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ABSTRACT

Background: Collaborative practice in healthcare has been recommended to improve the quality of antimicrobial
stewardship interventions, a behavioral change in antimicrobial use. Insufficient knowledge regarding antibiotic
resistance, the fear of complications from infections, and how providers perceive antibiotic use and resistance are
likely to influence prescribing behavior. This study's objective was to identify the knowledge and belief healthcare
professionals' differences about antibiotic stewardship.

Methods: This cross-sectional survey study of three hospitals in the East Java province, Indonesia utilized a 43-
item questionnaire to assess antimicrobial stewardship knowledge and belief. There were 12 knowledge ques-
tions (total possible score: 12) and 31 belief questions (total possible score: 155). The Kuder Richardson 20 (KR-
20) and Cronbach alpha values of the questionnaire were 0.54 and 0.92, respectively.

Results: Out of the 257 respondents, 19% (48/257) had a low scores of knowledge, and 39% (101/257) had low
scores on belief about antibiotic stewardship (101/257). Most midwives had a low scores on knowledge (25/61)
and low scores on belief (46/61). Respondents with high scores on belief were 17% (10/59) physicians, 15% (4/
27) pharmacists, 8% (5/65) nurses, and 3% (2/61) midwives.

Conclusion: Among healthcare professionals, knowledge and belief differences concerning antibiotic stewardship
vary widely. These differences will affect their capability, behavior, and contribution to the healthcare team
collaboration and performance. Further studies are needed to evaluate the correlation between the level of inter-
professional collaboration and the quality of the antibiotic stewardship implementation.

1. Introduction

[4] was reported as a result of collaborative practice pharmacist and
physician in determining the initial vancomycin dose for adult patients in

Collaborative practices in healthcare optimize antimicrobial use.
Antimicrobial use in hospitals remains high [1,2]. A study conducted by
the Vermont Oxford Network reported a 34% relative risk reduction of
the median antibiotic use rate with an improved collaborative practice
(leadership, accountability, drug expertise, actions, tracking, reporting,
education) [3]. A decreasing the number of subtherapeutic first troughs
(the risk of development of antimicrobial resistance) and increasing the
number of therapeutic troughs (the increases of treatment effectiveness)
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the intensive care unit (ICU). Vancomycin typically takes 36-48 h to
reach a steady state. It was reported that involving a pharmacist, being a
medicine expert, in a physician's rounds in an intensive care unit reduced
prescribing orders by 66% [5].

It is recommended that, to achieve the antimicrobial stewardship
(AMS) goals effectively, an AMS team minimally includes contributions
of either an infectious disease (ID) specialist physician, a microbiologist
(if available) and a pharmacist. An ID physician supervises the overall
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function of the ASP and makes recommendations to the ASP team [6].
Pharmacists evaluate antibiotic consumption, participate in Drug and
Therapeutics Committee [7] and AMS committee meetings [7,8].
Furthermore, the nurses’ role as a patient caregiver [9], patient advocate
[10], and the one who provides education to patient [11] is essential
[12]. Along with physicians and pharmacists, nurses are the most
consistent patient care givers in reviewing medication charts to admin-
ister medications, monitoring duration and indication for antimicrobial
treatment, monitoring the possibility of drug allergies and side effects
incidence, ensuring timely administration of antimicrobials, and
following up on missed doses [9].

According the World Health Organization (WHO): “Collaborative
practice happens when multiple health workers from different profes-
sional backgrounds work together with patients, families, care givers and
communities to deliver the highest quality of care. It allows health
workers to engage any individual whose skills can help achieve local
health goals.” [13]. There are some theories that support the importance
of collaborative practice in antibiotic stewardship. One is the behavior
change advocated by Michie et. al (2011), which includes the COM-B
model of behavior that identifies three factors for any behavior to
occur: capability (C), opportunity (O), and motivation (M) [14]. The
COM-B model can be applied to understand behavior and to effect
behavioral changes in antibiotic use, whereas the Health Belief Model
(HBM) theory explains and predicts person's behavior. Based on the HBM
theory by Rosenstock, at an individual level, a person's actions are
determined by their beliefs and cues to action [15]. Belief itself consists
of perceived threats (possibility of facing the disease), perceived benefits
(of understanding the benefits of adapting a new behavior), perceived
self-efficacy (one's ability to successfully perform the recommended
behavior), and perceived barriers (cost and obstacles which prevent us
from doing a behavior) [16,17]. Our beliefs are affected by factors as age,
gender, type of profession, length of work, and knowledge. Antibiotics
stewardship programs are used worldwide to control antibiotic resistance
through improving antibiotic use. One of the strategies of the antibiotic
stewardship program is to increase the stakeholder's knowledge about
antibiotic stewardship in using antibiotics judiciously. More than half of
healthcare practitioners in Fitche town, Ethiopia, were found to have
good knowledge (the respondents agree on >70% of the 5-Likert scale
statement of practice) in terminology and effectiveness of antibiotic
stewardship [18]. However, very few health practitioners (16%) adhered
consistently to the management of the antibiotic stewardship program
[18]. Moreover, a study at a Riyadh hospital in Saudi Arabia reported
that among 212 physicians; 119 (56%) physicians believed that anti-
biotic resistance causes problems in the community and economic losses
for the country; 101 (48%) physicians believed injudicious empiric an-
tibiotics therapy was the main factor in the occurrence of antibiotic
resistance; and 95 (45%) physicians were unsure about their knowledge
about the appropriate use of antibiotics [19]. A qualitative study in
Indonesia explored the education and awareness of healthcare pro-
fessionals. The participants said that in the university, the lecturer should
teach students more about the impact of antibiotic resistance; and the
professional organization should provide education for practicing
healthcare to keep them up to date with the latest developments [20].
Besides knowledge, the predictor of an effective team performance was
trust level, years of previous experience, and the number of team mem-
bers [21]. The objective of this study was to identify the knowledge’ and
belief' (perceived threat, perceived self-efficacy, perceived benefit, and
perceived barrier) of healthcare professionals regarding antibiotic
stewardship to be able to design training to meet their needs.

2. Methods

This research was an observational descriptive study with a cross-
sectional design. The research material was drawn from a question-
naire completed by healthcare professionals in a private hospital in
Surabaya and two public hospitals in Mojokerto and Pasuruan. The
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questionnaire was developed and validated with the different re-
spondents at the respective hospital before collecting the data. The Kuder
Richardson 20 (KR-20) for the knowledge and Cronbach's alpha values
for the belief, of the questionnaire were 0.54 and 0.92, respectively.
Participants are healthcare practitioners who are associated with anti-
biotic prescribing and use. The professions included in this study are
doctors, pharmacists, midwives, the AMS team members, nurses. The
excluded professions are psychiatrists, radiologists, obstetric and
neonatal nurses, and hemodialysis nurses. The minimum sample size (1)
required is 24 respondent; based on the formula below, where n is the
minimum sample size, the Z value for p <0.05 is 1.96, the unknown
population size (P) is 0.5, and to obtain 0.2 effect difference (d) [22].

The research questionnaire was delivered face-to-face or collected by
the chief nursing officer in the hospital. The respondents provided a
written consent, after they understood the research objective and agree
to participate; and answered the research questionnaire. The question-
naire consisted of 43 questions (Appendix 1). Of these, 12 questions were
used to assess knowledge, and 31 questions to assess belief. The 31 belief
questions consisted of 10 questions to assess perceived threats, 11
questions to assess perceived self-efficacy, 8 questions to assess perceived
benefits, and 2 questions to assess perceived barriers. The responses to
the knowledge questions were measured using the Guttman scale, which
specifies a Yes or No answer. The maximum score of the knowledge
questionnaire was 12, whereas the belief questionnaire was measured
using a 5-point Likert scale. The belief score was a composite score (31
item questions; maximum score 155) which included the perceived
threat score (10 item questions; maximum score 50), perceived self-
efficacy score (11 item questions; maximum score 55), perceived
benefit score (8 item questions; maximum score 40), and perceived
barrier score (2 item questions; maximum score 10). There were three
categories: high, moderate, and low. The number of respondents in the
high category was the number of respondents who had scores higher than
the mean value + one standard deviation (SD). The number of the re-
spondents in the moderate knowledge or belief category was the number
of respondents who had scored in the range of mean value + one SD. Any
respondent with a score lower than the moderate category's score (mean
value + one SD) was counted in the low category. We performed a simple
random data collection (probability sampling) for nurses' groups (65
nurses from 406 nurses) and complete data collection (nonprobability-
sampling) for other groups of professions to get a proportionate number
among groups. This study is a descriptive analysis to statistically describe
the knowledge and belief score. The healthcare professional's knowledge
and belief differences were analyzed with the Kruskal-Wallis test because
the data are not normally distributed.

2.1. Ethical considerations

All procedures performed involving human participants were done in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Written consent to
participate was obtained from each study participant. The study was
approved by the respective hospital managements (Surabaya city: No.
1299/RSHU/Dir./X/2017; Mojokerto district: No. 423.4/4882/
416-207/2017; and Pasuruan district: No: 455.1/2752/424.202/2017)
and was conducted in accordance with the Indonesian Law for the Pro-
tection of Personal Data. The study was ethically cleared by the Health
Research Ethics Committee of Politeknik Kesehatan Kemenkes Surabaya,
Kementerian Kesehatan No.025/S/KEPK/V/2017.

3. Results

The study population consisted of representatives from five pro-
fessions: nurses, midwives, pharmacists, pharmacy technicians, and
physicians. Table 1 shows the baseline characteristics of the respondents.
At a private hospital in Surabaya city, the response rate was 83% (245/
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Table 1. Baseline characteristics of healthcare practitioners.

