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Spilanthes oleracea Jacq. is an herbaceous plant whose scientific litera-
ture attributes among others, anti-malarial and anti-bilharzia properties. 
These virtues justify the placing on the market of drugs based on the 
plant. Our study consisted on the one hand to evaluate the biomass of the 
plant on a soil of dune amended and on soil of unamended dune and to 
test its vegetative multiplication by transplanting, cuttings and layering. 
The results show that the growth of the species is greater on dune soil 
amended with an average biomass of 106.06 g compared to 71.06 g for 
un-amended soil plants. The transplanting of the plants and the layering 
were techniques that made it possible to multiply the plants. Spilanthes 
oleracea Jacq. can be produced using this agronomic data.
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1. Introduction

Spilanthes oleracea Jacq. is an annual or biennial herb 
known as S. acmella (India, Indonesia), S. uliginosa 
(Sudan, Cameroon, Mali), according to continents 

and authors [9,12]. It is a branched plant, 25 to 50 cm high.
This plant has been the subject of numerous studies 

bearing its chemical composition [2,3,4,13] and its pharmaco-
logical properties [5,6,7], which showed a real interest in this 
species in the management of certain pathologies such as 
malaria [2] and bilharziasis [6,7]. This interest is at the origin 
of the authorizations of its placing on the market under 
various names of specialties based on extracts of the plant, 
with like properties:

(1) analgesic in cases of sports-related injuries in 
France and Germany;

(2) antimalarial in Mali [2].
Because of these interesting prospects in the fight 

against malaria, we have undertaken to carry out trials of 
natural reproduction of this species.

2. Material and Methods
2.1 Framework of Study

The tests were carried out in the Niayes area of Dakar. It 
is an area of inter-dune depressions where the water table 
outcrops most often.

The climate is characterized by a long dry season and 
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a short rainy season with average annual rainfall hardly 
exceeding 500 mm. The annual thermal average is of the 
order of 24 ° C.

2.2 Plant Material

(1) Seeds of Spilanthes oleracea Jacq.
(2) Sandy soil of unamended dune
(3) Sandy soil of dune amended
(4) Watering Cans
(5) Rakes
(6) Picks
(7) Excavators
(8) Precision balance
(9) Horse poop.

2.3 Conduct of the Test

The objective of the test is to evaluate the following pa-
rameters: the variation of biomass with soil type, the veg-
etative propagation of the species and the behavior of the 
plants at transplanting.

2.3.1 Study of the Variation of the Biomass Ac-
cording to the Soil

This study was conducted in January, which corresponds 
to a dry season and temperatures between 18 ° and 23 ° C.

For this test, 3 boards of 4 m2 surface were prepared as 
follows:

(1) Planks 1 and 4: sandy soil of unamended sand 
dunes

(2) Planks 2 and 3: sandy soil of dunes amended with 5 
kg of horse dung.

The earth of these planks was first drawn, crumbled be-
fore being watered with 20 liters of water. Shallow linear 
streaks were then made using a rake before sowing on the 
fly, at a rate of 1.06 g seeds per plank. Daily watering is 
done with the same amount of water.

After germination, the number of plants in each plank 
is decreased, so as to obtain 64 plants spaced 20 cm apart.

After 98 days, a period of maturity characterized by a 
flowering of the plants, a sample of 10 plants is taken and 
each plant is weighed using a precision scale, in order to 
determine its weight. The average of each sample is ex-
pressed in grams.

2.3.2 Study of Vegetative Propagation

This study deals with cuttings and layering of plants in 
Plank 1.

(1) Cutting trials
On a third sheet of sandy soil amended (Plank 3), pre-

pared under the same conditions as Plank 2, 16 cuttings 

of the plants of Plank 1 were transplanted. These cuttings 
are obtained by taking from the mother plants cuttings of 
branches carrying knots.

The appearance of roots and buds is then followed 
during the test.

(2) Layout tests
At the level of the Plank 1, we buried in the ground, the 

stems of 16 other plants without detaching them from the 
mother plants. A follow-up was then made to observe the 
appearance of roots and buds on these stems. The separa-
tion of the mother plant is carried out when their size and 
rooting are sufficient. The results obtained from these tests 
are expressed as a percentage.

(3) Plant transplanting tests
The transplanting took place on the 73rd day of the 

planting of the plants of the plank 1. For that, 16 other 
plants of the plank 1 were transplanted on a fourth board 
with the sandy soil not amended (plank 4), respecting a 
distance of 20 cm between two plants. The percentage of 
surviving plants was expressed.

3. Results

The different tests concerning the evaluation of biomass 
and the study of vegetative regeneration of Spilanthes ol-
eracea Jacq. gave the following results:

3.1 Study of the Variation of the Biomass Accord-
ing to the Soil

The evaluation of the biomass on an unamended sandy 
soil and on the same type of soil amended showed a re-
markable variation in the weight of the plants obtained. 
In fact, an average weight of 71.06 g is obtained on the 
unamended soil plank against

106.06 g for the amended soil plank, a weight diffe-
rence of 35 g. In addition, all the plants in the amended 
soil plank have a weight greater than that of the plant with 
the highest weight in the unamended soil plank (Table 1).

Table 1. Variation of plant biomass by soil type

Plant number Plate n ° 1
(weight in grams)

Plate n° 2
(weight in grams)

1 71,09 100,87
2 70,12 108,03
3 73,17 100,11
4 70,43 106,38
5 70,16 106,53
6 71,06 110,91
7 72,45 98,63
8 71,23 112,16
9 68,27 105,48

10 72,76 111,47
Average 71,06 106,06

DOI: https://doi.org/10.30564/jrb.v2i1.1614
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3.2 Study of Vegetative Propagation

Compared to vegetative regeneration of the species, only 
layering and transplanting gave satisfactory results. In 
fact, the layering tests made it possible to obtain a regene-
ration rate of 68.75%, compared to 87.50% for transplan-
ting (Table 2).

Table 2. Test results for transplanting and vegetative pro-
pagation of seedlings

Tests Number of regenerated seedlings
(N = 16)

Regeneration rate
(%)

Transplanting 14 87,50

Cuttings 0 0

Layering 11 68,75

The cuttings trials were inconclusive.

