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Abstract
Root-knot nematodes (RNKs) are injurious plant pests that have been managed mainly by synthetic nematicides. Regard-
less of their effectiveness, chemical nematicides can be deleterious to the environment and human health. The objective of 
this study was to assess the ecofriendly nematicidal properties of different crude protein extracts precipitated from Moringa 
oleifera seeds against the RNK, Meloidogyne incognita, on banana cv. Grande-Naine plants, in comparison with a biological 
control mean (Azotobacter chroococcum), a marine algae (Ulva lactuca), and a synthetic nematicide (Nemacur 10% G). Vari-
ous ammonium sulfate concentrations were employed in the fractionation of proteins from M. oleifera. Different ammonium 
sulfate saturations (50, 60 and 70%) were used to obtain the first, second and third precipitate fractions (PFs), respectively. 
The in vivo test showed that the first PF gave the greatest reduction in number of nematode juveniles in soil (63.51%) and 
galls on roots (73.24%). Furthermore, these treatments and the marine algae increased plant growth more than the other 
tested materials. However, the effects on plant growth did not seem to be related with nematode control. PFs were tested 
for lectin hemagglutination using a microscopy. Hence, the first PF was the best fraction for the control of the nematode.

Keywords Azotobacter chroococcum · Banana · Meloidogyne incognita · Moringa oleifera · Nemacur · Nematicidal effect · 
Plant extracts · Ulva lactuca

1 Introduction

Plant-parasitic nematodes cause severe yield losses of a wide 
range of agricultural crops, especially in tropical and sub-
tropical regions (Sikora and Fernandez 2005). Also, nem-
atodes can be one of the major constraints to sustainable 
banana and plantain. The use of certain chemical nemati-
cides to control root-knot nematodes (RNKs) can result in 
high costs and often upset ecological equilibriums of treated 

environments; it pollutes and presents human health hazards 
(Javed et al. 2008; Kosma et al. 2011). Hence, investiga-
tions on novel approaches for pest control, such as the use 
of natural plant substances, have been carried out in various 
countries (Ioannina et al. 2004; Gahukar 2012; Zhao et al. 
2017). As a result, a broad variety of plant species, repre-
senting several families, have shown to posses nematicidal 
compounds, including various secondary metabolites such 
as the alkaloid, oils, terpenoides, fatty acids, saponine and 
glycosides (Pavaraj et al. 2012; Pretali et al. 2016). For 
example, Moringa oleifera is the most widely cultivated 
species of the genus Moringa in the family Moringaceae 
(Fakayode and Ajav 2016); also, it is an exceptionally nutri-
tious vegetable tree with a variety of prospective uses (Pali-
wal et al. 2011). The potential benefits of M. oleifera as a 
biological control of RKN in maize were demonstrated as 
moringa leaves and seeds have been found to possess pesti-
cidal properties (Fahey 2005; Govardhan Singh et al. 2013; 
Arora and Onsare 2014; Ratshilivha et al. 2014; Ammer 
et al. 2016). The use of moringa extracts may provide an 
efficient and cheap method of nematode control that is 
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environment friendly and safe to farmers and end users of 
the product.

Therefore, the use of indigenous plant extracts should 
be considered in integrated disease management strategies 
(Claudius-Cole et al. 2010; Akinsanya et al. 2016). Phyto-
chemical analysis showed that M. oleifera contains saponin, 
tannins, alkaloids, steroids and reducing sugars and, also, 
enhances plant growth (Izuogu et al. 2013; Guil-Guerrero 
et al. 2016). The presence of active substances is essential 
to prevent the formation of reactive oxygen species that lead 
to cellular damage through oxidation of lipids and proteins 
(Hassan et al. 2015). Seed proteins are believed to func-
tion as protectant against pathogens, nematodes and insects, 
because of their content in lectins and protease inhibitors 
(Carlini and Grossi-de-Sá 2002; Salles et al. 2014; Dang 
and Van Damme 2015). The presence of active substances is 
essential to prevent the formation of reactive oxygen species 
that lead to cellular damage through oxidation of lipids and 
proteins (Hassan et al. 2015).

