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Abstract.   Environmental changes have led to cellular adjustment and adaptation in plant growth. External factors have, for 
example, influenced the growth pattern of Gynura procumbens plants and led to production of specific secondary metabolite
 internally for the purpose of differentiation and conditional interaction. These developmental patterns and production of 
metabolites are expressional characteristics of the plant, and so growers can have only a restricted range of movement or limited 
control over their reaction to environmental changes compared to their reaction to human or animal interactions. Even though 
metabolite production is pervasive among the plants, the need to explore abiotic control strategies for regulating the patterns of 
growth of Gynura procumbens as well as their accumulation of metabolites has been shown to be significant in recent studies of 
plant-abiotic interactions.
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INTRODUCTION

Conventional value of Gynura procumbens.  
Traditionally, Malaysia has had an extensive array of 
herbal medicinal plant species and traditional 
medical systems. More than 2,000 medicinal plant species 
have been recorded locally with herbal products forming the 
most important components (Samah et al., 2010; Sekar et 
al., 2014). A review of ethno medical information related 
to medicinal plants in Malaysia produced a list of most
important herbal medicinal plants used for various 
illnesses, including Gynura procumbens (G. procumbens), 
Eurycoma longifolia, Labisia pumila, Ficus deltoidea and 
Zingeber officinale Roscoe. The treatments included 
aphrodisiac, anti-diabetic, anti-microbial, anti-pyretic, 
anti-oxidant, anti-inflammatory, anti-cancer and anti
-diuretic ingredients (Arifullah et al., 2014; Keng et al., 
2009; Sekar et al., 2014).

Modern value of Gynura procumbens.   G. procumbens was 
listed as a high-value herbal plant under the Agricultural 
National Key Economic Area (NKEA) Initiative for Herbal 
Subsector in 2010 (MOA, 2015). 
     Later, the Global Information Hub on Integrated 
Medicine, Malaysia (Globinmed) was also set up in line 
with the significantly increased role of traditional and 

complementary medicine production called for by 
the Malaysian government. The Globinmed has 
promoted the importance of medicinal plants by 
compiling the Malaysian Herbal Monograph (MHM) 
database in order for the interested parties to have a 
point of reference. The corporation also extended the 
initiative up to the South East Asean (ASEAN) region by 
establishing the ASEAN Task Force on Traditional Medicine 
(ATFTM). This step was positive since the interest in using 
and producing products based on herbs, especially 
G. procumbens, was shared by the ASEAN community in 
Thailand, Philippines, Indonesia and Malaysia (Globinmed, 
2015).  
    All this while, the plant was planted and consumed 
domestically as a folk medicine because of their 
medicinal properties, including reported anti-diabetes, 
anti-hypertension and anti-cancer effects (Adnan and 
Othman, 2012; Rahman and Al Asad, 2013). 
Recently, the Economic Transformation Programme (ETP) 



304 AsPac J. Mol. Biol. Biotechnol. Vol. 23 (2), 2015 Abiotic control in Gynura procumbens culture

under the Performance Management & Delivery Unit 
(PEMANDU) at the Prime Minister’s Department has 
projected that the high-value herbal production and trading 
will contribute to the gross national income (GNI) by the 
year 2020 at the level of RM2.2 billion. Consequently, a few 
agrobiotechnology-based companies, namely Biotropics 
Malaysia Berhad, Natureceuticals Sdn. Bhd. and Bioalpha 
International, were chosen to spearhead a project focusing 
on developing and cultivating high-value local herbal plants 
such as Euricoma longifolia, Labisia pumila, Orthosiphon 
stamineus and G. procumbens, which are in high demand 
pertaining to this projection (PEMANDU, 2015).

Valuable phytochemical properties of Gynura 
procumbens.   Conventionally, the plant is used in the 
treatment of various health ailments such as eruptive 
fevers, rash, kidney disease, migraines, constipation, 
blood hypertension reduction, diabetes mellitus, urinary 
infection, and cancer (Adnan and Othman, 2012; 
Dung and Loi, 1991; Hew et al., 2013). However its 
phytochemical properties have not been well studied 
until recently. Several researchers (Bhore et al., 2010, Hoe 
et al., 2011, Hoe et al., 2007, Jarikasem et al., 2013, June 
et al., 2012, Kaewseejan et al., 2015, Kaewseejan et al., 2012, 
Keng et al., 2009 and Lee et al., 2012) have reported positive 
effects of extracts from this plant. Extracts had an enhancing 
effect on glucose uptake in adipocyte cell lines and suggested 
that the anti-diabetic action of this plant might be mediated 
through the stimulation of glucose uptake. Crude ethanolic 
extracts showed anti-inflammatory properties, and steroids 
might be one class of anti-inflammatory compounds found 
in this species. The leaf extracts significantly suppressed 
elevated serum glucose levels (anti-hyperglycemia) and 
reduced serum cholesterol and triglyceride levels in 
diabetic patients (anti-hyperlipidaemic). The n-butanol 
extracts of this plant could reduce the blood glucose 
levels in type-2 diabetes. Two compounds, 3,5-di-O
-caffeoylquinic acid and 4,5-di-O-caffeoylquinic acid, 
identified from this plant, were found to inhibit the 
replication of virus particles through anti-herpes simplex 
virus, anti-proliferative on human mesangial cell, anti
-oxidative and anti-ulcerogenic properties. 
Kaempferol-3-O-rutinoside and astragalin contained 
potential anti-oxidant components. Finally, polyphenolic 
flavonoid compounds with potential beneficial effects with 
anti-allergic, anti-platelet, anti-viral, anti-inflammatory, 
anti-tumor, and anti-oxidant activities.
      The benefits of G. procumbens have also been 
supported by studies that have shown isolation and 
identification of several possible active chemical constituents 
such as phenolic, flavonoid, saponin, sterol glycoside tannin 
and terpenoid compounds, including proteins from the leaf 
extract (Afandi et al., 2014; Arulselvan et al., 2014; Hew and 
Gam, 2010; 2011; Iskander et al., 2002; Liew et al., 2012).

