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Abstract Carbon and nitrogen metabolism provide the main

energy and basic nutrients for plants. However, environmental

stress seriously affects carbon and nitrogen metabolism and thus

hinders plant growth, especially drought stress and salt stress.

Hence, numerous studies have been conducted to investigate the

response of carbon and nitrogen metabolism to drought stress

and salt stress by photosynthesis, sucrose and starch metabolism,

nitrogen uptake and amino acids. Previous researchers also

studied the response of secondary metabolism under both

stresses on account of secondary metabolism may confer

protection against environmental stresses. Our review highlights

the diverse responses of carbon and nitrogen metabolism to

drought stress and salt stress and the content changes of three

secondary metabolites in plants under stresses.

Keywords: Carbon metabolism, Drought stress, Nitrogen

metabolism, Secondary metabolism, Salt stress

Introduction

Plants often encounter a wide range of environmental stress

conditions which usually have an adverse effect on plant

growth and production (Kiegle 2010; Abdelrahman 2018;

Pereira et al. 2018). In these stresses, drought and salt are the

two most common stresses and they are the increasingly

serious environmental problems worldwide for cultivating

agricultural crops (Khalid et al. 2017; Tamburino et al.

2017). Plants are subjected to drought stress and salt stress

which adversely affect their growth and development and

trigger a series of morphological, physiological, biochemical,

and molecular changes (Bhagat 2014). Specifically, drought

stress can causes to gross disruption of metabolism and cell

structure and eventually to the cessation of enzyme catalyzed

reactions (Jaleel et al. 2007), salt stress interferes with plant

growth mainly due to it leads to physiological drought and

ion toxicity (Huang et al. 2012).

Carbon and nitrogen metabolism are the two most

important pathways in plant growth and productivity (Otori

et al. 2017), and the carbon and nitrogen metabolism was

destroyed due to drought stress and salt stress in various

plants (Naya et al. 2007; Manaa et al. 2011; Farhangi-Abriz

et al. 2017; Cao et al. 2018). Metabolic processes of carbon

including photosynthetic carbon assimilation, sucrose and

starch metabolism, carbohydrate transport and utilisation.

Plant productivity is determined to a large extent by the rate

and efficiency of photosynthesis. And carbon is fixed in

leaves (the source) by photosynthesis and is either translocated

away as sugar or stored temporarily as sugar, starch or fructan.

Later, sugar is resynthesised and translocation from the leaf in

the dark. (Leuzinger et al. 2009; McDowell and Sevanto 2010;

Sala et al. 2010; zanella et al. 2016). Nitrogen metabolism

processes involve, nitrogen uptake, transport, amino acid

metabolism reduction, and assimilation (Kusano et al. 2011;

Luo et al. 2013). Nitrogen is often considered to be one of the

most important factors limiting plant growth in natural

ecosystems and in most agricultural soils (Hara 2010). The

metabolism of nitrogenous compounds is essential to living

processes (Shao 2015). Nitrogen is a major constituent of

proteins, nucleotides, chlorophyll (Chl), and numerous other
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metabolites and cellular components. It is taken up by plants

principally in the forms of nitrate (NO3
−) and ammonium

(NH4

+) (Dai et al. 2015), and through the consecutive action of

nitrate reductase (NR) and nitrite reductase (NiR), then yielding

glutamine and glutamate as the primary organic nitrogen

compounds that distribute nitrogen to all other N-containing

metabolites and macromolecules (Nathawat et al. 2005). 

Assimilation of nitrogen requires energy, carbon skeletons

produced by carbon metabolism. Assimilation of photosynthetic

carbon requires a large amount of nitrogen (Nunes-Nesi et al.

2010). The activities of carbon and nitrogen assimilatory

processes are closely related to rates of plant growth and

development (Fang et al. 2011). The balance of carbon and

nitrogen metabolism was disturbed by drought stress and salt

stress.

Secondary metabolites are unique sources for food additives,

medicinal, flavors and industrially important biochemical

(Razavizadeh et al. 2018). Secondary metabolites in plants

based on secondary metabolism. Collectively plants synthesise a

diverse array of secondary metabolites. For example, phenolic

compounds, terpenes and nitrogen-containing compounds. The

ability to synthesise particular classes of secondary metabolite is

commonly restricted to selected plant groups (Osbourn et al.

2003). Moreover, sucrose and nitrogen influenced the total

level of secondary metabolites, and may confer protection

against environmental stresses.

Carbon and nitrogen metabolism is directly related to the

growth status of plants under drought stress and salt stress,

and there is significant changes in secondary metabolites

under drought stress and salt stress. In particular, both drought

stress and salt stress inhibit photosynthesis by changing leaf

morphology, reducing or closing stomata, reducing Chl

content and Rubisco activity. Increasing amino acid content

such as proline and the content of soluble reducing sugar

such as sucrose, increase three kinds of secondary metabolites

in most plants which may be related to the response of plants

to resist stress. Starch content is decreased under drought

stress and increased under salt stress, and the specific reasons

need to be further studied. And NH4
+ generally increased

under drought stress, on the contrary, the absorption of NH4

+

decreased under salt stress in most plants. These differences

may be due to water deficiency under drought stress and

physiological drought and ion toxicity under salt stress. 

