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ABSTRACT 
Plant tissue culture is an in-vitro culture technique for the production of plant cells. It is a very good, attractive and cost 
effective technique for the production of secondary metabolites. Plants produce counter response against the 
environmental threats like bacteria, virus, fungi, insects etc. and some physically harsh environmental conditions such as 
salinity, temperature, exposure to ultra violet radiation. Plants produce responses against the signals obtained through 
sensors, receptors and defense responses which are stabilized against these stresses. These trigger responses elucidate the 
production of secondary metabolites (alkaloids, glycosides, tannins, resins and tannins) which are useful for the survival, 
persistence and competitiveness of the plant. These secondary metabolites are useful in various areas such as food 
additive, pharmaceuticals, cosmeceuticals and therapeutic industries. The present review discusses about the types of 
biotic (physical, chemical and hormonal elicitors) and abiotic elicitors (lipopolysaccharides, polysaccharides, 
oligosaccharides, protein, complex composition and oregano extract). These elicitors are used for enhancing the yield of 
secondary metabolites in the medicinal plants which are useful in various area of research and are also useful in different 
industries. 
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1. INTRODUCTION  
Plants have played important role in ancient traditional 
system as well as in modern medicinal research. Many 
people rely on herbal medicines for the treatment of 
different diseases and wellness of the health [1-2].  
Plants contain a lot of miraculous medicinal active 
phytoconstituents which are very important in different 
sectors such as cosmeceutical, nutraceutical and 
pharmaceutical [3]. Demand of such products is 
increasing because they do not show any side effects [4]. 
Plants contain different types of heterogeneous 
compounds such as medicinally active components 
which are responsible for the pharmacological and 
therapeutic activities of the plant. These active phyto 
constituents also play an important role in the 
development and growth of the plants [5]. Phyto active 
constituents also play an important role for the 
signalling of the molecule and defense system against the 
pathogens or allergens [6]. Different types of phyto-
active constituents in the plants are synthesized by 
different biosynthetic metabolic pathways such as 
glycolysis, Krebs cycle, Photosynthesis, Mevalonic Acid 

Pathway, Acetate Pathway and Shikimic Acid Pathways 
[7]. The different active phyto constituents are classified 
as alkaloid, saponin, steroids, terpenoids, lipids and E-
co factors (enzyme cofactor) [8-9] and are produced by 
different techniques of plant tissue culture (callus and 
suspension culture). Plant tissue culture is a very good 
technique for the production of medicinally active 
phytoconstituents or secondary metabolites [10-11]. 
Plant tissue culture is an in-vitro biotechnological 
technique for the culturing of living cells under 
controlled environmental conditions. Plant tissue 
culture is extremely vibrant and could be changed 
according to the required type of culture method (cell 
culture), aim or objective of the research work. But this 
in-vitro technique has some disadvantages such as all 
living cells could not be grown by using it. Plant tissue 
culture plays an important role in the field of science for 
the last hundred years and especially from the mid             
of 20th century after the discovery of somatic 
embryogenesis and its application is used for innovative 
and scientific research, for example, in molecular and 
proteomic approaches. This method is used for the in-
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vitro culturing of cells for the development of the whole 
plant from a single cell. This method is economically 
important for the development of the plant. With 
industrial point of view, it is a highly significant 
technique for the production of metabolites [12]             
(Table 1). Plant tissue culture methods and molecular 
methods work together which plays an important role in 
altering genetic traits through gene transfer [13]. 
PCT (Plant Cell Technology) is used for the secondary 
metabolite production because it is difficult to extract 
chemicals from the farm plants in situations when any 
drastic changes occur in the environmental [15]. 
 
2. TYPES OF ELICITORS AND THEIRS 

APPLICATIONS 
Elicitors are categorized according their origin and 
nature. It is classified according to their origin as endo-
genous and exogenous elicitors. It is classified according 
to the nature of elicitors i.e. abiotic and biotic [16]. 

2.1. Endogenous elicitors 
The substances generated within the plant are called 
endogenous elicitors [17]. 
 
2.2. Exogenous elicitors 
The substances generated outside the plant are called 
exogenous elicitors [17]. 
 
2.3. Abiotic elicitors 
Abiotic elicitors may be the physical or chemical agents 
or hormones. Abiotic elicitors most commonly affect 
the plants to produce the secondary metabolites in 
plants. But they have shown less effect in PCC (plant 
cell culture) compared to biotic elicitors [18]. Abiotic 
elicitors such as metals (heavy), UV light, temperature, 
saline, drought and hormones are used and have shown 
different reactions in many key genes, metabolite 
production, proteins and molecular networks in the 
plants [19]. 