Value projection.   The use of herbal medicinal plants 
and their related natural products has become increasingly 
important worldwide over the past two decades. As stated 
by Bhore and Vaishana (2010), global trade of natural plant 
products is projected to triple by the year 2020, with the 
herbal medicine market expected to grow by 10 to 30%. On 
the domestic front, the herbal industry of Malaysia was also 
estimated to grow at the rate of 15% annually; the market 
value was projected to rise from RM7 billion in 2010 to 
almost RM29 billion in 2020 (Ahmad and Othman, 2009).
     On top of that, according to the World Health 
Organization (WHO), almost 80% of the populations 
living in developing countries including Malaysia are still 
using traditional medicines derived from plants for their 
primary health care needs (Bodeker et al., 1997). At present, 
despite the necessity of synthetic drugs and antibiotics 
for some medical practices, a leading contribution to the 
pharmaceutical industries is still provided by plants (Parvin, 
2014). As the production of these products requires a 
greater mass of natural ingredients compared with those from 
artificial chemical bases, the demand for alternative bases 
derived mainly from quality medicinal plant production is 
growing significantly (Briskin, 2000). The importance of 
producing high quality resource materials is thus great, and 
the study of abiotic control of G. procumbens  growth for 
the purpose of establishing a good agricultural protocol to 
produce better and sustainable yield of the plants is timely.
     G. procumbens is also important for study, since their 
phytochemical and ethnobotanical importance are projected 
to be highly valuable (Curtiss, 2013; Hassan et al., 2010; 
Hassan et al., 2008; Keng et al., 2009; Puangpronpitag 
et al., 2010; Whysall, 2013). On the other hand, the plants 
are manifestly open to simple cultivation by potential 
farmers and producers (Bhore and Vaishana, 2010; Pallez 
and Dole, 2001).

THE NEED FOR FURTHER INVESTIGATION

     G. procumbens extract has been shown to possess 
certain pharmacological activities such as anti-oxidant, anti
-cancer, anti-diabetic, anti-hypertensive and hepatoprotective 
properties and it can lower the occurrence of chromosomal 
aberration (Gracilla and Bagunu, 2014; Liu et al., 2010; 
Rahman and Al Asad, 2013; Sekar et al., 2014; Shwter 
et al., 2014). Thus, this plant has exhibited similar or 
possibly greater value than other common herbal 
medicinal plants used to derive medicinal products, such as 
Clinachantus sp., Ficus sp., Morinda sp., Orthosiphon sp. and 
Zingiber sp. On top of that, if the mode of cultivation of 
G. procumbens is less critical, which will then translate into 
lower planting and production costs, making this plant a 
promising asset to the Malaysian herbal medicinal industry. 
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     However, the common problems experienced by the 
herbal planter include watering effectiveness and nutrient 
application. Watering ineffectiveness may cause rotting roots, 
so the capability of plants to imbibe available nutrients from 
the growth media will be inefficient. Meanwhile, imbalance 
in nutrient supply may cause imperfect cell division and 
differentiation; thus, the metabolic rate will be disrupted 
and could result in senescence and abscission of leaves and 
lead to dying plants (Bhore and Vaishana, 2010; Keng et al., 
2009; Pallez and Dole, 2001; Parvin, 2014; Thomas, 2013).
    The local entrepreneur or herbal planter venturing into 
cultivating this plant, due to its promise and validation from 
published reports, could trade products such as exported 
plantlets, drink-tea, edible ornamental plants, or processed 
pharmaceutical products such as supplements pills and 
capsules or even potentially dietary supplements. 
Maximising the effects of mixed fermented medicinal plants 
(FMP) and antibiotic growth promoter (AGP) on growth 
performance in broilers definitely requires elite planting 
materials to produce healthy plant structures rich in 
valuable compounds (Jeong and Kim, 2015; Keng 
et al., 2009). It is therefore important to investigate 
environmental factors affecting plant material yield in 
G. procumbens in order to produce an effective growth and 
secondary metabolite production. Therefore, studies to 
explore the effects of factors on plant growth and 
secondary metabolite production, and to define the 
relationships between plant growth and secondary 
metabolite production, are important.     

THE RESOURCE AVAILABILITY HYPOTHESIS

     Many studies have given attention to establish the 
theories of primary physiological processes that are unique 
to plants such as photosynthesis and morphology to 
describe such theories in terms of their effectiveness (Hunt, 
2003). However, refining the theory of interaction which 
diverts the environmental and secondary metabolites that 
are responsible for plant growth pattern and secondary 
metabolite production is expected to provide greater 
insight into understanding the total mechanism across the 
whole plant. In particular, generalizations derived from this 
understanding of mechanisms in natural systems would 
provide immediate applications to alter patterns of 
agriculturally controlled cultivation for the desired growth 
and metabolite production in plants. Therefore further 
study would enable us to extend the findings for specific 
factor(s) for maximizing G. procumbens yields through 
suitable manipulation.
   Therefore several hypotheses, such as Carbon: 
Nutrient Balance (CNB), Growth Rate (GR), Growth
-Differentiation Balance (GDB) and Optimal Defense (OD) 
(see Table 1), have specifically served as frameworks for 
investigating the ideas and theories pertaining to 
patterns of growth and metabolite production against 
environmental changes in plant (Fonseca et al., 2006; 
Ramakrisna and Ravishankar, 2011). The predictions, 
tests and analysis of these hypotheses have somehow led to 

Hypotheses Principal contribution

CNB Served as an investigation of how resources affect phenotypic expression of plant 
growth and metabolite production, in studies concerned with allocation cost of 
formation and secretion

GR Explained how the intrinsic growth rate of plants formed evolutionarily by resource 
availability affects metabolite production patterns.

GDB Recognized the constant physiological trade-off between growth and 
differentiation at the cellular and tissue levels relative to the selective pressures of resource 
availability, including plant potential expression by the environment

OD Functioned as the main framework for investigation of genotypic expression of 
plant defense, with the emphasis on allocation cost of metabolite-defense.

