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ABSTRACT: 

Soils abiotic stress is the biggest individual stress that limits the productivity of crops and distribution of plant 

speciesworldwide. Salt and drought soils affects the development of the radical system and thereby the 

entire plants organisms. Many aspects on how roots grow, develop and respond to changes in soil 

conditions are poorly understood. To achieve adaptation to soil environment of root growth, plants can 

adjust their root growth rate and direction determining the architecture of the radical system and the 

exploration of the medium. Almost all of this growth happens in the first millimeters of the root apex. What 

happens in this relatively small mass of cells can impact the performance of the crops under not optimal 

conditions like the hydric and salt stress. Many of the phenomena implicated in root cells response to 

external stimulus are regulated by membrane transport activity and their regulation factors.  This review 

focuses in what we have learnt about the adaptation of plants to drought and salinity: how the roots 

senseand continues his growth in soils under abiotic stress.  

 

INTRODUCTION 

In plants the radicular system development is 

stimulated by cell divisions in meristem zone of all 

root apices. Some of behavior of roots are 

controlled by tropism responses in epidermal cell of 

different radical zones, allowing plant to reach 

water, nutrients and oxygen. Nevertheless, the 

formation and emergence of secondary roots is 

influenced also by the environment and determines 

the root system architecture in soil. Malamy (10) 

named the essential factors for the organogenesis 

and root growth as “intrinsic”, and the ones that 

determine how plants respond to external signals to 

modulate the intrinsic factors as “response factors”. 

How roots respond to these factors is one of the 

most intriguing cues for scientists today.  

 

Effects of abiotic stress 

The radical system is the first to perceive the stress 

signals for drought and salinity, therefore its 

development is deeply affected by the availability 

of water in soil. The soil solution salinity reduces its 

hydric potential, due to a decrease of its osmotic 

component.  

 

 

There is no total agreement on which of two effects 

has more importance on the decrease of plant 

growth, which is probably because it depends of 

environmental conditions and the specie under 

consideration. The first effect whereby the plant´s 

growth decline when the soil's hydric potential is 

reduced is not well established. By subjecting the 

plants to salt conditions, Termaat et al., (6) found 

that in a first phase predominate a similar osmotic 

effect to those produced by a water stress. Munns 

and Termaat (7) named the water stress induced by 

salinity: "short term effect of salinity", due to its 

immediate effect on plants. In a more critical 

revision (8), it’s mentioned that the lack of turgor 

pressure is not the cause of the decrease of plant 

growth for it is not essential for its production. These 

authors suggest the existence of a chemical 

compound produced in the roots by detecting 

salinity conditions, which triggers the physiological 

response in plants in stress conditionsrevealinga high 

level of plasticityin the root system development. 

However, many of the implied mechanisms in 

thisroots plasticity are still unknown, for example: 

How they have the unique potential of incorporate 
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information from the environment for making 

decisions that will determine its development? (9). 

There are different parameters to study and identify 

how the changes in water availability and 

distribution and salt stress affect the development of 

the root; these same factors of response are of big 

importance because often they can modulate 

indirectly the architecture of the root producing 

unfavorable changes in nutritional composition of 

soil, the distribution of nutrients, the density and 

compaction of soil and the type of soil particles and 

the production of secondary metabolites in plants 

(10). Their interactions however complicate the 

dissection of specific transduction pathways 

involved in root growth and development (11). In 

many cultivated species, the growth of roots and 

stem is inhibited during the lack of water, but the 

roots continue growing under water potentials that 

are completely inhibitors for the growth of the aerial 

part (12). This difference in sensitivity may confer a 

growth advantage for the plants under limited 

water condition encouraging a major exploration of 

soil while limiting water loss through the tissues of the 

aerial part. Understanding how the growth is 

regulated by the water deficit and the salt stress is 

necessary to find ways to improve the productivity 

of crops.  

 

Abiotic stress and root architecture 

Notably, while the primary root growth is not 

appreciably affected by water deficit, the number 

of lateral roots and its growth are significantly 

reduced (9). It has been suggested that the 

reduction of the lateral roots formation may be 

caused by the suppression of the activation of the 

lateral root's meristem, not because of the 

reduction of the initiation in the lateral root per se (9, 

10). Mutants with alterations in the development of 

lateral roots respond differently to drought stress (9, 

13). Suppression of the development of lateral roots 

by drought has been widely accepted as an 

adaptive response to ensure the plant's survival 

under unfavorable growing conditions (13). 

