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T H E  APPLICATION OF AN EXCISED ROOT ASSAY FOR T H E  
DETERMINATION OF SUSCEPTIBILITY OR RESISTANCE TO 

ROOT-KNOT NEMATODES (MELOIDOGYNE SPE GOELDI)  
IN POTATOES (SOLANUM SPE L.) 

Catherine E. Rivera-Smith 1, Howard Ferris 2, and Ronald E. Voss 3 

Abstract 

Excised roots of six potato selections were challenged with egg inocu- 
lum of four Meloidogynl species: M. chitwoo~; M. javanica, M. incognita, and 
M. hap/a. The dual cultures were established under aseptic conditions in 
60 x 15 mm petri plates on a defined agar medium. Egg hatch occurred 
within one week and galling within four weeks atincubation temperature 
of 24~ All six potato selections, Russet Burbank, White Rose, PAS 3065, 
S. sparsiDilum 365343.A19-12, S. sparsipilum x S. phureja 856D68-1, and 
NDTX8731-1R supported reproduction of all four Meloidogyne species. Cor- 
responding greenhouse tests were run with each in vitro experiment to es- 
tablish the efficacy of this screening technique compared to greenhouse 
methods. Results from the greenhouse assays had less variation within cul- 
tivar treatment than did the results from the in vitro assays. The in vitro as- 
say, however, may be conducted with less labor, time, and greenhouse facility 
management. 

Compendio 

Se expusieron ra{ces cortadas de seis selecciones de papa al in6culo 
(huevos) de cuatro especies de Meloidogyne: M. chitwoo&', M. javanica, M. in- 
cognita y M. hapla. Cultivos duales fueron establecidos bajo condiciones 
as6pticas en platos de petri de 60 "x 15 mm con un medio definido de agar. 
La eclosi6n de los huevos se produjo en una semana y la formaci6n de agallas 
en cuatro semanas a una temperatura de incubaci6n de 24~ Las seis selec- 
ciones de papa, Russet Burbank, White Rose, PAS 3065, S. sparsipilum 
365343.A19-12, S. sparsipilum x S. phur~a 856D68-1 y NDTX8731-1R per- 
mitieron la reproducci6n de las cuatro especies de Meloidogyne. Las pruebas 
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correspondientes de invernadero h e r o n  llevadas a cabo con cada ex- 
perimento/n vitro para establecer la eficacia de esta t6cnica de evaluaci6n 
y selecci6n en comparaci6n con los m6todos de invernadero. Los resultados 
de las pruebas en el invernadero variaron menos dentro del tratamiento 
de cultivares que los resultados obtenidos de las pruebas in vitro. Sin em- 
bargo, la prueba in vitro puede conducirse con menos trabajo, tiempo y 
manejo de las instalaciones de invernadero. 

Introduction 

Potato breeding programs commonly involve the observation of thou- 
sands of genotypes in greenhouse bioassays in order to identify new selec- 
tions which exhibit resistance to root-knot nematodes (Md0u/ogyne spp.) (7, 
9, 11). Orion and Pilowsky (14) have reported the success of an in vitro ex- 
cised root assay which accurately identified tomato (Lyc~ersicon esadentum 
Mill) cultivars with known susceptibility and resistance to Mdok/0gyne/n- 
cognita (Kofoid and White) Chitwood. The utilization of a laboratory as- 
say for the initial screening of potato genotypes for root-knot nematode 
resistance could represent considerable savings in time, facilities, and la- 
bor. The reported effectiveness of applying tissue culture in other potato 
improvement efforts (5, 19) suggests that the application of an excised root 
assay for nematode resistance is feasible. 

In this study, two types of bioassays were conducted. A greenhouse 
experiment and an in vitro excised root experiment were conducted utiliz- 
hag six potato selections challenged separately with four species of root-knot 
nematode. Susceptibility, ha terms of the host efficiency of each potato selec- 
tion, was measured by the ratio (Pf/Pi) of the final count of MdmJ/ogyne eggs 
extracted to the initial count introduced as inoculum (3). In addition, a 
gall rating (based on percent of the root system distorted by root-knot galls) 
was assigned to characterize the plant response in both types of bioassays 
(7). The objective in conducting the parallel bioassays was to compare the 
results of both types of tests and thereby establish the effectiveness of an 
excised root assay. 