Table 1. Theories in plant evolutionary ecology.
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significant perplexity about the growth, development and 
metabolite production theory of plant systems (Fonseca 
et al., 2006; Szakiel, et al., 2011; Yazaki, 2005).
     On top of that, variation in growth and secondary 
metabolite content of herbal medicinal plants can 
also arise due to environmental and genetic variables 
(Chaffai et al., 2007). Moreover, the concept of phenotypic 
plasticity preceding genetic variation is also responsible 
for considerable variation in plant growth patterns and 
secondary metabolite production (Abrahamson et al., 
1988; Geelen et al., 1976). The fact that both sources of 
variation are similar in magnitude is relevant to studies of 
herbal medicinal plant growth and secondary metabolite 
accumulation. Meanwhile, most of the studies looking at 
quantitative manipulated genotypes or the environment 
have been conducted deliberately to measure the response 
of plant growth and chemistry, but the environmental 
manipulations have not always controlled for genotype 
and vice versa (Yazaki, 2005). Interesting generalizations 
may emerge from this synthesis of environmental 
variation to external growth arrangement as well as internal 
metabolite secretion.
      Thus, since the growth form and secondary 
metabolite production are important in modifying a 
plant’s interaction and reaction to the environment, there 
is a need to conduct studies to examine the mechanism of 
variation in these parameters (Geelen et al., 1976; Satoh and 
Flores, 1990). Previously, studies on secondary metabolite 
production were often linked to questions of the efficacies 
of plant growth and hypotheses about their evolution in 
different plant development conditions. Hence, future study 
should include a series of analyses to examine the impact 
of environmental variation in determining the quality of 
growth pattern and secondary metabolite properties of the 
plants.
  This is because, hypothetically, environments 
affect plant growth arrangement and secondary metabolite 
production, supporting continued study of the CNB 
and GDB hypotheses (Kennelly et al., 2012). In addition, 
herbaceous plants are more influenced and susceptible to 
the environmental variation compared to woody plants, by 
genetic variation (Ramakrisna and Ravishankar, 2011). 
Ironically, plant growth and secondary metabolite 
production in agricultural cultivation and natural 
habitats have shown similar responses to manipulations 
as plants in laboratory, greenhouse or field studies (Satoh 
& Flores, 1990). Hence, study into growth pattern and 

secondary metabolite production should reveal an effective 
controlled strategy for a plant in abiotic mutualisms with the 
environments.

DEVELOPMENT OF A STUDY DESIGN

  Pertaining to the above mentioned hypotheses, 
a study incorporating the elements of water and 
nitrogen and potassium fertilizer would serve to determine the 
possible influential environmental factors on yield 
and phytochemical content of G. procumbens. These 
elements represent the CNB hypothesis which explains how 
resources affect phenotypic expression of plant growth and 
secondary metabolite production (Fonseca et al., 2006). 
     The idea was supported by the fact that post-mitotic 
expansion during the cell cycle processes in plants is 
largely driven by water. This eventually affects growth 
and is a scalable property, from populations of cells, to 
phytomers, to individuals, and to the whole biomass (Thomas, 
2013). Consequently, the supply of water will determine the
developmental quality of the plants.  On top of that, 
it is well established that an adequate nutrient supply, 
especially nitrogen and potassium, are required for optimal 
plant growth. If the nutrient is taken up beyond the required 
concentration it offers no further advantage for growth 
(Kennelly et al., 2012). However, less is known about the 
response which leads to the occurrence of plant secondary 
metabolite production. Rationally, with a limited amount 
of nutrients available in the environment, plant growth 
and secondary metabolite production may compete for the 
nutrient, and a trade-off between plant growth and 
secondary metabolite accumulation will occur (Boroomand 
and Grouh, 2012; Szakiel, 2011). It is likely that proper 
manipulation of water, nitrogen and potassium 
availability may result in well-balanced distribution between 
plant growth and secondary metabolite production. Thus, the 
occurrence will provide a promising way to increase plant yield. 
Consequently, there will be an effect of nitrogen and 
potassium availability on plant growth and secondary 
metabolite production.
      A clearer understanding of these hypotheses will 
facilitate further development of a well-designed study to 
address the gaps in understanding about the herbaceous plant 
mechanisms related to growth quality, metabolite 
production and environmental variation.
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ABIOTIC FACTORS: WATER, NITROGEN AND 
POTASSIUM FERTILIZER

     Water is crucial for plants’ productivity and quality. 
However, water requirements differ according to the plant’s 
variety and growth media type (Mráz et al., 2014), and 
total water requirement includes the water the plants use and 
also the losses due to evapotranspiration, water application, 
land preparation, and leaching processes during the growth 
period (Mbagwu and Osuigwe, 1985; Smith et al., 1993).
  Meanwhile, nitrogen (N) is classified as a 
macronutrient, required for plant cell development and 
necessary for all proteins, enzymes and metabolic processes 
involved in the synthesis and transfer of energy (Kennelly 
et al., 2012). Relatively large amounts of N are absorbed 
from growth media. Apart from that, N is also part of
chlorophyll, the green pigment of the plant which is 
responsible for photosynthesis reactions. An abundant 
source of N helps plants with rapid growth, increasing seed 
and fruit production and improving the quality of leaf and 
forage crops (MacAdam et al., 1989; Pradnyawan 
et al., 2005).  Ordinarily, N comes from fertilizer 
application and from the air.
      In addition, potassium (K) is an essential nutrient for 
plant growth. Since large amounts of K are absorbed from 
the root zone in the production of most agronomic crops, it 
is also classified as a macronutrient (Kennelly et al., 2012). 
This nutrient is absorbed by plants in larger amounts than 
any other mineral element except N, and, in some cases, 
calcium (Ca). Potassium is associated with movement of 
water, nutrients, and carbohydrates in plant tissue. If K is 
deficient or not supplied in adequate amounts, the plant 
growth is stunted and yields are reduced. Availability of K 
helps in the protein building, photosynthesis, fruit quality 
and reduction of diseases (Ibrahim et al., 2012; Rehm and 
Schmitt, 2002). This nutrient is important and supplied 
to plants by growth media minerals, organic materials and 
fertilizer.

Effects of watering, nitrogen and potassium 
fertilization on growth and development.  Negative 
watering effects can be classified into deficiency and 
excessive statuses. Generally, low water status (LW) in 
plants can occur either as a short-term (STD) or prolonged 
deficiency (PD). An STD might result in minor effects on 
the plant such as wilted leaves or shoots. These symptoms 
may be temporary, for example they can occur during the 
warmest part of the day when transpiration rates are high. 
Once the environmental stresses are relieved, the symptoms 
of LW may disappear (Mbagwu and Osuigwe, 1985; Santo 
et al., 1999). In contrast, during PD, the damage sustained 
by plants may be severe. Plants may grow slowly or not at 
all, young leaves may not fully expand, or foliage may not 
grow as colourful as foliage developing when the plant is not 

