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Workgroup Pineapple News 
 

From the editors: 
 Greetings to all in the pineapple community. I hope all are well, safe and looking forward to the time 
when life is less challenging and more predictable. 
 I wrote “editors” above because Mr. Jhonny Vásquez Jiménez, M.S. has agreed to be a co-editor of 
Pineapple News. Jhonny is very familiar with Pineapple News having made his first contribution to the 
newsletter in 2012 followed by additional contributions in 2013, 2015 (2), 2016 and 2019. Because of his 
strong background in soil science and pineapple culture I also invited Jhonny to co-author two chapters 
(Culture & Plant Nutrition) in the 2nd edition of the CABI book The Pineapple, Botany, Production and Uses, 
and if you look at the book you will find his name at the head of the list of authors of the two chapters. 
Editors: Duane P. Bartholomew and Jhonny Vásquez Jiménez 

X International Pineapple Symposium (IPS) 

 See at http://www.cedaf.org.do/eventos/xpineapple2020/en/index.html that IPS 10 has been 
postponed until 2021. As of August 01, 2020 no dates for IPS 10 have been set. However, you can read the 
interesting titles of papers submitted to the 2020 symposium at the link 
http://www.cedaf.org.do/eventos/xpineapple2020/en/programa.html. 
 

ISHS Workgroup Pineapple and Pineapple News archives  

 See whats new about pineapple at the ISHS  https://www.ishs.org/pineapple and find all back copies 
of Pineapple News 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 in a google spreadsheet 

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/1NDr9v3FSZLP8W3m9rYhScErrxed8vEc7f8meDyLXE
mg/edit?usp=sharing 

The above link to a google spreadsheet that 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 earliest publication found 
where the cultivar is mentioned 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 only mention the colloquial (local) or clone 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.  
 A publication that only mentions a local name, for example Kew, or clone name, for example 
Champaka F153, will be missed in a search for publications about Smooth Cayenne. All studies on Smooth 
Cayenne should list the true cultivar name and then can follow it with the local or clone name. Following that 
procedure will ensure that a search will discover all research papers about a cultivar. 

http://www.cedaf.org.do/eventos/xpineapple2020/en/index.html
http://www.cedaf.org.do/eventos/xpineapple2020/en/programa.html
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 Brazil 
The following two books contain chapters on pineapple weed control and diagnosis and management of 
nutrients contributed by our friends in Brazil. The information was provided by Victor Maia, the lead author 
of the two chapters. 

Weed Control: Sustainability, Hazards, and Risks in Cropping Systems Worldwide 

Editors: Nicholas E. Korres, Nilda R. Burgos and Stephen O. Duke 
 
Table of Contents 
Part 1: Chapters 1 – 10: Weed science-sustainability, hazards and risks. 
Part 2: Sustainable weed control in crops and cropping systems 
Chapter 26. Sustainable weed control in pineapple 
Authors: Victor Martins Maia, Ignacio Aspiazú, and Rodinei Facco Pegoraro 
Pages 664 - 20 Color & 61 B/W Illustrations 
CRC Press. Published January 8, 2019. ISBN 9781498787468 - CAT# K30255 

 

Fruit Crops: Diagnosis and Management of Nutrient constraints 

Editors: Anoop Kumar Srivastava Chengxiao Hu 
Paperback ISBN: 9780128187326 
eBook ISBN: 9780128187265 
Published by Elsevier on 27 November 2019 
Page Count: 776 
https://www.elsevier.com/books/fruit-crops/srivastava/978-0-12-818732-6Chapter 50: Diagnosis and 
management of nutrient constraints in pineapple 
Authors: Victor Maia, Rodinei Pegoraro, Ignacio Aspiazú, F.s Oliveira and Danúbia Nobre 
pages = {739-760} 
1 Introduction 739 
2 Nutritive value 740 
3 Geographical distribution 740 
4 Major cultivars 740 
5 Commercial belts 742 
6 Major soil types with taxonomical distribution 742 
7 Soil property-fruit quality relationship 743 
8 Diagnosis of nutrient constraints 746 
8.1 Nitrogen 747 
8.2 Phosphorus 747 
8.3 Potassium 748 
8.4 Calcium 749 
8.5 Magnesium 749 
9 Management of nutrient constraints 753 
10 Use of sewage sludge and treated wastewater on pineapple nutrition 754 
11 Future line of research 757 
12 References 757 
Paperback ISBN: 9780128187326 
eBook ISBN: 9780128187265 
Published by Elsevier on 27 November 2019 
Page Count: 776 
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News from Costa Rica 
 

Trichoderma spp. as a possible control of pineapple diseases associated with Fusarium 
oxysporum. 

 
Jhonny Vásquez Jiménez, jvasquez@proagrocr.com, Independent advisor in pineapple production.  
Xiomara Mata Granados, xio.matag@hotmail.com, Phytopathologist Instituto Tecnológico de Costa Rica. 
 
Abstract 
 The use of Trichoderma spp as an alternative biological control of Fusarium oxysporum and other soil 
phytopathogens in pineapple cultivation in Costa Rica was proposed in about 2005. Different strains came 
to market with important differences in costs and technical claims, but with little or no supporting data on 
strain efficacy in controlling soil-borne diseases of pineapple. The efficacy of ten Trichoderma spp strains in 
controlling Fusarium oxysporum was evaluated using dual culture and fungistatic potential. In both tests the 
different strains inhibited the growth and development of F. oxysporum. Growth inhibition varied with the 
strain, presumably by established biocontrol mechanisms such as competition, lysis antibiosis and 
mycoparasitism, as well as production of volatile and non-volatile metabolites. Of the strains evaluated, the 
S7 strain was more effective in controlling the phytopathogen. The results of this research show that the in 
vitro techniques used are fast methods for the selection and periodic evaluation of Trichoderma strains 
fungistatic potential over the phytopathogen of interest. 
 
INTRODUCTION  

The versatility, adaptability and easy handling of Trichoderma species has allowed their effective use 
in biological control (Caarballo and Guharay, 2004). 

 Several Trichoderma species parasitize pathogenic fungi by producing antibiotics such as gliotoxins, 
viridines and lytic enzymes such as gluconases, chitinases, xylanases and proteases, the latter produced in 
large quantities, which allows them to degrade the host cell wall (Stefanova et al., 1999; Carballo and 
Guharay, 2004). Trichoderma species currently occupy an important place in disease management practices, 
mainly to combat the genera Rhizoctonia, Sclerotium, Pythium, Phytophthora and Fusarium. 

On the other hand, Alcano, et al. (2001), reported that Fusarium subglutinans faced with Trichoderma 
harzianum slightly decreased growth and a sporulation inhibition of 44.6% was obtained. Hernandez et al., 
(2006) found a 48% inhibition of Fusarium subglutinans using Trichoderma atroviride and Trichoderma 
harzianum. These authors consider that Trichoderma spp. are highly competitive because they exert partial 
and total mycoparasitism on the colonies of the phytopathogens. 

The genus Fusarium aroused the interest of ‘MD-2’ pineapple producers in Costa Rica because it 
appeared as an incipient disease in the second half of the 2000s (Obregón and Mata-Granados, 2008). 
Vásquez-Jiménez and Mata-Granados, (2014) isolated the causative agent from commercial lots of pineapple 
and by molecular analysis classified it as Fusarium oxysporum. The research reported here was carried out 
to test two techniques for estimating the suppressive effects of ten strains of Trichoderma against axenic 
isolates of Fusarium oxysporum that had previously been isolated from commercial lots of pineapple. 
 
MATERIALS AND METHODS  

The suppressive effects of Trichoderma strains (antagonist) on Fusarium oxysporum (FO) were 
evaluated by dual cultures and fungistatic potential. 

 
Establishment of dual culture bioassays 

Ten strains of Trichoderma, consecutively identified as S1to S10, were selected for high growth rate 
and tolerance to temperatures above 25 ° C. 
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Axenic cultures of the ten Trichoderma strains and Fusarium oxysporum (FO) were produced in P.D.A. 
media in petri dishes maintained at ambient temperatures and all transfers were done in a laminar flow 
chamber. Mycelium discs approximately 1 cm in diameter were obtained by sterile punch from the actively 
growing cultures. The 10 treatments, each replicated eight times, consisted of one cm discs of FO and one 
strain of Trichoderma.  The discs were removed from axenic cultures with a sterile needle and placed at 
opposite ends of a petri dish containing P.D.A. Replicated controls were produced by placing a one cm disc 
in the middle of a petri dish containing P.D.A. All cultures were incubated for eight days at 27 ± 2 ° C and 80% 
relative humidity. 

 
Assessments for dual culture: 

The distances traveled by the strain and FO were measured at 48, 96 and 120 hours after the 
bioassays were established (hours after planting, HAP) and the colonization percentage (% Col) was 
calculated using Formula 1 (Camporota, 1985). 

 

% 𝐶𝑜𝑙 = (
𝐷𝑇

𝐷𝐸
) 𝑥100                     Formula 1 

       
where: 
% Col = Colonization percentage. 
DT = distance traveled by the antagonist from the axis that separates them. 
DE = distance between both planting points. 
For the control cultures, radial growth was measured. 

The plates were arranged in two rows of 4 with some towards the wall and others towards the 
outside of the shelves. The data on percentage of colonization (% Col) were analyzed using a bifactorial 
statistical design in blocks  where the main factor was the strain, the second factor was HAP and the blocks 
were culture placement towards the wall or on the outside of the shelves to account for any exposure effect 
due to position of the groups of petri dishes. 

 
Establishment of fungistatic potential bioassays 

The bioassay unit consisted of a one cm disc of one of the 10 strains and one of FO. A disc was 
extracted from the center of a petri dish containing solidified P.D.A., and then the disc of mycelium from each 
treatment (strain) or the phytopathogen was placed on this site.  Sixteen petri dishes were prepared for each 
strain with eight of them for the strain to be evaluated, and eight of them for the phytopathogen. Once the 
sowing of both was carried out, we proceeded to remove the covers of the petri dishes and place the base of 
the petri dish where the phytopathogen was sown on the base where the strain was sown. Everything was 
done in laminar flow chamber following the sterilization standards and incubation times and conditions 
described above. 
 
Assessments for fungistatic potential bioassays: 

To evaluate the fungistatic potential, the colonization percentage was evaluated using the following 
formula: 

 

%𝐶𝑜𝑙 = (
𝐷𝑇−𝐷𝐶

𝐷𝑇
) 𝑋100                 Formula 2 

 
Where: 
DT = Colony diameter of the control 
DC = Colony diameter of the treatment. 

 The experimental design was as described previously, and results are expressed as a percentage of 
colonization (% Col). 

 
RESULTS AND DISCUSSION 
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Antagonism bioassays of Trichoderma spp against F. oxysporum in dual cultures 

All Trichoderma strains tested showed signs of antagonism against FO in dual culture. Trichoderma 
hamatum and T. harzianum most frequently elicited multiple signs of creation of a hyphal barrier and 
overgrowth of FO (antagonism), while T. gamsii most inhibited FO growth (Bunbury-Blanchette and Walker, 
2019). The main effects strain and time expressed as hours after planting (HAP ) were highly significant, as 
also the interaction between them. 

 
 

Figure 1.  Percentage of colonization 
of the 10 Trichoderma sp (Strains 1-
10) against F. oxysporum at 48 (blue), 
96 (red) and 120 (green) hours after 
planting. 
 

 
 
 
 
 
 
 
 
 
 
 
 

There is a difference in percent colonization (% Col) between the Strains (S) (Figure 1), that persists 
but diminishes with HAP. The most outstanding differences between the strains are the following: For 48 
hours: S2, S10, S7 > S5, S6, S9, S4, S1 > S8, S3; For 96 hours: S7, S5 > S9, S6, S2, S10, S1, S4, S8 > S3; For 120 
hours: S7, S10, S2 > S9, S1, S3, S5, S8 > S6, S4. 

All strains suppressed the growth of F. oxysporum as indicated by the fact that they achieved 
colonization percentages of more than 85%.  However, only strain 7 achieved 100% colonization at 120 HAP 
(Figure 1, and figure 2). 

 
 
 
Figure 2. Trichoderma spp strain 7 (eight 
replications) all but completely surpressed growth 
of F. oxysporum (small light colored or white sections 
in the cultures) at 120-hours after planting. 

 
 
 
 

The differential responses (%col) of 10 strains at different HAP resulted in a significant Strain x HAP 
interaction (Figure 3). However, a comparison of Figure 1 and 3 shows that the response was quite different 
where the Strains were growing in the presence of F. oxysporum. At 48 hours (blue line, Fig. 3) and without 
competition, all but three strains of Trichoderma spp had achieved 100% colonization of the culture medium. 
An obvious exception was Strain 3, which had only achieved 75% colonization at this time (Figure 3). Strain 
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3 also was slower than the others in the initial colonization, but once established it exerts a good antagonism 
against F. oxysporum. In  the comparison of means, S3 is not the one with the lowest % Col at the end of 120 
hours while strains such as S6 and S4 that rapidly colonize the petri dish, but in the end have the lowest 
percentages of colonization in the dual confrontation against F. oxysporum. 

 

 

Figure 3.  Comparison of %Col 
means for the Strain x hours after 
planting (48 (blue), 96 (red) and 120 
(green)) interaction of Trichoderma 
spp strains that grew alone in 
dextrose agar medium. 
 

 
 
 
 
 
 
 
 
 

 
In dual cultures (Figure 4 ) at 60 HAP strain mycelia have almost completely (%col >85%) occupied 

the petri dish area and results for the 8 replications are so uniform it can be predicted  with 95% confidence 
that at 60 HAP Trichoderma spp will colonize the culture medium on areas previously colonized by F. 
oxysporum. 

 
Figure 4. A typical dual 
culture photo shows that at 
60 hours after planting strain 
mycelia (strain planting at 
left) covers at least 85% of the 
plate while F. oxysporum only 
covers 15% of the plate at  60 
hours after planting, The 
arrow shows that 
Trichoderma begins to grow 
on the phytopathogen. 
 