Nevertheless new lateral root formation and/or 

lateral root growth as well as the 

differentiation/elongation of root hairs lead to a 

considerable increase of the overall absorption 

surface (11). Another factor that plays an important 

role in growing and development of plants to 

tolerate the drought stress is the hydrotropism (14, 

15). In turn, the increase of the root's length 

mediated by the hydrotropism is one of the most 

important factors for the tolerance of crops to 

salinity and has been used to produce drought 

tolerant crops (16). A gradient of moisture 

generated by water stress causes an immediate 

degradation of amyloplasts in columella cells of 

plant root, producing a minor response to gravity 

and an increase of hydrotropism (17). However, it is 

unknown how the gravity signals interact with other 

environmental signals to modulate the direction of 

the root's growth; less known are the adaptations in 

root's morphology and its relevance to salinity 

tolerance. Many halophytes have developed 

morphological adaptations, like the formation of 

specialized organs to expel salt out of their leaves, 

which allows them to keep the water and take out 

the salt in an active manner. Glycophytes have not 

developed permanent changes on its morphology 

to deal with salt, but they can adjust the root 

growth and its architecture in response to salinity, 

like in the case of Arabidopsis (figure 1 in (18)). Also 

it has been observed that Arabidopsis roots exhibit a 

reduced gravitropism under salt stress, growing 

against the gravity vector (16). These same authors 

speculate that the reduced gravitropism of root's 

growth could be an important mechanism of 

adaptation through the plants regulates the root 

system architecture to reduce the damage caused 

by salinity. Arabidopsis' roots exposed to a 

simultaneous salinity and gravity stimuli responded 

to salinity with a change in growing direction in a 

way that apparently represents an adaptive 

arrangement between gravitropic and saline 

simulation. Control of the relation between 

gravitropism and hydrotropism allows plants to 

redirect the root's growing for a better water 

uptake, giving an advantage during development 

of the radical system under stress conditions. It is 

known that the salt stress inhibits the growth of the 

primary roots in Arabidopsis seedlings, although it 

has been reported that salt stress also modulates 

root gravitropism of primary roots in young 

seedlings. In vertical position, five day seedlings 

germinate normally in MS medium (Murashige and 

Skoog) containing different concentrations of NaCl, 

however the direction of root growth changes 

according to the increase of NaCl concentrations, 

and the root curves in stressed plants with 150 

mMNaCl in the medium (16).These results suggest 

that the salt stress and the induction of signal's 

translations by stress, not respect gravity and 

modulate the direction of the roots. Some reports 

suggest that the gravitropic signal and the answer in 

root's apex are controlled, at least partially by SOS 

signaling pathway (Salt Overly Sensitive). Therefore, 

this pathway might interact with the gravity sensor 

system in the cells of the columella to direct root 

growth in a coordinated way (16).A slight drought 

stress increases the expression of enzymes 

associated with root morphology 

(Xyloglucanendotransglucosylase) while other 

structural proteins (actin and tubulin) are down 

regulated, these proteins are strongly correlated 
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with root growth since its function is the vesicular 

carrying in cells with polarized growth (e.g. root 

hairs) allowing its growth and hence an 

augmentation in the surface of water uptake. 

However, when there is a greater stress, these 

structural proteins increase their expression. It is 

believed that alterations in the expression of these 

proteins are positively correlated with the 

modification of root architecture that partially has 

an indirect effect on whole plant photosynthetic 

process (57). While the decrease of lateral root 

development is a well-known response to water 

stress, none of the mutants that are resistant to 

drought stress have a reduced number of lateral 

roots (58). Only a few transcription factors have 

shown to regulate the formation of roots under 

drought conditions, among them stands the MYB96 

transcription factor since it plays an important role in 

lateral root growth under drought stress conditions 

(58), these same authors found that overexpression 

of MYB96 promotes resistance to drought and 

reduced lateral root density. 

