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Preface 

We would like to present, with great pleasure, the inaugural volume-3, Issue-8, August 2017, of a scholarly 

journal, International Journal of Environmental & Agriculture Research. This journal is part of the AD 

Publications series in the field of Environmental & Agriculture Research Development, and is devoted to 

the gamut of Environmental & Agriculture issues, from theoretical aspects to application-dependent studies 

and the validation of emerging technologies. 

This journal was envisioned and founded to represent the growing needs of Environmental & Agriculture as 

an emerging and increasingly vital field, now widely recognized as an integral part of scientific and 

technical investigations. Its mission is to become a voice of the Environmental & Agriculture community, 

addressing researchers and practitioners in below areas  

Environmental Research: 

Environmental science and regulation, Ecotoxicology, Environmental health issues, Atmosphere and 

climate, Terrestric ecosystems, Aquatic ecosystems, Energy and environment, Marine research, 

Biodiversity, Pharmaceuticals in the environment, Genetically modified organisms, Biotechnology, Risk 

assessment, Environment society, Agricultural engineering, Animal science, Agronomy, including plant 

science, theoretical production ecology, horticulture, plant, breeding, plant fertilization, soil science and 

all field related to Environmental Research. 

Agriculture Research:  

Agriculture, Biological engineering, including genetic engineering, microbiology, Environmental impacts 

of agriculture, forestry, Food science, Husbandry, Irrigation and water management, Land use, Waste 

management and all fields related to Agriculture. 

Each article in this issue provides an example of a concrete industrial application or a case study of the 

presented methodology to amplify the impact of the contribution. We are very thankful to everybody within 

that community who supported the idea of creating a new Research with IJOEAR. We are certain that this 

issue will be followed by many others, reporting new developments in the Environment and Agriculture 

Research Science field. This issue would not have been possible without the great support of the Reviewer, 

Editorial Board members and also with our Advisory Board Members, and we would like to express our 

sincere thanks to all of them. We would also like to express our gratitude to the editorial staff of AD 

Publications, who supported us at every stage of the project. It is our hope that this fine collection of articles 

will be a valuable resource for IJOEAR readers and will stimulate further research into the vibrant area of 

Environmental & Agriculture Research. 
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(Editor-in Chief) 
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(wholefood crop, no or limited processing, i.e., fresh cut salad); 
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Tree Fruit crops: apples, oranges, stone fruit (i.e., peaches, 

plums, cherries) 
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Trypanosoma cruzi discrete typing units in patients of Chagas 

disease and Triatoma infestans after insecticide spraying in Chile 
Sylvia Ortiz

1
,
 
Rodrigo Villarroel

2
, Beatriz Cancino

3
, Maria Inés Jercic

4
, Aldo Solari

5 

1,5
Programa de Biologia Celular y Molecular. ICBM. Facultad de Medicina. Universidad de Chile 
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Unidad de Parasitología, Instituto de Salud Pública de Chile 

Address correspondence to Aldo Solari, Programa de Biología Celular y Molecular, Facultad de Medicina, Universidad de 

Chile, Casilla 70086, Santiago 7, Chile. 

Abstract— In this study, we evaluate mixed discrete typing units (DTUs) of Trypanosoma cruzi present in 69 patients of 

Chagas disease and 92 Triatoma infestans collected under the entomological surveillance program after more than 20 years 

of intervention with insecticide spraying in Chile. Our aim is to identify T. cruzi DTUs still circulating in T. infestans and 

chronic patients to evaluate their impact on the environmental health in endemic areas of the country. Blood DNA or 

triatomine DNA was
 
used as DNA template for PCR assays. For

 
genotyping, different T. cruzi stocks were used to generate 

the DNA probes to
 
determine four parasite DTUs or mixtures infecting each patient or vector by means of hybridization 

assays. We found different frequencies of T. cruzi DTUs in patients and in T. infestans. Tc I was the most frequent found in T. 

infestans, but was less frequent in humans. In contrast, in humans Tc V was most frequent but was less frequent in T. 

infestans. In conclusion, there were significant differences between the T. cruzi DTUs circulating in patients and vectors. We 

discussed these results in the context of what has being reported in Chile before the vector control,  in  neighboring 

countries, and the selection pressures existing for T. cruzi populations within the invertebrate and vertebrate hosts. 

Keywords— Chagas disease in Chile, Trypanosoma cruzi DTUs, Triatoma infestans, kinetoplast minicircles. 

I. INTRODUCTION 

Chagas disease is widespread in Chile, distributed in rural and peri-urban areas in the seven endemic regions of the country. 

Human Chagas disease presents two distinct phases: the acute phase, which appears just after infection, and the chronic 

phase, which may last several years. After a long asymptomatic phase, around 30% of infected individuals develop chronic 

disease with severe damage to the heart and digestive system [Arribada et al., 1986]. Microscopic examinations of fresh or 

stained blood smears, xenodiagnosis and hemoculture are methods used for detected T. cruzi during the acute phase. In 

contrast, the detection is by circulating antibodies during the chronic phase. Triatoma infestans (Hemiptera, Reduviidae), a 

strictly hematophagous and almost exclusively domestic species, is the main vector of Trypanosoma cruzi, the causative 

agent of Chagas disease, in the southern cone of South America [Lent and Wygodzinsky 1979, Zeledón 1983]. Domestic 

animals are excellent hosts for these insects. The peri-domestic area around human houses in rural villages is very important, 

because it usually includes heavily infested goat corrals, chicken coops, rabbit cages and storerooms, which in many cases 

are just a few meters from the house [Gürtler 1993, 1997, Cecere et al., 1997, López et al., 1999, OMS 2002, Catalá et al., 

2004]. In Chile, it attempted disruption of the domestic cycle of transmission of T. cruzi by means such as health education, 

improvement of housing and vector elimination by applying insecticides to human dwellings. Along northern areas where the 

domiciliary vectors were present systematic insecticide spraying with the support of health authorities it was applied during 

the last 20 years. Goat corrals are the main refuge for the peri-domestic populations of T. infestans and one of the ecotopes in 

which pyrethroid insecticides show low efficiency against these insects [Cecere et al., 1997, Gürtler et al., 2004]. Chicken 

coops are also very frequent and maintain abundant vector populations. Infested peri-domestic places could act as sources of 

house re-infestation after insecticide application [Gürtler et al., 2004], because of the movement of insects between habitats 

[Schofield 1985]. Although T. cruzi infection in peri-domestic T. infestans is not as frequent as in intra-domestic insects, the 

peri-domestic structures may be important sources of vector specimens. Chagas disease represents a major public health 
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problem in America, with an estimated 16-18 million people infected by Trypanosoma cruzi [Moncayo, 2003]. In the most 

endemic areas of this disease of Chile, the Norte Grande and Norte Chico, there are an estimated 150,000 infected people, 

even though the only domiciliary vector Triatoma infestans has been controlled since 2000 [Lorca et al., 2001]. However, 

there are still geographic areas with infection rates of 0.55% and very low T. infestans infestation rates [Jercic et al., 2011]. 

The clinical symptoms of chagasic patients are cardiological or/and digestive dysfunction in about 1/3 of the chronic infected 

subjects. In Chile most cases are reported as diseases in other organs (50.6%), followed by cardiological dysfunction (44.6%) 

and digestive dysfunction (4.7%)  [Moncayo, 2003]. The etiologic agent T. cruzi is composed of six DTUs (TcI-TcVI). 

Efforts to find the association between the infective T. cruzi DTUs with clinical manifestations have been made all over Latin 

America [ Zingales et al., 2012]. In Chile there are reports indicating that TcI, TcII, TcV and TcVI, studied with different 

molecular markers, are prevalent (including mixed infection) [Sanchez et al., 1993; Rozas et al., 2005; Coronado et al., 2006; 

Arenas et al., 2012]. T. cruzi belongs to the order Kinetoplastida, a group of parasitic organisms with an organelle called a 

kinetoplast, which contains DNA in concatenated minicircles and maxicircles. The minicircles are very abundant (10,000-

20,000 copies/cell), and therefore represent a perfect DNA target for diagnosis by means of PCR-DNA amplification.  These 

amplicons are also useful for genotyping the T. cruzi DTUs,  since minicircles are composed of different classes which may 

be used to characterize T. cruzi lineages by DNA-DNA hybridization methods [Veas et al., 1991; Brenière et al., 1998; 

Torres et al., 2004]. Each minicircle (1400bp) contains four constant regions intercalated with four hypervariable regions, 

which vary among the different minicircle classes present in each T. cruzi DTU [Arenas et al., 2012].  The medical 

entomology laboratory of the Institute of Public Health, analyzed samples of T. infestans. The Regional Ministerial 

Secretariats (SEREMIS) of Atacama, Valparaíso and Metropolitana provided triatomines captured in the period 2005-2010 

of which 28.5% were infected.  Parallel to the studies with the vector, there were a series of studies of serological screenings 

in children under 5 years old and their families between the regions of Arica and Parinacota and O’Higgins. Five thousand 

one hundred eleven screenings were preformed, with 28 positive cases (0.55%), a value close to the 0.7% prevalence 

obtained by the National Health Survey (NHS) 2009-2010 (Jercic et al., 2011). Our study, framed by the recommendations of 

the Panamerican Health Organization Initiative of Countries of the Southern Cone, sought to evaluate the effectiveness of the 

programs of vector elimination carried out in Chile [OPS, 2002].  The Chilean Health Ministry and the Public Health 

Institute (PHI) confirmed each chagasic patient by means of serological methods, as well as the infected or non-infected 

status of the triatomines, by means of PCR diagnosis. This epidemiological information is relevant to direct the necessary 

efforts to spray human dwellings with insecticides and try to eradicate T. infestans. In this study, we evaluate the T. cruzi 

DTUs present in random representative samples of these patients and T. infestans collected in all endemic areas of the 

country under the entomological surveillance program of the Ministry of Health. Our aim is to identify T. cruzi DTUs 

currently circulating in T. infestans and non-treated chronic adult patients to analyze the T. cruzi DTUs circulating in the 

survivors in both hosts in an extensive area of Chile. We pretend to analyze the interactions between T. cruzi parasites and its 

hosts in order to evaluate their impact on the environmental health. To accomplish this goal we used a direct method to 

genotype T. cruzi, to avoid selection of T. cruzi clones from mixed infections during the parasite isolation and amplification 

processes. 

