفضــل إســتخدام مجففــات الطاقــة الشمســية و التدخــين للحصــول علــى 

منتــج ذات جــودة عاليــة مــن سمــك الكروكــر الأصفــر  لجــذب المســتهلكين.
الكلمات المفتاحية: المستهلكون ، الركيب الكيميائي ، طرق التصنيع ، الكروكر الأصفر
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of processing methods on the nutritive value of catfish 
(Clarias gariepinus). However, there is little information 
on the effect of processing methods on the nutritional 
quality of Yellow croaker, thus the need for this study.  

Schiffman and Graham (2000) reported that taste 
and smell played an important role in developing ap-
petite, making food choices, and nutrient intake for 
the following reasons: (1) these chemosensory signals 
prepare the body to digest food by triggering salivary, 
gastric, pancreatic, and intestinal secretions, which are 
termed cephalic phase responses, (2) they enable us to 
detect and discriminate among foods in the face of fluc-
tuating nutritional requirements. Taste and smell enable 
selection of a nutritious diet as there are associations be-
tween a food taste or smell and its post-ingestion effects 
as taste enable the consumer to modulate food intake in 
anticipation of its nutritional consequences. Thus, taste 
sensations serve as an indicator of a particular food nu-
tritional value. In addition, taste and smell signals ini-
tiate, sustain and terminate ingestion, and hence play a 
major role in the quantity of food that is eaten and the 
size of meals. Taste sensations induce feelings of satiety 
and are primary reinforced by eating. Thereby, justifying 
the use of texture, odour and flavour (which is a com-
bination of taste and odour) in determining consumers’ 
acceptability of various food, in this case differently pro-
cessed yellow croaker.

Materials and methods
The experiment followed a completely randomized de-
sign where the treatments were the various processing 
methods employed. Twelve (12 kg) frozen yellow croak-
er fish was purchased from the cold room of Atlantic 
Shrimpers limited, Ring Road, Near Challenge Round-
about, Ibadan Oyo State, Nigeria. These were transport-
ed within 17 minutes to the fish processing unit of Feder-
al College of Animal Health and Production Technology 
(FCAH & PT) Moor Plantation, where these were cut 
into chunks and then divided into 4 groups of 3 kg each. 
Each chunk was washed, salted and then subjected to 
different processing methods including: air drying in the 
sun (sun drying), deep-frying, solar drying (in a solar 
oven) and smoking. Sun drying was done for 4 days us-
ing locally constructed sun drying rack with appropriate 
screen, which protected the product from direct contact 

with insects. The average ambient temperature during 
the period of the experiment was 27oC ± 3oC. Deep-fry-
ing was performed in vegetable oil in a pot on a hot flame 
with occasional flipping in order to achieve even frying. 
Frying was achieved within 21 minutes at a tempera-
ture of about 240ºC. Solar drying was achieved in 4 days 
using locally constructed solar dryer with appropriate 
screen, which protected the product from direct contact 
with insects. Smoking was done at the temperature of 
90oC ± 10oC for 42 hours using NIOMR (Nigeria Insti-
tute for Oceanography and Marine Research) smoking 
kiln installed in the fish processing unit of the Fisher-
ies Technology Department, Federal College of Animal 
Health and Production Technology (FCAH & PT) Moor 
Plantation Ibadan Oyo State Nigeria. Charcoal was used 
to generate heat and smoke. 

The various processed fish products were subject-
ed to sensory quality evaluation using descriptive test 
based on 5-point hedonic scale modified from Tobor 
(1994) and Eyo (2001). Odour, flavour and texture were 
the sensory attributes examined. The following grades 
were allotted depending on their qualities: 8 – 10 = Ex-
cellent, 6 – 8 = Very good, 4 – 6 = good, 2 – 4 = bad and 
≤ 2 = worst. Twelve trained panelists from the Federal 
College of Animal Health and Production Technology 
Ibadan were used for the assessment. The proximate 
composition of the fish samples was determined using 

Table 1. Effect of processing methods on the perceived physical attributes (hedonic scale) of yellow croaker. 

Fish products Odour Kruskal–Wallis 
(c2)

p-value Flavour Kruskal–Wallis 
(c2)

p-value Texture Kruskal–Wallis 
(c2)

p-value

Sun dried 25.65 36.836** 0.01 20.59 40.705** 0.01 36.76 3.932 0.27

Fried 53.38 52.68 28.56

Solar dried 16.47 18.53 31.85

Smoked 42.50 46.21 40.82

**Kruskal Wallis test (c2) is significant between rows at p < 0.05

Figure 1. Effect of processing methods on texture of pro-
cessed yellow croaker
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the standard methods of AOAC (1994).

Statistical analysis
Data collected on descriptive organoleptic assessment 
using hedonic scale were subjected to nonparametric 
test (Kruskal Wallis test) and data collected on proxi-
mate composition were subjected to analysis of variance 
(ANOVA) to determine significance between means.  
Duncan Multiple Range Test (DMRT) was used to com-
pare differences among means. Significant level was 
chosen at p < 0.05.

Results and discussion
There was a significant difference between the odour of 
differently processed yellow croaker (c2=36.836, p<0.01) 
with fried product, rated as having the best odour fol-
lowed by smoked fish product (Table 1). There was also 
a significant difference between the flavour (c2=40.705, 
p<0.01) of the various processed fish products with fried 
yellow croaker rated as having the best flavour followed 
by smoked product (Table 1). Ayeloja et al. (2013) re-
ported similar result in their study of the effect of pro-
cessing methods on nutritive value of catfish (Clarias 
gariepinus). The result of this study also agrees with the 
opinion of Jang et al. (2009). In their study of food at-
tributes as reported that the satisfaction levels of ethnic 
foods varies depending on diverse food attributes such 
as taste, fresh, colorful, uniqueness and healthiness. 
In related veins, Lin (1991) observed that oyster con-
sumption was mainly influenced by five food attributes, 
including taste, nutritional value, freshness, cost and 
safety. However, there was no significant difference (c2 

=3.932, p > 0.05; Table 1) in the perceived texture of the 
various fish products although there was a small prefer-
ence for smoked fish, (29%) over sundried fish product 
(27%) and fried fish (21%) (Fig.1). 

The results of the effect of processing methods on 
proximate composition of yellow croaker (Table 2) in-
dicated that processing methods showed effect on the 
proximate composition of processed yellow croaker. Og-
bonnaya and Ibrahim (2009) also reported that different 
drying methods affected the proximate compositions of 
catfish. The moisture content of the various fish prod-

ucts was significantly different (P<0.05) with fried fish 
having the highest moisture content (30.44 +0.04 g/100 
g sample). A similar trend was observed for percentage 
lipid composition with fried fish product had the high-
est percentage of lipids (18.58+0.02 g/100 g sample). 
However, solar dried fish product had the highest crude 
protein (71.45+0.02%) which was significantly differ-
ent (p<0.05) from the protein content of the other fish 
products, which suggests that proteins in solar dried 
fish product were retained and less denatured by pro-
cessing method employed than in other processed fish 
products. Fried fish had the lowest percentage protein. 
This is in accordance with the findings of Gokoglu et al. 
(2004), Tao and Linchun (2008). There was a significant 
difference (p<0.05) in the percentage ash of the various 
fish products with smoked fish product having the high-
est ash content (10.73 + 0.01 g/100 g sample). Oyero et 
al. (2012) expressed a similar opinion that smoked fish 
products showed significant higher levels of ash content, 
which was as a result of inorganic matter which remains 
on it after the organic matter burnt. This signifies that 
the smoked fish products had high levels of mineral con-
tents.

Conclusion
This study indicates that consumers prefer the odour and 
flavor of fried fish product above others followed by that 
of smoked fish product. On the other hand, solar-ov-
en dried fish had the highest crude protein followed by 
smoked fish. Smoked fish had the highest percentage of 
ash which probably resulted from the burnt organic mat-
ter; this signifies that the smoked fish products had high 
levels of mineral matter. It is therefore better to process 
yellow croaker fish using solar oven or smoking as fish 
preserved using these preservation methods have bet-
ter protein content. Consumers also preferred the odour 
and flavour of smoked fish above others; this additional 
value could increase the economic value of smoked fish 
and in turn increase the income of fishers.  
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Introduction

Dermatophilosis is a skin disease of cattle, sheep, 
camels, goats, horses and other wildlife species 
(Gebreyohannes and Gebresselassie 2013). The 

diseases is caused by Dermatophilus congolensis, a facul-
tative anaerobic gram-positive branching filaments bac-
teria with both transverse and longitudinal fragments 
formed from packs of coccoid bodies arranged in paral-
lel rows giving the characteristic ‘train track’ morpholo-
gy (Quinn and Markey 2003). Although dermatophilosis 
is worldwide, more economic losses are encountered in 
tropical countries. Losses are mainly attributed to dam-

aged hides, decreased production and culling (Stewart 
1972). Skin abrasions and humid conditions triggers 
the dormant coccoid bodies to become motile flagellat-
ed zoospores that breakthrough the barriers of the skin 
and forms invasive filamentous in the hair follicle and 
superficial epidermis (Yeruham et al. 2003). Presence of 
the bacteria evokes an acute inflammation that recruits 
neutrophils resulting in multiple microabscesses for-
mation in the epidermis. The characteristic crusty cu-
taneous lesions are the outcome of repeated episodes of 
the inflammatory reaction against the bacteria and the 
epidermal regeneration (Yeruham et al. 2003). Ticks and 
biting flies compromising the skin integrity might be in-
volved in the mode of transmission (Quinn et al. 2011); 
moreover, various enzymes including proteases, kerati-
nases, and ceramidase produced by the D. congolensis 
might play a key role in the pathogenesis. Lesions are 
frequently seen on the back of the animals, ears of nurs-
ing kids and distal extremities. The diseases is zoonotic, 

التقرير الأول عن عدوي المجتلدة الكونغولية في الأبقار المحلية في سلطنة عمان
محمود النويشي2,3 وجلندا المعولي3 وهيثم علي1*

Abstract. Dermatophilosis is an infectious skin disease in animals and man caused by Dermatophilus congolensis. 
Objective: to report the isolation of Dermatophilus congolensis from paint-brush matted hairs to wart-like skin lesions 
in 12.1% of quarantined local cattle from the Sultanate of Oman. Methodology: skin scrapings, blood samples and skin 
biopsies were aseptically collected from the affected cattle for bacteriological, hematological and histopathological ex-
aminations, respectively. Results: bacterial cultural and staining characteristics of skin scrapings were confined with D. 
congolensis. Neutrophilia were reported in 86.75% of the examined animals. Histologically, there was severe multifocal 
exudative dermatitis with hyperkeratosis. Affected animals were treated successfully with three doses of long-acting 
oxytetracycline (20 mg/kg; IM injection) with topical application of antibiotic spray. Conclusion: this is the first report 
of dermatophilosis in local Omani cattle, and field veterinarians should be kept up to date with this recent detected 
disease.

Keywords:  Dermatophilus congolensis, Oman, Pathology, Natural infection, Zoonotic disease

المســتخلص. المقدمــة: داء المجتلــدات هــو مــرض جلــدي معــدي في الحيوانــات والإنســان يســببه بكريــا المجتلــدة الكونغوليــة. الهــدف: تســجيل عــزل بكتريــا 
المجتلــدة الكونغوليــة مــن أفــات جلديــة تــراوح بــين شــعر متلبــد يشــبه فرشــة الطــلاء إلى شــبيه الثآليــل في %12.1 مــن ابقــار محليــة في الحجــر البيطــري في 
ســلطنة عمــان. المنهجيــة: تم تجميــع كشــط جلــدي وعينــات دم وخزعــات جلديــة معقمــة للفحــص البكتــري والدمــوي والنســيجي، بالرتيــب. النتائــج: 
اظهــرت الزراعــة البكتريــة والصبــغ للكشــط الجلــدي بكتريــا المجتلــدة الكونغوليــة وكذلــك زيــادة العــدلات في الــدم في %86.75 مــن الحيوانــات المفحوصــة. 
لوحــظ التهــاب جلــدي نضحــي وخيــم مــع فــرط التقــرن بالفحــص الهيســتوباثولوجي وقــد تم عــلاج الحيوانــات المصابــة بنجــاح باســتخدام ثلاثــة جرعــات 
مــن دواء أوكســي تراســيكلين طويــل المفعــول )mg/kg 20 عــن طريــق الحقــن العضلــي( مــع اســتخدام عــلاج موضعــي باســتخدام بخــاخ المضــاد الحيــوي. 
الاســتنتاج: هــذا هــو التقريــر الأول عــن داء المجتلــدات في الأبقــار المحليــة بســلطنة عمــان وينبغــى إحاطــة الأطبــاء البيطريــين العاملــين بالحقــل بهــذا المــرض 

المكتشــف حديثــاً.
الكلمات المفتاحية: المجتلدة الكونغولية، سلطنة عمان، أفات مرضية، عدوي طبيعية، مرض حيواني المنشأ
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few human cases have been reported in the form of pus-
tules and eczema on the hands and forearms of patients 
following direct contact with infected animals (Burd et 
al. 2007; Dean et al. 1961). 

This study describes the detection of dermatophilosis 
infection and successful treatment in local cattle in the 
Sultanate of Oman. 

Materials and Methods

Animal and case history
On January 2018, a dead cow was submitted to the 
Central Laboratory for Animal heath, Ministry of Ag-
riculture and Fisheries, Muscat, Oman. The animal was 
covered with skin lesions all over its body with intense 
lesions on the neck and perineal areas (Fig. 1A & 1B). 
The dead cow and other 16 diseased animals out of 140 
(12.1%) was part of a herd that was collected from differ-

Figure 1. Dead cow with skin lesions on the neck and perineal areas (A &B); clinically ill cow with active skin lesions, focal 
alopecia and dermatitis on the face and neck (C); matted hair resembling paint brush pulled from the skin lesions (D & E); 
slightly hemorrhagic and eroded skin surface following the removal of the matted hair (F).    
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Figure 2. Direct smear from the skin lesions stained with gram stain: gram positive bacteria showing the typical train track 
morphology of the D. congolensis. 1000x  (A); Cultured smear from the skin lesion showing irregular, yellowish-grey , beta 
hemolytic colonies on sheep blood agar (B); gram positive D. congolensis from culture smear 48 hours post culture (C);  skin 
epidermis showing a multilaminated crust that are heavily infiltrated with neutrophil (D); skin dermis showing micro-ab-
scess with clear fluid and neutrophil infiltrations (asterisk) and mononuclear cells (arrows) (E); skin epidermis showing 
branching filaments of D. congolensis bacteria arranged in parallel rows (arrow) (F).
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ent governorates (Ad Dakhiliyah, Al Batinah North, Al 
Batinah south and Dhofar) and quarantined for expor-
tation purpose.