 

Table 1:Different active phyto constituents (secondary metabolites) synthesized by plant tissue culture 
methods [14] 

Alkaloids Terpenoids Steroids Quinones Phenylpropanoids 
Acridines Artemisnin Bufadienolides Aloe emodin Anthocyanin 
Betalaines Cucurbitacins Digoxins Anthraquinones Caffeic acid 

Galanthamine Diterpenes Ouabain Benzoquinones Coumarins 
Lobeline Ginsenosides Steroidal glycosides Rhein Eugenol 

Trigonelline Meroterpenes Physodine Shokonin Ferulic acid 
 

 
 

Fig. 1:Classification of abiotic elicitors 
 

2.3.1. Physical elicitors 
UV radiation, thermal temperature and mechanical 
wounding are the major physical agents.  Membrane 
permeabilization is generally caused by high hydrostatic 
pressure. It is also a type of physical agents [28]. Some 
enzymes (inactive) and induced stress responses are 
reported as physical agents in the plant cells. This is 

carried out by sealing the cells in sterile bags 
(pressure20-50 megapascal for 5-10minutes) [28-29]. It 
is explained by the nine times production of phenolic 
acids by applying  40 Megapascal pressure in the control 
in cell suspension culture of Vitis viniferta [28]. Similarly, 
this procedure is followed for the production of 
isoflavonoids in cell suspension culture of the soy by 
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applying high pressure [29]. Induce defense response is 
produced in plant cells by applying pulsed electric fields 
(PEF) which alters the dielectric properties of cell 
membrane [29-32]. 1.7 times increase in anthocyanin 
content [32] and 3.6 times increase 3-O-glucosyl-
resveratrol content in cell suspention culture of V. 
Vinifera is observed when compared to the control cells 
[31]. LEUS (Low Energy Ultra Sound) is another most 
commonly used technique which is responsible for the 
induction of shear stress and mechanical damage to the 
cell. A coustic canitation and micro-streaming methods 
are used in Low Energy Utra Sound technique [33]. 1.5 
to 1.8 times increase in the concentration of taxol by 
the ultra spund treatment in the cell suspension culture 
of Taxus chinensis [33], shikonins in Lithospermum 
erythrorhion [34], anthraquinone in Morinda citrifolia [35], 
and taxol in Taxus yunnanensis [36] plant cells is done. 
Some physical agents like 2Hz frequency of mechanical 
vibration is used to increase the production of 
camptothecin in the callus culture of Camptotheca 
acuminata in comparision to the control. It has also 
increased the soluble protein content and SDA 
(superoxide dismutase activity) [37]. Ultra violet 
radiation is a type of physical agents which also help in 
the production of secondary metabolites in Vitis vinifera 
callus cultures [38] and for the deposition of stilbene in 
Arachis hypogaea [39]. Red light is used for the 
production of podophyllotoxin in Linum album [40]                 
and temperature stress is used for the production of 
anthocyanin production in Melastoma malabathricum  
[41]. Osmotic stress is used for the production of 

secondary metabolites and for the development and 
morphogenesis in the plants [42].  Sucrose is used for 
the induction of water stress in the plant for the vital 
production of carbon and energy source in the                
plants. Osmetic stress is used to enhance the 
concentration of capsaicin in cell suspension cultures of 
Capsicum chinensis [43] and of the steviol glycoside 
content in both suspension and callus culture of Stevia 
rebaudiana [44]. 
Drought stress mainly affects the synthesis and 
accumulation of secondary metabolite contents in the 
plants. Drought stress is mainly observed in the plant 
but it varies from species to species [45]. Deficiency of 
weak water increased the concentration of glycyrrhizic 
acid content in root of Glycyrrhiza uralensis [45]. PEG 
(polyethylene glycol) is used as drought stress elicitor 
agent in date palm callus for enhancing the 
concentration of proline but it depends upon the 
concentration of PEG. If the concentration of PEG 
(30%) is higher than the concentration of proline gets 
declined which indicates a disturbance in physiological 
system [46]. Extreme temperature negatively affects the 
growth and productivity of the plants because it is an 
adverse environmental factor. It also affects the various 
metabolic processes in the plants which affects the 
biosynthesis of primary metabolites production [47]. 
Temperature (17-25°C) is used for the induction of 
callus tissues and growth of cultured cells [48]. 25°C is 
an optimum temperature which enhances the 
production of anthocyanin in cell cultures of Perilla 
frutescens [49] and strawberry [50].  