Variable Professions (N = 257)
Nurses (n = 65) Midwives (n = 61) Pharmacists (n = 27) Pharmacy technicians (n = 45) Physicians (n = 59)
n % n % n % n % n %
Gender Female 48 74 61 100 25 93 43 96 30 51
Male 17 26 - - 2 7 2 4 29 49
Work experience <3 years 10 15 7 11 16 59 7 16 15 25
>3 years 55 85 54 89 11 41 38 84 44 75

296), and 179 met the inclusion and exclusion criteria; at a public hos-
pital in Mojokerto district, the response rate was 77% (153/200), and
153 met the inclusion and exclusion criteria; and at a public hospital in
Pasuruan district, the response rate was 87% (307/352), and 257 met the
inclusion and exclusion criteria. There were 65 nurses, 61 midwives, 27
pharmacists, 45 pharmacy technicians, and 59 physicians included in the
analysis.

Nineteen percent (48/257) of the respondents had low scores (below
mean value + one SD) knowledge about antimicrobial stewardship
(Table 2). The mean of antibiotic stewardship knowledge of total re-
spondents was 9.9 (1.5) (Table 3, Figure 1). The mean of antibiotic
stewardship knowledge of the pharmacist and physicians was higher
than that of the pharmacy technicians, nurses, and midwives.

The physicians had a high score of perceived threat, perceived self-
efficacy, perceived benefit, and an average score of perceived barrier
compared with other professions. The pharmacists had a high score for
perceived threat and perceived barrier and a low score for perceived self-
efficacy and perceived benefit compared with other professions
(Table 4). The total score knowledge and belief healthcare professionals
differences were statistically significant (p <0.05).

Work experience affected the knowledge (p = 0.07) and belief (p =
0.001) of the pharmacists significantly, but the Kruskal-Wallis test
showed that the association between work experience and knowledge or
belief of other professions (nurses, midwives, pharmacy technicians, and
physicians) was not significant.

4. Discussion

Knowledge about antibiotic stewardship varies among different
groups of healthcare practitioners. The lack of knowledge may cause
inappropriate use of antibiotics. However, antibiotic stewardship
knowledge can be increased with education and training. A study in Dire

Dawa, Ethiopia with a total of 218 paramedical staffs (41 health officers,
96 nurses, 31 pharmacists, 21 midwives, and 29 medical laboratory
technologists) showed that the level of knowledge about the causes of
antimicrobial resistance for the pharmacists (77.4%), health officers
(75.6%), and nurses (63.5%) was higher than that of lab technologists
(44.8%) and midwives (38.1%). That study also showed that 90.4%
(197/218) had not attended any training on antimicrobial resistance;
that 96.8% (211/218) of the participants of the study had not used
antimicrobial sensitivity test results for treating the patients, and that
only 15.7% of them reported referring to the guidelines whenever caring
for a patient [23]. Along with education and training, capabilities of
healthcare practitioners will also increase. A study on long-term educa-
tional effects of antibiotic prescribing in 171 doctors showed that anti-
biotic prescribing in the intervention group was reported as having a
more significant decrease compared with that in the control group. There
were two intervention subgroups. First, a 2-day seminar about
evidence-based medicine for respiratory infections (evidence-based
medicine subgroup). Second, an additional 1-day seminar focused on
problem-solving  strategies  (evidence-based  medicine  plus
problem-solving strategies subgroup) [24] The studies indicated that the
education about the benefits of limiting antibiotic use is urgently needed
for healthcare professionals [25,26]. These findings will be used by
hospital management to design better educational material for the next
antibiotic stewardship training for healthcare professional that associ-
ated with antibiotic use.

There are differences in knowledge and belief among healthcare
professionals. There is a positive correlation between knowledge and
behavior. The knowledge about antibiotic stewardship will affect anti-
biotic use behavior. Furthermore, there is a positive correlation between
self-efficacy and perceived benefit, and a negative correlation between
self-efficacy and perceived barrier [16]. Nair et al. reported that there
was a statistically significant difference in average scores of knowledge,

Table 2. The respondent knowledge classification.

Classification ~ Professions (N = 257)
Nurses (n = 65) Midwives (n = 61) Pharmacists (n = 27) Pharmacy technicians (n = 45) Physicians (n = 59) Total (N = 257)
n % n % % n % n % n %
High 0 0 0 0 0 0 0 0 0 0 0
Moderate 54 83 36 59 26 96 42 93 51 86 209 81
Low 11 17 25 41 1 4 8 7 8 14 48 19
Table 3. The descriptive statistics (N = 257).
Variable Mean Standard deviation Minimum Maksimum N of item question (maximum scores)
Knowledge 9.85 1.532 3 11 12 (12)
Belief 118.41 8.933 97 151 31 (155)
Threat 37.77 5.418 25 50 10 (50)
Self-efficacy 41.86 3.891 28 54 11 (55)
Benefit 31.68 2.880 14 40 8 (40)
Barrier 7.10 1.217 4 10 2 (10)
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Figure 1. Mean scores of variables.

attitude, and practice questions among allopathic doctors, nurses, phar-
macy shopkeepers, and informal health providers in Paschim Bardhaman
District, India [27]. A study of 135 nurses from two hospitals in Mashhad,
Iran showed that education intervention in the intervention group
increased the participants’ knowledge, and that there was a significant
relationship between knowledge and perceived threat or perceived
benefit [17]. A study of the HBM as an explanatory framework in
communication research recommended further research to evaluate the

causal effect of the behavior variable and which variable was a strong
predictor of behavior change [15].

Education is effective in reducing antibiotic prescribing, but edu-
cation combined with direct intervention in supporting the imple-
mentation of rational antibiotic use is more effective than education
alone [28,29]. Some interventions identified were public awareness
campaigns [26], antimicrobial guidelines [30], professional regulation
[31], restricted reimbursement [32], pay for performance, and pre-
scription requirements [32,33]. Collaborative practice and recommen-

Table 4. The respondent belief classification.

Category Professions (N = 257) Total

Nurses (n = 65) Midwives (n = 61) Pharmacists (n = 27) Pharmacy technicians (n = 45) Physicians (n = 59)

n % n % n % n % n % n %
Belief
Strong 5 8 2 3] 4 15 1 2 10 17 22 9
Moderate 54 83 13 21 9 33 13 29 45 76 134 52
Weak 6 9 46 75 14 52 31 69 4 7 101 39
Perceived Threat
High 4 6 0 0 5 19 0 0 18 31 27 11
Moderate 55 85 41 67 22 81 41 91 40 68 199 77
Low 6 9 20 33 0 0 4 9 1 2 31 12
Perceived Self-efficacy
High 14 22 7 11 3 11 1 2 8 14 33 13
Moderate 50 77 54 89 20 74 44 98 51 86 219 85
Low 1 2 0 0 4 15 0 0 0 0 5 2
Perceived Benefit
High 9 14 4 7 0 0 0 0 7 12 20 8
Moderate 52 80 54 89 19 70 39 87 50 85 214 83
Low 4 6 3] 5 8 30 6 13 2 3] 23 9
Perceived Barrier
High 7 11 9 15 7 26 0 0 8 14 31 12
Moderate 55 85 48 79 20 74 45 100 48 81 216 84
Low 3] 5 4 7 0 0 0 0 3] 5 10 4
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dation acceptance by the clinical provider is also important for an
antibiotic stewardship program [34] and for collaborative approaches
to appropriate antimicrobial use [35]. Logan's study in 28 hospitals
showed that collaborative practice in antibiotic stewardship increased
days of therapy (DOT) per 1,000 patient-days of broad-spectrum anti-
biotics reduction from 1%-2.5% to 5%-10% [36].

In this study, the association of work experience and the knowledge
or belief were inconsistent. Among the pharmacists' subgroup, the work
experience was associated with different score knowledge or belief, but
among other professions (nurses, midwives, pharmacy technicians, and
physicians) subgroup, the work experience was not associated with the
knowledge or belief score. These results are comparable to the findings
reported by by Tegagn et al. from a study in Fitche Hospital, Ethiopia,
were profession and years of experience were not significant predictors of
healthcare professionals’ knowledge, attitude, and practices towards
antimicrobial stewardship [18].

Our study has a number of limitations. First, it is not fully represen-
tative for the sample population because not all healthcare practitioners
filled in the questionnaire. This is the nonresponse error, reflecting the
results of the individuals who did not respond to the survey. Second,
there is measurement error, occurring when survey responses are not
accurate reflections of the true value because of social desirability bias
[37].

5. Conclusion

Among healthcare professionals, knowledge and belief differences of
antibiotic stewardship vary widely. Antibiotic knowledge is associated
with positive belief and behavior that contribute to adherence to a
judicious use of antibiotics and reduce antibiotic utilization. Knowledge
about antibiotics and resistance relates to the understanding of the
antibiotic misuse concept and awareness of antimicrobial resistance. The
Health Belief Model (HBM) theory presume several constructs (perceived
severity, perceived benefit, self-efficacy, cues of action) to predict
behavior. Perception about the severity and consequences of the disease
and the benefits of antibiotic treatment for infectious disease are de-
terminants of antibiotic use and prescribing behavior [15]. Further
studies are needed to evaluate the correlation between the level of
interprofessional collaboration and the quality of the antibiotic stew-
ardship implementation.
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Appendix

Appendix 1: Knowledge and belief questionnaire
RESPONDENT PROFILE

Age:

Gender:

Profession:

Profession length:

Work place (unit/division):

Number Statement True False
1. Penggunaan antibiotik yang tidak sesuai dengan indikasi, menyebabkan bakteri resisten terhadap antibiotik.
The use of antibiotics outside the indications, causes bacteria to become resistant to antibiotics.