Bacteriological examination
Fresh skin scraping and crusts were collected aseptically 
from the dead cow and the other clinically ill animals 
and mixed in a few drops of sterile distilled water on 
a glass slide then stained with gram stain. Crusts and 
skin lesions were inoculated in sheep blood agar plate 
at 37  °C for 48 hours with 5% CO2 (Quinn and Markey 
2003).

Hematology
Blood samples were collected from the clinically ill an-
imals by Vacutainer systems from the jugular vein. He-
matological parameters were measured using Vet Auto 
Hematology Analyzer® (model BC 2800, Mindray). The 
mean value was determined for following parameters: 
total and deferential leucocyte count, red blood cell 
count, platelet count, hemoglobin concentration, mean 
corpuscular hemoglobin, mean corpuscular hemoglobin 
concentration, mean cell volume, and packed cell vol-
ume.

Sampling for histopathology
Skin biopsies were taken using a disposable sterile blade, 
then immediately fixed in 10% neutral buffered formalin. 
Following fixation, samples were routinely processed, 
trimmed, sectioned and stained with hematoxylin and 
eosin (H&E) for histopathological evaluation according 
to Bancroft (2013). Consecutive sections were stained 
with Giemsa stain.

Results
The necropsied cow showed severe icterus not related 
to the skin lesions. Clinically, the reported skin lesions 
from 16 affected cows consisted of exudative dermatitis, 
matted hair, focal areas of alopecia and crust formation 
as shown in Figure 1 (C, D, & E). Removal of the mat-
ted hair or crusts left an eroded skin surface that usually 
bleeds (Fig. 1F). Purulent exudate was noticed in active 
lesions. Upon bacteriological examination of skin scrap-
ings and crusts, resulting colonies were beta hemolytic, 
1-2 mm in diameter, yellowish grey in color, rough, con-
vex and attached firmly to the blood agar surface which 
is consistent with D. congolensis (Fig. 2B). Gram staining 
of both direct smears (Fig. 2A), smears from the cultured 
colonies (Fig. 2C) revealed gram-positive, branching fil-
aments bacteria with both longitudinal and transverse 
fragments, and piled with coccoid bodies. 

Although, there were no significant differences (data 
not shown) in most of the blood parameters when com-
pared to reference value, 86.75% of the examined cattle 
showed neutrophilia.

Histopathologically, there was severe, multifocal, ex-

udative and proliferative dermatitis. The epidermis was 
diffusely thickened by acanthosis, hyperkeratosis and 
multilaminated crusts that are heavily infiltrated with 
neutrophils (Fig. 2D). The dermis showed moderate to 
severe edema, hemorrhage, and was infiltrated by both 
neutrophils and mononuclear cells (Fig. 2E). Branching 
filaments of D. congolensis bacteria arranged in parallel 
rows and piled with coccoid bodies were detected in 
the stratified crusts of both H&E (Fig. 2F) and Giemsa 
stained sections. 

Clinically infected animals were isolated and treated 
successfully with three doses of intra muscular injection 
of long-acting oxytetracycline 20 mg/kg every 2 days 
with topical application of antibiotic spray containing 
chloramphenicol and gentian violet and proper disinfec-
tion of the shed. 

Discussion
The current study documented the first natural D. con-
golensis infections in local cattle in Sultanate of Oman. 
In neighboring countries, Dermatophilosis has been 
reported in camels in Saudi Arabia (Gitao et al. 1998), 
United Arab Emirates (Joseph et al. 1998), and Jordan 
(Tarazi and Al-Ani 2016), and in dairy cows in Iran (Ja-
fari Shoorijeh et al. 2008), and different animals (cattle, 
buffalo, goat, horse and  antelope) in India (Pal 1995). 
The high humidity, overcrowding of the animals, pres-
ence of ticks, biting flies and skin injury during ani-
mal transportations are all predisposing factors for the 
emergence of this infection (Zaria 1993). In the current 
study, the infected animals were collected for exporta-
tion purpose from different governorates after heavy 
rains during December 2017. The reported skin lesions 
were in consistent with previous reports of D. congo-
lensis infection in cattle (Carter and Cole, 1990; Quinn 
and Markey, 2003; Quinn et al., 2011). Colony morphol-
ogy and staining characteristics of the infective agent 
were confined with D. congolensis (Quinn and Markey 
2003). All infected animals were successfully treated as 
described by Osman (2014) and skin lesions were par-
tially healed after 10 days. Moderate economic losses 
are encountered to the small-scale cattle herders due to 
damaged hide and decreased milk and meat production. 
Monitoring skin lesions in Omani cattle is essential and 
field veterinarians should be kept up to date with recent 
detected disease.
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Introduction

Asian swamp eel (Monopterus albus) belongs 
to the family of Synbranchidae under Syn-
branchiformes order (Cheng et al., 2003). Asian 

swamp eel skin mucus is secreted by the epidermal 
goblet cells in the epidermis which composed from in-
organic salts, immunoglobulins, lipids and gel-forming 
macromolecules such as mucins, and other glycopro-

teins suspended in water (Bragadeeswaran and Thanga-
raj, 2011), which gives the mucus lubricating properties 
(Pearson and Brownlee, 2005).

There are two main mechanisms describing the cell 
death in eukaryotic cells, apoptosis and necrosis. Apop-
tosis is a process with well-defined key steps that mark 
the progress of the process in individual cells. Cells un-
dergoing apoptosis possess distinctive morphological, 
biochemical and molecular features including sequence 
of chromatin margination and aggregation, nuclear and 
cytoplasmic condensation, cellular shrinkage, budding 
and fragmentation through the partition of cytoplasm 
and nucleus into the apoptotic body (Eriksson et al., 
2008). these apoptotic bodies immediately recognized 
and phagocytized by macrophages or adjacent epithelial 
cells. Hence, there is no inflammatory response is elicit-

تنشيط موت الخلايا المبرمج بالمخاط الجلدي من ثعبان الأنقليس الآسيوي 
)Monopterus albus( ضد خط خلايا سرطان الرئة البشرية 

آية ربحي حلس1* وسيد محمود2.3* ومحمد عارفين قادري1 ورضوان هاشم1

Abstract. Asian swamp eel (Monopterus albus) is a freshwater fish which distributed widely in the East of India 
mainly across Malay Peninsula and Indochinese Peninsula, it is also broadly distributed in the Southern areas of East 
Asia including, southeastern China, Western Japanese Archipelago, and Korean Peninsula. It lives in muddy places, 
rice paddies, and slow-flowing currents areas. It has a unique morphological elongated body which is similar to snake 
and covered with a thick layer of mucus. The objective of this study is to screen the cytotoxic activity of eel skin mucus 
extracts and to evaluate the mechanism of cell death apoptosis or necrosis based on caspases activity assays. For this 
purpose eel skin mucus was collected from healthy fresh eels to prepare aqueous and methanol extracts. Preliminary 
cytotoxicity study was demonstrated against Non-small-cell lung carcinoma cell line (A549) using cell viability assay 
which revealed that methanol extract was more potent than aqueous extract based on the response of ESM methanol 
and aqueous extracts to the relevant IC50 concentrations as IC50 values were 621±0.09 µg/mL and 845 ± 0.25 µg/mL 
respectively. Subsequently cell death was induced through triggering apoptosis by the activation of caspase-3/7, 8 and 
9. In conclusion, the present study has revealed the cytotoxic potentials of eel skin mucus which may lead to the devel-
opment of new anticancer agents.

Keywords: Monopterus albus; cytotoxic activity; apoptosis; caspases.

المســتخلص:أنقليس المســتنقعات الآســيوية )Monopterus albus( هــو مــن أسمــاك الميــاه العذبــة الــي يتــم توزيعهــا علــى نطــاق واســع في شــرق الهنــد 
بشــكل رئيســي عــر شــبه جزيــرة الملايــو وشــبه جزيــرة الهنــد الصينيــة ، كمــا أنهــا موزعــة بشــكل واســع في المناطــق الجنوبيــة مــن شــرق آســيا بمــا في ذلــك 
، جنــوب شــرق الصــين ، أرخبيــل غــرب اليابــان ، و شــبه الجزيــرة الكوريــة. تعيــش في الأماكــن الموحلــة وحقــول الأرز ومناطــق التيــارات بطيئــة التدفــق. 
ولهــا تركيبــة جســم فريــدة مــن نوعهــا والــي تشــبه فيهــا الثعبــان وتغطــى بطبقــة سميكــة مــن المخــاط. الهــدف مــن هــذه الدراســة هــو فحــص النشــاط الســام 
علــى الخلايــا لمســتخلصات مخــاط جلــد ثعبــان الأنقليــس ولتقييــم آليــة مــوت الخليــة ســواء كان مــوت الخلايــا المرمــج أو النخــر علــى أســاس اختبــارات 
نشــاط الكاســبيزس. لهــذا الغــرض؛ تم جمــع مخــاط جلــد ثعبــان البحــر مــن ثعابــين طازجــة صحيــة لإعــداد مســتخلصات المــاء والميثانــول. تم إجــراء دراســة 
أوليــة للســمية الخلويــة ضــد الخلايــا غــر الرئويــة لســرطان الرئــة )A549( باســتخدام اختبــار قابليــة الخليــة الــي أظهــرت أن مســتخلص الميثانــول أقــوى مــن 
المســتخلص المائــي حيــث أن قيــم IC50 كانــت 621 ± 0.09 ميكروجــرام / مــل و 845 ± 0.25 ميكروجــرام / مــل علــى التــوالي. وفي وقــت لاحــق 
، فــإن آليــة مــوت الخليــة تســبب المــوت الخلــوي مــن خــلال التســبب في مــوت الخلايــا المرمــج عــن طريــق تفعيــل الكاســبيز 7/3 و 8 و 9. في الختــام ، 

كشــفت الدراســة الحاليــة عــن إمكانــات الخلايــا الســامة للخلايــا لمخــاط ثعبــان البحــر ممــا قــد يــؤدي إلى تطــور جديــد. وكلاء مضــاد للســرطان.
الكلمات المفتاحية: Monopterus albus ، النشاط السام للخلايا ، موت الخلايا المرمج ، الكاسبيزس.
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ed (Fadok et al., 2000). However, in vitro, the apoptotic 
bodies and residual cell fragments swell and lyse (Chang 
and Yang, 2000). The morphologic features that char-
acterize apoptotic cells are the consequence of several 
biochemical features, which are stimulated by proteo-
lytic destruction of cytoskeletal and metabolic proteins. 
Activation of the effector caspases 3 and 7 is a common 
step in both intrinsic and extrinsic apoptotic signal 
pathways, which accomplish the characteristic changes 
in the nuclear morphology and biochemistry, including 
chromatin condensation and DNA fragmentation (Fan 
et al., 2005).

Methodology

Materials

Cell Lines
The cell lines used in the study include human non-
small lung carcinoma (A549, ATCC CCL-185) and nor-
mal mouse embryonic fibroblast (3T3-L1, ATCC CRL-
3242). The cell lines were obtained from Biomedical 
Science Department, Kulliyyah of Allied Health Scienc-
es, International Islamic University Malaysia.

Chemicals
Phosphate buffered saline (PBS), Fetal bovine serum 
(FBS), Dulbecco`s modified Eagle medium (DMEM), 
Penicillin-streptomycin were purchased from Gibco 
Invitrogen Co. (Scotland, UK). Paclitaxel (Taxol®) and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) were purchased from Merck KGaA, 

Germany. Caspase-3/7, caspase-8, caspase-9 kits were 
purchased from Promega, Madison, WI, USA.

Methods

Sample Collection and Extraction
The eel skin mucus (ESM) was collected from healthy 
eels by gently scraping the surface of the eel skin and 
then it was homogenized with 2 volumes of distilled 
water using homogenizer, followed by centrifugation 
at 13,000 rpm for 30 min, the supernatant was freeze-
dried for 5 days. The dried substance was weighed and 
dissolved in distilled water to form aqueous extract and 
in methanol to form methanol extract, after that, the dis-
solved substance was filtered using 0.22 µm syringe filter 
to be ready for use. The extraction procedure was car-
ried out according to the method previously described 
by Sadakane et al. (2007) with a slight modification.

Cell viability test (MTT-based cytotoxicity as-
say)
The antiproliferative effect of aqueous and methanol ex-
tracts of ESM on growth of two human cancer cell lines, 
i.e. human non-small lung carcinoma (A549) and nor-
mal mouse embryonic fibroblast (3T3-L1), were evalu-
ated by MTT assay. Approximately 5 × 10⁴ of cells were 
seeded into 96-well plates. after the cells reach the con-
fluency level, they were treated with different concentra-
tions of ESM aqueous and methanol extracts from 200 
to 1000 μg/mL for 24 hrs. Then, 20 μl of MTT was added 
to each well and the plates were further incubated for 24 
hrs. After that, 100 μl of DMSO was added to each well 

Table 1. Caspase-3/7 activity after treatment of A549 cells with ESM methanol and aqueous extracts along with positive control 
(Taxol) and negative control (untreated cells) for 24 hrs. 

Treatment OD1 OD2 OD3 Average SD Fold Change

Methanol 0.301 0.339 0.322 0.320* 0.019 3.340*

Aqueous 0.236 0.202 0.229 0.222* 0.017 2.344*

Taxol 0.351 0.332 0.347 0.343* 0.010 3.597*

Control 0.091 0.098 0.093    0.094 0.003 0.094

Caspase-3/7 activities were determined using the CaspAce® system. Mean ± SD (n = 3 wells/treatment). *p < 0.05 compared with 
the untreated cells. Fold changes was calculated based on the control/untreated cells. OD is optical density.

