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Columbia root-knot nem atode (CREN, Meloidogyne chitwoadi) infeds potato tubers and couses quality
defects such as external bumps on the surface and small brown spots that can be as deep as Yaindh under the
surface. Most root-knot nem atodes penetrate roots and cause th e root to svdl around the infection ste
produang agall. The female nematode continues to grow, with her postenior d ose to the root surface. Cnce
eggs are formed they are laid in an eggm ass on the root surface surrounded by ajdl v-like substance called a
gelatinousmatnix, When CRK N infect ubers, galls are form ed under the skin causng the bumps seen on the
surface. When fem al es mature and lay their eggs in an egg mass in the tuber the gel ainous m ani x is brown
in color forming the noticeable brown spot about the 3 7e of a pinhead. Som e discol oration also occurs asthe
tuber tissue readts to presence of the fora g substance of the egg mass and walls it off Another speaes the
Northemn root-knot nem atode (A7 hapila ) al so infects tubers and causes small brown spots around the

mass but doesnot cause bum ps'gall s on the tuber surface. Even light extemnal or internal symptom s of root-
knot nemat odes make tubers unacceptable for domest c markets. Thi s can lead to devaluation or rej ection of
the crop affected Furthermore, in export markets where CRKN is considered a quarantined pest, a sngle
female found in one tuber can result in the rejection of a shipm ent of potasloes from entry into that couniry.
CRK Nbecomes active at 41 F (5 °C) so it infeds roots early in the season and produces alarge number of
offspring. Without trestment, densities of 1/250 g sl can result in crop rgection. Low tol erances for
symptom s from infection ;ﬂusluw damage thresholds and rape d reprodudtion rates make dom age a certanty
if CRK N 15 not managed adequately.

Stubby-root nemat odes (SKN, pnmanly Poratrichodorus allius in the Northwest) feed on root tips
but cause litl e dam age to potato, However, in some fields, SRN camies Tobacoo rattle virns (TRV ) which it
vectors to potato plants by feedin g on roots cousing a di sease called corky ringspot (CRS). Presence of TRV
in tubers causes necrotic areas in the form of & fluse brown spots, that can be quite large, or arcs and rings.
Svmptom s can vary by vanety, For exampl e, symptom sin Russet Burbank tend to be di fluse spots while
those in Yukon Gold are pnmanly arcs and ings. These necrotic spots, arcs, and nngs are considered to be
quality defects and tubers with even a small am ount of symptoms are cons dered culls. Crops with as few as
6*s culls can be downgraded or rgected. This can ocour at densities of SRN as low as 3/250 g soil so SRN
needsto be managed in any fidd d with a history of CRS.




-

Yolume 17, Mo 7 Potas Progc as

Urver the last several vears CREN msnd SEN have been managed with the fumigants Telone and
metam sodium and the nonfumi gant nem atia des Mocap and Vvdate C-LV. However, there was an accidet
a the pl ant where Vydate was made and it 15 no longer aval able. Loss of Vydate has increased demand for
Telone which was already in short supply due to a shortage in raw matenals and dem ands from other
markets. Managing nematodes in potato when these two key products are in short suppl v will hikdy require
a combination of several strategi es such as crop rotation, green manure crops, nematicide combinations,
careful crop m anagement to redu ce symptom devel opment, and combinations of these tactics,

Management with Reduced Rates of Telone
If a grower cannot obtain all the Telone that his farm requires his options are to use a full labeled rate on as
many acres ashe has sufficent product for or to treat more acres at a reduced rate and run the nsk of
inadequate control. The recommended rate forusing Telone alone is 20 gpa. With reduced supply avail able,
rates as low as |1 gpa are bang proposed. Few sudieshave been done wath rates lower the 20 gpa. In a inal
completed in the Columbia Basin dunng 1994, 10 gpa of T eone reduced culls due to CREK N from 88%in
the check to 14% which may not hav e been acceplable Lo processors (Ingham o al., 2000a). Tdone al 15
and 20 gpa each reduced cullsto 2*s. In trial s done in 1998 (Ingham e al., 2007a) and 1999 (Ingham and
Hamm, 2000), Td one at 15 and 20 gpa reduced culls from 66 and 22 in non treated plots to 1% and 0%
(1998 ) and 5% and 5% ( 1999), respectively. However, in 1993, 15 gpa and 20 gpa of Td one only reduced
culls from 57% to 8% and 23%, respectivady, (Ingham et o 2000a), and in 2000 from 94% to 11% and 20%,,
respectivdy (Ingham et al., 2007a). Therefore, in some trial s even the recommended rate had unacceptable
levds of uber damage.