The Responses of Carbon Metabolism in Plants to

Stress Conditions 

The Responses of Photosynthesis in Plants to Stress

Conditions 

Photosynthesis is the most important process which involves

a chain of events where light energy is converted into

chemical energy by plants through chemical reactions with

water and CO2. When plants subjected to various stress

conditions, it is affected by many factors (Nishiyama et al.

2001; Allakhverdiev and Murata 2004; Murata et al. 2007;

Mohanty et al. 2007). Mainly including (1) Stomatal factors,

which can affect photosynthesis, stomata control the exchange

of water vapour and CO2 between the leaf interior and the

atmosphere, and serve as major gateways for CO2 influx into

plants as well as transpirational water loss from plants

(Lawson 2014). Under stress, the decline of photosynthesis

was mainly due to the decline of stomatal conductance. (2)

The primary function of photosynthetic pigments in plants is

photosynthesis. Chl pigments help leaves capture light energy.

Chl and carotenoids are central to energy acquisition for

green plants (Grotewold 2006). (3) Ribulose-1,5-bisphosphate

carboxylase/oxygenase (Rubisco), it is the important protein

in photosynthesizing plant parts. Rubisco activase is a

chloroplast protein which enhances the activation of Rubisco

in the presence of ATP and Mg2+ (Chakraborty et al. 2014).

The causes of decreasing photosynthetic rate under different

environmental stresses are still not established. It could be a

combination of factors (Cha-Um 2009).

The Responses of Photosynthesis in Plants to Drought Stress

The effects of drought stress in plants are complex, depending

on the severity, duration of the stress event, and the plant

growth stage. Development of optimal leaf is important to

photosynthesis. The decrease of leaf number and area is the

visible symptom of drought stress (Taleisnik et al. 2009). In

fact, limitation of leaf growth is among the earliest visible

impacts of drought stress because leaves are the main

photosynthetic organs (Luo et al. 2016). According to Lonbani

and Arzani (2011), leaf extensions can be reduced under

drought environment in order to get a balance between the

water status of plant tissues and the water absorbed by plant

roots in triticale and wheat. Similarly, increased the grana

thickness and lengths of the palisade cells under moderate

drought stress in cucumber (Liu et al. 2018). 

More symptoms of plants under drought stress are the

invisible such as stomatal closure, Photosystem II (PSII),

Rubisco activity and Chl concentration. 

Due to the closure of stomata under drought stress, the intake

of carbon dioxide (CO2) is stopped and plants are unable to

take CO2. In particular, the reduction of photosynthesis due to

stomatal closure has been reported in grain legumes (Faroog

et al. 2016), dry bean (Lanna et al. 2016), cucumber (Liu et

al. 2018) and chickpea (Pang et al. 2017) under drought

stress. Stomatal closure which limits CO2 uptake by leaves

and prevent the transpirational water loss and suppress

particularly photochemical efficiency of PSII by decreasing
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electron transports (Anjum et al. 2003; Zlatev et al. 2012). 

PSII plays an especially important role in the response of

photosynthesis in higher plants to environmental perturbations

and stresses (Baker 2010). The quantum yield of PSII was

significantly lower in tomato by drought stress in the first

few days than control (Zhou et al. 2018). Inversely, M’barki

et al. (2018) found that under drought stress, the maximal

quantum efficiency of PSII (Fv/Fm) measurements in leaves

was significantly improved by 50.70% in olive. But the Fv/

Fm and the effective quantum efficiency of PSII photochemistry

were not affected by drought stress in the bottle gourd

(Mashilo et al. 2018). 

Rubisco is the predominant protein in photosynthesizing

plant parts and the most abundant proteins on earth (Feller et al.

2007). Drought conditions reduce photosynthesis because a

decrease in Rubisco expression and activity, for reasons as

yet unclear (Bota et al. 2004; Flexas et al. 2006). Nonetheless,

in later years, Medrano et al. (2010) found drought decreased

both the initial and the total Rubisco activity per unit area but

did not reduce the amount of Rubisco protein per unit leaf

area in subterranean clover. Thus, suggesting that the active

sites were blocked by inhibitors under drought stress. With

different, Yue et al. (2018) found higher Rubisco activity

under the drought treatment in the chrysanthemums, and

drought stress did not affect Rubisco activity and Rubisco

concentration in Gokce and in rapeseed (Saglam et al. 2014;

Chunqian et al. 2017). This may be related to different stress

intensity and plants. 