Table 2. Caspase-8 activity after treatment of A549 cells with ESM methanol and aqueous extracts along with positive control 
(Taxol) and negative control (untreated cells) for 24 hrs.

Treatment OD1 OD2 OD3 Average SD Fold Change

Methanol 0.380 0.371 0.295 0.348* 0.046 3.233*

Aqueous 0.197 0.229 0.215 0.213* 0.016 2.216*

Taxol 0.153 0.202 0.197 0.184* 0.026 1.790*

Control 0.103 0.109 0.115 0.109 0.006     0.109

caspase-8 activities were determined using the CaspAce® system. Mean ± SD (n = 3 wells/treatment). *p < 0.05 compared with the 
untreated cells. Fold changes was calculated based on the control/untreated cells. OD is optical density.
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A549 which is required to reduce 50% of cell viability 
(IC50) was calculated and it was recorded as follows; 621 
± 0.09 µg/mL for methanol extract, 845 ± 0.25 µg/mL for 
aqueous extract and 43.12 ± 0.6 µg/mL for Taxol.

Effects of ESM aqueous and methanol extracts 
on caspase 3,8 and 9 activities
A549 cells-treated with the ESM extracts exhibited a 
sharp increase in the activities of caspases 3, 8 and 9. The 
activities of the individual caspases were expressed as 
fold increases with respect to the untreated control. Fold 
change is defined as the ratio between different values, 
the fold change of caspase 3,8 and 9 was higher for ESM 
methanol extract than aqueous extract compared to the 
control (untreated A549 cells) as shown in table 3.1,2,3. 
The activities of 3, 8 and 9 caspases were increased sig-
nificantly in A549 cells-treated with 600 μg/mL of ESM 
methanol extract and 800 μg/mL of ESM aqueous ex-
tract compared to untreated cells (the concentration of 
methanol and aqueous extracts was chosen based on 
the nearest concentration to IC50 value which was 621 
± 0.09 µg/mL for ESM methanol extract and 845 ± 0.25 
µg/mL for ESM aqueous extract.

Discussion
Treatment of ESM aqueous and methanol extracts sig-
nificantly inhibited the growth of A549 cell line com-
pared to the normal cell line. This result agrees with 
what has been reported about the anticancer activities 
of Amphibian skin mucus (Kawasaki and Iwamuro, 
2008). The present results showed that ESM extracts 
treatments activated 3, 8 and 9 caspases compared to the 
control (untreated cells), indicating that they induced 
A549 cell death via apoptosis as caspases test one of the 
biochemical markers which can be used to distinguish 
the mechanism of cell death, as it activated in the case 
of both intrinsic and extrinsic apoptotic signals (Fan et 
al., 2005). However, necrotic cell death does not involve 
caspase activation (Mansilla et al., 2006). Activation of 
caspases consider a hallmark of apoptosis and there are 
two pathways included; death receptor pathway which 
based on caspase-8 activation and mitochondrial path-
way which based on caspase-9 activation (Leong et al., 
2016). Accordingly, activities of the caspases 3, 8 and 9 

and incubated for 4 hrs. Then, the absorbance was mea-
sured at 570 nm using a microplate reader. The percent-
age of cell survival rate was calculated using to the cell 
viability formula: Percentage of cell viability = (Mean of 
experimental absorbance / Mean of control absorbance) 
× 100 (Villarroel et al., 2007).

PBS was used as a negative control while 1 μg/mL of 
Taxol was used as a positive control as it is a chemother-
apy medication used in the treatment of non-small-cell 
lung cancer (NSCLC) such as A549 cell line.

Determination of the mechanism of cell death 
by measuring of caspase 3, 8 and 9 activities 
Caspase 3, 8 and 9 are members of the cysteine aspartic 
acid-specific protease (caspase) family which play key 
roles in apoptosis induction. The test was conducted ac-
cording to the instructions of the kits. A549 cells were 
cultured in 96-well plates at the density of 1 × 104 cells 
per well overnight. The adherent cells were further in-
cubated for 24 hrs with 100 μl media containing IC50 
values of ESM aqueous and methanol extracts. After the 
treatment, the cells were harvested and centrifuged then 
the pellets were washed with PBS and lysis in chilled ly-
sis buffer. The mixture was left on ice for 10 min then 
centrifuged at 2000 rpm for 5 min at 4°C. Then the su-
pernatant was used for the determination of caspase ac-
tivities. The results were read on a microplate reader at 
405 nm (Abdullah et al., 2015).

Results

Cell viability assay
The results showed that the reduction in cell viability of 
A549-treated with ESM extracts was significant com-
pared with the untreated cells. At 200 µg/mL which 
was the lowest concentration used, the cell viability of 
ESM aqueous and methanol was recorded as 87. 61% 
and 76.29% respectively whereas at 1000 µg/mL of ESM 
aqueous extract the cell viability was recorded as 46.58% 
while for methanol extract was 38.19%. The cell viabili-
ty of ESM aqueous and methanol extracts against 3T3-
L1 at 1000 µg/mL was 79.24% and 63.65% respectively 
while at 200 µg/mL was 92.53% and 89.21% respectively. 
The inhibitory concentrations of ESM extracts against 

Table 3. Caspase-9 activity after treatment of A549 cells with ESM methanol and aqueous extracts along with positive control 
(Taxol) and negative control (untreated cells) for 24 hrs.

Treatment OD1 OD2 OD3 Average SD Fold Change

Methanol 0.442 0.450 0.447 0.446* 0.004 3.937*

Aqueous 0.299 0.318 0.271 0.272* 0.023 2.725*

Taxol 0.541 0.519 0.528 0.529* 0.011 4.625*

Control 0.019  0.012 0.017 0.033 0.003 0.033

caspase-9 activities were determined using the CaspAce® system. Mean ± SD (n = 3 wells/treatment). *p < 0.05 compared with the 
untreated cells. Fold changes was calculated based on the control/untreated cells. OD is optical density.
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were measured in A549 cells-treated with ESM aqueous 
and methanol extracts as well as Taxol which is a che-
motherapy drug use for apoptosis induction (Hu et al., 
2005). 

Conclusion
The activation of caspase (3, 8 and 9) only occurs as a 
result of apoptosis not necrosis and this parameter has 
been considered as one of the most reliable biochemical 
parameters to differentiate between apoptotic and ne-
crotic cell death, therefore, the current study revealed 
that ESM extracts activate cell death via apoptosis.
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Introduction

The Sultanate of Oman is considered as an arid 
country with an average annual rainfall of about 
100 mm. Although agriculture occupies about 

5% of the total area of Oman distributed around eleven 
governorates (regions), the agricultural sector consumes 
more than 93% of the total water demand. Al-Batinah 
North governorate represents the largest area of Oman’s 
agricultural lands (Table 1) covering 24% of the total 
agricultural area of the country and is considered to be 
Oman’s most important agricultural area as it produc-
es 65% of the Omani agricultural production with crops 
such as dates, fruits, vegetables and forage crops such as 
alfalfa and Rhodes grass (Choudri et al. 2015a; Choudri 
et al. 2013).

The population in Al-Batinah has sharply increased 
since 2003: i.e. by more than 100,000 people within 7 
years. Subsequently, the socioeconomic activities; active 
ports, coastal tourism projects, industrial activities, in-
frastructure development, intensive agriculture and ur-
banization have been rapidly taken place in this coastal 
zone (Choudri et al. 2015c). Such activities are related to 
population growth and have led to increasing pressures 
on natural resources including groundwater, agriculture 
and land use (Lawley et al. 2016).  It also has resulted in 
some environmental challenges such as seawater intru-
sion, water and soil salinition and desertification (Chou-
dri et al. 2015a).

The management plans to mitigate the environmental 
challenges are constrained by the shortage of informa-
tion about the interaction between the development ac-
tivities and the environment (Rishi and Mudaliar 2014). 
In general, lack of information about the global, national 
and local land resources may lead to management plans 

تقييم تسرب الملوحة في الحزام الزراعي في ساحل الباطنة باستخدام الصور الملونة 
الملتقطة من طائرة بدون طيار 

سوسنة بنت هلال الرحي*  وياسين بن أحمد الملا  وهيماناثا جاياسوريا

Abstract. Salinity by seawater intrusion due to excess groundwater pumping for irrigation is a major environmental 
challenge in the coastal areas of the Sultanate of Oman. Increasing salinity levels moving inward the arable lands is 
happening in a rapid manner. Thus, salinity needs to be evaluated and quantified using a fast and accurate method. The 
objective of this study was to estimate salinity intrusion in Al-Batinah coastal belt using color aerial imaging. The study 
was conducted in five randomly selected sites at increasing distances from the seashore of Al-Suwaiq area in Al-Batinah 
region of northern Oman. Color aerial images were acquired for each site with an Unmanned Aerial Vehicle (UAV). 
Images were enhanced by orthorectification in ENVI software. A Green Leaf Index (GLI) was obtained from each site 
image using Matlab software. Image analysis results were compared with the results of analyzed soil and water samples 
taken for ground-truth verification. There was a strong negative correlation between the distance from the seashore and 
the soil EC of each site (R = -0.95). Similarly, the mean value of GLI increased as the salinity levels decreased, R= -0.96 
and -0.92 for soil EC and water EC, respectively. We demonstrated the possibility of the use of color images taken by a 
UAV to accurately quantify the effect of soil salination on vegetation along the costal belt. 

Keywords: Seawater Intrusion; Salinity Dynamics; UAV; Image Processing; GLI.

المســتخلص: تمثــل الملوحــة تحديــًا بيئيًــا كبــراً في المناطــق الســاحلية في عمــان. حيــث أن حركــة الملوحــة بإتجــاه الأراضــي الداخليــة الصالحــة للزراعــة تســر 
بســرعة عاليــة، لــذا فهنــاك حاجــة ماســة للكشــف عــن حركــة التملــح وتقييمهــا باســتخدام طريقــة ســريعة ودقيقــة. الهــدف مــن هــذه الدراســة هــو تقييــم حركــة 
الملوحــة داخــل حــزام الباطنــة الســاحلي باســتخدام تقنيــات التصويــر الجــوي الملــون. وقــد أجريــت الدراســة في خمســة مواقــع مختــارة بطريقــة عشــوائية تبعــد 
بمســافات مختلفــة عــن شــاطئ ولايــة الســويق. تم إلتقــاط الصــور الجويــة الملونــة لــكل موقــع بواســطة طائــرة بــدون طيــار. وتم تحســين الصــور هندســيا كخطــوة 
اولى في عمليــة تحليــل الصــور الجويــة. ثم تم حســاب مؤشــرإخضرار الأوراق )GLI( المســتنبط مــن صــورة كل موقــع. بعــد ذلــك تمــت مقارنــة تحاليــل الصــور 
مــع تحاليــل الربــة والمــاء في عمليــة التحقــق وربــط المســتنبط بالواقــع. كان هنــاك ارتبــاط ســلي قــوي بــين المســافة مــن شــاطئ البحــر وملوحــة الربــة لــكل موقــع 
)معامــل إرتبــاط =0.95-(. وبالمثــل، زادت قيمــة )GLI( مــع انخفــاض مســتويات الملوحــة، معامــل إرتبــاط =  0.96- لملوحــة الربــة ومعامــل إرتبــاط 
= 0.92- لملوحــة الميــاه. أوضحــت نتائــج هــذا العمــل البحثــي إمكانيــة اســتخدام الطائــرات بــدون طيــار مثبتــة بكامــرا ملونــة لتقديــر وتحليــل تأثــر البعــد 

عــن شــاطئ البحــر علــى مســتويات الملوحــة في الربــة والميــاه، وكذلــك علــى حالــة الغطــاء النبــاتي في الأراضــي الصالحــة للزراعــة بمنطقــة الباطنــة.
الكلمات المفتاحية: تسرب الملوحة، ديناميكية التملح، الطائرات بدون طيار، تحليل الصور، مؤشر إخضرار الأوراق
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without environmental concerns (Mulder et al. 2011). 
Thus, there is a necessity for accurate, cost-effective and 
timely monitoring method to update the information 
on the status changes in the arable lands of coastal area 
(Mishra 2014), in order to develop a framework for the 
decision makers to manage the environmental problems.

Bajjali (2003) has conducted a study to assess the 
ground water quality in Oman by analyzing 20,000 
wells across different regions. The study indicated that 
Al-Batinah coast is the most affected area with ground-
water salinity in Oman, where the water salinity ranges 
from 5 to 44 dS/m (Choudri et al. 2015c). As reported by 
Choudri et al. (2015b), Ministry of Regional Municipal-
ities and Water Resources collected salinity data from 
18 different wells in Al-Batinah region during the years 
1991, 1993, 2005 and 2010 (Table 2). The collected data 
suggested that water salinity has increased gradually in 
all examined wells within the last two decades. Further-
more, water salinity is an important factor in soil salinity 
(Al-Belushi 2003; Hussain 2005). Approximately 52% of 
Al-Batinah lands are affected by soil salinity (Al-Mulla et 
al. 2010). Between the years 2000-2005, the percentage 
of the agricultural lands affected with soil salinity has in-
creased by about 7% (Al Barwani and Helmi 2006). In 
addition, soil salinity is considered as one of the main 
reasons of desertification in arid and semi-arid regions 
and so in Al-Batinah coast particularly (Al-Belushi 2003; 
Choudri et al. 2015b). On the other hand, soil salini-
tion is considered as one of the main reduction factors 
of Omani dates exportation which decreased by 2,000 
MT within a 5-year period (2007-2011). Similarly, pro-
duction of date palm in Al-Batinah region has steadily 
declined within the last few years mainly due to ground-
water salinity (Al-Yahyai and Khan 2015).