Materials and Methods 

Establishment of Excised Root Cultures 

Five of the potato selections used in the study were cultured from node 
or tuber sprout cuttings from single plant or tuber selections (sel.). These 
included the cvs Russet Burbank, White Rose, S. sparsipilxm (Britt). Juz. 
et Buk. selection 365343.A19-12, a cross between S. sparsipilum and S. p ~ r ~  
Juz. et Buk. (hereafter referred to as 68-1), and S. tuberosum selection 
NDTX8731-1R. Surface disinfestation involved a 1% sodium hypochlorite 
and 70% ethanol treatment, followed by three sterile rinses (18). Tissues 
were agitated with an ultrasonic cleaner. 
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Sterile, in vitro seedlings were also established using true potato seed 
of breeding sel. PAS 3065. Several seeds were soaked in 0.5% sodium 
hypochlorite solution and rinsed three times with sterile water. A single vig- 
orous seedling was selected for subsequent clonal propagation. 

Plant and tuber cuttings and true potato seed plandets were estab- 
lished on Murashige and Skoog (MS) medium (12). Every 21 days, the 
rooted shoot cultures were dissected into single node and shoot tip cuttings 
and subcultured onto fresh MS media plates (ten cuttings per 100 x 15 
mm plate). The culture plates were double-wrapped with "parafilm " and 
incubated at 22~ with 16-hour light. 

Root tip sections of approximately 0.5 cm were transferred from es- 
tablished rooted shoot cultures to 60 x 15 mm petri plates with Skoog, 
Tsui, and White (STW) medium (17). Three tips were transferred per plate. 
Root plate cultures were grown at 24~ in complete darkness for 10 days 
prior to inoculation with Mdoidogyne spp. 

Inoculation of Excised Root Cultures with Meloidogyne spp. 

Confirmation of the root-knot nematode species used in each experi- 
ment was based on microscopic examination of perineal patterns as de- 
scribed by Riggs (1985). Meloidogynejavanica (Treub) Chitwood, M. hap/a 
Chitwood, and M. incognita were taken from a species collection maintained 
on infected greenhouse tomato plants. M. chitwoo&" Golden, O'Bannon, 
Santo and Finley, was obtained from infected potato plants from a field 
in the Klamath Basin region of Northern California. 

Approximately 75 to 100 egg masses were removed from infected roots 
with forceps. The gelatinous egg matrix was dissolved in a 0.5% sodium 
hypochlorite solution for four minutes as described by Barker (2). After 
rinsing and collecting eggs on a 500-mesh (0.26 mm aperture) screen, the 
separated eggs were surface disinfested with a 2-minute soak in 0.001% 
HgC1 (10), followed by three sterile rinses. After making a sample count 
from a 100/A aliquot, 5.0 to 8.0 ml of sterile water were used to prepare 
a Meloidogyne spp. suspension of known concentration, and 300 eggs were 
uniformly applied across 12 root plates for each potato selection. 

The inoculated root plates were incubated in the dark at 24~ After 
10 weeks, roots were removed from the agar plates, weighed, and vortexed 
in test tubes with a 1% sodium hypochlorite solution to disrupt the gelati- 
nous matrix and release the eggs. The eggs extracted from each root cul- 
ture plate were counted to establish the eggs per gram of root produced 
and the Pf/Pi ratio. 

Greenhouse Assays 

The same clonal material used in the in vitro experiments was trans- 
ferred out of sterile culture following routine subculture. Tissue culture 
plantlets were hardened in a plastic box for one week before transplanting 
to 414 cm 3 styrofoam cups filled with an autoclaved 9:1 sand-clay mixture. 
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After two weeks growth in the greenhouse, five plants of each potato 
selection were inoculated with 1000 root-knot nematode eggs per pot. The 
same inoculum source that was used in each laboratory assay was also used 
in the corresponding greenhouse experiment. The greenhouse assays utiliz- 
ing M. chitwooch" and M. incognita as inoculum were conducted during late 
summer and early fall with no supplemental light. The assays using M. 
hap/a and M. javanka were conducted during spring months, and daylength 
was supplemented with fluorescent lights to total 16 hours daylight. Green- 
house temperatures ran at 25-28~ during the day and 24~ at night. 