 
 
The data (% colonization in time) are best fit by the polynomial equation y=-

0.0003x2+0.0855x+0.0747;  r2> 0.95 and show that  Trichoderma spp strain growth over time in the presence 
of F. oxysporum can be predicted with high accuracy. If these equations are used to project the percentages 
of colonization per hour, depending on the final 120 hours of measurement, it allows a graphical comparison 
(Figure 5) of the behavior of each strain in % Col / hr. 

The Trichoderma spp strains colonize a petri dish at the average rate of 0.67% per hour in the 
presence of F. oxysporum and achieve 100% colonization at 120 hours,. 
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Figure 5.  Percentage of colonization per hour of 
ten strains of Trichoderma spp in the presence of 
F. oxysporum, faced under the technique of dual 
cultures. 
 
 

 
 
 

 
Fungistatic potential of Trichoderma spp against F. oxysporum 
 There were differences in the fungistatic potency of the strains (Figure 6). With respect to the 
previous method, the highest percentage of colonization of strain 7 emerges, which confirms the potential of 
this strain for the biocontrol of Fusarium oxysporum isolated from pineapple plants. On the other hand, strain 
4 also resulted in a lower percentage of colonization in both methods, while in general the others did not 
show statistical differences between them. 

 
 
Figure 6.Ranking of the 
percentage of colonization of the 
fungistatic potential of 10 
Trichoderma strains against F. 
oxysporum. 

 
 
 
 
 
 

In both tests, the supremacy of growth and colonization of the culture medium by Trichoderma 
compared to Fusarium oxysporum was demonstrated, however, in agronomic terms due to the significant 
difference of strain 7 with respect to the others and assuming a similar behavior of these strains in field 
conditions, obviously the reproduction and commercial use of strain 7 is desirable. Another important aspect 
is the % colonization per hour variable, which could be used as a reference for the use of this technique by 
producers who want to use it to evaluate the Trichoderma-based products to which they have commercial 
access and, for example, consider using only those with a % Col / hr greater than 0.67 in the presence of the 
phytopathogen. 
 
CONCLUSIONS  
Ten strains of Trichoderma spp. were evaluated, and all inhibited the growth of Fusarium oxysporum in dual 
culture bioassays and in fungistatic potential bioassays. However, efficacy varied and Strain S7 was the 
most outstanding in suppressing the growth of Fusarium oxysporum. 

Both in vitro techniques are rapid methods for the selection and / or periodic review of Trichoderma 
strains to verify their efficacy against Fusarium oxysporum. 

 
Pest management suggestions to the producer 
Jhonny Vásquez Jiménez 
 

When venturing into integrated pest management in pineapple cultivation, and specifically with 
antagonists such as Trichoderma spp, it is considered important to start with the monitoring of native 
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populations of microorganisms, through the implementation of microbiological monitoring. This practice 
implies two objectives. On the one hand, knowing and mapping the soil microbiology by block, so that it can 
infer the possible phytopathological or physiological problems that may occur in the crop and the definition 
of possible mitigation strategies. For example, where soils have a high anaerobic bacteria content, it is 
necessary to implement cultural practices aimed at promoting soil aeration, such as improving drainage, 
reducing compaction by subsoiling and others. 

 
Table 1. Optimum levels of colony forming units (cfu) / gr of soil. 

Microorganism Ufc/gr of soil 
Aerobic bacteria 1 x 106 min 
Anaerobic bacteria 1 x 104 max 
Actinomycetes 1 x 104 min 
Yeasts 1 x 104 max 
Fungus 1 x 103 min 

Source: Centro Nacional Especializado en Agricultura Orgánica (Costa Rica). 

 

For soils with high content of phytopathogenic fungi (> 1x103 cfu / gr of soil), implement applications 
of antagonistic organisms such as Trichoderma spp, with the goal of having 1 x 103 cfu / gr of antagonist soil. 

To achieve the above it is important to know the initial population of this fungus in the soil, as well 
as that of the phytopathogens, since with this tool the increase of the antagonist populations can be 
monitored on the one hand over time and favored by the applications and on the other hand the reduction 
of the phytopathogens product of the processes of competition and mycoparasitism that the antagonist 
exerts on them and that were described in this article. 

Knowing the initial contents of this type of microorganism in the soil prior to applications or 
inoculations certainly helps to make decisions about the effectiveness of the products used or to perform 
biological efficacy tests at the laboratory level against specific isolates of phytopathogens of the farm, to 
determine if there is adequate competence of the antagonist used, or failing to make product substitution 
decisions or change the strain. 

The information supplied from each strain serves as the basis for making objective comparisons of 
other strains of Trichoderma spp, which the producer wishes to implement in his agroecosystem. Works 
similar to this, can be developed for other phytopathogens of interest of the pineapple crop or for other crops 
and with this make a contribution of knowledge that serves as a basis for the comparison of the different 
products offered by the market of biological inputs and also stimulate the implementation of this type of 
clean production alternatives. 

 
Use of Trichoderma in field conditions 

Trichoderma is being used in pineapple cultivation in Costa Rica in different ways, (1) using a 
Trichoderma spore dispersal from a commercial source produced using rice as a substrate or other 
substrates, (2) using powder spores, (3) using solutions of secondary metabolites of Trichoderma. 

A practice used when using the spore dispersal is a previous "activation" of the spores using milk, 
some companies have used milk replacer (milk powder for animals) 1 Kg in 25 liters of water, then the rice 
is washed with the Trichoderma spores (5 kg of commercial product in rice) in this milk solution, it is left to 
rest for at least 30 minutes and then added to the spray boom in the volume of water defined per hectare 
(for example 2000 liters / ha) for its application in the field. When plastic mulch is used, the application is 
made prior to placing the plastic, then two applications are made 4 months after planting. Despite this 
tedious preparation procedure, allows to observe in the field samples, colonies of Trichoderma growing in 
the rhizosphere of pineapple plants, this is perhaps because Trichoderma in rice is an active growing product 
or microorganism. Additionally, the applications must be done in cool hours (morning or night) and when 
the soil water content is at field capacity to favor the establishment of the Trichoderma in the soil. This type 
of management not only can result in direct effects of the application on plants and on plant pathogens 
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considering the different mechanisms of antagonism that Trichoderma has, but also can establish 
microorganisms at the field level. 

The use of dry Trichoderma spores (Trichoderma powder) generally implies a higher cost than if a 
commercial rice culture was applied. It is possible to do the efficacy tests that were studied in this article to 
evaluate Trichoderma strains activity in suppressing pathogenic fungi and / or the viability. Laboratories in 
Costa Rica are marketing secondary metabolites but no data were found on efficacy when the material was 
applied to pineapple, especially due to the doses and volumes of water used in the culture (dilution of the 
metabolites and their possible loss of efficacy), as well as the duration of residual effect (if any). 

The establishment of Trichoderma using live spores is something significant enough that it deserves 
attention compared to the other alternatives. However, in general, it is beneficial to research more on 
biological control options for pineapple phytosanitary problems, with the aim of improving integrated crop 
management. 
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Contributions in precision agriculture for pineapple production in Costa Rica 

 
Jhonny Vásquez Jiménez with technical content provided by Colono Agropecuario Ap-Tech, 
info@grupocolono.com 
 
ABSTRACT 
 While seeking to reduce inputs, costs, and increase production and profitability the technology of 
precision agriculture in pineapple cultivation in Costa Rica was introduced around 2008. El Colono 
agropecuario, which began as Almacenes El Colono, opened its first warehouse on December 23, 1978, and 
began with the commercialization of agricultural products. As the company grew and diversified its name 
was changed to El Colono Agropecuario (El Colono). 
 The search for technology was based on the feedback received from pineapple producers who had 
permanent interactions with the company as a result of agrochemical sales and distribution businesses.  In 
this way, El Colono created an interdisciplinary department to promote the technical analysis required to 
put them at the service of pineapple producers, and thus AP-Tech was born. 
 AP-Tech has worked with a large number of pineapple producers to add technology based on data 
collected by Global Positioning Systems (GPS) combined with robotic systems from other suppliers and 
telemetry and cartography generated from images captured on plantations with Drones were used as 
primary input to apply different technological solutions.  
 With the integration of this technology Ap-Tech responded to challenges that pineapple producers 
encountered in their daily operations. These challenges were ensuring that sprays were properly applied 
and documented, the second to challenges in plantation land use and drainage design and challenges in 
plantation inventories and planting density.  

 
INTRODUCTION  

In recent years countries of the so-called third world have experienced relatively easy access to 
technology such as unmanned aerial vehicles (UAVs) and GPS systems. This access is a product of both the 
economic cost of technology and easy access to information, probably benefited by the elimination of 
knowledge barriers that internet access has fostered in the world.  

Today, from a technological perspective, what is known as precision agriculture has so many edges 
that it is difficult to sketch to the point where there could be precision agriculture options that have not yet 
been explored. This is perhaps because much of the technology was not developed for agricultural purposes 
but is applicable to a multitude of tasks that without it must be carried out manually, tediously and with great 
potential for human error. 

The importance of pineapple cultivation for Costa Rica and El Colono’s agrochemical distribution 
business, which gives the company access to the successes and challenges experienced by more than 1,000 
Costa Rican pineapple producers motivated the company to develop services based on the concept of 
precision agriculture to help the sector in solving some of its challenges. 

This is also part of a necessary adaptation of agronomic management to the crop’s agro-ecological 
and cultural conditions, since Quijandra et al. (1997) pointed out that the development of the large-scale 
pineapple activity in Costa Rica was based on an absolutely new technology one hundred percent imported 
and adopted from Hawaii. 

This article is focused on sharing advances in precision cultivation of pineapple with the world’s 
pineapple community, and specifically for Costa Rica. These advances include smart spraying, efficient 
drainage and design, and the Red-Green-Blue (RGB) color model for plant population inventory. Ap-Tech is 
responsible for operational management and innovation in the pineapple agribusiness described in this 
article.  
 
CHALLENGES RELATED TO SPRAYING AND THE BENEFITS OF AUTOMATION  

The typical highly mechanized pineapple plantation devotes more than 10% of the surface of each 
field to roads. Roads are required to accommodate the frequent visits of the sprayer (for this article the word 

mailto:info@grupocolono.com
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refers to all components required to deliver spray solution from a tank to plants while boom refers only to 
the piping and nozzles that extend over planted areas),  which   in practical operational terms supply the 
technological package required to produce a profitable crop (Vásquez-Jiménez et al., 2018). In Hawaii more 
than 50% of the supply of fertilizers (macroelements) per crop cycle is by foliar sprays and up to 100% for 
some microelements (Bartholomew et al., 2002). In Costa Rica it was reported (Leon & Kellon, 2012) that 
80% of the fertilizers are applied as foliar sprays. 

The above, added to an often-unpredictable tropical climate, adds the factor of day and night working 
hours to be able to satisfy the programming of the technological package. A complete technology package 
(fertilizers and phytosanitary) can represent more than 30 spray boom application events per blocks, plots, 
or minimum management units (MMU; (Py et al., 1987; Vásquez-Jiménez et al., 2018) per crop cycle. 

The MMU is the most basic functional unit in technical pineapple production and in Costa Rica 
consists of the inventory and grouping, generally by geographic location and planting date similarity. Based 
on this grouping, the technology package mentioned previously is assigned to each plantation group, 
preferably with the use of specific software, spreadsheets or another type of database (Vásquez-Jiménez et 
al., 2018). In this way and from now on, compliance with said technological package and its supervision 
depends on policies, instructions or cultivation processes administered by different managers of the spray 
boom application process. 

Managing this delicate organization depends on several people in the organizational structure added 
to the intensity of spraying over the crop over so many MMUs produces technical, operational and even job 
honesty vulnerabilities. Some producers have stated that they feel insecure or vulnerable to the actual field 
performance of certain applications; for example, doubts about the quality and veracity of field performance 
of the applications, in light of evidence of sampling (nutritional or phytosanitary), or simply noticeable or 
visible differences in coloration and / or damage due to apparent phytotoxicity.  

Occasionally, problems related to calibration, misapplication (repass) or arbitrary use of tractor 
application speeds, generates situations that are difficult to diagnose, such as shortages and surpluses of 
products, consequently under and over dosage problems. The result is pest escapes, different nutritional 
responses, or even phytotoxicities. Nozzle overlaps are another important cause of nutritional differences in 
the same Block (Vásquez-Jiménez & Bartholomew, 2018).   

In other cases, through operational audits, it is found that one or more MMUs were not sprayed 
because the sprayer tank was empty, and due to apathy or indolence the operator of the spray boom avoids 
reporting the shortage. The result can be significant losses depending on the type of biological objective of 
said application.  

 
Smart sprayings “as response” 

For the challenges related to spraying in pineapple cultivation, Ap-Tech has worked with the concept 
of smart sprayings. In an ideal system the principle of smart spraying is the introduction of geo-referenced 
polygons (MMU in most cases) viewable in the Equipment Display and controlled by the integrated GPS 
assures that the system will only spray those areas of polygons where the nozzle sections pass over planted 
areas. This means that the technician responsible for the applications has the versatility to create the 
application polygons that interest him in the comfort of the office and then simply upload them to the 
equipment display, which represents great technical and agronomic benefits.  

 
Operating principle 

To understand the working principle of the proposal, it is necessary to start by describing and 
explaining the configuration of the required technology and its location in the application equipment (Figure 
1), which consists of the tractor and the spray boom (tank and system spray). 
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Figure 1. Electronic and technological 
components required by the smart spraying 
system (Mention of trade names or images is for 
convenience in illustrating the functional 
components and is not intended to be a 
recommendation for any one provider). (1) Real-
time kinematic (RTK) positioning service, (a) 
Antenna, (b) function concept for improved 
precision. (2) Antenna in the tractor roof to get 
corrected signal through the RTK service. (3) 
Control modules (a) Display (b) central control 
module. (4) Basic devices for aspersion, (a) Axial 
Turbine Flowmeter, (b) Electric Shut off valves, (c) 
pump and boom.   

