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         10.1   Introduction 

 Soil salinity can emerge under different environmental conditions and vary according 
to chemical, physical and biological properties of the soil itself. Those different 
conditions can markedly modify the possible indications about the use of the soil, 
the most suitable techniques to adopt for its agronomic management or the most 
appropriate actions to apply for its correction and recovery. In particular, an in-
depth knowledge of the origin and nature of the processes leading to soil saliniza-
tion and a clear analysis of the soil changes is very important for a correct soil use 
planning at land level (Monteleone  2006  ) . 

 At the same time understanding crop tolerance and adaptation to salinity is very 
important (Koyro et al.  2012  )  and forms one of the major research  fi elds on crops in 
agronomic sector since agricultural productivity is deeply affected by salinization 
(Yadav et al.  2011  ) . Salinity and drought conditions are the major limiting factors for 
yields in agriculture (Gregory  2006  ) . Actually they are enormous problems if we 
consider the global increasing population and climate change. In agriculture it is 
important and no more postponed to increase productivity also in salinity conditions 
in order to achieve a sustainable use of environmental resources, to reach food secu-
rity and  fi nally in order to increase pro fi tability of farms in using production factors. 

 For classi fi cation purposes plants have been organized into two groups: the salt 
sensitive glycophytes and the salt tolerant halophytes, unluckily all crops are belong-
ing to the  fi rst group (Flowers and Flowers  2005  ) . Plants react to stress environmental 
conditions at different levels, whole plant, root, leaves, reproductive organs, cellular 
and molecular levels (Jacobsen et al.  2012  ) . Still today any effort to enhance salt 
tolerance of crops have met low results for the complexity of the crop mechanisms of 
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adaptation to salinity from the physiological and genetic point of view (Flowers and 
Flowers  2005  ) . In any case crop physiology may explain structure–function relation-
ship of crop characters and modi fi cations in plant function that are caused by stress 
environmental conditions (Jacobsen et al.  2012 ; Mi fl in  2000  ) .  

   10.2   Tomato Response to Salinity 

 Salinity is a signi fi cant environmental stress for crops. Currently, soil salinization is 
one of the main causes of crop yield reduction in many areas of the world 
(Paranychianakis and Chartzoulakis  2005  ) . It was reported that about 20 % of irri-
gated surface is compromised by increasing salinity according to the United Nations 
Food and Agriculture Organization (Rozema and Flowers  2008  ) . Soil salinization 
may arise from intrinsic soil components, use of low quality water for irrigation, or 
excessive use of fertilizers. The increasing scarcity of good quality water has focused 
attention on the problem of using brackish waters for irrigation. Solving salt stress 
problem in agriculture cannot be postponed due to irrigation with saline water and 
utilization of saline soils to handle the request of the global increasing population 
(Koushafar et al.  2011 ; Munns  2002  ) . Agriculture widening to semiarid and arid 
regions with the practice of modern irrigation will exacerbate secondary saliniza-
tion because hydrologic balance of the soil between water applied (irrigation and 
precipitation) and water consumed by crops (transpiration) will change (Chaves 
et al.  2009  ) . Moreover a number of researchers have suggested that signi fi cant 
impacts of climate change are likely in the Mediterranean area, where in summer 
season warming greater than the average is expected, with a further increase in heat 
waves and a signi fi cant rainfall reduction (IPCC et al.  2007 ; Olesen and Bindi  2002 ; 
Vitale et al.  2010 ; Lovelli et al.  2010  ) . 

 From a physiological point of view the plant response to salinity is complex, 
since it varies with the species, the salt concentration, the environmental factors and 
the growth stage. Actually breeding approaches showed that stress tolerance char-
acters are in main part quantitative trait loci (QTLs), this in turn makes genetic 
selection of these traits very hard (Bartels and Sunkar  2005  ) , even if in some cases 
stress tolerant genotypes have been likewise obtained, by inserting traits using as 
genes source wild relatives (Bartels and Sunkar  2005  ) . 

 Undoubtedly there are a lot of information on plant response to salinity obtained 
from several researches on different crops made on different approaches, but it is 
necessary to integrate information regarding aspects of plant salt adaptation derived 
from physiological studies with those obtained from other approaches since our 
knowledge for the processes that ensures salinity tolerance is still today unclear 
(Paranychianakis and Chartzoulakis  2005  ) . 

 Tomato is a widespread crop in the Mediterranean area where soil salinization is 
currently a serious problem (Paranychianakis and Chartzoulakis  2005  ) . It is an 
important annual vegetable crop and it is usually utilised fresh, cooked or after pro-
cessing (Cuartero and Fernandez-Munoz  1999  ) . Tomato is well adapted to several 
climates; nevertheless a great part of world tomato production is localized in dry 
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areas such as Mediterranean and California, where cultivation must be necessarily 
under irrigation (Cuartero and Fernandez-Munoz  1999  ) . 