II. MATERIALS AND METHODS 

2.1 Patients 

Blood samples of 69 chagasic patients were obtained from regions XV (Arica-Parinacota), I (Tarapacá), II (Antofagasta), III 

(Atacama), IV (Coquimbo), V (Valparaíso), RM (Región Metropolitana) and VI (O’Higgins). Fig.1 shows a map of Chile 

describing the geographic regions. The whole area remained untreated with insecticides, except in the cases of re-infestation, 

during the 20 years before the present study. To ascertain chagasic patients we applied two of the three serological methods 

(ELISA, indirect inmunofluorescence and/or Western blot) at PHI. An infected case gives positive result with two methods. 

http://www.sciencedirect.com/science/article/pii/S1567134811004564
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Veas%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Breni%C3%A8re%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=9676706


International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]            [Vol-3, Issue-8, August- 2017] 

Page | 3  

 
FIGURE 1.  MAP OF CHILE (GRAY AREAS) INDICATING THE REGIONS FROM WHICH THE SAMPLES CAME. 
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2.2 Triatomines 

Intra-domiciliary Triatomines (n=92) were from regions III (Atacama), IV (Coquimbo), V (Valparaíso) and RM (Región 

Metropolitana). Triatomines from the Norte Grande and the VI region were not available due to absence of notifications from 

local health authorities. Local personnel of the surveillance program of the Ministry of Health transported the dead insects to 

the PHI for species identification and determination of infection status with T. cruzi by PCR assays as described [Jercic et al., 

2011]. Hindgut of each triatomine was used to DNA extraction according to the manufacturer´s instructions (EZNA Blood 

DNA Mini Kit OMEGA biotek, Nercross, GA) and used as DNA template for PCR.  

2.3 Blood samples  

The samples of peripheral blood of the patients were preserved in Guanidine-EDTA as described [Wincker et al., 1994] and 

boiled for 15 minutes at 98 ºC before extraction and purification of DNA using the Favorgen kit according to the 

manufacturer´s instructions, and maintained at -20 ºC until use (Biotech, Corp., Selangor, Malaysia). 

2.4 Minicircle PCR assay 

A blood DNA or triatomine DNA sample (5 µL) was
 
used as DNA template for PCR. The reactions were performed in 

triplicate with
 
oligonucleotides 121 and 122, which anneal to the four conserved

 
regions present in minicircles of T. cruzi 

[Wincker et al., 1994],
 
including a positive and negative control in each test.  The 330-base pair PCR product

 
was separated 

by electrophoresis in a 2% agarose gel and visualized
 
by staining with ethidium bromide.  

2.5 DNA blot assay   

T. cruzi DTU genotyping in the patients and vectors was performed by DNA blot of minicircle amplicons, as described 

previously [Veas et al., 1991].
 
Briefly, 10 µl of each PCR product was subjected to electrophoresis, transferred onto a 

Hybond N+ nylon
 
membrane (Amersham, Little Chalfont, United Kingdom) and cross-linked

 
with ultraviolet light to fix the 

DNA.  The membranes were pre-hybridized
 
for at least 2 hours at 55 °C and hybridized with different probes of T.

 
cruzi 

minicircle P
32

-labeled DNA (1 x 10
6
 cpm/membrane). Nylon membranes were then submitted to successive washing at 

different conditions of stringency [10].
 
For

 
genotyping, different T. cruzi stocks were used to generate the DNA probes to

 

determine the parasite DTUs or mixture infecting each patient or triatomine.  Construction of specific
 
probes sp104 c11 TcI, 

CBB c13 TcII, NR c13 TcV, and V195 cl1 TcVI was performed by amplification
 
of the variable region of T. cruzi 

minicircles; primers for probe generation were CV1 (5'GATTGGGGTTGGAGTACTAT-3')
 

and CV2 (5'-

TTGAACGGCCCTCCGAAAAC-3'), which produced a 270-bp
 
fragment [Veas et al., 1991].The specificity of the probes 

was previously set in DNA blot experiments with T. cruzi clones genotyped by other methods [Arenas et al. 2012].
 
The DNA 

probes were
 
labelled using the random primer method with [

32
P] dATP and the hybridization profiles were analyzed. 

Finally, the membranes were scanned in a P-Imager (BioRad, USA) for 4-12 hrs. We used the chi-square test for comparing 

the T. cruzi DTUs circulating in both hosts and for comparing T. cruzi DTUs detected and no detected in both hosts. 

III. RESULTS 

We obtained different T. cruzi DTUs frequencies in patients and in T. infestans (Table 1).  Tc I was the most frequent DTU 

in T. infestans but less frequent in humans. In contrast, Tc V was the most frequent DTU found in humans and less frequent 

in T. infestans (ϰ²= 63.75; d.f. = 1; p=0.05). These two DTUs were the most prevalent; however, we also found two other T. 

cruzi DTUs (Tc II and occasionally Tc VI) which are circulating in T. infestans and humans in all the endemic areas of Chile, 

with no evident geographical distribution (Table I). We found T. cruzi DTUs alone or combined with other different DTUs, 

representing mixed infections. Fig.2 shows representative results of single and mixed infection of patients and Fig. 3 the 

same in T. infestans.  We detected more mixed infections in humans than in T.infestans. As shown in the rate mixture of 

lineages/total studied, and the relative percentage of each. The average frequency of TcV detected in humans was very 

similar in the different geographic areas studied. Even though the space of this longitudinal study covered about 2000 kms 

and included the Atacama Desert, which splits the country into two endemic areas, the Norte Grande and the Norte Chico. 

The principal endemic area is the semiarid Norte Chico, in the III, IV, and V political regions. Other T. cruzi DTUs different 

to Tc I, Tc II, TcV and Tc VI are circulating in both kinds of hosts in all endemic areas studied. We found these unknown T. 

cruzi DTUs more frequently in humans than in T. infestans (43.4% vs. 11.9%) (ϰ²= 11.48; d.f. = 1; p=0.05). Frequency (%) 

of mixed infections with more than one T. cruzi DTUs, including those not determined, in patients exceeds that found in T. 

infestans (156.2 versus 120.5 respectively). 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Veas%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Veas%20F%22%5BAuthor%5D
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TABLA 1 

TRYPANOSOMA CRUZI DTUS (TcI, TcII, TcV, TcVI) IN CHILEAN PATIENTS AND IN TRIATOMA  INFESTANS 

(T.I.) 

Geographic 

region N>S 

Patiens 

 

TcI 

 

TcII 

 

TcV 

 

TcVI 

 

ND 

 

M/TE 

T. i. 

TcI 

 

TcII 

 

TcV 

 

TcVI 

 

ND 

 

M/TE 

XV Arica 4 3 2 0 6 3/10 * * * *   

I Tarapacá 3 5 6 0 1 3/10 * * * *   

II Antofagasta 1 1 5 1 4 2/8 * * * *   

III Atacama 0 2 2 1 5 1/8 21 2 5 0 7 4/24 

IV Coquimbo 0 1 4 2 5 2/7 12 4 0 0 1 0/17 

V Valparaíso 1 2 7 4 2 4/9 24 9 0 0 3 4/28 

R. Metropolitana 3 3 5 1 4 3/9 23 0 0 0 0 0/23 

VI O’Higgins 2 3 4 0 3 2/8 * * * *   

Total 14 20 35 9 30 20/69 80 15 5 0 11 8/92 

Frequency(%) 20.2 28.9 50.7 13.0 43.4 28.9 86.9 16.3 5.4 0 11.9 8.6 

N>S: north to south      ND: non determined      * without samples    M/TE: mixture of lineages/ total studied 

 
FIGURE 2. RESULTS WITH PATIENTS. TRYPANOSOMA CRUZI AMPLICONS STAINED WITH ETHIDIUM BROMIDE 

(A). HYBRIDIZATION PROFILES OBTAINED WITH GENOTYPE SPECIFIC PROBES CORRESPONDING TO TcI (B), 

TcII (C), TcV (D), and TcVI (E). THE 330 BASE PAIR (bp) PRODUCT REPRESENTS A POSITIVE ASSAY 

 

FIGURE 3. RESULTS WITH TRIATOMA INFESTANS. TRYPANOSOMA CRUZI AMPLICONS STAINED WITH 

ETHIDIUM BROMIDE (A). HYBRIDIZATION PROFILES OBTAINED WITH GENOTYPE SPECIFIC PROBES 

CORRESPONDING TO TcI (B), TcII (C), TcV (D), and TcVI (E). THE 330 BASE PAIR (bp) PRODUCT 

REPRESENTS A POSITIVE ASSAY 
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IV. DISCUSSION 

Previous epidemiological surveys of T. cruzi lineages isolated from patients and triatomines of the Norte Chico have been 

performed [Miles et al., 1984]. However, the studies in the Norte Grande involved small sample sizes [Arribada et al., 1986; 

González et al., 1995]. In the present study a large number of mixed infections in humans (TcV plus another DTU) were 

found in the less endemic arid areas of Norte Grande (XV, I and II regions), with levels of mixed infections similar to the 

most endemic ones (III, IV, and V regions). The T. cruzi DTUs composition in T. infestans (mainly TcI) also presented a 

very homogeneous distribution all over the studied area, as previously described [Bacigalupo et al., 2012]. Interestingly, 

unknown genotypes were not as frequent as in human patients. Probably these unknown genotypes are not well adapted to 

this invertebrate host or are eliminated in T.infestans under starvation, since the insects studied were dead. These unknown 

genotypes probably are variants of TcI and TcII for which there is great heterogeneity as determined by cytochrome b gene 

sequencing [Arenas et al. 2012].
 
