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ABSTRACT 
Three methods are presented, to evaluate the nematicidal activity of the bioproduct HeberNem® against eggs 
and larvae of Meloidogyne spp. They are a tool to determine the nematicidal effect of formulations of bioproducts 
composed of microorganisms that affect the life cycle of the nematodes. The first method or in vitro test allows 
determining the percentage of inhibition of egg hatching with a coefficient of variation lower than 5 %, and the 
percentage of reduction larvae survival vs. control with a coefficient of variation lower than 15 %. The second 
method allows calculating the concentration of microorganisms capable of producing hydrogen sulfide during the 
product’s development studies. And the third method consists of an essay in 1 L pots containing a 1:1 (v/v) peat-
sand mixture indicator plants, to determine the technical effectiveness of the product against eggs and larvae of 
Meloidogyne spp. Five weeks after sowing, the degree of root infestation is determined and the effectiveness of 
each treatment is calculated with respect to the untreated control. The HeberNem® formulations tested showed 
greater than 90 % egg hatching inhibition and 52 % larval survival reduction for the 5 × 106 c.f.u./mL concen-
tration. In the pot trial, the technical effectiveness obtained was greater than 50 % with respect to the control.  
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RESUMEN     
Métodos para determinar la actividad biológica de productos nematicidas. El presente trabajo muestran tres 
métodos que evalúan la actividad nematicida del bioproducto HeberNem® frente huevos y larvas de Meloidogyne spp. 
Estos son una herramienta para determinar el efecto nematicida de las formulaciones de bioproductos compuestos por 
microorganismos que afectan al ciclo de vida de los nematodos. El primer método o ensayo in vitro permite determinar 
los  porcientos de inhibición de la eclosión de los huevos con un coeficiente de variación menor al 5 %. Y el porciento 
de reducción de la supervivencia de las larvas con respecto al testigo, con un coeficiente de variación menor al 15 %. 
El segundo método permite calcular la concentración de microorganismos capaces de producir sulfuro de hidrógeno 
en las formulaciones durante el desarrollo del producto. Y el tercer método consiste en un ensayo en macetas de 1 L 
que contienen una mezcla de arena:turba en proporción 1:1 (v/v), con plantas indicadoras para determinar in vivo la 
efectividad técnica del producto frente a la infección con huevos y larvas de Meloidogyne spp. A las cinco semanas poste-
riores a la siembra se determina el grado de infestación de las raíces y se calcula la efectividad de cada tratamiento con 
respecto al testigo no tratado. Las formulaciones de HeberNem® ensayadas mostraron una inhibición de la eclosión de 
los huevos superior al 90 % y una reducción  de la supervivencia de las larvas del 52 %, para la concentración de células 
de 5 × 106 c.f.u./mL. En el ensayo en macetas la efectividad técnica obtenida fue superior al 50 % respecto al testigo.

Palabras clave: actividad biológica, HeberNem, Meloidogyne, sulfuro de hidrógeno, nematodos, nematicidas

Introduction
The production of vegetables in Cuba through pro-
tected cultivation technology began in the 1990’s with 
the objective of satisfying the growing demand and 
reducing the damages and losses caused by the pests 
of some insects that attack these crops. But soon a 
new threat emerged affecting plantations: the root-not 
nematodes of the genus Meloidogyne [1-4]. In studies 
conducted in eight provinces in Cuba, Meloidogyne 
spp. was considered the main problem in tomato and 
melon, followed by pests of insects and several phyto-
pathogens. In the case of pepper, the mite Polyphago-
tarsonemus latus constitutes its main problem, fol-
lowed by insects and Meloidogyne spp. [2, 5].