under LW. In severe cases, burning or marginal leaf necrosis 
can also occur. 
       Meanwhile, excessive soil moisture (ESM) can result 
in reduced oxygen (O2) availability to the roots. Therefore, 
a primary symptom of ESM is plant wilt. On top of that, 
ESM can also manifest as acute (AWE) or prolonged (PWE) 
water excess. During AWE, roots are subjected to low O2 
status, and cell weakening and/or death occurs. Symptoms 
include discolored and/or water-soaked and mushy roots. 
Under these conditions, roots can become weakened and 
predisposed to invasion by pathogens. The AWE effects 
also predispose plants to root diseases caused by certain 
pathogens that have flagella and are able to swim 
towards host roots. In contrary, PWE may result in plants
becoming stunted and with underdeveloped shoots. In 
severe cases, bleeding cankers on stems can also occur. 
Adventitious roots may form at the root crown. Bark 
can split and wood may become water-soaked and 
discolored. Edema or corky, blister-like swelling can occur on
the underside of leaves on plants growing in waterlogged 
soils. Edema can be worse during cloudy, overcast periods 
(Mbagwu and Osuigwe, 1985).
    Deficiency in N is a major limitation for non
-leguminous agricultural plants such as herbal crops because 
N is quickly leached out of the soil once it is converted into 
NO3- by soil microbes. Usually, plants can absorb N in 
two ionic forms, NO3- and NH4-. Therefore, the use of N 
fertilizer is higher than any other single macro- or 
micronutrient (Walker et al., 2001). Nitrogen is important 
for the production of chlorophyll, the pigment that makes 
plant tissues green. Deficiency in N typically has a pale 
yellow colour (chlorosis) as a result of reduced chlorophyll 
production (Fonseca et al., 2006; Szakiel, et al., 2011). 
Nitrogen is also vital for many other plant physiological 
processes as a component of proteins synthesis. Thus, plants 
which are deficient in N may also appear stunted and display 
poor vigour.
      Deficiency in K arises in the older leaves of the plant, 
and the nutrient is predominantly important in certain 
fruit production systems for its role in fruit quality. This 
nutrient plays a major role in cellular signaling and growth 
regulation in plants. It also functions in other 
processes such as photosynthesis (Armstrong, 1998). Other 
symptoms of K deficiency include necrosis on leaf margins, 
leaf curling and browning, and interveinal chlorosis, and 
plants which are deficient in K can also be prone to frost 
damage as well as certain diseases (Rehm and Schmitt, 2002). 
Usually, K is found in large quantities throughout the growth 
media and especially in soil. However, due to the effect of 
weathering, including temperature, moisture, and oxygen 
availability, growth media K levels may vary significantly 
as K availability is reduced by the presence of competing 
cations such as Ca2+ and NH4+ (Gaj et al., 2013). 
Potassium can also be readily leached from sandy growth 
media but can be applied in conventional fertilizers or with 
rock phosphate.
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Effects of watering, nitrogen and potassium 
fertilization on cellular differentiation.   A decrease in 
soil water potential due to drought will decrease the rate of 
leaf expansion, whereas the roots and stems are much less 
affected. If the root water potential decreases suddenly, the 
response of leaf expansion is so rapid and large that it must 
be due to a change in the rate of expansion of existing cells, 
rather than to a change in the rate of production of new 
cells. However, when plants have grown for some time in 
soils of low water potential, smaller leaves with fewer cells 
are formed (Schuppler et al., 1998). These observations 
suggest that reduced cell formation during water stress may 
limit final leaf size.
    Therefore, further studies should be conducted to 
investigate the anatomical basis for the altered growth 
patterns seen in response to water stress. It is well 
known that roots growing under conditions of severe 
water stress exhibit much slower root extension rate than 
that seen in well-watered plants (Smith et al., 1993). A 
significantly shorter growth zone has also been seen in 
these slower growing roots. The cellular growth patterns 
underlying these phenomena have not been well 
understood to date. It is not known whether the cell length 
profile over the growth zone of water-stressed roots resembles 
that of well-watered roots; cells merely stop growing sooner. If 
water deficit changes cell division rates as well as growth 
rates, then a more complicated pattern of cell lengths would 
occur (Fraser et al., 1990; Mbagwu and Osuigwe, 1985).
      Differentiation and growth of plant tissue is also 
primarily dependent on the composition and 
availability of nutrients in the growth medium, and 
especially on appropriate relative concentrations of 
hormones (Boroomand and Grouh, 2012). Therefore, the 
interaction of polyamines, plant hormones and growth 
in plant tissues seems to be more obvious than for other 
cellular growth requirements. Among the nutrients which 
affect the quality of herbal medicinal plants, N is most often 
indicated, and the application of high amounts of N results 
in high yields with better tissue growth and development 
(Khalid, 2012; MacAdam et al., 1989). The findings of this 
proposed study will facilitate the evaluation of concomitant 
physiological processes, such as macronutrient metabolism 
in herbal medicinal plants.
      However, the influence of K is another collective 
function played by nutrients in mitigating negative 
effects of abiotic stresses during the plant’s growth. Plants 
provided with sufficient amounts of K are less vulnerable 
to water deficiency, low temperatures and pathogen attacks 
(Ibrahim et al., 2012). Potassium yield-stimulating 
functions are different, influencing differentiation and 
growth of plant organs during the vegetation period 
(Lu et al., 2012). This mineral element also shapes N 
management in high-yield cultivation. Since K is an 
indispensable component during the main stages of protein 
biosynthesis, therefore, its deficiency leads to a decrease of 
protein amount produced by a plant, and this effect occurs 
regardless of the N nutrition level and accumulation of non

-protein N (Gaj et al., 2013 and Mudau et al., 2005). 
Furthermore, K deficiency impedes N uptake and, as a 
result, the growth of the leaf assimilation surface, and 
reduces the uptake and transport of nitrates in plants. Many 
researchers have undertaken to evaluate the effects of K 
concentration on plant yields, but until now information 
on yield quality traits has been scarce, and mostly lacking 
in consistent data concerning the influence of K fertiliza-
tion level on cultivated plants. In order to enhance this 
knowledge, a study should be conducted to determine the 
influence of differentiated fertilization with K on herbal 
medicinal plant yield and secondary metabolite production 
(Abdelaziz et al., 2007).

