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Peach trees are
composite genetic
systems

—Genetically distinct scion
e Unique fruit quality

e Low-chill adaptation

—Genetically distinct
rootstock

e Locally-adapted

e Nematode-resistant




Root-knot nematodes (RKN), Meloidogyne spp., are
parasitic to many agricultural crops

Four most common RKN species:

1. M. incognita (M) - the Southern RKN |  1hfee major species

2. M. javanica (MJ) — the Javanese RKN
3. M. arenaria (MA) — the peanut RKN
4. M. hapla (MH) — the Northern RKN

Ml

Light micrographs of the
anterior end of second-
stage juveniles

- present in most areas
with tropical and
Mediterranean climates

MJ

http://nematode.net/NN3_frontpage.cgi?navbar_selection=sp
eciestable&subnav_selection=Meloidogyne_javanica
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Presentation Notes
Nematodes are thread-like round worms. Those attacking trees and grapes are microscopic in
size and live in the small roots of their host plants or the surrounding soil. Their mouthparts
contain a hypodermic, needle-like structure (stylet) used to penetrate the cells of roots. With it,
they deliver a digestive nematode. When nematode populations are high, their feeding can result
in stunted tree growth. Some cause the plants to produce galls; others produce lesions, which
may be entry points for root decay fungi. A few nematode species are capable of transmitting
virus diseases.
Nematodes are transported in the roots of infected nursery trees, in soil adhering to orchard
equipment, and by the movement of soil water and surface water runoff. Often they occur as a
natural part of the soil’s varied population of microorganisms.

Most of the many species of nematodes living in the soil do not attack plant roots. A few can
injure fruit trees seriously when their populations become sufficiently high. The only symptom
of attack likely will be reduced growth and vigor of the trees. Nematodes may be important as
vectors of disease, such as is the case in transmitting the Prunus stem pitting virus. Injuries made
by nematode feeding can provide the entry sites for other disease organisms, such as the bacteria
that cause crown gall and the fungi that cause Verticillium wilt.
Control -- Preplant and postplant soil fumigants may be used to control nematodes. Growers
should contact their state extension service about a soil analysis to determine the kinds of populations
of nematodes in orchard soils. Various suggested treatments then can be made, depending
on the individual situation.
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Problem: the peach root-knot nematode infects
known resistant peach rootstocks

o Meloidogyne floridensis (MF)
common name: peach root-knot nematode

* Occurs only in Florida - first detected by Dr.
Ralph Sharpe in 1960s in Gainesville, FL

e Initially identified as M. /incognita Race 3

» Characterised as a new species based on
morphology and unique esterase isozyme
pattern (Handoo et al., 2004; Carneiro et al., 2000)

* Wide host range and overcomes hematode
resistance of ‘Nemaguard’, ‘Okinawa’,
‘Guardian’ and ‘Nemared’ rootstocks




-

Comparison of esterase
dehydrogenase profiles of

Meloidogyne floridensis n.

sp. (Mf) with that of
M. incognita (Mi) and M.
Javanica (Mj).

http://pubs.ext.vt.edu/444/444-107/444-107 html

Source: Carneiro, R. M. D. G., M. R. A. Almeida, and P. Quencherve.
2000. Enzyme phenotypes of Meloidogyne spp. populations. Nematology
2:645-654.
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Electrophoretic analysis: Carneiro et al. (2000) have included this new species in a comparative study of enzyme phenotypes comprising major RKN species (Meloidogyne sp.) and have described its esterase (EST), malate dehydrogenase (MDH), superoxide dismutase (SOD), and glutamate-oxaloacetate transaminase (GOT) phenotypes. The EST phenotype of M. floridensis n. sp. is quite different from the other root-knot nematode species tested (Fig. 10). 

This atypical and unique pattern is characterized by the presence of three bands, where the central band is located at the same position as the upper band for M. javanica. 

Other enzymes exhibit banding patterns that correspond to phenotypes already reported. In particular, the MDH phenotype for M. floridensis n. sp. is identical to M. javanica and M. incognita (N1 type according to Esbenshade and Triantaphyllou, 1990).

In summary, the root-knot nematode found on Nemaguard peach in Florida, herein referred to and described as Meloidogyne floridensis n. sp., is quite different from the other Meloidogyne spp. known to date. The common name “peach root-knot nematode” is suggested.