4. Discussion

The objective of this present work was to compare the 
growth of Spilanthes oleracea Jacq. on two types of soil 
and to evaluate its vegetative multiplication capacity.

The comparative study of growth consisted of compa-
ring the biomass of plants obtained after soil amendment 
to that of plants from unamended soil. The results ob-
tained showed a notable difference in weight which favors 
plants from the amended soil. In fact, the average weight 
of the plants in the amended soil is 101.06 g against 71.06 
g for the plants of the unamended soil. The weight diffe-
rence of 35 g could be related to the soil characteristics 
of the Niayes area. Indeed, Ndoye & al [10] showed that 
Niayes soils are characterized by the salinity of surface 
horizons. Although they are rich in humus, they require 
nitrogen and phosphate amendments. The horse dung used 
as an amendment, made it possible to obtain a much hi-
gher biomass than that resulting from unamended soil.

Planting trials yielded an average success rate of 
87.50%. This result suggests that large-scale production 
of the species requires the establishment of nurseries from 
which the feet will be harvested for transplant.

The layering tests were also successful with an average 
success rate of 68.75%. This result confirms the thesis of 
Koster [9] for whom, the plant can take root at the level 
of the lowest nodes and recover secondarily. The ability 
of the species to tease is an asset in the production of the 
plant.

Attempts to cut the species have been in vain. However, 
because of the therapeutic interest of Spilanthes oleracea 
Jacq., several works of multiplication of the species from 
cuttings, were carried out with very satisfactory results. 
This work focuses on in vitro micropropagation culture 
techniques in Murashige and Skoog (MS) medium [1,8,11].

5. Conclusion

The study showed that the biomass of Spilanthes oleracea 
Jacq. is significantly improved on dune soil amended with 
horse dung only on an unamended dune soil, with a differ-
ence of 35 g in favor of the seedlings of the amended soil.

Transplanting plants and layering with success rates of 
87.50% and 68.7%, respectively, are techniques for multi-
plying seedlings. This method is therefore recommended 
for the production of this species.
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Plant-parasitic nematodes caused severe yield loss in major crops all over 
the world. The most wild-used strategies to combat the nematodes is the 
chamical nematicides, but the overuse of synthetic nematicides threaten 
sustainable agriculture development. Other strategies, like resistance cul-
tivars and crop rotation, have limited efficiency. Thus, the utilization of 
molecular biotechnology like RNA interference (RNAi) would be one of 
the alternative ways to enhance plant resistance against nematodes. RNAi 
has already used as a tool for gene functional analysis in a wide range of 
species, especially in the non-parasitic nematode, Caenorhabtidis elegans. 
In plant-parasitic nematodes, RNAi is induced by soaking nematodes with 
double strand RNA(dsRNA) solution mixed with neurostimulants, which 
is called in vitro RNAi delivery method. In another way around, in planta 
RNAi method, which is Host-mediated RNAi approach also showed a 
great success in conferring the resistance against root-knock nematodes. 
Two main advantages of RNAi-based transgenics are RNAi technology 
do not produce any functional foreign proteins and it target organisms in 
a sequence-specific way. Even though the development of RNAi-based 
transgenics against plant-parasitic nematodes is still in the initial phase, it 
offers the prospect into a novel nematode control strategy in the future. 
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1. Introduction 

Plant Parasitic Nematodes (PPN) are one of the sig-
nificant constraints for crop production worldwide. 
Up to now, more than 4,100 species of PPNs have 

been recorded [24], causing about $173 billion of damage 
to world agriculture every year [14]. However, this damage 
is likely to be underestimated because many growers are 
not aware of these parasites in the soil [1]. The symptoms 
caused by PPNs are easily confused with the symptoms 

of other pathogens. Sedentary endoparasites such as root-
knot nematodes (Meloidogyne spp.) and cyst nematodes 
(Globodera and Heterodera spp.) are the most damaging 
PPNs [24]. Even though the life cycles of these nematodes 
are different from each other, both cyst nematodes and 
root-knot nematodes inject their saliva into plant cells [28]. 
The cyst nematodes withdraw nutrients through feeding 
sites called syncytia, while root-knot nematodes form 
giant cell to take nutrients from the host. After nematode 
infection, plants are slowly damaged by the interruption 
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of the water transportation and nutrients from the roots 
to the branches. In addition, the plants also become more 
susceptible to other diseases [15]. Also, migratory endopar-
asites are highly damaging as these endoparasites interact 
with other pathogens to enhance crop damage and yield 
loss [24].

Many methods can be applied to control PPNs, such 
as resistant cultivars, nematicides and crop rotation. 
However, many crops lack nematode resistance genes, 
and crop rotations are inadequate to manage PPNs while 
nematicides have adverse environmental effects [15]. Under 
the circumstances, defending the plant against the PPN 
with novel strategies such as RNA interference (RNAi) 
is necessary. RNAi refers to the phenomenon of efficient 
and specific degradation of homologous mRNA induced 
by double-stranded RNA (dsRNA). Fire et al. [18] first 
described the mechanism of RNAi using the nematode 
Caenorhabditis elegans, and a similar mechanism has 
been revealed in different species and kingdoms. If the se-
quence of the genes which are essential for PPN infection, 
feeding or reproduction is known, RNAi could be used as 
a powerful tool to enhance the resistance in plants against 
nematodes by silencing those pathogenic genes.

The objective of this paper is to review the research 
published on the use of RNAi in enhancing plant resis-
tance against Plant-Parasitic Nematodes. The first part 
of this review introduces the mechanisms of RNAi. The 
second section presents two ways of inducing RNAi, in 
vitro RNAi and in planta RNAi. In in vitro RNAi method, 
the dsRNA is delivered into worms directly, while the ds-
RNA is transferred to the plant in in planta RNAi method. 
The third section discusses the problems of enhancing the 
resistance conferred by in planta RNAi and their solution. 
In this section, the off-target effect, non-specific target 
effect and the dilemma of RNAi phenotype detection are 
discussed. This review aims to identify the prospect of 
RNAi being utilised as a powerful tool to develop trans-
genic plants against PPNs. The research papers included 
in this review are the result of a search in the online liter-
ature database at scopus.com using the keywords ‘RNAi’, 
‘nematode’, ‘resistance’, and the reference is limited to 
‘not older than 2008’.

