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Workgroup Pineapple News 
 

IX International Pineapple Symposium (IPS) proceedings  
 The proceedings of the symposium, Acta Horticulturae Number 1239, was published in April 
2019. The book contains 25 articles in 212 pages. A list of the papers and copies of the book are available 

at https://www.actahort.org/books/1239/. 

 
X International Pineapple Symposium (IPS) 
 The X International Pineapple Symposium is scheduled to be held in Punta Cana, Dominican 
Republic, on 22-26 April 2020, Convener: Mr. Joelin Santos. Please see additional details below under News 
from Dominicum Republic.  

 

Links to information on pineapple. 
 Py, C., Lacoeuilhe, J.J., and Teisson, C. 1984. L'Ananas Sa Culture, Ses Proudits. Paris, Editions G.-P. 

Maisonneuv, 
 Py, C., Lacoeuilhe, J.J. & Teisson, C. 1987) The pineapple. Cultivation and uses, Paris, Editions G.-P. 

Maisonneuve are available at  https://evols.library.manoa.hawaii.edu/handle/10524/55419. 
 Sanewski, G.M., Bartholomew, D.P. and Paull, R.E. & 20 other international experts. 2018. The 

Pineapple: Botany, Production and Uses, 2nd edition. See Pineapple News No. 25 or 
https://www.cabi.org/bookshop/book/9781786393302 for more details. 

 The Mexican pineapple: Advances and challenges in innovation management. For details, see 

News from Mexico on p. 31. 
 

ISHS Workgroup Pineapple and Pineapple News archives  
See whats new at https://www.ishs.org/pineapple 
All back copies of Pineapple News can be found at the links below. 

 https://www.ishs.org/pineapple/pineapple-newsletters
 https://scholarspace.manoa.hawaii.edu/handle/10125/41067 
 
 A searchable table of contents of all issues of Pineapple News can be viewed at: 
 https://docs.google.com/spreadsheets/d/1ePrvbOxZK_fAetf5dDG9KSJ-

iI3TGbWEuVPqNWSIC1k/pubhtml 

 
Pineapple cultivar listing by country. Additions and corrections welcomed. 
 https://docs.google.com/spreadsheets/d/1NDr9v3FSZLP8W3m9rYhScErrxed8vEc7f8meDyLXEmg/edit?u
sp=sharing 
 

The google spreadsheet provides a searchable cultivar list that is alphabetized by country and by 
cultivars within each country where the various cultivars are being grown. The list also includes any 
colloquial name used in the country, other relevant comments and the first published mention found of the 
cultivar in each country.  

The objective of producing a listing of the world’s pineapple cultivars is to increase readership of 
important papers and to link those papers to the body of research pertaining to that cultivar.    
 In addition to documenting the presence of cultivars within a country, the list can be used to 
identify the pineapple cultivar in papers that often only mention the colloquial (local) name of the cultivar. 
Some colloquial names, “Sugarloaf” and “Sugar loaf” are examples, are used to name more than one cultivar. 
A true cultivar has only one name.  
 Local names can be used in publications, but they should always be listed after the true cultivar 
name and using the true cultivar name will assure that research papers will reach the widest possible 
audience.  

https://www.actahort.org/books/1239/
https://evols.library.manoa.hawaii.edu/handle/10524/55419
https://www.cabi.org/bookshop/book/9781786393302
https://www.ishs.org/pineapple
https://www.ishs.org/pineapple/pineapple-newsletters
https://www.ishs.org/pineapple/pineapple-newsletters
https://scholarspace.manoa.hawaii.edu/handle/10125/41067
https://docs.google.com/spreadsheets/d/1ePrvbOxZK_fAetf5dDG9KSJ-iI3TGbWEuVPqNWSIC1k/pubhtml
https://docs.google.com/spreadsheets/d/1ePrvbOxZK_fAetf5dDG9KSJ-iI3TGbWEuVPqNWSIC1k/pubhtml
https://docs.google.com/spreadsheets/d/1NDr9v3FSZLP8W3m9rYhScErrxed8vEc7f8meDyLXEmg/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1NDr9v3FSZLP8W3m9rYhScErrxed8vEc7f8meDyLXEmg/edit?usp=sharing
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News from Australia 

In Memorium: The Pineapple Journey of Col Scott 
 

Garth M. Sanewski, Maroochy Research Facility, Department of Agriculture and Fisheries, 
Nambour. QLD. Australia.  E-mail: Garth.Sanewski@daf.qld.gov.au 
 
 Many of the international pineapple community will have heard of Col Scott. Sadly, Col passed away 
June 23, 2018 after a lifetime of working for the Australian and briefly, the South African pineapple 
industries. The loss of Col and his long experience marks a generational changing of the guard. Col was 
appreciated for his knowledge and willingness to assist anyone even remotely connected with the industry. 
His guidance was keenly sought on all manner of issues and is now sadly missed. This is a brief account of 
Col’s contribution. 
 
Mar 1965 — Oct 1967: Col worked for Queensland Department of Primary Industries, Horticulture 
Branch, Ormiston (near Brisbane) as a Field Assistant, Banana Inspector (for Bunchy Top virus) and 
Extension Officer. 
 
Oct 1967 — Oct 1969: Col was in National Service in the Australian Army and served as a 2 nd 
Lt in the RAASC as a Transport Platoon Commander at Victoria Barracks, Melbourne  
 
Mar 1970 — Sep 2002: Col worked with the processor Golden Circle Ltd, firstly as a 
horticulturist and then, as Horticultural Manager. This is a period where Col met and infl uenced 
many Queensland pineapple growers providing contact, support and research services. Col 
established new cultivars, maintained links with and made representations to government and 
industry. Col authored many technical articles and his expertise on p ineapples was sought for 
articles and lectures. Col managed the establishment of 73-50 and MD-2, a Quality Assurance 
Program for the pineapple industry and research projects and made recommendations to the 
Board of Directors. Time was spent collecting industry statistics, collecting and analyzing 
scientific data and at all times being accessible for advice on horticultural problems and the 
application of the latest scientific advice.  
 
Nov 2002 — Dec 2007: Col established himself in East London South Africa with Summerpride 
Foods Ltd. Col initiated a plant breeding program which produced 10,000 seedlings and 
sourced, bred and set up an ornamental pineapple business. Importantly, Col advised growers 
with horticultural advice and worked closely with growers est ablishing farm visits, 
maintaining worldwide links and provided advice on identifying new business opportunities.  
 
Jan 2008 — May 2011: Col consulted on a private and confidential basis to individuals and 
groups on all facets of the production of pineapples for processing and/or fresh market.  
 
June 2011 - April 2018: Col worked as an Agronomist with Tropical Pines Pty Ltd and was a 
familiar face on all farms collecting data, providing advice and encouragement, establishing 
trials, liaising with industry bodies and helping implement plant selection and breeding 
programs. 
 

  

mailto:Garth.Sanewski@daf.qld.gov.au


 

4 

 

Genetic Resistance to Phytophthora cinnamomi in pineapple 
 
G. Sanewski and H-L. Ko. Maroochy Research Facility, Department of Agriculture and Fisheries, 
Nambour. QLD. Australia. 
 
Summary. Genetic resistance to Phytophthora cinnamomi in a bi-parental pineapple seedling 
population derived from ‘MD-2’ and ‘PRI-59-656’ is associated with a genomic region on 
chromosome 5 that is rich in defence genes. The most highly likely causative genes include a 
Jasmonate-zim domain 10 and a Spermidine/ putrescine-binding protein although 
polymorphisms in several LRR’s, a Xyloglucan endotransglucosylase/ hydrolase and transcription 
factor bHLH are also associated. Linkage data for the most highly associated SNP marker 
implicates a range of other genes including a glycosyl hydrolase, terpenoid cyclase, CBS domain 
protein, mitogen-activated kinase, GTP cyclohydrolase and glutathione S-transferase could be part 
of the resistance response. The putative set of implicated and associated genes suggests a 
comprehensive response to P. cinnamomi by pineapple including ROS regulation, calcium 
signalling, cell wall modification and pathogen attack. 
 
Introduction 

Root and heart rots caused by Phytophthora species are a major disease of pineapple 
worldwide. Phytophthora cinnamomi (Pc), a hemi-biotroph (Van den Berg et al. 2018) causes root 
rots that in severe cases can develop into heart rot.  

The centre of origin for pineapple is considered to include northern Brazil and Paraguay 
(Coppens de Eckenbrugge et al. 2018). Phytophthora originated in Taiwan (Jung et al. 2017) but 
speciation has included other regions. P. cinnamomi, while originating in Taiwan, might also have 
an ancient distribution throughout parts of Asia, Papua New Guinea and northern Australia 
(Arentz, 2017).  Additional speciation of Phytophthora, including the potato pathogen, P. infestans, 
occurred in Central America (Shakya, 2018). It is possible therefore, that pineapple evolved with P. 
infestans and some other Phytophthora species, but not P. cinnamomi. 

Resistance in pineapple exists across the spectrum of genotypes from wild to modern 
domestic. Immunity has not however been shown. Typically, most genotypes can be infected given 
the appropriate conditions but highly resistant genotypes can recognise infection, respond quickly 
to limit damage and subsequently, depending on genotype, produce new roots. Varietal 
susceptibility to infection and the ability to quickly regenerate new roots varies considerably. The 
popular fresh market cultivar, MD-2 is highly susceptible, possibly one of the most susceptible 
genotypes along with ‘Manzana’. A high level of resistance exists in the Pineapple Research 
Institute (PRI) Ananas comosus var. comosus cultivar ‘PRI 59-656’ and A. comosus var. bracteatus 
(Sanewski et al. 2016). 

In a previously published genome-wide association study (GWAS) by Sanewski et al, 
(2017) a population of seedlings segregating for resistance/ susceptibility was screened for 
resistance and sequenced for DArTseq markers. The parents included the resistant varieties ‘PRI 
59-656’ and A. comosus var. bracteatus accession ‘FRF19’ and the susceptible A. comosus var. 
microstachys accession ‘FRF223’ and three domestic A. comosus var. comosus cultivars, ‘MD-2’, ’11-
149’ and ’22-590’. The majority of the population derived from the parents ‘MD-2’ and ‘PRI 59-
656’. Using a GWAS approach, resistance was associated with a single, broad locus between the 
positions 4.6-5.5 Mb on chromosome five. Thirteen genes were found associated with resistance 
although it is considered the association of some of these is at least partially by linkage. 
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Further analysis was required to understand which are the more important genes of those 
identified and the processes underlying their function. Here we further analyse the marker 
associations using additional algorithms some of which use a multi-locus approach to minimise 
confounding effects of kinship and linkage. This provides a shorter list of candidate genes that, in 
combination with genome positional data and flanking genes, provides more information on likely 
causative genes. 

Three GWAS models were applied to the dataset using the GAPIT R software package 3 
(Zhang et al. 2010; Tang et al. 2016). These include the enriched compressed mixed linear model 
(ECMLM), the multi-loci linear mixed model (MLMM) (Segura et al. 2012) and FarmCPU (fixed and 
random model circulating probability unification) (Liu et al. 2016). The first is an enhanced mixed 
linear single loci model and the others are multi-loci models. The ECMLM, while offering high 
statistical power usually cannot separate linked genes even if they are spread across the genome. 
Typically, this model will identify a greater number of markers associated with genes, many of 
which will be linked but possibly still functional. The multi-loci models initially analyse the 
genome in discreet regions and only include the mostly highly associated in further steps. 
Typically, multi-loci models identify only the more significant markers from each potential QTL. 
The multi-loci models, because they bin markers according to physical position, are not 
appropriate for unpositioned markers or those on short scaffolds. All models minimise false 
positives. Three covariates were used to account for population structure. The QQ plots were 
optimal and only one QTL, on LG05, was found significant’ although some markers positioned on 
two scaffolds were also significant. It is expected these scaffolds should be positioned on LG05. 
The results for the ECMLM analysis of SNP markers are shown in table 1. 

Here we take a closer look at the two most significant SNP markers. 
 
Results 
Main candidate genes 

The highest associated SNP marker across the three analyses was #100029071 positioned 
on chromosome 5 at 4,708,927 bp. This was the only marker found significantly associated using 
the FarmCPU and MLMM algorithms. This SNP marker, unmatched in BLAST and hence not shown 
in table 1, is positioned between a Spermidine/putrescine-binding periplasmic protein and a 
reverse transcriptase Retrotransposon protein but only 26 kb from a jasmonate-zim-domain 
protein 10. 

Of the genes positioned near the marker, the Jasmonate-zim-domain protein 10 and 
spermidine/putrescine-binding protein are considered the most important. The jasmonate-zim-
domain protein 10, a transcription factor also known as TIFY9, is the main regulator of the 
jasmonic acid (JA) pathway (Sen et al. 2016). The jasmonic acid pathway is associated with plant 
response to infection by Phytophthora species (Allardyce et al. 2013). In this study, a silicoDArT 
marker (present/ absent) matching this gene was also found highly associated (data not shown). 
This indicates there is a functional change in the Jasmonate-zim domain protein associated with 
resistance/ susceptibility but it was not demonstrated to be a single nucleotide change. This is 
likely the most important of the gene found associated with a differential response to Pc. 

Spermidine and putrescine are polyamines that are known to function in various aspects of 
stress and plant defence response, including stimulation of systemic-acquired resistance (Seifi et 
al. 2017) and enhancement of anti-oxidant capacity in response to stress (Yadu et al. 2018). As an 
example, application of spermine was shown to induce systemic resistance to a necrotrophic 
pathogen, Botrytis cineara, in tomato, bean and Arabidopsis. While this was shown to stimulate the 
hypersensitive response and reactive oxygen species, this was of a limited extent in the early 
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stages of infection thus not favouring the necrotroph to the extent as would normally be expected 
(Seifi et al. 2017). Exogenously applied spermine was also shown to increase resistance to 
Phytophthora capsici in capsicum (Koc et al. 2017).  

The proximity of the jasmonate and spermidine genes (27 kb) and complimentary roles 
suggest they might function together. The low SNP density means however, only one marker is 
positioned in this specific region and hence might be marking both genes. For this same reason, 
there is no linkage data for this gene pair. It is highly likely however, that they are in linkage 
disequilibrium (LD). 

The second highest associated marker, #100046224, was matched in BLAST to an 
Uncharacterised protein. This marker is some distance, 458 kb, from the first marker but is very 
highly linked (R2=0.91, D′=1.0). There are no other genes of interest, apart from a 
Farnesyltransferase/geranylgeranyltransferase protein, positioned immediately near this second 
marker and #100046224 is likely associated mostly by linkage to the main candidate marker, 
#100029071. Notwithstanding this, the Farnesyltransferase/geranylgeranyltransferase protein is 
known to be involved in plant defence response (Goritschnig et al. 2008) and, as such, is also of 
interest. 
 
Linked genes of interest 

As mentioned already, marker density was low in the genomic region of interest. Other 
functional important genes could therefore exist within this region but not be represented by a 
marker. Linkages and flanking positions therefore become more important. Markers linked to 
marker #100029071 with an R2>0.5 are shown in table 2. While few of these linked genes were 
matched in BLAST (MegaBLAST), putative genes have been identified for each linked marker 
based on positional data in the ‘Smooth Cayenne’ genome v3 (Ming et al, 2015). There are seven 
putative linked genes that will be briefly discussed here. 
• Terpenoid cyclase (terpenoid synthase)/ prenyltransferase superfamily have been shown to 

be involved in the production of phytoalexins. In particular, prenyltransferases were 
involved in the synthesis of phytoalexin glyceollins in soybean in response to infection by 
Phytophthora sojae (Sukumaran et al. 2018). Terpene synthases were also highly up 
regulated in maize in response to infection by P. cinnamomi and were considered the key 
component of resistance to P. cinnamomi in that species (Allardyce et al. 2013). Interestingly, 
the study of Allardyce et al, (2013) also associated genes in the jasmonic acid pathway as 
well as terpenoid synthase with response to P. cinnamomi infection in maize. 

• Glycosyl hydrolases degrade long chain carbohydrates and as such are involved in cell wall 
metabolism including lignification, but also in defence. β glucosidases and chitinases are 
classes of gycosyl hydrolases (Minic, 2008; Cao et al. 2019). Chitinases are important in 
defence against fungal pathogens as it acts directly against the pathogen. 

• In rice, a CBS (cystathionine-β synthase) domain-containing protein is up-regulated by 
inoculation with a hemi-biotrophic pathogen, Rice Blast, and also by exogenously applied 
salicylic acid (SA) or methyl jasmonate. It is considered a positive regulator of resistance 
(Mou et al. 2015). Also, AMP-activated protein kinases contain a CBS domain. These proteins 
are involved in oxidation within the cell. 

• Mitogen-activated kinases (MAPKs) play a role in signal transduction through other kinases, 
proteins and transduction factors in response to various cues. MAPKs are involved in JA and 
SA signalling both as positive and negative regulators (Jagodzik et al. 2018). 

• GTP cyclohydrolase (RibA) is a key gene in the biosynthesis of riboflavin and ascorbic acid in 
maize (Shan et al. 2019). Ascorbic acid is one of several ROS scavenging mechanisms that 
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help control the hypersensitive response (Huang et al. 2019). DHBP synthase (RibB) 
functions with RibA at least in the biosynthesis of riboflavin. 

• Glutathione S-transferase (GST) is involved in the ascorbic acid cycle and as such performs 
oxygen-scavenging activities to regulate reactive oxygen species (ROS) (Acosta-Muniz et al. 
2012). 

• Inositol-1, 4, 5-triphosphate 5-phosphatase is involved in the phosphoinositide calcium 
signalling pathway. This pathway is a key part of basal and systemic-acquired resistance 
response to plant pathogens (Hung et al. 2014).  

 
Co-Expressed genes 
 Publically available co-expression data for ‘Smooth Cayenne’ and ‘MD-2’ 
(http://pineapple.angiosperms.org/pineapple/html/index.html.) for various tissues, even though 
not from plants challenged with a pathogen, can give an insight into the possible role of some of 
the genes putatively involved in resistance. This data was not generated in the current study. 

No co-expression data exists for the two principal causative genes, possibly due to a lack of 
regulation in the absence of the pathogen, but does for one of the linked genes. Glycosyl hydrolase 
has 81 co-expressed genes with a Pearson coefficient (+) >0.7. Data for genes where expression in 
the roots (FPKM) is high are shown in table 3 as an example of co-expressed genes. Collectively 
these are involved in regulation of ROS and the hypersensitive response, the JA pathway and 
pathogen attack. 
 