 
Description and functional explanation of the components 

Antenna: The antenna receives corrected Real-time Kinematic (RTK)  information from a network of 
RTK antennas (https://en.wikipedia.org/wiki/Real-time_kinematic) distributed in the main pineapple 
production areas of Costa Rica. This system of antennas and GPS signals guarantees the precision of the 
automatic actions performed by the smart system as a technological set. 

Display and Section Control Module: This set represents the interface between the operator and the 
application equipment. The display allows the introduction and selection of batches for the applications, 
which are previously georeferenced and prepared in the geospatial format required by the system. The 
control module enables and disables automatic actions. With this control the equipment can be operated 
manually or automatically, the latter the objective of technology. 

Liquid Control System (LCS): This module is an electronic interface that governs the actions between 
the Section Control Module and the different valves located in the spray boom spray system. 

Axial Turbine Flowmeter: This device governs the amount of spraying solution that must pass to the 
spraying system (nozzles) according to the spraying configuration (liters / ha) defined by the operator user 
and the speed of the tractor (indicated in the application card as the official document for the Display 
configuration). The control of this flowmeter by the LCS, in essence, is what provides one of the main 
advantages of smart spraying because it guarantees the discharge per hectare regardless of human error in 
driving (arbitrary speed changes) or terrain variations (skating, terrain slopes that affect tractor ground 
speed). 

Electric Shut off valves that are also controlled by the LCS and their function is to close nozzle 
sections, the number and length of which are determined by design specifications provided to the 
manufacturer (Ap-Tech recommends 11 sections of 5 nozzles per spray arm). Automatic control of these 
valves allows them to be closed when one or more nozzle sections is outside of the polygon (planting Block).     
 
Smart spraying responds to the challenges posed by producers 

Auditable applications: smart spraying generates maps of each block sprayed (Figure 2) so the 
technical managers can review the exact area covered and thus evaluate the performance of the operators of 
the application equipment. This information could also be used to demonstrate the traceability of the active 
ingredients used in production. 

https://en.wikipedia.org/wiki/Real-time_kinematic
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Figure 2. Image of the execution of an application certificate, 
visual report (in real time in the display) of the application. The 
areas filled with yellow color show the sprayed areas. 

Elimination of phytotoxicity and reduction of waste: smart 
spraying prevents an area of the Block from being resprayed 
because the system is programmed to only spray within polygons. 
If or when a section of nozzles passes over an area where there is 
no polygon, for example in blocks that are not perfectly 
rectangular, the nozzle section passing over that area will be 

closed. To attain equivalent results with a conventional system one must rely on the alertness, expertise and 
goodwill of the operator. 

Elimination of underdosing: the possibility of auditing the application map of each application card, 
in the first instance guarantees that all the blocks indicated in the application certificate were sprayed. 
Additionally, smart spraying prevents operators from underdosing by increasing the speed so they can finish 
a block before the spray runs out because the Axial Turbine Flowmeter automatically increases the flow of 
spray solution. However, although this is a smart control method, Ap-tech recommends as a good spray 
practice to indicate and urge equipment operators to avoid these practices, which can also be audited in 
application reports, which includes the speed at which the operator drove the equipment throughout the 
spray time (Figure 3). 

 
 
Figure 3. Report of an 
executed application. The 
image on the left 
corresponds to the 
application speed report and 
it indicates that the average 
speed of application was 0,88 
km / h, the minimum speed 
was 0,10 km / h and the 
maximum speed was 1,34 km 
/ h. The image on the right 
corresponds to the report of 
applied volumes and it 
indicates that the average 
application volume was 3007 
L/ ha, the minimum volume 
was 237 L / ha and the 
maximum volume of 3133 L/ 
ha. 
 
 
 

Other applications of Smart Spraying   
• Since the fruit ripens first at the edges of the MMUs, it is possible to define polygons to only apply a 

degreening spray on the edge while delaying the degreening spray over the center polygon provides 
additional time for the fruit to mature, thus improving its overall quality .  

• Application of herbicides in quaternary drains, sometimes a peculiarity of ratoon crop plantations 
(higher incidence of weeds in these channels) or producers that use plastic mulch, the soil of the roads 
usually accumulates in the quaternary drains, which represents in the medium term an incidence of 
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weeds in the channels, thus the definition of polygons in the quaternary channels (Figure 4), allows the 
application of only those areas, which avoids the mild or severe toxicity caused by selective herbicides. 

   
Figure 4. Selective herbicide application 
in quaternary drains. The black line 
polygons correspond to the drains. The 
yellow polygons are the areas treated by 
smart spraying. The red triangle (the 
location of the tractor) and the black 
horizontal bar (the position of the 
boom). 
 
 
 
 
 
 
 
 
 
 
 

 
Smart spraying is a supplement to the spraying and calibration principles, not a substitute   

An important issue is to understand that while the Axial Turbine Flowmeter is designed to guarantee 
the application of a specific volume of product per hectare (defined by the user prior to the application), the 
presence of worn or partially clogged nozzles does not guarantee uniform distribution of the product. Thus, 
the regular examination of the spray nozzles is still required. According to  (Spray System, 2020) there is no 
other device in the spraying system located prior to the spray nozzle that can control: 1) jet volume, 2) 
droplet size and 3) distribution over the target. These three elements are essential for agronomic efficiency 
of agrochemicals.  

Unfortunately, some technicians believe that calibrating a sprayer only means determining the 
discharge per hectare of the equipment at a certain pressure and speed. However, there is extensive 
documentation on what must be done to really calibrate spraying equipment and the discharge per hectare 
is simply one of the necessary results. All the necessary steps to calibrate a spraying system correctly and 
completely can be found in Spray System (2020). A spray boom calibration process includes checking and 
verification of all spray nozzles and replacing them when their discharge equals or exceeds 10% of the 
indicated discharge for a new nozzle under the same pressure conditions. These wear conditions affect the 
specified droplet size and spray pattern. Therefore, the use of worn nozzles is agronomically incorrect even 
if the discharge per hectare is reported to be correct by a smart system. A smart spraying system could 
guarantee the discharge per hectare even if the nozzles had been removed from the boom. The smart 
spraying discussed in this document is the perfect complement to properly calibrated equipment and not a 
replacement. With the smart spraying, all the calibration steps inherent only in the discharge calculations 
can be omitted since the system performs them automatically and in real time during the application. This 
also means that the Axial Turbine Flowmeter must be checked during the calibration of the spray equipment, 
since this device is the one that provides the necessary data for the automatic discharge calculations. 

Finally, given the large amount of biomass present in the pineapple crop and the wide possibility of 
increasing the speed of the spray equipment with the smart spraying system guaranteeing a certain 
discharge per hectare, it may be an opportunity to investigate the maximum speeds to use this technology 
according to the discharge per hectare and according to the best agronomic results, and not an option to be 
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exploited a priori, thinking only in the performance by equipment (Vásquez-Jiménez, personal 
communication). 

 
CHALLENGES RELATED TO LAND DESIGN AND PREPARATION  

By operating principle in high technology pineapple cultivation, the configuration of blocks must 
satisfy the logistics of spray applications. Thus, the block width is twice the length of the boom (Vásquez-
Jiménez et al., 2018). So, if the boom length is 16.5 meters, the Block width will be 33 meters. In the same 
way, the width of the boom must be compatible with a complete number of beds. For example, if the bed 
center-to-center distance of adjoining beds is 1.1 meters, then a 16.5-meter boom covers exactly 15 beds and 
a full Block will have 30 beds.  

Regarding the use of the land occupied by cultivation, the longer the boom, the more land area will 
be occupied by pineapple plants (Vásquez-Jiménez et al., 2018). However, if the farm topographically has too 
much slope, for example greater than 15%, the length of the boom would generally be limited to 13.2 meters 
and the block width will be 24 Beds. If the farm layout is designed for a boom of 13.2 meters long it will have 
more surface dedicated to roads than if it was designed for a spray boom of 16.5 meters. In other words, the 
first element to consider in maximizing the use of land on a farm is to promote the conditions and 
infrastructure of roads (safety for applications in rainy and sloping conditions) to be able to use the 
maximum possible length of boom of the spray boom machine, which in general in Costa Rica is for 30 beds, 
or 16.5 meters for a bed center to center distance of 1.1 m. 

The above is one of the first relatively simple decisions that a producer must make prior to planting 
pineapple (Vásquez-Jiménez et al., 2018). However, if the producer acquired a 13.2-meter spray boom and 
designed his farm for these parameters, but then decided to change the boom to 16.5 meters, he can generate 
operational inconveniences and significant delays in the ground preparation processes affecting the 
production cycle. Those potential problems justify the recommendation that a maximum sprayer boom 
length should be procured at the beginning. 
 
Efficient plantation and drainage design “as response” 

Regardless of the length of the boom used for the design of the seeding, there are more subtle wastes 
of land, which only by proposing and analyzing various design options for the same land, is it possible to 
maximize cultivated area. It is important to mention that other criteria more related to sustainability have 
been documented (Jung-Rothenhaeusler et al., 2016), where the technology that will be discussed below 
could enhance them.  

Conventionally, in Costa Rica land preparation was done with very limited recognition of the impact 
of topography on soil erosion. So once it is decided that a block will have 30 beds (33 m), highly experienced 
personnel (with superficial knowledge water drainage) visually decides the orientation of the beds, and with 
a measuring tape stakes every 30 beds plus 3 m for an in-field road are measured and the measurement of 
the next Block of 30 beds begins. This method of designing directly in the field is very practical and seems 
very functional, however, it generally leads to centimeters of loss with each added bed. As a result there will 
be significant land losses because the 30 beds will be located on a surface wider than 33 meters  so the block 
cannot be completely covered by the spray boom so in the center of the Block there will be plants that cannot 
be sprayed because they are outside the working width of the spray boom.      
 
Soil preparation with autopilot 

The installation of Autopilot (Figure 5) in tractors used for ground bedding, as well as the 
photogrammetric flight service with Drones are useful for obtaining digital orthophotos that illustrate farm 
field layout. In establishing field layouts, the producer is offered at least three design options where the 
quantity of usable hectares of each design and its consequent implications and / or particularities are 
presented to the producer. Each design option also contains the drainage network and its consequent 
implications and / or particularities.  These designs are presented at a technical meeting for discussion and 
final decision making or final design choice. 
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A comparison between the conventional design made by the producer and a design built from the 
orthophotography of the plot (Figure 6) guarantees that the design is effectively built in the field with the 
same design precision because the Autopilot drives the tractor using the guidance of the Trimble Display to 
keep the vehicle aligned according to the design, while improving work efficiency. With the contour lines 
information, it was decided to create a new block that was not in the original design (block pointed with the 
green arrow) thereby achieving better drainage and phytosanitary results in that area. 

 
 

Figure 5. Basic electronic and 
technological components for field 
layout and contouring and drainage 
design. (1) RTK service, (a) Antenna, (b) 
function concept por improve precision. 
(2) Antenna in the tractor roof get a 
corrected signal through the RTK 
service. (3) Control system (a) Display 
(b) Autopilot. (4) Basic devices for 
design, (a) Drone, (b) Software. 

 
 
 
 

 
 
 

 
 
Figure 6. Comparison of a conventional design (image on the left) with a design obtained from the 
orthophotometry process (image on the right). The numbers correspond to contour lines.  
 
 
USE OF DRONES FOR CHALLENGES RELATED WITH PLANT COUNTING IN PINEAPPLE  

Pineapple planting in Costa Rica is still done manually and represents one of the main production 
costs. Some producers have expressed concern that in the payment of wages based on a plant counted by a 
worker who is a judge can influence the actual number of fruits harvested per block. The count is usually 
done plant to plant with a mechanical hand-held counter. If the plant count in one bed is accepted as the 
standard and others of “apparently” the same length are multiplied, the fruit estimate is likely to be in error.  
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Due to the above, some companies have discovered a shortage at harvest due to human error or 
fraudulent practice in the report of suckers planted per Block. 

The easy access to high quality aerial photos that drones allow is being exploited by different 
companies as an input to produce different types of information for agronomic use, for example, the counting 
of plants, determination of different planting conditions (phytosanitary and nutrition), etc. In this case, a 
method for counting plants by MMU in pineapple cultivation is explained. 

 
 

RGB Planting Inventory (Automatic count) “as response”  
Ap-Tech offers a solution to the above problem by providing an automatic population count service. 

This process is carried out by obtaining photos in digital negative (DNG) format with a Drone to generate the 
necessary images for automatic counting. This process can be performed by the farm (if they have a Drone) 
or contract with a service such as the one provided by Ap-Tech. These photos are emailed to the Ap-Tech 
offices and an orthophoto with geographical coordinates that allow obtaining distances and polygons is 
generated and  a single orthophoto is generated from them.  

The orthophoto is passed through software developed by Ap-tech that consists of an algorithm built 
from the consolidation of variables that encode a plant (RGB contrasts that encode a plant in a multitude of 
conditions, for example, soil coloration and plant coloration, light conditions, and plant size). At the end of 
the algorithm run, the central part of a pineapple plant (sucker or slip planted) is identified as a point (Figure 
7). Each point results in a geographic coordinate and the image format is shaped (* .shp) (see figure 7). The 
information is delivered to the producer from an Ap-Tech platform and cartographically (orthophotos *.shp 
format).  

The person responsible for production statistics or plantation inventories on the producer's farm, 
with a GIS (Geographic Information System) software, for example QGIS (2020) available free of charge at 
https://www.qgis.org/es/site/forusers/download.html) will open the *.shp file and select the polygon of the Block 
that he wants to record the number of plants into his internal system (farm statistics), and automatically 
obtains the number of points, which equals the number of plants in the selected polygon. 

 
Figure 7. Block image in *.shp 
shapefile as a result of running the 
orthophoto on the Ap-Tech RGB 
Planting Inventory algorithm. 
Each point represents a plant. 