1.1 Mechanism of RNAi

RNAi refers to the phenomenon of efficient and specific 
degradation of homologous mRNA induced by dou-
ble-stranded RNA (dsRNA). Fire et al. [18] firstly described 
this post-transcriptional silencing of endogenous genes 
in Caenorhabditis elegans. RNAi also is important in the 
immune response to foreign genetic material [49]. When an 
organism recognises dsRNA, a cascade of sequence-spe-

cific silencing processes will initiate leading to the dsRNA 
and its homologous mRNA degraded [47]. The RNAi path-
way can be considered a two-step process. Firstly the ds-
RNA would be cleaved into 21–25 nucleotide long small 
interfering RNAs (siRNAs) in the cell cytoplasm by the 
RNaseIII enzyme, Dicer. The separation of double-strand 
siRNA in the second step allows the siRNA to attach to 
the RNA-induced silencing complex (RISC). These RISC 
then target sequence-complementary mRNA molecules 
and cleave them, inducing RNA silencing [41]. Similar 
mechanisms of action appear to function in PPNs as well 
[25], so RNAi can be used to develop RNAi against PPNs.

1.2 In vitro RNAi Delivery Method

Three different methods have been successfully applied 
to introduce dsRNA into the free-living nematodes. The 
three ways are microinjection [33], feeding the nematodes 
with bacteria which contain dsRNA of the target gene [52] 
and soaking of nematodes in dsRNA solution [50]. Howev-
er, the sedentary PPNs are too small for microinjection. 
They are obligatory parasitic so that feeding with bacteria 
cannot be used to introduce dsRNA into these worms. 
The sedentary PPNs only can survive outside of their host 
plant when they are at the stage of eggs, second stage 
juveniles (J2s) and adult males. Eggs and J2s stages have 
been used for transmitting RNAi by soaking.

The most commonly used RNAi delivery way for J2s 
of PPNs is neurostimulant-mediated oral ingestion. Chem-
icals such as octopamine, serotonin and resorcinol are 
used in the solution to promote dsRNA ingestion. These 
chemicals successfully induce dsRNA ingestion in several 
species including Heterodera schachtii [53], Meloidogyne 
javanica [19] and Heterodera glycines [6]. Fluorescein 
isothiocyanate (FITC) in the solution or fluorescently-la-
belled dsRNAs have been used as a visual marker to show 
the uptake of dsRNA [12]. Although pharyngeal stimulant 
can induce ds RNA ingestion efficiently, some side effects 
have also been reported during incubation. Adam, Phil-
lips, Jones, and Blok [2] found that the death rate of Meloi-
dogyne javanica J2s would increase significantly if they 
were soaked in 0·5% or 1% resorcinol solution overnight. 

Soaking eggs in dsRNA or siRNA solution is another 
way to induce RNAi in PPNs [10]. Fanelli, Di Vito, Jones, 
and De Giorgi [16] constructed the dsRNA targeting a chi-
tin synthase which is responsible for chitin layer synthesis 
in the eggshell. After dsRNA construction, the eggs of 
Meloidogyne artiellia were soaked in dsRNA solution at 
20°C for between 24 and 72 h. This result of a reduction 
in chitin transcript illustrated that the dsRNA could go 
through the eggshells with chitin. More recently, Dalzell 
et al. [10] performed a siRNA-mediated RNA silencing in 
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Meloidogyne incognita. They silenced the nuclear RNase 
III enzyme Drosha, a key effector of miRNA production 
by soaking Meloidogyne incognita eggs in siRNA solu-
tions. The irregular growth of eggs and embryonic lethal-
ity suggested that eggshells of Meloidogyne incognita are 
permeable to siRNA. When it comes to other species of 
PPN, whether the eggs are similarly susceptible to dsRNA 
or siRNA still not clear, because the permeability of the 
PPNs eggshells would change before hatching, according 
to [23].

As migratory parasites are not obligate biotrophic, they 
can be targeted by RNAi at other stages of the life-cycle. 
Haegeman, Vanholme, and Gheysen [21] incubated different 
stages of Radopholus similis with dsRNA with a sequence 
derived from the xylanase gene. Octopamine was used in 
this research to stimulate dsRNA ingestion. A reduction in 
the transcript of the xylanase gene and reduction of infec-
tion rates were observed at the end. Cheng, Dai, Xie, and 
Xiao [9] found that 24h of incubation was necessary for in-
gestion of FITC soaked Bursaphelenchus xylophilus, but 
a pharyngeal stimulant was not required in this research. 
L2-L3 larvae of migratory parasites also can be induced 
RNAi by soaking, but intestinal microinjection of dsRNA 
into adult female is efficient as it leads to a 46% lethality 
rate in the F1 generation while soaking in dsRNA solution 
only induced 25% lethality [36].

Generally speaking, the in vitro RNAi delivery method 
could be considered efficient to manipulate PPNs patho-
genicity. However, the silencing achieved due to soaking 
in dsRNA solutions is often lacking stability. Rosso, 
Dubrana, and Cimbolini [40] accessed the duration of the 
silencing effect. They silenced the gene which encodes 
polygalacturonase (Mi-pg-1) in Meloidogyne incognita 
by in vitro RNAi technology. The suppression of Mi-pg-1 
transcription was optimal at 44 h after soaking, but this 
silencing effect cannot be detected for both at 68 h after 
soaking. Bakhetia, Urwin, and Atkinson [4] observed that 
the reduction in the transcript levels of β-1, 4-endogluca-
nase In Heterodera glycines after an incubation of 16 h 
with the corresponding dsRNA. However, after 15 days of 
dsRNA treatment, they reported that the transcript levels 
of β-1, 4-endoglucanase returned to normal. In contrast 
to in vitro RNAi technology, host delivery strategy would 
prevent gene suppression reversal because the transgenic 
plants provide continuous availability of the dsRNA to the 
nematode [54]. In addition, in vitro method only can be used 
in the lab for proof of RNAi principle and test constructs 
before transferring dsRNA into the plant. Therefore, the in 
planta RNAi method is more suitable for enhancing plants 
resistant to PPNs.