Greenhouse experiments were evaluated 12 weeks following inocula- 
tion. The root system of each plant was rinsed free of soft, blotted dry with 
paper towels, and weighed. The nematode eggs from each root system were 
extracted using a 1% sodium hypochlorite solution and single arm flask 
shaker agitation for 5 minutes. The eggs extracted from each sample were 
counted to determine the eggs produced per gram of root. The Pf/Pi ra- 
tio was recorded as being greater or less than 1, indicating whether or not 
the nematode population had increased. Root weights and eggs per gram 
were analyzed in a one-way analysis of variance. Means from both data 
sets were compared with Duncan's multiple range test. 

Results 

Establishment of Excised Root Cultures with Nematode Inoculum 

In all four tissue culture experiments, egg hatch began 3-4 days fol- 
lowing inoculation. The range of egg hatch in each excised root experiment 
was 20-30 %. The maximum number  (35-50) of active, second-stage juve- 
niles was observed between the fourth and eighth day after inoculation. Less 
than 0.5 % of the replicates in any one tissue culture experiment were lost 
due to contamination. 

All six potato selections used in these experiments formed root galls 
in the fourth to sixth week of incubation. The S. sparsipilum sel., 365343.A19- 
12, and sel. 68-1, were consistently the first to show galling. Galls appeared 
on root plates of Russet Burbank up to two weeks later than any other potato 
selection. This pattern of galling was consistent in each experiment using 
each of the four Meloidogyne species as inoculum (Fig. 1A-C). 

Comparison of Results fiom the Excised Root Assays and the Greenhouse Assays 

In nearly all instances, all six potato selections used in this study ap- 
peared highly susceptible to each of the four Meloidogyne species when the 
assays were conducted in the greenhouse. The only exception was the re- 
sponse of Russet Burbank to M. chitwooch', where two of the five replicates 
died early in the experiment, and only one of the remaining three repli- 
cates galled significantly and yielded a Pf/Pi ratio > 1. 

When compared to the greenhouse assays, the excised root assays were 
less consistent in detecting the susceptibility of the potato materials tested. 
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FIG. 1. Galling response on excised roots and the development of female root-knot nema- 
tode in vitro (magnification 100 x). 

A) Typical galling response on Russet Burbank roots infected by Meloidoglme chitwoo&'. 
B) Appearance of non-inoculated roots of Russet Burbank in vitro. 
C) Meloidogyne chitwoo&" female with attached egg sac external to the excised roots of So/a- 
num sparsipilum. 
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Individual replicates of Russet Burbank, White Rose, PAS 3065, and selec- 
tion NDTX8731-1R produced galls, egg masses, and a Pf/Pi ratio > 1. 
However, an equal or greater number  of replicates of the same selections 
in a given experiment produced little or no response. Only the S. spar@i- 
/urn sels. 365343.A19-12 and 68-1 consistently produced a high number  of 
galls and a Pf/Pi ratio > 1 across replicates comparable to the correspond- 
ing greenhouse assay (Tables 1-4). Depending on the cultivar, females on 
greenhouse roots produced 3 to 90 times the eggs per gram root produced 
by females sustained on excised roots (Table 5). 

Discussion 

The susceptibility of the six potato selections used in this study to four 
root-knot nematode species was determined using greenhouse and excised 
root assays. The terminology for susceptibility and resistance applies to the 
host-parasite system, as proposed by Canto-Saenz (3): "resistance" is de- 
fined as a non-efficient host that suffers no statistically significant damage, 
and "susceptible" is defined as an efficient host that suffers statistically sig- 
nificant damage. 

It was expected that the commercial cultivars of S. tuberosurn (Russet 
Burbank and White Rose, the true potato seed selection of PAS 3065, and 
the breeding selection NDTX8731-1R) would be susceptible to the Me/o~gyne 
species tested. S. sparsipi/um sel. 365343.A19-12 had been previously scored 
as resistant in greenhouse screening tests, and was included in the design 
of these experiments as a resistant control. The cross between S. sparsipi- 

TABLE 1.--Comparison of results from excised root assay versus greenhouse assay 
us/ng Meloidogyne chitwoodi as inocu/um. 