 Tomato as crop is classi fi ed as “moderately sensitive” to salinity (Foolad  2004  )  
and, undoubtedly, it holds an important position in agriculture section (Koushafar 
et al.  2011  ) . Water de fi cit and low water quality are surely the most important factors 
able to reduce yield and quality of tomato from nutritional value and food safety 
point of view (Favati et al.  2009 ; Dorais et al.  2008  ) . Irrigation with saline water may 
increase sugar and organic acid content of cherry tomatoes (De Pascale et al.  2007  )  
and the  fl avour of processed tomatoes (Mitchell et al.  1991  ) . All the desirable quality 
aspects for the processed tomato industry such as dry matter, soluble solids and 
titratable acidity seem to increase with salinity (Mitchell et al.  1991  ) . From agro-
nomic and physiological point of view as regards salinity response of this crop there 
are several studies (see review of Cuartero and Fernandez-Munoz  1999 , and most 
recent papers Maggio et al.  2007 , Albacete et al.  2008 , Perez-Alfocea et al.  2010 , 
Ghanem et al.  2008 , Okhovatian-Ardakani et al.  2010 , Ghanem et al.  2011b , Lovelli 
et al.  2012  ) . From the most recent papers it was pointed out that crucial points that 
are assuming great relevance in the understanding of tomato response to salinity 
conditions are substantially three:

    1.    Plant biomass partitioning;  
    2.    ABA signal involved;  
    3.    Tomato root architecture.     

 Our recent paper (Lovelli et al.  2012  )  con fi rmed the critical role for biomass 
partitioning and for root growth and morphology in tomato process adaptation to 
salts. Our  fi ndings provided important elements for elucidation of crucial mecha-
nisms regarding tomato salt tolerance. Previously it was accepted the idea that in 
tomato, salinity does not change the usual distribution of dry matter between plant 
organs (fruits, shoot and root) even when there is a yield decrease (Ehret and Ho 
 1986  ) . Recently we showed the contrary in agree with other recent papers (Albacete 
et al.  2008  ) . On tomato we showed the high root-to-shoot ratio under salinity in 
tomato and the close relationship to high abscisic acid (ABA) root concentration 
(Lovelli et al.  2012  ) . In tomato under high salinity level, the increase of ABA tissue 
concentration could regulate plant adaptation processes, such as dry matter parti-
tioning (Albacete et al.  2008  )  and in particular way the root/shoot ratio (Maggio 
et al.  2007 ; Zhang and Blumwald  2001 ; Lovelli et al.  2012  ) .  

   10.3   Gas Exchange, Plant Growth and Biomass 
Partitioning Under Salinity 

 In general, the negative effect of salt excess in soil water on glycophytic plants is 
mainly due to three phenomena:

   Osmotic stress, markedly increasing the osmotic potential of soil water stress • 
resulting in a dif fi culty of plant to uptake water (directly proportional to salt 
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concentration) with consequences similar to those caused by a water de fi cit 
(physiological drought);  
  Toxic stress, consisting in the toxic effect and denaturing that some excess ions, • 
especially Na + , cause to cytoplasm enzymatic activities;  
  Nutritional stress caused by an unbalanced ion uptake, given the antagonism • 
among certain useful ions against those being in excess in soil water.    

 These effects change hormonal status and impair plant metabolic processes. As 
a consequence of those three stresses a reduction of plant growth and yield occurs 
(Yeo  2007  ) . It was hypothesized that salinity response of tomato, as for other plants, 
happens in two phases (“biphasic model”; Munns  1993  ) : during the  fi rst phase (days 
to weeks) the osmotic effect is prevalent, while during the second one (weeks to 
months) growth is controlled by toxic actions of the high salt accumulation in leaf 
tissues. In other words in plant adaptation to salts it is essential the time scale of the 
response. During the  fi rst phase (osmotic one) plant growth could be hormonal reg-
ulated while during the second phase, toxic effect of high salt concentration at tissue 
level are prevalent on plant growth reduction. Hormonal regulation of growth dur-
ing the  fi rst phase is actually the main  fi eld of scienti fi c debate on salinity. 