1.3 In planta RNAi Method

Host-mediated RNAi is a novel approach to confer resis-
tance against PPNs in plants. In this technology, plants are 
genetically modified to express dsRNA molecules with se-
quence derived from the target gene. RNAi constructs are 
made by cloning the sense and antisense cDNA sequences 
of the target gene. In order to initiate the expression of 
the dsRNA, a tissue-specific or constitutive promoter is 
used during vector construction. After transcription, a 
loop or hairpin structure is formed by the self-comple-
mentary sense and antisense strand. Then dsRNA with a 
loop or hairpin structure is cleaved by the plant enzyme 
called Dicer into siRNA, and the siRNA is ingested by the 
nematodes subsequently. This dsRNA can also directly be 
ingested by nematodes [13].

Using the conventional methods to develop dsRNA 
constructs for host delivered RNAi is time- consuming, so 
the Gateway cloning system, which is much easier and ef-
fective, has been employed for the development of RNAi 
constructs [35]. The Gateway cloning system uses two 
different enzyme mixtures, each of which performs a dif-
ferent type of recombination reaction [39]. The BP clonase 
enzyme mix recombines the attB sites and the attP sites, 
generating attL and attR sites. On the contrary, the LR 
clonase enzyme mixes catalysis the reverse reaction (Fig-
ure 1). 

Figure 1. The mechanism of BP reaction and LR reaction

Initially, the gene of interest is amplified by PCR using 
long-tailed primers. The 3’ part of the primers is specif-
ic for the DNA of interest, and the 5’ tail of the primers 
containing appropriate attB sites. This PCR product is 
transferred into a Donor vector. The gene of interest in 
a donor vector is available for transfer into destination 
vectors by a Gateway LR cloning reaction. The vectors 
containing the gene of interest are introduced into plants 
through Agrobacterium tumefaciens mediated transforma-
tion. With the developing of experimental techniques, the 
Gateway cloning system becomes compatible to include 
RNA interference. Rual et al. [42] reported that completed 
Caenorhabditis elegans genome sequence allows applica-
tion of high-throughput (HT) approaches for phenotypic 
analyses using RNAi, but HT-RNAi resources are limited 
by lack of flexibility. In order to overcome this disadvan-
tage, they created the complete set of ORFs in genome 
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(ORFeome) resources of the nematode Caenorhabditis 
elegans through the Gateway cloning system. Then they 
showed these ORFeome resources could be used to create 
alternative HT-RNAi resources with enhanced flexibility. 
This flexibility suggests that additional HT-RNAi librar-
ies can be generated to perform gene knockdowns under 
various conditions, which increase the possibilities for 
phenome mapping of Caenorhabditis elegans.

The genes which are targeted in the in planta RNAi 
method could be classified into three categories: effector 
genes, housekeeping genes and genes implicated in nema-
tode development or reproduction. The first demonstration 
of plant-mediated RNAi was accomplished by Yadav, 
Veluthambi, and Subramaniam [55]. The dsRNA they de-
veloped targets two housekeeping genes: an integrase 
and a splicing factor gene of Meloidogyne incognita. The 
results show a decline of more than 90% of PPN infection 
in transgenic tobacco as the expression of the targeted 
gene was repressed. Klink et al. [26] reported that four em-
bryonic lethal genes encoding ribosomal protein 3a and 4, 
spliceosomal SR protein and synaptobrevin could be used 
for PPNs control. They silenced these four genes by using 
in planta RNAi method resulting in a restriction of the 
female development of Heterodera glycines in their host. 
Another example of silencing housekeeping genes is giv-
en by J. Li, Todd, and Trick [30]. The Heterodera glycines 
Y25 gene encoding a β-subunit of the coatomer (COPI) 
complex, was used as a template to synthesise dsRNA. 
The transgenic soybean expressing RNAi constructs ef-
fectively suppressed Heterodera glycines infection and 
development. When splicing factor and integrase genes 
in Meloidogyne incognita were used for RNA interfer-
ence in Arabidopsis thaliana, a dramatic decrease in the 
number of galls, females and egg masses was observed by 
Kumar et al. [27]. Based on the examples mentioned above, 
housekeeping genes could be considered as a good choice 
for RNAi targeting. Before the development of dsRNA 
targeting housekeeping genes, a risk assessment is always 
needed because most of these genes are highly conserved 
across different species and the dsRNA constructs could 
have non-specific effects on host plants or other beneficial 
species [46].

Some literature indicates that nematode effector genes 
can also confer resistance against PPNs when targeted 
by host-mediated RNAi. Dinh, Brown, and Elling [11] 
constructed dsRNA molecules which are complementary 
to the effector gene, Mc16D10L, and these dsRNA mol-
ecules were transferred into three potato cultivars. The 
number of Meloidogyne chitwoodi eggs and egg masses in 
transgenic potato was reduced by up to 68% compared to 
empty vector control plants. Recently, Niu et al. [34] found 

that the effector gene MiMSP40 of Meloidogyne incognita 
could downregulate plant immunity to help parasitism. 
Overexpression of MiMSP40 makes Arabidopsis more 
susceptible, but in planta RNAi targeting against this gene 
caused a reduction in parasitism in Arabidopsis. Similar-
ly, Zhuo et al. [56] reported that overexpression of effector 
gene MeTCTP in Meloidogyne enterolobii promotes infec-
tion, but host generated RNAi aiming at MeTCTP resulted 
in less parasitism.

The genes involved in nematode development and 
reproduction are also used to inhibiting the growth and 
reproductive nematodes. In the case of cyst nematodes, si-
lencing the major sperm protein (MSP) by RNAi leads to 
a 68% reduction in the number of eggs [48]. The impaired 
fecundity of Heterodera glycines carried over to the next 
generation of nematodes regarding the ability to reproduce 
declined in their progenies. Two genes from Meloidogyne 
incognita, a dual oxidase gene and signal peptidase gene, 
were revealed to be of relevance to the development and 
reproduction of root-knot nematode [8]. Silencing of these 
two genes led to more than 50% reduction in nematode 
numbers in the roots and diapause of the egg-producing 
female. Antonino et al. [3] found that serine protease in 
Meloidogyne incognita is relevant to root-knot nematode 
reproduction. In their study, they knocked-down serine 
protease gene Mi-ser-1 by RNAi. Nematodes that infected 
modified tobacco produced fewer eggs, and the progeny 
of nematodes matured in these plants has a declined suc-
cess in egg hatching. This result indicated that serine pro-
tease is involved in different processes during nematode 
development, like reproduction and embryogenesis. 