Effects of watering, nitrogen and potassium 
fertilization on secondary metabolite Production.   
Plants have evolved while constantly adapting to 
environmental stresses. They have adapted through their 
morphology, physiology and biochemistry. There has been 
recent increased interest in understanding the mechanisms 
of adaptation of plants to their adverse ecosystems. These 
adaptations may include both primary and secondary 
metabolism production (Dunford and Vazquez, 
2005). Plants have evolved a wide range of secondary 
metabolites that prevent damage by herbivores, pathogens and 
competing species, attract pollinators, and protect them 
from abiotic stresses such as water and nutrient deficits. 
Advances in understanding the influences of the 
environment in the regulation of such compounds may 
lead to their advantageous manipulation in plants. The 
stresses already proven to alter the secondary metabolite 
accumulation include water deficit, nutritional deficiency, 
temperature extremes, insect and pathogen attacks, and 
mechanical damage (Jaafar et al., 2012; Marchese et al., 
2010).
  Usually, when conditions and resources are 
favourable, the priority of a plant is growth and development, 
decreasing the availability of carbon (C) to support secondary 
metabolism. However, when conditions and resources 
for growth and development are scarce, photosynthesis 
and growth are affected, but C at low levels can still be 
directed to support vital plant functions leading to a 
decrease in the production of secondary metabolites (Marchese 
et al., 2010). Thus, factors that limit growth more than 
photosynthesis, such as moderate water-deficit, low 
temperatures, and moderate nutrient deficiency, can 
actually increase the C pool allocated to secondary 
metabolism, with little or no competition with growth 
and development (Smith et al., 1993). Consequently, 
quantitative variations on secondary metabolism are 
directly linked to variations in the plant growth rate. 
Usually, limited availability of water has a negative effect on 
plant growth and development. However, a moderate water 
deficit has sometimes proved beneficial for the accumulation of 
biologically-active compounds in medicinal and aromatic 
plants. According to Gershenzon (1984), in herbaceous 
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plants and shrubs terpenes tend to increase under stress, 
particularly under moderate water deficit.
   Accumulation of secondary metabolites often 
occurs in plants subjected to stresses including various 
elicitors or signaling molecules such as salicylic acid, 
jasmonic acid, or their derivatives (Ibrahim et al., 2011). The 
production of these compounds is often low (less than 1% 
by dry weight) and depends greatly on the physiological and 
developmental stage of the plant (Ibrahim et al., 2013). Several 
researchers have applied various elicitors for enhancement of 
secondary metabolite production in plant cell, tissue and 
organ (Hendawy and Khalid, 2011).
      Meanwhile, environmental stresses such as pathogen 
attack, UV radiation, intense light, wounding, temperature 
or nutrient deficiencies often increase the accumulation 
of secondary metabolites, for instance phenylpropanoids. 
Nutrient stress, for example, has a marked effect on 
phenolic levels in plant tissues including G. procumbens, a 
phenolic-enriched plant (Akowuah et al., 2009). This is 
because the concentrations of various secondary plant 
products are strongly dependent on the growing conditions 
and have impact on the metabolic pathways responsible 
for the accumulation of the related natural products (Li, 
2002). For example, deficiencies in N directly influence the 
accumulation of phenylpropanoids, and K deficiency is also 
reported to increase phenolic concentrations (Astuti et al., 
2012; Fonseca et al., 2006; Ramakrisna and Ravishankar, 
2011).

ACKNOWLEDGEMENTS

The authors thank the Ministry of Education, Malaysia, 
Universiti Malaysia Sarawak, Sarawak, for financial support 
of Mohamad Fhaizal Mohamad Bukhori, and Universiti 
Putra Malaysia, Selangor.

REFERENCES

 
Abdelaziz, M., Pokluda, R. and Abdelwahab, M. (2007).
 Influence of Compost, Microorganisms and NPK 
 Fertilizer upon Growth, Chemical Composition and 
 Essential Oil Production of Rosmarinus officinalis L. 

Notes of Botany, Horticulture and Agrobotany, 35(1): 
 86-90.

Abrahamson, W.G., Anderson, S.S. and McCrea, K.D. 
(1988). Effects of manipulation of plant carbon/

 nutrient balance on tall goldenrod resistance to a gall 
making herbivore.  Oecologia, 77:302–306.

Adnan, N. and Othman, N. (2012). The Relationship 
 between Plants and the Malay Culture. Procedia-Social 

and Behavioral Sciences, 42: 231-241.

Afandi, A., Zulkiffli, M.H., Sadikun, A. and Ismail, S. 
(2014). Antioxidant Properties of Gynura procumbens 
Extracts and Their Inhibitory Effects on Two Major 
Human Recombinant Cytochrome P450S Using a 
High Throughput Luminescence Assay. Asian Journal of 
Pharmaceutical and Clinical Research, 7(5): 36-41.

Ahmad, S. and Othman, N. (2013). Strategic Planning, 
 Issues, Prospects and the Future of the Malaysian 
 Herbal Industry. International Journal of Academic 
 Research in Accounting, Finance and Management 
 Sciences, 3(4): 91-102.

Akowuah, G.A., Mariam, A. and Chin, J.H. (2009). The 
effect of extraction temperature on total phenols 
and antioxidant activity of Gynura procumbens leaf. 

 Pharmacognosy Magazine, 5(17): 81-85.

Akowuah, G.A., Sadikun, A. and Mariam, A. (2008). 
 Flavonoid Identification and Hypoglycaemic 
 Studies of the Butanol Fraction from Gynura procumbens. 
 Pharmaceutical Biology, 40(6): 405-410.

Armstrong, D.L. (1998). Better Crops with Plant Food. 
Georgia: Potash & Phosphate Institute.

Arulselvan, P., Ghofar, H.A.A., Karthivashan, G., Halim, 
M.F.A., Ghafar, M.S.A. and Fakurazi, S. (2014). 

 Antidiabetic therapeutics from natural source: A 
 systematic review. Biomedicine & Preventive Nutrition, 

4: 607-617. 

Astuti, I.R., Rogomulyo, R. and Muhartini, S. (2012). 
Plant Growth and Tuber Yield of Daun Dewa (Gynura 
procumbens Back.) on Different Light Intensity and leaf 
Trimming. Vegetalika, 1(4): 1-7.

Arifullah, M., Vikram, P., Chiruvella, K.K., Shaik, 
M.M. and Ripain, I.H.A. (2014). A Review on 

 Malaysian Plants Used for Screening of Antimicrobial 
 Activity. Annual Research & Review in Biology, 4(13): 
 2088-2132.

Bhore, S.J., Nithya, R. and Loh, C.Y. (2010). 
 Screening of endophytic bacteria isolated from leaves of 
 Sambung Nyawa [Gynura procumbens (Lour.) Merr.] for 
 cytokinin-like compounds. Bioinformation, 5(5): 
 191-197.