There studies performed with T. cruzi stocks isolated in patients of Chile [Miles et al., 1984; 

Apt et al., 1987; González et al., 1995]; which select specific T. cruzi DTUs from a natural mixture as demonstrated [Deane 

et al., 1984; Miles and Cibulskis, 1986]. The frequency order of T. cruzi DTUs isolated from humans in the IV region was 

TcV, TcII, TcI [Miles et al., 1984; Apt et al., 1987].  However, a high prevalence of Tc I T. cruzi stocks was only detected in 

T. infestans of Tarapacá (I region) [Allen, 1984]. Other studies reported the presence of Tc I and only very few Tc V in T. 

infestans of southern Peru [Allen, 1984]. However, the most complete studies are from Bolivia, with surveys of T. cruzi 

stocks from T. infestans in diverse geographic areas close to the Chile border. Tibayrenc et al. 1986 reported TcI and only 

very few Tc V in the north (La Paz), TcI, TcV, TcVI and TcII in the south (Tupiza and Tarija), and TcI and TcV in eastern 

Bolivia (Santa Cruz). The T. cruzi DTUs composition in the west side of Argentina close to the Chilean border is also 

available. In the north area near the Andes the T. cruzi DTUs found in humans are TcV, but other DTUs such as TcI, TcII 

and TcVI also have been described [de Luca D'Oro et al., 1993; Macina et al., 1987; Diosque et al., 2003]. However, other 

surveys in northwest Argentina including domestic animals and T.infestans recorded mainly TcVI [Cardinal et al., 2008].  

Results obtained with the same methods used here of T. cruzi DTUs in Argentinean patients confirmed the presence of TcV 

and TcVI alone or mixed [Diez et al., 2010]. In conclusion, the analysis of T. cruzi DTUs composition between patients and 

T. infestans in Chile found significant differences, even though the route of transmission to humans is through T. infestans 

than by vertical transmission or blood transfusion. TcV was most often found in patients infected several years ago, while the 

most often found currently in T. infestans is TcI  A similar conclusion was reached in an area of Cochabamba, Bolivia. With 

the same direct genotyping method with no or little triatomine intervention; Tc I and TcV are prevalent in T. infestans and Tc 

V in humans, respectively [Brenière et al., 1998]. The results in Chile may account for the effectiveness of the method of 

flow interruption of T. cruzi DTUs between the vector and the human host, but this conclusion should be considerer with 

caution. The same differences were obtained in Bolivia without or very few insecticide applications. This difference suggests 

differential adaptation of the T. cruzi DTUs to different hosts.  In Chile and from some areas of Bolivia the major DTUs Tc I 

and TcV alone or combined were prevalent; the former appears to be better adapted to the triatomine and the latter to the 

human host and distributed over a wide geographic area. These results also suggest that both T. cruzi DTUs are successfully 

circulating in nature, one more prevalent in the vertebrate and the other in the invertebrate host. Thus, both T. cruzi DTUs 

coexist due the alternation of parasites in the two kinds of hosts. This observation has pivotal importance, since a digenetic 

parasite such as T. cruzi will have more opportunities to amplify than in a monogenic one. Intrestingly Tc V seems to be 

more pathogenic compared with Tc I evaluated in a murine experimental model [Wallace et al., 2001]. 
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Maximum average  temperature in January (°C) TMxJ 

Minimum temperature in January (°C) TmJ 

Maximum temperature in  February (°C) TMF 

Minimum temperature in February (°C) TmF 

Maximum temperature 10 days before harvest (°C) TMh-10 

Maximum temperature 20 days before harvest (°C) TMh-20 

Maximum temperature 30 days before harvest (°C) TMh-30 

Minimum temperature 10 days before harvest (°C) Tmh-10 

Minimum temperature 20 days before harvest (°C) Tmh-20 

Minimum temperature 30 days before harvest (°C) Tmh-30 

Relative Humidity at bloom stage (%) RHb 

Relative Humidity during ripening period (%) RHr 

Wind from veraison to harvest (m/s) W 

Yield/ha (kg) Y 

Clusters number/vine  CN 

Cluster weight (g) Cw 

Berry weight at veraison (g) Bwv 

Berry weight at harvest (g) Bwh 

Bunch rot  (% yield) By 

Sugar content (g/L) S 

Total acidity (g/L H2SO4) TA 

Total anthocyanins (ApH1) ApH1 

Extractable anthocyanins (ApH3.2) ApH 3.2 

Phenolic richness (ua 280) A280 

 

III. RESULTS   

3.1 Climatic conditions 

The classification of each one of the years studied, according to MCC, showed that two years (2001 and 2003) were different 

from the rest. 

2001: Temperate warm, Warm nights, Humid.    

2002: Temperate warm, Temperate nights, Moderately dry. 

2003: Temperate warm, Temperate nights, Sub-humid. 

2004: Temperate warm, Temperate nights, Moderately dry. 

Over the 2001 and 2003 growing seasons, HIG values were on the threshold between the Temperate-Warm and the Warm 

classes (>2400 ºC). The cool night index was lower than the normal value (1972-2002) in three out of the four years studied; 

however, in 2001, it was higher, corresponding to the class of Warm nights. In 2001 and 2003, the dryness index was higher 

than the historical average for the site, corresponding to Humid and Sub-humid classes, respectively. When calculated 

between veraison and harvest, HIvh varied amongst years and in respect to the historical average. In 2002, this index was 

17.7% lower than the historical average, whereas in 2004 this reduction was 2.6%. In contrast, the historical value was 

surpassed by 24.9% in 2001 and no deviations were observed in 2003. Veraison to harvest represented 48.7% of the heat 

accumulated over the whole growing season (HIvh/HIG) in 2001 (higher than the historical average that is 41.1%), whereas 

it represented 32.6%, 38.4% and 38.9% in 2002, 2003 and 2004, respectively. 

The average maximum temperature in January and the absolute maximum temperature in 2002 and 2004 were below 

historical values, while they were higher in 2001 and 2003, respectively. 

Historical records of rainfall over the growing season (RG) and during fruit ripening were 586.6 mm and 205.5 mm, 

respectively. In the years of study, RG exceeded the historical average in 2001 by 41.4%, in 2002 by 4.0%, in 2003 12.0% 

and 24.0% in 2004. In flowering-veraison, rainfall accounted for 26.8% of the cycle in 2001 and between 46.4% and 48.1% 

in the other 3 years studied. Rainfall during fruit ripening exceeded the historical record in 2001 by 125.0%, while the other 

three years were below this record. Water deficit over the growing season was higher than the historical record for 2004 and 

lower for the rest of the studied years. During grape ripening in 2001 there was no WDm deficit, whereas the rest of the years 
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The yield and its components were positively correlated with the hydric conditions of the current cycle and of the previous 

cycle and negatively with the thermal conditions.  

Cluster number (r= 0.56, p < 0.001) and bunch weight (r = 0.49, p < 0.001) were the overriding factors contributing to yield 

variation. Nevertheless, berry weight at veraison or harvest did not show correlation with yield. The years 2003 and 2004 had 

a significantly different number of clusters per plant (16.50 vs 25.45, respectively) and the hydric and thermal conditions 

were also different in those years; 2004 recorded higher volumes of rainfall compared to 2003. In contrast, 2004 thermal 

conditions were cooler compared to 2003. 

It was noticed that 2002 and 2003 were the most similar years, while 2001 was the most different amongst the four (Fig. 2), 

confirming the PCA results. In addition, within each year, the effect of variety on yield was greater than that of crop 

management. 

 

FIGURE 2 ASCENDING HIERARCHICAL CLASSIFICATION (EUCLIDIAN MEAN) WHICH REGROUPS THE YEARS 

- VARIETY-CULTIVATION TECHNIQUES FOR SIMILARITY OF YIELD AND ITS COMPONENTS. ABBREVIATIONS 

ARE LISTED IN TABLE 1 

3.3 Berry sanitary state: rot incidence  

The clusters affected by rot contributed significantly in reducing grape yield (r = -0.79, p < 0.001). The first two PC included 

64.3% of the total variance in the dataset. Respectively, PC1 and PC2 explained 46.6% and 17.7% of the variance in the data 

set. The vector load bunch rot incidence (By) contributed to PC2. The plots of 2001 are clearly separated from the rest in 

PC1. PC2 separated plots of 2004 from the rest, while the plots of 2002 and 2003 were relatively close and had the lowest 

incidence of bunch rot (Fig. 3). Load vectors of thermal and hydric conditions of the month prior to harvest and the period 

from September to flowering contributed positively to PC1 with the highest values. September rainfall at harvest, the 

minimum temperatures in January and relative humidity during ripening contributed positively to PC2. 
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FIGURE 3: PRINCIPAL COMPONENT ANALYSIS .DISTRIBUTION OF PLOTS DEPENDING ON WEATHER AND 

BUNCH ROT INCIDENCE. ABBREVIATIONS OF THE VARIABLES ARE LISTED IN TABLES 1 AND 2 

In 2001 there was a significantly higher incidence of bunch rot (53.4%) compared to 2003 (6.0%). In 2001, weather 

conditions related to rainfall exceeded to their corresponding values in 2003. In contrast, thermal conditions were higher in 

2001 when compared with 2003. However, wind intensity during the ripening period of 2001 was lower than in 2003. 

