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Comparison of calibration curves prepared by soil compaction and 
ball milling methods for direct quantification of the potato cyst 

nematode Globodera rostochiensis in soil 

Keita Goto \ Erika Sato 1,2, Li Fang Gang \ Koki Toyota 1,* and Tomoko Sugito 3 

A direct quantification method consisting of soil compaction and real-time PCR was applied to quantify the 
potato cyst nematode (pCN), Globodera rostochiensis, in soil. We also compared the efficacies of pre-treatment meth
ods for disrupting nematode bodies and obtaining homogeneous soil samples between soil compaction and ball 
milling. PCN was detected at a density of five second-stage juveniles (J2)/20 g of soil and there were highly signifi
cant con-elations (1"2 > 0.8697) between the cycle threshold (Ct) values and the number of J2 inoculated in all the soils, 
in-espective of the pre-treatment methods. Calibration curves showing the relationship between Ct values and nema
tode density were almost identical for both pre-treatment methods in two soils, while the Ct values were consistently 
lower for the ball milling method in one soil, suggesting that DNA extraction efficiency might be better in the ball 
milling method. The calibration curves obtained with the ball milling method were nearly identical in three soils, but 
were different with the compaction method. These results suggest that the ball milling method is more suitable for 
direct quantification of nematodes than the compaction method. Nematol. Res. 40 (2), 41-45 (2010). 
Key words: andosol, DNA extraction, real-time PCR 

INTRODUCTION 

Damage caused by plant-parasitic nematodes is one of 

the threats in crop production. Since it is known that there 

is a significant correlation between the initial density of 

plant-parasitic nematodes in soil and the degree of damage 

to the host (e.g., Castillo and Vovlas, 2007; Sato et a!., 2009), 
reliable and rapid identification and counts of the causal 

agent are critically important for successful management of 

the nematode pest. For this purpose, we developed a direct 

quantification method consisting of soil compaction and 

real-time peR for the soybean cyst nematode Heterodera 
glycines (Goto et al., 2009) and the root-lesion nematode 

Pratylenchus penetrans (Sato et a!., 2010) in soils. 

Soil compaction is effective at destroying nematodes of 

different life stages, such as juvenile-stages, eggs, and 

cysts. However, physical strength of the operator is needed 

for this procedure, and the process of blender h-eatment for 

obtaining homogenous soil samples is time-consuming. 

Recently, Brierley et al. (2009) reported an improved 
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method for the direct exh-action of DNA from soil, in which 

soil was pulverized using a ball mill. According to their 

study, soil type had no effect on the recovery of the soil

borne potato pathogens Colletotrichum coccodes. This result 

suggests that a calibration curve obtained by using one soil 

to show the relationship between cycle threshold (Ct) values 

and nematode density might be applicable to different 

types of soil. 

The potato cyst nematode (pCN), Globodera rostochien
sis is one of the major threats to potato cultivation in 

Hokkaido, Japan. Narabu et at. (2007) developed a plastic 

cup method for indirectly quantifying PCN that is easy, 

sensitive and cost-effective, but takes a relatively long time 

(ca. one month). Up to now, however, no direct method has 

been reported for quantifying peN in soil. Thus, in the pres

ent study we have applied the real-time PCR primers previ

ously reported (Toyota et a!., 2008) in combination with. the 

soil compaction or ball milling methods to directly quantify 

peN in soil. 

In Hokkaido, andosols are the major soil type in which 

potato is grown. Therefore, two types of andosols with high 

and low organic matter contents were collected from 

Hokkaido. Potato is also frequently cultured in the Kanto 

region where andosols are one of the prevailing soil types. 

Thus, an andosol was also collected from the Kanto region. 

Calibration curves were obtained either by the soil com

paction or ball milling method, and the relationships 

41-



between Ct values and nematode density were compared 

among the three different andosols. 

MATERIALS AND METHODS 

Nematodes and soils: 

Second-stage juveniles (J2) of PCN were extracted from 

a naturally infested soil collected from Hokkaido by the 

Baermann-funnel extraction method (two days at room tem

perature) and identified under a microscope (x 40-100). 

Two soils were collected from plowed layers (0 to 15 

cm deep) in fields of the Hokkaido Agricultural Research 

Center (Sapporo): a haplic wet andosol (Sapporo H soil) and 

a low-humic andosol (Sapporo L soil). A haplic andosol was 

also collected from a farmer's field in Miura-city, Kanagawa 

Prefecture. After collection, the soils were sieved through a 

2-mm screen, air-dried, and stored in a cool room until used. 

Some properties of the soils are shown in Table 1. 

DNA extraction from soils containing different numbers of 

PCNJ2: 

To 20 g samples of the air-dried soil was added a sus

pension of PCN J2 to produce nematode densities ranging 

from 2, 5, 20, 50, 200, 500, 2,000, and 5,000 J2/20 g of soil. 