 Photosynthesis and the rhythm of cell growth are the  fi rst processes to be com-
promised by salinity (Chaves et al.  2009 ; Munns et al.  2006  ) . In fact, it is frequently 
reported that with salt stress as the stomatal resistance rises, due to leaf water poten-
tial reduction, photosynthetic assimilation decreases (Prior et al.  1992 ; Munns  2002 ; 
Lovelli et al.  2012 ; Rivelli et al.  2002  ) . The observed reduction is caused by the 
effect of salts on each single photosynthetic sub-process (diffusion, photochemical, 
biochemical processes). The stress determined by the high concentration of solutes 
in soil water can determine both an increase of stomatal resistance and mesophyll 
resistance to gas  fl ows, with a subsequent limitation of photosynthetic activity 
(Flexas et al.  2004,   2007 ; Lawlor and Cornic  2002  ) . Salt stress effect on photosyn-
thetic non-stomatal components have been studied also, but precise information on 
the topic are still few (Rivelli et al.  2002 ; Seemann and Critchely  1985  ) . With “non 
stomatal limitations” words we usually consider both physical limitations, meso-
phyll resistances to CO 

2
  diffusion in the gas and liquid phase, and bio-chemical 

limitations, mainly carboxylation rate and ef fi ciency, to assimilation rate (Centritto 
et al.  2003  ) . In addition as regards non-stomatal limitations to photosynthesis, in 
some cases they may generate confusion of interpretations (Centritto et al.  2003  ) . 
The dif fi culty comes from the fact that, being numerous the factors regulating pho-
tosynthetic activity, it is particularly dif fi cult to assess whether stomatal or non-
stomatal effects prevail in response to salinity. Some studies pointed out that the 
assimilation activity drop, as a consequence of salt distribution to the crop, should 
be caused not only by stomatal closure, but mainly by ion actions at biochemical 
level. Na +  and Cl –  ions can have a direct effect on photosynthetic apparatus because 
they reduce the ef fi ciency of ribulose-1 5-bisphosphate carboxylase (Rubisco) in 
the Calvin’s cycle (Bethke and Drew  1992 ; Martin and Ruiz-Torres  1992  ) . Many 
studies showed the strict correlations between increased salt concentration, such as 
Cl −  and photosynthesis decrease (Paranychianakis and Chartzoulakis  2005 ; Lovelli 
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et al.  2012 ; Lloyd et al.  1989 ; Walker et al.  1981 ; Chartzoulakis et al.  2002  ) . Actually, 
it was shown that CO 

2
  concentration in intercellular spaces does not change as an 

effect of salinity but it stay more or less the same, while stomatal opening 
decreases; that suggests that both stomata conductance and especially the non 
stomatal ones are reduced by the salts accumulated in the tissues. Actually under-
standing the nature of non stomatal limitations of photosynthesis under salinity is 
an heated  fi eld of photosynthesis research (Paranychianakis and Chartzoulakis 
 2005 ; Centritto et al.  2003  ) . 

 Under severe salt stress, photosynthesis of tomato was deeply reduced, so in this 
way stressed plants had a lower amount of  fi xed carbon to utilize for plant growth 
(Lovelli et al.  2012  ) . Lower stomatal conductance and photosynthesis observed in 
salt stressed tomato plants explain the lower leaf growth and consequently the 
smaller accumulation of dry matter (Lovelli et al.  2012  ) . During osmotic stress 
(during the  fi rst phase) ABA contributes to salt response through an effective sto-
matal control (Hassine and Lutts  2010  ) . Indeed, a strong relation between ABA 
tomato leaf concentration and stomatal conductance occurred (Lovelli et al.  2012  ) . 

 One consequence of reduced photosynthesis is the overall plant growth reduc-
tion, but different parts of the tomato plant grow in different way. In fact we observed 
an unbalanced growth rhythm of root and shoot under salinity (Lovelli et al.  2012  ) , 
in particular we showed the high root-to-shoot ratio and the close relationship to 
high abscisic acid (ABA) root concentration (Lovelli et al.  2012  ) . As said before we 
refer to the biphasic model of Munns  (  1993  )  that considers the physiological and 
agronomic adaptation of plants to salts as temporal changes in both osmotic and 
ionic stress (Perez-Alfocea et al.  2010  ) . Actually processes that regulate leaf growth 
and shoot development under the osmotic phase of salinity are under debate 
(Albacete et al.  2008  ) , as said before. 

 During the  fi rst osmotic phase it has been hypothesized that inhibition of plant 
growth could be controlled by hormones or their precursors (Munns and Tester 
 2008 ; Lovelli et al.  2012  ) , while later (ionic phase), plant growth is mainly reduced 
by high leaf salt (Na +  and Cl - ) build up that in turn involves to whole plant photo-
synthesis reduction and partly induces premature leaf senescence (Perez-Alfocea 
et al.  2010  ) . 