 
In this way, the count is 

accurate and also allows the 
producer to easily identify 
opportunities for improvement, 
such as the distance between 
plants within rows that define 
population density, as well as the 
inconsistent distance and 
alternate-opposite positioning of 
plants between rows that defines 
the spatial arrangement. 

The use of other types of 
images for the crops analysis that 
are being exploited in other crops 

(for example, for the diagnosis of nutritional deficiencies or phytosanitary problems), at least to date it has 
little practical use in pineapple culture because it has not been possible to correlate drone images objectively 
with nutritional or phytosanitary problems, at least not in a way that is not obvious to the naked eye. At some 

https://www.qgis.org/es/site/forusers/download.html
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point Ap-Tech wanted to use a drone to show nutritional problems, but it has not been possible to 
successfully correlate it with data from foliar analysis; possibly in-depth calibration work is required. 

Finally, it is also considered that the technology presented in this document provides significant 
benefits in terms of sustainability, such as, in the topic of smart applications, water saving can be mentioned, 
and agrochemicals remain within the biological objective. On the subject of plantation and drainage design, 
the mitigation of erosive processes can be mentioned. 
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News from Hawaii (USA) 

In memory of David Douglas Francis Williams  

 Dr. David D.F. Williams, breeder of the MD-2 and 73-50 (CO-2) pineapple cultivars, was born in 
England on May 13, 1930 and he died in Colorado Springs, Colorado on October 16, 2019. 

Dr. Williams (Dave) obtained his doctorate as a plant breeder 
at the University of Wisconsin and arrived in Hawaii in 1962 to accept 
a position as Superintendent of the Kula, Maui (Hawaii) Experiment 
Station. He spent six years developing the experiment station and also 
introduced South African Protea which later became a valuable crop for 
the Hawaii flower industry. 

In 1968 Dave was hired as plant breeder at the Pineapple 
Research Institute of Hawaii (PRI) at Waipio, Oahu. He was appointed 
Director in 1971 and remained Plant Breeder and Director of PRI until 
the PRI breeding program was completed in 1986. Beginning in 1973 
Dr. Williams split his time between the PRI and his position as 
Agriculture Research Director and Quality Control Manager at Maui 

Pineapple Company where he remained until he retired to Fort Collins, Colorado to be near his children and 
grandchildren in July, 1992.  

Under Dave’s direction the PRI breeding program had produced dozens of selections but two were 
exceptional. Hybrids 73-50 and 73-114 were selected in 1973 and jointly developed by PRI and Del Monte 
Hawaii. Hybrid 73-114, named MD-2 by Del Monte began to replace Smooth Cayenne in the major fresh fruit 
markets in 1996. Selection 73-50 was in commercial production on Maui by 2006 and also became the most 
important fresh fruit cultivar in Australia.  

Dr. Williams leadership in the development the World’s most successful pineapple breeding program 
was recognized in 2010 when MD-2 was named the American Society for Horticulture Science’s (ASHS) 2010 
Outstanding Fruit Cultivar,  and David, at age 80, went to the ASHS national meeting to receive the medal. At 
this writing MD-2 is the World’s favorite pineapple cultivar and 73-50 is the main pineapple cultivar being 
grown in Hawaii and in Australia.  

Australian pineapple breeder Dr. Garth Sanewski, who used PRI’s 73-50 as one parent for his Aus-  
Jubilee and Aus-Carnival pineapple hybrids in the Queensland, Australia pineapple breeding program, wrote 
the following paragraph about David Williams contributions to the science of pineapple breeding. 

  Developing screening protocols for resistance to marbling and Thielaviopsis would have 
involved a lot of work. Likewise developing a screening protocol to rapidly evaluate new varieties is very 
comprehensive. All of this work, even though it was done many years ago, is still very relevant and probably 
only being thought about by other programs as they try converting to new varieties. So, in that sense it was 
ahead of the times. David has made a huge contribution to the process of varietal development, yet I suspect 
few actually know his name. Even more astounding is that every pineapple producing country uses his 
varieties. I guess that is the legacy of working for a private company. A very real contribution but largely 
unnoticed.  

Important research contributions of D. D. F. Williams 

Production, propagation, and testing of new varieties 
 
Williams, David D. F. 1970. PRI News 18:24-35. Reproduced with the permission of the Pineapple Growers 
Association of Hawaii on 07/29/2020, Daniel Nellis, president. 
 
Summary: Further insights into variety X environment interactions, improvements in culture, the 
development of new screening techniques, and the recognition of some hitherto unexpected capabilities 
within certain hybrids have made it desirable to amend the crossing strategy and variety testing procedures 
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in the breeding program. This report covers those areas in the program where significant changes in methods 
or strategies from those outlined in earlier research reports taking place. 

 
Crossing strategy 
  The behavior of several hybrid varieties has indicated that varieties may be developed to fit many 
promising cropping systems to which Cayenne is not adaptable. In 1965, hybrids were consequently 
classified into seven categories according to their apparent suitability for summer, high density, winter, 
tropical, heart and root-rot area, fresh fruit or mechanical production. Since then, varieties capable of 
producing acceptable fruit size on plants forced much smaller than is possible with Cayenne, and varieties 
that produce good quality fruit throughout the year have been recognized. Additionally, the need for 
resistance to natural differentiation and pink disease in potential winter or year-round varieties and the 
realization that many hybrids are more liable to damage from nematodes than Cayenne has given rise to the 
following variety classification: 

 
Table 1. Group Categories 

Group A Category Group B  
 A S - Summer   
 D - High density  B PC - Phytophthora cinnamomi resistant 
 W - Winter  PP - P. parasitica resistant 
 Y - Year-round  P - Pink resistant 
 T - Tropical  N - Nematode tolerant 
 M - Mechanical  ND - Natural differentiation resistant 
 FC - Fast crop  B - High bromelain 
 FF - Fresh fruit  V - High vitamin C 

 
 The objective of the breeding program is the creation of commercially acceptable varieties for each 
category in group A, incorporating in them appropriate characteristics from group B. The best varieties in 
each of these categories are determined by appropriate tests and are used in the crossing program. Three 
major types of crosses are made: 
 1. Within category, e.g., D x D, FC x FC 
 2. Between varieties in group A and varieties in group B, e.g., W x P, Y x PP 
 3. Within group B, e.g., PC x PC, PC x N 
 
The general objectives of these three types of crosses 
Within category 
  To produce varieties superior in the categorized characteristic. By avoiding whenever possible the 
mating of varieties with common faults, the overall performance of selected progeny should also be 
improved. Selections from crosses within group B may only be of significance as improved parental types, 
but those from within group A should have potential as plantation varieties. 
 
Between A and B group varieties 
 To introduce a specific character from a B group variety into an A group variety weak in this 
character, e.g., 59-443 x 59-656 is made to introduce the Phytophthora resistance of B group variety 
59-656 into the somewhat P. cinnamomi susceptible A group variety 59-443. 
Within group B 
 To produce varieties with multiple B group characters for later use as elite parents. 
 
 While these are the general objectives of these crosses, we may, because of the apparent polygenic 
control of all the categorized characters, expect to turn up some selections that will fit into categories 
additional to those of either parent, e.g., DxD –“ D+PC. Crossing between varieties with undesirably severe 
common weaknesses is never knowingly allowed, as the progeny will almost certainly all have the same 
weakness. 
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 All crosses are now made reciprocally because recent review of the seed production of crosses made 
reciprocally has revealed a high incidence of one-way partial or full infertility. For example, the following 
seed was obtained from reciprocal crosses: 
 52-323 x 57-139 -- 60 seeds  
 57-139 x 52-323 --1000 
 58-907 x 53-116 - 150 seeds 
 53-116 x 58-907 - 4000 seeds 
All four of the above varieties produced ample seeds both as male and female parents in other crosses. 
 Some varieties with apparently normal flowers, produce little or no seed when used as female 
parents, e.g., 56-210 and 59-598. Past records are scrutinized to ensure that such varieties are identified the 
first year they are used as parents, and used only as male parents subsequently. Similar attention is given to 
varieties proving to be poor pollen parents. Attention to these factors should increase seed obtained per 
pollination by 10-20 percent, overall.  
 Until 1968, ten flower heads were usually pollinated per cross, giving in the neighborhood of 1000-
3000 seeds, depending on the fertility of the cross and the extent to which the flowering of the two parents 
in the cross overlapped. The number of pollinations per cross was raised to 20 each way, i.e., ^0 in 1969 and 
has been raised to 40 each way, i.e., 80 this year. In some instances, especially where a variety is mated with 
several varieties, there are insufficient plants available to permit making the desired number of pollinations. 
This problem should disappear as earlier plant sectioning leads to earlier identification of superior varieties 
through faster disease and winter crop screening. 
 Our objective in 1970 is the production of at least 400,000 seeds. Assuming 90 percent germination, 
this will provide enough seedlings to plant two full greenhouses. Excess seeds can be stored under low 
humidity in the reefer and used later if poor seed production conditions occur in subsequent years. 
 The following tables, listing the classification and mating of varieties for the 1970 crossing program, 
illustrate the actual operation of the strategy. 
 
Table 2. Classification of varieties used in 1970 crossing program (NB: format and content modified from 
original). 

Group Category Varieties 
A Summer Cayenne, 52-323* 
 Density 57-293*, 59-408*, 59-598* + 4 more 
 Fast crop 57-226, 57-293*, 59-934 
 Winter 58-907, 58-1184*, 59-408* + 1 more 
 Year around 59-443 
 Mechanical 57-765, 58-744 
 Fresh fruit 57-293*, 58-1239, 63-22* + 2 more 
B P. cinnamomic resistant 52-323*, 53-R19, 57-293* + 1 more 
 P. parasitica resistant 59-656*, 60-9, 61-2223 
 Pink resistant 58-1184*, 59-769, 63-251 + 1 more 
 Nematode tolerant 57-3*, 59-598* 
 Natural differentiation resistant 59-754 

*Multiple classification. 

 
Table 3. Crossing schedule, 1970 
Table 3 was left out because it was a list of planned crosses that could not be made by the reader. 
 
Seedling production 
 Increasing the light intensity in the greenhouse, holding night temperatures above 60 °F, enriching 
the atmosphere with C02 (produced by the heating system) and application of the new fertilization program 
(PRI News 17:69-96 (NB: available in Pineapple News No. 25 ) to the current batch of seedlings has confirmed 
the conclusion that five months in the greenhouse is sufficient to grow seedlings on to field planting 
condition. 
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Table 4. Seedling production operation schedule planned for cycle beginning with current crossing. 

Year Date Operation Date Operation 
1970 March-April Cross pollination 
 July-August Seed extraction 
 September 1st batch of seed set in germinator 
 October 1st batch of seedlings pricked into pans in greenhouse 
1971 April 2nd batch of seed set in germinator; 1st batch of seedlings 

planted in field 
 May 2nd batch of seedlings pricked into pans in greenhouse 
 October 2nd batch of seedlings planted in field 
1972 June 1st batch of seedlings forced 
 December 2nd batch of seedlings closed out (forced) 
 Winter Selections made in 1st batch of seedlings 
1973  Summer Selections made in 2nd batch of seedlings 

 
 Because we are working with polygenic control systems, and must meet exacting performance 
requirements for a large number of characteristics, large numbers of seedlings must be screened to enhance 
the probability of success. We are attempting to orient and amend the program to produce and screen the 
largest possible number of seedlings, utilizing the current work force. Theoretically, we could push three 
crops through the greenhouse in one year, by finishing the hardening process in the lathhouse, but the exact 
timing and the additional labor that would be needed makes this impractical. 
 The plan for the upcoming cycle encompasses two plantings, one to be fruited in the summer, and 
the other in the winter. Splitting the planting, force, and harvest date will spread the labor requirement for 
the extra planting per year into a slacker time of year and will increase the natural selection pressure against 
low Brix, physiological problems which are not expressed . . at the PRI farm in summer-fruiting crops (e.g., 
gland-base defect), and those fruit diseases which are most prevalent in the winter. The winter-fruiting 
plantings will be made from seedlings obtained from crosses including parents selected for winter or year-
round adaptation. 
 To help meet the extra effort required due to the doubling of the seedling input, we must reduce the 
input required per seedling. To this end, this year we are: 
1. Mechanizing compost preparation. 
2. Automating the watering of the seedlings in the greenhouse. 
3. Automating greenhouse ventilation. 
4. Germinating seed in an exactly controlled environment - this will make it possible to prick out all 
seedlings in a germination pan at one time, thereby reducing the labor for this operation and for the 
consolidation of seedling lots prior to field planting. 
5. Increasing the number of seedlings per cross rather than the number of crosses. 
6. Mechanizing label preparation, both for labeling crosses in the field and the greenhouse. 
 
Seedling selection criteria  

  
Table 5. The following criteria, in order of application, must be met for a seedling to be selected. 

Required characteristic Time of selection 
Non-spiny Seedling pan 
At least moderate vigor-- stem must be At transplanting to field at least pencil thickness.  
Leaves free from freckle and other disorders A t fruit maturation 
Non-collar of slip  
Fruit substantially symmetrical  
Fruit larger than 4.5 lb., visual estimate  
Fruit substantially erect and free from sunscald  
Fruit shape substantially cylindrical (rated 1-2 on PB scale). More taper (up to 3  
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on PB scale) is acceptable if the fruit is over 6.5 lb. 
Crown not fasciated  
Fruit flesh free from blemishes (pathogenic. physiological or morphogenic)  
Flesh color pale yellow to golden  
Fruit solid (rated >3 on PB scale)  
Core less than 1-1/2" in diameter  
Brix >14.0 (fruit <6.5 lb.) >13.0 (fruit >6.5 lb.)  
Flavor free from objectionable traits such as astringency, bitterness, putrescence, 
blandness 

 

 
 The Brix and fruit shape requirements are relaxed slightly for fruit examined during the winter 
months. By applying these criteria rigorously, approximately 250-1000 selections may be expected from 
300,000 seedlings in the field annually. This number will vary and will, hopefully, increase as parental 
varieties are improved. While these are tough requirements, past experience indicates chances are slight that 
any seedling not meeting them will find acceptance by industry. 