310 AsPac J. Mol. Biol. Biotechnol. Vol. 23 (2), 2015 Abiotic control in Gynura procumbens culture

Bhore, S.J. and Vaishana, K. (2010). Comparison of 
Three Plant Tissue Culture Media for Efficient 

 Micropropagation of an Important Tropical 
 Medicinal Plant, Gynura procumbens (Lour) Merr. 

American-Eurasian Journal of Agriculture and 
 Environmental Science, 8(4): 474-481.

Bodeker, G., Bhat, K.K.S., Burley, J. and Vantomme, P. 
(1997). Non-Wood Forest Products 11: Medicinal 
plants for forest conservation and health care. Food and 
Agriculture Organization of the United Nations.

Boroomand, N. and Grouh, M.S.H. (2012). 
 Macroelements nutrition (NPK) of medicinal plants: 

A review. Journal of Medicinal Plants Research, 6(12): 
2249-2255. 

Briskin, D.P. (2000). Medicinal Plants and Phytomedicines. 
Linking Plant Biochemistry and Physiology to Human 
Health. Plant Physiology, 124: 507-514.

Chaffai, M., Serra, P., Gandía, M., Hernández, C. and Vila, 
N.D. (2007). Molecular characterization of CEVd 
strains that induce different phenotypes in Gynura 

 aurantiaca: structure-pathogenicity relationship. 
 Archives of Virology, 152: 1283-1294.

Curtiss, A. New research on anti-cancer, blood 
 pressure-powering plant. Retrieved Aug, 2013, from 

http://www.naturalnews.com/041617_cancer_blood_
pressure_natural_medicine.html.

Dunford, N.T and Vazquez, R.S. (2005). Effect of 
 water stress on plant growth and thymol and carvacrol 
 concentrations in Mexican oregano grown under 
 controlled conditions. Journal of Applied Horticulture, 

7(1): 20-22.

Dung, N.X. and Loi, D.T. (1991). Selection of traditional 
medicines for study. Journal of Ethnopharmacology, 32: 
57-70.

Fonseca, J.M, Rushing, J.W., Rajapakse, N.C., 
 Thomas, R.L. and Riley, M.B. (2006). Potential 
 Implications of Medicinal Plants Production in Controlled 
 Environments: The case of Feverfew (Tanacetum 
 parthenium). Horticultural Science, 41(3): 531-535.

Fraser, T.E., Silk, W.K. and Rost, T.L. (1990). Effects of Low 
Water Potential on Cortical Cell Length in Growing 
Regions of Maize Roots. Plant Physiology, 93: 648-651.

Gaj, R., Górski, D. and Przybyl, J. (2013). Effect of 
 Differentiated Phosporus and Potassium 
 Fertilization on Winter Wheat Yield and Quality. 
 Journal of Elements, 55-67.

Geelen, J.L.M.C., Weathers, L.G. and Semancik, J.S. 
(1976). Properties of RNA polymerases of Healthy and 
Citrus Exocortis Viroid-Infected Gynura aurantiaca 
DC. Virology, 69: 539-546.

Gershenzon, J. (1984). Phytochemical Adaptations to Stress, 
Recent Advance in Phytochemistry. In Timmermann, 
B.N., Steelink, C. and Loewus, F.A. (18th Ed.), Changes 
in the levels of plant secondary metabolites under water 
and nutrient stress (pp. 273-320). New York: Plenum.

Globinmed (Global Information Hub on Integrated 
Medicine), Malaysia, Medicinal Herbs & Plant 

 Database. Retrieved Feb, 2015, from http://www.
globinmed.com/index.php?option=com_conte
nt&view=category&id=246&Itemid=139.html.

Gracilla, D.E. and Bagunu, J.V. (2014). Radiation 
 Cytogenetic Studies on Philippine Ashitaba (Gynura 

nepalensis DC). International Journal of Sciences: Basic 
and Applied Research, 17(1): 1-10.

Hassan, Z., Yam, M.F., Ahmad, M. and Yusof, A.P.M. 
(2010). Antidiabetic Properties and Mechanism of 

 Action of Gynura procumbens Water Extract in 
 Streptozotocin-Induced Diabetic Rats. Molecules, 15: 

9008-9023.

Hassan, Z., Ahmad, M., Yusof, A.P.M., Naidu, S.R., 
 Kumar, G.S. and Umachigi, S.P. (2008). 
 Hypoglycaemic Effects of Aqueous Extract of Gynura 

procumbens. Pharmacologyonline, 1: 30-50. 

Hendawy, S.F. and Khalid, K.A. (2011). Effect of 
 Chemical and Organic Fertilizers on Yield and 
 Essential Oil of Chamomile Flower Heads. Medicinal 
 and Aromatic Plant Science and Biotechnology, 5(1): 
 43-48.

Hew, C.S. and Gam, L.H. (2010). The 
 Identification of High Abundant Proteins in the Leaves of 
 Gynura procumbens. Biotechnology and Biotechnological 
 Equipment, 24(4): 2132-2136. 

Hew, C.S. and Gam, L.H. (2011). Proteome 
 Analysis of Abundant Proteins Extracted from the Leaf of 
 Gynura procumbens (Lour.) Merr. Applied Biochemistry 
 and Biotechnology, 165: 1577-1586.



311AsPac J. Mol. Biol. Biotechnol. Vol. 23 (2), 2015 Abiotic control in Gynura procumbens culture

Hew, C.S., Khoo, B.Y. and Gam, L.H. (2013). The 
 Anti-Cancer Property of Proteins Extracted from 
 Gynura procumbens (Lour.) Merr. PLOS ONE, 8(7): 

1-10.

Hoe, S.Z., Kamaruddin, M.Y. and Lam, S.K. (2007). 
 Inhibition of Angiotensin-Converting Enzyme Activity 

by a Partially Purified Fraction of Gynura procumbens 
in Spontaneously Hypertensive Rats. Medical Principles 
and Practice, 16: 203-208.

Hoe, S.Z., Lee, C.N., Mok, S.L., Kamaruddin, M.Y. and 
Lam, S.K. (2011). Gynura procumbens Merr. decreases 
blood pressure in rats by vasodilation via inhabitation 
of calcium channels. Clinics, 66(1): 143-150.

Hunt, R. (2003). Encyclopedia of applied plant sciences. 
In Thomas, B., Murphy, D.J. and Murray, D. (Ed.), 
Growth Analysis, Individual Plants (pp. 588-596). 
London: Academic Press.