Conclusion 

The two principal causative candidates for Pc resistance in pineapple in the genetic 
background studied are the jasmonate zim-domain protein 10 and the spermidine/putrescine-
binding periplasmic protein. These likely provide the main resistance effect in the PRI cultivar, PRI 
59-656, but other genes associated, linked and co-expressed also contribute to a lesser but 
important extent. Potential loss-of-function variants of these genes is likely why ‘MD-2’ is so 
susceptible. Having all the genes in the correct allelic state is likely to provide the most robust 
resistance. The collective data on associated, linked and co-expressed genes suggests a role for the 
hypersensitive response and JA pathway in resistance to P. cinnamomi.  

Only the two most highly associated SNPs have been discussed here but additional 
functional genes are suggested by other associated SNPs and silicoDArT (not shown) markers and 
their potential gene networks. Other genes of interest include Homogentisate 1,2-dioxygenase, 
Fibrillin, Prostaglandin synthase, Acyl-acyl-carrier protein desaturase, NADH-quinone 
oxidoreductase, GDSL lipase, Farnelsyltransferase, Xyloglucan endo-transglycosylase, 3beta-
hydroxysteroid-dehydrogenase/decarboxylase and NAC domain protein as well as several LRRs 
and RKs. There is however no assertion there are polymorphisms in all of these genes. 

The markers and matched genes found associated by GWAS might not explain the full 
repertoire of response by the pineapple plant to Phytophthora infection as hinted in the co-
expression data. A more detailed study of differential gene expression in response to infection in 
resistant and susceptible genotypes is needed to better understand the relative role of each gene. 
An engineered loss-of-function study in a model monocot, say rice, focusing on the two main 
candidate genes might also be helpful. 
 
Acknowledgements. The project was funded by Horticulture Innovation Australia Pty Ltd (Hort 
Innovation) using voluntary contributions from the Department of Agriculture and Fisheries and 
matched funds from the Australian Government.  
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Table 1. SNP markers found associated with resistance/ susceptibility to P. cinnamomi in pineapple using the ECMLM algorithm in 

GAPIT 3 and matched to genes in BLAST. (MAF=minor allele frequency). 

 

Marker 
Position 
Gene ID 

-Log10 
(P) 

Corrected 

Length 
(bp) 

MAF Gene 
% Cover/ 
identity 

BLAST E 
value 

100046224 
LG05: 

5,166,727 
7.3 69 0.47 

Ananas comosus uncharacterised (LOC109710562) 
Transcript variants X1-6 

95/ 99 6e -25 

4720783* 
LG05: 

4,920,083 
7.3 69 0.34 

Ananas bracteatus clone 49764a microsatellite sequence 
100/99 

 
1e -26 

 

Ananas comosus postacrosomal sheath WW domain-
binding protein (LOC1019711040) mRNA 

100/97 6e -25 

4710330 
Scaffold 1169: 

12,423 
6.9 69 0.47 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109704031) mRNA 

100/100 
 

3e -28 
 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109710323) mRNA 

100/97 
 

6e -25 
 

Ananas comosus LRR receptor-like serine/threonine-
protein kinase EFR (LOC109710348) mRNA 

100/96 
 

3e -23 
 

Ananas comosus LRR receptor-like serine/threonine-
protein kinase GOS1 (LOC109704033) mRNA 

100/96 3e -23 

4724753 
Scaffold 1089: 

42,316 
6.8 69 0.36 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109703920) mRNA. 
 

100/96 3e -23 

Ananas comosus LRR receptor-like serine/threonine-
protein kinase GSO1 (LOC109704033) mRNA 

100/93 6e -20 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109703919) mRNA. 

100/91 3e -18 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109710578) mRNA 

100/90 1e -16 

Ananas comosus putative receptor-like protein kinase 
At3g47110 (LOC109710347) mRNA 

100/90 1e -16 
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Ananas comosus LRR receptor-like serine/threonine-protein 
kinase GSO1 (LOC109710346) mRNA 

100/90 1e -16 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109710331) mRNA 

95/91 1e -16 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109710330) mRNA 

100/90 1e -16 

Ananas comosus LRR receptor-like serine/threonine 
protein kinase EFR (LOC109710348) mRNA 

100/88 6e -15 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109704031) mRNA 

100/88 6e -15 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109710811) mRNA. Transcript variants X1-2 

100/87 3e -13 

Ananas comosus probable LRR receptor-like 
serine/threonine protein kinase At3g47570 
(LOC109710816) 

79/91 4e -12 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109710128) mRNA 

88/89 4e -12 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109710334) mRNA 

100/86 1e -11 

Ananas comosus receptor kinase-like protein Xa21 
(LOC109704034) mRNA 

100/86 1e -11 

100067858 
LG05: 

4,886,755 
6.8 69 0.49 

Ananas comosus probable Xyloglucan 
endotransglucosylase/ hydrolase (LOC10970994) mRNA 

100/99 1e -26 

4719439 NP 6.5 40 0.50 
Ananas comosus uncharacterised protein 
(LOC109710749) Transcript variants X2, X3 

95/100 5e -11 

4717643 
LG05: 

5,037,139 
5.7 69 0.31 

Ananas comosus transcription factor bHLH 128-like 
(LOC109710976) Transcript variants X1-3 

81/98 2e -19 

 
*Marker #4720783 is positioned on a Hypothetical protein. This is in close proximity to a α/ β hydrolase, β-glucosidase and Xyloglucan 
endotransglucosylase/ hydrolase.
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 Table 2. Putative genes in LD with SNP #100029071. Only marker pairs with an R2 >0.5 are shown. Positional matching of the 
markers does not imply the genes listed match the marker sequence. 

Marker 1 Position 1 Marker 2 Position 2 Gene Distance 
(kb) 

R2 D′ 

#100029071 LG05: 
4,708,927 

#4715294 
On Aco004620.1 

LG05: 4,514,730 60S ribosomal L7a 1,941 0.8 0.9 

#4722846 
On Aco004602.1 

LG05: 4,351,819 Microtubule-associated protein 65-8 357 0.7 0.9 

#4715322 
On Aco004551.1 

LG05: 3,922,000 TSL-kinase interacting protein 1 787 0.6 0.9 

#4726821 
Flanks 
Aco004595.1 

LG05: 4,278,331 Terpenoid cyclase 431 0.6 0.9 

#100040141 
On Aco004607.1 

LG05: 4,390,401 Hypothetical 319 0.6 0.9 

#4716089 
Flanks 
Aco004552.1 

LG05: 3,622,796 Glutathione S-transferase 1,086 0.6 0.8 

#4715878 
On Aco004590.1 

LG05: 3,766,127 Glycosyl hydrolase 943 0.6 0.8 

#4715706 
On Aco004571.1 

LG05: 3,941,586 Inositol-1,4,5-triphosphate 5-phosphatase 767 0.6 0.9 

#100046716 
On Aco004495.1 

LG05: 4,230,539 CBS domain-containing 478 0.6 0.8 

#4711595 
On Aco004571.1 

LG05: 4,108,202 GTP cyclohydrolase 601 0.5 0.8 

#4718072 
On Aco004495.1 

LG05: 3,584,460 Mitogen-activated kinase 1,124 0.5 0.8 
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Table 3. Genes co-expressed with Glycosyl hydrolase (Aco004528) in the roots of ‘Smooth Cayenne’ (The Pineapple Genomics 
Database of Zhang and Ming, (2018); Xu et al, (2018); http://pineapple/angiosperms.org/pineapple/html/index.html). 

Gene FPKM Position Function Reference 

metallothionein 3 
(Aco009983.1) 

1495 
Scaffold 15: 
1,977,111; LG10: 
1,977,111 

Metal chelators involved in metal homeostasis and oxidative 
stress protection. Can be up-regulated in response to 
pathogens. 

Miles et al, (2011) 

Cysteine inhibitor 
(Aco021907.1) 

657 
Scaffold 166: 
122,955; LG13: 
4,569,463 

Cysteine-rich proteins produced by pathogens can be 
pathogen-associated molecular patterns (PAMPs) in some 
plants that induce a hypersensitive cell death response. 

Nie et al, (2019) 

NADH dehydrogenase 
ubiquinone 1 beta sub-
complex subunit 3-B 
(Aco003402.1) 

170 
Scaffold 5: 
1743533; LG17: 
2626718 

Also called NADH-quinone oxidoreductase, is a major 
source of ROS. 

Kussmaul and Hirst, (2006) 

Protein of unknown 
function DUF1664 
(Aco000434.1) 

131 NA NA  

DNA-directed RNA 
polymerase subunit 10-
like protein 
(Aco003288.1) 

106 
Scaffold 5: 869,215; 
LG17: 1,752,400 

RNA polymerases are involved in RNA silencing and are 
associated with resistance to viruses and invading iRNAs. 
Considered part of the genome-wide systemic-acquired 
resistance response. 

Willmann et al, (2011) 

ferredoxin 3 
(Aco022117.1) 

97 
Scaffold 188: 
36,855; LG05: 
8,638,708 

Ferredoxin is a cofactor in biosynthesis of fatty acids used in 
the JA pathway. 

Kachroo et al, (2003) 

Endo-1,3-1,4-beta-D-
glucanase 
(Aco006291.1) 

94 
Scaffold 17: 
380,939; LG14: 
3,514,104 

β-glucanases are parthenogenesis-related proteins that 
hydrolyze the β-glucans in most fungal cell walls. 

Singh et al, (2014) 
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PSY1 captures key pineapple plant physiological process 

ICT International Pty Ltd, 211 Mann St., Armidale NSW 2350 

 The pineapple plant assimilates CO2 via the crassulacean acid metabolism (CAM) pathway – an 
evolutionary adaption to arid environments. According to literature, moisture inside CAM plants is 
conserved when stomata remain shut during the day. For pineapple, the stomata are closed after sunrise 
until mid-afternoon (Bartholomew and Kadzimin, 1997). 
 A recent investigation using ICT International’s Psychrometer (PSY1) revealed the dynamics of 
plant water relation in pineapple at high temporal resolution (Figure 1). The measurement was done using 
a representative pineapple plant grown in the field in South Sumatra, Indonesia (Figure 2). Although not 
replicated, the preliminary study describes the physiological behaviour of pineapple elucidating CAM 
mechanism. Water potential measurements were highest in the morning (when the stomata are closed) 
and lowest close to sunset. Furthermore, night-time water-potential values sit somewhere in the middle 
potentially suggesting transpiration when the environmental evaporative demand is low. 
 
Editor (DPB) comment: The PSY 1 should be a valuable tool for anyone studying the ecophysiology of 
pineapple in natural environments. 
 

 
Figure 1. Diurnal pattern of plant leaf water potential (MPa) of a pineapple leaf. 
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Figure 2. Pineapple plant with the insulated psychrometer (PSY1) installed in the leaf (Inset: PSY1 instrument). 
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News from Costa Rica 

Data required for simulation modeling of pineapple production 
with DSSAT 
 
Jhonny Vasquez Jimenez (jvasquez@proagrocr.com) and Duane P. Bartholomew 
(duaneb@hawaii.edu) 
 
 The objective of modeling an agricultural crop is to “simulate production over time and 
space for different purposes” (Jones et al., 2003). Much time and money has been invested in 
modeling the major annual crops produced in more temperate environments while considerably 
less time and money has been invested in the modeling of some of the important tropical crops 
have been neglected. 
 The effects of temperature on plant growth were observed centuries ago and the summing 
of temperature information and relating it to plant phenology dates to the 18th century (Wang, 
1960). Modeling of pineapple is a rare activity that apparently began at the Hawaiian Pineapple 
Company (later named Dole Pineapple Co.) plantation on Lanai Island, Hawaii (Medcalf, 1949). 
Many years later a heat unit model for the prediction of fruit development of ‘Smooth Cayenne’ 
was published (Fleisch & Bartholomew, 1987) and not long afterward the more comprehensive 
‘Smooth Cayenne’ model ALOHA-Pineapple (the Model) was developed (Zhang & Bartholomew, 
1993; Malezieux et al., 1994; Zhang, et al. 1997). The Model was incorporated into early versions 
of the Decision Support System for Agrotechnology Transfer software (DSSAT; version 4.7.5 is 
available at no cost at https://dssat.net) (Hoogenboom et al., 2019; Jones et al., 2003). The pineapple 
crop model SiMPiNA was developed recently in Reunion Island (Dorey, et al., 2015) but it is both 
site and cultivar (‘Queen’) specific so likely would need major revisions to be of use with other 
cultivars and locations. 
 Lack of interest in pineapple crop modeling left the Model unsupported until 2017 when 
Dr. Rey Umali and colleagues at Dole Philippines (now owned by ITOCHU Corp.) contracted with 
the Dr. G. Hoogenboom and colleagues at the University of Florida to update the Model so it runs 
in DSSAT 4.7. Workshops on the functions of DSSAT and the Model have been made to two 
pineapple companies and DSSAT workshops are conducted annually. The DSSAT 2019 
International Training Program took place on May 20-25, 2019 at The University of Georgia, 
Griffin, Georgia, USA and the next one is scheduled for May 20-23, 2020 at the same location. The 
2019 workshop covered the topics: Assessing Crop Production, Water and Nutrient Management, 
Climatic Risk, and Environmental Sustainability with Simulation Models. 
 Weaknesses in the Model, especially loss of the supporting data sets originally used to test 
and validate the model in multiple environments, have been identified. Pineapple culture also has 
changed dramatically since the fresh pineapple industry expanded rapidly after ‘MD-2’ was 
introduced into world markets. Some of the weaknesses of the Model are identified below. We 
have made an attempt to identify some of practices that must be included in the Model and also try 
to flag the most significant weaknesses. We believe that pineapple farms at all levels would benefit 
from having a robust model that would help manage current culture processes but also identify 
future problems, e.g., global warming, would be difficult for any company or country to prepare 
for. Despite its international importance, pineapple remains among the tropical orphans when it 
comes to research that would benefit all growers with little impact on their company markets. 
 DSSAT is a great modeling program for crops that have enough information to project 
growth and production. The DSSAT package includes simulation models for more than 42 

https://dssat.net/data/standards_v2
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different crops and the information for each crop includes three different types of variables that 
affect growth and productivity. These types are variables inherent to the crop species or cultivar, 
variables that can be modified by management, and finally those corresponding to the 
environment and the specific climate of each season or production campaign. 
 On the other hand, DSSAT also has different tools, applications and simulation options that 
offer very diverse and useful modeling and prediction possibilities that are also based on the 
information of the variables mentioned above. 
 In order for DSSAT to model the growth of a crop, the above variables must be organized or 
parameterized in a module. For example, the modules for rice, corn, soybean and alfalfa contain 
the variables organized so that they can be useful to DSSAT. For these deeply researched crops 
there is a lot of information in their respective modules captured with enough scientific and 
technical rigor so that DSSAT can project or predict crop growth and productivity with adequate 
precision. These annual crops have very specific sowing windows and harvest dates (not sown all 
year) so even though they are sown in large areas, the number of trials required to improve or 
increase the response variables is relatively small. In contrast, even on relatively small farms, 
fields (minimum management units or MMU) of pineapple are planted almost every week of the 
year, its crop life cycle is never less than 15 months (soil preparation/planting to harvest) and it 
can be a perennial crop in many areas where it is grown. Since each week of the year will expose 
the crop to a permutation for the other variables, it greatly expands the number of different 
results required to build an adequate database. In addition, quality requirements for this fresh 
fruit are very different from those for processed pineapple, so there are a large number of 
technical considerations in the last weeks of fruit development that must be taken into account for 
optimum crop yield. 
 The module that DSSAT uses to project the growth of a pineapple crop is ALOHA-Pineapple. 
The concepts for that module were developed for the Smooth Cayenne cultivar, which is still 
grown, but primarily for processing. Dietary preferences have greatly expanded the demand for 
fresh pineapple, which because of continuous market demand and fruit fragility has greatly 
increased the importance of production scheduling and has introduced new cultivars, the 
predominant fresh fruit cultivar being ‘MD-2’.  
 In order for DSSAT to be useful in modeling the multiplicity of pineapple cultivars growing 
in a wide range of environments, information capture must be done for each cultivar over the 
range of environments where it is grown. And if the data sets come from the diverse 
agroecosystems where pineapple is grown the consolidation of the information will provide the 
datasets required for the improvement of the Model.   
 
The following sections are the result of a DSSAT review focused on the Model  
 

1. Minimum data set concept: 
 The concept of a minimum data set is what makes it possible to run various models in 
DSSAT. This dataset corresponds to the minimum variables required to be able to project the 
growth of a crop and  includes the following: Required weather data including latitude and 
longitude of the weather station, daily solar radiation (MJ/m²-day), maximum and minimum daily 
air temperature (ºC), and daily total rainfall (mm). The minimum data set also includes desired 
soils data relevant to pineapple and management data for pineapple. If the Model is to be useful 
from a practical point of view, the management data must be consistent with the main farm 
practices. We consider the following points as the most relevant to take into account in the 
minimum data set for a pineapple model, since physiology and management definitely involve 
processes very different from the typical model in DSSAT. 
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a. Cultivar 

 While several pineapple cultivars are grown on a commercial scale, only ‘Smooth Cayenne’ 
and ‘MD-2’ are of major importance. The Model was developed using data for ‘Smooth 
Cayenne’ so basic data for that cultivar are already in the Model. Market requirements, fruit 
fragility, cultivated surface and importance in the world markets make it clear that any 
initial effort would focus on ‘MD-2’. It is expected that focusing on ‘MD-2’ will speed 
development of the Model and once the Model is functional for one cultivar, it will be 
relatively easy to incorporate other cultivars that are grown on a much smaller scale. 

 
b. Initial weight of planting material 

  Currently Model initiation begins with the entry of data on the planting material dry 
weight per hectare. To be consistent with farm practice, the seed piece (propagule) average 
fresh weight needs to be used to establishes the initial plant mass. Pineapple planting 
material consists of crowns, slips and suckers, or more than one of those, and is planted 
practically every week on commercial farms. Only one type of planting material of uniform 
size would be planted in a minimum management unit (MMU, typically a block twice the 
width of the farm sprayer boom and of variable length) 

  The fresh seed weight varies with the type of seed and generally seed weight 
increases from crowns to suckers and they have different characteristics (see Botany and 
Physiology in Py et al., 1987). Seed size within a field must be uniform so all plants have 
nearly equal space in which to grow. Variation between MMUs is fairly common because it 
is determined by the type and size of propagule available at the time of planting. Within a 
specific environment, the greater the initial weight of the seed pieces, the shorter the days 
from planting to forcing. 

 
c. Planting date 

 The planting date, simple as it seems, is one of the most complex variables that must 
be part of the minimum data set to improve the current version of the Model.  The climate 
varies with the season and location of the farm in the tropics and subtropics so the plants 
in each MMU are almost certain to be exposed to a different and gradually changing 
environment. For more details, see “simulating potential production and Sensitivity 
analysis tool” below.  
 

d. Density (bed, row and plant spacing) 
  The density in the pineapple crop is different from that of many modeled crops 

because the typical layout is two-row beds with an interspace between two such beds to 
provide access for field workers for weed control and harvesting. Density then is 
determined by distances from bed center to bed center, and between plants in the row. 
Planting density may be lower in low-elevation equatorial regions because in such 
environments pineapple has a lower harvest index (see ahead) than it does where the 
average temperature is lower. Typical planting densities range from about 80,000 to 
120,000/ha for cultivars with small fruit, e.g., ‘Queen’, to 50,000 to 80,000 for cultivars 
with large fruit, e.g., ‘MD-2’and ‘Smooth Cayenne’.  

 
e. Monitoring growth until forcing 

  Once planted, all subsequent plant measurements made before the harvest should 
show the average weight of an individual plant. It is assumed that any grower interested in 
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modeling pineapple production will take advantage of the opportunity to force 
reproductive development rather than relying on the random natural induction provided 
by nature. 