Although there are many studies investigated the 

salinity levels in Al-Batinah region using the tradition-
al field visits and lab analysis, there is no documented 
evidences on evaluation of salinity change inward the 
coastal belt, and particularly using areal imaging tech-
nique. Therefore, the objective of this study was to an-
alyze salinity change inward Al-Batinah coastal belt us-
ing images collected from an unmanned aerial vehicle 
(UAV) combined with color imaging techniques.

Table 1. Area of the agricultural lands in each governorate of 
Sultanate of Oman (feddan)

Governorate Agricultural land 
Area (feddan)*

Percentage %

Muscat 11,555.85 3.26

Dhofar 65,921.13 18.57

Musandum 3,242 0.91

Al Buraimi 16,123.21 4.54

Ad Dakhiliyah 45,732.97 12.88

Al Batinah North 85,118.27 23.98

Al Batinah South 48,984.53 13.80

Ash Sharqiyah South 15,206.87 4.28

Ash Sharqiyah North 27,523.27 7.75

Adh Dhahirah 33,295.08 9.38

Al Wusta 2,307.9 0.65

Total 355,011.1 100

*(M.A.F 2013)

Figure 1. The Study Area location
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samples (one sample from each site) were collected from 
the irrigation water sources (wells) of each site and were 
kept in a clean plastic container and transferred to the 
lab for analysis. The EC of each water sample were mea-
sured using EC meter.

Image Acquisition 
Aerial images were taken by a digital color camera with 
12.4 megapixels resolution. The camera was mounted on 
a quadcopter UAV (model: phantom-3-pro, DJI INC., 
China). Site images were taken from (130-275) m above 
the ground according to each site area. The captured 
images were saved in JPG format, which is a common 
format for realistic images and readable in different im-
age processing softwares. The images were transferred 
to the computer to be analyzed.

Image Analysis
Orthorectification was conducted as a pre-processing 
technique in order to enhance the site images and to 
decrease image distortion. The Environment for Visual-
izing Images (ENVI) software (version 5.0.3, Exelis Visu-
al Information Solutions INC., US) was used for image 
Orthorectification using Ground Control Points (GCPs) 
and Replacement Sensor Model (RSM). The GCPs 
were collected using Google Earth software (Version: 
7.1.7.2600, Google INC.). 

Several vegetation indices which depends only on 
color bands; Green Leaf Index (GLI), Visible Atmo-
spherically Resistant Index (VARI) and Triangular 
greenness index (TGI). GLI has been commonly used 
in thresholding the green vegetation in aerial images of 
canopy scales (Chianucci et al. 2016; Hunt Jr et al. 2013; 
Macfarlane and Ogden 2012). Thus, GLI was computed 
(Eqn. 1) to determine canopy attributes within each site 

Materials and Methods

Study Area
The study was conducted in Al-Suwaiq area (23° 50’ 
58” N, 57° 26’ 19” E). It is located at the south part of 
Al-Batinah North governorate (Fig. 1). The climate of 
Al-Suwaiq is characterized as dry with average annual 
humidity of 32% and high evapotranspiration rate. The 
average air temperature of the coastal area is 28.5 °C 
and 17.8 °C in the mountain area. The average rainfall 
rate in Al-Suwaiq (as a part of Al-Batinah region) is 50 
mm/year, varying in time and places within the region 
(Kwarteng et al. 2009) .

Sites Selection
Five sites were randomly selected within 0.3 to 6 km in-
land distance from the seashore of Oman through the 
agricultural land within the study area.

Samples Collection and Analysis
In each of the five randomly selected sites, five locations 
were selected randomly to collect soil samples. A Glob-
al Positioning System device (Garmin eTrex Legend Cx 
GPS, USA) was used to register each location coordi-
nates. At each location, three soil samples were collect-
ed from three different depths; 5 cm, 20 cm and 50 cm. 
Around 500 g of soil were taken with an auger to repre-
sent each depth. Each sample was kept in a clean plastic 
bag and annotated separately. A total of 75 soil samples 
were collected representing 5 sites × 5 locations × 3 
depths. The saturation method was used to obtain soil 
extract from soil samples. Each soil extract was investi-
gated for electrical conductivity (EC) which is expressed 
by deci-Siemens per meter (dS m-1). In addition, water 

Figure 2. The locations of the selected sites
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using MATLAB software (Version: 9.0.0.341360, Math-
work INC., USA).

GLI=  (2G-R-B)/(2G+R+B)                                                                                                       (1) 

Where G, R and B are the digital values (0-255) of the 
green, red and blue bands of each pixel . The GLI value of 
each pixel in the site image were calculated using equa-
tion 1. The GLI values were reconstructed by applying 
the MATLAB function (inpaint_nans.m). Then, the GLI 
pixel values were averaged to get the GLI value of the 
whole image.

Statistical Analysis
Pearson correlation coefficient was calculated to 

compare soil and water EC of each site with site distance 
from seashore. Regression analysis were used to esti-

mate soil and water salinity using the distance from the 
seashore and the value of GLI. 

The method followed in this paper is illustrated in 
Figure 3.

Table 3. The correlation coefficient of each salinity parameter

Salinity Parameter Correlation Coefficient

Soil EC (5 cm) -0.94992

Soil EC (20 cm) -0.87461

Soil EC (50 cm) -0.7105

Water EC -0.48239

Table 2. Location of salinity monitoring wells in Al-Batinah region with the observed salinity (ppm) in 1991, 1993, 2005 and 
2010

Well ID Location
(E)

Location
(N)

1991* 1993* 2005* 2010*

N-101 578701 2621460 1504 1632 2112 3072

N-92 582083 2620091 839 833 835 849

T-52 584162 2622750 1606 2214 8262 12288

N-79 585655 2617956 800 931 1280 1798

B-49 586184 2622605 7379 8896 8979 9126

T-30 591740 2621062 9280 9421 10682 14784

N-107 575993 2623943 1187 1112 5114 10432

B-70 571376 2627585 5440 6573 6144 11520

B-73 572962 2627174 7571 7424 8800 9728

B-83 568271 2628276 8410 6298 9600 12160

T-46 585991 2621972 6720 7507 13120 16576

N-63 590404 2619803 1382 1312 5133 14656

B-31 594298 2620548 4032 4902 11494 11514

N-53 591385 2616842 1344 672 1293 1792

N-71 587411 2619729 1427 1267 1958 3590

N-111 568658 2623958 774 833 1760 1837

N-66 588832 2617526 2138 1760 1978 2323

T-85 569008 2627063 3994 3610 6278 8896

*Observed salinity concentration (ppm#)
 #ppm = dS/m x 640 (EC = 0.1 to 5 dS/m), ppm= dS/m x 800 (EC > 5 dS/m) 

Soil and Water 
Sample Collection

Aerial Image 
Acquisition

(UAV)

Image Enhancement
(Orthorectivication)

Color Band Separation
(R, G, B)

Mean value of 
Enhanced GLI

Regression Analysis
Salinity vs GLI

Salinity Analysis
(EC)

Figure 3. Soil EC (dS m-1) of each site (1-5) at different soil 
depths (5, 20 and 50 cm)
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Results

Soil and Water Analysis
The level of soil EC of the collected samples at different 
depths of 5, 20 and 50 cm were decreased with the in-
crease of the soil depth, as shown in Figure 4. 

Effect of Seashore on Salinity Levels
The effect of site location from seashore on salinity 

levels is illustrated in Figure 5. As the distance between 
the seashore and the selected sites increased, the water 
EC and soil EC decreased gradually. To investigate the 
effect of site location on the salinity levels, the water EC 
soil EC at different depths (5, 20, 50 cm) were correlated 
with the distance from the seashore as shown in Table 3. 
Water EC had the lowest correlation with the distance 
from the seashore (R = -0.48). On the other hand, the 
EC of the soils in 5 cm depth had the highest correlation. 
Regression analysis was done to estimate the soil EC in 5 
cm depth by knowing the distance from the shore using 
Eqn. 2 (Fig. 6). 

y= -2.7671 x+22.643  (R2 =0.902)                                                          (2)

Where y is the EC (dS/m) of the top layer of soil and 
x is the distance from the seashore (km) to the selected 
site.

Image Analysis
The image of site 2 is shown as an example in Figure 7. 
The averaged values of GLI had a strong negative cor-

relation with soil EC (R= -0.96) and water EC (R= -0.92). 
The GLI value of site image can be used to estimate site 
soil EC (Eqn. 3) and water EC (Eqn. 4) (Fig. 8).

y= -2.0737 x+16.15 (R² = 0.9128)                                                          (3)

Where y is the soil EC (dS/m) and x is the mean value of 
GLI of the site image.

y = -2.3241x + 13.887  (R² = 0.8429)                                                       (4)
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Figure 5. Soil and water EC (dS m-1) of each site (1-5) and 
site distance from the seashore
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Figure 6. The regression analysis between the sites’ dis-
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different depths (5,20,50 cm)
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Where y is the water EC (dS/m) and x is the mean 
value of GLI of the site image.

Discussion
Soil and water salinity decreased as the site is located 
farther from the seashore (Fig. 5). Site (3) showed rela-
tively unexpected increase in salinity levels, which could 
be due to the farming practices in the site. All other sites 
showed clear negative correlation between the distance 
to the site from the seashore and the salinity levels.  On 
the other hand, an excellent correlation was observed 

while investigating the EC of soils from different depths 
with the distance from seashore (Table 3). The top soil 
layers showed the highest values of soil salinity, where 
that could be due to salt accumulation on the soil sur-
face as reported by Herrero et al. (2003). It also had the 
strongest correlation (R= -0.95) with distance from the 
seashore. 

The GLI mean values of the images ranged from -1.2 
to 6.8. The positive value of GLI was assigned to the 
green leaves or stems while the negative value was for 
non-green site objects like; soils, buildings, woods and 
other non-living items (Louhaichi et al. 2001). In this 
study it was found that the lowest mean value of GLI 
was -1.2 for site 1 with the highest salinity level. In gen-
eral, the results proved that the soil and water salinity 
had strongly affected the vegetation quantity and quality 
(greenness), where the mean green value (GLI) declined 
as the salinity increased.  Vegetation Soil Salinity Index 
(VSSI) were used by Tran et al. (2018) to estimate salin-
ity intrusion from Landsat 8 images with  R2 = 0.6957. 
The salinity levels can be estimated by the mean value of 
GLI with relatively strong values of coefficient of deter-
mination, compared to other vegetation indices. 

Conclusion
This research proved the effect of salinity intrusion 

on site location from the seashore. The five randomly se-
lected sites within the agricultural land belt with differ-
ent distances from the seashore showed a decline in sa-
linity levels as the site become far from the seashore. The 
effect of distance on soil salinity could be represented as 
a regression model. Mainly, this research demonstrated 
the possibility of using UAV with affordable digital cam-
era to estimate the vegetation cover. The results showed 

Figure 7. Orthorectification process of site number 2
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a strong negative correlation between salinity levels and 
GLI as an indicator of vegetation status. Salinity assess-
ment using UAV colour images is coast efficient, time-
less and more accurate in relative to field and satellite 
assessments. Nevertheless, more image processing tech-
niques may strength the possibility of aerial images in 
estimation of salinity effects on vegetation cover.
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Improving solanine production in in vitro cultures of Solanum nigrum L. 
using different chemical and physical factors

*Mu,ad A. AL- Kiyyam1, Rida A. Shibli*2, Reham W. Tahtamouni3, Tamara S. AlQudah4, Bashaer B Abu-Iramaileh4

Introduction

Plant cell and tissue culture technologies have been 
established from different explant types, such as 
plant leaves, stems, roots, and meristems under 

sterile conditions for the production of secondary me-
tabolites besides micropropagation purposes. Recent-
ly, successful production of many elite chemical com-
pounds from plant cell suspension cultures has been 

التحكم ببعض الظروف الزراعية يعزز من إنتاج السولانين في مزارع السويقات 
 :.Solanum nigrum L النباتية والكالوس والمعلقات الخلوية لنبات المغد الأسود

نبات طبي بري
معاذ أ. القيام ورضا أ. شبلي ورهام و. تهتموني وتمارة س. القضاة وبشائر ب. أبو الرمايلة

Abstract. Solanum nigrum L. is a medicinal plant of solanaceae family with distinguished therapeutic properties. 
Traditionally, S. nigrum. had been used as an anti-tumorgenic, antioxidant, hepatoprotective, diuretic, and antipyretic 
agent. The most important alkaloid member in this plant is solanine. Therefore, this study was conducted to utilize 
tissue culture techniques for the enhancement of solanine production in the in vitro grown cultures of this promising 
neglected plant. For callus growth and development experimental part, the highest callus growth parameters (callus 
diameter (21.4 mm) and callus fresh weight (2202.4 mg) were obtained in callus grown on Murashige & Skoog MS me-
dia supplemented with 2,4-Dichlorophenoxyacetic acid (2.0 mg·L-1) plus 1.5 mg·L-1 Thidiazuron. Similar trend was also 
obtained in cell suspension culture experiment, as maximum growth was recorded at similar hormone combination. 
Moreover, High-performance liquid chromatography analysis revealed that, solanine was affected by growth regulator 
type and concentration. The highest solanine levels were obtained when the explants were treated with 6-benzylamino-
purine at level of 2.0 mg·L-1, as solanine content reached up to (2.61, 1.53 mg.g-1) for callus and cell suspension, respec-
tively, while, microshoot contained the highest solanine (4.52 mg.g-1 DW) at 6-benzylaminopurine level of 1.6 mg.L-1. 
Additionally, carbon source had positively affected solanine level, where 0.2 M sucrose resulted in production of the 
highest amounts (3.13, 2.03 and 1.20 mg.g-1 DW) of solanine in microshoots, callus and cell suspension, respectively. 
Also, exposing microshoots and callus to light intensity of (100 µmol.m-2s-1) yielded the highest solanine content (4.03 
and 1.26 mg.g-1 DW, respectively),while the lowest solanine levels (1.50 and 0.48 mg.g-1 DW) were observed in plant 
material exposed to the lowest light intensity treatment (25 µmol.m-2s-1). Our results were promising for production 
of solanine especially in the microshoot (4.52 mg.g-1 DW) using 1.6 mg.L-1 of BA, as compared with previous studies 
which maximized production of solanine only up to 2.33 mg. g-1 DW using 0.5 mg.L-1 of cholesterol in Solanum lyra-
tum. 