The purpose of this study was to evaluate the nematicidal 
properties of various crude proteins precipitated from M. 
oleifera seeds towards the RNK, M. incognita, in compari-
son with a marine algae (Ulva lactuca), a bacterium (Azoto-
bacter chroococcum) and a synthetic chemical nematicide 
(Nemacur 10% G), in plastic pots.

2  Materials and methods

2.1  Collection of plant material

Mature Moringa oleifera seeds (Fig. 1) were obtained from 
the Moringa Production Unit, National Research Centre, 
Giza, Egypt. The seeds were air dried, de-shelled and ground 
to powder. A sample of 1 kg was defatted in a Soxhlet appa-
ratus using n-hexane and the resulting powder was left to dry 
at room temperature.

2.2  Saline extraction and fractionation

One hundred grams of the defatted powder (moringa cake) 
was extracted with one litre of 0.2 M phosphate buffered 
saline (PBS), pH 7.2, containing 0.15 M sodium chloride. 
The mixture was stirred for 2–3 h and was left over night 
at 4 °C. The clear supernatant was collected by centrifuga-
tion at 6000 rpm for 20 min using the centrifuge Centurion 
Scientific LTD Model 1020 series.

The following procedure for fractionation was carried 
out according to the method of Hebert et al. (1973). There-
fore, 850 ml of crude PBS extract was lightly stirred, while 
ammonium sulfate  (NH4)2SO4 was slowly added and mixed 

Fig. 1  Moringa oleifera pods, seeds, seed cakes and peeled seeds
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well up to final amount of 270.02 g, with constant stirring 
for 1 h at 4 °C, until reaching a semi saturation state. The 
reaction mixture was set over night at 4 °C and then cen-
trifuged to compact the precipitated protein. The superna-
tant fluid was removed and stored. The first precipitate in 
50% saturated  (NH4)2SO4 was dissolved in PBS to a final 
volume of 60 ml (fraction A). For the second precipitation 
in 60% saturated  (NH4)2SO4, the supernatant fluid, which 
was obtained from the first step, was gently stirred while 
an additional quantity of  (NH4)2SO4 was slowly added and 
mixed well up to final amount of 65.59 g. The mixture was 
centrifuged to compact the formed precipitate which was 
re-suspended in a 60 ml of PBS (fraction B). A third pre-
cipitation in 70% saturated  (NH4)2SO4 was handled in the 
same manner using  (NH4)2SO4 up to final amount of 70.46 g 
(fraction C). To purify proteins, all fractions were dialyzed 
against recurrent changes for 24–48 h at 4 °C against a con-
tinuous flow of the PBS.

2.3  Protein determination

The protein concentrations in all fractions were determined 
according to the method described by Bradford (1976) 
using a spectrophotometer (UV-200-RS LWScientific) at 
the absorbance of 280 nm. Bovine serum albumin (BSA) 
was used as a standard for comparison.

2.4  Preparation of bacterial inocula

An Azotobacter chroococcum isolate was grown on Jensen’s 
medium (g/L): 20.0 sucrose, 1.0  K2HPO4, 0.5  MgSO4·7H2O, 
0.5 NaCl, 0.1 FeSO4, 0.005  Na2MoO4·2H2O, 2.0  CaCO3, 
15.0 agar; for 3 days. A loop of bacterial culture was inocu-
lated into 100 ml Jensen’s medium for 48 h at 28 °C ± 1. The 
bacterial inoculum was applied as a soil treatment at the rate 
of 5 ml of the bacterial suspension (1 × 108 cfu/ml) per plant.

2.5  Nematode isolation and inocula

Eggs of the RNK, Meloidogyne incognita, were extracted 
from tomato (Lycopersicon esculentum cv. Castle Rock) 
roots infected with the nematode using a 1% sodium 
hypochlorite solution (Hussey and Barker 1973). The egg 
suspension was incubated at 28 ± 2 °C and emerging second-
stage juveniles (J2 s) were collected daily from eggs and 
were stored at 15 °C. The juveniles used in the experiments 
were less than 5 days old.