  We think it is very important that the software be equipped with some field 
information capture screens, similar in concept to the Pineapple Crop Log (Sanford, 1962). 
An alternative would be to use a stationary monitoring plot for each Plantation 
Development Group (PDG; group of MMU over which the same technological package is 
applied) on the farm. This stationary monitoring plot (it is a MMU within the PDG) should 
always be sampled (weight, and other growth variables, leaf analysis, pests and diseases) 
and becomes part of the minimum data set for modeling purposes.  

  In order for DSSAT to model growth and make projections, the information required 
to monitor average plant fresh weight must be captured. The pineapple producer has to 
decide when to induce fruiting. This means that the model must facilitate the decision to 
induce fruiting at the appropriate time to maximize marketable kg/ha of fruit of acceptable 
quality and the best organization within the area for the best operation of the fruit harvest. 

 
2) Soil Data Inputs and Utilities 
 The model must allow for the entry of soil analysis results for Al, Mg, K and Ca because they 
are required to calculate important fertilization properties in variable charge soils (typical of the 
tropics).  Also, if not currently available, DSSAT must accept foliar  
 
3) Simulating Water-Limited Production and Effects of Extreme Weather 
 It is unlikely that simulation of water-limited production of pineapple will be a component 
of the Model any time soon. (Carr, 2012) noted that as a result of its CAM metabolism pineapple 
differs from most other commercial crops and (Ekern, 1965) showed that evapotranspiration was 
lower at midday for large and older plants with a greater LAI than for much younger plants with a 
smaller LAI. (Carr, 2012) thought it remarkable that given the importance of pineapple as an 
internationally traded commodity there were few reliable publications quantifying where 
“irrigation of pineapple is likely to be worthwhile, how it is best practiced and the benefits that can 
be obtained.” 
 Many soils under pineapple cultivation have a high clay content, which gives them a high 
crop moisture retention capacity that together with pineapple’s CAM metabolism reduces the 
adverse effect of a few dry months. Some areas of Africa, Colombia and Mexico have lighter soils 
and experience serious problems with the growth and productivity of the pineapple crop due to 
prolonged periods of water shortage. Where DSSAT can model differences in soil texture and 
water holding capacity in water-limited environments, it could allocate limited irrigation water to 
MMUs that would have the greatest impact on farm income if plants were severely stressed, e.g., 
MMUs where fruits are within a few weeks of harvest. 
 As noted previously, weather data is required for DSSAT and crop models to function. 
While weather data is required to simulate pineapple growth, it could also be important when 
weather extremes can cause significant crop losses. For example, quantify sunburn of the fruit and 
injury of fruit crowns. Sunburn of fruit can occur at and above 22 Mj / m2 in Costa Rica. Some 
farms place shade cloth over plants most susceptible to sunburn injury. In contrast, Hawaii crown 
and fruit sunburn percentages can be small to nonexistent at 27 Mj / m2 if air temperature is less 
than 30°C and the wind velocity is 5 m s-1 or greater.  The wind rapidly transport heat away from 
tissues and structures by forced convection. The truth is that sun burn in the pineapple is 
important for the fruit, flower and leaves so it should be considered in the Model. Wind data must 
be collected in order to model energy balance calculations to predict the probability of sunburn. 
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4) Simulating basic growth processes – the importance of the harvest index 
 When considering basic growth processes within a given environment, one of the most 
important objectives is to know or find the harvest index for that environment. For the sake of 
clarity, the definition of the harvest index for pineapple is fresh weight of the fruit at the time of 
harvest / fresh weight of the plant at the time of forcing (Hepton, 2002). A good model would 
provide an opportunity to examine the effect of leaf area index (LAI) and Canopy Net Assimilation 
Rate (CNAR) on packable yield. It is possible that if the canopy is reduced by reducing the planting 
density or the plant size at the time of forcing, it might increase the CNAR. Reducing the LAI would 
reduce interplant competition and improve light distribution through the canopy. It is possible 
that there is an optimum LAI that would significantly improve the uniformity of fruit size and 
maturation. A good model also could make it possible to predict the interaction of CNAR and yield 
across seasons. Presently it is standard practice to select a planting density that remains the same 
throughout the year. Reasonably accurate simulation of these interacting effects would be 
inexpensive whereas studying these same interactions in field trials would be prohibitively 
expensive.  
 It is possible that the differences in harvest index discussed below are also due to 
differences in the CNAR of the plants grown in the two hypothetical environments. Because 
pineapple crops at typical planting densities have very high leaf area indices, perhaps 10 or more, 
planting density is one of the strategies that could be explored to improve CNAR and, as a possible 
result, improve fruit size uniformity and quality. However, it is important to find the optimal point, 
since lowering the density could increase CNAR at the expense of fruit yield that could greatly 
decrease profitability. 
 Finally, a curiosity currently in the Model is that a variable of productivity is defined as 
number of eyes per square meter. This concept could be a carryover from the CERES maize model, 
which was modified to simulate pineapple growth and yield. For corn, the components of yield are 
kernel size, kernel number per cob and cobs per unit area. Similarly, for pineapple, the 
components of yield are fruitlet size, fruitlet number per fruit and fruits per unit area. Fruit weight 
is determined primarily by fruitlet number (Py et al., 1987), thus fruitlet size is less variable than 
fruitlet numbers per fruit so the prime objective of management would be to produce the greatest 
number of fruits per unit area with the greatest possible number of fruitlets. 
 
5) Simulating potential production 
 This simulation option would be used on pineapple farms to make comparisons of 
production with different types of seed (assumes more than one type of seed is available), weights 
of seed, dates of planting and dates of induction of flowering. The analysis would help to identify 
the type and weight of seed and date of sowing that can achieve the highest productivity at a given 
date of induction, for example, with a special interest where the induction date is close to the time 
of natural induction (NI). Such an analysis would identify which type and weight of seed would 
make it possible to force fields near the time of NI to minimize the adverse effects of precocious 
fruiting. Such an analysis would be an important addition if it could make comparisons of different 
plantation management practices (fertilization, plastic mulch, etc) that might influence the 
percentage of NI. 
 
6) Sensitivity analysis tool  
 In geographical locations where there is considerable seasonal temperature variation it is 
reasonable to think that there could be seasonal differences in the harvest index. 
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 Sensitivity analysis would be fundamental for comparing the effect of planting material 
characteristics, mainly seed fresh weight at planting, on days from planting to the target fresh 
weight for forced inductions. This could help the farmer to realize a priori the repercussions in 
costs and any other adverse effects of the use of one or another of the seed pieces available on the 
plantation through the different months of the year. The goal is to predict with confidence the 
ideal combination of seed weights and days to forcing to obtain the best possible yield.  
 Where growers manage fields to produce planting material, a mistake made by many is to 
consider areas set aside for seed production as remnant areas so they receive minimal 
management. Active management of plots set aside for seed production is as important as for 
those areas that are developing fruit. The problem is that habit and the lack of awareness tools like 
DSSAT prevents growers from having a wholistic view of the entire production system. For this 
same reason, the production of seeds and the production of ratoon crops require independent 
simulation modules in DSSAT.  
 
7) Using DSSAT to Simulate Crop Rotations in Long-term  
 This is potentially one of the most valuable applications in DSSAT because in pineapple 
production it is one of the concepts most overlooked by producers. Producers waste valuable 
resources because they do not know, or at least do not consider, management of the cultivation 
cycle as an important operative goal. 
 Most crop models in DSSAT are for annual crops that operate with a relatively small 
planting window and practically all the tillable land is planted or handled in a very short time. 
Also, harvest date for annual crops is predictable but prediction could be irrelevant because some 
crops, for example cereal grains, can remain unharvested in the field for days after the crop has 
matured. Thus the application "Simulating Crop Rotations in Long-term", is best suited to annual 
crops that are sowed in very little time (a week for example), then the application simulates the 
rotation of crops for the entire surface of the farm. This situation is relatively easy to program 
because there are very few options due to the very defined and limited sowing window. 
  The pineapple farm is planted week by week, so the farm is managed by MMUs and each 
has a unique planting date and is just a fraction of the total tillable land area. This particular 
application of DSSAT would force entering MMU as if it were the entire farmed area (because it is 
by planting date). When the simulation applications is applied to pineapple, it would force the user 
to enter all MMUs to be able to model the entire farmed area. However, the application would only 
allow us to see the modeling of MMUs and not the whole farm, which is not the desired objective. 
 For this application to be functional for a pineapple farm with multiple MMUs, it should be 
possible to group them and present them all together, but that is currently not possible. The 
number of operational decisions that affect pineapple stages in each MMU is a peculiarity of the 
crop, so that long-term modeling becomes corrupt in a very short time.  
 Some operative decisions that can affect the duration of the cultivation schedule of one 
MMU are below.  It is clear that it is necessary to endow this DSSAT application with a set of 
manual corrections / manual adjustment options by MMU: 
 1. Timing of induction of reproductive development (forcing) of pineapple is determined 

mainly by plant weight and the grower. Fruit harvest can occur five or more months later 
and can vary from the predicted date by a few weeks. It is necessary that the application 
project maturity (date of harvest) for some number of degree days. However, relatively 
short changes in the average air temperature can advance or delay the actual date of 
harvest by several days to a few weeks. If the field is to be managed for the production of a 
ratoon crop or planting material, the model must accept the manual entry of the actual date 
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of harvest so that simulation of the next stage in the life of a particular MMU can be 
modeled from the beginning of the stage. 

 2. Pineapple fruit is degreened to satisfy the market requirement that the fruit skin has at 
least some natural color. The date of degreening is determined by the actual average fruit 
°Brix, which fixes the date of harvest within a few days. However, the differences in days 
"could" not be very significant. Degreening could require a Model manual correction to 
account for natural/unanticipated changes in °Brix as a result of an atypical delay or 
advancement in that measurement. 

 3. After fruit harvest, a MMU can be managed to produce a second (ratoon) crop, seed, 
primarily suckers, or prepared for the next crop. The duration of each of those options 
differ greatly. 

 4. Operational efficiency in decision-making: this can be a big problem because it is not 
uncommon for producers to take a month or more to establish a plan for a recently 
harvested MMU. This undoubtedly will significantly affect the duration of the culture cycle 
(see more below). 

 5. Another condition that can affect the duration of the crop cycle is nutrition, which 
depends on an adequate and on-time supply of fertilizers. Another peculiarity of pineapple 
culture is that nutrition is predominantly through foliar fertilization on a schedule rather 
than being based on plant requirements. Any significant delay would slow growth and 
increase the days required to reach the target plant weight for forcing. 

  Due to the above, in order for DSSAT to simulate the long-term crop cycle, it must 
allow the entry of MMUs. A hypothetical farm with 300 net hectares planted to pineapple 
could have up to 1000 0.3 ha MMUs of which approximately 350 are planted annually. The 
other MMUs would be in one of the other stages of the cycle mentioned above. Considering 
all the management factors mentioned above that can affect the duration of the various 
stages, the question is how to model the MMUs so the stage of cultivation of each unit can 
be projected, perhaps up to the year 2025.  While the hypothetical 0.3 – 0.6 ha is a typical 
MMU in Costa Rica, the topography of each farm will determine the size of the various 
MMUs on the farm. Since simulating pineapple production on a 300-ha farm with 1000 0.3 
ha units with DSSAT would not be an unusual scenario, an example is illustrated below. 

 
 The indicator of operational efficiency will be the hectares available to plant each year and 
therefore the number of boxes of fruit to be harvested per year: 
The scenarios are: 
1. Plant crop with no and one ratoon harvests. 
2. Soil preparation time. 
3. Productivity of the seed production plots. The higher the productivity, the smaller the area 
devoted to seed production to meet the planting goal and the sooner the land can be replanted. 
4. Harvest time:  In most cases the harvest time is 15 days. However, in this case a block of time 
was added so the farmer can decide what to do with the harvested area. 
5. Time from planting to forcing: In the following scenario, it is assumed that forcing was delayed 
because the fertilizers were not applied in a timely manner. As a result, the growth rate was lower, 
and it was necessary to delay forcing until the target plant weight was reached. 
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Table 1. First Crop or First and Ratoon Crop production model where annual projected harvest is 1,426,345 
boxes/year for a farm of 300 net hectares. Area is in hectares and “%” is the fraction of the farm devoted to that 
operation (In the table, one plot is equivalent to one minimum management unit or MMU). 

 
 
Table 2. First Crop and Ratoon Crop model, 1,137,584 boxes for a farm of 300 net hectares, an additional month 
allocated for soil preparation, a drop in the productivity of the seedlings plots, loss of time after harvest and with 
one more month from planting to forcing. 

 

Etapa
Duration in 

months
AREA %

Soil preparation 4 57 19%

Planting (time planting one Plot) 0.5 7 2%

Planting development 8 113 38%

Harvest (time harvesting one Plot) 0.25 4 1%

Fruit development 5 71 24%

Development ratoon 8 113 38%

Development fruit ratoon 5 71 24%

Harvest ratoon (time harvesting one Plot) 0.25 4 1%

Seedlings plots (where we ged seeds) 2.2 31 10%

Totals 33.2 471 157%

CURRENT FARM AREA (HA) 300

by Year (ha) by Month (ha)

Month planting (equal forzing and harvest) 9.04

Total annual first crop 108.48

Establishment of ratoon crops 9.04

Total annual harvest ratoon crops 78.35

Productivity first crop (Ton / ha) 100 10848

Productivity ratoon crop (Ton / ha) 80 6268

TOTAL ANNUAL TONS 17,116 1,426,345
Rejection Ton / ha first crop 15 1,627

Rejection Ton / ha ratoon crop 20 1,567

Seedling productivity (seeds / plant / month) 0.3

MODELO FIRST CROP AND RATOON CROP

Etapa
Duration in 

months
AREA %

Soil preparation 5 71 24%

Planting (time planting one Plot) 0.5 7 2%

Planting development 9 128 43%

Harvest (time harvesting one Plot) 1.25 18 6%

Fruit development 5 71 24%

Development ratoon 9 128 43%

Development fruit ratoon 5 71 24%

Harvest ratoon (time harvesting one Plot) 1.25 18 6%

Seedlings plots (where we ged seeds) 2.7 38 13%

Totals 38.7 549 183%

CURRENT FARM AREA (HA) 300

by Year (ha) by Month (ha)

Month planting (equal forzing and harvest) 7.76

Total annual first crop 93.08

Establishment of ratoon crops 7.76

Total annual harvest ratoon crops 54.29

Productivity first crop (Ton / ha) 100 9308

Productivity ratoon crop (Ton / ha) 80 4344

TOTAL ANNUAL TONS 13,651 1,137,584
Rejection Ton / ha first crop 15 1,396

Rejection Ton / ha ratoon crop 20 1,086

Seedling productivity (seeds / plant / month) 0.2

MODELO FIRST CROP AND RATOON CROP
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8) Summary: 
 Many of the DSSAT models are well suited for extensive crops with a small sowing window 
while its utility is limited for the MMU structure of pineapple management that involves planting a 
unit about every week. It seems that for DSSAT to be functional for the cultivation of pineapple, 
first the model must be fed with enough data to be able to model the different scenarios that a 
given producer could have. And one doubt is how far to go with DSSAT in pineapple. For example, 
if the software will be limited to making specific projections of a certain number of variables for a 
single MMU, it will be much less useful than if it can be taken to a higher level and allow the 
producer to project what will happen to all the MMUs on his farm in a consolidated manner (all 
MMUs projected). The two scenarios are very different and the latter whole farm capability is a 
much more valuable management tool. 
 The DSSAT Minimum Data Set  is clear, general climate data are clear and soil data are 
clear, but what are the crop data, or the growth variables required in any trial done to add 
cultivars and improve ALOHA-Pineapple, Data collection for the SIMPIÑA model for ‘Queen’ 
(Dorey et al., 2015) included monthly measurements of  dry and fresh weights of leaves, roots, 
stems, peduncles, inflorescences, fruits, and crowns and the number of fruitlets per fruit for eight 
pineapple plants in each replicate. It is expected that additional data will be required for ALOHA-
Pineapple to conform to the stricter and more flexible DSSAT software. Below are many of the 
crop variables that we believe must be evaluated to be certain that the crop data set is adequate 
for modeling pineapple. 
For example: 
1. Type of seed: (slip, sucker, ground sucker, hapa, crown). 
2. Seed pruned or unpruned (This deserves its own category; No publications on this 
treatment were found). 
3. Fresh weight of seed to be planted: (task to define universal table of ranges of seed 
weights). 
4. Number of leaves at sowing: count per plant (sampling of number of leaves at the time of 
planting). 
5. Leaf area index (LAI): (task to define universal methodology to quantify the leaf emission 
rate and measure LAI remotely). 
6. Sampling frequency (no less than monthly but may reduce frequency based on growth rate 
and stage and the variables to be measured). 
7. Fresh weights of each plant and, based on objectives, dry weights of components for each 
sampling event. 
8. D leaf length, width and weight at each sampling event. 
10.  Fertilizer requirements (based on LAI or canopy color, or both) and foliar nutrient 
application. 
11.  Impact of water stress on the growth responses of the main commercial cultivars. 
  