Keywords:  Callus; Carbon source; Cell suspension; Light, Solanin.

المســتخلص: المغــد الأســودSolanum nigrum L.  نبــاتٌ طــيٌّ ينتمــي للعائلــة الباذنجانيــة ويتميــز بخصائصــه العلاجيــة المميــّزة، فقــد اســتخدم تقليديــاً 
كعامــل مضــاد لــلأورام ومضــاد للأكســدة ومضــاد للســمية الكبديــة، وكمــدر للبــول وخافــض للحــرارة. يعــد الســولانين القلويــد الأكثــر أهميــة في هــذا النبــات. 
لذلك أجريت هذه الدراسة مستخدمة تقنيات الزراعة النسيجية لتعزيز إنتاج السولانين في هذا النبات الواعد والمستحق للمزيد من الاهتمام وباستعمال 
مــزارع النمــو المختريــة. لوحــظ في القســم التجريــي المتعلــق بنمــو الكالــوس وتطــوره أنّ القيــم الأعلــى لنمــو الكالــوس المــزروع )قطــر الكالــوس: 21.4 مــم، 
  2.4-Dichlorophenoxyacetic مضافــاً لــه حمــض MS ووزنــه الرطــب: 2202.4 مــغ( قــد تم الحصــول عليهــا باســتعمال وســط موراشــج وســكوج
2( مــغ.ل1-( وThidiazuron )1.5 مــغ.ل1-(. كمــا تم التوصــل إلى تأثــر مماثــل في تجربــة زراعــة المعلــق الخلــوي، حيــث سُــجلت أقصــى قيمــة للنمــو 
باســتعمال المزيــج الهرمــوني ذاتــه. عــلاوة علــى ذلــك، كشــف التحليــل اللــوني الســائل عــالي الأداء أن الســولانين قــد تأثــر بنــوع وتركيــز منظــم النمــو، فقــد تم 
تســجيل أعلى مســتويات للســولانين عندما عولجت العينات النباتية بـ)2.0 مغ.ل1-( من benzylaminopurine-6، حيث وصل محتوى الســولانين 
إلى )2.61، 1.53 مــغ.غ1-( في كل مــن الكالــوس والمعلــق الخلــوي، علــى التــوالي، في حــين احتــوت الســويقات النباتيــة علــى أعلــى مســتوى مــن 
الســولانين )4.52 مــغ.غ1- مــاء مقطــر( عنــد إضافــة )1.6 مــغ.ل1-( مــن benzylaminopurine-6. كمــا كان لمصــدر الكربــون أثــر إيجــابي في 
مســتوى الســولانين، حيــث أدى اســتعمال 0.2 مــول مــن الســكروز إلى إنتــاج كميــات أعلــى مــن   الســولانين )3.13، 2.03، و1.20  مــغ.غ1- 
مــاء مقطــر( في كل مــن الســويقات النباتيــة والكالــوس والمعلــق الخلــوي علــى التــوالي. وكذلــك  فــإن تعريــض الســويقات النباتيــة والكالــوس لشــدة الضــوء 
البالغــة )100 ميكرومول.مــر2- ثانيــة 1-( قــد حقــق أعلــى محتــوى مــن الســولانين )4.03 و1.26 مــغ.غ1- مــاء مقطــر) علــى التــوالي، بينمــا 
لوحظــت أدنى مســتويات للســولانين )1.50 و0.48 مــغ.غ1- مــاء مقطــر( في المــواد النباتيــة عنــد تعرضهــا لأدنى معالجــة مــن شــدة الضــوء )25 

ميكرومول.مــر2-  ثانيــة 1-(.
الكلمات المفتاحية: الكالوس، مصدر الكربون، المعلق الخلوي، الضوء، السولانين.
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reported in various medicinal plants by exposing the 
cultured explants to different growth conditions in vitro 
such as, using different types of culturing media, growth 
regulators, sugars and manipulating some physical en-
vironmental factors, such as, temperature, moisture 

and light (Robbins et al., 1996; Shibli and Ajlouni, 2000; 
Chawla, 2002; Jasmin et al., 2011).

Solanum nigrum L. (black nightshade) (Fig. 1A) is 
an annual herbaceous plant of 30-90 cm height with 
a green, smooth and semi-climbing stem. This plant 
grows wild in wet woods, near river, waste land, old field, 
ditches roadside and cultivated land (Pronob and Islam, 
2012). Despite of being considered as a noxious weed 
that grows in many agro-climatic regions (Sundari et al., 
2010), S. nigrum  has been recently classified as a medic-
inal plant with distinguished therapeutic properties (Ra-
jani et al., 2012). Traditionally, S. nigrum had been used 
in oriental systems of medicine for various purposes as, 
an anti-tumorgenic, antioxidant, hepatoprotective, di-
uretic, and antipyretic agent (Lee et al., 2003 ; Raju et 
al., 2003).  

Solanine is considered the most important alkaloid 
produced in the green fruits of S. nigrum and many stud-
ies have confirmed Solanine activity as a cardiac anti-
accelerating agent (Cham; 1994). This is in addition to 
its use as an antimicrobial agent against many strains of 
bacteria and fungi (Roddick, 1996). Moreover, Solanine 
is recently recommended as a new therapy for treatment 
of many cancer cell lines (Cham, 2008; Ji et al. 2008; Sut-
kovic et al., 2011).

 Solanine can be found in the wild plants at high 
concentrations; but if we want to study how second-
ary metabolites are produced in plant cells in details 
we must adopt the tissue culture approach where the 
interference of all other factors such as, environmental 
factors is excluded. Moreover, wild plants in general are 
not effective sources to study secondary metabolites, as 
most medicinal wild plants are subjected to heavy loss 
due over collection; climate fluctuations; grazing ;urban-
ization , etc. Tissue culture is a potent technique that is 
used to enhance massive plant in vitro propagation and 
huge plantlets production under controlled conditions 
in few times and all around the year (Vinod and Dipa-
li , 2013). Furthermore; in vitro culture permits better 
understanding of the mechanism by which  plant cells 
synthesize secondary metabolites and the factors the 
can maximize their production by optimizing the cul-
tural conditions of plant cells (DiCosmo and Misawa, 
1995; Saito and Mizukami, 2002; Jasmin et al. 2011). 
Additionally, in vitro propagation of medicinal plants 
with enriched medicinal compounds and cell culture 
methodologies for selective metabolite production was 
found to be highly useful for commercial production 
of medicinally important compounds, as tissue culture 
techniques guarantee sustainable supply of true to name 
plants with high purity of the medicinally important 
compounds by excluding environmental factors and any 
possibility of genetic drift due to outcrossing (Hussain 
et al., 2012). 

Large-scale plant tissue culture is found to be an at-
tractive alternative approach to traditional methods of 
plantation as it offers controlled supply of biochemi-
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(HMCSR), University of Jordan, Jordan. Bashaer B Abu-Iramaileh4, 
Hamdi Mango Center for Scientific Research (HMCSR), University of 
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Table 1. Effect of plant growth regulators type and level on 
callus fresh weight and diameter of in vitro grown S. nigrum 
in combination with (2.0 mg.L-1) 2,4-D, except for (C & 0.0)
concentrations.

Plant growth regulator
Concentration (mg.L-1)

 TDZ Callus
Weight (mg)

Callus
Weight (mg)

0.0 551.7z f 6.3 d

Cx 613.4 e 6.9 d

0.5 679.8 d 7.0 d

1.0 1729.2 b 16.1 b

1.5 2202.4 a 21.4 a

2.5 1229.5 c 10.9 c

Kinetin

0.0 551.7 d 6.3 a

0.5 589.8 c 6.8 a

1.0 623.3 a 7.0 a

1.5(Cx) 613.4 ab 6.9 a

2.5 601.9 b 6.9 a

BAP

0.0 551.7 d 6.3 d

Cx 613.4 c 6.9 c

0.5 809.9 b 8.1 b

1.0 1137.8 a 10.2 a

1.5 615.9 c 7.0 c

2.5 605.5 c 7.1 c
x C (Control treatment) represents callus establishment media 
consisted of MS solid media plus 2.0 mg.L-1 2,4- D and 1.5 mg.L-
1 kinetin. z Means within columns for each growth regulator 
having different letters are significantly different according to 
Tukey HSD at p≤0.05.
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of (5.0 mm) and weight of (500 mg) were subcultured 
into a hormone free MS medium (HF-MS) for one week 
to remove the carry-over effects of plant growth regula-
tors (PGRs.). Later, the calli were sub-cultured into fresh 
MS media supplemented with (2.0 mg·L-1) 2, 4-D in 
combination with different levels (0.0, 0.5, 1.0, 1.5 or 2.5 
mg·L-1) of kinetin, 6-Benzylaminopurine (BAP) or TDZ. 
Control treatment was consisted of solid MS media plus 
(2.0 mg·L-1) 2, 4-D in combination with 1.5 mg·L-1 ki-
netin (callus establishment media). Data were obtained 
after 8 weeks for callus diameter and weight.

Cell suspension cultures
Approximately 1.0 g of friable callus, which was still in 
its active growth phase (i.e., after the 15th day of subcul-
ture) was placed in 250 ml jar containing 50 ml liquid 
MS medium (Murashige and Skoog, 1962). The culture 
media used in this experiment were as follows: hormone 
free MS solid media , MS media plus hormone combi-
nation which was found to be optimum for maximum 
callus growth in callus multiplication experiments (2.0 
mg·L-1  2,4-D + 1.5 mg·L-1 TDZ) (control) or MS media 
plus (0.1 or 0.25 mg·L-1) BAP in combinations with (0.1 
or 0.25 mg·L-1) 2,4-D. Cultures were incubated in com-
plete darkness at 25ºC on a horizontal shaker at 100 rpm 
for 15 days. Growth of cells was determined by measur-
ing packed cell volume (PCV) described by Allan (1996) 
under sterile conditions at 7and 15 days of which was 
expressed as ml cell pellet per culture.

For PCV measurements, which were repeated three 
times per treatment, the cell suspension in flasks was 
gently shaken and then 10 ml aliquots were transferred 
into 15ml graduated conical centrifuge tubes followed 
by centrifugation at 200 g for 5 min using a swing-out 
rotor (Allan, 1996) in order to determine the best hor-
monal combinations that can give the maximum cell 
suspension culture weight.

cal’s independent of plant availability (Sajc et al., 2000). 
Therefore, this study was conducted to investigate the 
possibility of improving solanine production in S. ni-
grumin in vitro grown cultures by manipulating some 
tissue culture growth conditions (chemical and physical 
factors). 

Materials and Methods

Establishment and multiplication of plant ma-
terial

Microshoots
Mature seeds of S. nigrum were collected from the moth-
er plants grown in wild in Jerash- Jordan (N: 32.27372, S: 
35.89464).Then the seeds were surface sterilized  before 
being subcultured into full strength MS (Murashige and 
Skoog, 1962) solid media at concentrations of 4.4 g.L-1 
and supplemented with 1.0 ml.L-1 MS vitamin mixture 
(Sigma Aldrich Murashige and Skoog Vitamin Powder 
1000X) pluse 0.1 M sucrose. Seeds were cultured and  
kept up in the growth room under a daily temperature of 
24±1 °C under a 16/8  (light/dark) photoperiod of 45–50 
μmol m-2s-1 irradiance, until germination. For shoot 
multiplication, a prelimenary experiment was conduct-
ed to determine which growth regulatores would result 
in best shoot multiplication (data not shown), and based 
on the obtained results nodal segments (2 cm) from the 
germinated seedlings were subcultured into MS media 
supplemented with (1.2 mg·L-1) Thidiazuron; 1-Phe-
nyl-3-(1,2,3-thiadiazol-5-yl (TDZ) plus 0.1 mg·L-1al-
pha-Naphthalene acetic acid free acid (NAA) (media 
that was found to be best for shoot proliferation). The 
cultures were kept under growth room conditions de-
scribed earlier. 

Callus
Callus was successfully established from excised in vitro 
grown leaf discs subcultured into callus establishment 
media (MS solid media supplemented with 2.0 mg·L-1 of 
2,4-dichlorophenoxy acetic acid (2,4-D) and 1.5 mg·L-1 
of kinetin) and kept under complete dark condition for 
8weeks. After callus establishment, calli with diameter 

Table 2. Effect of different combinations of BAP and 2,4-D on growth rate of cell suspension cultures of S. nigrum within dif-
ferent periods.

Days Growth regulator

0.0 Cx BAP 0.1 mg.L-1+ 
2,4-D 

0.1 mg.L-1

BAP 0.1 mg.L-1 + 
2,4-D 

0.25 mg.L-1

BAP 0.25 mg.L-1 + 
2,4-D 

0.1 mg.L-1 

BAP 0.25 mg.L-1 + 
2,4-D

 0.25 mg.L-1 

7 11.5dz 39.9 a 19.5 c 19.7 c 18.7 c 27.5 b

15 37.7d 88.5 a 44.9 d 59.2 c 56.1 c 68.7 b
x C (Control treatment) represents callus multiplication media consisted of liquid MS media plus 2.0 mg.L-1 2,4 D + 1.5 mg.L-1 
TDZ. zMeans having different letters are significantly different according to Tukey HSD at P≤0.05. Cell suspension culture growth 
expressed as % packed cell volume (PCV) 
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Effect of chemical factors and light intensities 
on the in vitro production of solanine

Effect of Cytokinins
Microshoots were grown in MS media supplement-
ed with 0.1 M sucrose, 0.1 mg·L-1 NAA in addition to 
different concentrations of different cytokinin growth 
regulators: BAP, kinetin or 6-(gamma, gamma- Dimeth-
ylallyl amino) purine (2iP) at levels of 0.0, 0.4, 1.0, 1.6 or 
2.0 mg·L-1. The subcultured microshoots were kept un-
der normal growth room conditions. For callus and cell 
sspenssion, a part of plant material was treated with the 
different cytokinin types and levels mentioned before 
and kept under dark, while the other part was cultured 
on a media consisted of MS media plus best hormone 
formula resulted in the callus multiplication experiments 
(2.0 mg·L-1  2,4-D and 1.5 mg·L-1 TDZ) and maintained 
under complete dark conditions. After 8 weeks, plants 
material (microshoots, callus and filtered cell suspen-
sion) from each experiment were collected, dried in the 
oven (35 ºC for 2 days). Next, the dried plants material 
were grounded in a mortar and pestle, and pooled before 
being analyzed for alkaloids quantification (extraction 
and analysis), and the results were compared with those 
obtained from wild mother plant from Jerash grown in 
green house at Faculty of Agriculture/ University of Jor-
dan, Amman -Jordan.