2.6  Nematode infection assay

Two months old banana plantlets cv. Grande-Naine were 
obtained from the Tissue Culture Lab of the Genetic 

Engineering and Biotechnology Research Institute 
(GEBRI). Bananas were planted in 30 cm diameter plastic 
pots containing about 4.5 kg of sterilized soil (1:3 mixture 
of clay: sand) with pH 7. The temperature of the soil was 
about 28 ± 2 °C for most of the experiment time. Thirty-
two pots were inoculated with 3000 J2 s per pot at planting 
time. Seven days later, 12 pots were treated with 15 ml of 
each moringa protein fraction after precipitations, with 
fraction No. A (50%), fraction No. B (60%) and fraction 
No. C (70%) saturated  (NH4)2SO4 in concentrations of 70, 
25.5 and 4.5 mg/ml, respectively.

Four inoculated pots were treated with 3 g/kg soil of 
the fine dried powder of the marine algae, Ulva lactuca 
(El-Ansary and Hamouda, 2014). Also, four inoculated 
pots were treated with 5 ml bacterial suspension of Azo-
tobacter chroococcum. The same number of inoculated 
pots was treated with 3 g of Nemacur 10% G, (Fenami-
phos), per pot. The remaining four inoculated pots served 
as inoculated and untreated control. Moreover, four more 
pots served as untreated and non-inoculated control. The 
tested materials were added to the soil in 3 holes followed 
by the addition of 50 ml of water. The pots were arranged 
in a completely randomized design in a greenhouse of the 
Genetic Engineering Biotechnology Research Institute 
(GEBRI). Plants were evaluated after 60 days of inocula-
tion. The roots were washed carefully to remove the soil 
and stained with Phloxine B (3.5 g in 750 ml distilled 
water + 250 ml acetic acid 5%) solution for 5 min to facili-
tate counting of all nematode stages in the root. Nematode 
variables observed per root system were galls, egg masses 
and females. Also, juveniles per 250 g soil were extracted 
according to Cobb’s sieving and decanting method, using 
sieves (60 meshes and 325 meshes). Eggs in soil and in 
egg masses were not counted. The banana growth vari-
ables shoot length (cm), shoot weight (g), root length (cm), 
root weight (g), corm weight (g) and number of leaves 
were also recorded.

2.7  Testing for agglutinating activity

The precipitate from the  (NH4)2SO4 fractionation was 
examined microscopically for recognition of phytolectin 
by a qualitative agglutination method. Therefore, series 
of twofold dilutions were made and were added to a solu-
tion of 20% trypsinized cattle erythrocytes in PBS. The 
mixture was incubated for 20 min and then observed under 
microscope (Leica DM300). In the blank experiment, the 
PBS was mixed with erythrocytes instead of the sample 
solution (Adamova et al. 2014). Hemagglutination activ-
ity was expressed as the inverse of the minimum amount 
of sample in mg/ml in the last dilution giving affirmative 
agglutination.
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2.8  Statistical analysis

All data were subjected to analysis of variance (ANOVA) 
(Sokal and Rohlf 1995). Significance of the variable mean 
differences was determined using Duncan’s multiple range 
tests (p ≤ 0.05). All analyses were carried out using SPSS 
16 software.

3  Results and discussion

Table 1 shows the protein contents (mg/ml) in saline and 
ammonium sulfate extracts obtained from M. oleifera 
seeds. The results indicated that the saline extract (0.15 M 
NaCl) has a protein content of 8.88 mg/ml. Furthermore, 
the increase of  (NH4)2SO4 saturation reduced the protein 
precipitation gradually. The first precipitate in 50% satu-
rated  (NH4)2SO4 (fraction No. A), the second precipitate 
in 60% saturated  (NH4)2SO4 (fraction No. B) and the 
third precipitate in 70% saturated  (NH4)2SO4 (fraction 
No. C) had protein contents of 4.18, 1.53 and 0.27 mg/
ml, respectively.