After the forcing the data required could be: 
10. Days from forcing to 1 cm open heart (visible opening of 1.0 cm). 
11. Days from forcing to anthesis of flowers in the first row of fruitlets and number of fruitlets 
per fruit. 
12. Date 12.5º Brix reached (degreening day). 
13. Task to define a table of translucency or an internal color chart of the fruit and reserve the 
term translucency for an undesirable quality characteristic of the fruit (either because it came out 
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prematurely, or because it came out by natural ripening of the fruit, but equally undesirable 
because it would be a non-exportable fruit by age or internal condition).  
14. Harvest day after the day of degreening. 
 
 One way to get the minimum data set for ALOHA-Pineapple could be get the information 
through modifications of the sampling system currently used on well managed pineapple farms. 
However, the sampling methodology (what we need to measure, when we need to measure and 
how we have to measure) must be uniform. Grower cooperation would greatly speed collection of 
the minimum data set, but it would require many compromises to guarantee the quality of the 
information collected by the farms or companies involved in the work. The other way (maybe the 
most confident), is from trials, although the same standardization of criteria are necessary.  Today 
farms in Costa Rica in general terms are getting or looking for the same information in the field in 
order to make decisions. However, when you speak with any pineapple producer or technician 
about a specific methodology to get information, variation in criteria for the same process is very 
high between producers and technicians because of many conceptual or methodological errors in 
their processes. 
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News from Cuba 

Introduction and diversification of new pineapple cultvars in Ceballos 

Agroindustrial Enterprise. Cuba. 

Reinaldo De Ávila Guerra and Romelio Rodríguez Sánchez. Pineapple Production Unit “UEB”, Ceballos 
Agroindustrial Enterprise. Email: rodriguezromelio66@gmail.com 
 
 The Cuban production of pineapple is based, almost exclusively on ‘Red Spanish’, which is vigorous 
and well adapted to cultivation, but has thorns on the leaves, a low yield potential and the fruits have deep 
eyes and a barrel form that reduces the use of its pulp. In 2009 the hybrid ´MD-2´was introduced in 
Pineapple Production Unit (UEB) of the Ceballos Agroindustrial Enterprise, which requires excellent agro-
technology because of its susceptibility to stress, natural flower induction and fungal diseases (Bartholomew, 
2009). 
 Since that year, fresh fruits of 'MD-2' have been produced and marketed to different European 
markets. Cuba has great genetic diversity such as different ecotypes of Red Spanish, Cabezona (triploids), 
Smooth Cayenne Serrana and the White Pineapple or Pineapple of Cuba (Isidrón et al., 2009) in the hands of 
the peasants. Limitations of those cultivars make it necessary to introduce more productive cultivars to the 
country and thus be able to evaluate their behaviour under Cuban soil and climatic conditions.  Superior 
cultivars are introduced gradually to enterprise and the peasant sector to diversify the varieties. These will join 
already adapted cultivars that are grown to supply family consumption and small national marketing. 
 In searching for new cultivars, two working strategies have been established: 1- acquisitions of agamic 
propagules from others countries with recognized reputation in pineapple production and 2- introduction 
from micro-propagation techniques (vitroplants, Figure 1). The second will be acquired in the Technological 
Scaling and Transfers Laboratory of the Bioplant Center in Ciego de Ávila, University, Cuba, which has vast 
experience in pineapple vitroplantas production and marketing. The company also intended to gradually 
introduce in vitro such cultivars as Smooth Cayena, Perola, Vitoria and others of interest in the world market. 
   
 
 
 
 
 
 
 

 
 
 

 At present, 'MD-2'and the Smooth Cayenne clone ‘Champaka’ produced in vitro  from existing material 
in the germplasm bank of the Bioplant Center are already found in the experimental areas of the UEB. In  
transfer vitroplants to field conditions, the aim is to link the experiences that UEB has achieved in agro-
ecological management with the adaptation of some results realized by Mexico in the Intensive Pineapple 
Production System Under Protected Environment (Uriza-Avila et al., 2018), which use plastic mulch in soil and 
shade mesh (Black Saran 50%) with excellent production levels. 

 
 
 
 
 
 
 

 

Figure 1. Synthesized diagram of the 'MD-2' pineapple vitroplants production. Photo of 
L. Nápoles) 
 

Figure 2  Pineapple vitroplants (Champaka and MD-2) introduced in field production. Photos of R. Rodríguez) 
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 In the agro-technical process established for the field introduction of vitroplants, bio-products 
produced in Cuban laboratories are used, such as: Trichodermas, Basillum (LBT 13), Bauberia, Micofert 
(mycorrhizae), efficient Micro-organisms, Analogue of Brassinosteroids (Biobras-16) and earthworm humus 
(solids and liquids), all of them in a well-structured application program according to the requirements and the 
development phase of crop. 
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News from Dominicum Republic 

X International Pineapple Symposium 

Joelin Santos j.santos@asopropimopla.org 

 The X edition of the International Pineapple Symposium will be held between 22 and 26 of 
April 2020 in the heart of the Caribbean, Punta Cana (Dominican Republic). The Symposium will 
happen at a time when the pineapple sector is facing big challenges in the whole value chain 
considering the dynamic environment of new actors growing and commercializing pineapples.  
 The symposium will be focused on the phytosanitary and post harvest control challenges in 
order to preserve the global market for pineapples. Each challenge or opportunity will be 
addressed with an economic perspective to provide the participants with a realistic insight of the 
feasibility or incidence of the situations or proposals. Being biodiversity protection and 
management a concern for the agriculture of the 21st Century, the topic will also have its space to 
listen the most relevant experience of biodiversity in pineapple sector. 
 The X Symposium will close with a tour around the plots and packing house of a new and 
promising project of pineapple, located in Monte Plata. Of course, the Symposium is a great 
opportunity to create and strengthen networking in pineapples business worldwide. Finally, why 
not to mention the paradise around the convention center, the first tourism destination in the 
Caribbean with top beaches. 
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News from France 
 

 In memorium: Pierre Martin-Prével, 
 
Jean-Pierre Gaillard (provided by Guy Martin-Préve) with additional comments by D.P. 
Bartholomew  
 
 CIRAD (retired)CIRAD alumnus, Pierre Martin-Prével, 
passed away on December 24, 2018, at the age of 89. 
He was born in Versailles in 1929, in a family of four boys. He 
obtained his education in Versailles and earned an agricultural 
engineer diploma at "Ginette" in Versailles. Later he obtained 
a postgraduate degree in plant physiology at ORSTOM. He 
conducted research on the effects of potassium, nitrogen and 
other nutrient elementS on anomalies in the quality of the 
banana, especially the yellow pulp, as part of a doctorate 
thesis. However, he never presented his work to a jury. 
 Pierre was recruited by the Institute of Colonial Fruits 
and Citrus (Ifac) and was assigned to the central station of the 
institute in Foulaya, Guinea as a researcher in charge of 
research on the nutrition of tropical fruit species and in 
particular of banana. After a stay of two and a half years, he was assigned to the Ifac plant analysis 
laboratory in Nogent-sur-Marne from 1957 to 1964. After analytical research there he joined the 
experimental field for a period of two years on the Azaguié station in Côte d'Ivoire where he 
mainly studied the mineral deficiencies of bananas on boxes lisymétriques. 
 Pierre returned to headquarters of the Fruit Research Institute and citrus fruits (Irfa) in 
Gabrielle,  France in 1967 as director of the plant physiology and laboratory service analysis of 
Nogent (avenue de la Belle) with the support of researchers Jean Marchal, Jean-Joseph Lacoeuilhe 
and Michel Folliot. From 1967 to 1975, before his assignment to the Gerdat in Montpellier, Pierre 
was particularly fascinated by the automation of certain mineral analyzes by adapting "Technicon" 
equipment (used at the time only in medical settings). For ten-years he organized and supervised 
most of the research conducted overseas on foliar diagnosis and nutrition of fruit species such as 
banana, pineapple, clementine, avocado, mango, cashew and papaya. 
 If Pierre Martin-Prével was well known in the scientific community of plant nutritionists, 
he was equally well known in the world of symphonic music and choral singing. Wherever he 
resided in France, he created and directed a choir especially in the context of the movement "A 
Coeur Joie" in Paris, Versailles, Montpellier and finally Rochefort. In his capacity as chief of heart, 
he orchestrated numerous lyrical events including the Palais des Congrès at Porte Maillot in Paris. 
He now rests at Chesnay, France.  
 
Additional comments by D.P. Bartholomew. 
 Of particular interest to the international pineapple community, Pierre leaves us with a 
considerable body of research on pineapple nutrition. He was the senior or co-author of at least 20 
papers on pineapple nutrition. In 1992 Pierre and several colleagues from CIRAD attended the 1st 
International Pineapple Symposium (IPS) in Honolulu, Hawaii in 1992. At that IPS Pierre 
presented the paper Network research on pineapple in and with the CIRAD-FLHOR (1993. Acta 
Horticulturae 334:467-471). Consistent with his presentation on networking, Pierre strongly 
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encouraged the symposium organizing committee to establish a pineapple working group within 
the International Society for Horticultural Science (ISHS). The ISHS Workgroup Pineapple was 
formed in 1993 and since then has lead the organization of eight additional IPS, the most recent in 
Cuba in 2017. It also prompted me to start Pineapple News and for the last 26 years Workgroup 
Pineapple and Pineapple News has strived to keep that community connected.  
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News from Mexico 
 

Humid Tropic Collection: The Mexican pineapple 

 
Advances and challenges in innovation management 
 
Daniel E. Uriza Ávila (uriza.daniel@inifap.gob.mx) ; Angélica Torres Ávila 
(angelica_t_a@hotmail.com) ; Jorge Aguilar Ávila (jaguilar@ciestaam.edu.mx) ; Vinicio H. Santoyo 
Cortés (hsantoyo@ciestaam.edu.mx) ; Rigoberto Zetina Lezama (zetina.rigoberto@inifap.gob.mx); 
Andrés Rebolledo Martínez (rebolledo.andres@inifap.gob.mx) 
 
The book, in Spanish, is available to download in 7 MB and 15 MB versions at: 
http://ciestaam.edu.mx/publicaciones2018/libros/pinia-mexicana-frente-al-reto-de-la-innovacion.pdf 
  
and for dissemination on mobile devices at: http://ciestaam.edu.mx/libro/la-pinia-mexicana/ 
 
About the book 
 In the framework of the technical assistance model for tropical crops, called Agencies 
for the Management of Innovation for the Development of Suppliers (AGI-DP), the CIESTAAM 
instituted the Humid Tropic Collection to publish the analysis of the global and national context 
of each of the crops served, as well as the findings and lessons learned from the AGI-DP 
experience. However, given the important technological advances and commercial activities 
achieved by the Mexican pineapple in recent years, in this book of the series was decided to 
put more emphasis on recent innovations that explain these advances. 
 The book begins with a historical review of the cultivation of pineapple, an analysis of its 
context international and national and the botanical characteristics of the plant. Later, and  
described in detail are the characteristics and fundamentals of technology for intensive 
pineapple production in a protected environment, mainly for the production of pineapple ‘MD-2’ 
destined for export, as well as in the pre and 
post-harvest associated with it. Finally, the agronomic contributions are highlighted, and 
environmental and commercial issues and challenges inherent to these innovations are 
discussed. 
 The construction of this work required a strategic alliance between the Group of 
research Piña-INIFAP of the Papaloapan River basin and the group of CIESTAAM 
researchers, members of the Technical Unit in Management of the Innovations, which allowed 
important synergies and personal learning and institutional. 
 In short, this book recounts the important innovation process of the production and 
marketing of pineapple in Bajo Papaloapan, the main area production  in Mexico, in order to be 
a tool for analysis and technical support to producers, advisers, suppliers and services, 
agroindustries, marketers and officials involved in such an important agricultural activity. 
 
Content (Pages 7 – 10) 
Presentation 11 
Introduction 13 
Chapters (translated from Spanish). 
1. Origin and history of pineapple 19 
2. Nutraceutical uses and properties of pineapple 25 
3. International context of pineapple 31 
 3.1 Antecedents of pineapple production in the world 31 
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 3.2 World production of pineapple and its trends 34 
 3.2 Main pineapple exporting countries 37 
 3.3 Main countries importing pineapple 41 

4. Evolution of pineapple in Mexico 44 
5. Situation of pineapple production in Mexico 54 
 5.1 Pineapple producing regions 54 
 5.2 Commercial cultivations 58 
 5.3 Pineapple supply and marketing network 61 
 5.4 Seasonality of production 65 
 5.5 Exports and imports 67 
 5.6 Diagnosis levels of innovation in pineapple cultivation 70 
  5.6.1 Management of innovation in the pineapple production chain 72 
  5.6.2 The AGI-DP 72 model 
  5.6.3 The AGI-DP Methodology 73 
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News from Sri Lanka 

Sri Lanka pineapple improvement program 
 
W.M.S.K. Weerasinghe1, I.P.Wickremasinghe2  ,D.K.N.G. Pushpakumara3 
1Regional Agriculture Research and Development Centre,Makandura, Sri Lanka 
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INTRODUCTION 
 The pineapple (Ananas comosus var. comosus) belongs to the family Bromeliaceae and is 
the third most important tropical fruit crop after banana and citrus in terms of worldwide 
production (Rohrbach et al., 2003). Pineapple is cultivated mainly for fresh or canned 
consumption and to produce juice which is the only source of bromelain, used in the 
pharmaceutical market. Pineapple fresh fruit and making processed pineapple products are 
important horticultural industry in countries with tropical climates (Moyle, 2004). Mauritius 
(‘Queen’) and Kew (‘Smooth Cayenne’) are the major pineapple varieties grown in Sri Lanka. Kew 
is not very popular as a fresh fruit due to low Brix value, high acidity, high juice content, hard in 
texture and pale yellow flesh color, hence it is preferred for fruit processing. But Kew has some 
desirable characters such as barrel shape, broad shallow eyes and spineless leaves except at the 
tip. Mauritius is grown here to cater to the local market as well as for the export market. It has 
high demand as fresh fruit due to the high Brix value, less acidity, high Sweetness Index, soft 
texture, moderate juice content and golden yellow flesh color. However, Mauritius also has some 
undesirable characters such as conical shape fruit and spiny leaves.  
 Hybridization between Queen and Cayenne is expected to generate superior varieties 
having desirable characters required for both fresh fruit and processing (Hadiati et al., 2011). 
Hence, hybridization program was initiated at Regional Agricultural Research and Development 
Center, Makandura, Department of Agriculture, Sri Lanka  using Kew and Mauritius as the parents 
in the year 1995 (Fernando and Somadasa, 1997). From the hybridization program at Regional 
Agricultural Research and Development Center, Makandura, four promising hybrid lines named 
Hybrid 1 (H1), Hybrid 2 (H2), Hybrid 3 (H3) and Hybrid 4 (H4). Among them, H3 and H4) were 
better in terms of fruit shape (barrel), broad eyes, color of flesh (dark yellow) and with spineless 
leaves (except only at the tip). Characters such as barrel fruit shape with broad shallow eyes are 
more beneficial than characters like conical shape fruit with projected eyes. This is because 
considerable amount of flesh is wasted when peeling of conical shape fruit with projected eyes. 
One of the pineapple ideotypes is the spineless leaves. It is cost-effective to farmers to cultivate, 
manage and harvest their crop. But Fruit quality of H3 and H4 hybrids was not at the acceptable 
level (low Brix value, low Sweetness Index, hard texture and high juice content) and should be 
further improved. Hence, in the present study H3 and H4 hybrids were backcrossed with 
Mauritius mainly to improve the Mauritius excellent fruit quality characters. 
 
MATERIALS AND METHODS 
 The study was carried out at Regional Agriculture Research and Development Center, 
Makandura, starting from 2013/14 Maha season to 2016 Yala season. Hybrid3 (H3) & Hybrid4 
(H4) were back crossed with Mauritius and H3 x Mauritius back cross produced 14 offspring and 
H4 x Mauritius back cross produced 21 offspring. Fruit characteristics, fruit quality parameters 
and leaf margin type of offspring derived from both backcrosses were evaluated. 
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RESULT AND DISCUSSION 
 
Fruit characteristics  
 
1.Fruit weight (g)  
 The weight of fruits produced by offspring derived from H3 x Mauritius and H4 x Mauritius 
backcrosses varied from 632.3 g to 1400.0 g and 560.0 g to 4200.0 g respectively. Most suitable 
pineapple fruit weight for both purposes (fresh fruit and processing) is 1500 g – 2000 g weight 
group. The smaller fruited varieties (> 800 g) may be suited only for fresh fruit while the others 
can be utilized both for canning and fresh consumption. Six offspring derived from H4 x Mauritius 
backcross produced preferred fruit weight (1500g - 2000g) for canning and fresh consumption. 
All the offspring obtained from H3 x Mauritius backcross produced fruits lower than 1500 g 
weight. 
 

2. Crown / Fruit Ratio (%) 
 The crown of pineapple fruit must be single and crown / fruit ratio should be 50 – 150%. 
(UNICE standards for marketing and commercial quality control of pineapples). Thirteen offspring 
obtained from H3 x Mauritius backcross had single crowns and only 1 offspring produced 
fascinated crown. Out of fourteen offspring derived from H3 x Mauritius back cross, eleven 
showed 50 – 150 % crown / fruit ratio. Twenty offspring obtained from H4 x Mauritius backcross 
had single crown and one offspring produced crownless fruit. Eighteen offspring derived from H4 
x Mauritius backcross showed 50 – 150 % of crown / fruit ratio. 
 
 3. Fruit shape 
 Four offspring derived from H3 x Mauritius backcross and 10 offspring obtained from H4 x 
Mauritius backcross produced cylindrical or barrel shape fruits. Fruit length and girth mainly 
affect on fruit shape. The most suitable shape is cylindrical or barrel mainly for fruit processing 
because even removal of fruit skin from top to bottom with minimum wastage by mechanical 
peelers. The conical and round shaped fruits are not acceptable for mechanical peeling because it 
cut too much at the base or it may not remove the skin at the tapered end. 
 