Chl concentration has been considered as an index for

evaluation of source. Drought stress produced changes in the

ratio of Chl a/b and carotenoids (Farooq 2009). During the

period of drought treatment the content of Chl, Chl a/b all

decreased in rice (Yu 2017). With longer duration of drought

stress, Chl a, Chl b, carotenoids content and Chl a/b increased at

the beginning and then decreased in Machilus pingii seedlings

(Jie et al. 2015). This phenomenon may be a response

mechanism under drought stress.

In the visible symptoms, the leaf morphology was changed in

order to balance water so as to adapt to the new arid

environment. However, drought stress has more complex effects

on the invisible like stomatal factors, PSII, Rubisco activity and

chlorophyll concentration, thus affecting photosynthesis. All the

factors have influence on photosynthesis, and stomatal closure

impedes photosynthesis is the most widely studied. The

response of PSII was different due to different plants under

drought stress. Rubisco activity also is imparity in different

plants. It can be said explicitly that the reduction of Chl a/b in

plants under drought stress was reported in most articles.

The Responses of Photosynthesis in Plants to Salt Stress

Salt stress can cause irreversible damage to the photosynthetic

apparatus at any developmental stage of the plant (Wungrampha

et al. 2018). Restriction of leaf growth is among the earliest

visible effects of salt stress (Taleisnik et al. 2009). Salt stress

increased the leaf thickness and destroyed the leaf internal

structure in cucumber (Yuan et al. 2015). Salt stress resulted

in noticeable anatomical variations such as an increase in

thickness of the leaf blade and palisade parenchyma cells in

Borago officinalis L. (Torabi et al. 2015).

In terms of invisible symptoms, accumulation of NaCl in

plant cells, including stomatal guard cells, affects their

function. Stomatal closure or decrease is one of the most

immediate responses to salt stress (Richardson et al. 2006;

Munns and Tester 2008). The increased stomatal limitation

was mainly related to the low leaf osmotic potential caused

by soil salt stress (Wang et al. 2017). Moreover, the

stomatal conductance was a primary limiting factor for the

reduction of Pn in soybean under salt stress (He 2016). Up

to moderate salt stress, forcible stomatal closure, parallel

with a reduction in the net assimilation rate in wheat

(Szopkó et al. 2017). 

The Fv/Fm decline in chloroplasts from Pisum sativum L.

and Vicia faba L. species was stronger (Percey et al. 2016). In

maize, salt stress significantly decreased Fv/Fm, photochemical

quenching (qP), and quantum efficiency of PSII photochemistry

(ΦPSII), net photosynthetic rate (Pn), and biomass (liu et al.

2016). 

Salt stress induces photosynthesis inhibition through the

reduction of Rubisco activity in the photosynthetic apparatus

(Mittal 2012). The decrease of Rubisco content and activity

has been shown to cause low carboxylation efficiency in salt-

sensitive soybean (He et al. 2014). Down regulation of the

key gene that encodes Rubisco, and thereby decreases enzyme

activity and the protein content of Rubisco in Elaeagnus

angustifolia L. under salt stress (Lin et al. 2018).

Plants resistant to salt stress are related to Chl content

(percey et al. 2016). Chloroplasts ability to regulate ion

transport across the envelope and thylakoid membranes play

a critical role in leaf photosynthetic performance under salt

stress. The photosynthesis in maize leaves was reduced

under salt stress because of NaCl treatment decreased in Chl

and carotenoid content respectively (Jiang et al. 2017; Chen

et al. 2018). The same result is confirmed by huang et al.

(2015) in ramie cultivar (Table 1). 

Unlike drought, salt stress destroyed the leaf internal

structure. Stomatal closure under salt stress has been well

studied. Salt stress affects photosynthesis by reducing the

active site of Rubisco or the protein content is not clear. The

decrease of Chl decreases the ability of regulating ion transport

in membrane and thylakoid membrane under salt stress,

which affects photosynthesis. Salt stress and drought stress

damage to plants in the same way, but there may be different

mechanisms because salt stress damage is irreversible.
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The Responses of Sucrose and Starch Metabolism in Plants

to Stress Conditions

Sucrose and starch are emerging as key molecules in mediating

plant responses to stress. Sucrose is a dominant sugar transported

to the sink organs of a plant where it is metabolized to other

compounds or stored (Nemati et al. 2018). And sucrose

synthase and sucrose phosphate synthase are a key enzyme

involved in sucrose metabolism and are closely related to

sucrose content (Liu et al. 2018). Sucrose also is channeled

into various pathways in different subcellular compartments.

And may be used for the production of NADH and ATP, also

for the biosynthesis of primary metabolites important for

tissue growth and development (Sturm 1999). Starch is a

simple molecule composed of glucose residues which are

linked to each other by a-1,4-linkages with occasional a-1,6-

branches, forming osmotically inert, semi-crystalline and

dense granules, and it is the most widespread and abundant

storage carbohydrate in plants. We depend upon starch for

our nutrition (Zeeman et al. 2010). However, sucrose and

starch content are important to plant growth under stress.