For several years, the chemical control was the 
single strategy available against root-knot nematodes, 
with methyl bromide as the main soil fumigant. Later 
on, its use was restricted first and further banned due 

to the harmful effects to the environment and man 
[1, 6]. Since then, new studies were started and other 
improved management practices applied worldwide 
against this pest [7, 8], with biological control among 
them [9-12]. The most widely used bio-product in Cuba 
is the bionmaticide HeberNem®, with a total of 2560.65 
hectares treated so far. The effectiveness of this product 
is mediated by the combined action of the metabolites 
produced by the Tsukamurella paurometabola bacte-
rium which is its active component together with the 
hydrogen sulfide released in the closest vicinity of the 
nematode and the ammonium hydroxide formed [13]. 
Besides, the extracellular excretion of proteases and 
chitinases weakens the egg wall (composed of 70 % 
chitin) and damage the cuticle of the larvae [5].

However, to develop and also for the wide application 
of this type of bioproduct, it is required to implement  
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effective analytical assays, in order to measure the 
activity of the bioproduct and also to assay its nema-
ticidal potential and effect. Therefore, this work was 
aimed to present the analytical methods used for both, 
determining the biological activity of the nematicidal 
product HeberNem® and to test its nematicidal activ-
ity in pots. These procedures could be also applied to 
test other bioproducts for the same purpose.

Materials and methods

Method 1: In vitro method   to determine  
nematicidal activity against nematode eggs 
and larvae

Preparation of eggs and larvae
Meloidogyne spp. egg masses were removed with 
needles under a stereo microscope from the roots of 
infested plants as previously described [14-16]. Then, 
the masses were placed in a 0.5 % sodium hypochlo-
rite solution for 3 min and subsequently washed three 
or four times with sterile deionized water to remove 
the remaining hypochlorite [5, 15, 18]. Larvae were 
obtained from eggs by incubating it in sterile deion-
ized water at 28-30 ° C for 5-6 days [15, 16, 18].

HeberNem® sample preparation
All samples were prepared just before testing. Bioprod-
uct samples (1 mL for the liquid or 1 g of the solid pre-
sentations of HeberNem®) are resuspended in 10 mL  
of 0.1 % water peptone solution and suspended in up 
to 10 mL of the same solution. Then, four 1:10 serial 
dilutions are prepared.

Assays
Sterile 24-well plates (Nunc, USA) containing 0.9 mL  
of 0.1 % water peptone solution and 100 eggs or lar-
vae are applied per well. Subsequently, three repli-
cates were prepared and 0.1 mL of the last dilution 
of each product samples were added to the wells. The 
controls were prepared by adding the same volume of 
water peptone solution without product. The plates 
were incubated at 28-30 °C for 96 h, and hatched 
larvae were counted on each well, expressed as egg 
hatching percentage. The percentage of hatching in-
hibition was calculated for each sample by dividing 
the percentage of hatched eggs of each treatment over 
the hatching percentage of the controls [15, 16, 18]. 
For larvae, they were transferred to sterile deionized 
water after a 72-h of incubation with the samples, and 
incubated for other 24 h before the final count of live 
and dead larvae under the microscope. Larvae surviv-
al was calculated at the end of the test and expressed 
as percentage. Results were statistically analyzed by 
using the STATGRAPHICS Centurion XVI, version 
16. 1. 11 software.

Method 2: Concentration of microorganisms 
capable of producing hydrogen sulfide
The method is based on the reaction of the hydrogen 
sulfide produced by the microorganism with lead ace-
tate, leading to the formation of lead sulfide. The reac-
tion occurs on a filter paper Watman 3MM (Whatman, 
UK) slightly moistened with lead acetate. Samples 
taken directly from the bioproducts or soil samples 

previously treated with them were tested. Standard 
curves were from a HeberNem® stock solution of 
known concentration in the concentration range of 
range 104-109 c.f.u./mL.