2. Frekuensi pemberian antibiotik yang tidak tepat dengan waktu minum obat tersebut dapat menyebabkan bakteri
resisten terhadap antibiotik.

The inappropriate administration of antibiotic can cause bacterial resistant to antibiotics.

3. Pemilihan antibiotik yang tidak sesuai dengan jenis infeksi, menyebabkan bakteri resisten terhadap antibiotik.
The selection of antibiotics that are not related to the type of infection, causes bacteria to become resistant to
antibiotics.

4. Pemantauan dan evaluasi penggunaan antibiotik cukup dilakukan oleh perawat saja.

Monitoring and evaluation of the use of antibiotics are performed by nurses only.

5. Penggunaan dosis antibiotik yang kurang dari dosis terapi dapat menyebabkan bakteri resisten terhadap antibiotik.
The use of doses of antibiotics lower than the therapeutic dose can cause bacteria to become resistant to
antibiotics.

6. Penggunaan dosis antibiotik yang lebih dari dosis terapi dapat meningkatkan efek samping obat.

The use of doses of antibiotics that are higher than the therapeutic dose can increase the side effects of the

drug.

(continued on next page)
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Number

Statement

True False

o

10.

11.

12.

Pemberian informasi penggunaan antibiotik kepada pasien dapat mencegah bakteri resisten terhadap antibiotik.
Providing information on the use of antibiotics to patients can prevent bacteria becoming resistant to
antibiotics.

Peta kuman di rumah sakit dapat membantu mengetahui bakteri yang resisten terhadap antibiotik.

Antibiotic sensitivity patterns in the hospital can help to identify antibiotic-resistant bacteria.

Lama pemberian antibiotik yang tidak sesuai dengan jenis infeksi, menyebabkan bakteri resisten terhadap
antibiotik.

The duration of antibiotic administration not following the type of infection, may cause bacteria to become
resistant to antibiotics.

Cara pemberian antibiotik yang tidak sesuai dengan aturan dapat menyebabkan bakteri resisten terhadap
antibiotik.

Give antibiotics without following the rules can cause bacteria to become resistant to antibiotics.
Pelaksanaan Program Pengendalian Resistensi Antibiotik (PPRA) cukup dilakukan oleh dokter saja.

The implementation of the Antibiotic Resistance Control Program (PPRA) can only be done by a doctor.

Mencuci tangan sebelum dan sesudah kontak fisik/penyiapan sediaan injeksi kepada pasien dapat mengurangi
transmisi/penularan penyakit infeksi.

Washing hands before and after physical contact/preparing injections to patients can reduce the
transmission of infectious diseases.

Number

Statement Strongly Disagree Disagree

Neutral

Agree Strongly Agree

i,

10.

11.

12.

13.

14,

Pemberian antibiotik pada bakteri yang resisten terhadap antibiotik tersebut dapat
memperpanjang lama rawat inap.

Giving antibiotics to bacteria that are resistant to antibiotics can prolong the
length of hospitalization.

Bakteri resisten terhadap antibiotik dapat meningkatkan biaya pengobatan pada
pasien yang terinfeksi.

Antibiotic-resistant bacteria can increase treatment costs in infected patients.
Bakteri resisten terhadap antibiotik meningkatkan frekuensi pemeriksaan
laboratorium pada pasien yang terinfeksi.

Antibiotic-resistant bacteria increase the frequency of laboratory tests in
infected patients.

Bakteri resisten terhadap antibiotik dapat menyebabkan terjadinya sepsis.
Bacterial resistance to antibiotics can cause sepsis.

Bakteri resisten terhadap antibiotik dapat menyebabkan risiko pasien dirawat di
intensive care unit (ICU) atau ruang isolasi.

Bacterial resistance to antibiotics can put the patient at risk of being admitted
to the intensive care unit (ICU) or isolation room.

Bakteri resisten terhadap antibiotik dapat meningkatkan resiko mortalitas pada
pasien yang terinfeksi.

Antibiotic-resistant bacteria can increase the risk of mortality in infected
patients.

Profesi saya beresiko terinfeksi bakteri yang resisten terhadap antibiotik.

My profession is at risk of infection with antibiotic-resistant bacteria.
Penggunaan kombinasi antibiotik karena bakteri resisten dapat meningkatkan efek
samping obat.

The use of a combination of antibiotics due to resistant bacteria can increase
the side effects of the drug.

Bakteri resisten terhadap antibiotik dapat menyebabkan risiko penggunaan
ventilator pada pasien yang terinfeksi.

Antibiotic-resistant bacteria may pose a risk of ventilator use in infected
patients.

Bakteri resisten terhadap antibiotik membebani keuangan negara dalam
pembiayaan jaminan kesehatan nasional.

Antibiotic-resistant bacteria burden the state's finances in financing national
health insurance.

Laboratorium mikrobiologi di rumah sakit saya dapat mendukung keberhasilan
Program Pengendalian Resistensi Antibiotik (PPRA).

The microbiology laboratory at my hospital can support the success of the
Antibiotic Resistance Control Program (PPRA).

Penjelasan saya tentang penggunaan antibiotik dapat dipahami pasien.

My explanation about the use of antibiotics is understandable for the patient.
Saya berkoordinasi dengan tenaga kesehatan lain ketika pasien mendapatkan
antibiotik bersamaan dengan obat lain.

I attune with other healthcare practitioners when patients receive antibiotics
along with other drugs.

Pencampuran (rekonstitusi) sediaan antibiotik dilakukan dengan baik di rumah
sakit saya.

Mixing (reconstitution) of antibiotic preparations is done well in my hospital.

(continued on next page)
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(continued)

Number Statement Strongly Disagree Agree Strongly Agree

15, Saya mengkonfirmasi peresepan/cara pengg antibiotik sebelum diberikan ke
pasien dengan tenaga kesehatan lain.
I confirm the prescribing/how to use antibiotics before giving them to patients
with other healthcare practitioners.

16. Farmasis di rumah sakit saya menjamin stabilitas hasil pencampuran sediaan
antibiotik.
The pharmacists in my hospital guarantee the stability of the reconstituted
antibiotic preparations.

17. Saya mengganti antibiotik bila hasil laboratorium menunjukkan bakteri resisten

terhadap antibiotik meskipun kondisi klinik membaik.
I change antibiotics when the laboratory results show that bacteria are
resistant to antibiotics even though the clinical condition is improving.

18. Pedoman Penggunaan Antibiotik (PPAB) di rumah sakit saya telah digunakan
sebagai pedoman dalam penggunaan antibiotik.
The Antibiotic Use Guideline (PPAB) in my hospital have been used as
guidelines in the use of antibiotics.

19. Formularium rumah sakit saya telah memberi batasan (restriksi) yang jelas tentang
penggunaan antibiotik.
My hospital formulary has clearly defined the use of antibiotics.

20. Farmasis di rumah sakit saya merekomendasikan perubahan antibiotik parenteral
ke oral jika kondisi pasien membaik.
The pharmacists in my hospital recommends changing parenteral to oral
antibiotics if the patient's condition improves.

21. Saya melanjutkan antibiotik bila kondisi klinik pasien membaik setelah 48-72
Jjam.
I continue antibiotics if the patient's clinical condition improves after 48-72 h.
22. Penggunaan antibiotik di rumah sakit saya rasional (sesuai indikasi, tepat dosis,
frekuensi, rute pemberian dan lama terapi).
The use of antibiotics in my hospital is rational (according to indication,
dosage, frequency, route of administration, and duration of therapy).

23. Penggunaan antibiotik pada pasien dapat dip /dievaluasi dengan baik.
The use of antibiotics in patients can be monitored/evaluated properly.

24. Tenaga kesehatan di rumah sakit saya dapat memilih dan merekomendasikan
antibiotik dengan baik.

The healthcare practitioners in my hospital are well able to choose and
recommend antibiotics.

25. Pedoman Penggunaan Antibiotik (PPAB) di rumah sakit saya diperbarui secara
berkala.
The Antibiotic Use Guideline (PPAB) in my hospital are updated regularly.

26. Pemeriksaan laboratorium untuk pasien yang terinfeksi diperiksa sesuai kebutuhan.
Laboratory tests for infected patients are checked as needed.

27. Koordinasi antar tenaga kesehatan (dokter, perawat, apoteker) yang baik
mendukung keberhasilan terapi.
Good coordination between healthcare practitioners (doctors, nurses,
pharmacists) supports the success of therapy.

28. Pembatasan penggunaan antibiotik oleh formularium rumah sakit menurunkan
kejadian bakteri resisten terhadap antibiotik.
Restrictions on the use of antibiotics by hospital formularies reduce the
incidence of antibiotic-resistant bacteria.

29. Penggantian antibiotik dari spektrum luas ke spektrum lebih sempit sesuai penyebab
infeksi menurunkan kejadian bakteri resisten terhadap antibiotik.
Switching from broad-spectrum to narrower-spectrum antibiotics according to
the cause of infection reduces the incidence of antibiotic-resistant bacteria.

30. Pengetahuan tentang bakteri yang resisten dapat membantu keberhasilan terapi.
Knowledge of resistant bacteria can help in successful therapy.

31. Waktu pemeriksaan yang lama di laboratorium mikrobiologi tidak berpengaruh
pada keberhasilan terapi pada pasien yang terinfeksi.
Long examination time in microbiology laboratory has no effect on the success
of therapy in infected patients.
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You could just mail them. They response very frequently. Moreover, many of the journals take

too much time in publishing papers. Sometimes, reviewers delay for personal reasons.

If you face similar problem, i recommend you to mail them.