The Responses of Sucrose and Starch Metabolism in Plants

to Drought Stress

Sucrose stabilizes proteins and protects the cell under drought

stress by the formation of an intracellular glass, which prevents

cellular collapse. Drought stress decreased starch content but

Table 1. Influence of drought stress and salt stress on the photosynthesis in plant

Stress Plant Response of plants to stress Influence path Reference

Drought 
stress

Triticale and Wheat Decreased leaf extension Leaf morphology
Lonbani and Arzani
(2011)

Cucumber
Increased the thickness of grana and the length of the
palisade cells
Decreased photosynthesis by stomatal closure

Leaf morphology
Stomatal factor

Liu et al. (2018)

Grain legumes Decreased photosynthesis by stomatal closure Stomatal factor Faroog et al. (2016)

Dry bean Decreased photosynthesis by stomatal closure Stomatal factor Lanna et al. (2016)

Chickpea Decreased photosynthesis by stomatal closure Stomatal factor Panget al. (2017)

Tomato Decreased PSII by quantum yield of PSII PSII Zhou et al. (2018)

Olive
Improved PSII by the maximal quantum efficiency of
the PSII 

PSII M’barki et al. (2018)

Bottle gourd No effect on PSII PSII Mashilo et al. (2018)

Chrysanthemums Increased Rubisco activity Rubisco Yue et al. (2018)

Rapeseed No effect on Rubisco activity Rubisco Chunqian et al. (2017)

Kusmen chickpea Decreased the activity and content of Rubisco Rubisco Saglam et al. (2014)

Subterranean clover Decreased the total Rubisco activity Rubisco Medrano et al. (2010)

Rice Decreased the content of chlorophyll, Chl a/b ratio Chlorophyll Meifang (2017)

Machilus pingii 
seedlings

Chl a, Chl b, carotenoids content and Chl a/b ratio
increased at the beginning and then decreased

Chlorophyll Jie et al. (2015)

Salt 
stress

Cucumber
Increased the leaf thickness but destroyed the leaf
internal structure

Leaf morphology Yuan et al. (2015)

Borago officinalis L.
Increased the leaf thickness and palisade parenchyma
cells thickness

Leaf morphology Torabi et al. (2015)

Soybean Decreased photosynthesis by stomatal closure Stomatal He (2016)

Wheat Decreased photosynthesis by stomatal closure Stomatal Szopkó et al. (2017)

Pisum sativum L. Decreased the PSII by Fv/Fm, PSII Percey et al. (2016)

Vicia faba L. Decreased the PSII PSII Percey et al. (2016)

Maize
Decreased the PSII by maximum photochemical efficiency
of PSII (Fv/Fm), photochemical quenching (qP), and
quantum efficiency of PSII photochemistry (ΦPSII)

PSII Liu et al. (2016)

Salt-sensitive soybean Decreased content and activity of Rubisco Rubisco He et al. (2014)

Elaeagnus angustifolia L. 
Down-regulation of the key gene that encodes Rubisco,
and decreased enzyme activity and protein content of
Rubisco

Rubisco Lin et al. (2018)

Maize leaves Decreased contents of chlorophyll and carotenoid Chlorophyll
Jiang et al. (2017); 
Chen et al. (2018) 

Ramie cultivar Decreased contents of chlorophyll and carotenoid Chlorophyll Huang et al. (2015)
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increased sucrose content, higher concentration of sucrose in

leaves of drought stressed plants through the regulation of

higher sucrose phosphate synthase, sucrose synthase in

cotton (Zahoor et al. 2017). Falchi et al. (2019) found a

significant and increase of starch in Grapevines exposed to

early drought stress, but after early stress, soluble starch

degradation product concentration increased showing a

inverse relationship with starch content. Contents of reducing

sugars and fructans were increased while amylose and

amylopectin content decreased in wheat (Bala et al. 2018).

Drought stress also resulted in an alteration of differential

partitioning between starch and soluble sugars (Pagliarani et

al. 2019). Cuellar-Ortiz et al. (2008) reported an interesting

result that starch was depleted in broad bean leaves but

accumulated in pods in response under drought stress. In the

common reed, starch content increased in all vegetative

tissues but the amount at the base of the shoot was more than

twofold higher than that in the upper part of the shoot (Kanai

et al. 2007). Moreover, two sucrose synthase and two invertase

genes significantly up-regulated under drought stress, whereas

one sucrose transporter gene was down-regulated in the

cassava petiole abscission zones under drought stress (Liao

2017). The genes coding for sucrose and pectin synthesis

were up-regulated under drought stress in maizi (Yang et al.

2019). The up-regulated genes under drought stress were

enriched in starch and sucrose metabolism in Saccharum

spontaneum.L (Wu et al. 2018). 

Drought stress can decrease starch content and increase

sucrose content in most plants. But a few studies have shown

that starch content increases during drought. There were

significant differences in the starch content in different parts

of plants under drought stress. In recent years, the study of

starch and sucrose gene expression under drought stress has

become a trend. And in most studies, sucrose-related genes

were up-regulated, but the down-regulation of transporter

gene may be one of the reasons for the decrease of biomass.