Samples were analyzed in duplicates. For this, 1 g  
of each sample was placed into a sterile assay tube 
containing 9 mL of 0.9 % NaCl (Merck, Germany) 
solution supplemented with 1 g/L peptone (Oxoid, 
UK) and 1 mL/L of Tween 80 (Merck, Germany). The 
tube was gently shaken for 30 min at room tempera-
ture. Then, two 1:10 dilutions of each sample were 
prepared. For the test, 24-well plates were used, by 
adding 1 ml of each sample dilution in triplicates. The 
hydrogen sulfide production was induced by adding 
0.1 mL of 15 mM Cysteine (Sigma-Aldrich, USA) 
solution into each well, placing a filter paper on the 
top of the plate and further adding 20 μL of 0.1 M 
lead acetate (Sigma, USA) solution on the filter paper 
at the top of each well. The plate was tightly capped, 
to avoid gas release as the reaction took place. The 
assay was run for 18-20 hours at 37 °C for hydrogen 
sulfide production. The filter paper was subsequently 
removed from the plate, and the amount of lead ac-
etate formed corresponding to the samples wells was 
estimated as proportional to the intensity of the dark 
spots of lead sulfide produced. Spots are then mea-
sured by densitometry, using the Scan Prot Software 
(Bover Fuentes E, CIGB). Bacterium concentration 
(c.f.u./mL) was estimated by interpolating the values 
of spot intensity of the samples assayed into a stan-
dard curve of spot intensity vs. T. paurometabola 
samples of known concentration. Data adjustment 
and the best fit curve equations were generated  with 
the aid of STATGRAPHICS Centurion XVI, version 
16. 1. 11 software.

Method 3: Pot trial with indicator plants
In this trial, a 1:1 mix of sterile sand and peat as subs-
trate in 1 kg pots is used. Infestation was performed 
with 3000 Meloidogyne sp. eggs separated from roots 
of infested tomato plants [16]. 

The bioproduct formulations are applied directly 
to the substrate three days before the infestation. The 
indicator plant used in this trial was the tomato sus-
ceptible variety UC 82B. The degree of root damage 
was determined as Root Gall Index (RGI), 35 days 
after planting, according to the scale of 0-10 degrees 
[19]. Infestation severity was evaluated using the 
Townsend-Heuberger’s formula [20]:

 

where Id is the index of treatment infestation with 
the formulation evaluated; n is the degree of infesta-
tion according to the scale; v is the number of plants 
per degree of infestation and N the total number of 
plants evaluated. Id is also calculated for the control 
without treatment, in which case it is named Ia.

The technical effectiveness of each Hebernem® 
product formulation (ET (%)) was calculated using 
the Abbott’s formula [21]: 
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Results and discussion
Methods to evaluate the mechanisms of action of ne-
maticidal bioproducts are essential to select the op-
timal product for nematode control in plants. They 
also provide us with information on the quality of 
the different formulations under analysis. Regard-
ing HeberNem®, its active ingredient (T. paurome-
tabola) has been studied and patented as nematicidal 
agent, including the methods used to determine its 
biological activity [22, 23]. In those studies, pure cul-
tures in LB liquid medium were assayed. However, 
in this work a new strategy was followed (Method 
2), by separating the different components from 
the bacterium as a pre-treatment before starting the 
biological activity tests of the product formulation. 
Therefore, 1 g of HeberNem® was washed twice 
with a 0.1 % sterile peptone solution and cell were 
subsequently resuspended  in the same solution  
before use. 

Analyzing the results obtained by this first method, 
the bioproduct HeberNem® exhibited more potent 
nematicidal activity against eggs than larvae of M. in-
cognita. This is significant because the egg stage is the 
one showing the highest resistance during the entire 
nematode life cycle [24]. 

The results of two assays for the determination of 
nematicidal activity of a solid HeberNem® formula-
tion against nematode eggs are shown in Table 1. The 
product caused 96.14 % of egg hatching inhibition. 
When evaluating different serial dilutions of the bio-
product (1/10), up to the order of 5.85 × 104 c.f.u./
mL, more than 90 % inhibition of egg hatching was 
observed (Table 2).

Three product dilutions were also tested to evalu-
ate the effect of HeberNem® on larvae, the lowest 
containing 5 × 106 c.f.u./well. It was demonstrated at 
this cellular concentration that the product was able to 
reduce larval survival by 51.9 % (Table 3).  

The results obtained by this method in the evalu-
ation of the nematicidal activity of the different He-
berNem® formulations corroborate previous results by 
Mena et al. [5, 23], by using culture supernatants of 
T. paurometabola active component of HeberNem®. 
In that study, the damage caused in eggs and larvae 
of nematodes was found as caused by proteases,  
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Entomol. 1974;11(5):617-21.

