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ARTICLE INFO ABSTRACT
Article history: Potassium sorbate (PS) is a well-known and widely used food preservative. Among other applications, it
Received 7 February 2014 is used as a GRAS fungistatic postharvest treatment for citrus, although its use is not free of significant

Accepted 26 April 2014 adverse effects. In this paper, we study in detail the efficacy of wax containing increasing concentrations

of PS to control Penicillium digitatum decay in citrus fruit, and its effect on fruit weight loss. Decay control
Keywor“-’ and weight loss increased with the concentration of PS in the wax. Wax with typical amounts of 2-5% PS
Potassium sorbate showed poor decay reduction indices (DRI), between 26% and 32%, whereas fruit weight loss increased

gfg_ i;llfz::ﬂdzgltatum compared with non-waxed controls. Waxing of fruit reduced weight loss by up to 40%, depending on

Wax wax formulation, but the addition of just 2% PS to the wax caused an increase in fruit weight loss of up to
Weight loss 65% compared with the waxed fruit. Similar results were observed for all the types of wax formulations
Decay control tested. The hygroscopic effects of PS are even more damaging for citrus fruit with leaves. The leaves lose

weight very rapidly when PS is added to the wax and they become desiccated in 24 h.

We also present the results of a similar study where PS was applied to citrus as an aqueous treatment.
When applied in water, PS was far more effective for decay control than when applied in wax, but there
was also a considerable increase in fruit weight loss. A treatment combining aqueous PS with For301®
Ca Plus biostimulant completely solved the problem of weight loss, these mixtures being commertially
feasible treatments.

© 2014 Elsevier B.V. All rights reserved.
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Postharvest treatments to control physiological and pathological disorders
in lemon fruit
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Benito Orihuel-Iranzo®, Francisco Artés™”
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® Institute of Plant Biotechnology, Universidad Politécnica de Cartagena, Campus Muralla del Mar, 30202, Cartagena, Murcia, Spain
< PRODUCTOS CITROSOL S.A., Partida Alameda Parc. C., 46721, Potries, Valencia, Spain

ARTICLE INFO ABSTRACT

Keywords: Physiological and pathological disorders of lemons (Citrus limon (L.) Osbeck) are the main causes of quality losses
Calcium salts during shelf life leading to high economic losses. This experiment studied the effect of innovative postharvest
2-phenylphenol chemical treatments [Fortisol Ca (1%; FoCa), Fortisol CaPlus (1.5%; FoCaPlus), Philabuster (0.2%; PHI) and
Imaj“m . Ortocil (1%; ORT)], and their combinations, by immersion (30 s), to control decay, chilling injury and red blotch
g&m in lemon fruit. The influence of a preharvest application of Fortisol Ca (1%) over the trees was also studied.

Lemons washed with tap water were used as control fruit (CTRL). Lemons were stored for 33 d at 7 °C, which
simulated a long storage and transportation period, followed by 5 d at 22 °C of retail sale period, simulating then
a prolonged shelf life. The PHI + ORT treatment completely avoided pathological disorders after both shelf life
periods. FoCa and FoCaPlus reduced chilling injury and red blotch. The incidence of such physiological disorders
was even highly reduced when combined FoCa and FoCaPlus with PHI + ORT treatments were used. In parti-
cular, the combination of PHI + ORT + FoCaPlus completely avoided the incidence of chilling injury and red
blotch. In conclusion, a combined postharvest treatment of PHI + ORT with FoCa/FoCaPlus highly reduced, or
even avoided, physiological disorders (chilling injury and red blotch), minimizing mass losses, in lemon fruit
during long storage and transportation, and retail sale periods extending its shelf life.

