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ABSTRACT 
Sugar beet is a host plant for different root-knot nematode species. In this study, the effect of six inoculum levels including 250 + 
250, 500, 500 + 250, 750, 500 + 500, and 1000 second instar larvae of Meloidogyne javanica was evaluated on susceptible cultivar 
Jolgeh in 450 cm3 soil. Results showed significant effect of all inoculum levels on sugar beet infection and no significant effect was 
observed for the number of nodes caused by inoculum. Thus, 500 second instar larvae were considered as the lowest inoculum 
level for sugar beet infection in the greenhouse. In the second experiment, inoculum treatments were applied on Jolgeh and Pau-
letta (resistant to beet cyst nematode) cultivars and also sevenhalf-sib families derived from a population resistant to root-knot 
nematode (SB33). The number of nodes formed on the root was used as a resistance criterion. Based on the results, Jolgeh with a 
high average formed nodes (>100) was considered as asusceptible cultivarand half-sib families with the minimum number of 
formed nodes (<1) were classified as resistant plants. The commercial cultivar Paulettashowed high susceptibility to root -knot ne-
matode. 
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INTRODUCTION 
ugar beet (Beta vulgaris L.) is an important in-
dustrial crop and is the second source of sugar 

production after sugar cane which provides 27% 
of the world’s sugar consumption annually. Sever-
al root-knot nematode (Meloidogyne spp.) spe-
cies, recognized as important sugar beet economic 
parasites, were identified in many parts of the 
world, especially in tropical and semi-tropical re-
gions (Whitehead 1969; Janati et al. 1982; Arnold 
1984; Ibrahim 2004). Economically, important 
sugar beet root knot species are Meloidogyne 
arenaria Chitwood, M. incognita Chitwood, M. 
hapla Chitwood, M. javanica Chitwood, M. fallax 
Chitwood and M. chitwoodi (Whitney and Duffus 
1986; Franklin 1979). 

Root-knot nematode symptoms include node 
formation on both lateral and main root (Whitney 
and Duffus 1986) which dramatically influences 
the yield and quality ofsugar beet. Owing to the 
wide range of host plantsfor root-knot nematode, 
toxicity of nematicidesfor humans and environ-
ment and developmentof nematode resistance to 
nematicides, its control has become a crucial 
problem in sugar beet fields (Weiland and Yu 
2003). Therefore, development of the resistant 
host is the important solution to overcome dis-
ease problems (Panella and Lewellen 2007). The 
initial inoculum level of the pathogen influences 
therate and amount of infectionin host plant. De-
termining the optimal level of inoculation im-
proves the efficiency and accurate evaluation of 
the host resistance to this pathogen (Hashmi et al. 
1994). 
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Little information is available on Beta species 
resistance to root -knot nematodes. Most studies 
are focused on sugar beet and root-knot nema-
tode interaction with regard to cultivars perfor-
mance and their susceptibility (Ismail et al. 1996; 
Maarg et al. 1998; Pathak and Keshari 2000; Ko-
rayem et al. 2012). To evaluate sugar beet geno-
types resistance, different treatments including 
1200 second instar larvae in polyethylene box 
with 110 cm3 volume (Weiland and Yu 2003; Yu 
2003), 1000 second instar larvae in 110 cm3 pot 
(Yu 1995), and 500 second instar larvae in 170 cm3 
pot (Di Vito 1983) were used and 28, 40, 50, and 
60 days after inoculation, root -knot numbers 
were counted. In Iran, different species including 
M. incognita (Akhiyani et al. 1993; Omidvar 1968), 
M. javanica (Akhiyani et al. 1993; Mehdikhani 
Moghadam et al. 1996; Niknam and Kheiri 1996; 
Karegar 2006; Ommati and Giti 2010), M. hapla 
(Ommati and Giti, 2010; Karegar 2006) and M. 
arenaria (Omidvar, 1968) were detected and iso-
lated from sugar beet fields in Isfahan, Moqan 
plain, Mashad, and Hamedan; however, no study 
has been conducted to evaluate sugar beet culti-
vars susceptibility to the pathogen so far. Pre-
requisite of this study is the improvement of 
greenhouse evaluation methods. Therefore, the 
aim of this study was to evaluate the optimum 
level of root -knot nematode inoculation for de-
termination of sugar beet genotypes resistance or 
susceptibility under greenhouse condition.  

MATERIALS AND METHODS 
Preparation of the nematode inoculum 

Sugar beet roots infected to root -knot nema-
tode were collected from a field in Joghtay city in 
Khorasan Razavi province, Iran. Purification was 
performed by inoculation of sole egg sac on Rot-
gerz tomato cultivar and reproduction on the sus-
ceptible cultivar Jolgeh. Formed egg bulks were 
hatched in a dark environment with 25-27oC and 
second instar larvae were treated with 1% sulfate 
Stereptomycine for one hour and prepared for 
inoculation in a concentration of 500 larvae in one 
ml distilled water. 