This treatment was repeated four times for each nematode 

density and two samples each were used for compaction 

and for ball milling. After thorough mixing, each soil sam

ple was thinly spread in a tray and air-dried again. The air

dried soil was compacted in duplicate and then subjected to 

blender treatment and DNA extraction all according to the 

method of Goto et aZ. (2009). The DNA was extracted from 

0.5 g of blender-treated soil (equivalent to 0.25 g of air-dried 

soil). For the ball-milling method, the air-dried soil was pul

verized in duplicate with a ball mill (Mixer Mill MM400, 

Retsch Co., Ltd., Haan, Germany) for 2 min, and then DNA 

was extracted from 0.25 g of the h-eated soil by the method 

of Goto et aZ. (2009). DNA extraction was done in single to 

four replicates for each pre-treated soil at each density of 2 

to 5,000 J2/20 g of soil. As conh-ols, DNA was also extracted 

in duplicate from the three soils not inoculated with PCN. 

Real-time PCR conditions: 

Real-time PCR with SYBR@ Green I was performed 

20l0i f 12 H 

with a Step One Real-Time PCR System (Life Technologies 

Japan, Tokyo, Japan) in a final volume of 10 III containing 5 

III of the Fast SYBR Green Master Mix (Life Technologies 

Japan, Tokyo, Japan), 2 III of each primer (2.5 11M, PCN280f 

and PCN398r developed by Toyota et aZ. (2008)), and 2 III of 

template DNA after eight times dilution under the manufac

turer's recommended conditions (95°C for 20 sec, followed 

by 95°C for 3 sec and 62°C for 30 sec x 40 cycles). 

Statistical analysis: 

Statistical analysis was performed using the software 

Excel Statistics 2002 (Social Survey Research Information 

Co., Ltd., Tokyo, Japan). 

RESULTS 

When three different andosols were inoculated with 

PCN J2 at densities of 2, 5, 20, 50, 200, 500, 2,000, and 5,000 

individuals/20 g of soil, highly significant correlations (1'2 > 

0.8697, P < 0.001) were observed between the Ct values and 

the number of PCN J2 inoculated in all the soils, irrespective 

of the pre-h-eatment methods (Fig. 1). When the Ct values 

were detected, the Tm values of the PCR products were 

confirmed ranging from 80.2 to 80.9°C, typical temperature 

for the DNA of PCN. The Ct values were always detected at 

a PCN density of as low as five J2/20 g of soil by both meth

ods; whereas none were detected in the soils not inoculated 

with PCN. At the density of two J2/20 g of soil, PCN was 

detected in six out of 16 and 21 out of 28 samples in the 

compaction and ball milling methods, respectively. 

The con-elation coefficient showing the efficacy of the 

method was higher in the ball milling method than in the 

compaction method for Sapporo Hand L soils, while the 

opposite result was obtained for the Miura soil. The slope 

values, theoretically 1.00, were closer to 1 in the ball milling 

method than in the compaction method for Sapporo Hand 

L soils and nearly identical for the Miura soil in both pre

treatment methods. 

DISCUSSION 

When the three lines presented for each soil in Figs la, 

b, and c were shown together according to method in Fig. 2, 

Table 1. Properties of andosols used in this study 

Soils used 
pH Total C Total N Clay Silt Sand 

Texture 
MWHC* 

(H2O) (g/kg) (g/kg) (%) (%) (%) (gig) 

Miura 5.2 46.0 3.8 6.0 62.2 31.8 Loam 0.89 
Sapporo H 5.0 46.8 2.9 3.7 14.9 81.5 Sandy loam 0.70 
Sapporo L 4.2 5.9 0.3 4.9 57.6 37.5 Silt loam 0.68 

* MWHC: maximum water holding capacity 
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Fig. 1. Comparison of calibration curves obtained by either the com
paction method to show the relationship between Ct values 
and nematode density. 

they were nearly identical in the ball milling method but 

different in the compaction method (Fig. 2), In the com

paction method, they differed not only in the absolute Ct 
values at a given density but also in the slope values, 

depending on the kind of soil. 