 
Table 2:Effect of Physical elicitors on the production of various active phyto-constituents in medicinal 
plants 

Elicitos Plant Species Compounds 
High temperature Panax ginseng, P. quinquefolius Ginsenoside [51,52] 
High temperature Hypericum perforatum Hypericin, Hyperforin [53] 
Low temperature Rhodiola crenulata Melatonin [54] 
Low temperature Medicago sativa Putrescine [55] 

Drought Salix sp. Flavonoids, Phenolics [56] 
Water and osmotic imbalance Hypericum perforatum Hypericin, Hyperforin [57] 

PEG Stevia rebaudiana Steviol glycosides [58] 
Water stress Salvia miltiorrhiza Salvianolic acid [59] 

Drought stress Papaver somniferum Morphine alkaloids [60] 
Light irradiation Artemisia annua Artemisin [61] 

UV-B light Catharanthus roseus Vinblastine, Vincristine [62] 
UV-C irradiation Vitis vinifera Stilbene [63, 64] 

UV-B Hordeum vulgare Flavonoids [65] 
Cucumis sativus Polyamines [66] 

White light Taxus cuspidate Taxol and baccatin III [67] 
Light irradiation Melastoma malabathric Anthocyanins [68] 

Ozone (O3) Pueraria thomsnii Puerarin [69] 
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Table 3:Effects of salinity on the production of 
active phyto constituents in medicinal plants 

Plant Species Compounds 
Lycopersicon esculentum Sorbitol, Jasmonic acid [70] 

Hordeum vulgare Flavonoids [71] 
Sesamum indicum GABA [72] 
Cakile maritima Polyphenol [73] 

 
2.3.2. Chemical Elicitors 
Metals (heavy) are mainly used as abiotic elicitor agents 
in living organisms. They are most commonly used in 
various fields like agro-technology, industries, high 

bioaccumulation and toxicity study [74]. Metals (Ni, 
Ag, Fe and Co) have been shown to enhance the 
production of secondary metabolites in different verities 
of the plants [75]. 
 
2.3.3. Hormonal Elicitors 
Different plant growth regulators have been used in 
hormonal elicitation studies. Some plants defense 
molecules such as jasmonic acid (its derivative), salicylic 
acid (its derivative), cytokinin, Gibberellin GA3 and 
Ethylene are used as hormonal elicitors for the 
production of secondary metabolites in the plants. 

 
Table 4:Effects of Chemical elicitors on the production of active phytoconstituents in  medicinal plants 

Chemical Elicitors Plant species Compounds 

Ag 

Perovskia 
abrotanoides 

Cryptotanshinone and 
tanshinone IIA [76] 

Vitis vinifera Resveratrol [74] 
Salvia castanea Tanshinone [77] 

Cd Vitis vinifera Resveratrol [74] 

Cu Ammi majus Xanthotoxin [78] 
Datura stramonium Sesquiterpenoid [79] 

AgNO3 or CdCl2 Brugmansia candida Scopolamine and Hyoscyamine [80] 
Rare–earth metal (lanthanum) Taxus sp Taxol [81] 

Cu2+ Amaranthus caudatus Betacyanins [82] 
Zn2+ Lepidium sativum Lepidine [83] 
Cu2+ Beta vulgaris Betalains [84] 

Cu2+, Cd2+ Brassica juncea 35% increase in oil content [85] 
CuSO4 Dioscorea bulbifera Diosgenin [86] 

Al3+, Cr3+, Co2+, Ni2+, Cu2+, Zn2+, Cd2+ Datura stramonium Sesquiterpenoid, Lubimin, 3-hydroxylubimin [87,79] 
Vanadate Panax ginseng Ginsenoside [88] 

 
Table 5:Effects of the hormonal elicitors on the production of secondary metabolites in   medicinal plants 