Determination of optimum nematode inoculation 
level for the evaluation of sugar beet 
resistance/susceptibility 

Two months after seed sowing, seedlings were 
inoculated with purified second instar larvae of 
root -knot nematode. At the time of inoculation, 
three holes were made inside the soil and the 
transfer of water suspension plus nematode was 

conducted using syringe. After inoculation, holes 
were filled with soil. Water suspension was used 
as control. In this study, two greenhouse experi-
ments were conducted. In first experiment, six 
second instar larvae levels including 250 + 250 (1), 
500 (2), 500 + 250 (3), 750 (4), 500 + 500 (5), and 
1000 (6) second instar larvae of Meloidogynejava-
nicawere evaluated on Jolgeh at 450 cm3 soilfor 
two times. In treatments 1, 3, and 5, second in-
oculation was applied one week after the first in-
oculation. In the second experiment and in order 
to evaluate the proper treatment of the first expe-
riment, seedlings of seven half-sib families derived 
from a multigerm pollinator population (SB33) 
carrying root -knot nematode resistance gene to-
gether with a susceptible (Jolgeh) and resistant 
(Pauletta) controls were inoculated with 500 
second instar larvae. Inoculated seedlings in both 
experiments were placed in greenhouse at 22±3 
oC for 70 days. At the end of the experiments, pots 
were submerged in water, seedlings were pulled 
from the pots and rinsed. Root -knots were 
counted using stereomicroscope. Seedlings with 
less than 10 knots on root were considered as re-
sistant and roots with 10 or more than 10 knots 
were considered as susceptible (Taylor and Sasser 
1978).  

Data analysis 
Experiments were conducted based on com-

pletely randomized design. After root-knot count-
ing, resistant and susceptible plants were 
identified (Taylor and Sasser 1978). Data were 
analyzed using one-way ANOVA and Duncan’s 
multiple range test in the first experiment and 
non-parametric test of Kruskal-Wallis with Mann-
Whitney and Binomial methods for mean compar-
ison in the second experiment. SPSS software was 
used for data analysis.  

RESULTS 
Nematode species 

After purification and reproduction of single 
egg mass, species identification wasperformed 
based on the characteristics of the mature larvae, 
second instar larvae, and male nematode using 
available sources (Jepsen 1987). Purified isolate 
belonged to Meloidogyne javanica species.  

Optimum inoculation level for sugar beet infection 
to root-knot nematode in the greenhouse 

Evaluation of the susceptible cultivar roots illu-
strated clear knot and egg sacs in all treatments 
(Figure 1). Number of formed nodes ranged from
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Figure 1. Nodes formed on Jolgeh root, (A) 70 days after inoculation with 250+250, (B) 500, (C) 500+250, (D) 750, (E) 500+500, and 
(F) 1000 second instar larva of Meloidogynejavanica. 

 

 
Figure 2. Effect of different Meloidogyne javanica inoculation 
levels on node formation in Jolgeh cultivar. Means with same 
letter are not significantly different. 

 

 
Figure 3. Mean comparison of node number formed on roots 
of different sugar beet genotypes inoculated with 500 second 
instar larva of Meloidogyne javanicain 450 cm3 soil. Means 
with same letter are not significantly different. 

 
65 (treatment 1) to 788 (treatment 6). Treatment 
1 showed significant (P≤0.01) difference with 
treatments 5 and 6. The mean difference of node 
number between the lowest and highest treat-
ments was significant (P≤0.01). Also, a significant 
(P≤0.01) difference was observed in the node 
number of treatments 1-4 and treatment 6. Re-
sults showed no difference in inoculation times 
(Figure 2). Therefore, the lowest inoculation level 
forsugar beet infection in greenhouse is 500 

second instar larvae in one-time inoculation. 

Evaluation of the optimal level of inoculum for 
sugar beet genotype selection 

Pauletta and Jolgeh cultivars with node num-
bers of 131 and 107, respectively, were placed in 
susceptible group. All half-sib families derived 
from the SB33 population showed no node forma-
tion and were classified as resistant genotypes 
(Taylor and Sasser 1978, Figure 3).  

DISCUSSION 
Egg number or the second instar larva which is 

used for resistance evaluation against root-knot 
nematode in the greenhouse varies according to 
pot size, host plant susceptibility, and environ-
mental condition. Therefore, it is essential to per-
form preliminary tests to determine the optimum 
inoculation level (Hussey and Janssen 2002). All 
isolates were not able to impose a pathogenic re-
sponse. For example, the inoculum concentration 
for egg hatching percentage is 20-25%. The older 
the egg, the proportion of the eggs having em-
bryos and their hatching will be higher (Ehwaeti et 
al. 1998). One to two larvae per cm3 of soil is a 
good starting point. Using larvae as an infestation 
factor gives an accurate estimation of the time 
and infestation severity which is preferred in sim-
ple studies of the resistance. However, larvae are 
more susceptible to manipulation than the eggs. 
There is a linear relationship between resistance 
index evaluation and the amount of inoculum. 
Application of a low amount of inoculum in a sus-
ceptible plant treatment demands more time for 
the evaluation. Otherwise, allergic reaction may 
be wrongly attributed to resistance. Therefore, 
using the determined amount of specified patho-
gen is an important factor in the evaluation of ge-
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netic material during screening programs for ne-
matode resistance.  