E\\\ SClmago Team
( . .
\\( O, Melanie Ortiz 5 months ago

Dear Mark, thanks for your participation! Best Regards, SCImago Team

Biyanu Medenes Zerom 6 months ago

what is the JIF (Journal Impact factor) of this journal

reply

Ebtesam 6 months ago

Journal Impact factor of this journal is still not calculated, it is indexed in WOS, Emerging
citation index source which means that the journal has been already already in WOS but didn't

get IF yet. But it is growing journal. Its citation is increasing in good way.

SClmago Team

=9
PN N
\\( @ Melanie Ortiz 6 months ago

Ed
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Dear Biyanu, thank you very much for your comment. SCimago Journal and Country Rank
uses Scopus data, our impact indicator is the SJR (Check it on our website). We suggest
you consult the Journal Citation Report for other indicators (like Impact Factor) with a
Web of Science data source. Best Regards, SCImago Team

Nazmul 7 months ago

Is Heliyon a good journal? How many issues does it publish in a year?

reply

SClmago Team

]

2,

@

Melanie Ortiz 7 months ago

7

W

Dear Nazmul,

Thank you for contacting us. You can check the scientometric indicators for Heliyon just

above. For further information about the publication frecuency, please consult its website.

Best Regards, SCImago Team

Mohamed 9 months ago

Hello,
Does this journal is indexed as ISl journal

Thank you in advance

reply

Ebtesam 6 months ago

Yes, it is indexed.

Lanfranco Corazzi 7 months ago

Dear team,

when Heliyon will be mentioned by WOS (WEB OF SCIENCES) in the Journal Citations
Reports?

Many thanks for your reply.

Lanfranco Corazzi

= SCImago Team

RS
© Melanie Ortiz 7 months ago
W=

=

Dear Lanfranco,
Thank you for contacting us . Unfortunately, we cannot help you with your request,

https://www.scimagojr.com/journalsearch.php?q=21100411756&tip=sid&clean=0 9/20
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Heliyon

we suggest you contact WoS Team.

Best Regards, SCImago Team

SCImago Team
Melanie Ortiz 9 months ago

Dear Mohamed,

Thank you for contacting us.

SJR s a portal with scientometric indicators of journals indexed in Elsevier/Scopus.
Unfortunately, we cannot help you with your request referring to the index status. We
suggest you consult Scopus database (see the current status of the journal) or the
mentioned database for further information. You can also check that information in the
journal’s website or contact directly with the editorial staff.

Best Regards, SCImago Team

aspirant eagle 1 year ago

- what does the quartile mean? What is it's importance?

-And Why the journal quartile her is Q1 but in the scoups is Q2?

Thanks

]

;

C

2,

W

reply

SCImago Team
Melanie Ortiz 1 year ago

Dear Sir/Madam,

Thank you for contacting us.

Our data come from Scopus, they annually send us an update of the data. This update is
sent to us around April / May every year.

The calculation of the indicators is performed with the copy of the Scopus database
provided to us annually. However, the methodology used by Scopus is different from the
one’s used by SCImago, even if, since the past year, the scientometrics indicators'
calculation procedure changed in order to resemble SciVal.

In the case of SCImago, for every journal, the annual value of the SJR is integrated into the
distribution of SJR values of all the thematic categories to which the journal belongs.
There are more than 300 thematic categories; the position of each journal is different in
any category and depends on the performance of the category, in general, and the journal,
in particular .

The SJR indicator is a very sophisticated indicator that is much more complex to
calculate and understand than the Impact Factor. Several variables must be taken into

account to calculate the SJR. There are two important variables that we cannot leave out:

-The number of citations is one of those variables but not the only one because it is
weighted by the citations received and where the journal is cited in. It is different if the
citations come from highly-cited Journals or not. Imagine that these 5 quotes appear in
the most cited Journals. That part of the calculation is no longer worth 5, it is worth much

more. This variable is called “authority principle”.

https://www.scimagojr.com/journalsearch.php?q=21100411756&tip=sid&clean=0 10/20
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-The second variable is the thematic Category’s distribution. If most of the journals
categorized in X thematic category are cited by lowly-cited journals, the quartile of a
journal cited in highly-cited journals will be better than the other ones.

Best Regards, SCImago Team

Daniel Bravo 1 year ago

Dear Editors team,

I would like to know what is the frame-time to the first answers of revision (in weeks). All the very
best.

reply

SClmago Team

i

e

Melanie Ortiz 1 year ago

f@

W

Dear Daniel,

thank you for contacting us.

Unfortunately, we cannot help you with your request, we suggest you visit the journal's
homepage or contact the journal’s editorial staff , so they could inform you more deeply.

Best Regards, SCImago Team

kahsu Atsbha 1 year ago

What is the difference between Heliyon cell press and heliyon Elsevier? Are they the same or not?

reply

RocktimRDas 9 months ago

Thanks, Kahsu,

| too was thinking about this issue, In the online HTML | see the Elsevier logo and Cell press,
but when downloading the pdf only the cell press logo is present. One possibility might be

that the journal is published by Cell press but hosted by Elsevier in Science direct.com. Apart

from that, | don't have much clue.

Sincerely
Rocktim

SClmago Team

1]

W

W Melanie Ortiz 1 year ago

Dear Kahsu,
Thank you for contacting us. Could you please expand a little bit your comment? Do these
journals have different ISSN numbers? Best Regards, SCImago Team

https://www.scimagojr.com/journalsearch.php?q=21100411756&tip=sid&clean=0 11/20
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Hesti Maheswari 1 year ago

Is the Heliyon journal still indexed by Scopus in 2019?

reply

RocktimRDas 9 months ago

Yes.

Achmad Fanani 12 months ago

Masih

SClmago Team

1]

2,

Melanie Ortiz 1 year ago

&

W

W
Dear Hesti, thank you very much for your comment, unfortunately we cannot help you with
your request. We suggest you to consult the Scopus database directly. Keep in mind that
the SJR is a static image (the update is made one time per year) of a database (Scopus)
which is changing every day.

Best Regards, SCImago Team

Frank 1 year ago

That is not the scope of the journal. Change it to the scope...
https://www.cell.com/heliyon/home

"Heliyon is an open access journal publishing scientifically accurate and valuable research across

life, physical, social, and medical sciences."

reply

SClmago Team

W]

2,

C

Melanie Ortiz 1 year ago

f

W

Dear Frank,
thank you for contacting us. The Scope's information has been updated based on what

appears in the journal's website (check here: https://www.cell.com/heliyon/aims-and-

scope) Best Regards, SCImago Team

GsmA 2 years ago

Thanks...

reply
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GsmA 2 years ago

Hi,

Just | want to ask about the fees to publish in the journal, can you help me?

reply

SClmago Team

]

%,

C

Melanie Ortiz 2 years ago

7

W

Dear Sir,

thank you for contacting us.

Sorry to tell you that SCimago Journal & Country Rank is not a journal. SJR is a portal with
scientometric indicators of journals indexed in Elsevier/Scopus.

Unfortunately, we cannot help you with your request, we suggest you to visit the journal's
homepage or contact the journal’s editorial staff , so they could inform you more deeply.
Best Regards, SCImago Team

Ali 2 years ago

Dear All,
| hope anybody knows about the speed of response and decision it takes to let us know about it.

Best Regards,

reply

Sintayehu 5 months ago

| published one paper on Heliyon Social Sciences and another one is just accepted for
publication. They announce the first review result in 90 days. | found the review process a
little bit slow but very thorough and helps a lot to improve the original work. Preliminary
decision for publication will be communicated one month after the submission of the revised
version of the work. Final decision of publication will be announces after two weeks. In total,
it took six months to publish.

Hamzeh Ghahramani 1 year ago

They gave me the first decision after 3 week with a meticulous review of my manuscript

E\\\ SClmago Team
( . .
\\( 04 Melanie Ortiz 2 years ago

Dear Ali, thanks for your participation! Best Regards, SCImago Team

Khaled Karam 2 years ago
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Heliyon

Hi,

Is this journal published in print or online only?

Thanks for your consideration

reply

SClmago Team

1]

W

R Melanie Ortiz 2 years ago

Dear user,

thank you for contacting us.

We suggest you to visit the journal's homepage.

You can see the updated journal’s information just above .
Best Regards, SCImago Team

Dan 2 yearsago

This journal was started in 2015. It has achieved scopus Q1 rank becasue this is Elsevier's own
journal. It is also indexed in ESCI. | can see that publishing giants have their own journals indexed
with their own databases. Other journals would take years to get indexed in such databases. It all

about money. Cheers!

reply

Rhys 1 yearago

| believe this is a Cell Press Journal rather than Elsevier https://www.cell.com/heliyon/home

SClmago Team

=9

(@ Melanie Ortiz 2 years ago

=

Dear Dan, thanks for your participation! Best Regards, SCImago Team

Mahesh Kumar Tripathi 2 years ago

Hello Elena,

Please tell me......

Is Heliyon SClI journal?

When it will get impact factor?

reply
E\\\ SClmago Team
( . .
\\( C; Melanie Ortiz 2 years ago

Dear Mahesh, SCImago Journal and Country Rank uses Scopus data, our impact indicator
is the SJR. Check our web to locate the journal. We suggest you to consult the Journal

https://www.scimagojr.com/journalsearch.php?q=21100411756&tip=sid&clean=0
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Citation Report for other indicators (like Impact Factor) with a Web of Science data
source. Best Regards, SCImago Team

Hossein Sabahi 2 years ago

Dear Editor
how many is the charge for publication a article ?

Sincerely
Dr. H. Sabahi

reply

Messali 2 years ago

1750 USD

SClmago Team

-.
W]
O/'/

Melanie Ortiz 2 years ago

f

W

Dear Hossein,

thank you for contacting us.