 

Growth root regulators on abiotic stress  

The radical system is the production place of various 

growth regulators of plants. Many growth hormones, 

particularly the abscisic acid (ABA) and the auxins, 

participate in a complex signal's system that plays a 

very important role in the development of root's 

architecture under drought conditions. These 

hormonal effects (levels) even though are 

considered as intrinsic (10) can change in response 

to environmental cues. Cytokinins, gibberellins and 

abscisic acid are produced in roots to be 

transported to other tissues, where they play their 

roles in development and growth. Although auxins 

are the major determinants of root growth (19), 

cytokinin and especially abscisic acid (ABA) (20-22); 

have been proposed as potential products that act 

as chemical signals in response to water stress to 

modulate root system architecture. The decrease in 

water potential of roots, not leaves, caused by 

salinity is the factor that triggers the production of 

ABA in different species (23). A condition of mild 

osmotic stress also inhibits the lateral root's formation 

in a dependent way of ABA (9, 10, 13, 24). For the 

case of Arabidopsis, the reduced water availability 

dramatically inhibits the formation of lateral roots of 

the lateral primordium, while the initiation of lateral 

roots is not affected. This inhibition does not occur in 

a lateral root mutant 2 (lrd2) nor in two ABA 

deficient (9, 10). Abscisic acid and a recently 

identified gen LRD2, are linked to repression of 

lateral root's formation in response to osmotic stress. 

It is very interesting to note that these regulators are 

also related to the establishment of root 

architecture without apparent effect of osmotic 

stress. The mutant lrd2 presents an altered response 

to exogenous application of ABA, while ABA-

deficient mutants and lrd2 show an altered 

response to inhibitors of polar auxin transport (25-27) 

suggesting a joint interaction of the hormonal 

signaling pathway in the regulation of lateral root 

formation. Some authors propose a model where 

the promotion or suppression of hormonal signaling 

pathway and regulators as LRD2 determine the type 

of lateral root primordium and coordinate the root 

system architecture in response to environmental 

stimuli (see (18)). In contrast, under drought stress 

conditions or osmotic stress, activation of the lateral 

root meristem is suppressed by ABA-mediated 

signals, producing few small lateral roots (9, 28). 

While auxins seem to be the main initialization 

hormone, pattern and emergence of lateral roots; 

ABA is the main hormone that controls the 

environmental effect (like drought and salt stress) 

over the root's architecture (29).  

 

Ionic transport and abiotic stress 

Root's epidermis is the first tissue that makes contact 

with salt; hence, it is the first to perceive osmotic 

and ionic changes in cells and the first one that 

triggers defense mechanisms. This can cause that 

stresses (drought and salt stress), were treated 

conjunctively in many cases, although it must not 

be forget the accelerated senescence of leaves in 

salt conditions by the ionic toxic accumulation. The 

accumulation of sodium in the cells and the 

resulting ionic imbalance is the main cause of 

inhibition of plant growth and decrease of yields (4). 

Therefore, maintaining low intracellular sodium is 

critical for plant adaptation to water and salinity 

stress. Plants use different strategies to fight against 

salinity damage in every organizational level, from 

cellular, biochemical, molecular to anatomic, 

morphological and phenological level. At cellular 

and molecular level, plants’ cells keep a little 

cytosolic Na+ content by compartmentalization and 

ionic transport regulation (3, 4). During salinity stress, 

processes of membrane transport play a very 

special role. Some transport mechanisms implied in 

the perception of salt stress are: 1) Water output of 

the cell by osmotic gradient. 2) Decrease of the 

availability of K+ in root cells due to the reduced 

activity of this cation in soils' solution; sodium 

competes for binding sites for K+ transporters in PM 

(plasma membrane) including low and high affinity. 

3) Increased efflux of K+ by selective and non-

selective channels (30). 4) These ionic events initially 

evoked in the PM of epidermal root cells are 

propagated to intracellular organelles (mainly 

vacuole) and other plant tissues such as leaves. 

Considering the entry of Na+ and K+ loss, preventing 

worsening of the K+/Na+homeostasis is a key 
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criterion for resistance to salt stress. Once the stress is 

perceived, the respective signalization triggers and 

changes in metabolism and genetic expression take 

place; all these are related with defense 

mechanisms (5, 30). For the response to osmotic 

changes in metabolic compartments, it occurs an 

immediate osmotic adjustment by synthesizing 

compatible osmolytes and inorganic ions capture 

(31), for the toxic component of stress is performed 

a compartmentalization of harmful ions and ion 

transport (32); and it generally occurs a restriction of 

unidirectional Na+ entry by NSCC (non-selective 

cation channels) (32, 33) and high affinity potassium 

transporters HKT (34, 35), the Na+ efflux from the 

cytosol by the Na+/H+ exchanger in the PM (4) or its 

capture by tonoplast (36); changes of metabolism 

and signalization by polyamines and ROS and the 

antioxidant activity (37, 38). 