3.1  Effects of crude seed protein fractions 
of moringa on Meloidogyne incognita

The effect of the treatments on the RNK, Meloidogyne 
incognita, infecting banana plants resulted in a marked 
suppression of the nematode population (Table 2). Differ-
ent crude proteins of Moringa oleifera reduced numbers of 
M. incognita in soil and roots. This agrees with the results 
obtained by earlier investigations (Fahey 2005; Claudius-
Cole et al. 2010; Izuogu et al. 2013; Salles et al. 2014). 
Numbers of galls, females and egg masses in the roots and 
nematodes in the soil were greatly reduced when compared 
with those of the untreated plants (with nematode). M. oleif-
era was the best treatment to suppress number of J2 s in soil. 
Likewise, the soluble plant lectins may function as an active 
defense mechanism. Lectins detected in precipitates of M. 
olifera proteins, using saturated ammonium sulfate (0–60%), 
are important and responsible for the anti-nematode effect 
(Etzler 1986). Generally, all the tested treatments with dif-
ferent protein contents of moringa significantly (p ≤ 0.05) 
reduced the number of root galls, juveniles in soil, females, 
and egg-masses per root (Table 2). The most effective pre-
cipitate treatment in reducing nematode infestation in soil 

Table 1  Protein concentrations in Moringa oleifera crude protein fractions after precipitation in various concentrations of  (NH4)2SO4

a 100 g of defatted flour of Moringa oleifera seeds
b % of the phosphate buffered saline (PBS)

Fraction  typea Absorbance (Ab) Volume (ml) Total protein con-
centration (g)

Yield (%)b

phosphate buffered saline (PBS) 0.399 1000 8.88 100
(Fraction No. A) the first precipitate in 50% saturated  (NH4)2SO4 0.188 60 4.18 47.07
(Fraction No. B) the second precipitate in 60% saturated  (NH4)2SO4 0.069 60 1.53 17.23
(Fraction No. C) the third precipitate in 70% saturated  (NH4)2SO4 0.012 60 0.27 03.04

Table 2  Effect of Moringa oleifera crude proteins, natural, biological and chemical control on Meloidogyne incognita infecting banana plants

Bold values identify the percent reduction for each treatment
Means followed by the same letter(s) within a column are not significantly different (p ≤ 0.05) according to Duncan’s multiple range test
% R = percent reduction compared with control

Treatments Galls Nematodes/root Juveniles

Per root % R Females % R Egg-masses % R In 250 g. soil % R

(Fraction No. A) The first precipitate [50% saturated  (NH4)2SO4] 41.75a 73.24 60a 70.11 54a 69.96 1512.5ab 63.51
(Fraction No. B) The second precipitate [60% saturated 

 (NH4)2SO4]
43ab 72.44 76.5abc 61.89 53.5a 70.24 1548.75b 62.64

(Fraction No. C) The third precipitate [70% saturated 
 (NH4)2SO4]

57.25b 63.3 97.25bc 51.56 72.25ab 59.81 1639.75bc 60.44

Bacteria (Azotobacter chroococcumi) 78.5c 46.97 108c 46.2 99c 44.92 2123.75d 48.77
Algae (Ulva lactuca) 74.75c 52.08 102.75c 48.82 84bc 53.27 1820c 56.09
Chemical control (Nemacur10% G) 39a 75 67.5ab 66.38 54.75a 69.54 1343.5a 67.59
Control with nematode 154.5d 0 202d 0 181.5d 0 4054e 0
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was fraction A, (63.51% reduction) compared to the chemi-
cal control, Nemacur 10% G (67.59% reduction), followed 
by marine algae, Ulva lactuca (56.09% reduction), and then 
by the bacterium, Azotobacter chroococcum (48.77% reduc-
tion). Lectins exhibit a variety of effects including antimi-
crobial, antitumoral, mitogenic and insecticide activities, 
because lectins recognize and bind to specific carbohydrates 
present on the surface cells (Napoleão et al. 2011; Paiva 
et al. 2012). Phytochemical screening showed that M. oleif-
era contains saponin, tannins, alkaloids, steroids and reduc-
ing sugars. These basic phytochemicals have nematicidal 
activity and had been reported to confer pesticidal effects in 
plants (Adeniyi et al. 2010). Also, the phytochemicals tan-
nins and saponins disrupt membranes in organisms, thereby 
facilitating penetration of toxic principles and thus suppress-
ing infecting organism (Agrios 2005).