4. Core diameter (cm) 
 Core diameter is also an important fruit character. The core diameter of fruits produced by 
offspring derived from H3 x Mauritius and H4 x Mauritius backcrosses varied from 2.0 cm to 5.2 
cm and 2.0 cm to 4.5 cm respectively. Higher width of core reduces the edible portion of fruit. Core 
diameters less than 3 cm are usually preferred. Only 12 offspring of H3 x Mauritius backcross and 
14 offspring of H4 x Mauritius backcross had cores less than 3.0cm in diameter.  
 

5. Stalk length (cm) 
 Stalk (peduncle) length of fruits produced by offspring obtained from H3 x Mauritius and 
H4 x Mauritius backcrosses varied from 12.0 cm to 12.9 cm and 12.0 cm to 12.7 cm respectively 
and all the fruits of both crosses had strong peduncle with medium height. A strong stalk with 
medium height is needed to avoid lodging and sun burn. 
 

6. Eye depth, peel thickness and eye shape 
 Eye depth and peel thickness of fruits produced by offspring derived from H3 x Mauritius 
backcross varied from 0.7 cm to 1.7 cm and 0.5 cm to 1.5 cm respectively. Similarly eye depth and 
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peel thickness of fruits produced by offspring derived from H4 x Mauritius backcross varied from 
0.8 cm to 1.7 cm and 0.8 cm to 1.5 cm respectively. Eye depth and peel thickness of fruits 
produced by offspring derived from both backcrosses had less eye depth and less peel thickness 
than that of their parents H3, H4 and Mauritius. Six offspring of H3 x Mauritius backcross and 16 
offspring of H4 x Mauritius back cross produced fruits with broad shape eyes. Eye depth, peel 
thickness and eye shape are also affect the edible portion of the fruit. Broad shallow eye with less 
peel thickness is more beneficial than characters of projected deep eye with higher peel thickness 
because considerable amount of flesh removed during the peeling of fruit. 
 
7. Number of fruit-lets 
 Number of eyes of fruits produced by offspring derived from H3 x Mauritius backcross and 
H4 x Mauritius backcross varied from 54 to 136 and 72 to 199 respectively. Pineapple fruit 
composed of 50 - 200 fruit-lets (Eyes) and the fruit-let number depends on the variety (Coppens 
d’Eeckenbrugge and Leal, 2003). 
 
Fruit quality parameters 

 
1. pH 
 The pH values of offspring derived from H3 x Mauritius and H4 x Mauritius backcrosses 
ranged from pH 2.49 - pH 3.91 and pH 2.83 - pH 4.98 respectively. Three offspring of H3 x 
Mauritius backcross had no significantly different pH value compared to Mauritius and 10 
offspring of H4 x Mauritius backcross had significantly higher pH value than Mauritius pineapple. 
Fruit pH directly influences the sample color, aroma, flavor, oxidation, microbial and chemical 
stability (Sadler and Murphy, 2010). 
 
2. Titratable Acidity (TA) 
 Titratable Acidity of offspring of H3 x Mauritius and H4 x Mauritius backcrosses were 
varied from 0.58 % - 0.74 % and 0.58 % - 0.90 % respectively. Thirteen offspring obtained from 
H3 x Mauritius backcross and 11 offspring derived from H4 x Mauritius backcross had 
significantly lower titratable acidity (TA) values compared with Mauritius. TA is a measure of the 
total organic acids of the sample being analyzed. Similar to the roll of pH, the organic acids present 
in foods affect the color, flavor, microbial stability and quality maintenance (Sadler and Murphy, 
2010). Fruit TA gives a fairly good prediction of tartness although fruit tartness is strongly 
affected by presence of sugars (Sadler and Murphy, 2010).  
 
3. Total Soluble Solids (TSS) - °Brix 
 The °Brix values of fruits of offspring derived from H3 x Mauritius and H4 x Mauritius 
backcrosses ranged from 10.0 - 18.4 and 10.0 - 24.0 respectively. Two offspring of H3 x Mauritius 
backcross and 8 offspring of H4 x Mauritius backcross had significantly higher °Brix values than 
their parents. The total soluble solids (TSS) is one of the important qualitative parameter of the 
fruit (Singleton and Gortner, 1965) and increasing trend of TSS related to the development of taste 
and flavor in a fruit which make them palatable (Rahman et al., 1979). TSS provides a good 
indication of sugar content in the sample as these soluble solids are primarily sugars - sucrose, 
glucose, and fructose. 
 
4. Sweetness Index (SI) - Total Soluble Solids / Titratable Acidity ratio 
 The flavor and quality of fruits is determined by the interaction between sugar and acid 
content. Hence, the Sweetness Index (SI) is commonly used for describing the flavor of fruits 
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rather than sugar or acid alone (Potter and Hotchkiss, 1998; Sadler and Murphy, 2010). The 
Sweetness Index (SI) values of offspring of H3 x Mauritius and H4 x Mauritius backcrosses ranged 
from 15.38 to 26.66 and 14.40 to 39.34 respectively. In this study, three offspring derived from H3 
x Mauritius backcross and 8 offspring derived from H4 x Mauritius backcross produced fruits with 
significantly higher SI than their parents. 
 
5. Peel and flesh color 
 Peel color and flesh color of male parent (Mauritius pineapple) fall in the Yellow - Orange 
group. But both female parents (H3 and H4) fall into Yellow group. Both peel and flesh color of 
fruits produced by nine offspring of H3 x Mauritius backcross and twelve offspring of H4 x 
Mauritius backcross grouped into Yellow - Orange group. Peel and flesh color of pineapple fruits is 
one of the most important qualitative attributes. It is one of the most important criteria for the 
consumer to purchase fruits from the market. Pineapple with golden color peel and flesh (Yellow - 
Orange Group) has high demand in both local and export market. 
 
6. Juice content 
 The percentage of juice in the fruit flesh varied among different varieties. Mauritius variety 
having medium amount of juice content (44.6 %)  and female parents of both crosses have high 
amount of juice content (H3 - 70.3% and H4 - 80.3%). Varieties with a high juice content (> 60 %) 
are only suitable for processing and fruits with medium amount of juice (40 % - 60 %) are suitable 
for fresh fruit and also for processing. The percentage of juice content of offspring of H3 x 
Mauritius and H4 x Mauritius backcrosses varied from 35 % - 82 % and 22.3 % - 81 % 
respectively. Seven offspring from H3 x Mauritius backcross and 9 offspring from H4 x Mauritius 
backcross considered as having medium amount of juice content. 
 
7. Spiny Distribution 
 In the backcrosses, Mauritius was the male parent while H3 and H4 hybrids were the 
female parents. Both H3 and H4 hybrid parents only had spines over less than 2 cm from the tip. 
Mauritius parent had completely spiny leave. Various distribution patterns of spines on leaf 
margins were observed in offspring obtained from both backcrosses - H3 x Mauritius and H4 x 
Mauritius. Their spines were located at the tip, base, or along the margins of leaves. According to 
the spiny distribution pattern, offspring were separated into 4 distinct classes such as Spineless 
but spines were observed only at the tip (2 - 6 cm from the tip), Spineless but spines observed 
both at the tip and the base, Uneven distribution of spines along the margin, Spines distributed 
along the whole leaf margin (Completely spiny). Less number of spines is a favorable character for 
field practices and fruit handling. Seven offspring derived from H3 x Mauritius backcross and nine 
offspring from H4 x Mauritius backcross had spineless leaves except at the tip and spines located 2 
– 6 cm length along the margins at the tip. 
 
CONCLUSION 
 Three offspring derived from H4 x Mauritius backcross were selected with desirable fruit 
quality characters along with other important plant and fruit characters. These elite offspring can 
be used as breeding material for future pineapple fruit quality improvement programs. 
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Services 
 
 The listings below are provided as a convenience to readers and should in no way be construed as 
an endorsement of those providing commercial or professional services. 
 

Commercial Services 
 
Maintain CF 125 continues to be available for use in pineapple plant propagation anywhere in the world. 
Supplies can be obtained from Repar Corporation, 8070 Georgia Ave., Suite 209, Silver Spring, MD 20910. 
Tel: (301) 562 – 7330; Fax: (202) 223 – 0141; On the web at www.reparcorp.com; E-Mail: 
mandava@compuserve.com. 

 
Professional Services 
 
Not updated. Please see Pineapple News No. 25 for listing. 
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 The list below includes papers related to various aspects of pineapple culture, physiology, 
processing, preservation or byproducts that were published or located for the period since the last issue up 
to about March 31, 2018. Some papers may seem relatively unrelated to pineapple but the list follows the 
principle of inclusion to provide the widest possible content. Often, abstracts of the papers listed below can 
be found on-line. I suggest searching using the paper title. Of course all abstracts of papers published in 
Acta Horticulturae are available from info@ishs.org. For a larger view, adjust the magnification in Adobe 
Reader. 
 
Acevedo, M., Román-Paoli, E., Román-Pérez, F.M., Valencia, E. & Tirado-Corbalá, R. (2017) Pineapple growth and yield 

response to fertilizer and drip irrigation management. Journal of Agriculture of the University of Puerto Rico, 101, 203-
223. 

Adnan, S.M., Bhattacharjee, S.C., Akter, S., Chakraborty, D. & Ahmad, M. (2017) Development and quality evaluation of 
canned pineapple. Journal of Environmental Science and Natural Resources, 10, 183-187. 

Agim, L.C., Osuji, G.E., Onweremadu, E.U., Ndukwu, B.N. & Osuaku, S.K. (2012) Seasonal dynamics of soil organic matter 
and total nitrogen in soils under different land uses in Owerri, Southeastern Nigeria. Agro-Science, 11, 43-54. 

Ahmed, J. & Siddiq, M. (2017) Innovative processing technologies for pineapple processing. Chichester: John Wiley & Sons. 
Ahumuza, A., Zziwa, A., Kambugu, R., Komakech, A.J. & Kiggundu, N. (2016) Design and simulation of an integrated solar 

cooker-dryer system. Kampala: RUFORUM. 
Aizi Nor, M.R., Nor Hasmaliana, A.M., Azzmer Azzar, A.H., Hazrulrizawati Abd, H. & Rosli Md, I. (2018) Comparative structural 

analysis of fruit and stem bromelain from Ananas comosus. Food Chemistry, 266, 183-191. 
Almie Amira, M.K., Norashikin, S. & Rossuriati Dol, H. (2017) Optimisation of pressurised liquid extraction of bioactive 

compounds from Ananas comosus (pineapple) fruit. Pertanika Journal of Science &amp; Technology, 25, 175-182. 
Alpízar, P., Rodríguez-Herrera, B. & Jung, K. (2019) The effect of local land use on aerial insectivorous bats (Chiroptera) 

within the two dominating crop types in the Northern-Caribbean lowlands of Costa Rica. PLoS ONE, 14, e0210364. 
Alpízar-Solís, C. & Elizondo-Salazar, J.A. (2019) Use of pineapple residues in goat feeding: effect on milk production and milk 

composition. Agronomía Costarricense, 43, 113-124. 
Amador, C., Emond, J.P., Nunes, C. & Chau, K.V. (2007) Temperature tracking using RFID in the pineapple supply chain. 

Proceedings of the Florida State Horticultural Society, 120, 262. 
Anastassiadou, M., Brancato, A., Brocca, D., Cabrera, L.C., Lentdecker, C.D., Erdos, Z., Ferreira, L., Greco, L., Jarrah, S., 

Kardassi, D., and others (2018) Modification of the existing maximum residue levels and setting of import tolerances for 
pyraclostrobin in various crops. EFSA Journal, 16, e05488. 

Ancos, B.D., Sánchez-Moreno, C. & González-Aguilar, G.A. (2017) Pineapple composition and nutrition. Chichester: John 
Wiley & Sons. 

Anonymous (2016) Rainforest alliance and the discount supermarkets: low prices and easy standards? Norwich: Banana Link. 
Anonymous (2017) Food traceability guidance. Rome: Food and Agriculture Organization of the United Nations (FAO). 
Arellano, G. & Vergara, C. (2016) Miridae (Hemiptera) species recorded in some tropical crops at Chanchamayo and Satipo. 

Junín - Perú. Ecología Aplicada, 15, 101-106. 

mailto:info@ishs.org


 

40 

 

Arias-Andrés, M., Rämö, R., Mena Torres, F., Ugalde, R., Grandas, L., Ruepert, C., Castillo, L.E., Brink, P.J.V.D. & 
Gunnarsson, J.S. (2018) Lower tier toxicity risk assessment of agriculture pesticides detected on the Río Madre de Dios 
watershed, Costa Rica. Environmental Science and Pollution Research, 25, 13312-13321. 

Azam, S.M., Liu, Y., Zia Ur, R., Ali, H., Yan, C., Wang, L., Priyadarshani, S.V.G.N., Hu, B., Huang, X., Xiong, J. & Qin, Y. 
(2018) Identification, characterization and expression profiles of Dof transcription factors in pineapple (Ananas comosus 
L). Tropical Plant Biology, 11, 49-64. 

Bala, M. & Bashar, J.B. (2017) Analysis of nutritive contents of some Nigerian fruits. Bayero Journal of Pure and Applied 
Sciences, 10, 204-208. 

Balogun, M.A., Abiodun, O.A., Kolawole, F.L., Kayode, R.M.O. & Olushola, O.E. (2017) Physicochemical and sensory 
properties of blends of pineapple-carrot wine. Journal of Microbiology, Biotechnology and Food Sciences, 7, 306-311. 

Balogun, O.L., Adewuyi, S.A., Disu, O.R., Afodu, J.O. & Ayo-Bello, T.A. (2018) Profitability and technical efficiency of 
pineapple production in Ogun State, Nigeria. International Journal of Fruit Science, 18, 436-444. 

Barbosa, P.G.A., Martins, F.I.C.C., Lima, L.K., Milhome, M.a.L., Cavalcante, R.M. & Nascimento, R.F.D. (2018) Statistical 
analysis for quality adjustment of the analytical curve for determination of pesticide multiresidue in pineapple samples. 
Food Analytical Methods, 11, 466-478. 

Bartholomew, D.P. (2018) Crop environment, plant growth and physiology. Wallingford: CAB International. 
Bartholomew, D.P. & Sanewski, G.M. (2018) Inflorescence and fruit development and yield. In: Sanewski, G. M., 

Bartholomew, D.P. And Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB International. 
Behera, M.D., Gupta, A.K., Barik, S.K., Das, P. & Panda, R.M. (2018) Use of satellite remote sensing as a monitoring tool for 

land and water resources development activities in an Indian tropical site. Environmental Monitoring and Assessment, 
190, 401. 

Bernardo, M., Fontes, J. & Almeida, D.P.F. (2016) Last mile of fruit and vegetables: fruit and potato water loss in simulated 
store conditions. Lisbon: Associação Portuguesa de Horticultura (APH). 

Bernardo, M., Fontes, J. & Almeida, D.P.F. (2016) Last mile of postharvest: fruit and potato losses causes in simulated stores 
conditions. Lisbon: Associação Portuguesa de Horticultura (APH). 

Binataa, K. & Chayanika, P. (2018) In vitro Phosphate solubilization by Bacillus subtilis PSBN B4 obtained from pineapple 
(Ananas comosus) rhizosphere. International Journal of Applied Environmental Sciences, 13, 833-842. 

Bitzan, K., Tröger, K., Lelea, M.A., Kagoro-Rugunda, G. & Kaufmann, B. (2016) Going beyond "Add women and stir" in 
inclusive innovation processes: facilitating participatory activities with pineapple chain actors in Uganda. Newport: 
International Farming Systems Association (IFSA) Europe. 

Blanco Flores, H.A., Vargas Cedeño, T.E. & García De García, E.C. (2017) In vitro regeneration of Amazonian pineapple 
(Ananas comosus) plants ecotype Gobernadora. Revista Colombiana de Biotecnología, 19, 7-20. 

Boonrod, K., Setha, S. & Suthiluk, P. (2018) Physiological and quality changes of 'Phulae' pineapple during cold storage under 
dry mist humidifying system. Acta Horticulturae, 263-270. 

Boonyaritthongchai, P. & Supapvanich, S. (2017) Effects of methyl jasmonate on physicochemical qualities and internal 
browning of 'queen' pineapple fruit during cold storage. Horticulture, Environment and Biotechnology, 58, 479-487. 

Boonyaritthongchai, P., Supapvanich, S., Wongaree, C., Uthairatanakij, A., Jitareerat, P., Pongprasert, N. & Kaewmanee, N. 
(2018) Application of natural extracts from pineapple juice on inhibiting browning symptom of fresh-cut 'Nam Dok Mai' 
mango. Acta Horticulturae, 235-240. 

Borrin, T.R., Georges, E.L., Brito-Oliveira, T.C., Moraes, I.C.F. & Pinho, S.C. (2018) Technological and sensory evaluation of 
pineapple ice creams incorporating curcumin-loaded nanoemulsions obtained by the emulsion inversion point method. 
International Journal of Dairy Technology, 71, 491-500. 

Botella, J.R., Hamill, S., Ko, H., Matsumoto, T. & Souza, F.V.D. (2018) Biotechnology. In: Sanewski, G. M., Bartholomew, D.P. 
And Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB International. 

Campos, D.A., Coscueta, E.R., Valetti, N.W., Pastrana-Castro, L.M., Teixeira, J.A., Picó, G.A. & Pintado, M.M. (2019) 
Optimization of bromelain isolation from pineapple byproducts by polysaccharide complex formation. Food Hydrocolloids, 
87, 792-804. 

Cannon, R.J. & Ho, C. (2018) Volatile sulfur compounds in tropical fruits. Journal of Food and Drug Analysis, 26, 445-468. 
Carvalho, A.R.J., Maia, V.M., Aspiazú, I., Pegoraro, R.F. & Oliveira, F.S. (2018) Physiological variables in pineapples 

submitted to the application of diuron. Planta Daninha, 36, e018179475. 
Carvalho, L.M.J.D., Ambrosio, G.P., Koblitz, M.G.B., Cardoso, F.D.S.N. & Carvalho, J.L.V.D. (2017) Pineapple juice and 

concentrates. Chichester: John Wiley & Sons. 
Catalano, D., Piña-Dumoulín, G.J., Marín R, C., Meléndez, J. & Thomas, T. (2015) Characterization of growers and the 

marketing of pineapple in the rural community El Arbolito, Valencia municipality, Carabobo state (2007-2009). Agronomía 
Tropical (Maracay), 65, 69-80. 