Red blotch




> TRATAMIENTOS POSTCOSECHA EN
CITRICOS

ADVANCED POSTHARVEST SOLUTIONS

1. El problema

2. El caso de los citricos
a. La utilizacion de los Fungicidas
b. Factores de variabilidad en la aplicacion industrial
c. La Resistencia a los Fungicidas en postcosecha
> Vencer las Resistencias / impedir su aparicion

3. Control del podrido mediante productos alternativos
a. Control del podrido mediante Aditivos Alimentarios




—» EL PROBLEMA: el efecto multiplicativo de

CITROS0L la distribucién moderna

e Un prepack, malla o Girscak,
de clementinas de 2kg calibre

3/4 puede contener
aproximadamente entre 32 vy
36 frutos.

e Esto significa que so6lo un 0.1
% de frutos podridos en
destino puede equivaler a un
3.6 % de preempaquetados
con podrido:

% de frutos podridos x
n° frutos en el prepack

% de prepacks con podrido

e tenemos un problema dificil de
resolver




CTRaSOC. EL PODRIDO EN POSTCOSECHA

e El mecanismo basico para el desarrollo del podrido
incluyendo el efecto de la temperatura y los fungicidas:

T — dependiente
INFECCION - PODRIDO

LESION + ESPORAS

i

Efect E i
°°  rUNGICIDAS —radicat

Antiesporulante Infecciones incipientes




Modos de accion de los fungicidas postcosecha,
(Eckert y Ogawa,1985; Brown, 1988):

® |nactivando esporas depositadas en heridas
e crradicando infecciones incipientes

e protegiendo la piel de la infeccion de heridas
realizadas despuées de la aplicacion de
fungicidas

e inhibiendo la esporulacion en la superficie de l0s
frutos y la transmision por contacto de varios
podridos

e inhibiendo el desarrollo de infecciones |latentes



ADVANCED POSTHARVEST SOLUTIONS

Los patdgenos causales

Penicillium digitatum (podredumbre verde) y P. italicum
causan mas del 90% de los podridos postcosecha

Aislados Citrosol Campana 2013-2014
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CITROSOL La esporulacion

OLUTIDNS

1. Los Penicillium esporulan, siendo las esporas aerdégenas.
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esporas
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Esporas de P. digitatum

25 esporas Relacion entre el n° de
esporas depositada en una
herida y la frecuencia de
infeccion




CITROSO.

ADVANCED POSTHARVEST SOLUTIONS

CONTROL

11



cmrosol’. Los fungicidas post-cosecha

Control de Control Control
Fungicida Penicillium ., Penicillium
: esporulacion
sensible Imz-R
TBZ ++ + 0
OPP ++ 0 ++
+++ +++ 0
PROCLORAZ +++ +++ 0
PROPICONAZOL +++ + 0
+++ + +++
++ + ++

Eficacia: 0=Nula, +=Moderada, ++=Buena, +++=Excelente

Fuentes:(Brown “Decay control /fungicide applications” y otros; Bayer Cropscience, Janssen; Zang
et al, Kanetis et al. “Comparative efficacy/new fungicides”, J.E. Adaskaveg “Management of 1o
postharvest fungal decay in California citrus production”, datos internos Productos Citrosol S.A.).



—> RPAT: Retraso Permitido
Antes del Tratamiento

ADVANCED POSTHARVEST SOLUTIDNS

RPAT: tiempo que transcurre entre la inoculacion del patogeno y la
aplicacion del tratamiento fungicida.

Inoculacion

Wild and Spohr, 1989

1 Tto: IMZ 500 ppm -,
bP Recoleccion

801 Hongo: P. digitatum

Si se enfria se puede
extender el RPAT

()]

Norma general: tratar
dentro de las 24 hs
posteriores a la
recoleccion.

% de Podrido
AN
o

N
o

Demas fungicidas
poscosecha: RPAT < al del
IMZ.

RPAT IMZ = 28 hs a 20-25°C

13



Decay incidence (%)

Decay incidence (%)

CLITROSOL
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80 - V¥ Fludioxonil y=1.48x -10.82, r?=0.84
@ Pyrimethanil y=0
60 - [J Imazalil y=0
401 P. digitatum
IMZ-S
20 -

0 o o O o
100 -
B A Azoxystrobin y=2.30x-18.54, r2=0.85
80 - V¥V Fludioxonil y=3.51x -25.27, r’ = 0.98
@ Pyrimethanil y=0
60 - [J Imazalil y=2.72x - 25.82, r? = 0.93
o/ P digitatum
IMZ-R
20
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12 15 18 21
Tiempo retraso permisible (h)

Flu

Flu

Tiempo de retraso permisible

Alas 9 horas, ya hay diferencias
estadisticamente significativas respecto
a Imazalil y Pirimetanil

Retraso permisible en ensayos de
laboratorio en limones. Tratamiento en
bafo (1.200 ppm de Fludioxonil y
Azoxistrobin, y 1.000 ppm de Imazalil y
Pirimetanil) Inoculacién con 108ufc/ml
Penicillium digitatum. Evaluacion despueés
de 6-7 dias a 20°C.