 
Variety propagation and testing 
  
 Prior to 1965, variety testing was accomplished by replanting slips on a two-year cycle, eliminating 
varieties on the basis of their field performance, until enough slips were available, usually about the eighth 
year after selection, to plant a replicated yield and recovery trial. Varieties were subsequently placed on 
plantations. This system was simple to follow and was relatively efficient in labor requirement. However, it 
took on the average 11 years to pretest selections and get them out in tests on the plantations. 
 In 1965 a stump sectioning program, beginning with the selected FAG (first asexual generation) 
plants, running concurrently with the slip plantings, but on a three- instead of two-year cycle, was instituted 
to speed the production of slips for the replicated yield and recovery trials and to advance release to the 
plantations for testing. Using this system, it is now possible to get good slip-producing varieties out to the 
plantations six years after selection. However, poor, or non-slip producing varieties are also being selected 
now, and these require different treatment to speed up their propagation and testing. The system has 
therefore been modified and is now as presented in Fig. 1. 
 Under this system, the original seedling is macrosectioned and all the resulting plant pieces planted 
together in a FAG test plot. For summer fruiting seedlings, this is done before the end of August. The section 
pieces are dipped in Benlate and the whole planting is irrigated through October to ensure rapid germination 
and establishment of the sections. Most of the resulting plants are large enough for forcing 16 months later. 
Subsequent selection is based only on the behavior of the plants grown from slips or quartered crowns, 
except that in a borderline case, a variety would be kept or discarded if it propagated well or poorly, 
respectively, from sections. 
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Figure 1. Selection testing and propagation method adopted in 1969 at PRI. *Evaluation 
based on performance of slip- and quartered-crown produced plants. 
 Currently, about 5 percent of the FAG varieties are selected for SAG (second asexual generation) 
planting. The same techniques are followed for this planting except that two plantings - slips and quartered 
crowns, and sectioned stumps and suckers - are made. Through early planting and irrigation, both also come 
into plant crop in two years. Reselection is based on field observation of the slip and sectioned crown 
plantings only. 
 Varieties reselected in the SAG are then evaluated in a winter fruit planting grown from SAG suckers 
(winter chain test) 18 months later. Flowers in this test are inoculated with pink disease to screen out pink 
susceptible selections. It is anticipated that inclusion of a winter fruiting test this early in the selection 
process, for seedlings originally fruited in the summer, will accomplish several objectives. It will speed up 
the identification and improvement of pink resistant varieties and speed the identification, and thereby dis-
card of varieties prone to physiological fruit disorders such as gland-base defect. As other fruit disease is also 
much more prevalent in the winter, it will also materially raise the selection pressure against other fruit 
diseases. This will reduce the number of selections carried through more than three cycles of reselection, 
thereby helping the Plant Breeding staff handle the doubled seedling load. It will also speed the early 
recognition of varieties adapted to year-round culture, a major objective of the breeding program. 
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 Six months after the winter chain test is harvested, a similar summer chain test will be harvested, 
including marbling and fruitlet core rot inoculated fruit. Fruit from varieties reselected in these tests will be 
canned and used for consumer acceptance tests the following summer. Slips and crowns from these chain 
tests will be planted at Helemano and on Lanai for P. cinnamomi and P. parasitica screening, and varieties 
passing all these hurdles will then be released to the plantations for industry testing. 
 Seedlings which are fruited during the winter will be carried through a similar cycle of testing, except 
that the FAG and SAG and on-cycle chain test will fruit in the winter months, while the sucker produced chain 
test will fruit in the summer and Phytophthora test plantings will be made from slips or crowns from the 
winter chain test. 
 Adherence to the system outlined should ensure rigorous removal of inherently weak varieties prior 
to industry testing, while still getting all the varieties out in seven years after initial selection. Under the 
earlier systems, varieties were often released before sufficient planting material had been developed to carry 
out all the screening procedures. Incorporation of fruit disease inoculation and winter testing before 
plantation release will probably cause a major reduction in the number of varieties sent out for testing, and 
an improvement in the average performance of varieties under test on the plantations. 
 As planting material becomes available, all varieties will be routinely screened for nematode 
tolerance, resistance to natural differentiation, fast cropping, fresh-fruit production, and mechanical harvest. 
Much of this information should be available by the time a variety comes into plant crop on the plantations. 
Results from forcing X plant size and density X nutrition experiments conducted by Horticulture should also 
be available by the time plantation tests come into ratoon and will be an aid to the plantations when deciding 
whether to advance propagation of specific varieties.  
 The overall annual scheduling of seedling production, selection and variety testing under the revised 
program is presented in Fig. 2. I. This schedule provides for a very full program every month of the year and 
may prove difficult to adhere to if there is much bad weather or overlapping of jobs. The smooth operation 
of the schedule will depend largely on our ability to apply severe selection pressure in the early stages of 
reselection, thereby limiting the number of varieties fed into the more time-consuming recovery and 
consumer acceptance tests. In this respect, it is hoped that current work in Plant Pathology with marbling, 
pink and fruitlet core rot isolation and inoculation will lead to ability to screen for these diseases in the SAG. 
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Smith, J.B. and Williams, D.D.F., 1969. Varietal screening for induced pink disease. PRI News 17: 61-67. No 
abstract available. 

Williams, D.D.F., 1969. Seedling production technique at PRI. PRI News 17: 69-96. This document was 
included in Pineapple News No. 25 (2018). 

Williams, D.D.F., 1969. Variation in varietal susceptibility to Thielaviopsis paradoxa rot. PRI News 17: 120-
121.    

Williams, D.D.F., Smith, J.B., and Apt, W.J., 1969. Inducing marbling disease for varietal screening. PRI News 
17: 126-130.   

Smith, J.B., Williams, D.D.F., and Pfeiffer, J., 1970. Temperature effects on nectar flow in pineapple. PRI News 
18: 36-37.  Plants of selection 57-719  

 
Seediness in pineapple (Summary) 

 

Williams, D.D.F.  1970. PRI News 18: 51-60 
 

 Seed occurs in fruit of PRI varieties for the following reasons, listed in probable order of importance: 
1.  Cross-pollination mediated by honeybees, which are attracted to varieties that have a heavy nectar flow. 
Example:  52-323. 
2.  Partial self-fertility, accompanied by insect attracting nectar flow or anthers that dehisce directly onto the 
stigma. Example:  10572, 66-508, 66-88, respectively. Seedy Cayenne clones are an extreme case of the latter 
type. 
3.  Seed coat development from unfertilized ovaries, resulting in so called "immature seed".  Example:  59-
921. 
4. Partial breakdown of the incompatibility mechanism (pseudo-self-compatibility) caused by high 
temperature, and possibly other factors.  Example:  57-719 in the equatorial tropics. 
 Now that these mechanisms have been fairly clearly delineated, varieties indicating seediness due to 
2 and 3 above are being eliminated both as parental material and prospective plantation candidates, while 
varieties indicating seediness at PRI due to cross-pollination only are screened as plantation candidates 
because Cayenne is a poor natural pollinator and when such varieties are planted only with Cayenne, they 
may produce no seed. 
 Evidence is also presented that maternal influences on seed production, other than control of pollen 
tube growth, through incompatibility are quite prevalent, and account for more loss of seed in the breeding 
program than incompatibility. 
 The results of these experiments carried out in 1970 indicate that the cause of seediness in PRI 
varieties is much more complex than once thought. The major cause of seediness in 11 PRI varieties tested 
is cross-pollination. Varieties that produced seed from natural cross-pollination all produced nectar in 
moderate to large amounts, and all were visited by bees. Those with the most seeds also had the most bees 
visiting them.  Nectar flow was strongly influenced by temperature (PRI News l8(l): 36-37) and considerable 
variation in nectar flow from flower heads on adjacent plants of the same variety was also observed during 
the course of these experiments. Seediness due to natural cross-pollination in Hawaii is therefore deduced 
to be caused by honeybees, which are attracted to the flowers by nectar flow. As the latter is variable from 
plant to plant and season to season, both in amount and point of excretion from the flower, this would 
account for the variability in seediness from season to season. It would also account for the lack of success in 
obtaining seed in earlier experiments in which known cross-compatible varieties were caged with 
honeybees.  Evidently, the varieties used were unattractive to honeybees and/or had a flower structure or 
nectar flow pattern which made visiting bees unlikely to effect pollination.  In fact, varieties 52-21*1 and 57-
719, both of which have seedy records, produced no seeds when unbagged in this test. Apparently, the factor 
which induces cross-pollination in these two varieties was not present in this experiment. 
 Bagging experiments carried out earlier (see Res. Rept. 124) led to the conclusion that there was little 
or no self-compatibility in PRI varieties. This faulty conclusion was drawn because the flowers were not hand 
self-pollinated — in the current experiment, three out of the six varieties which produced seed when bagged, 
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did so only when hand self-pollinated. Hand self-pollination was probably felt to be unnecessary because the 
self-seedy Cayenne clones set seed without it when bagged. It is now quite clear that some of our varieties 
can set seed with their own pollen, some of them without any external pollinating agent, and that the degree 
of self-seediness may vary from fruit to fruit, from season to season, and depend partly on the abundance of 
honey bees. Such varieties would be disastrous for the industry, and must, therefore, be discarded from the 
testing and breeding program. 
 

Seed setting ability of closed-flower varieties treated with gibberellin (Summary) 
Williams, D.D.F. 1970. PRI News 18: 61-62.  

 
1. Seed can be obtained from closed flower varieties by the application of gibberellic acid to the cones when 
the first petal tips are emerging from the sepals; followed by conventional hand-pollination. 
2. Flowers which have been through a period of arrested petal growth may open after gibberellic acid 
treatment but, although the stigmas and styles on such flowers appear normal, the ovaries will not produce 
seed. 

Open flowers induced on closed-flower varieties by gibberellin (Summary) 

Williams, D.D.F. and Yamane, G.M., 1970. PRI News 18: 11-12. 
 
 Plants of Champaka F-153 treated during flowering with 60 ml of 1000 ppm active GA opened every 
flower, while flower opening of untreated plants averaged less than 15%.  Plants treated with less than 100 
ppm GA showed no flower opening response while plants treated with 100 ppm showed a weak response.  
Using 10 ml of an aqueous solution of 400 ppm GA, an amount sufficient to drench the flower head of hybrids 
41-411 and 57-443 just before the first flower's petals appeared had a flower opening pattern like that of a 
normal flowering variety.  Pollinations are being made with the two hybrids as females, as all styles appear 
to be functional.  No results were available at the time the article was written. 
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 Some studies of factors affecting rooting 

Donald P. Gowing and Howard W. Klemmer. 1961. PRI Research Report 85, Pineapple Research Institute of 
Hawaii. Reproduced with the permission of the Pineapple Growers Association of Hawaii on 07/29/2020, 
Daniel Nellis, president. 
 
Abstract 

A large experiment investigating the influence of several elements on early rooting performance of 
pineapple plants was undertaken on Lanai in September 1958. Two smaller experiments pursuing leads 
obtained earlier were installed in 1959. Variables tested were mechanical and chemical treatment of planting 
materials, the influence of source and size of slips, and irrigation, fumigation, underpaper nitrogen, and 
mulching material. Numbers and lengths of roots, microbial populations, soil and leaf nutrient levels, and 
physical log data were studied. 

The results indicated that adequate soil moisture was the biggest single factor contributing to 
satisfactory early rooting. However, slip source (i.e. field) and size, the absence of or removal of knobs, the 
omission of hapas, and care to avoid excessive foliage injury can aid in uniformity of growth and early rooting. 

No chemical treatment was found sufficiently consistent in performance as to encourage further 
development. Fumigant or underpaper nitrogen had little effect on root growth within the first month but 
did affect later growth of tops and roots. 

Microbe populations varied in different directions with different treatments, and the relative levels 
fluctuated with time after treatment. Generally, the treatment providing best growth of pineapple plants 
favored the growth of microorganisms of more than one kind, but suppressed others. Such results could be 
obtained if microbial antagonism is involved, and if the organism whose growth is favored were antagonistic 
to others whose growth would be detrimental to the pineapple plant. Further data would be required to 
substantiate this as the best explanation for the correlations observed. 
 
INTRODUCTION  

The observation has often been made in both irrigated and unirrigated locations that pineapple 
plants do not start growth uniformly. The plants which do make the earliest start appear to grow more 
rapidly and to a larger size than plants which are delayed in rooting. Since these observations are made some 
months after some of the plants are well started (say, two months or more after planting), it is not well 
established whether the difference in growth at this time derives from failure of the roots to emerge from 
the late starters, or from root troubles after emergence. 

 
In order to obtain some definitive information on these points, a large experiment was installed on 

Lanai during September, 1958. A part of the data was discussed in the seminar on root health (May, 1961), 
but the hypotheses tested and results obtained will be more fully examined in this report. In the experiment, 
detailed root examinations were made starting at eight days after planting, and further examinations on new 
plants made at intervals of several days up to two weeks, and at one and two months after planting. 
Microbiological studies of roots and rhizosphere soil were made on samples collected at one and three 
months after planting, and correlative data obtained on organisms present in or on the roots and in the 
surrounding rhizo-sphere. Soil and tissue analyses for several mineral nutrients were also made, in an effort 
to determine whether differences in these entities could be related causally or incidentally to differences in 
early root and plant growth, or to microbial growth.  
 
MATERIALS AND METHODS 
 
General description of the major experiment 

The most extensive experiment involved four main treatments with a plot size of nine beds x 320 
feet, in three replications, each in a different field block. The main treatments were irrigation or none, with 
or without fumigation (D-D at 400 pounds per acre). After planting on September 19, 1958, the first irrigation 
of 1.25 acre-inches was applied September 25, and a second irrigation of one acre-inch was applied on 
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October 6, 1958. As a subtreatment, preplanting fertilizer of urea nitrogen, 200 lbs. per acre was applied by 
spray and disked in before papering. 

