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Establecimiento%de%un%huerto%eficiente:%sistemas%de%
propagación%bajo%resguardo.

Resultados%del%proyecto:%“Fortalecimiento%de%capacidades%técnicas%y%prospección%
de%técnicas%exitosas%en%monitoreo,%manejo%y%control%de%Diaphorina citri y%HLB%frente%

a%la%contingencia%de%ingreso%a%Chile%(18PPTN90622)”.





Material(Vegetal:(
• Debe(venir(de(un(banco(de(germoplasma(certificado.(
• Cada(vivero(debe(contar(con(un(bloque(de(incremento(
aislado,(cuyo(origen(sea(un(banco(de(germoplama(
autorizado.

PRODUCCIÓN*DE*PLANTAS*EN*VIVERO*CON*
AMENAZA*DE*HLB



CHILE&NO CUENTA&CON&UN&PROGRAMA&DE&
CERTIFICACIÓN&DE&CITRICOS…

ALTO&RIESGO&!!!



Mantener el insecto fuera del vivero (en todos los pasos de
producción y hasta en el envío a campo).

PRODUCCIÓN*DE*PLANTAS*EN*VIVERO*CON*AMENAZA*DE*HLB







Seccionar)el)
vivero)por)
naves.)





Utilización*de*trampas*amarillas*pegajosas*y*de*forma*visual*
inspeccionada*por*la*autoridad*(SAG)*y*auto*inspección.



Desarrollo(de(sistemas(de(manejo(de(plagas(dentro(del(
invernadero(sustentables:(ej,(uso(de(enemogos(naturales.(



Aclimatación*de*
plantas*dentro*de*
las*naves



Traslado(de(plantas(en(camión(sellado,(completamente(tapadas(
para(evitar(contaminación









Protocolo'para'la'entrada'y'permanencia'de'los'
trabajadores'dentro'del'vivero

Contar'con'infraestructura'adecuada:
• Vestidores'(ropa'especial)'
• salas'de'descanso'dentro'del'invernadero
• comedores'



! Automatizar los viveros

Desafío(para(la(industria(viveristica(chilena





! Trabajar en nuevas tecnicas para la obtención rápida
de plantas

! Desarrollar sistema de aclimatación de plantas dentro
de las naves

Desafío(para(la(industria(viveristica(chilena



PARA$QUE$TANTO$ESFUERZO?

CALIDAD&DE&PLANTA



Johnson&et#al,#2014



54 PHYTOPATHOLOGY 

A total of 19 phytohormone-related genes were regulated in 
HLB-affected plants. These included genes encoding products 
associated with metabolism and function of gibberellic acid (8), 
auxin (5), cytokinin (3), ethylene (2), and ABA (1). Phytohor-
mones play important roles in plant development, plant defense, 
and signal transduction. The imbalance of phytohormones might 
contribute to HLB symptom development such as early flowering, 
leaf and fruit deformities, and seed abortion. Salicylic acid (SA) 
and jasmonates (JA), critical in plant defense (47), might not have 
a prominent role in the host response because SA- and JA-related 
genes in the arrays were not significantly regulated by HLB 
infection. 

The mechanism of sieve pore plugging involves PP1, PP2, and 
callose (14,33). PP2, a dimeric poly-GlcNAc-binding lectin, co-
valently cross-links with PP1 via disulphide bonds, forming 
polymers that close sieve pores (45). This response is normally 
accompanied by the synthesis of the beta-1,3-glucan callose (40). 
The pp2 gene was highly up-regulated in HLB-affected leaves 
based on microarray analysis even though QRT-PCR data indi-
cated a much lower induction. PP2 protein likely participated in 
phloem blockage together with callose (Fig. 2). Additionally, PP2 
has been suggested to interact with a variety of putative signaling 

RNAs (22,30,31,44) and as such may interfere with communica-
tion between source and sink organs and nutrient transport. 

HLB infection results in phloem damage, plugging of sieve 
pores, and interference with sucrose transport. PCR analysis 
of leaves from which midribs were excised using primers A2 and 
J5 (2) targeting the β-operon region of ‘Ca. Liberibacter asiaticus’ 
to confirm the presence of ‘Ca. Liberibacter asiaticus’ in infected 
leaves and the absence of bacteria in uninfected leaves (data not 
shown). The midribs of uninfected and HLB-affected sweet 
orange leaves were stained with the general polychromatic/ 
complex carbohydrate staining procedure using methylene blue-
azure A and basic fuschin (53) and observed with LM. The 
phloem cell wall and cambium layer of infected leaves were 
thicker than uninfected control leaves. Accumulation of starch 
was observed in phloem parenchyma cells of infected leaves but 
not of healthy leaves (Fig. 2A and B). Quantitative study of the 
starch indicated that its concentration in the HLB-affected leaves 
average 8.5 time higher than in the healthy leaves of sweet orange 
(E. Etxeberria, personal communication). This is consistent with 
the up-regulation of three major starch synthesis genes (Table 2). 
Aniline blue was used as a specific dye for callose deposition in 
infected and healthy midribs (9). Callose deposition was observed 

Fig. 2. Anatomical analysis of midrib phloem tissues of the huanglongbing (HLB) affected and healthy sweet orange. A and B show the methylene blue-azure A 
and basic fuchsin staining. Staining shows A, thickened and disrupted cell walls of phloem tissues of affected citrus compared with B, the healthy control. Starch 
particles stained red are also observed in the mesophyll parenchyma cells of the HLB-affected plant only. C and D show the callose staining of citrus midrib in 
0.05% aniline blue solution observed under a fluorescent microscope with UV filter. Light areas reveal callose in the phloem. C, The infected midrib is full of 
callose in the phloem tissue, while D, the healthy control does not show light staining of callose. E, F, and G, Transmission electron microscopy of phloem tissue. 
E and F, Cell walls are thicker and disrupted and sieve pores are plugged in the HLB-affected plant while not in the healthy plant (G). 



CONSIDERAR

“"la"invasión"temprana"de"las"raíces"por"HLB"conduce"a"una"
disminución"de"la"masa"radical"antes"de"la"aparición"de"los"
síntomas"foliares"y"es"probable"que"sea"la"causa"de"una"
reducción"del"rendimiento"mayor"a"la"esperada"en"árboles"con"
síntomas"foliares"limitados"(Johnson"et"al,"2014)

HLB"ataca"las"raíces"mucho"antes"de"que"las"hojas"muestren"
signos"de"daño

La"bacteria"se"distribuye"más"uniformemente"en"el"tejido"de"la"
raíz"que"en"el"dosel."

En"naranjo"Valencia"se"encontró"una"reducción"entre"30"y"37%"
de"la"raiz"fibrosa.



POR$LO$TANTO…

• Procurar$mantener$longevidad$de$raices

• Reducir$estrés$por$agua$(EXCESO$O$FALTA)$y$fertilización

• Reducir$interaccion$con$otros$patogenos:$Nematodos,$$

Fusarium

• Considerar$interaccion$entre$parte$aerea$y$raices

• HLB$puede$debilitar$la$capacidad$productiva$de$los$árboles$

de$cítricos,$con$pérdidas$reportadas$de$30$a$100%$(Aubert,$
B.$1993).$
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