2. The Problems of Enhancing the Resistance 
by RNAi and Their Solution

2.1 Off-target Effects and Their Solution

RNAi has emerged as a potent and successful technology 
for crop protection in recent years, but there remain cer-
tain limitations that need to be addressed before adopting 
this technology in the field. One major concern regarding 
the employment of RNAi-based nematode management 
strategy is the potential for off-target effects. Non-target 
genes with similar sequence to the target gene are like-
ly to be silenced by mRNA degradation or translational 
repression as the basis of RNAi is sequence identity [32]. 
J. F. Rual, Klitgord, and Achaz [43] reported that when an 
mRNA shares more than 95% identity over 40 nucleotides 
with the dsRNA in nematode Caenorhabditis elegans, the 
off-target effects will happen.

Due to the issues of off-target effects, more emphasis 
should be put on avoiding the off-target effects when 
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RNAi is employed as a novel method in PPNs manage-
ment. Some strategies could be used to prevent off-target 
effects. Recently Banerjee, Gill, Jain, and Sirohi [7] report-
ed that using a database for in silico homology searches 
to identify off-target sequences is efficient in avoiding 
off-target effects. Thorat [51] used nematode-induced pro-
moter and root-specific promoter of Arabidopsis thaliana 
to transform tomato with GUS gene. Then they observed a 
strong expression of the GUS gene in the nematode infec-
tion sites. Therefore the root-specific promoters and nem-
atode inducible promoters could be used to prevent RNAi 
in the non-target parts of the plant. In addition, sequences 
of the 5’-untranslated region (5’-UTR) and the 3’-untrans-
lated region (3’-UTR) also could be used as RNAi targets 
to reduce off-target effects because they are less conserved 
than coding regions [20].

2.2 The confirmation of RNAi effectiveness

Even though several studies reported the success of RNAi 
phenotype detection, it is still difficult to determine if 
RNAi results in the phenotype or not [45]. Most commonly, 
detection of the RNAi phenotype is based on the number 
of nematodes which establish an infection successfully, 
the fecundity of females or the ratio of males to females 
in cyst nematodes. However, under some unfavourable 
conditions such as insufficient nutrition, the process of 
establishing a feeding site is slower (Lilley, Atkinson, & 
Urwin, 2005). RNAi targeting the genes which express 
in pharyngeal gland cells of Heterodera glycines would 
lead to more males [5]. Because the number of phenotypes 
which can be observed is easily affected by other factors, 
some phenotypes changes would not be appeared or over-
served [31].   

RT-PCR has been used to overcome the difficulties of 
RNAi phenotyping. This method would reveal a decline in 
transcript level of the target gene. Patel et al. [37] reported 
that the presence of dsRNA could be detected by RT-PCR 
of the intron or spacer region of the hairpin construct. 
Other studies have used RT-PCR to illustrate the decline 
of control gene transcripts in dsRNA expressing plants [22]. 
However, this method may not be the suitable for confir-
mation of RNAi effectiveness, because RT-PCR has not 
always detected the down-regulation of the target gene 
despite observing an RNAi phenotype in the nematodes [36].

2.3 Conclusion and Future Prospects 

RNAi was used as a successful technology for enhancing 
crops resistance to different pathogens in recent years, but 
there remain some limitations that impede the commer-
cialisation of RNAi-modified plants. Usually, RNAi-mod-

ified crops are only resistant to one nematode species 
because of the high specificity level of dsRNA or siRNA. 
However, plants are infected with multiple species of PPN 
in soils [17]. In the meantime, the public suspicions on bio-
safety aspects of RNAi-based GM plants have widespread 
even though the risk assessment of GM crops is obligating 
before releasing them to market. Many people think the 
risk assessment of commercialised GM plants is not suit-
able for RNAi-based GM plants, because the current risk 
assessment does not include the identification of potential 
off-target effects. These problems remind us that we still 
have a way to go in the future due to the acceptance of 
that technology by the general public

Hopefully, the rapid growth of RNAi research will help 
to increase public trust in this technology. Development 
genome databases of related species and the stacking of 
dsRNA sequences to target multiple genes would con-
tribute to effective nematode control [28]. Use of nema-
tode-induced promoters and plant tissue-specific promot-
ers would limit dsRNA gene expression to specific plant 
tissue in response to the particular nematode [44]. More 
efficient algorithmic programs facilitate more reliable risk 
assessment of RNAi-based GM plants [38]. 

In conclusion, some problems and limitation have to be 
taken into consideration in order to ensure RNAi success-
ful and safe application. Nevertheless, RNAi surely will 
become a powerful strategy to control multiple pest and 
pathogens as we are moving toward the goal of sustain-
able development.
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On 11 March 2020, the World Health Organization declared Covid-19 is 
a pandemic disease that is spreading at different speeds in different coun-
tries of the world. Given these issues, the global economy is experiencing 
a different and new experience that is currently taking place in different 
countries. We are seeing a decrease in production, logistical problems, 
as well as a change in production patterns, demand and consumption. 
The agricultural sector has not been immune to the economic damage of 
the outbreak and has suffered serious damage. If the necessary measures 
are not taken for sustainable production in agriculture and maintaining 
the supply and demand cycle, health and food security will face a crisis. 
Given that there is always a zero point again about the prevalence and 
infection, social quarantine and health care are still essential. To manage 
the problems caused by the Corona crisis, accurate and appropriate pro-
grams, mechanisms, and evaluations with different strategies are needed, 
and appropriate sustainable models should be considered for spatial and 
temporal requirements.
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1. Introduction

Coronavirus is the common name for Coronaviri-
dae and Orthocoronavirinae, also called Corona-
virinae [1]. Their structure also has a typical RNA 

genome. Of the 40 different species of the coronavirus 
family, seven have been found to have been transmitted 
to humans, leading to diseases such as the common cold 
family [2]. Sometimes some coronaviruses attack the re-
spiratory tract, and sometimes their symptoms go away 
and their stomachs appear. These types cause disease in 
human populations and have mild to severe symptoms. 
The new type is Covid-19, which causes fever problems, 
dry coughs and sometimes respiratory problems such as 
shortness of breath, shortness of breath and sore throat 
and runny nose [3]. The first cases of the disease have been 

observed in Wuhan, China, which is now widespread in 
most parts of the world, and has spread from epidem-
ic to global pandemic. The coronavirus pandemic has 
now killed more than 200,000 people. At least 177 coun-
tries have reported cases of Covid-19 [4]. It has severely 
affected the global economy in recent months. In addition 
to the sharp fall in global stock markets and the sharp and 
unpredictable instability of oil prices, it is also experienc-
ing a record low [5]. 