Effect of carbohydrate sources
Microshoots of S. nigrum (1.0 cm long) were subcul-
tured into a hormone free MS medium  for one week 
to remove the carry-over effects of plant growth regu-
latores (PGRs). Next , the microshoots were transferred 
into hormone free MS media supplemented with elevat-
ed concentrations of sucrose, glucose and fructose (0.05, 
0.1, 0.15 and 0.2 M). For the callus and cell suspension, 
plant material were subcultured into callus multiplica-
tion media described earlier and supplemented with the 
different sugar types as mentioned above and kept under 
dark. After 8 weeks, the plant materials were dried and 
grounded as described earlier before being analyzed for 
alkaloids quantification (extraction and analysis) and the 
results were compared with those obtained from wild 
mother plant.

Effect of different light intensities
Microshoots and callus samples were kept at different 
light intensities (25, 50, 75 or 100 μmol. m−2.s−1) irradi-
ance for 8 weeks. The plant material was collected, dried 
and grounded as described earlier before being analyzed 
for alkaloids quantification (extraction and analysis), 
and the results were compared with those obtained from 
wild mother plant from Jerash grown in green house at 
Faculty of Agriculture, University of Jordan, Amman 
-Jordan.

Determination of alkaloids content using high 
performance liquid chromatography(HPLC):

Alkaloids extraction
Samples (3 g) from each powdered plant material tak-
en from each experiment, in addition to samples taken 
from the wild plants collected from the five different 
places in Jordan (including the wild mother plant from 
Jerash) were extracted thrice with 200 mL of 5% aqueous 
acetic acid and its pH was adjusted to 11 with ammoni-
um hydroxide before being vacuum filtered. The alkaline 
extract was partitioned with water-saturated butanol 
and evaporated to dryness, purified and the residue was 
weighed and dissolved in acetonitrile and analyzed.

Preparation of solanine stock solution and working 
standards
Solanine stock solution at concentration of 20 ppm was 
prepared by weighing 2.0 mg of solanine in 100ml volu-
metric flask, dissolved and completed up to volume by 
methanol HPLC grade .The prepared stock solution was 
stored at 4ºC in dark. Working solutions were prepared 
by serially diluting stock solutions using the mobile 
phase at concentrations of 0.5, 1, 2.5, 5 or 10 ppm.  Fresh 
working standards were prepared daily. About 2.0 mg 
(±0.01mg) of solanine reference standard was dissolved 
into a 100 m1 volumetric flask and about 100 ml of ace-
tonitrile until complete dissolve. Four points were con-
structed for the calibration curves  ( Fig. 2) and HPLC 
chromatogram (Fig. 3) for solanine was obtained before 
starting chemical analysis.

Chromatographic conditions
Chromatographic separation was carried out on HPLC- 
Shimadzu system (Japan), equipped with (LC-10 AT)  
pump, a manual injector, a system control (SCL-10A),a 
UV/VIS detector (SPD-10A), and an analytical column 
– C18 (250 - 4.6 mm I.D. 5 µm, Merck, Germany).  The 
software, Shimatzu CLASS-VP (V6.14 SP1) chroma-
tography data system was used as the data acquisition 
system. An  ultrasonic cleaner (JEIOTECH- US) , a VM-
300 vortex (Germany industrial CORP),  an electronic 
balance (Precisa 410AM-FR, Switzerland), a SUPRA 
30K (HANIL science industrial co., Ltd., Germany) ul-
tra-centrifuge, a microfiltration unit (Advantec, MFS, 
Inc) with a rotary pump (Rocher 300) were used in sam-
ple treatment.

The alkaloids were analyzed using HPLC apparatus 
consisting of Shimadzu LC-10A system equipped with a 
model LC-10AT pump, an SPD-10A variable wavelength 
detector, a CBM-10A interface module with class LC-10 
HPLC software using a Merck C-18 column (250×4.6, 
i.d., 5 μm particle size). 
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Solanine identification test
The basic method for solanine identification followed in 
this research was that set by Mohy-Ud-Din et al., (2010). 

After conditioning the column and reaching equilib-
rium with the mobile phase, 20 μl of each of the solanine 
standard solution was injected at 0.5ml/min flow rate 
and tested at the range of detection wavelength 204 nm 
in order to determine solanine peak.

Method development
When the basic solanine identification method was ap-
plied, no separation between solanine peak and a matrix 
impurity peak was achieved.  Therefore, it was necessary 
to develop this method, to improve the separation of 
solanine from the peak of impurity in plant extract ma-
trix. The best separation of solanine was achieved on the 
following detection conditions: mobile phase: 25 acito-
nitrile (ACN), 75 potassium dihydrogen phosphate and 
5ml Triethylamine at pH 7.5, the flow rate was 0.5 ml/
min and UV detector wavelength set at 204 nm.

Experimental design and arrangement
All treatments in each experiment were arranged in a 
completely randomized design (CRD) and consisted of 
five replicates with 4 explants /replicate. Meanwhile, in 
alkaloids content determination experiment each treat-
ment consisted of 3 replicates with 3 samples /replicate 
and sample dry weight of (3.0 g). The collected data were 
statistically analyzed using SPSS analysis system and 
analysis of variance (ANOVA) was used to analyze the 
obtained results, and mean was separated with probabil-
ity level of 0.05 according to the Tukeys HSD.

Results and Discussion

Callus induction and multiplication:

Effect of TDZ
In callus multiplication experiments, the combination 
of 2,4,D (2.0 mg·L-1) plus TDZ  resulted in increasing 
callus growth in terms of fresh weight and diameter at 
all TDZ levels compared to control (C) and 0.0 mg·L-1 
(Table 1). Similar results were reported by Sajid and Fa-
heem (2009) who investigated the effect of Thidiazuron 
(TDZ) on in vitro micropropagation of Solanum tubero-
sum and they reported that, TDZ promoted callus in-
duction and multiplication due to its biological activities 
in inducing the synthesis and accumulation of endog-
enous cytokinins which would direct cell division and 
callus clumps formation. The highest callus diameter 
(21.4 mm) and callus fresh weight (2202.4 mg) (Table 1) 
were recorded in callus grown in hormone combination 
of 2,4-D (2.0  mg·L-1) plus 1.5 mg·L-1 TDZ. Improving 
callus growth using different combinations of  2, 4-D and 
TDZ of was also reported to be efficient in Stephania 
tetrandra, as it was found that, best callus growth and 
multiplication resulted on MS media plus 1.0 mg·L-1 2, 
4- D and 0.5 mg·L-1TDZ (Chao  et al., 2011). However, 
increasing TDZ level to 2.5 mg·L-1 resulted in decreasing 
callus fresh weight and diameter (Table 1), which might 
be attributed to the high TDZ concentration that might 
had inhibitory influence on callus growth and develop-
ment. 

Effect of kinetin
Callus fresh weight and diameter increased significant-
ly with increasing kinetin level in the media up to 1.5 
mg·L -1 (Table 1). The maximum values for both tested 

Figure 1. A: Solanum nigrum plant. (http://www.homeredies.com/solanum-nigrum-medicinal-uses-and-images). B: Chem-
ical structure of solanine (Nino et al. 2009).

B
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parameters were obtained in the combination of 1.0 
mg·L-1 kinetin and 2.0 mg·L-1 2, 4-D as it yielded the 
highest callus fresh weight (623.3 mg) and diameter (7.0 
mm) as shown in Table (1). Generally, kinetin perfor-
mance was poor in terms of callus growth compared to 
the results obtained in TDZ treated explants. This con-
trasted the results reported about callus induction and 
multiplication of Securinega suffruticosa and Viola ulig-
inosa, as they were maximized when their explants were 
grown on media supplemented with 2,4-D plus Kinetin 
(Raj et al., 2015; Slazak et al., 2015; respectively). This 
might refer to the fact that, plant responses to the differ-
ent types and combinations of the growth regulators are 
species dependent.  

Effect of BAP
Adding BAP  in combination with 2,4-D  improved 
callus growth significantly up to BAP level of 1.0 mg·L-

1 compared to the results recorded in control (C and 
0.0  mg·L -1) (Table 1).  The maximum callus weight 
(1137.8 mg) and diameter (10.2 mm) were obtained in 
BAP level of 1.0 mg·L-1 (Table 1). These results agreed 
with those reported by Sridhar and Naidu (2011), Shee-
ba and Palanivel (2013) and Sheeba et al., (2013) through 
their investigation on callus induction procedure of S. 
nigrum, Solanum surattense and Physalis minima, re-
spectively. 

The obtained results from callus multiplication ex-
periment can lead to a conclusion that, TDZ (1.5 mg·L-1) 
and 2,4, D (2.0 mg·L-1) was the best combination that 
gave the maximum callus fresh weight and diameter of 
S. nigrum.

Cell suspension culture
The obtained results indicated that, adding 2.0 mg·L-1 
2,4-D plus 1.5 mg·L-1 TDZ  (callus multiplication hor-
monal combination (C)); to the culture medium had 
yielded the maximum cell growth rate compared to the 
other treatments (Table 2). Meanwhile, for BAP and 2,4-
D combination treatments, the highest cell growth rate 
(68.7%) was recorded in BAP (0.25 mg·L-1) and 2,4-D 
(0.25 mg·L-1) treatment (Table 2), this agrees with Song 
et al., (2002) results, as they reported that the media con-
taining high BAP (0.25 mg·L-1) and 2,4-D (0.25 mg·L-1) 
produced greater rates of cell division in sugar Beet (Beta 
vulgaris) than either medium with lower BAP (0.1 mg·L-

1) and 2,4-D (0.1 mg·L-1) levels or the control (hormone 
free MS liquid media). This agrees with Kshirsagar et al. 
(2015) findings in their study on Swertia lawii Burkill; as 
the maximum growth of cells suspension cultures (fresh 
weight = 2.8 g and dry weight 0.6 g) was observed after 
15 days of culture in MS liquid medium supplemented 
with 2, 4-D (2.0 mg l−1) and BAP (2.0 mg l−1). Similarly, 
maximum growth of cells in suspension were observed 
between 10–15 days were reported in Passiflora alata  
using similar combination of growth regulators (2, 4-D 
and BAP) (Pacheco et al., 2012). 

Effect of chemical factors and light intensities 
on the in vitro production of  solanine

Calibration curve
A calibration curve of alkaloids (Solanine) reference 
standard solution was prepared (Fig. 2) in order to cal-
culate solanine content in the microshoots, callus and 
cell suspension of S. nigrum and comparing the results 
to solanine content in the wild type plant as mentioned 
above. Figure (2) explains how solanine contents was 
determined and calculated in the samples (a quantifica-
tion method) using different quality control points in-
cludes different concentrations of the solanine standard 
to build up the calibration curve of solanine. Alkaloids 

Table 3. Effect of cytokinine type and concentration on sola-
nine % (mg.g-1) dry weight (DW) in microshoots, callus and 
cell suspension of in vitro and wild (in green house) grown S. 
nigrum.

Concentration 
(mg.L-1)

 BAP Kinetin 2iP

Microshoot

W* 4.92 az 4.92 a 4.92 a

Cy 1.82 d 1.82 d 1.82 e

0.4 2.20 c 2.00 d 2.16 d

1.00 3.93 b 2.60 c 3.00 c

1.6 4.52ab 3.83 b 3.87 b

2.0 3.77 b 4.00 b 3.43 bc

Callus

W 4.92 a 4.92 a 4.92 a

Cy 0.73 d 0.73 d 0.73 e

0.4 0.95 d 1.97 c 1.10 d

1.00 1.62 cd 2.13 c 1.53 c

1.6 2.01 c 2.21 c 1.62 c

2.0 2.61 b 2.82 b 2.55 b

Cell suspension

W 4.92 a 4.92 a 4.92 a

Cy 0.43 c 0.43 d 0.43 c

0.4 0.63 c 0.50 d 0.42 c

1.00 1.00 bc 0.50 d 0.76 b

1.6 1.11 bc 0.98 c 1.01 b

2.0 1.53 b 1.33 b 0.86 b

W*: represents mother plant collected from Jerash. CY: control 
treatment for microshoots consisted of hormone free solid MS 
media. CY: control in callus experiment consisted of callus mul-
tiplication media (MS solid media + 2.0 mg.L-1 2, 4-D + 1.5 
mg.L-1 TDZ ). CY: control for cell suspension cultures experi-
ment consisted of MS liquid media plus 2.0 mg.L-1 2,4-D + 1.5 
mg.L-1 TDZ. zMeans within columns having different letters for 
each growth regulator type are significantly different according 
to Tukey HSD at P≤0.05.
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compounds were eluted at 6.26 min for solanine, and 
(Fig. 3) represents the peak of solanine, areas and lin-
ear calibration curve (r²= 0.9999) as they were measured 
in the range of 12.5-12800 µg.ml-1 (ppm or mg·L-1). So-
lanine was determined based on Figure 2 (calibration 
curve) using the following equation provided by the cal-
ibration curve: y = ax +  b          
Where: y = area, a = constant, x = solanine concentra-
tion and b = constant

Effect of plant growth regulator on solanine 
content

Effect of BAP
The obtained data in BAP experiment revealed that, so-
lanine percentage in microshoots had increased remark-
ably in response to BAP level in the media to reach  a 
maximum level of (4.52 mg.g-1  DW) at BAP concen-
tration of 1.6 mg·L-1 compared to (1.82 mg.g-1 DW) 
recorded in the control treatment  (C) (Table 3). This 
means that BAP level of (1.6 mg·L-1) was able to enhance 
solanine production in the microshoots to reach a level 
which was very close to solanine content obtained in Jer-
ash mother plant grown in the greenhouse. Meanwhile, 
solanine tended to decrease (3.77 mg.g-1 DW) at high-
er BAP level (2.0 mg·L-1).These results fully agreed with 
Yogananth et al., (2009) and Bhat et al., (2010), where 
BAP enhanced the solanine accumulation in S. nigrum 
shoots. Also, Jayabalan et al., (2014) studied improve 
solasodine (another important alkaloid in Solanacea 
family) accumulation in vitro Solanum trilobatum using 
different concentration of BAP, and they concluded that 
2.0 mg·L-1 of BAP was the best levels that gave the max-
imum solasodine percentage. Additionally, Al-Hawam-
deh et al., (2013) reported the effect of BAP on the con-
tent of silymarin compounds in Silybum marianum, as 
they found that Silybin, silydanin, and silymarin content 
increased as BAP concentration increased compared 
with the control.