In contrast, severa tnals in the Columbia Baan found that Tel one al one was effective af controlling
SEN and CRS at rates of 10 gpa or higher (Ingham et d ., 2000b, 2007b). The discrepancy in the
effecti veness of Td one d one between these two nematodes may be due to the fact that most CRKN are
found in the top foot of soil whereas SR N are more evenly disinbuted with depth. This meansthat gefting a
good seal at the surface duning Telone application is more cnitical for controlling CRK N to prevent survival.
Therefore, when using reduced rates of Tel oneit is all the more antical to make certain conditi ons are
optima to maximi ze results. Shanks should be set 18 inches apart and set to inject at 18 inches deep. Sail
mod ture should be slightly bel ow fid d capacity and temperature should be 50-60 “F. The soil should be
worked up eady to encourage the breakdown of roots and expose nem atodes and thar eggs and then worked
into a good seed bed condition to provide a good sea affer inject on.

Using Mocap or Metam Sodiswm with Telone

Adequate control of CRE N with reduced rates of Tdone may be adieved by using asnother product in
combination with Telone. In a 1990 trial in the Klamath Basn, Tdone at 15 gpa onlv reduced culls due to
CRKHN from 59 to 30% (Ingham and Rvkbost, 1991 ) andin 1991 Tdone ot 20 gpa only reduced culls from
52% to 20 (Ingham, 1992} However, in both sudies addition of a broadcast preplant incorporated (PF1)
application of Mocap at 6 1b ai. acre reduced cull sto z2ero. While we have no data on combinations of

M ocap with rates of T elone less than 15 gpa, itisprobabl e the there woul d be a benefit of Mocap to reduced
rates of Tel one as well, especi dlvifthe rate of Mocap wasincreased to 12 1b ai/ acre.

In the 1994 Columbia Easin study menti oned above in which Telone at 10 gpa reduced culls from
88% to 14%, addition of a water-run application of metam sodium at 38 gpa reduced cullsto 1%, While
these are the only data we have with metam sodium and Telone at 10 gpa we have severa tnal s with
combinations of T one at 15 gpa and water-run or shanked-in metam sodium at 30 gpa and cull s were
reduced to 2*s or lessin all cases. Therefore, it is safe to assume that Telone at 11 gpa plus metam sodium at
38 gpa would be an effect ve treatm ent in most instances. It is specul ated that the reason the addition of
M ocap and metam sodum improve conirol of CRKN is that they h dp redu ce nem atode populations near the
surface thal may not be adequatel v conirolled i f there is not a sufficient seal duning the Teone appli cation.
Since Mocap al so peradsin the soil for an extended peni od it may a so help control nem alodes migraling up
from deeper depths All these trestments would be effective for controlling CRS aswell.
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Using Shanked-in Metam Sodium

For fid dsin which there is not sufficient Tel one avalabl e to trest in any fashion the choices are not to grow
potatoes in those fiel ds or to treat with some product other than Tdone. While water-run metam sodium
helps control nematodes when used in combinati on with T elone it is generally not effective as a stand-al one
treatment. Owver five tnals, wbers culled from CREK Nin non trested plots averaged 58% while those in plots
treated with water-run metam sodium at 38 gpa averaged 30% (Ingham and Hamm , 2000, Ingham et al .,
2000, Ingham et al, 2007a, Rykbost et al,, 1995). Tubers with CRSin 5x tnals averaged 46"« and 30% in
non-treated and metam sodium treated pIm. respectively (Ingham and Hamm, 2000, I gham e al., 2000b,
Ingham et al, 2007b, Rykbost e al., 1995). However, shanking metam sodium can be effective in
suppressing nematode damage to tubers under low to moderate pressures. For example, in 199 shanking in
30 or 3% gpa of metam sodium at 16 inches reduced culls due to CRK N from 47% in untreated plots to | ess
than 1% In a 2001 mal, metam sodium shankeddn at 6 and 12 inches (30 or 38 gpajor at 6, 12, and 1§
inches (50 gpa) reduced the percentage ofculled mbers from 53%s in non reated plots to 1% or less. This
application procedure hasnot been adequate under high pressure situati ons where a higher percentage of
wbersin untreated plots were culls (Ingham o al., 2007a). Tubers with CRS in 1996, 1999, and 2000
averaged 28%, 72%, snd 24% in nontreated pl ots and 1%s, 3%, and 3% in plotstreaed with shanked-in
melamn sodium o 38 gpa, respectively (Ingham et al., 2007b).