Elicitors Plant species Compounds 

Jasmonic Acid 

Vitis vinifera Resveratrol [89] 
Calendula officinalis Oleanolic acid [90] 

Plumbago indica Plumbagin [91] 
Plumbago rosea Plumbagin [92] 

Methyl jasmonate 

Silybum marianum silybine A&B [93] 
Salvia miltiorrhiza Tanshinone [94] 

Perovskia abrotanoides Cryptotanshinone and tanshinone IIA [95] 
Andrographis paniculata Andrographolide [96] 

Jasmonates 
 

Gymnema sylvestre gymnemic acid [97] 
P. ginseng Ginsenosides [99] 

Mentha piperita rosmarinic acid [98] 

Salicylic acid 

Linum album Podophyllotoxin [100] 
Withania somnifera Withanolides [101] 
Brugmansia candida tropane alkaloids [102] 
Azadirachta Indica Azadirachtin [103] 
Salvia miltiorrhiza Tanshinone [104] 
Digitalis purpurea Digitoxin [105] 
Gymnema sylvestre Gymnemic acid [97] 

Sodium salicylate Salvia officinalis Carnosol [106] 

Gibberelic acid Salvia miltiorrhiza Tanshinones[107] 
Echinacea pupurea Caffeic acid derivatives [108] 
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2.4. Biotic elicitors 
They are derived from plant source, microbial source 
and herbivore constituents. So these are derived from 
the biological originated elicitors such as exogenous 
elicitors (fungi, bacteria, virus and herbivore infection). 
It is also originated from endogenous elicitors 
(generated in the plant by the action of enzyme of the 
pathogen) [80]. Yeast cell wall, mycelia cell wall, fungal 
cell wall are a complex composition of biotic elicitors. It 
contains a lot of phyto active components which elicitate 
the plant defense responses. Biotic elicitors also have 
defined composition of elicitors which includes 
ergosterol, glycoprotein, β-glucan, N-acetylglucosamine 
oligomers and chitin. Yeast extract is the example of 
biotic elicitors which is used to increase the production 
of tanshinone in Salvia miltiorrhia by ten times [109]. 
Dried cell powder of Phoma species is used for 
elicitation of Inophyllum in the Calophyllum inophyllum 
by 751 times [110]. Cyclodexin is used for the 
elicitation of Aamalicine in Catharanthus roseus by three 
times [111]. Fungi derived cerebroside is used to 
enhance the production of Artimisnin in Artemisia annua 
by 2.6 times [112]. Yeast extract is used to enhance the 
production of isoflavonoids in Pueraria candollei by 4.5 

times [113]. Chitosan is used to enhance production of 
arteminisin in Artemisia annua by six times [114].           
Pectin is used to increase the production of 
Anthocyanins in Vitis Vinifera by 2.5 times [115]. 
Chitosan is used to increase the production of 
isoflavonoids in Puerariavar mirifica by 2.1 times [116], to 
increase the production of Phenylethanoid glycosides in 
Cistanche deserticola by 3.4 times [117], to increase 
Azadirachtin in Azadirachta indica by 2.8 times [118] and 
to increase oleanolic acid in Calendula officinalis by 5 
times [90]. Yeast is used to increase the concentration of 
andrographolide in Andrographis paniculata by 8.82 times 
[119]. Alginate is used to increase concentration of 
Anthocyanins in Vitis vinifera by 2.6 times [115]. 
Aspergillum niger cell wall is used increase hypericin in 
Hypericum perforatum by 4.2 times [120]. Piriformospora 
indica culture filtrate is used to increase Betulinic acid in 
Lantana camara by 7.8 times [121]. Dried powder of 
polyancora globosa and Xylaria species are used to 
increase concentration of Gymnemic acid by 10.7 times 
[122]. The biotic elicitors are further categorized such as 
plant based elicitors, fungal derived elicitors, bacteria 
derived elicitors, animal derived elicitors and algae 
derived elicitors. 