Sorry to tell you that SCimago Journal & Country Rank is not a journal. SJR is a portal with
scientometric indicators of journals indexed in Elsevier/Scopus.

Unfortunately, we cannot help you with your request, we suggest you to visit the journal's
homepage or contact the journal’s editorial staff , so they could inform you more deeply.
You can see the updated journal’s information just above .

Best Regards, SCImago Team

Zemenu Bires 2 years ago

in which index Heliyon is indexed? would you tell me please?

reply

= SClmago Team

=8
@ Melanie Ortiz 2 years ago

Z
Dear user, we suggest you to consult that information in the journal's website. You can
also consult the Scopus database directly. Best Regards, SCImago Team

Zemenu Bires 2 years ago

Would you mind telling me about Heliyon journal in which it is indexed; Scopus, SClI, ISI-
index/Scopus or any index?

reply

https://www.scimagojr.com/journalsearch.php?q=21100411756&tip=sid&clean=0
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SClmago Team

1]

W

W Melanie Ortiz 2 years ago

Dear user, we suggest you to consult the journal's website or Scopus database directly.
For other indicators like ISI or Impact Factor, we suggest you to consult the Journal
Citation Report with a Web of Science data source. Best Regards, SCImago Team

Santosh 2 years ago
Hi,

Can you please tell when Heliyon expected will get impact factor (will come under sci or esci)?

reply

SClmago Team

1]

W

W Melanie Ortiz 2 years ago

Dear user, SCImago Journal and Country Rank uses Scopus data, our impact indicator is
the SJR. Check our web to locate the journal. We suggest you to consult the Journal
Citation Report for other indicators (like Impact Factor) with a Web of Science data
source. Best Regards, SCImago Team

Deni 3years ago

Dear Elena, How long has Heliyon released the article, | have submitted?

reply

SClmago Team
@ Elena Corera 3 years ago

Dear Deni,

thank you very much for your comment, unfortunately we cannot help you with your
request. We suggest you look for author's instructions in the journal's website.

Best Regards,

SClmago Team

SIFI 3 years ago

what are the favorite and targeted topics in this journal?

reply

Ali 3 years ago

Hello,

| read in your website that this journal is not free of charge for publication. let me know that is it

https://www.scimagojr.com/journalsearch.php?q=21100411756&tip=sid&clean=0
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true?
thanks.

reply

SClmago Team
@ Elena Corera 3 years ago

Dear Ali,
Please, check comments below.

Best regards,

SClmago Team

Harjali 3 years ago

Nice to meet you, could you give me detail information of Heliyon Journal? | have checked it at SUR
that this journal has 7 H Index and Q1, It is right?. thank you very much.

Best regards
Harjali

reply

Foad buazar 3 years ago

Hi

| wonder how a journal like Heliyon Rank Q1 but without impact factor?

| am really confused. Would you please clarify the vague feeling of authors concerning this notion?

Thank you

reply

SClmago Team
@ Elena Corera 3 years ago

Dear Foad,
you can check impact factor in SUR website.

Best regards,
SClmago Team

Achmad Herman 3 years ago

Dear Colleagues

| am interested to submit a paper (or more) to your journal... | would like to ask about the average
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period from date of submission to date of publication (if the paper is accepted)... and also about
the fees (if any). Thank you..

Achmad Herman

reply

SClmago Team
d@ Elena Corera 3 years ago

Dear Achmad, we suggest you locate the author's instructions on the journal's website.
Best Regards, SCImago Team

Nahed 3 years ago

Hello,
Is it possible to know if this Journal is indexed in Thomson Reuters (M)?
Best

reply

SCImago Team
@ Elena Corera 3 years ago

Dear Insum, we suggest you contact the journal directly. Best Regards, SCImago Team

Hashim 3 years ago

Dear Sir or Madham
Could you please give me the impact factor for this journal ?

best regards

reply

Maria Helena Andrade Santana 3 years ago

Dear Sir or Madham
Could you please give me the impact factor for this journal ?

best regards

SClmago Team
;@ Elena Corera 3 years ago

Dear Maria Helena, SClmago Journal and Country Rank uses Scopus data, our
impact indicator is the SJR. Check our page to locate the journal. We suggest you
consult the Journal Citation Report for other indicators (like Impact Factor) with a

Web of Science data source. Best Regards, SCImago Team
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SClmago Team
@ Elena Corera 3 years ago

Dear Hashim, the SJR data of the journal are on this page, see the evolution graphs of the
indicators above. Best Regards, SCImago Team

Mikle 3 years ago

Hello,
Does this journal has or will have an impact factor?
Thank you in advance

reply

SClmago Team
@ Elena Corera 3 years ago

Dear Mikle, SJR uses Scopus data, our impact indicator is the SJR. Check our page to
locate the journal. We suggest you consult the Journal Citation Report for other indicators
with a Web of Science data source. Best Regards, SCImago Team

Jad 3yearsago

Hello,
The is possibility to send me a topic of your journal.

Best Regard
Jad Tahouri

reply

SClmago Team
@ Elena Corera 3 years ago

Dear Jad, we suggest you contact the journal directly. Best Regards, SCImago Team

Leave a comment

Name

Email
(will not be published)
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Heliyon editors

RHeliyon iz actively building individus] sections that are managed by respected researchers and experts in the figld, Thess
dedicated and experienced section editors and their teams of sssociste editors, supported by our inhouss editorisl team,
are responsible for managing the pesr review process for sl submitted manuscripts within their subject sections. These
dedicated sections sllow us to tailor each author's experience to the neseds and standards they have come to expect within
their respactive fislds.

Agriculture

Mast the full editonizl team for Heliyon Agriculore,

Dir. Athanasios Damialis

Cr. Athanasios Damislis is 3 multi-disciplinany scientist working for maore than 20 years on the fiekds of plant and fungal
ecology, environmentsl sciences, biometeorology, climate changs and environmentsl health. His particular focus lies on the
reproductive bislogy of plants (flowering phenology, atmospheric circulation of sitbomne polien) and on endophytic fungi. He
uses an inter-disciplinany research approach with environment-environment interactions and human-snvironmsant
interactions. This incledes mainhy those interactions inclueding, but not limited to, the detection of bio-climatic indicators and
spatiotempors] patterns of plant, forest and sgricultturs] habitats and ecosystems, in relation to ongoing and simulsted
climate change. His research gosl is to comprehend the responsive sbility of organisms under stress conditions, wltimatehy,
attempting to promote sustainable growth and environmental gquality.

Arts and humanities
Me=t the editonial team for Helyon A= and humanitiss.

Biochemistry, molecular biology and cell biology

Mast the full editorizl t2am for Heliyon Biochemisoy, molecular biology and cell biology.

Prof. Nicola Zambrano

Micola Zambrano is professor of Molecular Biclegy at the University of Naples Federico |1, and group leader at CEIMNGE
Advanced Biotechnologies, Maples, Itahy. He holds 3 M.5c. degres in biclogicsl sciences and 3 Ph.D. in biotechnologies,
acguired within a joint doctoral program from the Universities of L'Aguila and Maples, [taly. He was 3 visiting fellow at
Mational Cancer Institute, MIH in Bethesda from 1581 to 15594, and visiting scientist at EMBL in Heidelberg, Germany in
1557, Hiz academic carssr 3t the Fedenco || University in Maples started with an assistant professor position in
biochemistry (1553), before being enrclled 3= an associste professor (2002} and then, a5 3 full professor in molecular
biclogy (2010).

Prof. Jinrong Min

Professor Jinrong Min received his Ph.Di. degres in physics from the Institute of Physics, Chinese Academy of Sciences in
China, and camied out his post-doctoral training in chromatin structural biclogy st the Cold Spring Harbor Laboratony, USA.
He is cumrenthy the principal investigator of the Chromatin Strecturasl Biclogy Group at the Structural Genomics Consortiem
{5GC), University of Toronto, and an associate professor in the Department of Physiclegy at the University of Toronto.



Biology

Mast the editorizl team for Haliyon Biology.

Business and economics

Mast the full editorizl team for Heliyon Business and economics.

Dr. Lariza Yarovaya

Professor Larisa Yarovaya received her doctorats in finance from Morthumbriz University in England. Cuwrrenthy, sheis a
lectursr in finsnce, Programme Director BSc Finance, and deputy hesd of Centre for Digital Finance st the Southampton
Business School, University of Southampton.

Prof. Yarowaya is & researcher the figlds of intermnational finance, digital finance, financial integration, [slamic finance,
Snenyy economics, information transmission, and internationsl business. She has published her research in pesr-reviewsd
scademic journsls and is an associste editor of the Infemafionsl Rewew of Finsncizl Anslysis, Joumnsl of Infemstions/
Finznoizl Mareis Instiutions and Mone)y;, Helyon, and Deiz-in-Ensf.

Dr. Pavios Delias

Pawvles Delizs is 3 tenured faculty member at the Intzrnational Hellenic University, Department of Accounting and Finance.
He holds a jointhy supervised PhD from both Technicsl University of Crete and University Paris Dawphine, under a cotutells
agresment.

Pavlos Delias has besn invited as 3 visiting professor in seversl universitizs (nationsl 3= well 3= international). He has
contributed to numerous research projects, focusing on apphying the principles of business anshytics and oparational
research to decision support systems design and use. He is also 3 member of the coordination board for the EURD working
group on decision support systems. His research interests are in the aress of business process anabytics, business
anahytics and opsrationsl research, and multiple criteris anahysis.

Chemistry

Mast the full editorizl team for Heliyon Chemisoy.