The Responses of Sucrose and Starch Metabolism in Plants

to Salt Stress

Sugars may be adaptive responses for salt stress, or may be

‘injury’ responses resulting from the under-utilization of

carbon because of growth cessation, regardless, documenting

these changes is necessary for a deeper understanding of salt

stress response (Dong 2018). And activation of starch

degradation under stress is a common plant response and

does contribute to sugar accumulation (Thalmann et al. 2016).

The analysis of starch-metabolizing enzyme activities

suggested that the largely improved amylopectin contents

contributed to the starch accumulation in cucumber (Yuan et

al. 2015). Starch and reducing sugars accumulation were

increased with salt stress in clone L. aequinoctialis (Morais

Table 2. Influence of drought stress and salt stress on the sucrose and starch metabolism in plant

Stress Plant Response of plants to stress Influence path Reference

Drought 
stress

Cotton Decreased starch content but increased sucrose content
Sucrose and starch
metabolism

Zahoor et al. (2017)

Grapevines
Increased starch exposed to early drought stress, but decreased
after early stress

Sucrose and starch
metabolism

Falchi et al. (2019)

Wheat
Increased contents of sugars and fructans but decreased
amylose and amylopectin contents 

Sucrose and starch
metabolism

Bala et al. (2018)

Broad bean Starch was depleted in leaves but accumulated in pods 
Sucrose and starch
metabolism

Cuellar-Ortiz et al.
(2008)

Common reed
Increased starch content The amount at the base of the shoot
was more than twofold higher than that in the upper part of
the shoot

Sucrose and starch
metabolism

Kanai et al. (2007)

Cassava 
Two sucrose synthase and two invertase genes significantly up-
regulated, one sucrose transporter gene was down-regulated

Sucrose and starch
metabolism

Liao (2017)

Maizi The genes coding for sucrose were up-regulated 
Sucrose and starch
metabolism

Yang et al. (2019)

Saccharum
spontaneum. L

The up-regulated genes were enriched in starch and sucrose
metabolis

Sucrose and starch
metabolism

Wu et al. (2018)

Salt
stress

Cyanobacteria
Sucrose metabolism depends on the expression of a gene
cluster 

Sucrose and starch
metabolism

Kolman et al. (2016)

Cucumber
The largely improved amylopectin content contributed to
the starch accumulation 

Sucrose and starch
metabolism

Yuan et al. (2015)

Legumes Cajanas
cajan L

Increased both reducing sugar and non-reducing sugar
content while decreased the starch content

Sucrose and starch
metabolism

Chatterjee et al.
(2017)

Cotton 
Decreased carbohydrate content in the main-stem leaf,
increased sucrose and starch contents in the subtending leaf

Sucrose and starch
metabolism

Peng et al. (2016)
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et al. 2018). Direct germination on NaCl solution increased

both reducing sugar and non-reducing sugar contents while

decreased the starch content in legumes Cajanas cajan L

(Chatterjee et al. 2017). Peng et al. (2016) showed that with

increased soil salt stress, carbohydrate contents in the main-

stem leaf reduced significantly, while sucrose and starch

contents in the subtending leaf increased, as did the activities

of sucrose phosphate synthase (SPS) and sucrose synthase

(SS) in both the main-stem leaf and subtending leaf in cotton

boll (Table 2).

All in all, the content of sucrose in most plants under salt

stress is increased. And starch is also increased in some

plants cannot be excluded, the reason for the increase of

starch remains to be studied (Fig 1).

The Responses of Nitrogen Metabolism to Plants to Stress

Conditions

Most plants can use either NO3

− or NH4

+ as a source of nitrogen

and appropriate levels of NO3

− can facilitate nitrogen

metabolism, thereby benefiting plant growth. NH4
+ is a

central intermediate in this metabolism. The balance within

the nitrogen metabolism system is primarily maintained by

NR, GS, GOGAT, and GDH. Plants utilize three enzymes

(GS, GOGAT, and GDH) for NH4

+ assimilation. NH4

+ is

rapidly assimilated into organic nitrogen through either the

GS/GOGAT cycle or the GDH pathway (Zhang et al. 2017).

The GS/GOGAT pathway constitutes in usual conditions the

main pathway of NH4

+ assimilation. When the GS/GOGAT

pathway is inhibited by stress. The detoxification of NH4
+ by

GDH might play an important role (Shao et al. 2015). And the

lack of N results in changes in root formation, photosynthesis,

the production and translocation of photoassimilates, and

plant growth rate. Moreover, stress seriously affected nitrogen

metabolism (Ding et al. 2005). 

The Responses of N Uptake and Amino Acid in Plants to

Drought stress

Nitrogen metabolism has important roles in drought tolerance of

plant, and higher N uptake can enhance plant drought

tolerance in plant (Huan et al. 2017). Drought stress normally

presents differential changes in nitrogenous compounds (Liu

et al. 2014).

