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he Problem




' Crown rot is a major economic problem in organic banana sea transport.
g It is caused by a complex of pathogenic fungi and bacteria, notably Lasiodiplodia
theobromae, Colletotrichum musae and a complex of Fusarium spp. (Alvindia &

Natsuaki, 2008).
The cost of crown rot is high, and can amount to 50% of the cargo’s value and is at

the expense of the producer.
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Professionals in the trade know it is related to:
- longer transit times,

- season,

- some producers more prone than others,

- controlled atmosphere transport



* In conventional bananas:
spraying crowns with a systemic
fungicide.

* |n organic bananas not allowed.
* |n the past: Citrex

* Citrex disappeared: was full of
gaternary ammonium compounds
(QAVSs).

* |n fact, there is no organic,
approved, effective agent available
— citric acid?

(van der Waal, 2015; van der Waal & Houtman, 2016
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Lassois & de Lapeyre de Bellaire, 2014; Wade et al., 1993



he approach




Quality assessment performed on all incoming shipments (individual containers).
Take 5 boxes out of 1080, count the number of clusters with medium and severe
crown rot and express as percentage of total number of clusters.

We have now approx. 25,000 data points since 2016.

| ~ BANANAS
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rej arl Antoine Cominicaanse NO CA BAMAVALC TCLU1148011 10
S5 Ecuador MO CA BAMAVAC HLBUS163127 1736211:
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crown rot versus ADD and transit time
figures indicate number of shipments
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fcreate a function for reading weather from meteostat AFI:
SULLANA

. DEPARTMENT
ﬂread_weather <— function(station) { OF PIURA
url <- paste("https://bulk.meteostat.net/hourly/",station,".csv.gz", sep= "") PAITA o
tempdir () el

tmp <- tempfile()
curl download(url, tmp)

| he I I .Od el download.file (url, destfile = paste(station, ".wd", sep=""))
-}

fdefine weather station of choice: Piura with ID 84401

station <— 04401

Transit time

Controfled Crown Rot Risk (on arrival)

atmosphere

Season ->

accumulated Meteostat Developers
degree days (11 Meteostat is an open platform which provides
weeks, 13.5°C). free access to historical weather and climate data.

fformula to calculate the cumulative sums based on span and cut—off of 13.5°C
summ add PE <€- summ PE %>% filter{date »= (as.Date("201le-01-0L")-span*7)) %%
filter(date €= (as.Date("2021-06-04"))) %>=%
mutate (grow _temp = (mean temp - 12.5), cdd = cumsum(grow temp)) %>% fthe grow temperaturs
fis the temperature above 13.5°C under which temperature bananas do not grow but die
mutate (add = cdd - lag(cdd, span*7)) %>% f the accumulated degreese.days or temperature sum
f# is calculated for every day from the cumulative grow_temp
na.exclude () fexclude rows with NaW




| evaluated different common machine learning algorithms suitable for classification problems included in the
caret package.

To visualize, here is the recursive partitioning result.

“Recursive partitioning creates a decision tree that strives to correctly classify members of the population by splitting it into sub-
populations based on several dichotomous independent variables.”
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https://en.wikipedia.org/wiki/Decision_tree_learning
https://en.wikipedia.org/wiki/Independent_variable
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The model is good at correctly predicting “Low” CR risk, but
bad at predicting “High” CR risk.
This is due to unbalanced data: many low observations, few
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high. Specificity is high, but Sensitivity is low (is CR risk is

positive class).

This was resolved by a technique known as synthetic sampling.

This allows to achieve better sensitivity.

Adding more predictive features, such as individual producer,

fruit grade at harvest, other climate features, can further
improve the model.
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52871 AGRONOR True 23-2022 45 days
40729 APPBOSA Fal== 25-2020 3 days 44"
plastic: BAMAVAC canoca: NO CA result: no
We deployed a production model, produced by Dr. Theofrastos S 42"
Mantadelis, for all our organic bananas, from different R *
countries, based on the same basic idea, but with more /s 49"
predivitve features. azr
prazuw. L e L 1A e result: no
52866 APPBOSA True 23-2022 24 days 42"
18104 APPBOSA True 24-2016 23 days 42
plastic: BANAVAC canoca: NO CA result: no
52867 APPBOSA True 23-2022 19 days 42"
18104 APPBOSA True 24-2016 23 days 42
plastic: BANAVAC canoca: NO CA result: no
52870 APPBOSA True 23-2022 24 days 42"
18104 APPBOSA True 24-2016 23 days 42
plastic: BANAVAC canoca: NO CA result: no
52851 DEFAULTPERU True 23-2022 25 days 43"
35123 CEFROBAN True 27-2018 25 days 43"
plastic: POLYPACK canoca: CA result: no
52852 DEFAULTPERU True 23-2022 25 days 43"
35123 CEPFROBAN True 27-2018 25 days 43"
plastic: POLYPACK canoca: CA result: no
52903 DEFAULTFERU True 23-2022 25 days 43"
25123 CEPROBAN True 27-2018 25 days 43"
plastic: POLYPACK canoca: CA result: no
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The performance with more features

Features

Accuracy: 0.92

high 0.85 0.86 0.86 594

no 0.95 0.96 0.85 4736

macro avg 0.87 0.86 0.87 6256

high 512 E240 90 = 32/low+58/noc B2 = 258/low+53/no

no 4545 1216 243 = 53/high+19%0/low 191 = 58/high+133/low
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This results in less food waste, higher return for the grower,
lower transport costs and higher service level.
Machine learning can be applied to many other problems.
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