Ibrahim, M.H., Jaafar, H.Z.E., Karimi, E. and 
 Ghasemzadeh A. (2012). Primary, Secondary 
 Metabolites, Photosynthetic Capacity and 
 Antioxidant Activity of the Malaysian Herb Kacip 
 Fatimah (Labisia pumila Benth) Exposed to Potassium 
 Fertilization under Greenhouse Conditions. 
 International Journal of Molecular Sciences, 13: 
 15321-15342.

Ibrahim, M.H., Jaafar, H.Z.E., Karimi, E. and 
 Ghasemzadeh A. (2013). Impact of Organic and 
 Inorganic Fertilizers Application on the 
 Phytochemical and Antioxidant Activity of Kacip 
 Fatimah (Labisia pumila Benth). Molecules, 18: 
 10973-10988.

Ibrahim, M.H., Jaafar, H.Z.E., Rahmat, A. and Rahman, 
Z.A. (2011). Effects of Nitrogen Fertilization on 

 Synthesis of Primary and Secondary Metabolites in 
Three Varieties of Kacip Fatimah (Labisia pumila 
Blume). International Journal of Molecular Sciences, 12: 
5238-5254.

Iskander, M.N., Song, Y., Coupar, I.M. and 
 Jiratchariyakul, W. (2002). Antiinflammatory screening 

of the medicinal plant Gynura procumbens. Plant Foods 
for Human Nutrition, 57: 233-244.

Jaafar, H.Z.E., Ibrahim, M.H. and Fakri, N.F.M. (2012). 
Impact of Soil Field Water Capacity on Secondary 

 Metabolites, Phenylalanine Ammonia-lyase (PAL), 
maliondialdehyde (MDA) and Photosynthetic 

 Response of Malaysian Kacip Fatimah (Labisia pumila 
Benth). Molecules, 17: 7305-7322. 

Jarikasem, S., Charuwichitratana, S., Siritantikorn, S., 
Chantratita, W., Iskander, M., Frahm, A.W. and 

 Jiratchariyakul, W. (2013). Antiherpetic Effects of 
Gynura procumbens. Evidence-Based Complementary 
and Alternative Medicine, 1-10.

Jeong, J.K. and Kim, I.H. (2015). Effect of Fermented 
Medicinal Plants (Gynura procumbens, Rehmannia 

 glutinosa, Scutellaria baicalensis) as Alternative 
 Performance Enhancers in Broilers. Japan Poultry 
 Science Association, 52: 119-126. 

June, C.C., Wen, L.H., Sani, H.A., Latip, J., Gansau, 
J.L., Chin, L.P., Embi, N. and Sidek, H.M. (2012). 

 Hypoglycemic Effects of Gynura procumbens 
 Fractions on Streptozotocin-induced Diabetic Rats 

involved Phosphorylation of GSK3b(Ser-9) in Liver. 
Sains Malaysiana, 41(8): 969-975.

Kaewseejan, N., Puangpronpitang, D. and Nakornriab, M. 
(2012). Evaluation of Phytochemical Composition and 
Antibacterial property of Gynura procumbens Extract. 
Asian Journal of Plant Sciences, 11(2): 77-82.

Kaewseejan, N., Sutthikhum, V. and Siriamornpun, S. 
(2015). Potential of Gynura procumbens leaves as 
source of flavonoid-enriched fractions with enhanced 

 antioxidant capacity. Journal of Functional Foods, 12: 
120-128.

 (MOA) Kementerian Pertanian Malaysia. Usahawan: 
 Industri Herba. Retrieved Apr, 2015, from http://www.

moa.gov.my/web/guest/industri-herba.html.

Keng, C.L., Yee, L.S. and Pin, P.L. (2009). 
 Micropropagation of Gynura procumbens (Lour.) Merr. 

an important medicinal plant. Journal of Medicinal 
Plants Research. 3(3): 105-111.

Kennelly, M., O’Mara, J., Rivard, C., Miller, G.L. and 
Smith, D. (2012). Introduction to Abiotic Disorders in 
Plants. The Plant Health Instructor, 1-19.

Khalid, K.A. (2006). Influence of water stress on growth, 
essential oil, and chemical composition of herbs 

 (Ocimum sp.). International Agrophysics, 20: 289-296.

Khalid, K.A. (2012). Effect of NP and foliar spray on 
growth and chemical compositions of some medicinal 

 Apiaceae plants grow in arid regions in Egypt. Journal 
 of soil science and plant nutrition, 12(3): 581-596.

Lee, H.W., Hakim, P., Rabu, A. and Sani, H.A. (2012). 
 Antidiabetic effect of Gynura procumbens leaves 
 extracts involve modulation of hepatic carbohydrate 

metabolism in streptozotocin-induced diabetic rats. 
Journal of Medicinal Plants Research, 6(5): 796-812.



312 AsPac J. Mol. Biol. Biotechnol. Vol. 23 (2), 2015 Abiotic control in Gynura procumbens culture

Li, Z. (2002). Effects of Several Abiotic and Biotic 
 Factors and Plant Hormones on Growth, 
 Morphology, and Camptothecin Accumulation in 
 Camptotheca acuminata Seedlings. (Unpublished doc-

tor of philosophy’s thesis). Louisiana State University, 
 Louisiana.

Liew, S.Y., Stanbridge, E.J., Yusoff, K. and Shafee, N. 
(2012). Hypoxia affects cellular responses to plant 

 extracts. Journal of Ethnopharmacology, 144: 453-456.

Liu, W., Yu, Y., Yang, R., Wan, C., Xu, B. and Cao, S. 
(2010). Optimization of Total Flavonoid Compound 
Extraction from Gynura medica Leaf Using Response 
Surface Methodology and Chemical Composition 
Analysis. International Journal of Molecular Science, 11: 
4750-4763.

Lu, C.H., Yang, H.C., Chang, W.L., Chang, Y.P., Wu, 
C.C. and Hsieh, S.L. (2012). Development of 

 beverage product from Gynura bicolor and 
 evaluation of its antioxidant activity. Genomic Medicine, 
 Biomarkers, and Health Sciences, 4: 131-135.

MacAdam, J.W., Volenec, J.J. and Nelson, C.J. (1989). 
Effects of Nitrogen on Mesophyll Cell Division and 
Epidermal Cell Elongation in Tall Fescue Leaf Blades. 
Plant Physiology, 89: 549-556.