Generally, drought stress can increase available N uptake

and NR activity, resulting in an increase in NH4
+ production

(Lawlor 2002). NH4

+ supply alleviated drought stress in rice

seedlings, mainly by increasing root NH4

+ uptake and leaf N

metabolism (Cao et al. 2018). The net NH4
+ influx at the

surface of fine roots rose dramatically under drought treatment,

while that of nitrate was less changed. Drought stress negatively

inhibited the growth of Malus hupehensis seedlings and

resulted in higher NH4

+/NO3

− ratios in their roots and leaves

(Huang 2018). The same results were seen in M. prunifolia

(Meng 2016). Drought stress hardly affected NO3
− concentration

in the leaves of Fargesia denudata, although NR activity

slightly increased, which was attributed to the NO3

− supply

and transfer rate from the vacuole into cytoplasm (Liu 2014).

Grain yield and nitrogen uptake efficiency were decreased,

while nitrogen harvest index NHI, NR and protein content

were increased after severe drought stress in spring barley

(Hoseinlou 2013). Wang et al. (2016) found that drought

Fig. 1. Response of carbon metabolism to drought stress and salt stress in plants.
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stress dramatically enhanced the expression levels of nearly

all genes involved in N uptake and assimilation in maize

roots.

Several aspects of metabolism have been shown to be

affected by drought stress, including inhibition of protein

synthesis and changes in amino acid metabolism (Shao

2015). Proline, a special amino acid, plays a crucial role in

the drought stress response in plants (Zanella et al. 2016).

Proline concentration can affect the growth of petunia plants

was influenced in the plants (Yamada et al. 2005). García et

al. (2015) showed that proline was elevated due to drought

stress in potato. The levels of all the nitrogen-assimilating

enzymes studied were reduced in Poterium sanguisorba.

These changes were accompanied by a fall in soluble protein

and water content and by an increase in total amino and

proline pools (Taylor 2010). Moreover, an important number

of genes involved in N metabolism were up-regulated by

drought in tomato wild relative Solanum pennellii , as GDH2

and ASN1, involved in the synthesis of Glu and Asn

respectively (Egea et al. 2018). 

All in all, drought stress can affect N uptake and amino

acid metabolism. Mainly including: NH4

+ increased significantly

in most plants, while the content of NO3
− did not change much.

And total amino and proline concentrations also increased due

to drought. Moreover, genes involved in N uptake and amino

acid synthesis were up-regulated by drought stress.

The Responses of N Uptake and Amino Acid in Plants to

Salt stress

Uptake N is a key element for plant growth, but generally,

salt stress can suppress the uptake of N of plants (Abouelsaad

2016). Numerous studies found that the activities of GDH,

GS, GOGAT and NR is reduced due to salt stress in plants.

Specifically, Zaghdoud (2016) found reduced NO3
− or co-

provision of NO3

− and NH4

+, but increased plant biomass in

broccoli under salt stress. Salt stress reduce NH4

+ production

and also might change the pathway of NH4
+ assimilation in

rice plants, weaken GOGAT/GS pathway and elevate GDH

pathway (Wang et al. 2012). And salt stress decreased the

number of nodules and their weights in the soybean roots, as

well as nitrogen content and metabolism decreased in

nodules, roots and shoots, while reducing the activities of

GDH, GS, GOGAT and NR (Farhangi-Abriz et al. 2017).

Similar findings were reported in cucumber seedlings by

Shao et al. (2015).

In terms of amino acid metabolism, salt stress increased

contents of free proline, asparagine, and glutamine, and

increase in salt stress tolerance to rice plants was extended

by a higher synthesis of amino acids (Shahzad et al. 2017).

More, proline is reported to involve in salt tolerance in

various crops. Proline could ameliorate salt stress induced

damages in physiochemical attributes against salt stress (Butt

Table 3. Influence of drought stress and salt stress on the N uptake and amino acid in plant

Stress Plant Response of plants to stress
Influence
path

Reference

Drought
stress

Rice seedlings Increased root NH4
+ uptake and leaf N metabolism N uptake Cao et al. (2018)

Malus hupehensis Increased NH4
+/NO3

− ratio in their roots and leaves N uptake Huang (2018)

Malus. prunifolia Inceased NH4
+/NO3

− ratio in their roots and leaves N uptake Meng (2016)

Fargesia.denudata Increased NR activity N uptake Liu (2014)

Spring barley
Decreased grain yield, nitrogen uptake efficiency, increased nitrogen
harvest index, nitrogen re-mobilization and protein content 

N uptake Hoseinlou (2013)

Maize roots
Enhanced the expression levels of nearly all genes involved in N
uptake and assimilation

N uptake Wang et al. (2016)

petunias Increased proline content Amino acid Yamada et al. (2005)