Using Mocap with Shanked-in Metam Sodium

Mocap con be used in combinati on wath shanked-in metam sodium either as a broadcast PPLapplication or
shanked-in wath metam sodium as atank mix, In aligh CRK N pressure situation in 2000, chedk plots had
4% culls from CRK N (Ingham et al., 2007h). Metam sodium (38 gpa) shanked-in at 6 and | 2 incheshad
35% aulls. Shanked-in metam sodium plusMocap (PP1) at 12 1b ai/acre had 15% culls while an inj ected
metam sodium/Mocap tank mix at the sam e rates reduced percent cull sto zero. Reduangthe rates in this
application method to 30 gpa of metam sodium and 91b ai./acre of Mocap did not provide adequate conirol
(12% culls). Metam sodium and M ocap tank mix applicabions would likely be effective for controlling CRS
as well, provided that the disease pressure 15 not too hi gh.

Managing Nematode Populations before Treatment

Without access to the highly effective fumigant nem ali ade, Tel one, growers will need to be aware of the
nematode population levels in thar fields snd reduce densaties with cultural methods as much as possible.
Thism ay require ssmpling fiel ds duning the rotation in addition to the fall before planting pot sloes.
Discovering that a field has alugh population level in the fall may not provi de sny option other than to not
plant potatoes in that fidd the coming vear. When lugh densties are present growers should use poor or
non-host rotation crops and green manure crops Lo reduce popul sions. This wall help the producs that are
avallable to be more effective. Management of CRK N popul ati ons for the next potato arop should begin as
soon as the current crop is harvested. Densaties of CRK N afler pot ato shoul d be low if they were m anaged
successfully to prevent dam age to the crop that was just harvested. However, some level of CRE N will still
be present. Growing rotation crops that are hosts will increase population densti es making future control
more difficult, while growing crops that are poor or non hosts will decrease population denstiesm aking
control more likely.

The host status of u";&;sdm determined by calcul ating the rq};mchclive factor (R1) which is equal to the
final population density divided by the imitial population density. For example, the popul ation density at
harvest divided by the population density at planting. Crops with an R value greater then 1.0 are defined as
good hosts (Rf greater than 10 = excellent hosts). Under good hosts populations will increase. Crops with
Rivalues from 0.1 and 1.0 are considered poor hosts. Popul ati ons are supported but a slowly declining
levels. Crops with an Rflessthan 0.1 are non-hosts where popul ati ons are not supported and densities
decline rapidly.

Growing crops that are poor of non hosts can be effective al reduang popul ati ons of CREKN becanss
it has no long-lived resistant stage. Second sage juvemiles (12) hatch from eggs and if they do not find a
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suitable host to infect they die. Unfortunatey, most crops grown in rotation with potato tend to be hosts for
CRK N although the R fs can vary between different vaneties Thereisa high acreage demand for crops that
are good host s so growers need to grow both good hosts and poor or non-hostsin rotation in order to meet
market demands and suppress CRKN. Cropping sequences shoul d be desi gned to grow the best host crops
early in the rotation reduang the subsequent popul at on increase with poor or non-hosts later, Lon g- season
host crops like field com can increase CREK Nto 10,0000 250 g soil . Ifthis increase happenslate in the
rotation it may not be possible to escape tuber damage if potatoes are the next thing to be planted. However,
if this increase occurs early in the rotation it m ay be possible to reduce those popul abi ons again before
potatoes are planted. For exam ple, potatoes grown without nematicides after a cropping sequence of fidd
com-field com-wheat had 68° ] ess tuber dam age than those grown after wheat-fid d com-field com
{Ingham, unpublished data). In the latter case, high population densities were produced at the end of the
rotation with no opportunity to reduce densities. In the former case wheat did not sustain the high lation
densities produced under field com so numbers dedined even though wheat is ahost. In addition, becouse
wheat is harvested earlier in the vear there wastime to pl ant a mustard blend green m anure crop for the late
summer md fall which suppressed population densties further. Whenever possible, short season crops with
low R values such as sweet com or peas followed by anon host green manure crop should be grown in the
last vear before polato. For example, a §eld corn arop grown in 2001 increased CRKN to nearly 11,000/ 250
g soil. However, by growing wheat foll owed by a radish green manure arop in 2002 and a green pea-lima
bean-mustard green manure crop (Caliente 61) sequence in 2003, population levels were reduced to 3/250 g
soil. When potato was grown without nem ati adesin these plots in 2004 only 2% culled tubers were
observed at the end of the season, A conventional rotation of wheat-field com-fidd com had 100% culls
{Ingham , unpublished data).