Cautela, D., Castaldo, D. & Laratta, B. (2018) Thermal inactivation of pectin methylesterase in pineapple juice. Journal of Food 
Measurement and Characterization, 12, 2795-2800. 

Chavarria, A.M., Rodríguez, W. & Saborío-Viquez, C. (2018) Continuous anaerobic biodigestion of the liquid substrate 
extracted from pineapple stubble in biodigesters of 0.1 and 4.6 L. Scientific Papers Series - Management, Economic 
Engineering in Agriculture and Rural Development, 18, 261-267. 

Chen, P., Li, Y., Zhao, L., Hou, Z., Yan, M., Hu, B., Liu, Y., Azam, S.M., Zhang, Z., Zia Ur, R., Liu, L. & Qin, Y. (2017) 
Genome-wide identification and expression profiling of ATP-binding cassette (ABC) transporter gene family in pineapple 
(Ananas comosus (L.) Merr.) reveal the role of AcABCG38 in pollen development. Frontiers in Plant Science, 8, 2150. 

Cheok, C., Noranizan Mohd, A., Russly Abdul, R., Nur Hanani, Z.A., Norhayati, H., Rabiha, S. & Chong, G. (2018) Current 
trends of tropical fruit waste utilization. Critical Reviews in Food Science and Nutrition, 58, 335-361. 



 

41 

 

Chonhenchob, V., Tanafranca, D. & Singh, S.P. (2017) Packaging technologies for pineapple and pineapple products. 
Chichester: John Wiley & Sons. 

Coerg, K.A. (2018) Pineapple, mango and pawpaw. Ernährungspraxis &amp; Diätetik, S44S46-S46. 
Conesa, C., Seguí, L. & Fito, P. (2018) Hydrolytic performance of Aspergillus niger and Trichoderma reesei cellulases on 

lignocellulosic industrial pineapple waste intended for bioethanol production. Waste and Biomass Valorization, 9, 1359-
1368. 

Coppens D'eeckenbrugge, G.C., Duval, M.F. & Leal, F. (2018) Origin and evolution. In: Sanewski, G. M., Bartholomew, D.P. 
And Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB International. 

Coppens D'eeckenbrugge, G.C. & Leal, F. (2018) Morphology, anatomy and taxonomy. In: Sanewski, G. M., Bartholomew, 
D.P. And Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB International. 

Corrales-Ureña, Y.R., Villalobos-Bermúdez, C., Pereira, R., Camacho, M., Estrada, E., Argüello-Miranda, O. & Vega-Baudrit, 
J.R. (2018) Biogenic silica-based microparticles obtained as a sub-product of the nanocellulose extraction process from 
pineapple peels. Scientific Reportsvolume , Article number:, 8. 

Cruz Almeida, E.T.D., Barbosa, I.D.M., Tavares, J.F., Barbosa-Filho, J.M., Magnani, M. & Souza, E.L.D. (2018) Inactivation of 
spoilage yeasts by Mentha spicata L. and M. × villosa Huds. essential oils in cashew, guava, mango, and pineapple 
juices. Frontiers in Microbiology, 9, 1111. 

Darnaudery, M., Fournier, P. & Léchaudel, M. (2018) Low-input pineapple crops with high quality fruit: promising impacts of 
locally integrated and organic fertilisation compared to chemical fertilisers. Experimental Agriculture, 54, 286-302. 

Das, J.K., Sangma, L.N. & Majumder, D. (2017) Socio-economic correlates, technological gap and training needs of the 
farmers for increasing pineapple productivity in Meghalaya. International Journal of Bio-resource and Stress 
Management, 8, 585-592. 

Das, S., Kundu, A., Bhattacharyya, A., Singha, D., Saha, S., Bhattacharyya, A. & Roy, S. (2018) Development of a 
multiresidue method for determination of 86 multiclass pesticides in pineapple juice using gas chromatography tandem 
mass spectrometry. Journal of Crop and Weed, 14, 174-182. 

Detoni, A.M., Carvalho, S.L.C., Hoshino, A.T., Pastório, M.A., Schmidt, M.a.H., Menezes Junior, A.O. & Androcioli, H.G. 
(2018) First report of Chrysodeixis includens (Walker, [1858]) (Lepidotera: Noctuidae) injurious to pineapple (Ananas 
comosus L.) (Bromeliaceae) in Brazil. Brazilian Journal of Biology, 78, 796-798. 

Dhakal, S., Balasubramaniam, V.M., Ayvaz, H. & Rodriguez-Saona, L.E. (2018) Kinetic modeling of ascorbic acid degradation 
of pineapple juice subjected to combined pressure-thermal treatment. Journal of Food Engineering, 224, 62-70. 

Difonzo, G., Vollmer, K., Caponio, F., Pasqualone, A., Carle, R. & Steingass, C.B. (2019) Characterisation and classification of 
pineapple (Ananas comosus [L.] Merr.) juice from pulp and peel. Food Control, 96, 260-270. 

Dorta, E. & Sogi, D.S. (2017) Value added processing and utilization of pineapple by-products. Chichester: John Wiley & 
Sons. 

Echeverría-Sáenz, S., Mena, F., Arias-Andrés, M., Vargas, S., Ruepert, C., Brink, P.J.V.D., Castillo, L.E. & Gunnarsson, J.S. 
(2018) In situ toxicity and ecological risk assessment of agro-pesticide runoff in the Madre de Dios River in Costa Rica. 
Environmental Science and Pollution Research, 25, 13270-13282. 

Eka, M. (2018) Analysis of the amount of production and income of the farmers of pineapple intercropping plants of Tanjung 
Medang Village, Muara Enim District. Russian Journal of Agricultural and Socio-Economic Sciences, 11, 342-345. 

Ezeonyejiaku, C.D. & Obiakor, M.O. (2017) A market basket survey of horticultural fruits for arsenic and trace metal 
contamination in Southeast Nigeria and potential health risk implications. Journal of Health &amp; Pollution, 7, 40-50. 

Fadina, A.M.R. & Barjolle, D. (2018) Geographical indications to enhance the value chain of agricultural and agri-food products 
in Benin: sugar loaf pineapple and Wagashi case. Chania: International Farming Systems Association (IFSA) Europe. 

Feng, C., Zhang, S., Li, L., Wang, G., Xu, X., Li, T. & Zhong, Q. (2018) Feasibility of four wastes to remove heavy metals from 
contaminated soils. Journal of Environmental Management, 212, 258-265. 

Feng, F., Zhou, Q., Yang, Y., Zhao, F., Du, R., Han, Y., Xiao, H. & Zhou, Z. (2018) Characterization of highly branched dextran 
produced by Leuconostoc citreum B-2 from pineapple fermented product. International Journal of Biological 
Macromolecules, 113, 45-50. 

Fernanda Rojas, L., Flórez Cortés, C., Zapata, P. & Jiménez, C. (2018) Extraction and identification of endopeptidases in 
convection dried papaya and pineapple residues: a methodological approach for application to higher scale. Waste 
Management, 78, 58-68. 

Fernández, P., Lovera, N., Romero, A., Borsini, A. & Ramallo, L. (2017) Pineapple osmodehydration with reuse of the sucrose 
syrup. Revista de Ciencia y Tecnología, 21-28. 

Fischer, S. & Wollni, M. (2018) The role of farmers' trust, risk and time preferences for contract choices: experimental evidence 
from the Ghanaian pineapple sector. Food Policy, 81, 67-81. 

Francisco, J.P., Lena, B.P., Folegatti, M.V., Spoto, M.H.F. & Silva, L.D.B. (2018) Physical-chemical characteristics and 
sensorial analysis of pineapple "Vitória" fertigated with vinasse. Brazilian Journal of Applied Technology for Agricultural 
Science, 11, 23-33. 

Freitas, S.S., Serafim, F.a.T. & Lanças, F.M. (2018) Determination of target pesticide residues in tropical fruits employing 
matrix solid-phase dispersion (MSPD) extraction followed by high resolution gas chromatography. Journal of the Brazilian 
Chemical Society, 29, 1140-1148. 

Gandarilla Basterrechea, H., Rivas Bofill, O. & Fernández Gonzálvez, E. (2014) Phytonematodes associated with tropical fruit 
crops. Fitosanidad, 18, 187-197. 

García-Rosales, G., Longoria-Gándara, L.C., Ávila-Pérez, P. & López-Reyes, M.C. (2019) Carbon biogenic with iron 
nanoparticles for removal of As(V) from water. Desalination and Water Treatment, 140, 302-311. 

Gbadegesin, A.R., Gbadamosi, S.O. & Odunlade, T.V. (2017) Physicochemical and sensory properties of pineapple flavoured 
roselle powders. Cogent Food &amp; Agriculture, 3, 1292833. 



 

42 

 

Germer, S.P.M., Queiroz, M.R.D., Gasparino Filho, J., Cavichiolo, J.R. & Aguirre, J.M. (2012) Economic feasibility of fruit 
production through osmo dehydration. Informações Econômicas - Instituto de Economia Agrícola, 42, 20-35. 

Ghafari, S. & Ansari, S. (2018) Microbial viability, physico-chemical properties and sensory evaluation of pineapple juice 
enriched with Lactobacillus casei, Lactobacillus rhamnosus and inulin during refrigerated storage. Journal of Food 
Measurement and Characterization, 12, 2927-2935. 

Gil, L.S. & Maupoey, P.F. (2018) An integrated approach for pineapple waste valorisation. bioethanol production and 
bromelain extraction from pineapple residues. Journal of Cleaner Production, 172, 1224-1231. 

González-Olmedo, J.L., Garza-García, Y., Mbogholi, A., Rodríguez-Escriba, R.C., Aragón, C.E., Rodríguez, R. & Moreno, A. 
(2018) Superoxide dismutase activity and jasmonic acid during in vitro-ex vitro transition of pineapple (Ananas comosus 
(L.) Merr.) micropropagated plantlets. African Journal of Biotechnology, 17, 1397-1402. 

Granados-Ramírez, G.R. & Hernández-Hernández, R. (2018) Crop reconversion as a result of the presence of huanglongbing 
in Colima, Mexico. Revista Geográfica de América Central, 413-431. 

Guimarães, H.A., Rambo, J.R., Laforga, G. & Santos, P.R.J.D. (2017) Economic analysis and production cost of pineapple: a 
case study in Tangará da Serra, State of Mato Grosso, Brazil, 2016. Informações Econômicas - Instituto de Economia 
Agrícola, 47, 42-51. 

Guo, C., Li, H., Xia, X., Liu, X. & Yang, L. (2018) Functional and evolution characterization of SWEET sugar transporters in 
Ananas comosus. Biochemical and Biophysical Research Communications, 496, 407-414. 

Hawerroth, F.J., Mauta, D.D.S., Cândido, M.D.S., Taniguchi, C.a.K., Hawerroth, M.C. & Serrano, L.a.L. (2014) Controlled 
release fertilizer in the production of ornamental pineapple grown in pot. Boletim de Pesquisa e Desenvolvimento - 
Embrapa Uva e Vinho, 19 pp. 

He, Y., Zhan, R. & Chang, J. (2018) The relationship between the population competition of different genotypes of pineapple 
mealybug Dysmicoccus brevipes and their natural distribution. Journal of Plant Protection, 45, 397-398. 

Hernández-Villegas, M.M., Barrientos-Ramírez, L., Bolio-López, G.I., Hernández-Bolio, G.I., Rivera-Torrez, D.L. & Hipólito-
Velasco, J.C. (2017) In vitro effect of the aqueous extract of pineapple leaves (Ananas comosus) on gastrointestinal 
nematodes of sheep. Actas Iberoamericanas de Conservación Animal, 10, 135-141. 

Hossain, A.B.M.S. & Uddin, M.M. (2017) Callus cell, shoot and stem proliferation data from pineapple crown and banana 
inflorescence in vitro: biochemical and antioxidant properties. Data in Brief, 10, 340-345. 

Hou, X., Lu, Z., Zhang, L., Jia, Z., Gu, H. & Hong, K. (2018) Effect of exogenous ascorbic acid on blackheart occurrence and 
anti-oxidation activity in postharvest pineapple. Journal of Fruit Science, 35, 1105-1116. 

Hu, H., Zhao, Q. & Pang, Z. (2018) Study on deproteinization and decoloration of polysaccharides from pineapple pomace and 
its antioxidant activity. Food Research and Development, 39, 12-20. 

Iranacolaivalu, M. & Colaitiniyara, K. (2018) Effects of three growth regulators induced flowering on yield and quality of ripley 
queen pineapple (Ananas comosus) in Fiji. Selangor: International Tropical Fruits Network (TFNet). 

Izlİ, N., Izlİ, G. & Taskİn, O. (2018) Impact of different drying methods on the drying kinetics, color, total phenolic content and 
antioxidant capacity of pineapple. CyTA - Journal of Food, 16, 213-221. 

Jaji, K., Man, N. & Nawi, N.M. (2018) Factors affecting pineapple market supply in Johor, Malaysia. International Food 
Research Journal, 25, 366-375. 

Jamiluddin, J., Siregar, J.P., Oumer, A.N., Hamdan, M.H.M., Cionita, T. & Mohd Sapuan, S. (2018) Experimental investigation 
on performance of short pineapple leaf fiber reinforced tapioca biopolymer composites. BioResources, 13, 6341-6355. 

Ji, Y., Li, J., Wang, L., Jin, P. & Zheng, Y. (2018) Effect of methyl jasmonate treatment on quality and antioxidant activity of 
fresh-cut pineapples. Shipin Kexue / Food Science, 39, 258-263. 

Jiang, Y., Yang, Y., Yang, W. & Chang, C. (2018) Occurrence of cracking and methods to reduce fruit splitting in pineapple. 
Journal of the Taiwan Society for Horticultural Science, 64, 147-158. 

Jimenez-Sánchez, D.E., Calderón-Santoyo, M., Ortiz-Basurto, R.I., Bautista-Rosales, P.U. & Ragazzo-Sánchez, J.A. (2018) 
Effect of maltodextrin reduction and native agave fructans addition on the physicochemical properties of spray-dried 
mango and pineapple juices. Food Science and Technology International, 24, 519-532. 

Jirapornvaree, I., Suppadit, T. & Popan, A. (2017) Use of pineapple waste for production of decomposable pots. International 
Journal of Recycling of Organic Waste in Agriculture, 6, 345-350. 

Joomwong, A., Joomwong, J., Noimanee, P. & Theanjumpol, P. (2018) Thai mango and pineapple fruit changed during 
postharvest management. Acta Horticulturae, 225-228. 

Joomwong, J. & Joomwong, A. (2018) Physical, chemical quality and sensory evaluation of 'Smooth Cayenne' pineapple fruits. 
Acta Horticulturae, 495-497. 

Joy, P.P. & Anjana, R. (2016) Evolution of pineapple. In: Peter, K. V. (ed.) Evolution of Horticultural Crops. New Delhi,: Astral 
International Pvt.Ltd. 

Kaiser, Y. & Saghir, A. (2017) Investigating the functional properties of pineapple pomace powder and its incorporation in 
buffalo meat products. Beverly: Scrivener Publishing LLC. 

Kalibwani, R.M., Twebaze, J., Kamugisha, R., Kakuru, M., Sabiiti, M., Kugonza, I., Tenywa, M. & Nyamwaro, S. (2018) Multi-
stakeholder partnerships in value chain development: a case of the organic pineapple in Ntungamo district, Western 
Uganda. Journal of Agribusiness in Developing and Emerging Economies, 8, 171-185. 

Kashem, M.A., Ahmed, A., Hoque, S. & Hossain, M.Z. (2015) Effects of land-use change on the properties of top soil of 
deciduous Sal forest in Bangladesh. Journal of Mountain Area Research, 1, 5-12. 

Kiriga, A.W., Haukeland, S., Kariuki, G.M., Coyne, D.L. & Beek, N.V. (2018) Effect of Trichoderma spp. and Purpureocillium 
lilacinum on Meloidogyne javanica in commercial pineapple production in Kenya. Biological Control, 119, 27-32. 

Kuan, C., Lee, T., Tsai, M., Tsai, H. & Tang, C. (2018) A new pineapple cultivar Ananas comosus (L.) Merr. ('Tainung No. 22'). 
HortScience, 53, 578-581. 



 

43 

 

Kundan, K. (2018) Geographical indications in horticulture: an Indian perspective. Journal of Intellectual Property Rights, 23, 
159-166. 

Kwikiriza, N., Mugisha, J., Karantininis, K. & Kledal, P.R. (2018) Influence of transaction costs and governance in the 
marketing of organic pineapples from Uganda. Journal of Sustainable Development, 11, 194-211. 

Lagumbay, V.F.K., Cabillar, D.M.A., Jumoc, R.M.A., Quiling, R.M.W. & Canencia, O.P. (2017) Food security and sustainability 
in the changing climate: the case of developing country. International Journal for Research in Applied Science and 
Engineering Technology, 5, 1577-1586. 

Latifah, M.N., Abdullah, H., Aziz, I.A., Nur Aida, M.P., Fauziah, O. & Talib, Y. (2018) Fresh-cut fruit industry in Malaysia: status 
and challenges. Acta Horticulturae, 79-85. 

Leal, F. & D'eeckenbrugge, G.C. (2018) History, distribution and world production. In: Sanewski, G. M., Bartholomew, D.P. 
And Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB International. 

Léchaudel, M., Darnaudery, M., Joët, T., Fournier, P. & Joas, J. (2018) Genotypic and environmental effects on the level of 
ascorbic acid, phenolic compounds and related gene expression during pineapple fruit development and ripening. Plant 
Physiology and Biochemistry, 130, 127-138. 

Lee, W., Chiou, K.D. & Chang, K.S. (2018) Tropical fruit breeding in Taiwan: technology and cultivars. Acta Horticulturae, 577-
587. 

Lei, M., Li, Z., Wang, J., Fu, Y., Ao, M. & Xu, L. (2018) Constitutive expression of Aechmea fasciata SPL14 (AfSPL14) 
accelerates flowering and changes the plant architecture in Arabidopsis. International Journal of Molecular Sciences, 19, 
2085. 