Potato Increased proline content Amino acid García et al. (2015)

Poterium sanguisorba Increased the total amino and proline content Amino acid Taylor (2010)

Tomato wild relative
Solanum pennellii 

Up-regulated an important number of genes involved in N
metabolism as GDH2 and ASN1, involved in the synthesis of Glu
and Asn respectively

Amino acid Egea et al. (2018)

Salt
stress

Broccoli
Deceased the activities of GDH, GS, GOGAT and NR, and NO3

−

or co-provision of NO3
− and NH4

+ N uptake Zaghdoud (2016)

Soybean roots Decreased nitrogen content and metabolism N uptake
Farhangi-Abriz et al.
(2017)

Rice 
Change the pathway of NH4

+ assimilation by weaken GOGAT/
GS pathway and elevate GDH pathway

N uptake Wang et al. (2012)

Cucumber seedings Decrease the activities of GDH, GS, GOGAT and NR N uptake Shao et al. (2015)

Cucumber seedings Increased proline content, and decreased soluble protein content Amino acid Shao et al. (2015)

Kosteletzkya virginica Up-regulated the expressions of KvP5CS1 Amino acid Wang et al. (2015)
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et al. 2016). Shao (2015) showed the salt stress induced

growth inhibition in cucumber seedlings was indicated to

involve increases in proline contents, and decreased soluble

protein contents, which may contribute to osmotic adjustment.

And salt stress increased proline concentration in roots,

stems and leaves of Kosteletzkya virginica seedling, as the

key enzyme genes for proline biosynthesis, more, the up-

regulated expression of KvP5CS1 played a more important

role under salt stress (Wang et al. 2015) (Table 3). 

Different from drought, salt stress reduced NH4

+ in most

plants, it is also found that NH4
+ may be correlated with

biomass. Salt stress reduced the activities of NR, GOGAT/

GS pathway, and elevate GDH pathway in some plants, but

the cause needs further study. Increased contents of free

amino acids for resisting salt stress, especially, proline.

Moreover, in recent years, studies on genes associated with

key enzymes in amino acid metabolism have frequently been

conducted under salt stress (Fig 2).

Relationship between Secondary Metabolism and C/N

Metabolism under Drought Stress and Salt Stress

Secondary metabolites (SMs) are unique sources for food

additives, medicinal importance, flavors and industrially

important biochemical. They also may confer protection against

environmental stresses (Razavizadeh et al. 2018). There are

three major groups of secondary metabolites in plants based on

their biosynthetic pathway. These groups include phenolic

compounds, terpenes and nitrogen-containing compounds

(Fang et al. 2011). In higher plants a wide variety of secondary

metabolites are synthesized from carbohydrates and amino acids

(Verma and Shukla 2015). For example, glucosinolates are a

group of plant secondary metabolites containing nitrogen and

sulfur (Martínez-Ballesta et al. 2015), the biosynthesis of

alkaloids is associated with the availability of a few amino acids

such as tryptophan, tyrosine, and lysine (Khalil 2017). 

Drought stress exerts a considerable influence on the

production of secondary metabolites (Piasecka et al. 2017).

The rise in endogenous levels of plant SMs in response to

drought stress was recorded in plants. In recent years,

drought can significantly improve the content of phenols in

plants. For instance, drought stress caused increase in phenolics

and decrease in plant biomass in T. ammi (Azhar et al. 2011).

Increase in total flavonoids was found in Glechoma longituba

grown (Zhang et al. 2012). Enhanced the quantitative and

qualitative improvement of phenolic acids, flavonoids in A.

tricolor (Sarker et al. 2018). Terpenes are involved in

protection mechanisms against environmental-induced stresses

(Chidawanyika 2015). Imposition of drought stress resulted in

improved quality of artemisinin in Artemisia (Verma and

Shukla 2015). Interesting research was reported by Nogués

et al. (2015) that terpene emission was maintained even

when assimilation and stomatal conductance were completely

suppressed in Cistus monspeliensis under severe drought.

Leaves of Salvia officinalis L. under moderate drought stress

reveal significantly higher concentrations of monoterpenes

than those of plants cultivated under well watered conditions

(Nowak et al. 2010). Concentrations of terpene compounds

and total phenolic concentrations, remained stable regardless

of drought stress or plant stress level in Eucalyptus globulus

Fig. 2. Response of nitrogen metabolism to drought stress and salt stress in plants.
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(Mckiernan et al. 2017). Drought stress increase the

polysaccharide, flavonoids, and alkaloids of contents in

Dendrobium moniliforme (L.) Sw. (Wu et al. 2016). Drought

stress increase terpenoid indole alkaloids in Catharanthus

roseus (Yahyazadeh et al. 2018). 

Physiological responses of plant help to increase secondary

metabolite accumulation under salt stress (Ashraf et al.