The four years studied were clearly differentiated in the cluster analysis (Fig. 4). In addition, within each year, the plots of a 

given variety are perfectly grouped, differing from other varieties. The plots of 2001 are those separated by a greater distance 

from the rest. 

 

FIGURE 4 ASCENDING HIERARCHICAL CLASSIFICATION (EUCLIDIAN DISTANCE) WHICH REGROUPS THE 

YEARS - PLOTS BY SIMILARITY OF BUNCH ROT INCIDENCE. ABBREVIATIONS OF THE VARIABLES ARE 

LISTED IN TABLE 1 
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3.4 Berry composition  

Load vectors of the chemical attributes of grape composition contributed to PC2 (Fig. 5). 

 

FIGURE 5: PRINCIPAL COMPONENT ANALYSIS. DISTRIBUTION OF PLOTS ACCORDING TO BERRY 

COMPOSITION AND CLIMATE ELEMENTS. ABBREVIATIONS OF THE VARIABLES ARE LISTED IN TABLES 1 AND 

2. 

The first two main components include 57.8% of the overall variance of the dataset. PC1 explains 40.9% and PC2 16.9% of 

the variance. As in previous cases, the plots of 2001 are clearly separated from the rest through PC1. In contrast, the plots of 

2002, 2003 and 2004 are grouped. Load vectors of hydric and the TMF contributed negatively to PC1 with the highest 

values, whereas TMJ did it positively. Vector load of thermal sums and vine water status at harvest contributed positively 

with the highest values to the PC2, whereas night temperatures contributed negatively. All of the considered grape 

composition attributes were significantly higher in 2002 than in 2001, except for titratable acidity (Table 4). 

TABLE 4 

GRAPE COMPOSITION ATTRIBUTES AT HARVEST AS A FUNCTION OF YEAR. 

Year 
S 

(g/L) 
TA 

(g/L) 
ApH1 

(mg/L) 
ApH3.2 

(mg/L) 
A280 

2001 202.6 a 4.6 ns 984.9 a 587.0 a 42.7 a 

2002 220.8 b 4.50 ns 2270 d 1200 c 70.1 b 

2003 211.3 b 4.25 ns 1853.5 c 977.2 b 61.0 b 

2004 217.2 b 4.53 ns 1584.3 b 994.0 b 48.1 a 

Abbreviations of the variables are listed in Tables 2 

In 2002 the maturation occurred in cooler and drier conditions than in 2001, as evidenced by the values of the thermal and 

hydric conditions. The HC according to grape composition (Fig. 6), as in the previous cases, separated the four years, being 

2001 the one with a greater distance from the rest. 
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FIGURE 6 ASCENDING HIERARCHICAL CLASSIFICATION (EUCLIDEAN DISTANCE) WHICH REGROUPS THE 

YEARS - PLOT ACCORDING TO SIMILARITY OF THE GRAPE COMPOSITION. ABBREVIATIONS OF THE 

VARIABLES ARE LISTED IN TABLE 1 

IV. DISCUSSION 

Weather interannual variability was evidenced by different thermal and hydric conditions amongst years and with respect to 

historical values. This proved that MCC is a good method to characterize the climate of a given region, as suggested by 

Santos et al. [5]. 

4.1 Yield components 

The two variables with the greatest influence on yield were cluster number and weight, in accordance with Dry et al.[2] 

Clingeleffer [3], and Jones et al. [21]. A positive correlation was detected between cluster number and rainfall over the 

growing season, rainfall between budbreak and veraison occurred on the previous cycle and the same period of the current 

season; whereas this relationship was negative for the thermal conditions of the current season. Warm temperatures, high 

solar irradiation and adequate water availability are needed for induction, formation and development of inflorescences, as 

well as for fruit set [4-6,36]. Appropriate water availability favors root activity, which has an essential role in the 

aforementioned stages [22]. Jones et al. [21] reported that temperatures higher than 15ºC favor cell division in the 

inflorescences. In the current study, the low yield observed in 2003 was a consequence of a low number of clusters; caused 

by water deficits during the two aforementioned phenological stages (Rbv -1 and Rbv), as well as minimum temperatures 

(11.1°C) under the appropriate values for the correct development of the inflorescences. According to Cuevas et al.[8], vine 

water requirements during flowering - veraison in 2003 were not satisfied (48.2% of the required over total growth). 

Cluster weight, which also explained part of the variation in yield, was positively correlated with berry weight. The link 

between cap fall and germination of the pollen provides a possible explanation for the fact that weather conditions at 

flowering influence fruit set since they determine its percentage and also the number of seeds, two traits directly related to 

berry weight [4,7]. As shown in the present study, weather conditions were appropriate for fruit set, since maximum 

temperatures (between 20-25ºC) and rainfall (greater than 25.9 mm) values were in accordance with those reported by 

Heazlewood et al. [23]. These conditions also occurred during the year with the lowest yields, although it showed the greatest 
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berry and cluster weight when compared with the rest of the years, this was not enough for compensating the low yield 

caused by a low number of clusters. 

Berry weight at harvest was significantly correlated with that at veraison, in accordance with Ferrer [16] and Ollat et al.[ 24]. 

In this study, berry weight was positively related to water availability before veraison, as reported by Ferrer et al. [25] and 

Niculcea et al.[26]. In the years when berry weight was high (2001 and 2003), no water restrictions were detected at veraison, 

and the dryness index was higher than the historical average. During this stage of maturation, the negative effect of 

maximum temperature of January on berry weight can be explained by berry dehydration, in accordance with Rogiers et al. 

[27]. In our study, this effect was likely attenuated because the highest temperatures occurred in years with high water 

availability (2001 and 2003).   

It was expected that HIG would be positively correlated with yield and its components, due to its positive influence on the 

induction process and on the number of clusters, as reported by Jones et al. [21]. However, we found a negative effect of the 

thermal sum in the first stage of the season (HIbv), accompanying the negative effect of high temperatures reported by 

Santos et al.[5]. From veraison onwards, this index (HIvh) was positively correlated with yield and cluster and berry weights. 

The effect of year prevailed over those of the variety and the management practices, as shown by HC; however, within the 

same year, the effect of the variety on yield and its components was greater than that of the management practices. This can 

be explained by the differences in components such as cluster number and weight. In Australia, Dry et al. [2] reported that 

Merlot and Cabernet Sauvignon present a high bunch number and a low bunch weight; whereas Ferrer et al. [28] found that, 

for Uruguayan conditions, Tannat showed a high bunch number and weight, in accordance with the findings of the current 

study.  

4.2 Berry sanitary state: rot incidence  

Bunch rot reduces grape yield and quality affecting vineyard economic revenues [10]. In the current study, in years of low 

yields (2002 and 2003) the incidence of this disease was lower compared with that observed in years of high yields (2001 and 

2004), because, presumably, high yields facilitate the spread of bunch rot or water condensation within bunches, thus 

creating a favorable microclimate for fungal colonization [9]. 

Diseased berries at harvest may be the result of latent infections that occur during bloom and early stages of berry growth or 

direct infections during ripening. In both periods, rainfall and relative humidity were strongly correlated with bunch rot 

incidence, in accordance with Fermaud et al. [9] and González-Domínguez et al. [29].  

Wind intensity was negatively correlated with bunch rot incidence because as wind speed increases, relative humidity is 

reduced. Wind speed at maturation in the year of greatest bunch rot incidence was, on average, below that of the rest of the 

years (0.85 m/s vs. 1.53 m/s). 

Maximum temperature of January was negatively related with bunch rot incidence since it surpassed the threshold for being 

favorable to fungus development [9,29]. However, the minimum temperatures of the same month and those of the maturation 

period were positively correlated with bunch rot incidence and they were between the intervals reported as favorable by the 

same authors (Table 3). 

Within the same year, the tested varieties showed different behavior in relation to bunch rot infection. On average for the four 

years, 26.2%, 5.6% and 7.4% of clusters were infected for Tannat, Merlot and Cabernet Sauvignon, respectively. These 

results are in agreement with the susceptibility ranking to bunch rot reported by Ferrer et al. [28]. This different sensitivity 

associated to variety can be explained by combined effects, such as cluster compactness [30] and resveratrol content [31]. 

Tannat clusters are more compact than those of Merlot and Cabernet Sauvignon [28]. In addition, Merlot grapes presented 

higher resveratrol content than Cabernet Sauvignon and the lowest content was observed for Tannat. 

4.3 Berry Composition 

The compounds that responded more markedly to the atmospheric conditions of the year were total poliphenols, total and 

extractable anthocyanins, as well as sugars and titratable acidity, in accordance with van Leeuwen et al. [11].  Meteorological 

conditions during ripening determine berry composition at maturity. Rainfalls after veraison and during maturity were 

negatively correlated with total and extractable anthocyanins, total polyphenols and sugars. The dilution effect explains the 

reduction in compounds linked to berry enological quality [2,14], whereas water restriction showed a positive correlation 

because of its related impact on phenolic biosynthesis. This response is related to the competition for photo-assimilates 
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Trends of element concentrations induced by Cu-spraying seem to be real, if the same effects occur upon all rootstocks, as 

well as within several growing seasons and cultivars.  