There is currently no antiviral or vaccine treatment 
for coronavirus infections. The production of safe and 
stable vaccines is a major challenge, and the research and 
testing period is very long. Although the prevalence of a 
clinical threat is global, our knowledge of this new virus 
is very limited [6]. Therefore, the only way to deal with 
this disease is to reduce traffic and travel restrictions, and 
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finally to cut off the transmission chain, which is now 
being implemented in most countries. Banning traffic and 
shutting down businesses may be a good way to maintain 
public health, but it will also have adverse consequences. 
The risk of Covid-19 is such that it can be considered the 
beginning of a recession in the global economy. Among 
the global effects of the Corona outbreak are rising un-
employment, a severe shock to the economy and damage 
to foreign trade. The sharp decline in trade, declining 
consumption and rising unemployment have been the 
consequences of a lash to some industries. The decline in 
manufacturing activity in the world is obvious. Injured 
jobs from the lowest to the highest damage are respective-
ly, education, agriculture, construction, art, factories, and, 
ultimately, retail and wholesale trade [7]. Given the global-
ization of the virus, there are concerns about the future at 
all levels, and it is necessary to consider the consequences 
on different scales in the form of different scenarios so 
that, God willing, this serious crisis can be managed and 
overcome. Agriculture and food security may be harmed, 
and there is a need to minimize the prevalence and pollu-
tion in agricultural communities and farms with guidelines 
and recommendations.

2. Materials and methods

 Numbers of reports of news agencies, national and inter-
national sites and some articles have been used to write 
this article [1-9].

3. Results and Discussion

The food supply chain is a complex network, and agricul-
ture is one of its most fundamental components in coun-
tries. One of the main services of the agricultural sector 
is food production, providing raw materials for other sec-
tors, employment, income generation, and expanding non-
oil exports [8]. The agricultural sector is one of the most 
important and influential sectors in the country’s food se-
curity. Corona crisis, its effects on these categories should 
be identified and studied and practical solutions should be 
provided for relevant organizations and officials.

The food supply chain includes various phases of pro-
duction, processing and processing of goods (factories) 
and, transportation (logistics), storage (and warehousing), 
retail and goods services.

Although there was no or less supply shock today due 
to the availability of food, due to its upward role, the 
vulnerabilities need to be identified and reduced. In each 
case, there is a need for guidelines to reduce the risk of 
disease.  In the production section, we are faced with the 
following groups: (1) farmers (owners and tenants) and 

workers (indigenous, seasonal and permanent), (2) agri-
cultural experts, (3) tools, equipment and mechanization, 
(4) agricultural inputs including fuel, seeds, seedlings, 
fertilizers, pesticides, etc, basic resources including soil, 
water, plants and livestock...

There are different things in the supply sector, but what 
is important is to shorten the production and supply route, 
and to deliver it to all consumers in a healthy way.

Hypotheses, some suggestions and recommendations 
include the following. In order to reduce the speed or stop 
the spread of corona, the possibility of contamination of 
various components including human, soil, water, plants, 
livestock, tools and equipment should be considered 
and health strategies and special instructions should be 
considered. Some coronaviruses that infect animals are 
able to infect humans and then spread to other individu-
als, although they have become rare. Acute Respiratory 
Syndrome  (SARS) and Middle East respiratory syn-
drome (MERS) (MERS) are examples of diseases caused 
by coronaviruses that originate in animals and are com-
mon in humans [9]. It is recommended that veterinary spe-
cialists in particular have a solution in this regard. On the 
sites, I saw that due to the contamination of people in the 
water pool in China, the virus survives in the water and 
there is a possibility of contamination of water resourc-
es. In general, one should be vigilant and plan in various 
fields.

In general, in the supply or production sector, less 
production is possible, although it may not be significant. 
Work and effort should not be stopped, especially in the 
field of production, and the ability to do the work must be 
provided and double incentive policies must be provided.

If the crisis continues, food supply chains are likely 
to be disrupted in the coming months. The workforce 
will shrink, and food production and processing will be 
disrupted, and intensive agricultural production will be 
affected. The livestock sector will be affected, and due to 
logistical constraints and labor shortages, we will have no 
access to livestock feed and slaughterhouse capacity re-
duced.

Restrictions on transportation and quarantine measures 
are likely to prevent farmers and consumers from access-
ing the entry and exit markets, leading to a loss of income, 
a loss of production and an impact on future cultivation. 
Obstruction of transport routes, especially for food supply 
chains, may lead to an increase in the level of food losses 
and wastes.

On the demand side, as the disease spreads, we will see 
a significant increase in demand over time. Food demand 
is generally unhealthy, although dietary patterns may 
change.
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Fear of contamination will reduce the risk of double 
risk by reducing visits to food markets. Serious monitor-
ing of the distribution of goods and prices is needed more 
than ever.

Purchasing methods will change. Restaurant traffic will 
decrease, e-commerce will increase, and production and 
consumption at home will increase.

There may be a problem with imported and exported 
products.

In general, vulnerable populations and their immediate 
needs in agriculture and the production chain should be 
identified, quickly met, and supportive and encouraging 
assistance packages should be considered. Plans to pur-
chase agricultural products, especially from small farmers, 
and to shorten the production to consumption route should 
be pursued and implemented to reduce the risk of con-
tamination as the cycle shortens. Free donations to poor 
people who have lost their income should be considered 
alongside financial assistance to restart production.

The Ministry of Agriculture and the Faculties of 
Agriculture should work closely with the Ministry of 
Health and other departments as part of the response to 
Covid-19.