(Foster, Kanetis, Adaskaveg 2007)

La diferencia en el nivel de control del P. digitatum IMZ-R entre el PIR y el FLU es muy obvia: el
Fludioxonil controla peor el P. digitatum IMZ-R que el mismo IMZ



—»  La formulacion: un factor de variabilidad

CITROSOL

“facil” de controlar

Concentrados Emulsionables (EC):

« M. Act. (oleo-soluble) esta apropiadamente preparada en una
disolucion con base oleosa. En agua forma una emulsion.

« Liquidos Solubles (SL): La m. act. es soluble en agua. En agua
forma una solucion.

500
450
400
350
300
250
200
150
100

50

CITROSOL
LS 7,5

Imazalil 50
EC

ppm imazalil

Solucién recién después 1 después 2 después 3 Después de 24h Después de 48h
preparada sin agitacion agitaciones agitaciones reposo reposo
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— Como se va acumulando la
CITROS0L

poblacion R en el almacén

Penicillium spp R,
mutacion: 1/10°

Penicillium spf

ALMACEN

Cajones

ungicidas

Penicillium sp
Sensibles

Penicillium spp R:
Cepa dominante

=




—» lLa peéerdida de eficacia de cualquier fungicida por
cepas de Penicillium-R

ADVANCED POSTHARVEST SOLUTIONS

100 - 500 ppm de Imazalil
90 - no controlan el
i — podrido si las esporas

80 son IMZ-R

70"
;\; o0 B M6R (S
s 50 (S)
° ] W CCH (S
5 40 ()
a 30" M F1(R)

20+ m P3 (R)

10
0-

0 250 500 1000 No es la solucion:
Riesgo exdeder LMR

Imazalil (ppm)

Eckert J.W., Sievert J.R. and Tatnayake M. 1994. Reduction of Imazalil effectiveness
against green mold in packinghouses by resistant biotipes of Penicillium digitatum.
Plant Disease Vol 78 /N°10



— Resultados Ensayos con

CIRO20L

OLUTIDNS

P. digitatum IMZ-R

% Podrido

100
90
80
70
60
50
40
30
20
10

Experiencia 2: Podrido por P. digitatum IMZ-R luego
de 9 dias TVC

CONTROL 1IMZ 450 IMZ 1.000 IMZ 2.000IMZ 400 + PCL480 PPz 600
ppm ppm ppm PYR 400 ppm ppm

Resistencia cruzada



— Como se combate
CITROSOL

resistencias

causado por cepas IMZ-R.

> Pero NO se disminuye/elimina el
Inéculo-R (IMZ-R) que pueda haber en el
almacén o en otros reservorios (cajones,
magquinaria, etc).

19



— Mediante higienizacion hay que estar

CITROS0L continuamente eliminando el Penicillium-R

La higienizacion no suele recibir la atencion necesaria.

e Los retornos de la L + D no son faciles de medir. Es facil medir el
costo de la L + D: productos y mano de obra, pero el beneficio dificll
de cuantificar.

CITROSOL implementa
la higienizacion facil

y eficiente a la central
hortofruticula.

20



> GLOCUAT PC + X3

CITROSOL i : - :
Eficacia en desinfeccion ambiental

Ensayos realizados en camaras de la industria citricola han
demostrado la elevada eficacia de nuestro Sistema para Ia
Desinfeccion Ambiental de Camaras.

C. 1 46,7 96,0 %

1

C. 2 160,0 100 %

2 C. 1 562,5 98,9 %

3 C. 1 2.720,8 99,6 %
Contaminacion ambiental (ufc/m23 = unidades formadoras de
colonias de hongos por m? de aire analizado) en camaras de
diferentes CHs (volumen promedios de las camaras = 980m?)