When concentration ranges met in apple leaves and grown upon various rootstocks, are depicted as boxplots, possible 

differences get easily visualized, but contrary to Table 2, medians and the within 50%-ranges are shown. Figs. 1-7 show 

some boxplots assorted to rootstocks, year and cultivars, for those elements, which yielded equal patterns in subsequent 

years. These patterns were shifted in parallel with respect to 2012 data to higher values in 2015 and 2016 in case of Fe, Si 

and I, and to lower values in case of Cd, Co, Zn, and possibly Mo and Ti (table 2; figs 1-7). The Rare Earth elements are 

generally too low to detect such effects. Adverse trends in the two cultivars appeared for N, P as well as for Na, Sr, Ni, Pb, 

and V, if data from leaves grown upon rootstocks M9 are compared (Table 2); they are surely no effect of Cu-spray but of 

the fertilization regime. Other elements did not show uniform trends and thus do not seem to be affected by Cu spraying. 

Also, element proportions like Ca/Mg, Ca/Mn, and B/Mo did not show common trends. 

 

FIG 1. Fe CONTENTS IN APPLE LEAVES!  

blue framed boxes: with Cu; black framed boxes: without Cu 

 
FIG. 2 Zn CONTENTS IN APPLE LEAVES!  

blue framed boxes: with Cu; black framed boxes: without Cu 

 

M7 h: M7 grafted at 55cm height 

M7 n: M7 grafted at 25 cm height 

M9 n: M9 normal 

M9 Zwi: M9 grafted with Rubinola as 

interstem 

Seedling: Bittenfelder seedling 

Golden delicious grafted at M9 

 

M7 h: M7 grafted at 55cm height 

M7 n: M7 grafted at 25 cm height 

M9 n: M9 normal 

M9 Zwi: M9 grafted with Rubinola as 

interstem 

Seedling: Bittenfelder seedling 

Golden delicious grafted at M9 
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FIG 3. Cd CONTENTS IN APPLE LEAVES!  

blue framed boxes: with Cu; black framed boxes: without Cu 

 
 

FIG 4. Co CONTENTS IN APPLE LEAVES 

blue framed boxes: with Cu; black framed boxes: without Cu 

M7 h: M7 grafted at 55cm height 

M7 n: M7 grafted at 25 cm height 

M9 n: M9 normal 

M9 Zwi: M9 grafted with Rubinola as 

interstem 

Seedling: Bittenfelder seedling 

Golden delicious grafted at M9 

 

M7 h: M7 grafted at 55cm height 

M7 n: M7 grafted at 25 cm height 

M9 n: M9 normal 

M9 Zwi: M9 grafted with Rubinola as 

interstem 

Seedling: Bittenfelder seedling 

Golden delicious grafted at M9 
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FIG 5. Mo CONTENTS IN APPLE LEAVES 

blue framed boxes: with Cu; black framed boxes: without Cu 

 
FIG 6. Ti CONTENTS IN APPLE LEAVES 

blue framed boxes: with Cu; black framed boxes: without Cu 

 
FIG 7. Si CONTENTS IN APPLE LEAVES 

blue framed boxes: with Cu; black framed boxes: without Cu 

M7 h: M7 grafted at 55cm height 

M7 n: M7 grafted at 25 cm height 

M9 n: M9 normal 

M9 Zwi: M9 grafted with Rubinola as 

interstem 

Seedling: Bittenfelder seedling 

Golden delicious grafted at M9 

 

M7 h: M7 grafted at 55cm height 

M7 n: M7 grafted at 25 cm height 

M9 n: M9 normal 

M9 Zwi: M9 grafted with Rubinola as 

interstem 

Seedling: Bittenfelder seedling 

Golden delicious grafted at M9 

 

 

M7 h: M7 grafted at 55cm height 

M7 n: M7 grafted at 25 cm height 

M9 n: M9 normal 

M9 Zwi: M9 grafted with Rubinola as 

interstem 

Seedling: Bittenfelder seedling 

Golden delicious grafted at M9 
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TABLE 2 

CONCENTRATIONS IN APPLE LEAVES, mg/kg DRY MASS, GRAFTED AT ROOTSTOCK M9 ASSORTED FOR MAIN 

ELEMENTS, Cu, ESSENTIALS, AND NON-ESSENTIALS 

 Topaz 2012 Topaz 2015 Topaz 2016 Golden del. 2016 Golden del. 2016 

% N 2.82 ±0.15 2.65 ±0.22 2.19 ±0.04 2.37 ±0.04 2.50 ±0.04 

% Ca 1.313 ±0.135 1.331 ±0.227 1.974 ±0.184 1.673 ±0.155 1.529 ±0.035 

% K 0.707 ±0.082 0.684 ±0.140 1.122 ±0.127 1.909 ±0.542 1.925 ±0.075 

% Mg 0.388 ±0.035 0.358 ±0.043 0.391 ±0.038 0.266 ±0.016 0.299 ±0.004 

% S 0.230 ±0.037 0.193 ±0.008 0.139 ±0.012 0.148 ±0.003 0.149 ±0.010 

% P 0.200 ±0.015 0.192 ±0.013 0.162 ±0.024 0.139 ±0.004 0.148 ±0.001 

mg/kg      

Cu 10.42 ± 1.16 131.0 ±39.2 50.6 ±4.5 8.83 ±0.35 71.0 ±1.1 

      

Fe 48.3 ±8.5 62.5 ±9.3 53.1 ±6.6 59.7 ±2.5 73.3 ±4.3 

Mn 37.8 ±4.1 40.1 ±6.7 27.5 ±2.0 42.9 ±0.3 35.7 ±0.4 

Zn 24.1 ±4.6 13.2 ±2.9 15.9 ±0.9 15.5 ±1.6 13.2 ±0.5 

B 27.9 ±2.0 23.4 ±3.5 26.7 ±0.8 30.8 ±0.1 30.2 ±0.9 

Mo 0.180 ±0.020 0.189 ±0.039 0.160 ±0.025 0.265 ±0.046 0.068 ±0.007 

Co 0.099 ±0.009 0.066 ±0.008 0.082 ±0.008 0.084 ±0.008 0.075 ±0.011 

      

Li 0.326 ±0.064 0.308 ±0.049 0.641 ±0.029 1.573 ±0.170 0.665 ±0.025 

Na 35.1 ±13.4 22.8 ±11.8 9.8 ±0.7 11.8 ±4.2 15.4 ±0.3 

Rb 3.48 ±0.45 3.95 ±2.46 3.80 ±1.06 0.88 ±0.29 4.00 ±0.49 

Cs 0.018 ±0.003 0.023 ±0.007 0.020 ±0.001 0.005 ±0.001 0.013 ±0.003 

Be < 0.003 < 0.003 < 0.003 < 0.003 0.004 ±0.001 

Sr 26.0 ±4.7 28.0 ±5.4 32.3 ±2.8 42.6 ±13.8 24.6 ±0.1 

Ba 44.5 ±7.9 37.9 ±7.0 52.8 ±2.5 25.7 ±1.6 28.6 ±0.7 

Al 32.8 ±4.6 32.7 ±8.3 68.9 ±5.5 61.3 ±6.7 84.1 ±5.6 

Sc < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 

Y 0.014 ±0.002 0.017 ±0.004 0.015 ±0.001 0.015 ±0.004 0.029 ±0.014 

La 0.027 ±0.011 0.029 ±0.007 0.023 ±0.003 0.031 ±0.003 0.058 ±0.015 

Ce 0.051 ±0.008 0.057 ±0.016 0.044 ±0.005 0.061 ±0.000 0.121 ±0.023 

Pr 0.006 ±0.002 0.007 ±0.002 0.005 ±0.001 0.006 ±0.001 0.013 ±0.003 

Nd 0.021 ±0.009 0.026 ±0.007 0.019 ±0.002 0.025 ±0.002 0.050 ±0.014 

Sm 0.004 ±0.002 0.005 ±0.001 0.004 ±0.001 0.004 ±0.001 0.009 ±0.003 

Eu 0.010 ±0.001 0.007 ±0.002 0.011 ±0.001 0.007 ±0.003 0.007 ±0.001 

Gd 0.004 ±0.001 0.004 ±0.001 0.004 ±0.001 0.004 ±0.0001 0.008 ±0.003 

Tb < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Ho < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Er 0.0015±0.0003 0.0018±0.0004 0.0013±0.0005 0.0010 ±0.0000 0.0070 ±0.0071 

Lu < 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 

Ti 0.89 ±0.54 1.27 ±0.48 0.76 ±0.18 0.80 ±0.11 1.46 ±0.16 

V 0.052 ±0.014 0.031 ±0.028 0.031 ±0.008 0.037 ±0.006 0.078 ±0.025 

Cr 0.065 ±0.041 0.174 ±0.082 0.056 ±0.014 0.058 ±0.022 0.099 ±0.003 

Ni 0.29 ±0.07 1.63 ±0.27 0.69 ±0.09 2.12 ±0.18 0.92 ±0.01 

Cd 0.0064±0.0014 0.052 ±0.0016 0.0029±0.0004 0.0073 ±0.0030 0.0058 ±0.0008 

Si 101 ±18 156 ±40 282 ±19 299 ±11 318 ±30 

Pb 0.18 ±0.02 0.24 ±0.03 0.26 ±0.02 0.24 ±0.05 0.22 ±0.06 

J 0.263 ±0.087 0.487 ±0.094 0.421 ±0.057 0.317 ±0.001 0.400 ±0.022 
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The infected cells without plant extract, when observed under the light microscope (treatment 1), did not show changes in 

their morphology before 6 h pi, while the infected cells in the presence of plant extract (treatments 4 and 5) did not show 

changes in their morphology after 7 h pi.  