Leite, D.D.D.F., Santos, F.S.D., Santos, D.D.C., Lisbôa, J.F., Ferreira, J.P.D.L. & Queiroz, A.J.D.M. (2017) Mathematical 
modeling for the description of drying kinetics of pineapple bark. Revista Verde de Agroecologia e Desenvolvimento 
Sustentável, 12, 769-774. 

Li, W., Yan, M., Hu, B., Priyadarshani, S.V.G.N., Hou, Z., Ojolo, S.P., Xiong, J., Zhao, H. & Qin, Y. (2018) Characterization 
and the expression analysis of nitrate transporter (NRT) gene family in pineapple. Tropical Plant Biology, 11, 177-191. 

Liao, T., Li, T., Su, X., Yu, X., Song, H., Zhu, Y. & Zhang, Y. (2018) La(OH)3-modified magnetic pineapple biochar as novel 
adsorbents for efficient phosphate removal. Bioresource Technology, 263, 207-213. 

Lima, O.S., Souza, E.H.D., Dias, L.E.D.C., Souza, C.P.F. & Souza, F.V.D. (2017) Characterization and selection of 
ornamental pineapple hybrids with emphasis on sinuous stems and black fruits. Pesquisa Agropecuária Tropical, 47, 
237-245. 

Lin, W., Xiao, X., Zhang, H., Liu, S., Sun, W., Li, Y. & Wu, Q. (2018) Changes of endogenous hormones and characters of fruit 
quality formation during growth of pineapple. Journal of Southern Agriculture, 49, 2224-2229. 

Lin, X., Wang, Q., Hu, X., Wu, W., Zhang, Y., Liu, S. & Li, C. (2018) Evaluation of different Saccharomyces cerevisiae strains 
on the profile of volatile compounds in pineapple wine. Journal of Food Science and Technology (Mysore), 55, 4119-
4130. 

Lisboa, C.S., Pinheiro, G.V., Furtado, S.P., Neves Junior, A.C.V., Reis, F.D.O. & Araújo, J.R.G. (2018) Biometric quality of 
'Turiaçu' pineapple fruits associated with ripening stage. Lisbon: Associação Portuguesa de Horticultura (APH). 

Lobo, M.G. & Paull, R.E. (2017) Handbook of pineapple technology: production, postharvest science, processing and nutrition, 
Chichester, John Wiley & Sons. 

Lobo, M.G. & Siddiq, M. (2017) Overview of pineapple production, postharvest physiology, processing and nutrition. 
Chichester: John Wiley & Sons. 

Lobo, M.G. & Yahia, E. (2017) Biology and postharvest physiology of pineapple. Chichester: John Wiley & Sons. 
Loveleen, S., Saini, C.S. & Sharma, H.K. (2018) Development of crosslinked sesame protein and pineapple extract-based 

bilayer coatings for shelf-life extension of fresh-cut pineapple. Journal of Food Processing and Preservation, 42, e13527. 
Lumowa, S., Purwati, S. & Syamsuryanto (2018) The effect pineapple rind extract (Ananas comosus L.) (Merr var. Cayenne) 

attack intensity cauliflower's pests (Brassica oleracea var. botrytis L. subvar. cauliflora DC.). International Journal of 
Biology, 10, 1-6. 

Ma, C. (2018) Antimicrobial activity of several tropical fruits and their wastes. Journal of Food Safety and Quality, 9, 5050-
5057. 

Macías-Ganchozo, E.R., Bello-Moreira, I.P., Trueba-Macías, S.L., Anchundia-Muentes, X.E., Anchundia-Muentes, M.E. & 
Bravo-Moreira, C.D. (2018) Design, development and performance of solar dryer for pineapple (Ananas comosus (L.) 
Merr.), mamey (Mammea americana L.) and banana (Musa paradisiaca L.) fruit drying. Acta Agronómica, Universidad 
Nacional de Colombia, 67, 30-38. 

Madusanka, D.B.G., Sarananda, K.H., Mahendran, T. & Hariharan, G. (2017) Development of tropical fruit leather and quality 
evaluation during storage at ambient conditions. Kamburupitiya: Faculty of Agriculture. 

Mairena Vásquez, C. & Jiménez-Martínez, E. (2017) Diversity factors and population variation of insects associated to 
pineapple (Ananas comosus L. Merril) in Ticuantepe, Nicaragua. La Calera, 17, 1-9. 

Makaranga, A., Seth, M.S., Ndee, A., Mneney, E.E., Mbwambo, G., Lema, K., Godfrey, A., Mrema, L., Kachiwile, A., Mrema, 
E. & Msogoya, T.J. (2018) Diversity and genetic identity of pineapple [Ananas comosus (L.) Merr.] in Tanzania based on 
microsatellite markers. African Journal of Biotechnology, 17, 811-817. 

Malaikritsanachalee, P., Choosri, W. & Choosri, T. (2018) Study on kinetics of flow characteristics in hot air drying of 
pineapple. Food Science and Biotechnology, 27, 1047-1055. 

Mao, Q., Chen, C., Xie, T., Luan, A., Liu, C. & He, Y. (2018) Comprehensive tissue-specific transcriptome profiling of 
pineapple (Ananas comosus) and building an eFP-browser for further study. PeerJ, 6, e6028. 

Martins, W.M., Neves, L.G., Araújo, K.L., Correa, A.F., Zeviani, W.M., Silva, B.M., Gilio, T.a.S. & Serafim, M.E. (2019) Soil 
hydro-physical attributes under management practices for pineapple genotypes cultivation. African Journal of Agricultural 
Research, 14, 652-658. 



 

44 

 

Mat Nawi, N., Kartini Che, M.R.N. & Mohd Yunus, N.Y. (2018) Evaluation of antifungal activity of antagonistic bacteria against 
butt rot disease pathogen of pineapple. Walailak Journal of Science and Technology, 15, 283-293. 

Melo, Y.L., Dantas, C.V.S., Lima-Melo, Y., Maia, J.M. & Macêdo, C.E.C.D. (2017) Changes in osmotic and ionic indicators in 
Ananas comosus (L.) cv. MD Gold pre-treated with phytohormones and submitted to saline medium. Revista Brasileira 
de Fruticultura, 39, e-155. 

Mesfin, M.T.S. & S., N. (2018) Effect of Inorganic N and P Fertilizers on fruit yield and yield components of pineapple 
(Annanas comosus MERR L. Var. Smooth cayanne) at Jimma, Southwest Ethiopia. Agrotechnology, 7, 1-6. 

Mohd Nurazzi, N., Khalina, A., Sapuan, S.M., Dayang Laila, A.H.a.M., Rahmah, M. & Hanafee, Z. (2017) A review: fibres, 
polymer matrices and composites. Pertanika Journal of Science &amp; Technology, 25, 1085-1102. 

Montalvo-González, E., Aguilar-Hernández, G., Hernández-Cázares, A.S., Ruiz-López, I.I., Pérez-Silva, A., Hernández-Torres, 
J. & Vivar-Vera, M.D.L.Á. (2018) Production, chemical, physical and technological properties of antioxidant dietary fiber 
from pineapple pomace and effect as ingredient in sausages. CyTA - Journal of Food, 16, 831-839. 

Montero-Calderón, M. & Martín-Belloso, O. (2017) Fresh-cut pineapple. Chichester: John Wiley & Sons. 
Moreira, G.C., Schardosin, N.P. & Silva, Q.a.V.B.D. (2018) Cinnamic acid use in the conservation of minimally processed 

pineapple. Amazonian Journal of Plant Research, 2, 201-206. 
Mori, K. & Tabata, J. (2017) Pheromone synthesis. Part 262: determination of the absolute configuration of the female sex 

pheromone [(1S,2S)-(-)-(1,2-Dimethyl-3-methylenecyclopentyl) acetaldehyde] of the pineapple mealybug (Dysmicoccus 
brevipes) by synthesis coupled with X-ray analysis. Tetrahedron, 73, 6530-6541. 

Mota, M.F.C., Pegoraro, R.F., Santos, S.R.D., Maia, V.M., Sampaio, R.A. & Kondo, M.K. (2018) Contamination of soil and 
pineapple fruits under fertilization with sewage sludge. Revista Brasileira de Engenharia Agrícola e Ambiental, 22, 320-
325. 

Musaalbakri Abdul, M., Noraini, S., Madzlan, K. & Hadijah, H. (2017) Proximate and amino acids composition of Monascus 
fermented products with potential as functional feed ingredients. Cogent Food &amp; Agriculture, 3, 1295767. 

Nady, N.H. (2010) Pineapple floral differentiation as affected by climatic conditions, shading and plant size. Egyptian Journal 
of Horticulture, 37, 103-112. 

Noorlaila, A., Siti Nadiah, S.I., Nor Hasanah, H., Asmeda, R. & Azizah, O. (2018) Physicochemical and sensorial properties of 
optimised roselle-pineapple leather. Malaysian Journal of Analytical Sciences, 22, 35-44. 

Nur Atiqah, S., Rabiha, S., Russly Abdul, R. & Jamilah, B. (2018) Production of pineapple fruit (Ananas comosus) powder 
using foam mat drying: effect of whipping time and egg albumen concentration. Journal of Food Processing and 
Preservation, 42, e13467. 

Nurul Faziha, I., Masratul Hawa, M., Nik Mohd, I.M.N. & Latiffah, Z. (2017) Characterization of Fusarium spp. associated with 
pineapple fruit rot and leaf spot in Peninsular Malaysia. Journal of Phytopathology, 165, 718-726. 

Ocwa, A., Bua, B., Tusiime, G. & Oculi, J. (2016) Pathogenicity of pineapple heart rot disease causal organisms in Central 
Uganda. Kampala: RUFORUM. 

Ogawa, E.M., Costa, H.B., Ventura, J.A., Caetano, L.C.S., Pinto, F.E., Oliveira, B.G., Barroso, M.E.S., Scherer, R., Endringer, 
D.C. & Romão, W. (2018) Chemical profile of pineapple cv. Vitória in different maturation stages using electrospray 
ionization mass spectrometry. Journal of the Science of Food and Agriculture, 98, 1105-1116. 

Oiwoh, O., Ayodele, B.V., Amenaghawon, N.A. & Okieimen, C.O. (2017) Optimization of bioethanol production from 
simultaneous saccharification and fermentation of pineapple peels using Saccharomyces cerevisiae. Journal of Applied 
Sciences and Environmental Management, 21, 1256-1261. 

Oiwoh, O., Ayodele, B.V., Amenaghawon, N.A. & Okieimen, C.O. (2018) Optimization of bioethanol production from 
simultaneous saccharification and fermentation of pineapple peels using Saccharomyces cerevisiae. Journal of Applied 
Sciences and Environmental Management, 22, 54-59. 

Olajide-Taiwo, F.B. & Olawoye, J.E. (2018) Occupational hazards of citrus and pineapple farmers in southwest Nigeria. Acta 
Horticulturae, 329-334. 

Oliveira, C.M., Silva, C.N., Frizzas, M.R. & Dianese, A.C. (2017) Measuring population fluctuation of jatropha stem-borer 
[Cophes notaticeps (Marshall)] in the Brazilian Cerrado using a new trap. Bulletin of Entomological Research, 107, 627-
633. 

Oliveira, R.M.D. & Matos, P.F.D. (2017) The pineapple production territorialization in Canápolis (MG) and the main forms of 
access to land. CAMPO-TERRITÓRIO: Revista de Geografia Agrária, 12, 257-286. 

Omorotionmwan, F.O.O., Ogwu, H.I. & Ogwu, M.C. (2019) Antibacterial characteristics and bacteria composition of pineapple 
(Ananas comosus [Linn.] Merr.) peel and pulp. Food and Health, 5, 1-11. 

Orozco-Arias, S., Liu, J., Tabares-Soto, R., Ceballos, D., Domingues, D.S., Garavito, A., Ming, R. & Guyot, R. (2018) Inpactor, 
integrated and parallel analyzer and classifier of LTR retrotransposons and its application for pineapple LTR 
retrotransposons diversity and dynamics. Biology, 7, 32. 

Padonou, G.E., Aholoukpe, H.N.S., Sossa, E.L., Saidou, A. & Amadji, G.L. (2018) Pineapple (Ananas comosus L. Merrill) 
response to simple fertilizer on a ferralsol in southern Benin. International Journal of Biological and Chemical Sciences, 
12, 2653-2666. 

Paniagua-Martínez, I., Mulet, A., García-Alvarado, M.A. & Benedito, J. (2018) Inactivation of the microbiota and effect on the 
quality attributes of pineapple juice using a continuous flow ultrasound-assisted supercritical carbon dioxide system. 
Food Science and Technology International, 24, 547-554. 

Paull, R.E. & Chen, C. (2018) Postharvest physiology, handling and storage. In: Sanewski, G. M., Bartholomew, D.P. And 
Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB International. 

Paull, R.E., Chen, J. & Saradhuldhat, P. (2017) Pineapple harvesting and postharvest handling. Chichester: John Wiley & 
Sons. 



 

45 

 

Perera, M.D.S. (2017) Economics of intercropping of coconut smallholders: study of Puttalam District. Kamburupitiya: Faculty 
of Agriculture. 

Prado, K.S. & Spinacé, M.a.S. (2019) Isolation and characterization of cellulose nanocrystals from pineapple crown waste and 
their potential uses. International Journal of Biological Macromolecules, 122, 410-416. 

Priyadarshani, S.V.G.N., Hu, B., Li, W., Ali, H., Jia, H., Zhao, L., Ojolo, S.P., Azam, S.M., Xiong, J., Yan, M., Zia Ur, R., Wu, Q. 
& Qin, Y. (2018) Simple protoplast isolation system for gene expression and protein interaction studies in pineapple 
(Ananas comosus L.). Plant Methods, 14, (29 October 2018). 

Rämö, R.A., Brink, P.J.V.D., Ruepert, C., Castillo, L.E. & Gunnarsson, J.S. (2018) Environmental risk assessment of 
pesticides in the River Madre de Dios, Costa Rica using PERPEST, SSD, and msPAF models. Environmental Science 
and Pollution Research, 25, 13254-13269. 

Ratti, M.F., Ascunce, M.S., Landivar, J.J. & Goss, E.M. (2018) Pineapple heart rot isolates from Ecuador reveal a new 
genotype of Phytophthora nicotianae. Plant Pathology, 67, 1803-1813. 

Ravula, S.R., Munagala, S.R., Divyasree, A., Ravula, P.R. & Sheshasayana, G. (2017) Mathematical modelling and estimation 
of effective moisture diffusivity and activation energy, exergy analysis of thin layer drying of pineapple. Journal of 
Experimental Biology and Agricultural Sciences, 5, 392-401. 

Reinhardt, D.H.R.C., Bartholomew, D.P., Souza, D.F.V., Carvalho, A.C.P.P.D., Pádua, T.R.P.D., Junghans, D.T. & Matos, 
A.P.D. (2018) Advances in pineapple plant propagation. Revista Brasileira de Fruticultura, 40, 22. 

Ribeiro, A.M.a.D.S., Bonomo, R., Zucoloto, M., Silva, F.O.D.R.D., Barroca, M.V., Nascimento, A.D.L., Magalhães, A.M.D.P., 
Campanharo, A., Oliosi, G. & Ciarnoschi, L.D. (2019) Potassium and nitrogen fertigation frequency on pineapple yield 
and fruit quality. Journal of Agricultural Science (Toronto), 11, 416-423. 

Roodagi, M.B., Gokhale, N.B., Tippanagoudar, P.G., Minal, J. & Salvi, V.G. (2012) Effect of different levels of T.S.S on the 
quality of pineapple (Annanus comosus L.) wine. International Journal of Processing and Post Harvest Technology, 3, 
77-80. 

Russo, R.O., Zuñiga, G. & Tabora, P. (2006) Prospective impact analysis of the growth pineapple crop area in the Atlantic 
Region of Costa Rica. Proceedings of the Florida State Horticultural Society, 119, 1-3. 

Sabando-Ávila, F., Molina-Atiencia, L.M. & Garcés-Fiallos, F.R. (2017) Trichoderma harzianum in pre-planting increases the 
agronomic potential of pineapple crop. Revista Brasileira de Ciências Agrárias (Agrária), 12, 410-414. 

Sabater-Vilar, M., Suñé-Colell, E., Castro-Chinchilla, J. & Sáenz-Murillo, M.V. (2018) Reduction of postharvest rotting with an 
ethylene absorbent: a case study with pineapple. Acta Horticulturae, 721-728. 

Sales, R.a.D. & Berilli, S.D.S. (2018) Growth of pineapple micropropagate changes under different nitrogen doses. Energia na 
Agricultura, 33, 169-174. 

Salgado García, S., Palma López, D.J., Zavala Cruz, J., Ortiz García, C.F., Lagunés Espinoza, L.D.C., Castelán Estrada, M., 
Guerrero Peña, A., Ortiz Ceballos, Á.I. & Córdova Sánchez, S. (2017) Integrated system for recommending fertilization 
rates in pineapple (Ananas comosus (L.) Merr.) crop. Acta Agronómica, Universidad Nacional de Colombia, 66, 566-573. 

Salgado-García, S., Palma-López, D.J., Zavala-Cruz, J., Ortiz-García, C.F., Lagunes-Espinoza, L.C., Ortiz-Ceballos, A.I., 
Córdova-Sánchez, S. & Salgado-Velázquez, S. (2017) Acid soils of the Sabana de Huimanguillo, Tabasco, Mexico. 
Agroproductividad, 10, 16-21. 

Salinas-Cruz, E., Espinosa-Paz, N., Martínez-Sánchez, J. & Cadena-Iñiguez, P. (2017) Competitive analysis of pineapple 
crops (Annanas comosus L.), maize (Zea mays L) and bean (Phaseolus vulgaris L.) crops in La Frailesca, Chiapas, 
México. Agroproductividad, 10, 101-105. 

Sanches, A.G., Silva, M.B.D., Moreira, E.G.S. & Cordeiro, C.a.M. (2017) Combined effect of gamma radiation and storage 
temperature on post-harvest quality of "Pérola" pineapple. Brazilian Journal of Applied Technology for Agricultural 
Science, 10, 37-45. 