Potato 
selection 

Excised root assa~ Greenhouse assay b 

*Gall % Replicates *Gall % Replicates 
Pf/Pi>I rating scored susceptible Pf/Pi>l rating scored susceptible 

68-1 Yes 4 40 % Yes 4 100 % 
A19-12 Yes 4 75% Yes 4 100% 
sparsipilum 
PAS 3065 Yes 3 25% Yes 4 100% 
NDTX8731-1R Yes 3 33% Yes 4 100% 
Russet Burbank Yes 2 25 % Yes 4 20 % 
White Rose Yes 3 67% Yes 4 100% 

a12 replicates. 
b5 replicates. 
"4 = severe root enlargement and galling (80-90%). 
3 = slight to moderate root enlargement and galling (40-50%). 
2 = slight root enlargement, few galls (10-20%). 
1 - no root enlargement or galling (<10%). 
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/urn a n d  S. phuroh was i nc luded  to  test for  the  t r ans fe rence  o f  resis tance,  g iven  
the  conclus ions  b y  G o m e z ,  et d .  (8) tha t  res is tance  to  M. incognita, M. javanica, 
a n d  M .  arenana exists in  S. sp~ 'p thnn.  Because  all o f  these  cul t ivars  a n d  selec- 
t i ons  b e c a m e  ga l l ed  a n d  s u p p o r t e d  r e p r o d u c t i o n  in  al l  assays ,  th is  s t u d y  
d i d  n o t  e s t ab l i sh  t ha t  t he  exc i sed  roo t  a s say  c o u l d  b e  u s e d  to  d e t e r m i n e  re-  

TABLE Z--Comparison of results from excised root assay versus greenhouse assay 
using M e l o i d o g y n e  i n c o g n i t a  as inoculum. 

Potato 
selection 

Excised root assay a Greenhouse assay b 
*Gall % Replicates *Gall % Replicates 

Pf/Pi) l  rating scored susceptible Pf/Pi) l  rating scored susceptible 

68-1 Yes 4 100% Yes 4 100% 
A19-12 Yes 4 100% Yes 4 100% 
sparsipilum 
PAS 3065 Yes 3 42 % Yes 4 100 % 
NDTX8731-1R Yes 3 33% Yes 4 100% 
Russet Burbank Yes 2 17% Yes 4 100% 
White Rose Yes 3 75 % Yes 4 100 % 

a12 replicates. 
b5 replicates. 
*4 = severe root enlargement and galling (80-90%). 
3 = slight to moderate root enlargement and galling (40-50%). 
2 = slight root enlargement, few galls (10-20%). 
1 = no root enlargement or galling (~10%). 

TABLE 3.--Comparison of results from excised root assay versus greenhouse assay 
ua'ng M e l o i d o g y n e  h a p l a  as inoculum. 

Potato 
selection 

Excised root assay a Greenhouse assay b 

*Gall % Replicates *Gall % Replicates 
PJPi>I rating scored susceptible Pf/Pi>l rating scored susceptible 

68-1 Yes 4 83% Yes 4 100% 
A19-12 Yes 4 75% Yes 4 100% 
sparsipilum 
PAS 3065 Yes 2 17 % Yes 4 80 % 
NDTX8731-1R Yes 2 8% Yes 4 100% 
Russet Burbank Yes 2 8 % Yes 4 100 % 
White Rose Yes 4 75% Yes 4 100% 

a12 replicates. 
b5 replicates. 
"4 = severe root enlargement and galling (80-90%). 

3 = slight to moderate root enlargement and galling (40-50%). 
2 = slight root enlargement, few gaJls (10-20%). 
1 = no root. enlargement or galling (~1~0%). 
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TABLE 4.--Comparison of results from excised root assay versus greenhouse assay 
using M e l o i d o g y n e  j a v a n i c a  as inoculum. 

Potato 
selection 

Excised root assay a Greenhouse assay b 

*Gall % Replicates *Gall % Replicates 
Pf/Pi>l rating scored susceptible Pf/Pi>l rating scored susceptible 

68-1 Yes 4 92% Yes 4 100% 
A19-12 Yes 4 100% Yes 4 100% 
sparsipilurn 
PAS 3065 Yes 3 42% Yes 4 100% 
NDTX8731-1R Yes 4 67% Yes 4 100% 
Russet Burbank Yes 3 50 % Yes 4 100 % 
White Rose Yes 4 83 % Yes 4 100 % 

a12 replicates. 
b5 replicates. 
*4 = severe root enlargement and galling (80-90%). 
3 = slight to moderate root enlargement and galling (40-50%). 
2 = slight root enlargement, few galls (10-20%). 
1 = no root enlargement or galling (<10%). 