The monolayers with no plant extract (treatment 1) started to show morphological changes after 6 h pi, initially with the 

formation of some groups presenting a bulky aspect, contrasting with the rest of the monolayer cells. Mello & Koseki, 1998 

also observed discernible changes at 6 h after infection studying GBK cells infected with the same strain Nova Prata seen in 

nuclear phenotypes using Feulgen-stained preparations. 

Foci of cytopathic effect were observedat light microscope with 8 h pi showing many rounded swollen cells and some empty 

spaces caused by cellular retraction. The evident degeneration process occurred at 18 h pi where a large number of cells 

(75% of the monolayer) was already detached from the surface of the flask (Fig. 1b). 

Uninfected cells (treatment 2) when observed at TEM showed the ultrastructures are well preserved with evident and 

numerous mitochondria, in addition to several cellular polysomes, indicating intense protein synthesis (Fig. 2a). 

   

  
FIGURE 2: THIN SECTION ELECTRON MICROGRAPHS OF UNINFECTED IB-RS-2 CELL LINE. (a) PRV 

IMMEDIATELY AFTER THE VIRUS INOCULATION. (b) SHOWING VIRUS PARTICLES ATTACHED TO PLASMA 

MEMBRANE OF INFECTED CELLS (ARROW) AND INTRACYTOPLASMIC NUCLEOCAPSID (ARROWHEAD). 

HIGHER MAGNIFICATION OF A CELL IN (b) SHOWING ELECTRON-DENSITY OF PLASMA MEMBRANE (ARROW) 

(c). HIGHER MAGNIFICATION OF A CELL IN (b) SHOWING MEMBANE FUSION (ARROW) (d) NUCLEOLUS OF 

INFECTED IB-RS-2 CELL WITH PrV AT 4 H POST-INFECTION (e). 
 

Infected cell cultures exhibited extracellular mature virions (Fig. 3g) measuring around 200 nm. This size corresponds to 

those described in other studies (Pomeranz et al., 2005; Nauwynck et al., 2007; Cardone et al., 2012). 

Ultrastructural examination of infected cells at the very beginning of the infection in the first 10 min reveals the immediate 

adsorption of virions that appear to be bound to the plasma membrane (Fig. 2b), or even electron-dense virus particles inside 

the cells without the viral envelope (Fig. 2b). Holmes & Watson (1963) also observed in the early stages of herpes virus 

infection in BHK-21 cells viral particles inside and outside the cell. Granzow et al. (1997) found that the PrV entry into the 

cell is very fast and occurs in the first minutes. Frampton et al. (2010) report that after the fusion of the equine herpesvirus 

and its penetration into the cell, the viral particle in the cytoplasm migrates to the nucleus by using the microtubules such as 

dinein for its transport and efficient arrival to the nucleus. In addition, EHV-1 induces acetylation of this tubulin within the 

first 15 min of infection.  



International Journal of Environmental & Agriculture Research (IJOEAR)            ISSN:[2454-1850]            [Vol-3, Issue-8, August- 2017] 

Page | 39  

A virion can be seen in contact with the cell membrane with a higher electron-density region indicating a change caused by 

the association of the viral particle with the host cell (Fig. 2c). A virioncan be seen in an extension of a cell in which the 

fusion of a virion membrane with the cellular membrane is occurring (Fig. 2d). Morgan et al., 1968 also described the first 

stage of HSV-1 entry in Hela cell line characterizedby disintegration of the viral envelope adjacentto the cell wall. 

Karasneh& Shukla (2011) reported that herpesviruses enter into the cell in various ways and these steps comprise the binding 

of the viral particle to the host cell surface, interaction with the specific entry receptor, particle internalization, and membrane 

fusion.  

A detail of a cell after 4 h pi with no typical viral structures, but showing electron-dense structures close to the nucleolus in 

the nucleus of the infected cell can be observed in (Figure 2e). Holmes & Watson (1963) also reported the disappearance of 

the virus at penetration soon after entry into the nucleus, in addition to the marked increase of particles after 4 h of infection. 

Wild et al. (2002) described intranuclear nucleocapsids in bovine herpesvirus infected MDBK cells with 4 h of incubation. 

The authors also reported that all phases of morphogenesis could be found at any time in the infected cell. 

In this study, from 4 h pi the electronic micrographs also show precursor particles of viruses in the nucleus, which are getting 

more numerous in the course of the infection. Initially, they appear to be associated with electron-dense intranuclear bodies 

that resemble nucleoli or are still scattered in the nuclear matrix. These nucleolar structures are due to chromatin 

marginalization (Fig. 3a, b, c). 

   

  

  
FIGURE 3: ELECTRON MICROSCOPY OF IB-RS-2 INFECTED WITH PrV AT 4-8 H pi, ARROWS INDICATED 

MORPHOGENESIS OF INTRANUCLEAR CAPSIDS (a) AND (b). HIGHER MAGNIFICATION OF A CELL IN (b) 

SHOWING MARGINALIZED CHROMATIN (c). INFECTED CELL SHOWING DISTENDED GAP OF THE NUCLEAR 

MEMBRANE AND NUCLEOCAPSID IN THE PERINUCLEAR SPACE INDICATED BY THE ARROW (d). INFECTED 

CELL WITH PrV AT 8 h pi (e) HIGHER MAGNIFICATION OF A CELL IN (e) SHOWING PARTIALLY ENVELOPED 

NUCLEOCAPSID UNDERGOING RE-ENVELOPMENT INTO THE CYTOPLASM (f) ULTRASTRUCTURE OF MATURE 

VIRAL PARTICLE (ARROW) (g). 
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Marginalization of chromatin is also observed in the replication of other herpesviruses such as HSV-1. Myllys et al. (2016) 

related an increase in the nuclear volume and relocation of the host chromatin into the nuclear periphery and in this place, 

viral nucleocapsid assembly occurs. They also described that there is the formation of channels across the chromatin layer 

and in this gaps frequently contained viral nucleocapsids allowing for the passage of progeny viruses to the nuclear envelope 

(Myllys et al., 2016). 

Between 4 and 8 h pi, cells exhibit capsids and pleomorphic cores mostly with little electron density (Fig. 3d). These capsids 

increase in number and size by forming the crystalloids in the nucleus (Fig. 4a). 

In the same infected cell, a series of events occurring at the same time can be observed such as a viral particle that appears in 

an invagination of the nuclear envelope and seems to be engulfed by membranes in the cytoplasm (Fig. 3e, f). 

Capsids with dense cores can be seen between the membranes of the nucleus of the infected cell, suggesting that they may be 

acquiring envelope from nuclear membranes (Fig. 3 d). 

We can also observe the presence of many complete virions in vesicles or at the periphery of cells as well as extracellular 

viruses adhered to the plasma membrane (Fig. 3 e,f,g). 

  

  

 
FIGURE 4: ELECTRON MICROGRAPH OF IB-RS-2 INFECTED WITH PrV AT 18-24 h pi, ARROWS INDICATED 

LARGE NUMBER OF CAPSIDS AGGREGATED AND ARRAYED AS CRYSTALOIDS (a). INTERNAL FEATURES OF 

INFECTED CELL AT 18 h pi (b). HIGHER MAGNIFICATION OF A CELL IN (b) SHOWING  A PSEUDOCRYSTAL 

(ARROW) (c) HIGHER MAGNIFICATION OF A CELL IN (c) SHOWING A NUCLEOCAPSID IN A CONNECTION 

EXTENSION WITH THE NUCLEAR MEMBRANE INDICATED BY A ARROW (d). INFECTED CELL AT 24 pi SHOWING 

ABSENCE OF ORGANIZED STRUCTURES WITH CELL DESTRUCTION AND A LARGE CRYSTALLOID (ARROW) (e). 
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The nuclei of the cells exhibit irregular condensation and marginalization of the chromatin, which become more intense in 

the later stages of infection. In these nuclei chromatin spraying (Fig. 4b), nucleolus disappearance and invaginations of the 

nuclear envelope also occur. Such alterations compromise and decharacterize the structures that constitute the nucleus (Fig. 

4b, c, d, e). 

In the late stages of infection (18 - 24 h pi), we can observe a great destruction of the typical cellular structures and the 

presence of aggregates of capsids, the crystalloids, which almost occupy all the space that was previously the nucleus and 

even the cell. 

Most of the micrographs of IB-RS-2 cells infected in the presence of Persea americana  extract (treatments 4 and 5) exhibit 

similar morphology to that observed in uninfected control cells even 7 h pi (Fig. 5a). In few cells, we verified the presence of 

infection, but the structural aspect was different from that observed in the infected cells without plant extract. Figure 5c 

shows a cell after 1 h of virion infection with an increased core and amorphous capsid exhibiting structure different from that 

observed in virus control (Fig. 2c; Fig. 3g). Some infected cells present virions and cellular changes resulting from the 

presence of viral replication, but with different aspects from those observed in infected control cells. Many viral particles 

exhibit non-electron-density bundles and adhered to the plasma membrane of the cell (Fig. 5b); some 7 h pi cells show viral 

particles in vesicles in the nucleus or cytoplasm of the infected cell in pairs or not (Fig. 5d, e). 