Sánchez-Burgos, J.A. & García-Magaña, M.D.L. (2017) Pineapples (Ananas comosus). Chichester: John Wiley & Sons Ltd. 
Sanewski, G., Ko, L., Innes, D., Kilian, A., Carling, J. & Song, J. (2017) DArTseq molecular markers for resistance to 

Phytophthora cinnamomi in pineapple (Ananas comosus L.). Australasian Plant Pathology, 46, 499-509. 
Sanewski, G.M., Bartholomew, D.P. & Paull, R.E. (2018) The pineapple: botany, production and uses, Wallingford, CAB 

International. 
Sanewski, G.M., D'eeckenbrugge, G.C. & Junghans, D.T. (2018) Varieties and breeding. In: Sanewski, G. M., Bartholomew, 

D.P. And Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB International. 
Santana Neto, D.C.D., Onias, E.A., Araújo, J.S.F.D., Alves, A.M.A. & Silva, O.S.D. (2017) Evaluation of protein enrichment 

process pineapple residue. Revista Verde de Agroecologia e Desenvolvimento Sustentável, 12, 95-99. 
Santos, B.C.D., Perussi, R., Pereira, D.N.B. & Souza, P.H.D. (2018) Syntropic agriculture in the Ribeirão do Feijão Basin: a 

proposal based on the region energetic and hydrologic balance. Caderno de Geografia, 28, 443-466. 
Santos, P.C.D., Carvalho, A.J.C.D., Silva, M.P.S.D., Peçanha, D.A., Silva, A.D.A., Ferraz, T.M. & Freitas, M.S.M. (2018) 

Humic acids and brassinosteroid application effects on pineapple plantlet growth and nutrition during the aclimatization 
phase. African Journal of Agricultural Research, 13, 1523-1530. 

Saranya, K., Kadiyala, V. & Mallavarapu, M. (2017) Evaluation of nineteen food wastes for essential and toxic elements. 
International Journal of Recycling of Organic Waste in Agriculture, 6, 367-373. 

Savalkar, S.D., Babar, K.P. & Bornare, D.T. (2018) Development of lab scale pineapple fruit juicer. International Journal of 
Agricultural Engineering, 11, 320-323. 

Sepúlveda, L., Romaní, A., Aguilar, C.N. & Teixeira, J. (2018) Valorization of pineapple waste for the extraction of bioactive 
compounds and glycosides using autohydrolysis. Innovative Food Science &amp; Emerging Technologies, 47, 38-45. 

Shilpa, M., Wadkar, S.S. & Kshirsagar, P.J. (2018) Study on disposal pattern and constraints in pineapple production in 
Konkan region of Maharashtra. International Research Journal of Agricultural Economics and Statistics, 9, 137-140. 



 

46 

 

Shivali, B., Vijayaraghavan, R., Patti, A. & Amit, A. (2018) Valorisation of pineapple wastes for food and therapeutic 
applications. Trends in Food Science &amp; Technology, 82, 60-70. 

Siebeneichler, S.C., Santos, E.R., Veloso, R.A., Pereira, M.a.B., Brito, R.F.F., Souza, C.M., Oliveira, F.N., Barilli, J. & Ribeiro, 
M.M.C. (2019) Intercropping pineapple with rice or cowpea: an alternative for family farming in the state of Tocantins, 
Brazil. Journal of Agricultural Science (Toronto), 11, 288-293. 

Silva, I.F.D., Souza, A.S.D.L., Araújo Neto, S.E.D., Fermino Junior, P.C.P., Custódio, R.A. & Damasceno, R.G.L. (2017) 
Phenotypic plasticity of leaves and yield of pineapple grown under shade conditions. Revista Verde de Agroecologia e 
Desenvolvimento Sustentável, 12, 641-647. 

Silva, P.P.A., Kurita, F.M.K. & Tamaki, V. (2017) In vitro propagation of Ananas comosus var. ananassoides (Baker) Coppens 
&amp; F. Leal (Bromeliaceae). Científica (Jaboticabal), 45, 313-320. 

Silva, R.L.D., Souza, E.H.D., Ledo, C.a.D.S., Pelacani, C.R. & Souza, F.V.D. (2018) Urban backyards as a new model of 
pineapple germplasm conservation. Plant Genetic Resources: Characterization and Utilization, 16, 524-532. 

Siow, L. & Lee, K. (2017) Canned, frozen and dried pineapple. Chichester: John Wiley & Sons. 
Sipes, B. & Matos, A.P.D. (2018) Pests, diseases and weeds. In: Sanewski, G. M., Bartholomew, D.P. And Paull, R.E. (ed.) 

The pineapple: botany, production and uses. Wallingford: CAB International. 
Sipes, B. & Wang, K. (2017) Pests, diseases and weeds. Handbook of pineapple technology: production, postharvest science, 

processing and nutrition. Chichester: John Wiley & Sons. 
Siriluk, S. & Kiatsuranont, P. (2019) Pineapple production situation and extension needs of farmers in Si Chiang Mai District, 

Nong Khai Province. Kaen Kaset = Khon Kaen Agriculture Journal, 47, 371-378. 
Siti Aisyah, A., Suhana, Y., Mohd. Shamsudin, O., Ahmad Zainuri, M.D., Razali, M., Joanna, C.L.Y., Norsiah, M.J., Mohd 

Kamal, M.T., Siti Nur, R.A., Siti Ilyani, A., Nur Syafiqah, R. & Hasan, S. (2018) Effects of gamma irradiation on 
postharvest quality of MD2 pineapple. Serdang: Malaysian Society of Plant Physiology (MSPP). 

Snehasis, C., Rao, P.S. & Mishra, H.N. (2019) Modeling the inactivation of pectin methylesterase in pineapple puree during 
combined high-pressure and temperature treatments. Innovative Food Science &amp; Emerging Technologies, 52, 271-
281. 

Soler, A., Reinhardt, D.H., Matos, A.P.D. & Pádua, T.R.P.D. (2018) Organic production. The pineapple: botany, production 
and uses. Wallingford: CAB International. 

Souza, C.P.F., Souza, E.H.D., Ledo, C.a.D.S. & Souza, F.V.D. (2018) Evaluation of the micropropagation potential of curauá 
pineapple hybrids for fiber production. Acta Amazonica, 48, 290-297. 

Souza, C.R.D.S., Barbosa, A.C.D.O., Ferreira, C.F., Souza, F.V.D., Rocha, L.D.S., Souza, E.H.D. & Oliveira, S.a.S.D. (2019) 
Diversity of microorganisms associated to Ananas spp. from natural environment, cultivated and ex situ conservation 
areas. Scientia Horticulturae, 243, 544-551. 

Souza, F.V.D., Souza, E.H.D., Sena Neto, A.R., Marconcini, J.M. & Assis, S.a.D. (2018) Production for other uses. In: 
Sanewski, G. M., Bartholomew, D.P. And Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB 
International. 

Su, Z., Wang, L., Li, W., Zhao, L., Huang, X., Azam, S.M. & Qin, Y. (2017) Genome-wide identification of auxin response 
factor (ARF) genes family and its tissue-specific prominent expression in pineapple (Ananas comosus). Tropical Plant 
Biology, 10, 86-96. 

Sukporn, S., Kondo, S. & Setha, S. (2018) Application of pre- and postharvest salicylic acid on internal browning alleviation 
and postharvest quality of 'Phulae' pineapple fruit. Acta Horticulturae, 145-152. 

Sukruansuwan, V. & Napathorn, S.C. (2018) Use of agro-industrial residue from the canned pineapple industry for 
polyhydroxybutyrate production by Cupriavidus necator strain A-04. Biotechnology for Biofuels, 11, (23 July 2018). 

Swett, B.S. & Bera, B. (2018) An economic viability analysis of pineapple cultivation in Ri Bhoi district of Meghalaya. Journal of 
Crop and Weed, 14, 33-39. 

Timklip, C., Saenphoom, P., Chaokaur, A., Bureenok, S. & Hayashi, Y. (2018) In vitro digestibility of fermented total mixed 
ration (FTMR) from pineapple residues using rumen fluid from goat. Journal of Agricultural Research and Extension, 35, 
609-616. 

Tröger, K., Lelea, M.A. & Kaufmann, B. (2018) The fine line between trusting and cheating: exploring relationships between 
actors in Ugandan pineapple value chains. European Journal of Development Research, 30, 823-841. 

Tulin, E.P.B. & Bande, M.M. (2018) Agroecological assessment of different cultural practices of pineapple, Ananas comosus, 
(Linn) Mer. (var. Red Spanish) for sustainable fiber production in geo-textile industry in Balete, Aklan. International 
Journal of Environmental and Rural Development, 9, 18-24. 

Valderrain-Rodríguez, G.R., Ancos, B.D., Sánchez-Moreno, C. & González-Aguilar, G.A. (2017) Functional properties of 
pineapple. Handbook of pineapple technology: production, postharvest science, processing and nutrition. Chichester: 
John Wiley & Sons. 

Vásquez Jiménez, J., Sanewski, G.M., Reinhardt, D.H. & Bartholomew, D.P. (2018) Cultural system. In: Sanewski, G. M., 
Bartholomew, D.P. And Paull, R.E. (ed.) The pineapple: botany, production and uses. Wallingford: CAB International. 

Vásquez-Jiménez, J. & Bartholomew, D.P. (2018) Plant nutrition. In: Sanewski, G. M., Bartholomew, D.P. And Paull, R.E. (ed.) 
The pineapple: botany, production and uses. Wallingford: CAB International. 

Verzignassi, J.R., Matos, A.P.D., Santos, M.D.F., Poltronieri, L.S., Benchimol, R.L. & Sanches, N.F. (2009) Black pineapple 
stain in Pará. Summa Phytopathologica, 35, 76. 

Vilaplana, R., Pérez-Revelo, K. & Valencia-Chamorro, S. (2018) Essential oils as an alternative postharvest treatment to 
control fusariosis, caused by Fusarium verticillioides, in fresh pineapples (Ananas comosus). Scientia Horticulturae, 238, 
255-263. 

Vipul, C., Vivak, K., Sunil, Balwant, S., Ratnesh, K. & Vikrant, K. (2019) Impact of different drying methods on sensory 
properties of osmotic dehydrated pineapple slices. Asian Journal of Dairy and Food Research, 38, 73-76. 



 

47 

 

Waham Ashaier, L. & Wan Aizan, W.a.R. (2016) Pulping process and the potential of using non-wood pineapple leaves fiber 
for pulp and paper production: a review. Journal of Natural Fibers, 13, 85-102. 

Wan Mazlina, M.S., Rasdin, R., Nur Syamimi, M.L., Nur Liyana, M.R. & Fatimah, S. (2019) Determination and quantification of 
p-coumaric acid in pineapples (Ananas comosus) extracts using gradient mode RP-HPLC. Pharmacognosy Research, 
11, 67-71. 

Wanakamol, W. & Poonlarp, P. (2018) Effects of frying temperature, frying time and cycles on physicochemical properties of 
vacuum fried pineapple chips and shelf life prediction. International Food Research Journal, 25, 2681-2688. 

Wiangsamut, B. & Koolpluksee, M. (2018) Effect of various ethephon concentrations on flowering, yield, costs and returns of 
productions of four pineapple varieties. International Journal of Agricultural Technology, 14, 2215-2228. 

Win, A.T., Kinoshita, T. & Tsuji, K. (2018) The presence of an alternative food source changes the tending behavior of the big-
headed ant, Pheidole megacephala (Hymenoptera: Formicidae) on Dysmicoccus brevipes (Homoptera: 
Pseudococcidae). Applied Entomology and Zoology, 53, 253-258. 

Xia, Y., Su, C., Chao, J., Kang, H., Pu, J. & Zhang, H. (2018) Sequence characteristics and expression analysis of VOZ 
transcription factors in pineapple under abiotic stress. Acta Botanica Boreali-Occidentalia Sinica, 38, 1228-1234. 

Xie, T., Chen, C., Li, C., Liu, J., Liu, C. & He, Y. (2018) Genome-wide investigation of WRKY gene family in pineapple: 
evolution and expression profiles during development and stress. BMC Genomics, 19, (25 June 2018). 

Xu, H., Yu, Q., Shi, Y., Hua, X., Tang, H., Yang, L., Ming, R. & Zhang, J. (2018) PGD: pineapple genomics database. 
Horticulture Research, 5, (17 September 2018). 

Yan, C., Fu, B., Luo, J., Huang, P., Ge, C. & Yu, H. (2018) Effects of cation strength and species on adsorption of 
oxytetracycline by biochars. Journal of Agro-Environment Science, 37, 718-724. 

Youryon, P., Supapvanich, S., Kongtrakool, P. & Wongs-Aree, C. (2018) Calcium chloride and calcium gluconate peduncle 
infiltrations alleviate the internal browning of Queen pineapple in refrigerated storage. Horticulture, Environment and 
Biotechnology, 59, 205-213. 

Youryon, P. & Wongs-Aree, C. (2018) Duration after harvesting and CaCl2 peduncle infiltration time affecting internal browning 
during storage of 'Sawi' pineapple fruit. Acta Horticulturae, 263-267. 

Yuangsoi, B., Klahan, R., Charoenwattanasak, S. & Lin, S. (2018) Effects of supplementation of pineapple waste extract in diet 
of Nile tilapia (Oreochromis niloticus) on growth, feed utilization, and nitrogen excretion. Journal of Applied Aquaculture, 
30, 227-237. 

Yusof, Y.A., Ahmad, M.R., Wahab, M.S., Mustapa, M.S. & Tahar, M.S. (2012) Producing paper using pineapple leaf fiber. 
Advanced Materials Research, 383-390. 

Zambrano, J., Valera, A., Maffei, M., Materano, W., Quintero, I. & Graterol, K. (2017) Effect of an edible coating prepared with 
cactus mucilage (Opuntia elatior Mill.) on quality of minimally processed pineapple. Bioagro, 29, 129-136. 

Zhang, Q., Rao, X., Zhang, L., He, C., Yang, F. & Zhu, S. (2016) Mechanism of internal browning of pineapple: the role of 
gibberellins catabolism gene (AcGA2ox) and GAs. Scientific Reports, 6, 33344. 

Zhang, Z., Dong, J., Zhang, D., Wang, J., Qin, X., Liu, B., Xu, X., Zhang, W. & Zhang, Y. (2018) Expression and 
characterization of a pectin methylesterase from Aspergillus niger ZJ5 and its application in fruit processing. Journal of 
Bioscience and Bioengineering, 126, 690-696. 

Zhao, W., Yang, W., Zhang, Y., Pu, Y. & Liu, S. (2018) Effects of row spacing and film covering on yield and fruit quality of 
pineapple cv. MD-2. Journal of Southern Agriculture, 49, 2469-2475. 

Zhu, J., Li, C., Fan, H., Hu, F., Luo, Z. & Zhang, Z. (2018) Cloning and expression analysis of ACC oxidase gene AcACO1 in 
pineapple (Ananas comosus L. Merr.). Genomics and Applied Biology, 37, 339-344. 

Zhu, K., Liu, H., Chen, X., Cheng, Q. & Cheng, Z. (2018) The kinome of pineapple: catalog and insights into functions in 
crassulacean acid metabolism plants. BMC Plant Biology, 18, (18 September 2018). 

Zia Ur, R., Azam, S.M., Liu, Y., Yan, C., Ali, H., Zhao, L., Chen, P., Yi, L., Priyadarshani, S.V.G.N. & Yuan, Q. (2017) 
Expression profiles of WUSCHEL-related homeobox gene family in pineapple (Ananas comosus L). Tropical Plant 
Biology, 10, 204-215. 

Zothansiami, C., Bora, P.K., Kharlyndoh, A., Das, P.T., Chodhury, B.U. & Vishram, R. (2017) Alternate land use plan for a 
peri-urban watershed in sub-tropical humid region of Meghalaya, India. Journal of the Indian Society of Soil Science, 65, 
369-378. 

Zúñiga-Estrada, L., Rosales Robles, E., Yáñez-Morales, M.D.J. & Jacques-Hernández, C. (2018) Characteristics and 
productivity of a MAC plant, Agave tequilana developed with fertigation in Tamaulipas, Mexico. Revista Mexicana de 
Ciencias Agrícolas, 9, 553-564. 

Zwane, P.E., Mkhonta, T.T., Vilane, V.S., Thwala, J.M., Masarirambi, M.T. & Otieno, D.A. (2016) Processing of leafy plant 
fibres in Swaziland for multiple end uses. Kampala: RUFORUM. 

 
 
 
 

 

  



 

48 

 

Contributions to Pineapple News 
Contributions to Pineapple News become public property and can be reprinted without permission. As 

a matter of courtesy, any material reprinted from Pineapple News should acknowledge the author and 
source of the material. The scope of contributions to Pineapple News includes: 
• Timely news about research, cultural practices, processing, storage, and marketing of pineapple. 
• New, interesting, or unique practices or problems developed by or encountered by growers. 
• Country or status reports on the local pineapple industry. 
• For articles not included in the above, please contact the editor. 

 
The language of Pineapple News is English. Editing assistance will be provided on request and internet 

language translation, e.g., google translate at http://translate.google.com, or 
http://www.spanishdict.com/translation for Spanish, provide quite accurate translations. 

Tables: Submit in MS Word format or as spreadsheet files. 

Graphs: Provide copies of the original file for each graph included in an article. If submitting as a jpg file, the 

resolution must be high enough so all elements are easy to read.  

Photographs: Photographs must have minimum dimensions of 800 pixels, e.g., 800 x 600 pixels. 

Author guide: Use the guide at http://www.ishs.org/wri/pap1.htm when preparing contributions to the 

newsletter. 

 

Send contributions and inquiries to: D.P. Bartholomew, Dept. of TPSS, Univ. of Hawaii, 3190 Maile Way, 

Honolulu, HI 96822 U.S.A. (Phone (808) 956-7568; Fax (808) 956-6539; E-mail: duaneb@hawaii.edu. 

 
Pineapple News is published by the University of Hawaii, College of Tropical Agriculture and Human Resources, Dept. of Tropical Plant 

and Soil Science. Reference to commercial products and services is made for the convenience of readers with the understanding that no 

discrimination is intended and no endorsement by the University of Hawaii and their employees is implied. Information in this newsletter is 

public property and may be reprinted without permission. The University of Hawaii, College of Tropical Agriculture and Human Resources 

is an Equal Opportunity and Affirmative Action Employer. 
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