 

 
 

Fig. 2:Classification of Biotic elicitors 
 
2.4.1. Plant based elicitors 
Polysaccharide and cellulose both are the plant based 
elicitors which are mainly present in the cell walls 
(primary) of the plants. Pectin is a type of 

polysaccharide which comes under defined composition 
of biotic elicitors. Pectin is mainly found in the citrus 
fruits. They stimulate the biosynthesis of a lot of 
secondary metabolites in the plant cells [90, 115]. 
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Table 6:Plant based elicitors used for enhancing 
the production in plant cells 

Elicitors Culture Metabolites 
ß-linked 

glucopyranosyl Glycine max Phytoalexins 

α-1,4-
oligogalacturonide 

Glycine max Phytoalexins 

Chitosan N. tobaccum, 
E.califomaica Phytoalexins 

 
Table 7:Effects of proteins for enhancing the 
production of secondary metabolites 

Elicitors Plant species Compounds 

Cellulase Nicotiana 
tabacum 

Phytoalexins [87] 

Yeast cell Eschscholzia 
californica 

Benzophenanthridine 
[128,129] 

Glycoprotein Plantanus 
acerifolia 

Coumarin [130] 

 
2.4.2. Fungal derived elicitor 
Polysaccharide fractions [131], chitosan [132], fungal 
derived protein [133], mycelia homogenate [134] and 

culture filtrate [135] are derived from fungal elicitors 
and they are plant pathogen in nature. Protomyces gravidus 
is a elicitor which is used to enhance three fold of 
thiarubrine in the hair root culture of ambrosia 
artimissiifolia [136]. Trichoderma atroviride D16 is 
isolated from Salvia miltiorrhiza which is used to increase 
the concentration of tanshinone I and tanshinone IIA 
[131]. Mycelium and polysaccharide are used to   
increase the biomass and tanshinones in hair root culture 
of Salviya miltiorrhiza [137]. Dry cell powder of 
Penicillium notatum is used as elicitor for increasing the 
production of betalain in hairy roots of Beta vulgaris by 
2.6 times [138]. Some other elicitors are derived from 
yeast which are used to enhance the production of 
secondary metabolites such as camptothecin [139], 
cardenolide [140], plumbagin [141], scopolamine [142], 
silymarin [143] andrographolide [144], and rosmarinic 
acid [145]. Carbohydrate elicitors are used to               
enhance the phenolic contents (such as rosmarinic acid 
and lithospermic acid B) in the hair root culture of 
Salviya miltiorrhiza by 1.3 and 0.2 times respectively 
[146]. 

 
Table 8:Effect of fungal elicitors for the production of secondary metabolite production 

Elicitors Plant species Compound 
Glomus mosseae Trichoderma harzianum Andrographis paniculata Andrographolide [147] 

Azotobacter, Azospirillum Curcuma longa Curcumin [148] 

Fusarium oxysporum, Botrytis cinerea Hypericum perforatum 
Phenylpropanoid and 

Naphtodianthrone [149] 
Dioscorea deltoidea Rhizopus arrhizus Steroid (Diosgenin) [150] 

Aspergillus niger Ocimum basilicum Rosmarinic acid [151] 
Rhizoctonia solani Hyoscyamus muticus Sesquiterpenes [152] 

Aspergillus niger, Coriolus versicolor, 
Ganoderma lucidum Rhodiola sachalinensis Salidroside [153] 

Verticillium albo-atrum Medicago sativa Phytoalexins [154] 
 

2.4.3. Bacteria derived elicitors 
They are derived from the bacterial cell wall and its 
filtrate of cell homogenate. They are used for the 
production of secondary metabolites in the plant cells 
[155]. Bacteria elicitors are used to enhance the 
concentration of scopolamine in hairy root culture in 
Scopolia parviflora. It occurs by the inhibition the 
expression of hyoscyamine 6b-hydroxylase (H6H). Dry 
cell powder of lactobacillus casei enhances the 
production of betalain in Lactobacillus casei by 1.38 
times. 
 
3. MECHANISM OF ACTION OF ELICITORS 
Each plant cell has Defense response system which is 
capable to produce defense responses against pathogens, 