 

Signaling molecules   

Practically all kind of abiotic stress, such as drought, 

salinity, heat and cold affect the cell's balanced 

metabolism, producing ROS (Reactive Oxygen 

Species) (39). The type of biological answer (e.g., a 

modification in root's architecture) to a particular 

kind of stress seems to be dependent of many 

factors: as production site, nature, stress response's 

signal's intensity (like with ROS), the development 

and nutritional state of the plant, as well as the 

modifications made by the plant before the stress 

occurred (stress acclimation) (10, 40). In virtually 

every study of the induction of stress in the 

proteome are a group of proteins typical of 

oxidative stress. Moreover ROS as superoxide radical 

and hydroxyl radicals accumulate during stress 

conditions and are kept under control to preserve 

the integrity of cellular macromolecules. The 

oxidation-reduction balance of the cells is 

controlled by a series of enzymes and intermediate 

metabolites. The accumulation of ROS during 

abiotic stress has long been considered as a 

collateral product of stress metabolism and as bio 

products of certain other non-beneficial aerobic 

metabolism. This view has now been modified. In 

particular, oxidative stress caused by drought and 

salinity, has been proposed that ROS production is 

an obligatory element of the response to induce an 

adequate acclimatization process (41). Therefore, 

the degree of accumulation of ROS is what 

determines whether it is a part of the signaling 

mechanism (low production) or a harmful event 

(high production) to plants, making the control of 

production and degradation of ROS the crucial 

element for plant resistance to stress (41-44). ROS is 

never completely eliminated, as it plays an 

important role in signaling and growth regulation 

(45); ROS' quenching inhibits the roots growth (46), 

and overexpression in Arabidopsis of a peroxidase 

localized mainly in the elongation zone stimulates 

root elongation (47). Therefore, ROS fluctuations in 

time and space can be interpreted as signals to 

regulate growth, development, cell death and 

stress responses (48, 49). Understanding the 

mechanisms that control ROS signaling in cells in 

response to water stress and salinity could therefore 

provide a powerful strategy for increasing crop 

tolerance to these environmental stress conditions 

(41). Among the targets of ROS action at the 

cellular level, there are ion channels that mediate 

ion exchange in the PM.  In the PM of roots and 

guard cells H2O2, stimulates the channels activated 

by hyperpolarization that mediate the influx of Ca2+ 

and NSCC (46, 48, and 50) and inhibit the K+ 

outward and inward rectifier currents (51). The 

stimulation of the influx of Ca2+ in guard cells 

appears to mediate the induction of stomata 

closure by ABA (50, 52-54). At the same time it was 

reported that the OH• activates a Ca2+ inward and 

K+ outward currents in epidermal protoplasts 

derived from mature and growth zone of 

Arabidopsis roots (46). A larger stimulation of the 

inward current of Ca2+ in the growth zone may 

indicate that ROS are involved in growth regulation 

via Ca2+ signaling. Moreover, the OH• produced by 

NADPH oxidase in Arabidopsis root hairs activated a 

Ca2+ inward rectifier conductance causing an 

increase in cytosolic Ca2+ allowing the root 

elongation (48). 

Recently it has been reported that under 

severe water stress autophagy programmed cell 

death occurs in the region of the root apical 

meristem (55). There is evidence that this defense 

mechanism is promoted by the accumulation of 

ROS in stressed meristematic cells of root tips. 

Analysis of the expression of BAX inhibitor-1 (AtBI1, 

apoptotic inhibitor) and the phenotypic response of 

the mutant atbi1-1 under severe water stress 

indicates that AtBI1 and the pathway  of 

endoplasmic reticulum stress response modulates 

the induction of PCD by water stress. As a result, thin 

and short roots induce an increase in their tolerance 

to stress. These authors also propose that under 

severe drought stress, plants activate the PCD 

program in the root apical meristem, removing the 

apical dominance; so they can remodel the root 

system architecture to adapt to stressful 

environments (56). 

 

Conclusions and perspectives  

There are many aspects to consider for fully 

understand the mechanism of perception and 

tolerance of plants to abiotic stress. However it is 

truly accepted that these behavior underabiotic 

stresses are under complex trait responses that imply 
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studying plant cell physiology, plant anatomy, 

genetics and biochemical and their associations. 
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