Marchese, J.A., Ferreira, J.F.S., Rehder, V.L.G. and 
 Rodrigues, O. (2010). Water deficit effect on the 
 accumulation of biomass and artemisinin in 
 annual wormwood (Artemisia annua L., Asteraceae). 

Brazilian Society of Plant Physiology, 22(1): 1-9.

Mbagwu, J.S.C. and Osuigwe, J.O. (1985). Effects of 
 varying levels and frequencies of irrigation on growth, 

yield, nutrient uptake and water use efficiency of maize 
and cowpeas on a sandy loam ultisol. Plant and Soil, 84: 
181-192.

Mráz, P., Tarbush, E. and Schärer, H.M. (2014). Drought 
tolerance and plasticity in the invasive knapweed 

 Centaurea stoebe s.l. (Asteraceae): effect of populations 
stronger than those of cytotype and range. Annals of 
Botany, 1-11.

Mudau, N.F., Soundy, P. and du Toit, E.S. (2005). Plant 
Growth and Development of Bush Tea as Affected 
by Nitrogen, Phosphorus, and Potassium Nutrition. 

 Horticultural Science, 40(6): 1898-1901.
Pallez, L.C. and Dole, J.M. (2001). Maintaining 
 Vegetative Potted Purple Velvet Plants. HorTechnology, 

11(4): 590-595.

Parvin, F., Islam, J., Jahan, N., Khan, H., Shaekh, P.E., 
 Islam, A., Rahaman, M.H. and Rahman, M. (2014). 

Efficient in vitro micropropagation of Gynura 
 procumbens-an important rare medicinal plant, through 

shoot tip and nodal segment explants. Journal of 
 Research in Biology, 4(6): 1444-1450.

(PEMANDU) Performance Management & Delivery Unit. 
Agriculture: EPP 1: High-Value Herbal Products. 

 Retrieved Apr, 2015, from http://etp.pemandu.gov.
my/Agriculture-@-Agriculture_-_EPP_1-;_High

 -Value_Herbal_Products.aspx.html.

Pradnyawan, S.W.H., Mudyantini, W. and Marsusi. (2005). 
Pertumbuhan, Kandungan Nitrogen, Klorofil dan 

 karotenoid Daun Gynura procumbens [Lour] Merr. pada 
Tingkat naungan Berbeda. Biofarmasi, 3(1):7 -10.

Puangpronpitag, D., Chaichanadee, S., 
 Naowaratwattana, W., Sittiwet, C., Thammasarn, K., 

Luerang, A. and Kaewseejan, N. (2010). Ecaluation 
of Nutritional Value and Antioxidative Properties of 
The Medicinal Plant Gynura procumbens Extract. Asian 
Journal of Plant Sciences, 9(3): 146-151.

Rahman, A.F.M.M. and Al Asad, M.S. (2013). Chemical 
and biological investigations of the leaves of Gynura 
procumbens. International Journal of Biosciences, 3(4): 
36-43. 

Ramakrisna, A. and Ravishankar, G.A. (2011). Influence of 
abiotic stress signals on secondary metabolites in plants. 
Plant Signaling & Behavior, 6(11): 1720-1731. 

Rehm, G. and Schmitt, M. (2002). Potassium for crop 
 production: Nutrient management. University of Min-

nesota Extension, 612- 624-1222:1-7.

Samah, Z.A., Kamal, N.M. and Hashim, N. (2010). 
Monograf Herba Malaysia. Kuala Lumpur: Institut 
Penyelidikan Perhutanan Malaysia.

Santo, M.M.E., Fernandes, G.W., Allain, L.R. and Reis, 
T.R.F. (1999). Tannins in Baccharis dracunculifolia 
(Asteraceae): Effects of Seasonality, Water Availability 
and Plant Sex. Acta Botanica Brasilica, 13(2): 167-174.

Satoh, S. and Flores, H. E. (1990). Plant, Genes and 
 Agriculture. Chapter 14: Valuable Chemicals from Plant 

Cell and Tissue Culture, 384-399.

Schuppler, U., He, P.H., John, P.C.L. and Munns, R. 
(1998). Effect of Water Stress on Cell Division and Cell

 -Division-Cycle 2-Like Cell-Cycle Kinase Activity in 
Wheat Leaves. Plant Physiology, 117: 667-678.



313AsPac J. Mol. Biol. Biotechnol. Vol. 23 (2), 2015 Abiotic control in Gynura procumbens culture

Sekar, M., Abdullah, M.Z., Azlan, A.Y.H.N., Nasir, 
S.N., Zakaria, Z. and Abdullah, M.S. (2014). Ten 

 Commonly Available Medicinal Plants in Malaysia 
Used for the Treatment of Diabetes-A Review. Asian 
Journal of Pharmaceutical and Clinical Research. 7(1): 
1-5.

Shwter, A.N., Abdullah, N.A., Alshawsh, M.A., Alsalahi, 
A., Hajrezaei, M., Almaqrami, A.A., Salem, S.D. and 

 Abdulla, M.A. (2014). Chemoprevention of colonic 
aberrant crypt foci by Gynura procumbens in rats.

  Journal of Ethnopharmacology, 151: 1194-1201. 

Smith, M., Wu, Y. and Green, O. (1993). Effect of Light 
and Water-Stress on Photosynthesis and Biomass 

 Production in Boltonia decurrens (Asteraceae), A 
 Threatened Species. American Journal of Botany, 80(8): 

859-864.

Szakiel, A., Pączkowski, C. and Henry, M. (2011). 
 Influence of environmental abiotic factors on the 
 content of saponins in plants. Phytochemical Review, 10: 

471-491.

Thomas, H. (2013). Senescence, ageing and death of the 
whole plant. New Phytologist, 197: 696-711.

Walker, R.L., Burns, I.G. and Moorby, J. (2001). Responses 
of plant growth rate to nitrogen supply: a comparison 
of relative addition and N interruption treatments. 
Journal of Experimental Botany, 52(355): 309-317.

Whysall, S. (2013, July 20). Longevity spinach: Is it 
true what they say? Retrieved from http://blogs.

 v a n c o u v e r s u n . c o m / 2 0 1 3 / 0 7 / 2 0 / l o n g e v i t y
 -spinach-is-it-true-what-they-say/.

Yazaki, K. (2005). Transporters of secondary metabolites. 
Current Opinion in Plant Biology, 8: 301-307.