In callus experiment, solanine was recorded to in-
crease with increasing BAP level to reach a maximum 
concentration (2.61 mg·L-1 DW) at 2.0 mg·L-1 of BAP 
(Table 3). Moreover, solanine was positively influenced 
by BAP level in the samples taken from the cell suspen-
sion, but in lower percentages than those obtained in the 
microshoots and callus cultures (Table 3), as the maxi-
mum level of solanine recorded in the cell suspension 
was only (1.53 mg.g-1 DW compared to 3.77 and 2.61 
mg.g-1 DW) extracted from the microshoots and callus; 
respectively at similar BAP level (Table 3). This could be 
attributed to high water content in the cells cultured in 
the liquid MS media, as high water content in the cell 
was always reported to have a negative impact on the 
production and accumulation of secondary metabolites 
including alkaloids (Morales et al., 1993; Tahtamouni et 
al., 2016).

Effect of kinetin 
In kinetin experiment, the results showed that, increas-
ing kinetin concentration positively affected solanine 
percentage (mg.g-1 DW) in shoots, callus, and cell sus-
pension at all levels. (Table 3). Similar to the results trend 
obtained in BAP experiment, the highest solanine level 
were recorded in the microshoots (4.00 mg.g-1 DW) and 
callus culture (2.82 mg.g-1 DW) while the lowest values 
were recorded in the cell suspension cultures at all kine-
tin levels (Table 3). 

The positive impact of kinetin on alkaloids produc-
tion was also reported by Al-Hawamdeh et al., (2013) as 
kinetin enhanced the content of silymarin compounds 
in Silybum marianum shoots at 1.6 mg·L-1 kinetin. 
Moreover, effects of kinetin on biosynthesis of vindoline 
and other indole alkaloids in Catharanthus roseus cal-
lus cultures was investigated by Jian et al., (2001) and 

Table 4. Effect of charbohydrate type and concentration on 
solanine % (mg.g-1 DW) in microshoots, callus and cell sus-
pension of in vitro grown S.nigrum, in addition to wild (in 
green house) grown S. nigrum.

Concentration 
(mg.L-1)

 Sucrose Glucose Fructose

Microshoot

W* 4.92 az 4.92 a 4.92 a
0.05 0.90 e 0.43d 1.68 c

0.1 (Cy) 1.82 d 2.67 c 1.85 c

0.15 2.43 c 3.00 b 2.13 bc

0.2 3.13 b 2.00 c 2.40 b

Callus

W 4.92 a 4.92 a 4.92 a
0.05 0.21 e 0.58 c 0.58 c

0.1 (Cy) 0.73 d 0.85 b 0.61 c

0.15 1.50 c 1.03 b 0.93 b

0.2 2.03 b 0.48 c 1.05 b

Cell suspension

W 4.92 a 4.92 a 4.92 a
0.05 0.10 d 0.33 c 0.13 d

0.1 (Cy) 0.43 c 0.38 c 0.26 c

0.15 1.16 b 0.56 b 0.50 b

0.2 1.20 b 0.40 c 0.66 b

W*: represents wild mother plant from Jerash. Cy: for micro-
shoots control treatment is consisted of hormone free MS me-
dia + 0.1 M of each carbohydrate types. CY: control in callus 
experiment consisted of callus multiplication media (MS solid 
media+2.0 mg.L-1 2,4- D+ 1.5 mg.L-1 TDZ ) + 0.1 M of each 
sugar types. CY : control in cell suspension cultures experiment 
consisted of MS liquid media plus (2.0 mg.L-1 2,4-D + 1.5 mg.L-
1 TDZ) ) + 0.1 M of each sugar types.  zMeans within columns 
having different letters for each sugar type are significantly dif-
ferent according to Tukey HSD at P≤0.05.
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they reported that, indole alkaloids increased as BAP in-
creased, which was  attributed to enhanced peroxidase 
activity, reflected the pattern of alkaloid biosynthesis 
under the same culture conditions.

Effect of 2iP 
The obtained data in 2iP experiment concluded that, 
solanine percentage in the microshoots had increased 
significantly in response to 2iP level in the media to 
reach a maximum level of (3.87 mg.g-1 DW) at 2iP con-
centration of 1.6 mg·L-1 compared to (1.82 mg.g-1 DW) 
recorded in the control treatment (Table 3). Meanwhile, 
solanine in microshoots tended to decrease (3.43 mg.g-1 
DW) at higher 2iP level (2.0 mg·L-1). In callus experi-
ment, solanine was observed to increase with increasing 
2iP level to reach a maximum concentration (2.55 mg.g-1 
DW) at 2.0 mg.L-1 of 2iP (Table 3). In cell suspension 
experiment, solanine content increased as 2iP concen-
tration increased; 1.6 mg·L-1 of 2iP gave the highest so-
lanine content (1.01 mg.g-1 DW) in cell suspension after 
that solanine content decreased to (0.86 mg.g-1 DW). 

Al-Hawamdeh et al., (2013)  studied the effect of 2iP 
on the content of silymarin compounds in Silybum mar-
ianum shoots and they reported that Silybin, silydanin, 
and silymarin content increased as 2iP concentration in-
creased compared with the control, and the maximum 
percentages for both silybin (0.76%) and silydanin (0.24 
%) were obtained at 1.0 mg·L-1 2iP and 0.1 mg·L-1 NAA, 
while higher concentrations of 2iP ( more than 1.0 mg·L-

1) was reported to reduce the production of all silymarin 
compounds. Karolak et al., (2015) explained that cytoki-
nin significantly suppresses the transport of macronutri-
ents such as nitrate, ammonium, sulfate and phosphate, 
while nitrate regulates the expression of genes involved 
in the phenylpropanoid and flavonoid pathways. 

On the other hand, the concentrations of solanine in 
the control (C) treatments were lower compared to sola-
nine concentrations found in the plant materials treated  

with the growth regulators  (2iP, BAP, kinetin) (Table 3). 
This could refer to the fact that, C media was designed 
for each explants type to be optimum for cell division 
and growth which would direct all plant cell resources 
towards cell division and primary metabolites (proteins, 
carbohydrates ...etc) synthesis rather than production of 
secondary metabolites, which was very obvious in the 
results obtained in callus and cell suspension cultures 
where cell division is the predominant task for the cells 
(Table 3). Meanwhile, the obtained data revealed that, 
the highest values for solanine in this experiment were 
those extracted from mother plant (W) collected from 
Jerash. 

Effect of carbohydrates sources on solanine 
content

Sucrose
Different levels (0.05, 0.1, 0.15 and 0.2 M) of sucrose 
were investigated for their impact on the solanine con-
tent of S. nigrum microshoots, callus and cell suspen-
sion. As sucrose level increased in the media, higher 
solanine in the microshoots than control (C) and the 
maximum solanine content (3.13 mg.g-1 DW) at sucrose 
level 0.2 M (Table 4). Similarly, solanine content in the 
callus cultures increased significantly with increasing 
sucrose level in the media and 2.0 M sucrose treatment 
resulted in production of the highest solanine content 
(2.03 mg.g-1 DW) (Table 4). However, solanine content 

Table 5. Effect of different light intensities on solanine % 
(mg.g-1) in microshoots and callus of in vitro grown S. nigrum, 
in addition to wild (in green house) grown S. nigrum.

Light Intensity (µmol/m -2 s-1)                           Solanine (mg.g-1)
Microshoot

W* 4.92 az

25 1.50 b

50 (Cy) 1.82 b

75 3.53 a

100 4.03 a

Callus

W* 4.92 a

25 0.48 d

50 (Cy) 0.73 cd

75 0.93 bc

100 1.26 b

*W: represents mother plant from Jerash grown under ordinary 
light intensity (50 ( µmol.m -2 s-1) . yC: control for microshoots, 
was microshoots grown in MS solid media + 0.1 M sucrose un-
der normal growth room light intensity. For callus control (Cy) 
represents callus grown in callus multiplication media + 0.1 
M sucrose under normal growth room light intensity. z Means 
within columns having different letters are significantly different 
according to Tukey HSD at P≤0.05.
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Figure 2. Standard calibration curve of solanine. Y: area, 
R2: retention time.
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in cell suspension culture was less than those obtained 
in microshhots and callus experiments, as the maximum 
solanine content was only (1.20 mg.g-1 DW) obtained at 
the highest sucrose level (0.2 M) (Table 4). This agrees 
with another research, where sucrose (60% = 0.2 M) 
was found to improve alkaloid content in callus culture 
of Catharanthus roseus (Ashutosh et al., 2012). Also, in 
cell suspension cultures of Gymnema sylvestre, different 
sugars types were tested, and sucrose was found to be 
the perfect carbohydrate source for biomass accumula-
tion (11.56 g.L-1 DW) and gymnemic acid production 
(9.95 mg.g -1 DW) (Nagella et al., 2011). 

High sucrose concentrations was reported  as a tech-
nique for inducing osmotic stress in plants which forces 
plant cell to produce more electrolytes and secondary 
metabolites inside the cell as a defense mechanism to 
increase osmolarity and to decrease water loss from the 
cells (Shibli et al., 2006), which might explain the in-
crease in solanine level resulted in our experiments.

Glucose 
Adding elevated levels of glucose had improved solanine 
content in all of the experimented explants types, and  
0.15 M glucose produced the highest solanine content in 
microshoots, callus and cell suspension culture, respec-
tively (3.0, 1.03 and 0.56 mg.g-1  DW) (Table 4). 

Al-Hawamdeh et al., (2013) investigated the effect 
of glucose on the content of silymarin compounds in 
Silybum marianum shoots and they reported that, 
these compounds increased as glucose concentration 
increased to reach the maximum at 0.1 M of glucose, 
while exceeding this concentration led to the reduction 
of secondary metabolites production.

Similarly, Wang and Weathers, (2007) investigat-
ed the effect of equal concentrations (0.1M) of carbo-
hydrates types such as sucrose, glucose, or fructose on 
artemisinin production from the in vitro grown of Ar-
temisia annua, and they concluded that a dramatic in-
crement in the production of artemisinin in the medium 

treated with glucose compared with other sugar types. 

Fructose 
Solanine content of in vitro grown S. nigrum was signifi-
cantly and positively affected in microshoots, callus and 
cells suspension culture (Table 4). Maximum solanine 
content (2.40, 1.05 and 0.66 mg.g-1 DW) were obtained 
in micoshoots, callus and cell suspension; respectively, 
treated with 0.2 M of fructose as shown in (Table 4). This 
agrees with Al-Hawamdeh et al., (2013) who reported 
that, Silybin, silydanin, and silymarin content increased 
as fructose concentration increased up to 0.15 M of 
fructose. In general, the result obtained from our study 
indicated that solanine content responded positively to 
increasing the concentration of sucrose, glucose and 
fructose. However, based on current study sucrose was 
for the solanine production in all the tested plant mate-
rials. For all sugar types; wild collected plants from Jer-
ash; produced the highest solanine contents.  

Effect of light intensity on solanine content
Solanine content in the microshoots and callus increased 
significantly with increasing light intensity compared to 
the results obtained in C plant materials which cultured 
on the ordinary light intensity of 50 ( µmol/m-2 s-1)  (Ta-
ble 5). Beside that wild plant gave the highest content of 
solanin at ordinary light intensity of 50 ( µmol/m-2 s-1)  . 
Exposing both plant materials types to light intensity of 
(100 µmol/m-2 s-1) yielded the highest solanine content 
in shoot and callus (4.03 and 1.26 mg.g-1 DW, respective-
ly) (Table 5). Meanwhile, the lowest solanine level  was 
observed in explants exposed to the lowest light inten-
sity treatment (25 µmol/m-2 s-1) for both microshoots 
(1.50 mg.g-1 DW) and callus (0.48 mg.g-1 DW)(Table 5). 
This might be justified by the fact that, solanine biosyn-
thesis in tissues is highly dependent on the presence of 
active chloroplast (Moreira et al., 2010). Additionally, 
high light intensities might resulted in building a strong 
stress on the cultures that might cause cell dehydration 
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Figure 3. HPLC chromatogram for the solanine content from in vitro grown plantlets of S. nigrum.
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and yet increasing cell osmotic potential as a defense 
response, which shifted cell mission from division and 
production of primary metabolites into production and 
accumulation of secondary metabolites ( Lenore et al., 
1985)

Many studies investigated the influence of light on 
alkaloids production, for example, Lenore et al. (1985) 
concluded that the light increased the alkaloids of 
Heimius alicifolia , and they explained that there was 
a positive correlation between chlorophyll content and 
lupine alkaloid formation, and suggested that the ly-
sine branch of the biosynthesis of the Heimia alkaloids 
might also be influenced by light. Similar findings were 
reported by Karimi et al., (2013) as they reported that, 
the maximum production of flavonoids and phenolic 
compounds were achieved at  high light intensity (630 
μmol m−2s−1 ) as increasing light intensity increases pri-
mary photosynthate, which leads to an increase in phe-
nolic concentration in the plant (Warren et al., 2003). 
Moreover, effects of light on the biosynthesis of vindo-
line and other indole alkaloids in Catharanthus roseus 
callus cultures was studied by Jian et al., (2001) and they 
reported that light enhance all alkaloid biosynthesis in 
the callus, especially vindoline and serpentine about 3–4 
folds higher than that in the dark. 