19. Bridge J, Page SLJ. Estimation of 
root-knot nematodes infestation levels 
using a rating chart. Trop Pest Manag. 
1980;26:296-8.

Controls ControlsHeberNem® HeberNem®

Hatching (%) Hatching (%)

Table 1. Nematicidal activity assays of HeberNem® on the hatching and hatching inhibition 
of Meloidogyne sp. nematode eggs and interassay comparison

Table 2. Nematicidal activity assays of HeberNem® on the hatching of Meloidogyne spp. 
nematode eggs

Table 3. Effect of cell concentration (c.f.u./mL) on thesurvival of Meloidogyne spp. nema-
tode larvae by HeberNem®

Replicates

Replicates

Parameters

1

1

Survival (%)

17

0.4

22.0 27.0 34.0 70.7

2.0 3.4

151

99.20 95.83 92.92 52.0

0.63092.86 95.58 –
2

2

Survival  
reduction (%)*

13

0

68.9 ± 3.63 61.3 ± 3.63 51.9 ± 3.63

3.2 3.8

161

100.00 93.33 92.08 44.0

0.59592.86 95.82 –
3

Mean

11

0.2 2.6 3.6

100

99.58 94.58 92.50 48.0

0.550100 96.14 –

SD – –– –4.12 0.23 0.417

4

CV

CV

15

–

10.9 11.4 7.2

– –

160

0.57 2.56 1.60 – 

0.595100 95.82 –
– –– –96.43  

± 2.06
95.84   
± 0.11

96.140

CV – –– –4.27 0.24 0.430

Mean  
± SEM*

Hatching 
inhibition 

(%)

Hatching  
(%)

Hatching  
(%)

Hatching  
(%)

5.85 ± 106 5.85 ± 105

Cell concentration (c.f.u./well)

5.85 ± 104

Hatching 
inhibition 

(%)

Hatching 
inhibition 

(%)

Hatching 
inhibition 

(%)

5.85 ± 108 5.85 ± 107 5.85 ± 106 Controls
Cell concentration (c.f.u./well)

Controls

Hatching 
inhibition 

(%)

Interassay 
comparison

* Values expressed as means ± standard error of the mean (SEM).

* SEM: standard error of the mean.

chitinases and collagenases excreted by bacteria into 
the culture medium.

Many bacteria displaying nematicidal activity are 
able to produce hydrogen sulfide from amino acids 
such as cysteine. This is the case of the active com-
ponent bacterium of the HeberNem® bioproduct [23]. 
In fact, its evaluation in vitro against different spe-
cies of nematodes (zoonematodes and phytonema-
todes) demonstrated that the nematicidal effect was 
mediated in part by the hydrogen sulfide produced by 
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Figure 1. Estimation of cell concentration of Tsukamurella paurometabola (c.f.u./mL) by analysis of lead sulfide formation on the surface of filter paper. 
Hydrogen sulfide is produced by bacteria, which reacts with lead acetate in the filter paper placed on top of the test plate to form lead acetate. Then, 
spots are analyzed by densitometry, and the cell concentration of the bioproduct is estimated in comparison with controls of known concentration. 
A) Spots of lead sulfide. Formulations: A1, A2: HeberNem®-L positive control (HN-L C+), 1/100 diluted; A3, A4: HN-L C+ 1/1000 diluted; B1, B2: 
HeberNem®-S (HN-S), formulation HN-S012, 1/100 diluted; B3, B4: HN-S012 1/1000 diluted; C1, C2: HN-S010 1/100 diluted; C3, C4: HN-S010 
1/1000 diluted. B) and C) Low-range and high range standard curves for the hydrogen sulphide determination test, respectively.



Wong-Padilla I, et al. Biological activity of nematicidal products

4304 Biotecnología Aplicada 2017; Vol.34, No.4

Received in May, 2017.  
Accepted in October, 2017.

the bacteria during their growth in liquid LB medium 
which gets into contact with the eggs and larvae of the 
nematodes [23].