All necessary precautionary measures should be taken 
to protect employees and clients in accordance with health 
recommendations.

Agricultural-related assemblies should work as much 
as possible during the current epidemic so that manufac-
turers and processors can continue to operate effectively 
and keep supply lines open.

Operation of food and other processing equipment, 
ensuring the continuation of payment and commercial 
activities that are necessary to protect farm income, and 
that employees and farmers can continue their activities 
and put them on the market are important. In many cases, 
these activities depend on the ability to perform monitor-
ing and inspection tasks.

Collections must reassure people that they are doing 
their best in all their activities.

Important Note: It is necessary to there are several 
ways to help farmers look for their needs in relation to 
Covid-19 restrictions. A wide range of online features 
should be available.

As always, farmers need to remember to follow basic 
environmental safety protocols and safety rules when 
working on the farm.

Production of food and proper functioning of the food 
supply chain during this difficult period is essential. It 
is very important that farmers, gardeners, ranchers, and 
those involved in processing, retail, and distribution con-
tinue to do what is important to ensure that the food sup-

ply chain is active and that progress is being made.
There is currently no report that Covid-19 can be 

transmitted through food or food packaging. However, 
it is always necessary to observe hygienic tips when us-
ing or preparing food (for example: washing hands and 
surfaces and packages, separating raw meat from other 
foods, cooking at the right temperature, etc.). Be more 
careful when receiving food products from countries that 
have approved Covid-19. There is no evidence so far to 
show that food produced can transmit Covid-19. Because 
the virus that causes Covid-19survives at different times, 
depending on the levels or objects. For this reason, it is 
very important to follow the 4 main steps of food safety, 
cleaning with the recommended methods, separation, 
cooking and cooling. Public health and safety experts, 
and workers working in food processing plants that 
have work activities, if they are suspicious of Covid-19, 
should be exempted from work and activity and stayed 
in home quarantine or considered hospitals for care and 
treatment. Food establishments, like other workplaces, 
need to comply with the protocols set by the Ministry of 
Health.

Make the necessary arrangements with the officials of 
urban, nomadic and rural health for all jobs, so that timely 
and accurate information can guide appropriate responses 
to agricultural-related collections wherever their opera-
tions are located. 

In working environments, maintaining the social dis-
tance, the distance between 180 and 200 cm, is important 
in preventing the spread of this virus.

4. Conclusion 

The prerequisite for success in combating the disease is, 
first and foremost, social distance and maximum testing 
of the disease, followed by isolation of patients. World 
chances of contracting the coronaviruses are high by the 
end of 2020. There are ways to get out of the recession 
and the crisis that make it easier to move forward with 
a smart economy. These strategies include flexibility of 
working hours, division of labor presence during the 
week, regulation of the regulatory system on corona 
credits, and maintenance of supply and demand cycle, 
and serious management and supervision. Attention to 
models and consideration of strategies, solutions and 
recommendation should be considered, and readiness 
and action at all levels should be appropriate to the place 
and time.
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By obtaining changes on gene sequences of living things with the applied 
biotechnological methods; The idea of “Genetically Modified Organisms 
(GMO)”, which aims to bring the living creature in question the original 
gene combinations with the desired characteristics, came to life in the 
late twentieth century. Despite the high probability that hunger problems 
may increase with the increasing world population; It is thought that plant 
breeding with classical farming methods will be insufficient in solving 
these problems. With various GMO applications developed all over the 
world, it aims to produce solutions to these problems. With the presence 
of GMO, it was possible to increase the shelf life of qualitative and quan-
titative values of the existing foods. In addition, decreases in agricultural 
use of pesticides used in agricultural struggle and threatening human 
health with GMO production are noteworthy. However, some concerns 
about anomalies that may occur in living things fed GMO products re-
main on the agenda. Because, in the long term, there is no clear and pre-
cise information that GMO will not have negative effects on living things; 
There are many recorded incidents showing their negative effects.

Keywords:
Genetically modified organisms
GMO agricultural products
GMO effects 

　

*Corresponding Author:
Ercan Çatak,
Department of Biology, Faculty of Arts and Sciences,  Eskisehir Osmangazi University, Eskisehir, Turkey;
Email: ecatak@ogu.edu.tr 

1. Introduction

This review study prepared by evaluating the data 
obtained as a result of article scans; In addition 
to the negative effects that can be seen or seen 

on living things, GMO agricultural products, which are 
frequently discussed today, are; It is aimed to reveal the 
existence of positive sides, which may be beneficial and 
possible for humanity.

The nutritional deficiency problem brought by the in-
creasing world population; it has made scientists obliged 
to work on the solution of problems by developing new 
techniques and technologies in this field. Because it is es-
timated that trying to solve the problem by increasing the 

areas where agriculture can be done will not be sufficient 
due to population growth. Biotechnological methods, 
developed to prevent the ever-increasing hunger prob-
lem and to meet the standard nutritional needs, have had 
wide repercussions and found serious support all over the 
world. According to Tecer, it seems inevitable to use new 
technologies in plant breeding studies, considering that 
it has come to the limits of using classical plant breeding 
methods for increasing yield in nutrients [1]. The ideas that 
were introduced towards the end of the twentieth century, 
by interfering with the genetic structures of foods, that 
qualitative and quantitative increases in food produc-
tion could be made caused the birth of the “Genetically 
Modified Organisms (GMO)” technology. This important 
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discovery that excites the world of science; The public 
was found to be equivalent to the invention of the print-
ing press, the discovery of fire, and the disintegration of 
the atom [2]. Organisms obtained by changing the gene 
sequences of living creatures by using biotechnological 
methods, changing their properties or gaining new proper-
ties to them are called “GMOs” [3,4].

In GMO technology, it is aimed to increase the resis-
tance of plants against all pests in addition to increasing 
the yield in the production of plants. In addition, agricul-
tural products have extra features that will increase their 
shelf life in the market with GMO technique. As stated by 
Çetiner regarding this; The most common trait transferred 
to plants is herbicide resistance genes, which significantly 
reduces the production costs of farmers. BT, which is the 
Bacillus thuringiensis endotoxin gene that provides resis-
tance to lipidoters, is also effective against caterpillars that 
are harmful for corn and cotton. In this way, drug con-
sumption decreases in the agricultural struggle and both 
the cost decreases and the negative effects that may occur 
for the environment and human health are reduced [5].