elicitors or environmental stresses. This defense 
response in plant cell is determined by their genetic 
characteristic and physiological state. In most common 
cases, plant resists to some diseases because it is 
genetically controlled by plant resistance genes and 
pathogen avirulent avirulence (Avr) genes [156]. 
However defenses responses in plant cell is not always 
produced by avirulent avirulence (Avr) genes but it can 
be activated by defense responses in cultivars or elicitors 
responses in major plant species [156]. Initially, elicitors 
or pathogens stimulate the receptors which are present 
in the plasma membrane of the plant cell [157].  
Pathogens or elicitors produce stress in the receptors of 
plasma membrane of the plant cell. So during stress 
some defense molecules gets generated in the plant cells 
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like reactive oxygen species (ROS), reactive nitrogen 
species (RNS), defense-related genes etc. Along  with 
it, changes in plasma membrane potential and 
enhancement of the chlorine anionic ion and potassium 
cationic efflux and calcium cationic influx, rapid changes 
in lipid oxidation, changes in protein phosphorylation, 
structural defense barriers like that reinforcement and 
lignifications deposition in cell wall etc. and activation 

of De-novo biosynthesis of transcription factors also 
occurs which regulates the expression of genes which 
are involved in the secondary metabolites production in 
the plant cell [158-160]. 
 
4. APPLICATIONS OF ELICITORS IN PLANT 

TISSUE CULTURE IN THE VARIOUS FIELDS 
OF RESEARCH [161] 

 

 
 

Fig. 3:general mechanism of action of Elicitors application 
 

 
 

Fig. 4:Application of elicitors in plant tissue culture in various field of researc
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4.1. Effects of elicitors on the elicitation of diffe-
rent phyto-active constituents in the plants 

Chemical elicitors are sprayed on the plants cells for the  

production of target bioactive compounds by the signal 
transduction pathway and expression of genes which 
requires transcription factors [162]. 

 
Table 9:Some chemical constituents enhanced by elicitors 

Phenolic Compounds 
Elicitors Plant Compounds 
Ethephon “Fuji” apples Anthocyanins , and flavonols [163] 
Chitosan Greek oregano Phenolic acids and Flavonoids [164] 

CO2 Strawberry fruits Anthocyanin and Flavonols [165] 
Folin acid  and vitamin C Pea sprouts Total phenolic Compounds  [166] 

NaCl Radish sprouts Total phenolics [167] 
Glucosinolates 

Methyljasmonate Jasmonate Sucrose Brassica Glucosinolates [168] 
Sucrose Broccoli sprouts Total Glucosinolates [169] 

Sucrose and mannitol Broccoli Total Glucosinolates:> 50% [170] 
 
5. CONCLUSION 
Medicinal plants are abundantly available throughout the 
world. Medicinal plants are now more focused than 
ever because they have the capability of producing many 
benefits to society indeed to mankind, especially in the 
line of medicine. Medicinal plants, herbs and spices are 
known to Ayurveda since long time. Medicinal plants 
have wider applications in the field of pharmaceuticals, 
cosmetics, agriculture and food industries. Herbal 
medicines play important role in maintaining human 
health and it also covers a major area of the Indian 
healthcare system. Active phytoconstituents can be used 
in the treatment of different types of diseases because 
they have very few side effects on the body. So it is used 
as the first choice of drug in the treatment of different 
types of dreadful diseases [171]. Herbs are used in 
alternative traditional system of medicines and they are 
the most common source of medicines in different 
countries. Herbs are also used as nutraceuticals, 
cosmeceutical and are also used for enhancing good 
health for facing chronic stress and it is also used to treat 
weakness or illness. Various plant and animal species are 
adversely affected by the various factors, mainly the 
climatic ones. These factors affect the herbs quality and 
yields of active phyto-constituents present in the herbs. 
Some endangered plants are medicinally important 
because they contain a lot of active phytoconstituents. 
Some biotechnological methods are used to enhance 
their productivity and also preserve beneficial effects of 
medicinally important herbs [171]. Biotechnological 
techniques like Plant tissue culture technology are 
majorly used for growing the medicinally active herbs 
which contain some active phytoconstituents which have 

therapeutic value. This can be done by using elicitors, 
precursors, and biotransformation or by changing the 
medium and environmental conditions. Abiotic and 
biotic elicitors play an important role for enhancing the 
active phytoconstituent’s synthesis by different 
biosynthetic pathways in the herbs or plants. They also 
enhance the synthesis of commercially beneficial 
compounds. When any stress is produced in a plant by 
using elicitors then active phytoconstituents are released 
due to triggering of the defense response [172]. Elicitors 
are used for the elicitation of secondary metabolites 
such as alkaloids, flavonoids, tannins, volatile oils, 
glycosides etc. These secondary metabolites activities 
are conformed by their competitiveness, persistence and 
survival [173]. 
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