Subtreatment plot size was nine beds by 160 feet, and within these were 18 sub-subtreatments of 
one bed by 80 feet each. These tested various factors such as the influence of age and weight of slip, sources 
of planting material, and mechanical and chemical treatment of planting material, as will be described below. 
Since the plots were 80 feet in length, this provided for six examinations of the roots of 10 plants from each 
plot, and left 50 feet of bed undisturbed for log data. The sub-subtreatments were established in only two of 
the three replicates, but this still provided for 16 sets of sub-subtreatments in two replicates of the irrigation, 
fumigation, and nitrogen variables. 
 
RESULTS AND DISCUSSION 

 
Test 1. Effect of age of slip and slip weight on rooting capability 

It has been recognized for some time that large slips usually rooted and grew better than small slips, 
but it had not been shown whether this reflected a better initial rooting performance, or derived from some 
effect on root and plant growth in the months after planting. Small slips are generally younger slips, and so 
any influence of juvenility would be confounded with slip size. This was met in the present test by comparing 
planting material of different physiological ages. 

Dr. Linford and his co-workers (Linford, King, and Magistad, PQ 5:118-131, 1935) had reported that 
the size of the root system per unit plant weight was greater in small than in large slips, but that large slips 
did produce more roots than small slips.  

Root lengths and the percentages of plants showing any roots were determined on several dates after 
planting, and were related to root number for the first month, but were less satisfactory indices of rooting 
performance later. The percentages of rooted plants in the irrigated plots rapidly approached 100 per cent 
in all treatments, and it was difficult to insure accurate measurement of length when large numbers of plants 
had to be dug up in the field. Consequently, root number provided the best discrimination between 
treatments for the first two months after planting and was taken as the indication of rooting capability in this 
study. 

It is apparent that the rooting of the new slips (of 4, 8 and 12 ounce weights) did not strictly follow 
the weight of the planting material, although their later growth was indeed related to the slip weight at 
planting. On the other hand, the slips which had been initiated some time earlier, and were physiologically 
more mature, although still of the 4, 8 and 12 ounce weights at planting, showed a greater tendency for the 
number of roots per slip to follow weight of planting material. The two lots were given equal curing time 
after removal from the plants, and were taken from two different fields on Lanai. 

One suggestion as to why the rooting capabilities of the new, young slips did not follow their weights 
was that there may have been a higher percentage of hapas in the 12-ounce group in the new material than 
in the mature slips. Hapas are thought to develop more rapidly on the mother plant than do slips, but are 
often removed as slips and handled as slips, particularly in the early slip-harvest rounds. A separate count of 
hapas was made, and there were indeed more hapas in the 12-ounce than in the 8-ounce lot of the new "slip" 
material (19 per cent compared with 4 per cent). However, both the 8- and 12-ounce lots of the mature slip 
material had about 20 per cent hapas. Hapas do appear to have fewer roots than slips, as will be pointed out 
below. In any event, the later plant growth clearly followed the weight of the slip at planting, in both the new 
and mature material. It seems likely that, other factors being equal, heavier planting material will provide 
better rooting and growth performance. 

As a note of caution, it may be noted that other factors are not always equal. As Dr. Sanford pointed 
out in Research Report 73:7-8, 1960, matched 9-ounce slips taken from different fields can vary widely in 
the number of root initials on the planting material. By stripping off the basal leaves, the root initials may 
readily be counted. Dr. Sanford's report showed that the major gain in number of root initials per slip 
produced while still on the mother plant is made prior to October i (for slips borne on plants fruiting for the 
normal summer harvest). Some further increase in the number of root initials followed after this date, but at 
a lower rate, the longer the slips remained on the plant. The disadvantages of allowing slips to remain on the 
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plant too long are obvious -- this does suppress the developing sucker (and consequently ratoon yields) to 
some degree, and the slips may attain sufficient size that some precocious fruiting will be encountered after 
planting. Moreover, the later the slip harvest, the later must be the planting. And finally, at the Wahiawa field 
station planting in December has usually resulted in poorer growth than has planting before the end of 
October, and this was true whether planting materials of equal weight or of even bigger weight were used in 
December (Research Report 73: 34, 1960 ). 

 
Test 2. Slip source; slips vs. hapas 

Slips from different sources are, of course, often different in nutritional status, and observational and 
experimental evidence on the importance of this was reviewed by Dr. Sanford (Research Report 65, 1960). 
There are also morphological differences between slips from different fields -- in root number, number of 
leaves, presence and size of knobs, and size of slip stem, for example. Hence, it is not unlikely that there are 
metabolic differences between slips produced in different areas and under varying climatic conditions, and 
that these would affect both root emergence and root growth. 

Comparing Lanai versus Wahiawa slips  and in addition, Lanai hapas  compared with Lanai slips. It is 
obvious that in this test the Wahiawa material from a field-run shipment rooted much more readily than 
either the Lanai slips or hapas, and the true slips rooted much better than the hapas. (The material collected 
as "hapas" actually consisted of about 60 per cent, but not l00 per cent, of plants, without obvious vestiges of 
fruit tissue, in contrast to the true slips which usually have a more or less distinct ball or knob of fruit tissue. 
) The hapas, although slow to root, did eventually catch up with the Lanai slips, but the Wahiawa slips 
maintained their advantage over the Lanai slips throughout the period of study (at least until a year after 
planting). 

The point to be made is that slips from different fields show different rooting and growth 
characteristics independent of size. Also, since hapas are often harvested with slips, if they are mixed with 
slips in the field at planting this can account for some non-uniformity in early growth. 

 
Test 3. Effect of knob removal 

An important morphological difference between slips from different areas may be the presence or 
absence of the knob of fruit tissue at the base of the slip. Customarily, when this knob exceeds the slip stem 
in diameter, it is broken off at the time the slip is harvested. That this would benefit the rooting and growth 
of slips had often been suggested in early times, but experimental data on the point were not abundant. In a 
Robinson field in 1953 Miss B. Krauss observed that, of a dozen slips of a chlorotic and non-chlorotic 
appearance, the chlorotic ones showed a much higher number of slips with large knobs, and these slips had 
also a smaller total root weight at the time they were excavated about four months after planting (PRI Expt. 

H. O. Thompson (PN 10:82, 1936) observed that slips with no knobs produced a bigger plant crop 
fruit weight than slips with knobs, but again data on early rooting performances were lacking. It appears 
possible that the root zone on a knobby slip may not be planted to the same depth as the root zone of a 
knobless slip. Moreover, the knob of fruit tissue might furnish a reservoir for microorganisms to develop and 
inhibit the growth of the young roots, either directly or indirectly. Further, the knob tissue, being "fruit", 
might produce some hormonal material which would suppress the rooting of a knobby slip. Whether the first 
or last of these explanations is correct is still a matter of conjecture, but there was no obvious fungal or 
bacterial attack of the roots on knobby slips, and yet the knobless slips or the slips with knobs removed 
rooted earlier and grew better than the knobby slips.  Slips weighing more than eight ounces, which became 
eight-ounce slips When the knob was removed also rooted faster and grew better than the eight-ounce 
normal slips or the eight-ounce knobby slips. 

 
Test 4. Other mechanical treatments 

Optimum planting material is not always available on a plantation when it is needed. Consequently, 
mechanical or chemical methods of improving rooting performance of planting material have been under 
test for a number of years. Some time ago, it was plantation practice to strip off the basal leaves of slips prior 
to planting. Professor F. G. Krauss showed experimentally that this operation would improve plant growth 
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and yield (HAES Annual Report 1920:52), and B. Krauss later reinvestigated this and studied the rooting 
performance of stripped slips. Miss Krauss related their better growth to better availability of soil moisture, 
but experimentally found that soaking cured slips for 17 hours did not actually improve their rooting. She 
was also interested in reducing transpiration losses from planting material during curing, and treated a 
number of slips with wax emulsions (the "Dowax" products of the Dow Chemical Company). She did not find 
this treatment to be useful in either reducing transpiration loss or improving rooting (PRI Expt. Physiology-
Soils 28-30-7). 

In the present test, dipping slips in Goodrich vinyl latex (VL) was similarly ineffective in improving 
rooting. It is regarded as having better spreading properties than the wax emulsions, and was suggested to 
us by Dr. Charles L. Hamner of Michigan State University, whose co-workers in the Horticulture Department 
there have considered it useful in reducing transpiration losses from transplants. 

Drs. Linford and Sideris had investigated hot water treatment of planting material and found that it 
sometimes stimulated rooting and sometimes did not. In our experiment, we tested dipping in a hot water 
bath at 120o F. for one-half hour. The treatment showed a remarkable stimulation of root growth over that 
of the checks. However, the green leaves of the heat-treated plants were severely injured by the Thielaviopsis 
paradoxa fungus (the same type of damage seen in "wind injury"). Probably for this reason, the early root 
growth of the HT plants did not result in a significantly improved plant growth, and even within two months 
the early lead in rooting was being minimized. 

The green portion of the slip leaves has some importance in growth after planting: shearing the leaf 
tips from twelve-ounce slips, which reduced their net weight to eight ounces, also reduced the rooting 
capability of such plants to about the level of the eight-ounce slips. This is probably evidence that the green 
leaves make a significant contribution to the developing plant quite apart from carbohydrate or water 
availability from the leaf tips. Perhaps some hormonal substance or the organic nitrogen reserves are 
affected. These would under normal circumstances be translocated out of the drying leaves and support the 
growing period point of the shoot and roots and, of course, would not be available from slips with their leaf 
tips removed and might not have moved out of the injured tissue of the hot-water-treated plants before these 
tissues were killed by the Thielaviopsis fungus. 

Hot water treatment has stimulated growth of planting material when injury did not occur, but this 
has not been consistently demonstrated. A stimulation could arise from the heat-inactivation of some rooting 
inhibitor, or from the release of an amylolytic enzyme which would shift starch to sugar, as suggested by Dr. 
C. P. Sideris. The suppression of the Thielaviopsis fungus by addition of a fungicide to the soak water might 
have permitted the hot water treatment to be of more significance to plant growth in this test. Results of a 
later repetition of the hot water treatment in a 1959 experiment are shown in Fig. 4. In the 1959 test, plants 
were treated with hot water (120° F. ) or with warm water (105° F. ) or given a soak at normal water 
temperature (about 80° F. ) or in cool water (about 70o F. ) and compared with un-treated checks. The 
number of roots per plant in the hot and warm water treatments at two weeks was much reduced below the 
checks, and even though there was no obvious evidence of foliar injury, by six months after planting all four 
of the soak treatments had made less leaf growth than the untreated checks. The soak water contained 0.25 
per cent "Oronite E-50" wetting agent, and possibly this may have had some deleterious effect on the soaked 
plants. It was added to insure penetration of the water to the root initials. In any event, the hot and warm 
water-treated plants did not show the same stimulation of rooting that had been encountered earlier. It is 
this lack of consistent effect which has suppressed enthusiasm for adaptation of this as a plantation practice. 

As a matter of fact, during the 1930's there appeared to be a greater hope of consistent stimulation 
of rooting from application of chemicals, and such tests have engaged the attention of a number of workers 
since that time. 
 
Test 5. Chemical treatments 
 

Folke Skoog and Lillian Louis (Research Report No. 12, 1939) showed that indoleacetic acid (the 
major natural hormone of the pineapple plant) and Vitamin B1 significantly increased the number and 
lengths of pineapple roots. However, general subsequent field trials of these treatments failed to show any 
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consistent and significant benefit from the use of these and other materials. A review of the several 
hypotheses tested and the results obtained by several subsequent workers was made in 1959 (Gowing, PRI 
News 7:50-64). The conclusion at that time was that none of the several classes of chemicals tested -- auxins 
and antiauxins, purines or purine antagonists, dormancy breakers, or sulfhydryl reagents -- had been 
consistently effective in treatment at planting. Often enough there were actual reductions in rooting 
capability, and although there were some infrequent gains, most of the time there was no measurable effect. 
In the 1958 Lanai test we included only four chemicals, at least one of which is used with considerable 
success in horticulture on other crops. This material, indolebutyric acid, resembles the natural hormone 
indoleacetic acid, but is usually more effective in rooting. 

Most of the chemicals effective in rooting in horticulture have induced root initiation rather than root 
elongation. On our planting materials, some roots at least are already present, and it is with elongation that 
we are mostly concerned (we counted emerged and growing roots). As of the time of this experiment, we 
had not obtained statistically significant improvement of rooting from indolebutyric acid (IBA), but there 
were experiments in which it appeared to have done some good. Consequently, both IBA and indolepropionic 
acid (IPA) were included again. Another material was Duraset (Naugatuck Chemical Co. N-m-tolylphthalamic 
acid), which had been reported to decrease transplanting shock and to minimize the effects of prolonged 
drought, or heat or cold weather. This chemical (DU) was discussed by the writers in PRI News 8:152-155, 
1960, and it was indicated at that time that we had found no beneficial response from its application to 
growing plants. There was no obvious advantage to its use in the present test either. 

At the suggestion of Dr. Charles Hamner we also included a chelating agent "cupferron". Dr. Hamner 
had some evidence that in some plants heavy metals appeared to be inhibiting root growth-stimulating 
enzymes, and cup-ferron improved root growth in solution culture, presumably by removing these heavy 
metals. In our tests, placing slips or crowns with their bases in water alone had resulted in fairly ready 
rooting. This could have been due to the leaching-away of an inhibitor from within the roots, such as had also 
been proposed in respect to germination inhibitors in seeds. However, cupferron (CF) in a spray application 
was of no benefit in our test. Failure of pineapple plants to root may just as well be due to lack of a required 
stimulant, a particular hormone or activated enzyme. No definitive information on the point was obtained 
from this experiment, but indolebutyric and indolepropionic acids gave a statistically significant 
improvement in plant growth over the checks. 