Dr. Francesco Epifanc

Prof. Epifano obtzined his degres in medicing] chemistry and pharmaceutical technology in 1553 from the University of
Perugis, [tahy. In 1558, he obtsined his Ph.D. in agriculberal entomology at the Faculty of Agricultural Sciences of the
University of Perugis. Currenthy, he is an associate professor of medicinal chemistry at the Department of Pharmacoy of
the University Gabrizle D°Annunzio of Chizti-Pescars. His recent work is concerned with synthesis and pharmacologicsl
properties of secondany metabolites from plants, fungi, and bactens, Dr. Epifane was the recipient of the 2010 IADR /
Glaxo Smith Kline Innowation in Oral Care Award as the co-investigator of the project entitled "Therapeutic potential of Citrus
suraptens for pericdontsl disesse”, the 2012 Apivita Award for Phytochemistry, and the 2017 Pierre Fabre — Phytochemicsl
Society of Europe Innowv ation Award.



Clinical research

Me=t the full editoris] team for Heliyon Clinfeal research.

Dr. Carolyn Mzchintosh-Frankiin

Dr. Carohyn Mackintosh-Franklin has had an extensive carssr in both clinical practice and higher edecation working at the
University of Bradford, University of Liverpool, University of Hull and currenthy working at the University of Manchester,
She received her first degres from the University of Neweastle Upon Tyne, her M5 from the University of Manchester
and doctorste from the University of Bradford. She is zlzo 3 registered nurse specizlizing in the 3ssessment and
management of scute and chronic pain. Her ressarch interests are brosd ranging; encompassing work on heslth cars
professionals” attitudes towsrds thoss in pain, aspects of psin 3ssessment and management, and pedagogic research into
lzarning nesds of mature students, with 3 range of highly cited publications and conference presentstions in these areas.

Prof. Giuseppe Musumeci

Givsepps Musumeci received 3 BS, M5 and PhD in Human Movement and Sport Sciences from the University of Catania,
Itshy. Currenthy, he works a5 3 Professor of Sports Sciences st the Department of Biomeadical and Biotechnological
Sciences, School of Medicine, University of Catania, Italy. He is also an Adjunct Professor st the Temple University's
College of Science and Technolegy, Philadelphiz, USA and at the Faculty of Sport Sciences, Fujian Mormal University,
Fuzhou, China. Prof. Musumeci is the Director of the Research Center on Motor Activities (CRAM), the Director of School
of Posturclogy and Physical Exercise Sciences, the Dean of the Human Movemsent Sciences Faculty and the Head of the
Mowement Innowvation Posturalab at the University of Catanis. He is currenthy Editor-in-Chief of "Jowrnal of Functionsl
Maorphology and Kinesiology”™. Musumecrs resesrch interests are centered on morphological, moleculsr, biochemical and
clinical aspects of ostecarthritis and musculeskeletsl disorders and the relative effects of dist, ageing and physical activity.
Other ressarch topics of interest ars tissue enginesning and mechanobiclogy related to the musculoskeletal system in the
clinical context.

Prof. Graham Pawelec

Graham Pawslec received an MA in natural sciences and 3 PhD in transplantation immunclogy from the University of
Cambridge, UK. He is currenthy professor of experimental immunclogy in the Department of |mmunclogy, University of
Tiibingen, Tibingen, Germany. He is a visiting professor at Nottingham Trent University, UK and at King's College London,
UK, holds an honorany chair at Manchester University, UK. He is 3 member of the Cancer Solutions Program at the Health
Sciences Morth Rlesearch Institute of Canada, Sudbury, Ontario, Canads. He is curently co-editor-in-chief of “Immunity
and Aging”. Grzham's resaarch interests are centred on sherations to immuenity, especisly T cell-medisted immuenity, in
ageing and cancar in man, and the infleence these have on the outcome of waccination and immunomodulstony antibody
therapies. The impact of pohypathogenicity {including multiple infections, cancer, Alzheimear’s, disbetes, autcimmunity}) =
well as stress (psychologicsl, nutritional) on immune signatures reflecting individual immune status is of particulsr interest in
the clinical context.



Computer science

Me=t the full editorizl team for Heliyon Compurer science.

Dir. Jonathan Chan

Cr. Jonsthan H. Chan is an associate professor of computer science and 3 co-founder of D-Lab at the School of
Information Technology, King Monghkut’s University of Technology Thonburi, Thailand. Jonathan holds a Ph.D. from the
University of Toronto, where he has slso served 3= 3 visiting professor. In addition to his role a=s the section editor of
Heliyon Compuier science, Dr. Chan is an action editor of Newsl Nefworks, and a3 membser of the editorial boands of
Intemationsl Jowmnsl of Machine Infeligence and Sensory Signal Processing, Infemsztionsl Joumsl of Swamm inteligence, and
Procesdings in Adspiation, Leaming and Cptimzation.

Dr. Chan is 3 founding member and 3 current VP of the IEEE-CIS Thailand Chapter, and 3 senior member of 1EEE, ACM,
and INNS., 3 member of the Professionsl Enginesrs of Ontarie (PEQ), and a3 govemning board member of APNNS. He slso
holds an MVIDIA Desp Lesming Institute (DL} University Ambassadorship and is a certified DLI instrector. His ressarch

intzrasts include inteligent systems, biomadicsl informatics, and dats science and machine learming in general.

Earth science

Mest the full editonisl team for Heliyon Earth science.

Prof. Andrew 5. Hursthouwse

Frofessor Hursthouse is 3 professor of environmental geochemistry st the University of the West of Scotland [UWS) and
holds a Ph.D. in environmentsl radicactivity from University of Glasgow and a B.5c. degres in geochemistry from
University of Rieading. He holds 3 100 tslent high-end expert fellowship at Hunan University of Science & Technology,
Xiangtan, FRC. He has editorial roles in several earth and environmental science journals and has worked in academic and
industrizl research environments.

Professor Hursthousse's aress of interest and sxpertize are in 2arth process interactions and the environmeants]
geochemistry of metallic elements, resowrce exploitstion and implications for human heslth, and this approach also applied

to environments| poliution, industrisl processes, economic development and society; remedistion and trestment of chamical
poliution; chemical and environmental hazards, waste and environmentsl mansgement and regulation.

Education

Meet the full editorial tz=am for Heliyon Educaton.

Prof. David Gonzalez-Gdmez

Heliyon Education is led by Section Editor David Gonzdlez-Gomez, Ph.D. Dr. Gonzdler-Gomesz is a Professor in the
Department of Science and Mathematics Education and the Dean of the Teaching Trainer School at the University of
Extremadura {Spain). Dr. Gonzidler-Gomez is known intrnationalhy for werk in science education; science, technology,
enginesring, and mathematics (STEM); active leaming methodolegies for teaching science; affective domain in the science
learning process; education for the sustainability; S0Gs. Currenthy, he is an advisony council of the Sciznce, Technology,
and Innowvation of Extremadura government in Spain.



Energy

Mest the full editoria] team for Heliyon Enargy.

!

Dr. Socrares Haplanis

Prof. Socrates Kaplanis obtsined his degree in physics from University Thessaloniki, 3 MSC in nuclesr resctors from Aston
University, and a PhD in radiation detection and modeliing from the University Patra. He has held academic positions
including professor of renewsble energy systems at the Technological Educational Institute of Patra, head of the renswable
energy systems laboratory, honorany professor and doctor honoris causa st the Transylvania University in Brasovw, and as
3 wisiting professar st the University of Applied Sciences in Aachen, Germany.

Prof. Kaplanis has a research background in solar radistion, prediction modelling, zero and intelligent energy buildings, PV
systems enginesning, solsr thermal enginesring, and PV based hybnid systems. He has held vanows posts, including

president of the Technological Educations| Institute of Patra, president of the Technological Educational Institute of Wastern
Greece, and vice-president and President of the Ewropean Institutions in Higher Education {EURASHE).

Engineering

Mest the full editoriz] team for Heliyon Engineering.

Dir. Andrea Francesco Morabito

Professor Andrea Francesco Morabito received his Ph.D. in computer, biomedical, and telecommunications enginssring
from the University of Reggio Calabria, |taly, where he has slso sarved 3= an assistant professor in electromagnetic fislds
sinee 2010, His resesrch work is mainhy focused on models and effective strategies for the solution of inverse problems, in
particulsr, antenna synthesis, phase retrizval, and electromsagnetic inverss scattering.

FProf. Mohammad Mehdi Rashidi

Professor Mohammad Mehdi Rashidi received his Ph.D. in mechanical enginesring from Tarbist Modsres University, Iran.
He iz currenthy a professor of mechanical enginesring at Tongji University in Shanghai, China, and previoushy taught at Bu-
Ali University in lran. Prof. Rashidi was named a 2018 highly cited researcher by Clarivate Anahytics.



Environment

Mast the full editorisl team for Heliyon Envircnmant.

Frof. Fraederic Coulon

Professor Frederic Coulon holds a chair in Environmental Chemistry & Microbiclogy at Cranfield University, UK. In addition
to his position a5 section editor for Heliyon Environment, Prof. Coulon is an associate editor for Environment Iniemational
and Science of the Tofal Emvironment. His professionsl interests inclede: soil and water chemistry; fate and transport of
chemicals in surface and subsurface waters; water and wastewater treatment; soil and sediment treatment; hazsrdous waste
site remediation; energy and environment; population and environment; and public communication of environmental science
and enginesring. His ressarch achizvements address internationsl pricrities under the umbrzlls of the Water-Soil-Waste
nexus scross sectors and scsles. His work is premized on the understanding that environments] resourcas are insxtricsbly
intertwined and therefore there is 3 need of advancing 3 nexus approsch to enable integrated and sustsinable mansgement
of water, soil and waste systams.