2018). Navarro et al. 2006 showed increased total phenolics

content with moderately saline level in red peppers. Salt

stress also increased the levels of flavonoids in Plantago ovata

(Haghighi et al. 2012). Salt stress not affect the growth of

safflower seedlings in terms of plant height, root length and

plant dry weight, as well as the relative growth rate; however, it

did increase the medicine flavonoid content in leaves. (Zhao et

al. 2015). Salt stress increased contents of gossypol in cotton by

26.8-51.4%, flavonoids by 22.5-37.6% and tannic by 15.1-

24.3% (Wang 2015). Salt stress affected specific major essential

oils components causing reductions in α-pinene, β-pinene, and

sharp increases in linalool, camphor, and borneol in

Rosmarinus officinallis L. (El-Esawi et al. 2017). Morever, the

qRT-PCR results showed the expression level of terpene synthase

2, terpene synthase 3 and geranylgeranyl diphosphate synthase 4

genes were up-regulated then down-regulated of all lines under

salt stress in Maize (Shi et al. 2016). Catharanthus roseus and

Rauvolfia tetraphylla had shown substantial accumulation of

vincristine alkaloids and reserpine when exposed to salt stress in

the growth medium (Ahl and Omer 2011). A significant rise in

alkaloid concentration in Solanum nigrum (Verma and Shukla

2015) (Table 4). 

Most of phenolic compounds, terpenes and alkaloids in

plants increased to adapt to the stress under salt stress and

drought stress, the aim may be to protect metabolic balance

in plants. The finding was not directly related to biomass. An

understanding of secondary metabolism under drought stress

and salt stress requires the characterization of enzymes and

genes for complete pathways in a broad range of plants. 

Conclusion and Future Prospects

It is clear from the literature cited in this chapter that changes

Table 4. Influence of drought stress and salt stress on the secondary metabolism in plant

Stress Plant Response of plants to stress
Secondary
metabolite type

Reference

Drought
 stress

Trachyspermum
ammi L.

Increased phenolics contents Phenolic compounds Azhar et al. (2011)

Amaranthus tricolor
Increased phenolic acids content and flavonoids
contents

Phenolic compounds Sarker et al. (2018)

Glechoma longituba Increased total flavonoids contents Phenolic compounds Zhang et al. (2012)

Artemisia Increased artemisinin content Terpenoids
Verma and Shukla
(2015)

Cistus monspeliensis Increased terpene content Terpenoids Nogués et al. (2015)

Salvia officinalis L. Increased monoterpenes content Terpenoids Nowak et al. (2010)

Eucalyptus globulus 
Terpene compounds and total phenolic content
remained stable regardless

Terpenoids
Phenolic compounds 

Mckiernan et al.
(2017)

Dendrobium
moniliforme (L.) Sw. 

Increased the polysaccharide, flavonoids, and alkaloids
contents

Terpenoids 
Nitrogen-containing
compounds

Wu et al. (2016)

Catharanthus roseus Increased terpenoid indole alkaloids content
Nitrogen-containing
compounds

Yahyazadeh et al.
(2018)

Salt 
stress

Safflower leaves Increased the medicinal flavonoid content Phenolic compounds Zhao et al. (2015)

Plantago ovata Increased saponins, flavonoids contents Phenolic compounds Haghighi et al. (2012)

Red peppers Increased total phenolics contents Phenolic compounds Navarro et al. (2006)

Cotton Increased gossypol, flavonoids, tannic contents Phenolic compounds Wang (2015)

Rosmarinus
 officinallis L

Decreased α-pinene, β-pinene contents, and increased
linalool, camphor, and borneol contents

Terpenoids El-Esawi et al. (2017)

Maize 

The expression level of terpene synthase 2, terpene
synthase 3 and geranylgeranyl diphosphate synthase
4 genes were up-regulated then down-regulated of
all lines

Terpenoids Shi et al. (2016)

Catharanthus roseus
and Rauvolfia tetraphylla

Increased vincristine alkaloids and reserpine contents
Nitrogen-containing
compounds

Said-Al Ahl and Omer
(2011)

Solanum nigrum Increased alkaloid content
Nitrogen-containing
compounds

Verma and Shukla
(2015)
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of carbon and nitrogen metabolism under both of drought

stress and salt stress to that not only influence plant growth

but also increase the biosynthesis of secondary metabolism.

Plant growth and development are precisely affected by

drought stress and salt stress on photosynthesis, sucrose and

starch metabolism. N uptake and amino acid documented in

the literature. All in all, change of carbon and nitrogen

metabolism under drought stress and salt stress is still not

fully known. More research is needed to completely understand

the regulatory proteins and genes of carbon and nitrogen

metabolism such as Rubisco expression, and the relative

expression of N uptake related genes, so that these may be

manipulated for improving plant tolerance to salt and

drought stresses. Sucrose and nitrogen influenced the total

level of secondary metabolites (Rühmann et al. 2010). The

relationship between secondary metabolism and carbon and

nitrogen metabolism under salt and drought stresses is an

area that must be studied in detail. 
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