Root-knot nematode infestation life-cycle
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Heavily galled roots provide minimal resources for the rest of the plant

Stylet – plant-parasites possess a stylet (spear) which differentiates them from other groups of nematodes.  The stylet is used to puncture plant cell walls and membranes to allow withdrawal of cell contents.  Stylets of most plant nematodes are hollow which provides a channel for cell contents to pass



Damage Caused by RKN in Peach

Tree stunting and
reduced vigor




Damage Caused by RKN in Peach

 Early defoliation
and reduced
foliage resulting in
the production of

unpalatable

“stress fruits”




Damage Caused by RKN in Peach

Galled roots
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http://www.freshfromflorida.com/pi/enpp/triology/5001/triology_50
01_nematology.html
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Nematode Management

No Quick Solutions...

e Can’t eliminate nematodes

Successful
Nematode
Control

* No post-plant nematicides
available for many crop-
nematode combinations

* No single practice will control
nematodes, so two or more
control methods must be used

* RKN-resistant cultivars -
effective against nematode
genotypes

Resistance

Solarization
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Mf , also known as peach root-knot nematode is a serious economic threat to peach producers in Florida. Planting resistant peach rootstock is the primary means to limit peach production losses due to the nematode. However, majority of the available nematode-resistant rootstocks such as Nemaguard, Nemared, Guardian, Okinawa, etc are susceptible to this species. 



e Three commonly used rootstock Nemaguard, Guardian,
Nemared, are susceptible to Meloidogyne floridensis

e Nemaguard and Nemared require more winter chill for
proper fruiting

* Flordaguard has improved 9
root-knot nematode resistance |
and low-chill adaptation |

— Used as standard rootstock
for low-chill peach production

in root-knot nematode
infested non-alkaline soils

http://hos.ufl.edu/extension/stonefruit/stone-fruit-varieties



How do we manage the disease while
maintaining production and staying
competitive?




Current Efforts

. Molecular characterization of resistance

In Flordaguard
» Understand the genetic nature of resistance to
MF in ‘Flordaguard’ peach

» ldentify SSR markers associated with resistance
against MF in various segregating populations

Il. Evaluation of horticultural performance

of peach rootstocks

» ldentify potential rootstocks with resistance
to MF
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What genes are involved in the resistance mechanism of ‘Flordaguard’ against Mf? 

Is this resistance conferred by a new gene?



Resistance spectrum of main Prunus RKN-resistant sources

(Claverie et al., 2004; Van Ghelder et al., 2010; Cao et al., 2011)
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Parental Genotypes for the Crosses

Flordaguard Wild peach

(P. persica) (P, kansuensis)
rr rr

and hybrids

with P kansuensis
Rr

‘Okinawa’ ‘UF Sharp’
(P, persica) (P, persica)
RR RR

and hybrids

with P. kansuensis
Rr
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Current Efforts...

Il. Evaluation of horticultural performance
of peach rootstocks

» ldentify potential rootstocks with resistance
to MF


Presenter
Presentation Notes
What genes are involved in the resistance mechanism of ‘Flordaguard’ against Mf? 

Is this resistance conferred by a new gene?

Initial plan for my research was to conduct horticultural evaluations of potential peach rootstocks to provide a short-term solution for Florida peach growers. If we find other rootstocks to be better than Flordaguard, growers can have access to these materials.  Long-term solution – molecular characterization of resistance in Flordaguard. 

“Genetic mapping (mapping of resistance genes is only as good as your ability to correctly phenotype or screen your populations for resistance.”

A new component – the histological mechanism of resistance was added.  The histological study on the dynamics of interaction between the host and the nematode.  It is important that we understand the resistance mechanism and define parameters for resistance.



Peach rootstock field evaluation for Resistance to M. floridensis
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Experiment Design

Location: Citra, Florida
Plot size: 200 ft x 130 ft

Design: RCBD with 5
subsamples per treatment

No. of rows (replicates): 10

Spacing: 4ft between trees,
20ft between rows

Treatments: Flordaguard (R),
Barton (R), Okinawa (S), and 2
new USDA rootstocks (R)

Plants established in microplots

Photo courtesy of Dr. Andrew Nyczepir, USDA-ARS Byron, Georgia




Setting up the microplots

Augerwas | % Trenches at
used to | ' plot borders
excavate [ : for
holes | installation of
sprinkler
irrigation
system

Microplots were
laid out in rows and
fumigated soil was
backfilled into pots
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This technique offers the advantages of field growing conditions while allowing inoculation of plants or infestation of soil with known numbers of nematodes 



Budding on ‘Barton’ and ‘MP-29’




Nematode inoculation for resistance evaluation

Total of 45,000
juvenile nematodes
inoculated per plant




2013 Scion and rootstock trunk circumferences (2 inches above and
below graft union) of grafted trees in field microplots at Citra, FL.