Prof. Christian Sonne

Professor Christian Sonne, DWVM, PhD, DScVethed, Dipl. ECZM-EBVS, holds 5 professorship in weterinany ecotoicology
and wikdlife meadicine at Asrhaus University, Denmark. In addition to his position 35 section editor for Helon Environment,
Prof. Sonne serves as special issuss editor for Environmenial Polufion. Since 1257, Prof. Sonne has specisized in the
cross-fiel of biclegical effects from exposwre to envirenmental chemicals, disez=es and climatz changs, giving him 2
unigue insight and profile working with a broad ranges of animals incleding predatony mammals, raptonial birds, sea birds, fish
and humans. He has 3 broad insight and interest in internal and reproductive organs (histopathology, size, and monphology),
skeletsl system {bone density and monphology using 2.g. DXA scanning), immune system {intra dermal testing of
hymiphooyte functioning, immune globulin production and cytokine and APP expressions), endocrine system (steroid and
peptide hormones), FEFK modeling, bleed bicchemistry and infectious diseases (zooncsis). Prof. Sonne uses his globsl
network to obtain interdisciplinary resaarch results. Since 2015, he has applisd his in-depth knowledge and wnderstanding of
biclogical processes to also inclede specific un-solved wildlife issues in Denmark {sider duck population declines) and health
of raptors. Recenthy his innovative approsches have led to the first interactions with private industry focusing on natwral
resources developments and translstional medicine within insulation, osteoporosis and metabolic syndroms. Prof. Sonne
al=o specializes in surgical fizld implantations of intra-coslomic (abdominalhy’) and subcutanscushy satellite transmitters
{FTT=) in warious =23 bird spacies and immobilzation of desr spp.

Food science and nutrition

Mest the full editonisl team for Heliyon Food science and nuoridon.

Prof. Lilian Mariut

Prof. Lilian R. B. Mariutti received her aaster and doctorate degrees in food science from the School of Food Enginesring -
University of Campinss, Brazil, where she curenthy has 3 position a5 3ssistant professor. She was 3 researcher fellow in
the Laboratory of Veterinary Drug Residuss of the Brazilian Ministry of Agriculture, Livestock and Food Supphy. Her
research focuses on the identification and bicscoessibility of bicsctive compounds and lipids and design of food ingredients
from mon-conventional sowrces.



Global Health & Infectious Disease

Mest the full editoris] team for Heliyon Global Health & Infectious Disease.

i
Dir. Chaisiri Angkurawaranocn

Public Heslth

Chisng Mzi University, Chisng Msi, Thailand

Chaisin Anghkurawaranon received his MD from Chizng Mai University and specislises in Famiby Medicine. He received 3
Masters in Medical Statistics and 3 PhD in Mon-communicsble Disease Epidemiclegy from the London School of Hygiens
and Tropical Medicine. His research focuses on global health issues related to ageing and chronic conditions (both
communicable and non-communicable) in primany care,

Dr. Nitika Pant Pai
Infectious Dizesss
WMeGill University, Montreal, Canada

Dir. Mitika Pant Pai is 3 tenured Associste Professor in the Department of Medicine st McGill University. Her global
implementation research program for the past twenty years is focused on point-of-care disgnostics for HIV and other
sewuslhy transmitted blood bomne infections; specificslhy the innovation, implementation and impact of digital strategies with
rapid diagnostics and wearable solution. She develops integrated connected strategies with digital innow ations, Bayesian
diagnostics, artificisl inteligence to pleg hesith sarvice delivery gaps in disgnostics in rapid diagnostics. She ssrves to
infiorm domestic and ghobal policy on point-of-care diagnostics.

Her research program is based in Canads, India and South Africa. She has ked many diagnostic trisls, cohort/cross
sectional studies, mets-anshyses, systematic reviews, modelling studies, to inform the gaps in policies to end the HIV
epidemic. Her research has besn supported by grants from the Canadian Institutes of Heslth Ressarch, the FRQS, Grand
Challenges Canada, Bill and Melinds Gates Foundation, Mational Institutes of Heslth, MRC SHIP, South African DST, 1C-
IMPACTS, Clinton Heslth Access Initistive, among others.

She has served on many technicsl working groups for national and internationsl sgencies: WHO, Foundstion for Innovative
Diagnostics, P51, The Bill and Melinds Gates Foundation, ASLMW, COC, PHAC, REACH, among others. She has advised the
office of the US Congress on multiplex testing. She has slso contributed to HIV self-testing guidelines and policy guidancs
for HIV self-testing for the WHO. She serves the Strategic Advisony Board of the Foundstion for Innovative Disgnostics
and is on WHO's Roster of Digital Health Experts. She serves on the Editorial Moard for biomedical journals and regularhy
revizws for key internations] heslth sgenciss.

She is an glected membser of the College of New Scholars, Artists & Scientists of the Royal Society of Canada.

Materials science

Mest the full editorial team for Heliyon Marerials science.

Prof. Luis M. Gandiz

Luis M. Gandia is a full professor of chemical enginesring at the Fublic University of Mavarre (UFMA) since 2010, Prof.
Gandia obtzined his Ph.D. in chemistry at the Faculty of Chemistry of the University of the Basque Country in
DonostiziSan Sebastidn in 1353, He is & founding member of the Instituts for Advanced Materisls {InsMat) st UPMA. He is
the head of 3 multi-disciplinary research team mainhy working on renewsble resources valorization and the development of
catalytic materisls for environmentsl and energy applicstions. His research interests include: preparation and physico-
chemical characterzation of heterooensous catahests: structured and micro-strectured catshests and chemicsl resctors:



Mathematics

Meet the full editoris] team for Heliyon Aathematcs.

Prof. Hermann J. Eberl

Crr. Hermann Eberl is 3 professar in the Department of Mathematics and Statistics at the University of Guelph {Canads),
wherz he iz also the director of the Biophysics Interdepartmental Graduate Program. Prior to joining the University of
Guelph he obtasined his graduate degress (Dipl. Math., Dr.rer.nat) at the Technicsl University of Munich (Germany) and was a
postdoctoral fellow first at the Delft University of Technology (the Netherlands), and then at the GEF Mationsl Research
Center for Environmeant and Haslth in Oberschizissheim (Germany).

His research is in mathematical modeliing, anahysis, and simulstion of biclogical systems and their intersction with their
physical environment. This encompssses dynamicsl systems, partisl dif ferentisl equations, numerical anabysis and
scientific computing. The teo primany strands of his ressarch in recent years were the development and application of
mathematicsl methods in biofilm ressarch and mathematical modelling of honeybes colonies and their diseases.

Microbiology

Meet the full editorial team for Heliyon Microbiology.

Dr. Dana S@nley

Aszociate Professor Drana Stanley was awarded 3 PhD in molecular microbiclogy from Victoria University, Melbourns, in
2003, Her FhD project, "Generation and Characterisation of Ethanol-Tolerant Saccharomyces cerevisise Mutants,”
inwestigated the molecular and metabolic determinants of ethanol tolerance in yeast and was awarded “the most outstanding
FhD in 2005 by the University. Prof. Stanley held a postdoctoral position in CEIROs Animal Health Laboratories (AAHL),
one of the world's most sophisticated animal research laboratories, where she researched poultry intestinal heslth,
specificalhy gut microbiots and genetics. Cuwrrenthy, Prof. Stanley is a lesder of the molecular microbiology ressarch clester
at Central Quweensland University, focusing in human and livestock intestinal health, probictic and next generation antibiotic
development and pathogen control. She is working in collsboration with world's leading probiotic companies on research
projects siming to improve intestingl health of agricultural animsls and humans. Prof. Stanley's work has been published in
Nafure Medicine (as the first author), Mefure Communications and Nafure immunciogy.

Meuroscience

Meet the full editorial team for Heliyon Neuroscience.

Dr. Mario Tiberi

Dir. Mario Tiberi is a senior scientist at the Ottaws Hospital Research Institute’s Meurosciznce Program, and associste
professor at the University of Ottawa Faculty of Medicine in the departments of medicine, cellular and molecular medicine,
and psychiatry. He is also a3 member of the University of Ottawa Brain and Mind Research Institute. Dr. Tiberi completed
his FhD in Pharmacology {1550} on opicid receptors at the Universitd de Montréal under the supervision of Dr. Jacgues
Mzgnan, before moving on to 3 very swcoessful post-doctoral training at the Howsrd Hughes Medical Institutes st Duke
Uniwversity in Dr. Marc Caron's Isboratory. It was during his postdoctoral training that Dr. Tiben refined his ares of research
expertise in moleculsr biology and biochemistny of dopamine recaptors. His research interests focus on dopamine
receptors, G proteins, signal transduction, desensitzation and phosphonylstion. Dr. Tiber's work sims to wnderstand complesx
structure and molecular relationships of dopamine receptor signaling complexes using in vitro cellular systems and pre-
clinical in wivo models, with the aim of aiding in the development of novel therapeutic strategies for brain disorders such as
Parkinson's disesse, stroke, schizophrenia and drug addiction. Dr. Tiber has published over 50 scientific papers and edited
two books. He has wide experience with undergrad and graduate student supervision as well a5 teaching. Many of his
former graduate students have gone on to successiul independant research caresrs.



Pharmaceutical science, pharmacology and toxicology

Mest the full editorial team for Heliyon Pharmaceutcal science, pharmacology and toxicology.

Prof. Emilio Clement

Emilio Clementi graduated in medicine and surgeny st the University of Milano, received his doctorate in pharmacotherapy
at the University of Brescis to move a5 research fellow to the University College London. He is currenthy full professor of
pharmacology and director of the clinical pharmacology wnit of the Mational Health System at the University of Milano, co-
opted membser in the executive committes of the Intemationsl Union of basic and clinical Pharmacology (IUPHAR).