TABLE 5.--Comparison of eggs per gram of root from an excised root assay and a 
greenhouse assay using M e l o i d o g y n e  j a v a n i c a  as inoculum. 

Excised root assay a Greenhouse assay b 

Potato Root weight Eggs/gram* Root weight Eggs/gram* 
selection (grams) root (grams) root 

68-1 0.15+_0.02 11.5+_2.7 abc 6.60+_0.95 37.0_+ 5.1 a 
A19-12 0.15+0.02 17.1+4.6 a 1.58_+0.70 83.6_+ 5.4 a 
sparsipilum 
PAS 3065 0.03+_0.01 0.8___0.4 d 2 . 6 0 + _ 1 . 1 5  76.6__.21.5 a 
NDTX8731-1R 0.05__.0.01 13.3_+4.0 ab 3.22• 101.2+-20.8 a 
Russet Burbank 0 .01+_0 .01  4.3_+1.2 cd 3 . 8 1 _ + 0 . 7 3  83.8+-21.3 a 
White Rose 0.09• 7.2+_2.0 bcd 1.23• 78.4+_31.4 a 

aThe average of 12 replicates. 
bThe average of 5 replicates. 
*Number in thousands of eggs. Values not followed by the same letter in each group were 
different, P = 0.05 (Duncan's multiple range test). 

s is tance to the roo t -kno t  n e m a t o d e .  T h e  excised root  assay d id  detect  the 
suscept ib i l i ty  of  each po ta to  select ion f o u n d  to be  suscept ib le  in  the cor- 

r e spond ing  greenhouse  assay (Tables 1-4). C o m p a r i s o n  of the eggs per  g r a m  
of  root,  however,  revealed  tha t  r e p r o d u c t i o n  is no t  s u p p o r t e d  o n  the ex- 
cised roots  at a ra te  c o m p a r a b l e  to tha t  o n  a whole  p l a n t  root  (Table  5). 
T h e  l im i t a t i on  of the excised root  assay, as c o n d u c t e d  in  this study, appears  
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to be releated to the adequacy of the excised potato root to be an efficient 
host for the nematode. 

Potato roots excised from rooted shoot cultures will grow on STW 
medium; however, the results of the four in vitro assays, reported here, sug- 
gest that S. tuberosum selections fail to extract adequate nutrition to support 
the level of root-knot nematode development found in these same selec- 
tions in the greenhouse. At the end of the experimental period, ungalled 
material taken from excised root plates of the S. tuberosum cultivars contained 
numerous undeveloped second-stage juveniles observable by light 
microscopy after staining. In contrast, excised roots from the wild So/anum 
species consistently showed galling and produced the highest number  of 
eggs per gram root in the excised root experiments. Unlike tomato roots, 
roots excised from potato plants cannot be continuously cultured as root 
cultures without the addition of plant growth regulators and/or potato ex- 
tract, which is reported to contain unknown factors which enhance root 
growth (1, 4). Orion, et al. (13) avoided both the inhibitory effects that high 
ammonium nitrate has on development of female root-knot nematodes, 
and the enhancement of plant susceptibility which can result from the ap- 
plication of exogenous plant growth regulators (6, 13, 16). 

Some modification of the root culture medium must be made to ac- 
commodate the needs of all the Solanum species most likely to be included 
in a breeding program for resistance to root-knot nematode. The addition 
of a potato extract, as described by Chapman (4), and an increase of the 
major salt nutrient compounds in the STW medium might improve root 
response without adversely affecting nematode development. 

This study established that four Me/o~gyne spp. known to infect potatoes 
can be observed throughout the normal life cycle of the pest on a dual cul- 
ture system in vitro. The advantages of applying such a laboratory bioas- 
say both for the study of host-parasite interaction and for the identification 
of resistant potato genotypes are numerous. Observations and evaluations 
can be made using an excised root assay without the interference of insect 
pests or microorganisms. Observations can be made continuously and in 
a non-destructive fashion. The control of temperature and water relations 
is much more exacting under incubator conditions than in a greenhouse. 
In a single incubator, hundreds of culture plates can be stored without the 
facilities and continuous labor requirements of a greenhouse assay of equal 
size. For these reasons, further efforts to develop an excised root assay for 
the determination of susceptibility or resistance to root-knot nematodes and 
other root crop pests could prove most beneficial. 
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