  

 

  
FIGURE 5: ELECTRON MICROGRAPH OF PrV INFECTED CELL AT 7 h pi AND TREATED WITH CRUDE EXTRACT 

OF PERSEA AMERICANA LEAVES. INFECTED CELLS TREATED WITH EXTRACT SHOWING MORPHOLOGICAL 

APPEARANCE SIMILAR TO UNINFECTED CELLS (a). INFECTED CELLS TREATED WITH EXTRACT DISPLAYING 

VIRAL CAPSIDS IN THE NUCLEUS (ARROWHEADS) AND PARTICLES ADHERED TO THE PLASMA MEMBRANE 

(ARROWS) (b). INFECTED CELLS TREATED WITH EXTRACT SHOWING DEFECTIVE VIRAL PARTICLE (ARROW) 

(c). INFECTED CELLS TREATED WITH EXTRACT SHOWING DOUBLE CORES IN A SINGLE WRAP IN THE CORE 

(ARROW) (d). CELL EXHIBITING DOUBLE CORES IN A SINGLE ENVELOPE IN THE SPACE PERINUCLEAR 

(ARROW) AND A VIRAL PARTICLE INTO THE CYTOPLASM OF THE INFECTED CELL (ARROWHEAD) (e). 
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There are few reports of mycobacteriosis in fish and amphibian species in Brazil.  Studies are needed to understand the 

occurrence and consequences of the disease in animals maintained in captivity in lakes, ponds and parks (FERREIRA et al., 

2006; ISHIKAWA et al., 2001; LEITE et al., 1998; ROMANO et al., 2012). 

The aim of this study was to study this disease of fishes in the lakes and ponds park in São Paulo city and from decorative 

lake, unfit for consumption. 

II. MATERIAL AND METHOD 

2.1 Experimental Design 

A total of 54 fishes (41 carps, 9 tilapias, 2 curimbatas (Prochilodus lineatu)s, 2 pirapitingas (Piaractus brachypomus), both 

male and female, were randomly collected from lakes and pounds in Jardim da Luz, located in downtown area at São Paulo 

City, Brazil. Samples of spleen, hepatopancreas, kidney and gills were fixed in 10% neutral buffered formalin or frozen.  The 

sampled fishes varied in length from 10 cm to 52cm. Macroscopically, 2 carps showed lesions suggestive of granulomas. 

2.2 H.E. Technique 

Serial sections were prepared from the fixed material: fragments embedded paraffin. 5µm sections were cut using a 

microtome and adhered to the glass slides and stained by hematoxylin-eosin. 

2.3 Fite- Faraco Ziehl-Neelsen technique (Z-N) (we used Fite-Faraco staining protocol, since the classic staining 

protocol of Ziehl Neelsen may result in false negatives). 

Serial sections were prepared from the fixed material: fragments embedded paraffin. 5µm sections were cut using a 

microtome and adhered to the glass slides. The sections will be de-paraffinize in a solution composed of two parts of xylol 

and one part of peanut oil (or almond oil) for 15 minutes. The sections are then washed in tap water to remove the remaining 

xylene / oil mixture.  Filter on carbol fuchsin solution, DO NOT HEAT, for 20 mins. Wash in running tap water. 

Differentiation will be done by means of 10% sulfuric acid for 2 minutes. Wash well in running tap water, rinse distilled 

water. Counterstain in 0.25% methylene blue for 20 seconds. Wash and blot dry. DO NOT DEHYDRATE IN ALCOHOL. 

Clear in xylene. Repeat the blotting-xylene treatment until section is clear. Mount in a DPX type mountan (FITE ET AL., 

1947). 

2.4  Negative Contrasting 

The samples were suspended in 0.1M phosphate buffer pH 7.0 and placed in contact with metal grids previously coated with 

collodion and carbon film drained with filter paper. They were negatively contrasted with ammonium molybdate to 2% and 

pH 5.0 and observed using a Philips EM 208 (BRENNER & HORNE, 1959; HAYAT & MILLER, 1990) TEM. 

2.5 PCR 

For mycobacterial isolation, approximately one gram of each clinical specimen was ground with sterile sand, decontaminated 

by the classical Petroff method and seeded in four tubes containing medium of Stonebrink and four tubes with Petragnani 

medium. Two tubes of each seeded medium were incubated at 37°C and the remaining tubes at room temperature. All tubes 

were observed weekly for checking the growth of the colonies (KANTOR, 1988). To PCR, the isolated colonies were 

resuspended in 1.5mL sterile ultrapure water. DNA extraction was performed by inactivation of the samples by boiling at 

100°C for 5 minutes, after which they were subjected to freezing at -20°C for at least one hour (BEMER-MELCHIOR & 

DRUGEON, 1999). 

Thawed samples were PCR amplified using TB11-TB12 primers, designed for identification of the Mycobacterium genus 

(TELENTI et al., 1993). These generated a final product of 439 bases pairs. DNA amplifications were held in thermal cycler, 

submitting samples to the initial treatment of 95°C for 5 minutes, followed by 45 cycles of three temperatures: denaturation 

at 94°C for 1 minute, annealing at 65°C for 1 minute and extension at 72°C for 1 minute. After the last cycle, was held a final 

extension at 72°C for 7 minutes after which the product remained at 4°C until its analysis by electrophoresis in horizontal 

vat. PCR products were observed in 1.5% agarose gel containing 0.01% ethidium bromide, viewed under UV light and 

photographed with the aid of molecular gel doc system. To sequencing, the almost sequences of the 16S rDNA gene were 

obtained as described by CAMPOS et al. (2012). 
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III. RESULTS AND DISCUSSION 

Of the 54 fishes examined, 8 were positives when stained using the Fite -Faraco Z-N technique (Fig 1). In the H&E staining, 

5 animals presented numerous granulomas (Fig 2 a and b) of numerous sizes, with caseous necrosis in the center, 

eosinophilic cells and surrounded by inflammatory cells and fibroblasts (1 animal in the spleen, 3 kidneys and pancreas, 1 in 

hepatopancreas). 

 
FIG 1 - PHOTOMICROGRAPH OF HEPATOPANCREAS SHOWING NUMEROUS RED MYCOBACTERIA (SMALL 

POINTS) INTO A GRANULOMA USING STAINED BY FITE- FARACO ZIEHL NIELSEN TECHNIQUE. (Bar: 20µm). 

  
FIG 2 a and b - PHOTOMICROGRAPH SHOWING AT RIGHT 2 GRANULOMAS WITH CASEOUS NECROSIS IN THE 

CENTER, SURROUNDED BY EOSINOPHILIC AND FIBROBLASTS AND INFLAMMATORY CELLS (LYMPHOCYTES, 

NEUTROPHILS, HETEROPHILES AND MELANOMACROPHAGES) AND AN AREA OF CALCIFICATION (ARROW). 

HE. BAR = 200µm.  ON THE LEFT, AT HIGHER MAGNIFICATIONS, A GRANULOMA AND NUMEROUS 

MELANOMACROPHAGES (BROWN). HE. (Bar: 50 µm). 

 
It was observed, thus, lymphocytes, neutrophils and heterophiles. Some macrophages alone or in groups, were filled with 

golden-yellow substance (melanomacrophage) next to the granulomatous or degenerative lesions. The most severe changes 

were observed in the kidney that showed convoluted tubules in vacuolar degeneration or necrosis. Glomeruli were also 

visualized in degenerating, necrotic or deformed, hypo- or hyperplastic and presenting increased Bowman's space. 

Nephrocalcinosis was observed in 2 cases. 

With the transmission electron microscope, Mycobacterium spp was also observed (Fig 3 a and b) in 8 fishes, these same 

animals that were positive for the Z-N technique. 
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students in the second and third year of Bachelor of Animal Biology for the academic year of 2015-2016 of Training and 

Research Unit of Biosciences. 

 
FIGURE 1. MAP OF STUDY SITE 

These are students specially for study animals. These students carry out by their specific practice gestures "at risk" from the 

point of view of transmission of germs on a daily basis. The observation to the good practice of the hygiene of the hands to 

concern the students of Training and Research Unit of Biosciences attending the toilets. 

2.2.2 Questionnaire survey  

A sample of all students in the second and third year of Training and Research Unit of Biosciences was interviewed as part of 

the survey. To do this, we listed the selected students. Then, based on their workforce, individual questionnaire forms were 

printed. After a presentation of the subject of the survey, a copy of the questionnaire was given to each student to fill it 

"anonymously", sometimes asking for help in understanding certain items. Participants are those who have given their verbal 

and written agreements (Figure 2). Then, the list and the number of corresponding cards were given to the delegate. The 

latter was responsible for handing over a questionnaire sheet to each volunteer student interested in the survey. The cards 

were received by the delegate after 48 hours, after a second clearance.  

2.2.3 Prospecting toilets 

The toilets were surveyed by direct observation in order to count the number of functional toilets, determine the available 

equipment and sanitation conditions. The surveys were carried out over a dozen months, from May 2016 to April 2017. They 

consisted of going around the toilets points for the students of the UFR Biosciences. At each point, the number of functional 

and non-functional toilets was counted. Then the existing hygienic material was identified. 