He has published on the pathophysiology of nitric cxide and its relevance in therapeutic perspective, especially in skelstsl
muscle, and on pharmacokinetics, pharmacogenstics and pharmacospidemiclogy in pasdiatry. He is presenthy the editor in
chief of pharmacological ressarch.

Dr. Dimitric Lamprou

Dimitrics Lamprow {Ph.0. MBA) is 3 reader in pharmaceuticsl enginesring and the MSc programme dirsctor in industrisl
pharmacsutics at the School of Pharmacy in Quesn's University Belfast (UK. He is slso the chair at United Kingdom and
Irgland Controlled Release Society (UKICRS). Dr. Lamprou specialises in the aress of pharmaceutical manufacturing &
emenging technologies and his research and scademic leadership have been recognized in 3 range of awards, including the
Royal Fharmacautics] Society Science Award and the Scottish Universities Life Sciences Allisnce Lesders Scheme Award.
His group is apphying nano and microfabrication technigues in pharmaceutical and medical device manufacturing, sech as
A0 printing & bisprinting, electrespinning and microfluidics.

Dr. Martin Leonard

Dr. Leonard obtained his PhD in pharmacology in 2000 from University College Dublin, Ireland. He has over 15 years”
ExXperience a5 3 toxicolegist focussed to developing and improving on models and methods for assessment of tooicological
hazard, including the use of high content omics technology and iIPSC in vitro models of the airway. Dr. Leonard is 3
Ewropean registered toxicologist and currenthy holds 3 position as principal toxicologist st Public Health England directing
ressarch inte the mechanisms of sllergen and particulste hazard associated with asthma and sllergic sirway diseass. Dr
Leonard has published extensively in the fizlds of toxicolegy, cell biclegy and immunology. In addition to section editor at
Heliyon, he is also associste editor for the journal Toxicology in Vitro,

Physics

Mest the full editorial team for Heliyon Physics.

Prof. Gerald Cleawver

Gerald B. Cleaver eamed his Ph.D. in early universe cosmology and string theony at Caltech. He is a professor and
graduste program director of the department of physics at Baylor University in Waco, Texas. He slso heads the Early
Universe Cosmology and String Theorny (EUFCOS) division of Baylor's Center for Astrophysics, Space Physics and
Enginesring Research (CASPER).

With CASPER colleagues, Prof. Cleaver (i) explores guantum gravity effects in the early universe and the signatures of
specific guantum gravity proposals, especially with regard to the cosmic microwave background {CMB), {ii) studies
relativistic thermodynamics and physics & cosmolegy applications to cryptography, (i} anahyzes spacetime curvatures
{and their possible divergences) for theorzed spacetime wormholes, and (iv) investigates advanced spacecraft propulsion
systems. Prof. Cleaver was a member of 3 NASA blue-ribbon review committee for advanced propulsion system
proposals. He has written over 1080 journal articles and conference proceedings, is co-author of an elementany particle
physics textbook, suthor of s book chapters, on the editorial board of four science journals, and referee for nine physics
journals,



Psychology

Meset the full editonial team for Haeliyon Psychology.

Dr. Pavica Sheldon

Drr. Pavica Sheldon received her PhD in communicstion studies from Lowvisians State University, and currenthy serves as
chair and associate professor in the Department of Communication Arts at University of Alabama in Huntsville. Dr.
Sheldon is an author of three books and over 40 jounal articles, studying uses and gratifications of social media, and also
how people communicate forgivensess in interpersonal relationships.

Quantitative biology, biotechnology and bioengineering

Meet the full editorial team for Heliyon guenteive biology, biotechnology and bicengineering.

Dr. Andrea de Marting

Andrea De Martino received his PhD in theoretical physics from 51554 (Trieste, Italy). He worked at the Hahn-Meitner-
Institwt (Berlin, Germany), the |talian Institute for the Physics of Matter (Riome, Italy) and Sapienza University (Roms)
before joining the Mational Research Council and, mare recently, the Italian Institute for Genomic Medicine in Turin, where
he is part of the Statistical Inference & Computational Biology Unit.

Cr. D& Marting is generalhy intzrested in the physics of living systems scross multiple scales, from single cells to
ecosystems. He works in broadhy defined systems biclegy (computational & mathematical biclegy, genome-scale models,
bicinformatics, ete.). Dr. De Marting's favorite guestions revalve around the functional roles of celHto-cell heterogensities,
the interplay between physiclogy and gene expression in proliferating vs guiescent cells, the processing of information by
biclkegical networks, and the emergence of multi-celiular and population-level behavior.

Social science

Meet the full editorial team for Heliyon Social science.

Prof. P. Vigneswara [lavarasan

P. Vigneswara llavarasan (PhD - IIT Kanpur) is a professor of information systems at the Dept. of Management Studies,
Indiian Institute of Technolegy Delhi. He researches and teaches about the interaction of information and communication
technologies (1CTs), society, and business.

Dr. llavarzsan has been a visiting research fellow at United Nations University - School of Computing and Society (Macau)
and School of Mansgement, Curtin University {Perth). He is a recipient of the Outstanding Young Faculty Fellowship Award
&t |IT Delhi and Prof. M.N. Srinivas Memorisl Prize of the Indisn Sociological Society. He is also a senior research fellow at
LIFtME=s=is, a leading regional ICT policy and regulstion think tank. He has received large research grants from Dept of
Science & Technology (Govt of Indis), IC55R (India), IDRC {Canada), Cecford Anahrtica (UK), IPTS (European
Commission), CIPFPEC {Argentina) and |desConp (Philippines). His research has appeared in varnious leading intermational
journals and at numerous global conferences.
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Magnetotelluric data analysis using 2D inversion: A case study from Al-Mubazzarah Geothermal Area
{AMGA), Al-Ain, United Arab Emirates
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Abstract

Abstract )

Geothermal manifestations (hot springs) emerge in the Al-Mubazzarsh Geothermal Area (AMGA), Al-Ain city, Abu Dhabd Emirate,
United Azsh Emirates. This paper presents the application and results of a Magnetotelluric (MT) survey, which was carried cut in
2017 at the AMGA peothermal field. The MT method was used to investigate the variations in the electrical conductivity beneath
the AMCGA This study focuses on characterizing the patterns of subsurface electrical conductity of the AMGA geothermal
reservolr. Dimensionality analysis of the measured MT data indicate that 3D inversion 1s appropriate for the subsurface resistivity
interpretation. The inversion results support a model consisting of three resistivity-defined layers; from top to bottom they are:
{1) a shallow layer with resistivity ranging from 10 to 20 £im, representing recent alluvial and windblown deposits, (2) a second
conductive layer with resistivities less than 10 £im, beneath the first layer. Thas layer 1s recognized as the Terbary carbonate
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Abstract

Abstract ~

A model to inveshigate the influence of gravitational force and radiation pressure on mterstellar dust found within the vicmbies
of certain stellar systems is presented in this study with the inclusion of potential due to the belt. Semi-analytic approach is
adopted to examine the dynamical behaviour of the motion of a test particle in the neighbourhood cf the radiating stars, namely,
Wolf' 630, Formalhaut, Onmeron Eradand and 36 Ophauchi respectively. The Libration points were found dependent on the mass
ratios of the systems and the radiation pressure exerted by the stars) and the motion of the dust particle around them is linearly
umnstable. In each of the four casa studies, two Lyapunov Characteristic Exponents were seen positive which validate the chaotic
nature of the system, also the Poincars Surface Sechion revealsd the sensitivity of the dynamical system to change mn 1natial

conditions. Several scientific questions of great importance in astrophysics and astronomy; such as the motions of interstellar
L
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Abstract

Abstract ~
Background

Collaborative practice in healtheare has been recommended to improve the quahity of antinderobial stewardship interventions, a
behavioral change in antimicrobial use. Insufficient knowledge regarding antibiotic resistance, the fear of complications from
mfections, and how provaders perceive antibiofic use and resistance are hkely to influence preseribing behavior. This study’s
objective was to 1dentify the Imowledge and beliefhealthears professiomals’ differences about antibiotic stewardshap.

Methods

This cross-sectiomal survey stady of three hospitals in the East Java province, Indeonesia utihzed a 43-1tem gqueshiomnaire to assess
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Effect of tillage, biochar, poultry manure and NPK 15-15-15 fertilizer, and their mixture on soil properties,
growth and carrot (Daucus carote L.) yield under tropical conditions
Taiwo Michael Agbede
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Abstract

Abstract A

Tillage, biochar, poultry manmre, NFK fertilizer and their combined application could improwve soil quality, sustainability and
carrot productivity. The effects of two tillage treatments: conventional tillage (CT) and reduoced tillage (BT} each combined with 30
Mg ha! biechar (B), 10 Mg ha~! poultry manure {PM), 300 kg ha=* NPK 15-15-15 fertilizer, 150 kg ha~' NPK 15-15-15 fertilizer +15
Mg ha! biochar +5 Mg he™ poultry manure and a control (no biochar/poultry mannreNPK fertilizer) on soil properties, growth
and carrot yield were invesHigated. The research was carried out for two consecutive growing seasons {2018 and 2019) at Owe in
the forest-savanma trancition zone of Nigeria on 2 sandy loam: The experiment wac 1aid out in 2 randomized complete bloek
desigm in a factorial combination of ten treatments and rephcated three times. Reduced tillage had relatively lower soil bulk
density, penetration resistance, dispersion ratic and temperature, and had sigrificantly higher (p = 0.05) soil aspregate stability,
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