ANTES y DESPUES de desinfectarlas con el Glocuat PC aplicado
con el Sistema Nebulizador X3 de Citrosol.



—> Control del podrido con sales y

ADVANCED POSTHARVEST SOLUTIDNS

aditivos alimentarios

Existe un extenso grupo de aditivos alimentarios con probada
eficacia en el control del podrido de los citricos y otros frutos:

1. Sales inorganicas: Carbonato y Bicarbonato Sédico
2. Sales organicas: Sorbato Potasico y Benzoato Sodico

3. Quelatos: como el EDTA

> Estos tratamientos deben aplicarse por inmersion: 1-3 minutos,
y preferiblemente a 40-50°C

» De entre ellos los unicos legales en Europa para aplicar en
citricos son el Sorbato Potasico (E-202): y el Bicarbonato
Sodico que es una "Sustancia Basica”




— No solo en farmacopea

CITROSOL

ADVANCED POSTHARVEST SOLUTIONS

eXiste el efecto

e En este trabajo lo dejamos claro; la cera con Sorbato K ya no
se utiliza:

Postharvest Biology and Technology 96 (2014) 7-13
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ARTICLE INFO ABSTRACT
Article history: Potassium sorbate (PS) is a well-known and widely used food preservative. Among other applications, it
Received 7 February 2014

is used as a GRAS fungistatic postharvest treatment for citrus, although its use is not free of significant
adverse effects. In this paper, we study in detail the efficacy of wax containing increasing concentrations
of PS to control Penicillium digitatum decay in citrus fruit, and its effect on fruit weight loss. Decay control
KEYWOTdS: and weight loss increased with the concentration of PS in the wax. Wax with typical amounts of 2-5% PS
Ilz srtz?csisl;z{rnnji(;rli);ttitm showed poor decay reduction indices (DRI), between 26% and 32%, whereas fruit weight loss increased

o compared with non-waxed controls. Waxing of fruit reduced weight loss by up to 40%, depending on

Accepted 26 April 2014

Citrus fruit . L. . . . . .

Wax wax formulation, but the addition of just 2% PS to the wax caused an increase in fruit weight loss of up to
Weight loss 65% compared with the waxed fruit. Similar results were observed for all the types of wax formulations
Decay control tested. The hygroscopic effects of PS are even more damaging for citrus fruit with leaves. The leaves lose

weight very rapidly when PS is added to the wax and they become desiccated in 24 h.

We also present the results of a similar study where PS was applied to citrus as an aqueous treatment.
When applied in water, PS was far more effective for decay control than when applied in wax, but there
was also a considerable increase in fruit weight loss. A treatment combining aqueous PS wi g)rtisol®
Ca Plus biostimulant completely solved the problem of weight loss, these mixtures being ¢ ercially
feasible treatments.

© 2014 Elsevier B.V. All rights reserved.



—»  UN EFECTO PLACEBO SOBRE

CITROS0L EL OPERADOR
Waxing
DRI (%) WLC (%)
[PS] (%)
0 0 d 25
0.5 18 cd 2
5 26 bc —11
5 32 be 6
10 40 b —a
e 29 bc 0.2
[Imazalil] (mg/L)
2000 70 4 t

450

4 Results for imazalil treatments are shown as reference.

b ANOVA tests were carried out within each column.

Negative values indicate weight loss increase (desiccation); positive value
d PS wax commercial samples from different manufactures.

(@)



1. En citricos hay pocas alternativas a los fungicidas
convencionales (por no decir que en la actualidad no hay
ninguna)

2. Las combinaciones de aditivos alimentarios y otros
quimicos de bajo riesgo pueden funcionar a nivel industrial
para comercializacion local, pero no para envios de
preempaquetados, ni para envios a paises lejanos.

3. Hay que desconfiar de soluciones “maravilosas”, p.e.:
combinaciones de aditivos alimentarios que tengan, o se
dice que tienen, eficacias comparables a los fungicidas
convencionales
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