2.2.4 Direct observation of hand hygiene practice 

The observation was made discreetly by concealing the observations of hands washing behaviors. All observations were 

recorded using a standard coding form. The coding form consisted of the subject's ID, date, observation time, and hand 

washing behaviors. Washing behaviors were recorded in three categories: no washing (leaving the toilet without washing or 

rinsing hands), attempting to wash hands (wet hands without using soap) and washing hands with soap. Handwashing time 
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FIGURE 2: VARIATIONS IN LEVELS OF SOILS PARTICLE SIZE AT THE STUDY AREA 

 
FIGURE 3: VARIATIONS IN CONCENTRATIONS OF CHEMICAL PARAMETERS IN SOILS AT THE STUDY AREA 

 
FIGURE 4: VARIATIONS IN CONCENTRATIONS OF EXCHANGE CATIONS IN SOILS AT THE STUDY AREA 

 
FIGURE 4: VARIATIONS IN CONCENTRATIONS OF HEAVY METALS IN SOILS AT THE STUDY AREA 
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Hyola 571 were statistically equal and superior to the hybrid Hyola 61. The values can be considered coherent compared to 

[18] that obtained a mean of 7.2 hours. There was a tendency to increase the induction time with seeding times. Oxidative 

stability was affected by climatic conditions, especially in the case of the first seeding season. 

The specific mass did not present significant difference for the hybrid factors and times, with mean value of 899.3 kg m
-3 

(Table 1).According to [19] the value of the specific mass of canola lipids is 878 kg m
-
³ (25 ºC). For different temperatures, 

[20] found a variation of 908 kg m
-
³ (10 ºC) to 921 kg m

-
³ (30 ºC). 

  
(a) (b) 

 

(c) 

FIGURE 4 -Values and adjusted regression for oil yield (a), induction time (b) and acidity (c) for Hyola 

hybrids 43, 61 and 571, according to sowing dates. Tibagi, PR. 
 

The variable acidity did not present significant differences for the hybrid factor (Table 1), while there were significant 

differences for the time factor (p<0.05), and no significant difference was observed for the interaction (Fig. 4c).The values 

found may be high. Evaluating crude and degummed canola oil, [21] obtained values of 1.08 mg KOH g
-1

and 0.53 mg KOH 

g
-1

, respectively. 

The fatty acids determined were palmitic, stearic, oleic, linoleic and linolenic. The palmitic acid variable (C 16:0) did not 

present a significant difference for the hybrid factor (Table 2), whereas there was a significant difference for the time factor 

(p<0.01). 

TABLE 2 

Relative Mass of Palmitic, Stearic, Oleic, Linoleic and Linolenic Fatty Acids and Test of Mean (Tukey), 

When Applicable, of Three Hybrids of Canola. Tibagi, PR. 

Hybrid 

Palmitic 

(C 16:0) 

g kg
-1

 

Stearic 

(C 18:0)* 

g kg
-1

 

Oleic 

(C 18:1) 

g kg
-1

 

Linoleic 

(C 18:2)* 

g kg
-1

 

Linolenic 

(C 18:3)* 

g kg
-1

 

Hyola 43 46.7 28.7 a 644.8 195.4 a 77.3a 

Hyola 61 46.2 25.5 b 652.1 172.4 b 92.8b 

Hyola 571 43.5 28.3 a 654.2 176.1 b 86.3ab 

*means followed by equal letters in the columns do not differ from each other to 0.05 of probability by the Tukey test. 
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Regarding the temporal evaluation, there was a tendency to decrease the palmitic content (C16:0) with advance in the 

seeding dates (Fig. 5a).Evaluating two varieties of canola, and two varieties of rapeseed, [22] found values of 80.8 g kg
-1

and 

59.0 g kg
-1

in canola and 47.8 g kg
-1

 e 39.8 g kg
-1

in rapeseed. [23]found the presence of 39.0 g kg
-1

palmitic acid in canola oil. 

The stearic acid variable (C18:0) presented a significant difference for the hybrid factors and times (p<0.01), and no 

significant difference was observed for the interaction.The highest concentrations of stearic acid were found in the Hyola 43 

and 571 hybrids, 28.71 and 28.29 g kg
-1

, respectively. The hybrid Hyola 61 obtained the lowest concentration; 25.5 g kg
-1 

(Table 2).Fig. 5b shows the concentrations of stearic acid according to sowing time. 

Comparing stearic acid in canola and rapeseed, [22] obtained 16.9 and 16.5 g kg-1 for canola, and 20.2 and 25.0g kg
-1

 for 

rapeseed. [23] Found 16.0 g kg
-1

 canola. 

The variable oleic acid (C18:1) showed a significant difference for the time factor (p<0.01), whereas no significant 

differences were observed for the hybrid factor, and no significant difference was observed for the interaction.The mean 

concentration of this lipid found in the hybrids was 650.4 g kg
-1

 (Table 2). 

  
(a) (b) 

  
(c) (d) 

FIGURE 5 -Values and adjusted regression for C16:0 (a), stearic (C18:0) (b), oleic (18:1) (c) and 

linoleic acid (18:2), 61 and 571, according to sowing dates. Tibagi, PR 
 

Although the equations represented (Fig. 5) were significant, the mathematical adjustments presented a low R2 value, so the 

seeding time can influence in approximately 20 g kg
 -1

for oleic (18:1) and 30 g kg
 -1 

linoleic (18: 2). 

The concentration of oleic tended to increase as the seeding dates progressed (Fig. 5c).Studying canola and rapeseed, [22] 

observed oleic acid concentrations of 570.9 g kg
-1

 and 599.2 g kg
 -1 

for canola and 604.3 g kg
 -1 

and 612.4 g kg
 -1 

for rapeseed. 

[23] Studying commercially available oils (Illinois, USA), found for canola 600 g kg
-1

. [24] evaluated twenty edible oils 

observed the presence of 620 g kg
-1

 oleic in canola. 

Oleic acid, also known as omega-9, has only one unsaturation, being one of the healthiest sources of dietary fat [25]. The 

oleic acid values found in this experiment are higher than most cited in the correlative literature. 
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3.2.1 Williamson Index 

The analysis result of disparity in districts/cities of West Papua according to Williamson index was divided in 3 category; 

district/city with low disparity level (Williamson index's score is <0.3), district/city with medium disparity level (Williamson 

index's score is 0.3-0.7) and district/city with high disparity level (Williamson index's score is >0.7). 

TABLE 3 

WILLIAMSON INDEX ANALYSIS IN WEST PAPUA 

No. District/City 
PDRB per capita 

2012 2013 2014 2015 2016 

1 Fakfak District 0,29 0,28 0,18 0,17 0,15 

2 Kaimana District 0,06 0,04 0,23 0,23 0,24 

3 Teluk Wondama District 0,26 0,26 0,20 0,19 0,19 

4 Teluk Bintuni District 0,24 0,24 0,23 0,22 0,22 

5 Manokwari District 0,84 0,80 0,35 0,32 0,30 

6 South Manokwari District - - 0,59 0,89 0,52 

7 Pegunungan Arfak District - - 0,43 0,78 0,77 

8 South Sorong District 0,58 0,55 0,34 0,33 0,32 

9 Sorong District 0,08 0,08 0,21 0,20 0,20 

10 Raja Ampat District 0,02 0,01 0,05 0,04 0,05 

11 Tambrauw   District 0,89 0,94 0,70 0,67 0,64 

12 Maybrat District 0,55 1,03 1,02 1,02 1,01 

13 Sorong City 0,55 0,48 0,34 0,30 0,27 

TOTAL West Papua 0,40 0,43 0,44 0,49 0,44 

FIGURE 2: CVW FROM PDRB PER CAPITA OF CITIES/DISTRICTS IN WEST PAPUA AT 2012-2016 
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When conducting the tests, we first applied two unit root tests: the Augmented Dickey-Fuller and the Phillips-Perron tests, to 

establish that the variables were not stationary. The unit root tests compare constant and time-trend models. The results are 

shown in Table 2. They indicate that the two price series are I(1) processes, i.e. the first difference of the two series are 

stationary. Using these results, we can test for co integration between the farm and the retail rice prices. 

 

FIGURE 1: FARM AND RETAIL PRICES OF RED ONION 

TABLE 2 

UNIT ROOT TESTS 
 ADF 

Variable Constant Constant + trend 

Level value 

RP -1.797  (10) 3.93 (2) 

PP -2.114 (3) -3.75 (7) 

First difference 

RP -9.14 (2) *** -5.632 (9) *** 

PP -11.02 (2) *** -10.994 (2) *** 

 

Notes: Variables are natural logarithms. A maximum of 15 lags were used in the unit root tests. The numbers in brackets [ ] 

are the appropriate lag lengths selected by AIC. *** indicate significance at the 1 percent level. The critical value for ADF 

test with constant and constant plus time trend is 4.04 and 3.51 respectively. Critical values from MacKinnon (1996).  

The Johansen co integration test (Johansen, 1991; 1995) was applied to determine whether or not there is a stable long-run 

relationship between the farm gate price and retail price of red onion The results of the unit root tests showed no trend, 

implying that the I(1) process was not caused by a time trend. We therefore did not consider time trends in the cointegration 

test. Table 3 shows the results of the cointegration test: the farm and the retail prices are cointegrated. The long-run 

relationship between the farm and the retail prices is p
R

1,t = 29.45 + -1.238247 p
F

1,t. The parameter value of a shows that 

there exists a fixed mark-up effect; the value of  b shows that the cross-elasticity between the farm and the retail prices is 

higher than 1. This implies that variation in the retail price of red onion is larger than the variations in the farm price. 

TABLE 3 

CO-INTEGRATING TEST 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

None * 0.177504 31.88568 25.87211 0.0079 

At most 1 0.097498 10.97658 12.51798 0.0892 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

None * 0.177504 20.90911 19.38704 0.0299 

At most 1 0.097498 10.97658 12.51798 0.0892 
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