In addition to numerous scientific studies showing the 
benefits of GMO agricultural products to the creatures fed 
with them; The number of studies showing that it threat-
ens health is also at a considerable level. In this review 
study, the results of the literature review were made; The 
positive and harmful effects of transgenic plants on living 
things have been studied.

2. GMOs in Agricultural Field

Like the production of vaccines and antibiotics that are 
considered as milestones in human history, GMO pro-
duction is also considered a major revolution. This bio-
technological invention, discovered towards the end of 
the twentieth century, has entered our lives at a very high 
level today. So much so that agricultural products such 
as potatoes, corn, soy, tomatoes, which are frequently 
consumed today, appear as GMO products. These biotech-
nological interventions to increase efficiency and quality 
in such food products; The fact that the properties that are 
basically not in the plant are taken from another creature 
and transferred to the plants brought along some ques-
tion marks and concerns. For example, when you isolate 
the cold resistance gene that we want to see in tomato 
by transferring it from tomato to tomato, you can make 
the tomato resistant to cold. However, not being able to 
predict what kind of abnormal reactions this new genetic 
code, which is not found in the gene pool of tomato, can 
cause in living things that consume that tomato, causes 
concern. Moreover, there is no clear information about the 
effects that GMO products may cause in the long term.

Some authorities have expressed concerns about the 
potential hazards that may arise due to the out-of-control 
spread of genes, which are created during the transfer of 
genes. As a result of this situation, it is concluded that 
the natural fauna and flora, where new wild species may 
emerge in nature, may be negatively affected and the bal-
ance between the species may be disturbed [6].

Transgenic plants, which were first commercially pro-
duced in 1996, continue to be cultivated in more varieties 
and areas today. GD plant planting area, which started in 
1996 in an area of approximately 2 million hectares in 
the world, has exceeded 185 million hectares according 
to 2016 data (Table 1). In addition to the increasing world 
population, the gradually decreasing areas to be used for 
agriculture encourages GMO production.

Table 1. GM plant cultivated area amounts in the world, 
1996 - 2016 [7,8]

Years Cultivated Area (Million 
Hectares) Index(1996=100)

1996 1,7 100

1997 11 647

1998 27,8 1.635

1999 39,9 2.347

2000 44,2 2.600

2001 52,6 3.094

2002 58,7 3.452

2003 67,7 3.982

2004 81 4.764

2005 90 5.294

2006 102 6.000

2007 114,3 6.723

2008 125 7.352

2009 134 7.882

2010 148 8.705

2011 160 9.411

2012 170,3 10.017

2013 175,2 10.305

2014 181,5 10.676

2015 179,7 10.570

2016 185,1 10.888

Toplam 2.149,7 -

3. Positive and Negative Effects of Agricultur-
al Sourced GMOs

3.1 Benefits of GMOs

Special industry members, scientists, food technology 
and food experts, food processors, distributors, retailers, 
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American farmers, regulatory agencies, advocates of poor 
and hungry people and supporters of gren revolution in the 
world; With the facilitated genetic engineering, they think 
that the food and medicine required due to the increasing 
world population can be produced in large quantities [2].

Russert Burbank potatoes, whose starch content was 
developed more than usual by Monsanto Company, pro-
duced potatoes that reduced less cooking time, reduced 
cooking time and cost during the frying process [9].

To increase the carbohydrate content of GMOs, toma-
toes can be used in products such as ketchup and tomato 
sauce to be more intense [2].

Fats that are responsible for the production of choles-
terol in the body are high in saturated fat. Fats that are 
low in saturated fat and high in unsaturated fat, which are 
important for our health; It is used in frying and other pro-
cesses and is resistant to high temperatures. The genetics 
of these plants can be changed to further increase the level 
of unsaturated fatty acids in existing oils of plants such as 
canola, soy, sunflower and peanut, which are frequently 
used to obtain oil [2].

In addition to improving the nutritional quality of food 
products, GMO products are produced to increase their 
contribution to health. With GMO technology, the levels 
of anti-oxidant vitamins (vitamins A, C and E), carot-
enoids, flavonoids and minarets, which increase the heart 
disease, some cancers and some natural compounds that 
cause blindness and slow down or prevent biological oxi-
dation, is also increased [2].

When the allergen proteins in foods such as hazelnuts, 
peanuts and wheat, which can cause allergic reactions in 
humans, are extracted with GMO technology, it is possible 
to completely or partially get rid of the possible allergen 
reactions.

3.2 Losses of GMO

The expression and genetic function of the transgene in-
troduced into genetically modified organisms can lead to 
unpredictable changes in living things. Thus, the protein 
product of the transgene can cause unpredictable reactions 
and the emergence of potential toxins [10].

The results of the study on mice fed transgenic potato 
against genetically modified production pests showed 
that; cancer cells develop in rats; brain, liver, and testicle 
development are prevented; Some of the liver is blunted 
and histological differences appear in the pancreas and 
intestines [6].

4. Results and Discussion 

As it turns out, reactions about the health-threatening 

effects of GMO products in the short and long term will 
continue to keep the world agenda busy and react.

The lack of complete and clear information on the 
long-term effects of GMO products on health suggests 
that labeling transgenic products should inform consum-
ers and ensure their right to choose [11]. Research results in 
five states in the US have shown that consumers feel that 
GMOs do not have adequate protection against “unknown” 
and “unpredictable” health risks [12].

If GMO products threaten genetic diversity, an irre-
versible process will also be entered. For this reason, 
such products should be offered for consumption after 
sufficient scientific researches and their use should be 
constantly checked within the legal framework [13]. Inter-
national conventions on this should also be implemented 
meticulously.

In order for the Biosafety Law in force to serve the ef-
fective and safe use of GMOs, the public should be made 
conscious of scientific resources [14].

GMO agricultural products are like double-edged 
knives; In addition to the benefits it provides, it is neces-
sary to take measures by knowing the existence of possi-
ble harm to living things. Scientific studies to increase the 
nutritional quality and quantity in agricultural products 
should also be supported in a controlled manner.
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