These growth regulator treatments were repeated in a 1959 experiment on Lanai. Here there was no 
response from their application, or from application of the antiauxins nicotine sulfate (NS) and ethylene 
chlorohydrin (ECH), in respect to either rooting or plant growth. 

 
Log data on sub-subtreatments. 

The D-leaf weights follow the plant weights as described earlier, for the most part, and the No. 1 color 
of the leaves was generally the inverse of plant growth as measured by either D-leaf or plant weights. That 
is, the treatments showing the best growth were also the greenest plants, particularly at seven months after 
planting. 

The Wahiawa planting material was at least as good as the Lanai 12-ounce material, and since the 
Wahiawa slips were initially about 9.1 ounces in weight, this represents a real gain. The hot water treatment 
(HT) fell back to the general average of the miscellaneous treatments. 

In the chemical logs, leaf-phosphorus at seven months appeared to be more nearly related to either 
rooting or plant growth than did leaf-potassium. This may well derive from the fairly high levels of soil-
potassium on Lanai carrying over in the planting material and also readily available during growth. Under 
such circumstances, the potassium concentration would be independent of growth. The items which rooted 
and grew poorly, knobby slips (8k) and hapas (Hapa), showed average values for leaf-potassium, but less 
than average leaf-phosphorus levels. However, the Wahiawa slips (Wah) had no higher leaf-potassium or -
phosphorus levels, and later showed poorer levels than the corresponding Lanai slips. 

These results do not show any clear causal relation within the Lanai material between nutrient levels 
in the slip and its rooting capability. There was also little consistent effect of slip nutrition on subsequent 
yield of slips reported by Dr. Sanford in Research Report 73:13-25. However, the extent to which the 
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differences shown were responsible for the differences between Wahiawa and Lanai slips could not be 
determined in this test. 

The D-leaf weights follow the plant weights as described earlier, for the most part, and the No. 1 color 
of the leaves was generally the inverse of plant growth as measured by either D-leaf or plant weights. That 
is, the treatments showing the best growth were also the greenest plants, particularly at seven months after 
planting. 

The Wahiawa planting material was at least as good as the Lanai 12-ounce material, and since the 
Wahiawa slips were initially about 9.1 ounces in weight, this represents a real gain. The hot water treatment 
(HT) fell back to the general average of the miscellaneous treatments. 

In the chemical logs, leaf-phosphorus at seven months appeared to be more nearly related to either 
rooting or plant growth than did leaf-potassium. This may well derive from the fairly high levels of soil-
potassium on Lanai carrying over in the planting material and also readily available during growth. Under 
such circumstances, the potassium concentration would be independent of growth. The items which rooted 
and grew poorly, knobby slips (8k) and hapas (Hapa), showed average values for leaf-potassium, but less 
than average leaf-phosphorus levels. However, the Wahiawa slips (Wah) had no higher leaf-potassium or -
phosphorus levels, and later showed poorer levels than the corresponding Lanai slips. 

These results do not show any clear causal relation within the Lanai material between nutrient levels 
in the slip and its rooting capability. There was also little consistent effect of slip nutrition on subsequent 
yield of slips reported by Dr. Sanford in Research Report 73:13-25. However, the extent to which the 
differences shown were responsible for the differences between Wahiawa and Lanai slips could not be 
determined in this test. 

 
Irrigation, fumigation, and nitrogen. 

The main treatments in the 1958 experiment, as has been noted, involved use or omission of 
irrigation, D-D fumigation, and underpaper nitrogen in all combinations. In respect to nitrogen status, Lillian 
Louis studied the rooting and plant growth capabilities of planting material of low and high carbohydrate 
status (PRI Research Report No. 4, 1939). She found that when such slips were placed in nutrient solutions 
the yellow, high carbohydrate slips rooted readily although the dark green, low carbohydrate slips did not. 
As both groups were cured in storage, the rooting capabilities of the green, low carbohydrate plants 
improved. This was related to an increased content of starch as a percentage of the fresh weight (the slips 
lost water), and Miss Louis also noted that nitrogen moved from the senescent leaves to the stems during the 
period of curing. She reasoned that the improvement in rooting during curing represented a change in 
hormone metabolism. (She was working with Dr. Skoog on IAA and Vitamin B1 at about the same time.) 
Whatever the cause, the observation has often been made that high carbohydrate slips do tend to root more 
readily than dark green soft material. Dr. Sideris pointed out that if the chlorotic appearance commonly taken 
as indication of a high carbohydrate status derived from iron deficiency, rather than low nitrogen content, 
this would inhibit rooting rather than improve it. 

In respect to moisture status, pineapple men seem to be in agreement that good soil moisture is 
essential for rooting, and when this is not provided naturally, that irrigation will help. 

As to fumigation, although there is no question of its beneficial effects in later plant growth, there 
was no really good data available on whether fumigation was also directly related to early rooting. We have 
failed to find any evidence of direct stimulation of fumigants in connection with rooting in several 
experiments (PRI News 6:89-92, 1958). Moreover, the data of the 1958 Lanai test, indicate that the benefits 
of fumigation are not found in root counts within the first month after planting. However, plant growth in 
the February and later log data show the favorable effect of fumigation. 

Similarly, underpaper nitrogen had no effect on early root growth, and although the April log showed 
some apparent benefit in respect to the plant weight, the +N plots were not in all cases consistently ahead of 
the -N plots. The implication is that the field fertilization with postplant nitrogen was adequate for the needs 
of the crop. 

In contrast, there was a dramatic improvement in early rooting related to irrigation, and plant weight 
reflected this in the April and September logs. 
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Microbial data in 1958 Lanai test 

Microbial data were collected at 1 and 3 months after planting, from the experimental plots with only 
the irrigation-fumigation-nitrogen variables. To tie in with possible microbial effects upon soil nutrients and 
their uptake through roots, chemical analyses of soil in the same plots were made by the Dole Corporation at 
1 and 3 months, and of leaves at 3 months after planting.  

Irrigation caused the most significant changes on both soil microbial populations and soil and leaf 
nutrient levels. At 1 month, irrigation brought about greatly increased numbers of bacteria and 
actinomycetes, but by 3 months these populations in irrigated plots had fallen to a level below those in non-
irrigated plots. This phenomenon has been reported occasionally in the literature. It is apparently caused by 
a rapid growth of bacteria, with the advent of favorable soil moisture, followed by a falling-off of the 
population due to a depletion of available nutrients or inhibitory effects of metabolic products, or both. 

By 3 months irrigation had also significantly increased populations of parasitic and non-parasitic 
nematodes, and the Trichoderma species of fungi, but had reduced populations of several other fungus 
species, and the total population of fungi. Irrigation also apparently reduced the infection potential of root-
parasitic fungi. Parasitic nematodes may have built up with irrigation as a result of better root systems to 
feed on, but it is difficult to interpret the correspondingly decreased infection potential of parasitic fungi, 
unless due to a build-up of antagonistic microflora (one potential fungal antagonist, Trichoderma, did 
increase in numbers). 

Note: The following significant interactions occurred: 
At 1 month after planting; 1) irrigation x fumigation x nitrogen for Actinomycetes, 2) fumigation x 

nitrogen for Trichoderma sp. of fungi, and 3) irrigation x fumigation x nitrogen, and fumigation x nitrogen 
for parasitic nematodes. b) At 3 months after planting; 1) irrigation x fumigation for Penicillium sp. of fungi, 
2) fumigation x nitrogen for unidentified sp. of fungi, 3) irrigation x fumigation x nitrogen for Chaetomium 
sp. of fungi, 4) irrigation x fumigation for parasitic nematodes, and 5) irrigation x fumigation, and irrigation 
x nitrogen for non-parasitic nematodes. 

The drop in populations of total fungi may be misleading since it could be accounted for by the type 
of measurement used. This measurement favors the counting of fungal spores which are apt to be more 
prevalent in dry soils. With the advent of moisture and a favorable food supply, these spores germinate and 
grow vegetatively, leading to a larger fungal mass in the soil than before, but of a type not so readily 
measured. 

Irrigation generally caused a reduction in the soil and leaf nutrient level studies, indicating a loss or 
non-availability from soil which seems to be reflected in the leaf. However, it is possible that lower leaf levels 
in irrigated plants were more the result of dilution effect through greater growth at the expense of stored 
nutrients rather than a direct reflection of reduced uptake because of lower soil levels. Plant uptake from the 
soil at this early stage of growth must have been slight, particularly in the non-irrigated plots where root 
growth was poor. The lower soil levels may have been due to leaching, fixation or volatilization (for nitrogen), 
or tie-up in microbial cells. Irrigation of 2.25 inches would not seem to have too much chance of leaching a 
dry Lanai soil, but concentration of the runoff through the planting hole would magnify this considerably. 

The importance of plant nutrient tie-up in microbial cells is open to question. Bacteria and 
actinomycete populations, as noted above, fell off by 3 months and would, therefore, presumably liberate 
nutrients tied up in cells. However, it is quite possible that vegetative fungal growth (not effectively 
measured, as noted above) might tie up some plant nutrients and prevent their uptake into the plants. 

Although irrigation caused a number of significant changes, the addition to soil of fumigant caused 
only a few statistically significant main or interaction effects on microorganisms. The most noticeable effect 
was the inhibition by fumigation of parasitic nematodes at 1 month. By 3 months this effect was interacting 
with irrigation; the decrease was significant only in non-irrigated plots. Fumigation also caused a significant 
decrease in soil nitrogen, a non-significant reduction in soil phosphorus, and increases in soil manganese and 
leaf potassium. The effect of fumigation on soil nitrogen was not expected, nor was it expected that 
underpaper nitrogen would fail to increase the soil and leaf levels. Urea under the paper, in fact, had no 
detectable effect on any microbial or analytical index. 
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Irrigation clearly improved the growth of pineapple plants. It probably independently affected 
growth of microbial populations. The degree to which these two effects were interrelated is open to further 
investigation. 

 
Later log data on irrigation-fumigation-nitrogen plots 

The most striking features of the data are the depression in leaf-potassium in the 12-month 
(September) log associated with irrigation, and the interaction of fumigation with leaf-phosphorus in the 
irrigated plots only, in the same log. Irrigation lowered the level of soil-potassium and soil-phosphorus at 
three months after planting. Leaf-phosphorus at the time of the 7-month (April) log was raised by irrigation, 
and the data of the 12-month log shows that the interaction with fumigation develops only with time. 

The effects of DD-fumigation on soil chemistry and leaf nutrient levels have been reported by several 
workers at PRI, and this work reviewed most recently by Smith (PRI News 8:76 et seq.). Our results are in 
general accord with one report or another. Particularly in respect to the effects on soil nutrient levels, the 
effects, even if real, seem small, and may interact with other treatment variables. 
 
1959 Lanai test of mulching materials, fumigation, and slip source 

A further test investigating fumigation and planting material source, planted through two different 
mulching materials, was initiated in 1959, again with the object of determining whether fumigants could 
stimulate early rooting, and what interaction could be found between source of planting materials and the 
influence of plastic vs. paper mulch. The data indicate an improvement in early rooting and plant growth in 
plastic mulch compared to paper. There was an improvement in plant growth, but not in early rooting, 
associated with fumigants: methyl bromide was better than D-D, which in turn was better than BBC. 
However, since BBC was used at three gallons per acre under the plant line in this test, and we know now 
that this is not the best way to use this material, this accounts in full for the poor showing made by BBC here. 
Methyl bromide treatment appeared to lower leaf phosphorus but had no pronounced effect on leaf-
potassium. (See also Smith, Research Report 65:9, 1959.) 

The comparison of Lanai with Oahu slips is of particular interest: in this test the Lanai slips rooted 
more readily and grew better for a while than the Wahiawa material. In this test, the l2-ounce Lanai slips 
were somewhat chlorotic at planting and were knobby but had had their knobs removed. Moreover, they 
were planted a week earlier than the 9.6-ounce Wahiawa slips, and during this period there were 3.4 inches 
of rain (paper was laid in all plots before the rain). It is clear that the combination of favorable factors (slip 
weight, water supply, knob removal, and nitrogen status) associated with the Lanai material improved their 
performance. Lanai slips which had been sprayed with copper, boron, zinc, and molybdenum were harvested 
from a different field and included in this test. This treatment showed no significant improvement of root 
growth over the Oahu slips although they had the additional rainfall, nor was their subsequent growth better 
than the Oahu average. Hence, it can be argued that knob removal and larger size played some part in the 
very good showing of the balance of the Lanai slips. 

Since the slips of this test were from a field different from those of the 1958 test, and since Dr. Sanford 
(Research Report 73:8) has shown that different fields do have different potentialities in respect to the 
number of roots on slips of equivalent weight, it may also be argued that this was an important factor, and 
may well have been. Since Dr. Sanford's survey showed the potential for Oahu slips to be somewhat better 
than for Lanai slips in the fields he examined in 1958, a difference so pronounced in favor of the Lanai slips 
was not really expect in 1959. 

Soil moisture probably had some effect, as seen in the comparison of plastic versus paper mulch. Even 
at two weeks after planting, there was a significant improvement in rooting in the plastic plots, and this was 
reflected in later plant growth as well. 

The major point to be made from this experiment is that early rooting and perhaps later plant growth 
can be improved, so that the full potential of the planting material can be realized. 
 
RECOMENDATION 
Selection of criteria for determination of early rooting 
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When direct visual observation of roots is to be used in the determination of early rooting 
performance, the several possible observations that can be made are (1) number of emerged roots after 
stripping off scales at base of slip, (2) number of emerged roots of unstripped slips, (3) percentage of plants 
showing any roots emerged, and (4) lengths of roots -- average length or some selected measure such as the 
five longest roots. 

In Dr. Sanford's research report on slips (No. 73, 1960), he showed that slips of equal weight may 
show differences in the number of roots visible when the scales are stripped back from the slip base, prior 
to planting. Also, larger slips often show more such roots than smaller slips from the same field. 
Consequently, as a measure of actual growth after planting, we chose to count the roots emerged and growing 
in the soil at the time the examination was made. 