3.2  Effect of moringa protein fractions 
on the growth of banana plants infected 
with Meloidogyne incognita

There was no difference in plant growth between inoculated 
and non-inoculated control (Table 2). Only treatments with 
moringa protein fractions and marine algae improved plant 
growth of banana and this effect was greater on shoots and 
corms than on roots and leaves. The greatest effect on shoot 
height and corm was given by marine algae, while this treat-
ment was as good as moringa fractions in increasing shoot 
weight and number of leaves. El-Ansary and Hamouda 
(2014) also reported that shoot weight of banana infected 
by Meloidogyne sp. was increased more by extracts of U. 
lactuca than by extracts from other plants (Jania rubens, 
Laurencia obtuse and Sargassum vulgare).

According to Foidl et al. (2001), M. oleifera leaf extracts 
stimulated plant growth and increased yield (20–35%) of dif-
ferent vegetables when applied as a seed treatment at diluted 
rates.

3.3  Detection of phytolectins in crude proteins 
of moringa seeds

At room temperature, both 50 and 60% ammonium sulfate 
crude proteins were selected to detect lectin activity in the 
fractions using the agglutination technique of trypsinized 
cattle erythrocytes on microscope glass slide, after dialysis 
against phosphate buffered saline (PBS) directly instead of 
a purified lectin. As shown in Fig. 2a, control trials in the 
absence of crude protein fractions did not show any visible 
agglutination of erythrocytes. Agglutination of the second 
precipitate in fraction B, 60% saturated  (NH4)2SO4, was more 
visible than fraction A, 50% saturated  (NH4)2SO4 (Fig. 2b), 
and the best results (the biggest clusters) were obtained using 
a concentration of crude protein of 1 mg/ml. Lectins are a 

class of glycoproteins that are abundantly found in plant seeds, 
agglutinate blood erythrocytes, and play a role in the defense 
mechanism of plants against attack by different microorgan-
isms including pests and insects. Phytolectins are known to 
control RNKs (Marban-Mendoza et al.1987; Al-Saman et al. 
2015). Moreover, Santos et al. (2009) revealed the presence 
of two lectins in M. oleifera seed extracts based on the affinity 
support used and extraction solvent; water-soluble M. oleifera 
lectin (WSMoL) with the carbohydrate binding site of lectin 
recognized D(+)-fructose and N acetylglucosamine (Coelho 

Fig. 2  b Second precipitate of Moringa oleifera protein in 60% satu-
rated ammonium sulfate mediated hemagglutination on microscope 
slide. Crude protein concentration 1 mg/ml in PBS and 20% trypsi-
nized erythrocytes were mixed in a 1:1 ratio. a Control in the absence 
of crude protein extracts
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et al. 2009) and coagulant M. oleifera lectin (cMoL) from 
saline solvent with the several carbohydrates binding site of 
lectin recognized and with the exception of D(+)-fructose. 
Salles et al. (2014) found that the nematicidal activity of M. 
oleifera seeds involves different bio-molecules, particularly 
molecules with low molecular weight.

4  Conclusion

In our study, the level of the nematode inoculum used was not 
sufficient to affect plant growth as no significant difference 
was observed between inoculated and non-inoculated controls 
(Table 3). Therefore, the improvement of the plant growth 
following the treatments is not the result of their nematicidal 
effect, but rather of their stimulant activity. Nevertheless, it 
could be concluded that the use of the first precipitate of M. 
oleifera proteins in 50% saturated  (NH4)2SO4 (fraction A), 
showed the highest antagonistic effect on M. incognita on 
banana plants.

Therefore, crude proteins of M. oleifera seeds could be 
proposed as an effective, safe and efficient nematicide that is 
environmentally friendly and safe to farmers and users of the 
product. However, trials under field conditions are necessary 
to confirm the most appropriate rates and timing of application 
and the economics of such treatment.
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