M Scion
W Rootstock

Okinawa P-22 Flordaguard Barton MP-29
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Scion and rootstock trunk circumferences (2 inches above
and below graft union) of grafted trees in field microplots

nursery-budded

field-budded

Okinawa

P-22

Flordaguard

Barton MP-29

M Scion
W Rootstock



Relative growth rates of scion based on trunk circumference
(2 inches above graft union) at the end of 2013 growing
season in field microplots
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Pearson correlations between the scion trunk

circumference and selected growth (n = 50)
* P=0.02; **, P=0.001.

Parameter Correlation
coefficient, r

Scion trunk Pruning weight 0.83**
circumference Tree height -0.28**
Tree spread 0.88**

Scion trunk relative growth rate -0.33*




More studies underway...

Testing of ‘Flordaguard’ for durability of
resistance against four main root-knot
nematodes - M. arenaria, M. incognita,
M. javanica, and M. floridensis

Histological characterization of
resistance in ‘Flordaguard’



Histological characterization of resistance

Terminal root fragments, 10 mm long

1,2,3,5,8,12,17,23,30,40d

post-inoculation

Examine for nematode
penetration and root

galling

9

Chemical fixation with
2% glutaraldehyde

l overnight

Processing — dehydration
through graded ethanol
series and clearing

Sectioning, 5 um

_12d

Infiltration and
embedding with epoxy
resin

Microscope examinations

Stained slides

phenolic compound
examination
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For RKN nematodes to reproduce the J2 must be attracted to host roots, penetrate the epidermis, and migrate through the root cortex to establish a feeding site in the vascular parenchyma that provides sufficient nutrition for development and egg production.  Plant resistant genes, respond to J2, suppress or block one or more of the steps required for parasitism.

Phenolics can be detected by histochemical procedures. Phenolics are associated with resistance to root-knot nematodes.  In fact, these compounds accumulate locally inside cells close to the migrating nematode early in injured tissues of the resistant line.  Phenolic compounds are concentrated in a small number of cells and in the intercellular spaces of roots tissue around J2 when observed under UV light.

Moreover, in the resistant line, J2 remained vermiform and clustered in cortical cells at the root apex.  No galling occurred and no egg mass developed. This suggest that the resistant cultivar has a very active post-penetration biochemical defense mechanisms which can block nematode migration, development, and reproduction.  The post-penetration response of the incompatible roots was considered a classical HR.  This HR occurs more quickly than the susceptible response.

I am not gonna attempt to identify the compounds – will require HPLC analysis


D
Nematode management requires a concerted effort...

« UF Stonefruit breeding program
 Continued efforts to develop improved rootstocks for the
peach industry

e Nurserymen
 Maintain nematode-free nursery stock
e Ascertain rootstocks’ trueness-of-type

« Growers
 Monitor nematode numbers
 Report any signs of nematode infestation
 Send soil/root samples to nematode diagnostics lab to
identify nematode species
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Used for assessment of line purity
Seed mix-ups, wrong labelling is inevitable
Genomic information can help sort out some of these problems



Assessing trueness-of-type

OUTCROSS!

TRUE-TO-TYPE
(red color fades when exposed to warm temperatures)



Resistance-breaking nematodes?

True-to‘type
‘Flordaguard’
peach
rootstock,
_ confirmed from
 genotyping
- analyses

By e




Collecting root and soil samples for
nematode diagnhostics

Send samples to: UF Nematode Assay Lab
nematology.ifas.ufl.edu
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Lineage of ‘Flordaguard’ Rootstock

Shau That ___op  Chico 11---
(PI 65821)

--x _op H-91_op Fla. 129 op Fla. 17-64--

Outcross
Prunus davidiana---
(C-26712)
---Fla. 4-115_op_Fla. 14-11
(Flordaguard)
cither
(N.J. 5106137 x Okinawa)op

or e
(Okinawa x Rancho 23/32)op

op = open pollination
x = unnumbered selection
N.J. 5106137 = J. H. Hale x (Elberta x Rutgers Redleaf)
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