The comparison of this index -- number of roots emerged and growing --with the percentage of plants 
showing any roots and with the average length of the soil roots, is shown that on the very first examination 
date, 8 days after irrigation (14 days after actual planting), root length provided but little discrimination, 
even between treatments which were obviously different in their effect such as the irrigation-no-irrigation 
treatments. On the other hand, either the number of roots per plant or the percentage of plants rooted was 
satisfactory, and fairly well correlated. By the time of the later counts, all three indices were about equally 
discriminatory, but by the end of the first month, most plants which were going to root showed some roots, 
and the percentages in all treatments were approaching lO0%. Consequently, the percentage-of-rooting 
index was abandoned at this time. 

By two months after planting, root lengths in the irrigated series were several inches, and the 
unirrigated plots (except for one or two sub-subtreatments whose effects were masked when the 18 sub-
subtreatments were averaged) showed root lengths of less than 0.5 inch. Root length, then, also had a time 
limitation on its validity. Miss M. J. Kent, from unreported studies in the laboratory, has found that 
measurements of the five longest roots of crowns rooted in jars has been satisfactory for her purposes. In the 
field, however, when the plants are dug up (they are first loosened with a spade, and then pulled), even when 
reasonable care is used, a portion of many roots is often broken off. For this reason, too, root lengths in a field 
experiment may be less accurately determined than root number. 

The root counts on l0 plants per plot, with the number of replications (6-9) provided in the 1959 
tests permitted a coefficient of a variation of less than 20%. In the large 1958 Lanai experiment, since there 
were 18 sub-subtreatments for each main or subplot, and 16 subplots (equivalent to repli-cations) for the 
sub-subtreatment means, the coefficient of variation was often less than lO%. This was considered 
satisfactory for establishment of the differences we encountered. Consequently, we have given greatest 
emphasis to, and recommend, the use of counts of emerged and growing roots in this type of study. 
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News from Sri Lanka 

Genotypic constitution of Kew and Mauritius pineapples for leaf spininess trait 

W.M.S.K. Weerasinghe1, I.P. Wickremasinghe2, D.K.N.G. Pushpakumara3, B.A.S.N LAkmali1, M.A.I. Ishari1 and 
W.J.H.W. Dinoshani1  
 

1Regional Agriculture Research and Development Centre, Makandura, Sri Lanka, 2Department of 
Agriculture Biology, Faculty of Agriculture, University of Peradeniya, Sri Lanka and 3Department of Crop 
Science, Faculty of Agriculture, University of Peradeniya, Sri Lanka. 
 
INTRODUCTION 

Cultivated pineapples (Ananas comosus var. comosus) exhibit a wide range of variations in many 
characters. Leaf margin types are an important descriptor in pineapple and are one of the distinguishing 
characteristics of cultivars which differ in the degree of spine production from spineless to completely spiny 
(Collins and Kerns, 1946). Mauritius (‘Queen’) and Kew (‘Smooth Cayenne’) are the major pineapple cultivars 
grown in Sri Lanka. The Kew is not very popular as a fresh fruit due to low fruit quality, but it has a desirable 
character of spineless leaves (excepting the tip). Mauritius has high demand as a fresh fruit due to its 
sweetness. However, it has an undesirable character of completely spiny leaves. Spiny leaves make planting, 
crop management and fruit harvesting difficult. Therefore, spineless leaves are considered as one of the 
ideotypes of pineapple and development of pineapple cultivars with spineless leaves is a major breeding 
objective in pineapple improvement programs of many countries.  

As Collins and Kerns (1946) suggested the spiny leaf trait of pineapple is controlled by two 
independent and epistatic loci (P and S). The recessive ‘s’ allele determines the common completely spiny 
phenotype and the completely spiny condition is very stable. No environmental stress leads to the loss of 
spines, and mutations to smooth or partly spiny leaves. The dominant ‘S’ allele determines the spineless 
(except at the tip) phenotype and it can mutate to its recessive allele at any growth stage of the plant. 
Depending on the developmental stage and where the mutation occurs, it can result in a chimera showing 
partially spiny leaves or completely spiny leaves. Stressful conditions also promote the development of 
spines along the leaf in smooth leaves and once the growing conditions are favorable new leaves develop 
normally (Collins and Kerns, 1946). The dominant ‘P’ gene controls the piping character (Folding of the lower 
epidermis over the leaf margin, resulting in a complete absence of spines). Dominant ‘P’ gene shows an 
epistatic effect on ‘S’ or‘s’ alleles which finally produce the piping phenotype (Collins and Kerns, 1946).  
Hybridization between Queen and Cayenne is expected to generate superior varieties having desirable 
characters (Hadiati et al., 2011; Sripaoraya, 2009). Mauritius and Kew appear well suited for hybridization 
in the development of improved cultivars because each has strong features that complement the weaker 
traits of the other such as the almost spineless leaves of Kew, which has the advantage of improving the 
completely spiny leaves of Mauritius. However, probable genotypic constitution of Kew and Mauritius 
(grown in Sri Lanka) for leaf spininess trait was not identified and which can be determined by evaluating 
F1 hybrids resulted from crossing between Kew and Mauritius which will be useful in future breeding 
programs in Sri Lanka. Thus, the objective of this study was to determine the probable genotypic 
constitutions of Kew and Mauritius by evaluation of its F1 generation offspring. 

 
MATERIALS AND METHODS 

The study was carried out at Regional Agriculture Research and Development Center, Makandura, 
and it commenced from 2013/14 Maha season to 2016 Yala season. Thirty crosses (Kew x Mauritius and 
Mauritius x Kew) were performed per each and seeds were germinated on sterilized wet sand. The F1 hybrid 
progeny were scored for the presence and distribution of leaf spines at 5 months and one year after 
germination. 

 
RESULTS AND DISCUSSION 
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 While 546 seeds were collected from a Kew x Mauritius cross, only 346 seeds were germinated and 
146 weak seedlings died after germination. The reciprocal cross (Mauritius x Kew) never produced seeds. 
The remaining 200 healthy plants were scored for the presence of leaf spines at five months and one year 
after germination (Tables 1 and 2). At five months after germination nearly equal numbers of completely 
spiny and spineless seedlings remained (Table 1). No plants with piping character or devoid of spines were 
observed.  

 
Table 1: Spiny distribution pattern of offspring derived from Kew x Mauritius cross 5 months after 
germination. 

Spiny distribution pattern Number of individuals 

Completely spiny 102 

Spineless except at the tip   98 

Total plants 200 

 
 At one year after germinationfive distinct phenotypic classes were observed (Table 2). The number 
of completely spiny plants was unchanged while the 98 plants had four distinct groups. Two smaller groups 
had inconsistent spine distribution while the two largest groups only had spines near the leaf tips (Table 2). 
According to Collins and Kerns (1946), spines can appear in adult plants where no spines were observed at 
the early stages of growth.  This may be due to the mutation of the ‘S’ dominant allele to its recessive allele 
‘s’. Also stress conditions can promote the development of spines along the leaf. Hence, in this study to 
determine the probable genotypic constitution of Kew and Mauritius for the spiny trait only the results at 
five months after germination were considered.  
 
Table 2: Number of individuals falling into different phenotypic classes after one year. 

102  
Individuals 

 

98 Individuals 
 

A - Completely 
spiny  
 (102) 

   B - Irregular   
Distribution 
(7) 

 

C - Spiny only 
on the tip and 
the base 
 ( 3) 

D - Spineless 
except at the tip 
(2 – 6 cm from the 
tip)  
(48) 

E - Spineless 
except at the tip (0 
– 2 cm from the 
tip)  
(40) 

 
 According to Collins (1951) and Collins and Kerns (1946), the probable genotypic constitution of 
Cayenne and Queen were as follows: Cayenne is spineless (except at the leaf tip) and has either ppSS or ppSs 
genotypes. The Queen is completely spiny and has a ppss genotype. In the Kew x Mauritius cross, if the Kew 
genotype is ppSS, then all F1 offspring should possess ppSs genotype and show only spineless leaves (except 
at the tip). But observed results were two phenotypic classes: 51.5 % were spiny and 48.5 % offspring 
showing spineless except at the tip (Table 3) and can designate probable genotypes of Kew (Cayenne group) 
as ppSs and Mauritius (Queen Group) as ppss. According to the non- significant X2 result confirmed the 1:1 
phenotypic ratio of F1 progeny indicating test cross results (Table 4). The results of this study support Collins 
and Kerns (1946) findings of probable genotypic constitution for Cayenne group and Queen Group. 
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Table 3: Leaf spines in the F1 offspring derived from Kew x Mauritius cross. 
Parents Parental genotypic 

(Collins & Kerns 
(1946) 

Expected 
Spiny : Spineless            
 

Observed 
Spiny : Spineless 

Kew x Mauritius ppSS  x  ppss 
ppSs  x  ppss 

        0  :   100% 
   50%  :    50% 

51.5% : 48.5% 
 ppss   :   ppSs 

 
Table 4: Leaf spines from F1 offspring derived from Kew x Mauritius cross. 

Parental 
genotype 

Expected 
Spiny : Spineless 

Observed 
Spiny : Spineless         
 

      X2 

Kew x Mauritius 
ppSs   :   ppss 

100  :  100      98  :   102 0.08 – not ignificant 
at 0.90 – 0.50 
probability level  

 
CONCLUSION 

Probable genotypic constitution of the Kew parent as ppSs and Mauritius parent as ppss genotype. 
Kew can be used as a suitable parent for the development of pineapple varieties with less spiny / spiny tip 
leaves in future pineapple improvement programs in Sri Lanka. 
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News from Taiwan 
 The Chiayi Agricultural Experiment Station, Chiayi, Taiwan, Taiwan Agricultural Research Institute 
recently announced the new pineapple cultivar Tainung No. 23, with Improved Fruit Quality in Summer. A 
brief summary of the cultivar is below and the full details can be found at 
https://journals.ashs.org/hortsci/view/journals/hortsci/54/12/article-p2262.xml 
  
 Tainung No. 23. Origin: by C.-S. Kuan & C.-H.Tang. Tainung 19 x Tainung 21; crossed 1994; selected 
2006; tested as C83-5-4; introd. 2017; patented (A02313) 2018. Fruit: orange yellow; medium, 1.4 kg with 
crown; oblong; skin thin; blossom cup medium; flesh yellow; soft; core large; TSS 18.2%; titratable acidity 
0.7%; low fibrous. Plant: dwarf; semi-upright; average plant height 52 cm; leaf edge smooth with spiny tips. 

 

  

https://journals.ashs.org/hortsci/view/journals/hortsci/54/12/article-p2262.xml
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New References on Pineapple 
 

 The list below includes papers related to various aspects of pineapple culture, physiology, processing, 
preservation or byproducts that were published or found since Pineapple News No. 26 (August, 2019) to 
about March, 2020. The list follows the principle of inclusion to provide the widest possible content. In most 
cases abstracts of the papers listed can be found on the internet by searching using the paper title. All 
abstracts of papers published in Acta Horticulturae are available at http://actahort.org/. 
 
Aeny, T.N., Suharjo, R., Ginting, C., Hapsoro, D., and Niswati, A., 2020. Characterization and host range assessment of 

Dickeya zeae associated with pineapple soft rot disease in East Lampung, Indonesia. Biodiversitas: Journal of 
Biological Diversity 21:587-595. 

Ali, H., Liu, Y., Azam, S.M., Imran, A., Umair, A., Li, W., Ashraf, H.J., Jie, Y., Olsson, S., and Qin, Y., 2019. Genome wide 
identification and expression profiles of TALE genes in pineapple (Ananas comosus L). Tropical Plant Biology 
12:304-317. 

Almeida, E.T.d.C., Souza, G.T.d., Guedes, J.P.d.S., Barbosa, I.M., Sousa, C.P.d., Castellano, L.R.C., Magnani, M., and Souza, 
E.L.d., 2019. Mentha piperita L. essential oil inactivates spoilage yeasts in fruit juices through the perturbation of 
different physiological functions in yeast cells. Food Microbiology 82:20-29. 
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microbial protein production, and nitrogen balance of lambs fed with sorghum silage partially replaced with 
dehydrated fruit by-products. Tropical Animal Health and Production 51:619-627. 

Alpízar, P., Rodríguez-Herrera, B., and Jung, K., 2019. The effect of local land use on aerial insectivorous bats (Chiroptera) 
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Processing and Preservation 43:e13950. 
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of Food and Agriculture 99:5157-5167. 
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Food Science &amp; Emerging Technologies 57:102193. 

Ashok, K. and Shrivastava, S.L., 2019. Temperature, concentration, and frequency dependent dielectric properties of 
pineapple juice relevant to its concentration by microwave energy. Journal of Food Process Engineering 
42:e13013. 
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pineapple crown leaf waste to magnetized activated carbon for dye removal. Bioresource Technology 287:121426. 
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leaf lncRNAs in crassulacean acid metabolism (CAM) photosynthesis pathway. Scientific Reports 9:6658. 
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a 25-year perspective. Folia Horticulturae 31:3-49. 
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approach to identify mechanisms of resistance to pineapple fruitlet core rot. Frontiers in Plant Science 10:1065. 
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Benucci, I., Mazzocchi, C., Lombardelli, C., Cacciotti, I., and Esti, M., 2019. Multi-enzymatic systems immobilized on 
chitosan beads for pomegranate juice treatment in fluidized bed reactor: effect on haze-active molecules and 
chromatic properties. Food and Bioprocess Technology 12:1559-1572. 
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Dai, H., Zhang, H., Ma, L., Zhou, H., Yu, Y., Guo, T., Zhang, Y., and Huang, H., 2019. Green pH/magnetic sensitive hydrogels 
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release. Carbohydrate Polymers 209:51-61. 
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Du, X., Yang, X., Ji, J., Jin, X., and Chen, L., 2019. Design and test of a pineapple picking end-effector. Applied Engineering 
in Agriculture 35:1045-1055. 
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containing Moringa. Agricultural Research Journal 56:503-509. 
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