Conclusion
Based on the outcomes of this study, it was found that 
manipulating some tissue culture growth conditions 
(chemical and physical factors) enhanced the production 
of solanine in microshoots, callus and cell suspension 
cultures of Solanum nigrum L. The highest solanine level 
(4.52 mg.g-1) DW was obtained when the plant material 
were treated with BAP at level of 1.6 mg·L-1; this results 
were remarkable if compared to other previous studies 
on the production of solanine in vitro using other tech-
niques. For example; in Solanum lyratum the addition 
of cholesterol at a concentration of 0.5 mg/l increased 
the synthesis of solanine (2.33 mg/g DW) compared to 
those extracted from the control (1.32 mg/g DW) (Lee 
et al., 2007) which were less than solanine level obtained 
in our study. Also, our data revealed that carbon source 
had positively affected solanine level, especially in plant 
material grown in media supplemented with 0.2 M su-
crose. Moreover, exposing microshoots and callus to 
light intensity of (100 µmol/m-2s-1) yielded the highest 
solanine content compared to the other light intensities 
treatments. However, other culture growth conditions 
need to be under research for better enhancement of so-
lanine production in Solanum nigrum L. in vitro.
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of the data purposefully, or any form of omission, suppression or 
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the Journal editorial office for conciseness, clarity, grammar, spell-
ing and style. Should the editing be extensive and possibly alter the 
intended meaning of the author(s), queries will be sent by email to 
the corresponding author requesting clarifications.

Style
The Journal follows the overall evolution of the scientific language. 
When preparing manuscripts please avoid jargon and long or com-
plex sentences but aim at clear, concise and simple grammatical 
structures. The editorial board encourages the use of the active 
voice when it is appropriate.

Abstract
The Editorial board strongly suggests the use of a “structured ab-
stract” not exceeding 300 words. These abstracts, although com-
posed of a single paragraph, include 5 sections that summarize 
the content of the paper: introduction, objectives, methodology, 
results and conclusion. Each section is introduced by a heading fol-
lowed by a colon and a series of sentences.

Preparation of the manuscript 
All papers will be typeset by the editorial team of the journal at 
publication time. Therefore, the editorial board requests the au-
thors to follow a clear and simple format for their manuscript 
thereby facilitating the reviewing and editorial process. Templates 
for Microsoft Word™ and Apple Pages™ are provided to assist au-
thors in preparing their manuscripts.
The editorial board recommends the use of a classic typeface 
(Times, Helvetica, Garamond, Myriad-Pro, …) with 12 point size 
and at least 14-16 points leading (line spacing) for the text of the 
manuscript with minimum formatting as most of layout and ty-
pographical formats will be applied at the typesetting stage. The 
manuscript page size should be A4 or US Letter and the editorial 
board recommends that a margin of at least 3 cm be included on 
all sides of the paper.
To facilitate the reviewing process, the text of the submission 
should have line numbers in the left hand margin restarting at 1 on 
each page and a page number in the footer of the document. Use 
standard typographic conventions for the text presentation: italic 
typeface for species names (not underline), bold face for vectors, 
true superscript and subscripts when necessary. Emphasis is better 
marked through italic rather than bold face. 

Typography
The journal uses standard typographic convention throughout. The 
editorial board recommends that you follow these in the prepara-
tion of the manuscript.
Italic should be used throughout for the Latin name of species 
(please do not use underlined text). Emphasis can be placed on 
some elements of text using bold face.
Abbreviations: Avoid non-standard abbreviations whenever pos-
sible, particularly in headings and subheading. If, for the sake of 
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conciseness, the author wishes to use abbreviations, define each 
abbreviation when they first appear in each section of the man-
uscript. Standard abbreviation such as RNA, DNA, ATP, ADP, 
EDTA… do not need to be defined as most readers will be familiar 
with them. Others such as PAH (Polycyclic Aromatic Hydrocar-
bon) or ICP (Inductively Coupled Plasma) should be defined as 
most reader may not be familiar with their meaning.
Units: Always use the International System of Units (SI) for all 
units. For large or small units use the standard multiplier prefix 
for the units (k for 1000, M for 1000000, m for 1/1000 and µ for 10-
6). Prefer whenever possible negative exponents to slash: kg·m-2 
rather than kg/m2. To separate units, use either a mid-line point (· 
=ASCII code 183 – Unicode U+00B7) or a non-breaking space. The 
abbreviated symbols (k, kg, s, P, W, etc. ) should be used whenever 
possible and combined with Arabic numbers (5 kg, 2 m2, 5.2 MP, 
6.78 MW·h). The only exception is when a number is grammatical-
ly placed  at the beginning of the sentence. A non-breaking space 
(Unicode U+00A0 ) should be used between the number and its 
units to insure that they stay together in the final document. The SI 
unit of time is s (second), h stands for hora, min for minuta, d for 
dies (day) and a for annum (year).
When necessary, non-SI units can be added between parenthesis 
to allow comparison with older literature or traditional systems of 
measurements. This includes usual units, such as surface of farm-
ing units (faddan, acres, ares, hectares), or traditional depth units 
(fathoms, brasses, Ba’,…) or distance (nautical miles, miles) or other 
non SI units (gallons, inch, foot, bushels,  etc. ).

Illustrations
Illustrations should be numbered consecutively and submitted as 
individual files, not embedded in the article file. To insure com-
patibility, the journal accepts the following file format: JPEG, TIFF, 
PNG, PDF, EPS and SVG. Although the journal is normally pub-
lished in black and white, color illustrations can be used when color 
is clearly necessary to convey the intended message. Although the 
authors can suggest the inclusion of color figures in the paper, the 
final decision to include them or not is left to the editorial board. 
The editorial team will strive to provide the best possible graph-
ic output from the material submitted by the authors and may in 
some cases decide to redraw some figures to improve readability. 
They may also request better quality photographs or color figures if 
necessary. Typically black and white line figures should have a res-
olution of at least 600 dpi (at the final printed size) and color figures 
or photographs 300 dpi (at the final printed size) but should not 
exceed 10 MB. For line graphics,  vector based file formats (SVG, 
PDF, EPS) are preferred as they are resolution independent. 
Each illustration should have at the bottom of the page a brief iden-
tifier such as the name of the first author, the word Figure and the 
sequential number of the figure. (Al-Oufi, Figure 7 for instance). 
The full captions of all figures should be presented in numerical 
order on a separate page at the end of the text manuscript.
In the figure use Helvetica as the standard typeface for all text (axis, 
legend, axis legend, equations, labels, etc.) and ensure that all text 
remain legible even after size reduction for final printing. Figures 
will be printed either as a single column (7 cm wide) or double 
column (14 cm) figure
Macro-photographs, micro-photograhs, SEM photographs, an-
atomical drawings, morphological illustrations, should have an 
appropriately labeled scale bar. Avoid multiplication factors (x100, 
x10000) as these will change with the rescaling of the figure when 
printed.

Tables
Tables should be presented in a clear manner and designed to fit on 
the width of a page. Exceptionally wide tables may be typeset, side-
ways, along the height of a printed page. All unnecessary decimals 
should be removed. Tables should be included at the end of the 

manuscript on separate pages and the legend/caption of each table 
should be placed on the same page and above the table.

Equations  and numbers
Equations should be placed on separate lines and numbered se-
quentially at the end of the line. They should be typeset using an 
equation editor. If this is not possible scan or photograph a clear 
handwritten version of the equation which will be typeset by the 
editorial team.
The Journal uses the modern scientific number styles recommend-
ed by the Council of Science Editors. This styles uses digit numbers 
(1, 2,4.5, 7, etc.) for all numeric representations, even single digit 
ones. The main exceptions are when a digit starts a sentence, or 
when the single digit number is part of an idiomatic expression 
such as in “one or both”, a “zero-tolerance policy”, a “one-to-one 
interview”, “one has to agree that”…

References 
SQU Journal of Agricultural and Marine Sciences uses a variation 
of the Author-Date style of references developed by the Council 
of Science Editors (CSE). Output style files for Endnote and CSL 
(Citation Style Language) are available for download on the Journal 
Submission Management Web Page:
https://journals.squ.edu.om/index.php/jams/about/submis-
sions#authorGuidelines

In-text citations
Citation in the text should be either Name (date) or (Name date) 
depending on whether the authors of the cited paper have a gram-
matical function in the sentence or not. Note the absence of punc-
tuation between the author and the date. When several references 
are grouped in a single inline citation, the different references are 
separated by a semi-colon (; ).

Jones et al. (2007) listed 4 main types of …
According to Jones et al. (2007), the main reason for….
The prevalence of coral parasites was considerably lower than 

that reported in Tanzanian coral reefs (Mwaniki 1996).
Different papers that share the same in-text citation format (same 
authors and same year of publication) are identified by a small let-
ter (a, b, c) following the date of publication. When used in a single 
citation, the author’s name is not repeated.

The ticks collected on camels were not different from that found 
on goats (Bobade 2004a) or sheep (Bobade 2004b).

There were no differences in the species of ticks collected on 
different farm animals (Bobade 2004a; 2004b)…

The family name of the first author is always used. For publications 
with 2 authors, the 2 family names with the conjunction “and” are 
used followed by the year of publication. For more than 2 authors, 
the abbreviation et al. (Latin et alii – and others) is used to replace 
all but the first author’s name.

 Jones et al. (2007) listed 4 main types of soft coral communi-
ties…

Al-Barwani and Jones (2005) found 3 genetically distinct popu-
lations of mussels…

The Omani clownfish has a distribution restricted to 400 km 
along the Arabian Sea coast of Oman (Simpson et al. 2014).

End of text references
The bibliographic information for all cited references in the articles 
are listed at the end of the papers under the heading “References”. 
The list of references is sorted first following the alphabetical order 
of the authors and if necessary, by the date of publication. Please 
follow the examples shown below, including punctuation. The 
Journal names follow a “Title case” capitalization—all words are 
capitalized except for articles (a, an, the); for prepositions (against, 
of, in, to), for conjunctions (and, for, not, or)—and should NOT be 
abbreviated. Titles of articles, books, on the other hand follow a 
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sentence case capitalization (i.e. words are capitalized according to 
the grammar of the language of publication): the first word, the first 
word that follow a colon or a semi colon, names of geographic lo-
cations, or proper nouns, etc. For articles published in non-English 
languages, provide the original title if the language uses roman 
characters or a translation of the title for other languages (Arabic 
for instance) and add the name of language between 2 periods at 
the end of the reference.
For online references, follow the overall same standard as for print 
publication, but include a date of access and if possible a DOI num-
ber. 
Volume and issues, if available, follow directly the Title of the 
Journal with the issue number between parenthesis. Page num-
bers follow a colon and are separated by an hyphen. For books, the 
total page number is used with the abbreviation “pp.” whereas for 
sections of books, the abbreviation is “p.” followed by the range of 
pages of the section (p. 25-44). All references ends with a period.

Journal reference with 1 author
Adams NA. 2001. UV radiation evokes negative phototaxis and 

covering behavior in the sea urchin Strongylocentrotus droe-
bachiensis. Marine Ecology Progress Series 213: 87-95.

Journal reference with 2 authors
Zhou M, Huntley ME. 1997. Population dynamics theory of 

plankton based on biomass spectra. Marine Ecology Prog-
ress Series 159: 61-73.

Journal reference with more than 2 authors
Schlacher TA, Thompson l, Price S. 2007. Vehicles versus con-

servation of invertebrates on sandy beaches: Mortalities 
inflicted by off-road vehicles on ghost crabs. Marine Ecology 
28: 354-367.

Whole book 
Parsons TR, Maita Y, Lalli CM. 1984. A manual of chemical and bi-

ological methods for seawater analysis. New York: Pergamon 
Press. 173 pp.

Book chapter from an edited book
Brooks HA, Probert TH. 1984. Let’s ask GMDH what effect the 

environment has on fisheries. In: Farlow SJ, editor. Self-orga-
nizing methods in modeling. Gmdh type algorithms. New 
York and Basel: Marcel Dekker, Inc. p.169-178.

Report
Stransky C. 2001. Preliminary results of a shape analysis of 

redfish otoliths: Comparison of areas and species. Northwest 
Atlantic Fisheries Organization. NAFO SCR No. 4382.

Thesis
Al-Masroori HS. 2002. Trap ghost fishing problem in the area be-

tween Muscat and Barka (Sultanate of Oman); an evaluation 
study [MSc.]. [Muscat]: Sultan Qaboos University. 112 pp.

Article not in English
Samimi NS. 2004. Soft-corals and gorgonians of the Iranian 

shore of the Straight of Hormuz. Iranian Journal of Oceanog-
raphy 7(2): 45-49. Farsi.

Conference proceedings
Campbell AC. 1988. The echinoderm fauna of Dhofar (southern 

Oman) excluding holothuroids. In: Burke RD, Mladenov PV, 
Lambert P, editors. Proceedings of the Sixth International 
Echinoderm Conference; 23-28 August 1987; Victoria, Cana-
da: Balkema. p. 369-378.
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it currently submitted to another journal for consideration.
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OpenOffice (.odt), RTF (rtf ) or Apple Pages (.pages) document file 
format.
3. The text of the document uses a 12-point standard font with a 14-
16 point leading (space between lines) on A4 or US-Letter format 
pages with page numbers and line numbers. Manuscript conforms 
to the journal recommended styles, length and number of sections.
4. The Abstract of the paper follows the structured format de-
scribed in the guide for authors and includes a single paragraph 
(<300 words) with 5 inline headings (Introduction, Objectives, 
Method, Results and Conclusions) and keywords for the manu-
script are provided.
5. Photography (or photographic plates) are submitted in the jpeg 
(.jpg) file format at 300 dots per inch (dpi) with 80% compression 
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