Results obtained with Method 2 are shown in figure 
1. The observed dark areas correspond to the lead sulfide 
formed by the reaction of the lead acetate and the hy-
drogen sulfide released by the bacteria contained in the 
product (Figure 1A). This method supports the quantifi-
cation of the concentration of microorganisms capable 
of producing hydrogen sulfide, through the presence of 
the lead sulfide formed on the surface of the filter paper, 
further indicating the development of this property on 
the microorganisms by the pretreatment. The intensity 
of the lead sulfide spots formed is proportional to the 
c.f.u./mL present in the formulations assayed. More-
over, the high sensitivity of this method allows detecting 
small differences in the microbial concentration of the 
formulations tested. Microorganisms’ concentrations 
were determined by standard curves (Figure 1B and 1C)  
and the result of two different formulations of the prod-
uct is shown in Table 4. The result of the liquid formula-
tion of a known concentration was included as control.

The potting results showed a reduction in nematode 
infestation rates in the roots of plant treated with the 
different HeberNem® formulations, in comparison 
with the degree of infestation in control plants (Table 
5). The technical effectiveness of the treatments was 
calculated from the degrees of final infestation of each 
treatment with the Bridge and Page’s 0-10 scale as de-
scribed [19]. It was shown that the new formulations 
were effective for nematode control (Table 5).

Conclusions

The methods described here are very useful in the eval-
uation of the bioproducts for the control of nematodes 
affecting plants. The specificity of the test against eggs 
and larvae allowed us to evaluate the effect of the bio-
product formulations over different developmental 
stages of the nematodes. The HeberNem® formulations 

20. Townsend GR, Heuberger JV. Methods 
for estimating losses caused by diseases 
in fungicide experiments. Plant Dis Rep. 
1943;24:340-43.

21. Abbott WS. A method of computing 
the effectiveness of an insecticide. J Econ 
Entomol. 1925;18:265-7.

Table 4. Estimated values of the concentration of hy-
drogen sulfide producing microorganisms present in 
the formulations of HeberNem®

Formulations

(C1,2) HN-S010

(A1,2) HN-L C+

(B1,2) HN-S012

(C3,4) HN-S010

(A3,4) HN-L C+

Controls

(B3,4) HN-S012
1/100

1/100

1/100

1/1000

1/1000

–

1/1000
1.32 × 109

1.70 × 109

1.63 × 109

9.50 × 108

1.65 × 109

0

1.22 × 109

Assayed 
dilution

Concentration 
(c.f.u/mL)

Table 5. Effect of HeberNem treatment on root infesta-
tion by Meloidogyne spp. nematodes determined after 
five weeks by the Bridge and Page scale (0-10 degree)

Formulations

C52.15-01-1V

C52S.1409 (C+)

C52.15-01-1N
C52.15-01-2V

Untreated control

C52.15-01-2N

1.0

1.88

0.3
0.9

5

0.7

80

62

94
82

0

86

Root infestation 
degree

Concentration 
(c.f.u/mL)

tested showed nematicidal activity on eggs and larvae 
of Meloidogyne spp. The effect on nematode eggs was 
higher (95.14 % inhibition of hatching) compared to 
the effect on the larvae (68.9 % reduction in survival).

Through the second method proposed here (Method 
2), the concentration of active microorganisms in the 
bioproducts was estimated by the indirect measure of 
hydrogen sulfide. Potting assays were used to eva-
luate the technical effectiveness of the three different 
treatments and formulations under study, and all the 
formulations tested exhibited nematode control acti-
vity for a technical effectiveness greater than 50 %. 
Thus, it is possible to give an appropriate evaluation 
on the quality of the nematicidal bioproduct Heber-
Nem® or other similar bioproducts for nematode con-
trol with the use of these three methods.
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tors; Center for Genetic Engineering and 

Biotechnology, assignee. Pesticidal and an-
tiparasitic compositions. US Patent 0071663 
A1, 2004 April.

24. Wharton D A. Nematode survival 
strategies. In: Lee DL, editors. The biology 
of nematodes. New York: Taylor & Francis; 
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