In our previous studies, a combination method of soil 

compaction and real-time peR was developed to quantify 

H glycines, which exists in soil mostly as eggs contained in 

cysts (Goto et al., 2009), and P. penetrans, which exists 
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Fig. 2 Comparison of calibration curves to show the relationship 
between Ct values and nematode density among three soils 
obtained by (a) compaction method and (b) ball milling 
method. Data used are the same as shown in Fig. 1. 

mostly as vermiforms, i,e. secondo, third- and fourth-stage 

juveniles, and male and female adults (Sato et at., 2010). In 

their studies, two soil types (andosol and gray lowland soil) 

were tested to prepare a calibration curve that is used to 

estimate the nematode density in soil. The results were 

clearly different between the two soils, indicating that it is 

necessary to make a calibration curve for each soil type 

used to quantify the nematode density in soil. These results 

also suggest that calibration curves might differ depending 

on the kind of soil, even within a single soil type, In their 

study (Sato et al., 2010), the Ct values at a given density of 

P. penetrans were always lower in a gray lowland soil than 

in an andosol, suggesting that DNA extraction efficiency 

and/or peR efficiency might be lower in andosol, possibly 

owing to a lower DNA recovery rate or the presence of a 

larger amount of peR inhibitors, Recently, Brierley et al. 
(2009) reported an improved method for the direct extrac

tion of DNA from soil and found that there was no effect of 

soil type on the recovery of the soil-borne potato pathogens 

C eoecodes. In the present study, therefore, soil was pulver

ized with a ball mill for the direct quantification of peN. 

The results demonstrated that a combination of DNA 



extraction from soil and real-time PCR, coupled with soil 

pre-treatment by either soil compaction or pulverization 

with a ball mill, is a useful tool to quantify PCN in soil. We 

obtained highly significant cOlTelations with more than 1'2 = 

0.870 between the Ct values and the number of PCN J2 inoc

ulated to soil for all of the soils, ilTespective of the pre-treat

ment methods. While the three calibration curves obtained 

from three different andosols were nearly identical by the 

ball milling method, they were different by the compaction 

method. These results suggested that the ball milling 

method is more suitable as a pretreatment of soil. 

The soils used in this study were a low-humic andosol 

with a total C (carbon) content of 6 g/kg and two haplic 

andosols with total C of 46 and 47 g/kg. Calibration curves 

obtained by the ball milling method to show the relation

ship between the Ct values and the density of PCN were 

nearly identical in spite of the large differences in the soil C 

contents. It is known that soil organic C contents are an 

important factor affecting the efficiency of the PCR reaction 

through inhibition by humic substances co-extracted with 

DNA (Zhou et al., 1996; Ranjard et al., 1998). The present 

study indicated that a calibration curve obtained from three 

different andosols might be applicable to different andosols 

with soil C contents ranging from 6 to 47 g/kg. Clay con

tents and pH values are also known to affect the efficiency 

of DNA extraction from soil (Tebbe and Vahjen, 1993; 

Ranjard et al., 1998; Frostegard et at., 1999). For example, 

according to Sagova-Mareckova et at. (2008), DNA yields 

were significantly (P < 0.001) lower than expected from the 

numbers of bacteria in high-clay soils (> 20%) than in low

clay soils « 20%). The andosols used in this study con

tained from 3 to 6% of clay, and therefore, the difference in 

clay contents of the soil contributed little to the DNA 

extraction efficiency among the andosols in this study. 

Although clay contents were relatively low in the soils 

used, their silt contents differed greatly from 12 to 62%, 

and thereby the soil texture ranged from sandy loam to 

loam. This suggested that the calibration curve obtained in 

this study might be applied to andosols with different class

es of soil texture. The pH values in the soils used were rela

tively acidic, from 4.2 to 5.2. Therefore, there could be 

potential effect of pH on the suitability of the calibration 

curve obtained in this study for application to other 

andosols with pH values that differ from those in this 

study. 

In our previous study that reported the direct quantifi

cation of H glycines in soil, the minimum detection limit 

was lO J2 of H glycines/20 g of soil (Goto et al., 2009). In this 

study, PCN was detected in all of the samples at a density 

of five J2/20 g of soil, irrespective of soil-pretreatment meth-

2010il'- 12 fl 

ods, while at a density of two J2/20 g of soil it was detected 

in six out of 16 and 21 out of 28 samples pretreated by the 

compaction and ball milling methods, respectively. 

Therefore, a density of five J2/20 g of soil was considered 

the minimum detection limit in the present study. One of 

the reasons for the lower minimum detection limit in this 

study, compared with the study with H glycines, is the per

formance of the primer. The specific primers for H glycines 
amplified PCR products even in the negative control and 

soil not inoculated with H gtycines, yielding Ct values 

judged as a false positive reaction that was supported by 

the Tm value. In contrast, no PCR products were obtained 

in the negative control and soil not inoculated with PCN in 

case of the specific primers for PCN. Since Ct values were 

not consistently detected at a density of two J2/20 g of soil, 

however, further improvement is still needed. 

The present study indicated that the use of an appara

tus for ball milling is more suitable than that for com

paction for quantifying nematodes in soil. In case that a ball 

milling apparatus is not available, however, the soil com

paction method is still considered acceptable for quantify

ing nematode density in soil, especially in cases where a 

calibration curve has already been obtained using the soil 

compaction method. 
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