The optimum amount of inoculum and its rela-
tionship with measurable symptoms should be 
evaluated at the beginning of the evaluation pro-
grams. Different studies showed that among five 
inoculum levels of 20, 100, 200, 1000 and 2000 
larvae and eggs of the root-knot nematode, toma-
to resistance can be evaluated in the greenhouse 
at 32.5 °C with 200 eggs and larvae (Araujo et al. 
1982). In addition, the optimum level of root-knot 
nematode inoculation for evaluation of tomato 
and peach resistance in tissue culture medium 
was recognized as 75 and 200 second instar lar-
vae, respectively (Hashemi et al. 1994). To study 
sugar beet genotypes resistance, 1200 second in-
star larvae in polyethylene pot with 110 cm3 vo-
lume (Weiland and Yu 2003; Yu 2003), and 110 
cm3 pots (Yu 1995) and 500 second instar larvae in 
170 cm3 pots (Di Vito 1983) were used at 28, 40, 
50 and 60 days after inoculation on root knot. In 
another study, 500 second instar larvae of M. hap-
la were used in pots with 350 cm3 volume for re-
sistance evaluation. Their results showed that 
among the 500, 750, and 1250 treatments, 500 
larvae inoculation for two times made more knots 
than one-time inoculation. Whilst at the higher 
inoculation levels, formed knots of the one-time 
inoculation were higher than two-times inocula-
tion; the reason was lower pathogenic effect of M. 
halpa compared to the other species (Yu et al. 
1999). Therefore, at low levels of inoculation, pri-
mary inoculation predisposes plants to secondary 
invasion by the parasite. Unlike viral diseases, 
plants are not immune against nematodes, so the 
initial treatment with parasite will reinfest the 
plant (Jatala and Jensen 1976). In general, the re-
sults of this study showed that two-times inocula-
tion compared with one-time inoculation had no 
effect on Meloidogyne javanica knot formation 
(Figure 3) and 500 second instar larvae is the 
proper inoculation level for the evaluation of sug-
ar beet response to root-knot nematode. Howev-
er, other researchers used a greater number of 
larvae of the same species for the screening of the 
resistance (Di Vito 1983; Yu 1995, 2003; Weiland 
and Yu 2003). The SB33 population carry the resis-
tance gene to root-knot nematode (Yu and Lewel-
len 2004). Since the gene is dominant, all the half-
sib families produced from this population have 
the resistance gene. The evaluation of the sugar 
beet resistance against root-knot nematode is 
done based on the knots formed on the root. 
Plants with 10 or less root knot numbers are con-

sidered as resistant and plants with more than 10 
knots are considered as susceptible. Nematode 
reproduction has a direct relationship with this 
root knot number and it is a criterion for the eval-
uation of sugar beet resistance to root-knot nema-
tode (Taylor and Sasser 1978; Yu 1995; Yu et al. 
1999; Weiland and Yu 2003; Gohar and Maareg 
2009). Results of these experiments showed that 
greenhouse evaluation can be used for the diffe-
rentiation of resistant and susceptible genotypes. 
For all susceptible plants, the number of knots 
formed on the root was more than 10 but their 
number depends on the plant growth condition. 
The growth and reproduction of Meloidogyne spe-
cies demand healthy plants. In plants with better 
growth and more roots, the number of knots are 
higher than the same genotype with weak growth 
and less root number. Therefore, the number of 
knots formed on Jolgeh cultivar in the two expe-
riments, with similar inoculation level of 500 
second instar larvae, was different. Nevertheless, 
in both experiments this cultivar was classified in a 
susceptible group. The screening method for the 
identification of resistant lines to root-knot nema-
tode should be able to differentiate genotypes. In 
spite of this, greenhouse evaluation for the identi-
fication of produced lines resistant to root-knot 
nematode requires the preparation of purified 
culture for the inoculum of susceptible plants. The 
amount of nematode inoculation level is of the 
extensive evaluation limit under greenhouse con-
dition. For this reason, the lowest level of the in-
oculum capable of screening resistant genotypes 
is of more attention. In this study, the lowest level 
of root-knot nematode inoculation for resistance 
screening was 500 second instar larvae in 450 cm3 
soil. However, other researchers suggested more 
second instar larvae for the evaluation of sugar 
beet resistant genotypes. 
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