The best opti ons for cover arops to suppress CRK N are the sudangrass hvbnd ov Trudan & or the
sorghum-sudangrass hybnd Sordan 79, radish ov Tera Nova, and the mustard blend Caliente 61. For the
most part, green manure arops need to be chosen by vanety as well as pl ant type as host status can vary by
vanety. In one study, a numbered line of hybnd sudangrass increased CRK N 9.5 fold over five months
while Trudan ¥ reduced popul ati on ]welsl.w %6"s (Mojtahedi et al., 1993). However, while Trudan £ and
Sordan 79 are good for suppressing CRK M they are excell ent hosts for SRN and shoul d not be Grown in a
field with a history of CRS (Charlton et al., 2010). SRMN and CRS are much more diffi cult to control with
rotation since most plants, including w Ee:h, are hosts to the nematode and the virus Using green manure
crops is one of the few options Radish cvs Terra Nova and Doubl et have been demonstrated to suppress
CRKM, SEN and CRS (Charlton et al., 2010, O'Neill, 2016).

Minimizing CRKN Damage ina Current Potato Crop,

Several cultural procedures can be used to mimmize tuber damage in a polato aop that has not recaved
adequate trestment. Plant the shortes season cultivar as posable. The longer a crop remainsin the fidd the
more degree-days will accumulate resulting in more CRK N generations, greater population increase, tuber
infecti on, and symptom expression. Harvest as soon as posa ble and do not leave tubersin the ground longer
than necessary, COnce vines are killed, soil and tuber temperatures nse, increasing the rate of deve opment for
nem atodes that have infected tubers and resulting in more extensive symptom express on. This has been
substanti sted in anumber of studies In one case the percentage of ubers culled from CRK N increased from
18% to 72% when harvest was deayed by three weeks (David and In gham, unpublished data). Since CRKN
in tubers continues to develop al tem peratures above 41 °F, store tubers as cool as possble and have the arop
processed as soon as poss ble.
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Sum mary
In summary, in order to successfully m mage nematodes when key produd s are in short suppl v growers
should
I Use areduced rate of Telone with fill rate of metam sodium or Mocap
) Make sure conditi ons are optim al for Tdone
considering shank spacing, temperature, mol dure, seal
3) Shank in m etam sodium at full rate
with Mocap broadcast ppi or, preferably, as a tank mix
4) M anage nematodes with rotal on crops and green manure crops
5) Manage potato arop to minimize damage should infection ocour
Thisism ore re evant for root-knot than for corky rin gspot.
Once tubers are infected with TRV there is liftle that can be done.
&) Sampl e so they know what they have
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Management
1, Cirbifiod sl s Dovse TOIN v erwvg i on swslod o sl ialisre, 0 s eeiliond b By
swardifins] s’ framm Barms o aias watbaud TRV,
2. Crapr rotatlons: somw crops ans Bosis of TRV and P alins, whilln ofbors aie only Taost
I the remalode sul nol VRY. ke lller lepe ol crop is peelenned because Le wirus will
beeliminatad in he necuslode population 25 il leecs on planis thal do ol bost FEY,
Kedatinn cropa thal reduce IRY in subisg el polals ceaps ineluds ceelzin slialia, barsy,
ammd apearmiind cullivacs,
3. Wead managemend: several common weeds are sxcellenl ansia lor TRY and should
be corlrolled, Uhe most impariant are nighlsedes.
4. Chemical control: scdl bomisabion aod cerfain in-humow nemet cides can eltecively
reduce oeky Hingepot in lebecbed Belds.
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