 If from one side stomatal control by ABA increase in leaf tissues was an impor-
tant research  fi eld for long time, actually there are very few data on ABA partition-
ing among the different plant organs (Assmann  2004 ; Zhang et al.  2004 ; Lovelli 
et al.  2012  ) . Actually the ABA function in growth control is particularly controversy 
(Albacete et al.  2008  ) , as according to some authors it holds up plant growth (Dodd 
and Davies  1996 , Zhang and Davies  1990  ) , while according to others it favours it 
(Sharp and LeNoble  2002  ) . Therefore, several contrasting opinions exist on ABA 
function in the biomass allocation under salt stress (Sachs  2005  ) . Modi fi cations of 
plant growth under salinity could be controlled by changes in phytohormone tissues 
concentrations controlling assimilate partitioning from source to sink organs (Perez-
Alfocea et al.  2010 ; van der Werf and Nagel  1996 ; Hartig and Beck  2006  ) . We 
known that the ratio between root and shoot dry matter is usually constant, since 
root system and epigeous plant part grow at the same rate (Lovelli et al.  2012  ) . 
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The balance of width between each part of the plant is provided by assimilation rate 
and carbohydrate partitioning, but it can be highly modi fi ed by stress conditions 
(Erice et al.  2010  ) . The ratio between root and shoot dry matter increased with the 
rise of salt concentration in the nutrient solution. In tomato it was showed that salin-
ity does not affect the usual partitioning of dry matter between fruits, shoot and root 
even when yield decrease reductions is about close to 25 % of the control (Ehret and 
Ho  1986  ) . On tomato we showed the contrary (Lovelli et al.  2012  ) . Our results on 
plant growth are similar to that obtained from other authors always on tomato under 
salinity (Albacete et al.  2008 ; Maggio et al.  2007  ) . It is clear now that salinity slows 
down cellular division and growth (Albacete et al.  2008  ) . It happened that some 
morphological characters of crucial interest in stress adaptation, such as root growth 
and stomatal behaviour, have been less studied (Maggio et al.  2007  ) . Sharp and 
LeNoble  (  2002  )  and Spollen et al.  (  2000  )  showed that higher root growth in condi-
tions of low water potential is strictly related to ABA increase in the root tissues, 
and that the keeping of root growth under very negative water potential is controlled 
by ABA accumulation in roots. 

 All these results strengthened the idea that photosynthate utilisation rather than 
its availability is the main factor that limit plant growth under salt stress and assign 
an important function to hormonal signalling between plant organs (Perez-Alfocea 
et al.  2010  ) . Moreover channelling assimilates from leaves to the roots (Perez-
Alfocea et al.  2010  )  could be considered a particular choice of the plant, without 
meaning. At the same time this adaptive plant behaviour allows the plant roots to 
take out more water and uptake nutrients from the soil and allows to maintain ionic 
homeostasis, so it have a clear signi fi cance from the ecological point of view within 
salinised environment (Perez-Alfocea et al.  2010  ) . The increase of root/shoot ratio 
in tomato is likely an effective physiological process that allow to regulate ion 
increase into tissues under salt stress (Fig.  10.1 ; Lovelli et al.  2012  ) .   

  Fig. 10.1    Dry matter ( a ) root shoot ratio ( b ) measured in tomato plants subjected to two levels of 
salt stress (100 and 150 mM of NaCl, respectively), ( c ) ABA concentration in leaves and roots of 
tomato plants under two levels of salt stress. Mean value (n = 5) within a column followed by dif-
ferent capital and lower case letters are signi fi cantly different at P < 0.01 and P < 0.05, respectively 
according to Duncan’s multiple range test       
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   10.4   Role of Abscisic Acid (ABA) and Other Phytohormones 
Under Salinity 

 Since plants are sessile organisms, for them having and ef fi cient system of response 
to the changing environment is crucial for surviving. First discovered group of plant 
hormones includes auxin, gibberellins (GAs), cytokinins, abscisic acid (ABA) and 
ethylene. Only recently another group of compounds such as brassinosteroids (BRs), 
jasmonate (JA), salicylate (SA), strigolactones (SLs), nitric oxide (NO), polyamines, 
and some oligopeptides were recognized as new families of plant hormones (Javid 
et al.  2011 ; Santner and Estelle  2010  ) . Notwithstanding phythormones were studied 
for many years, interactions that occur between them are still unclear (Ross and 
O’Neill  2001  ) . Vanguard of the research on this  fi eld regards the modalities through 
which plant hormones are involved in multiple processes and if the so-called “cross- 
talk” between different hormones results in synergetic or antagonistic interactions 
in response of plants to abiotic stress (Peleg and Blumwold  2011 ; Zhu et al.  2012 ; 
Gemes et al.  2011  ) . 

 Under salinity plant response is triggered by osmotic signals (Chaves et al.  2003  )  
or by other compounds (hormones, reactive oxygen species and intracellular second 
messengers) (Chaves et al.  2009  ) . Surely between them abscisic acid (ABA) has an 
important function in the whole plant responses to salt stress (Zhang et al.  2006  ) . 
Generally, ABA operates as a general inhibitor of growth and metabolism, and neg-
atively affects the synthesis of proteins and nucleic acids, even if these actions vary 
with tissue, developmental stage and the concentrations of this hormone increase 
substantially under stress conditions (Sofo et al.  2011 ; Yuan et al.  2011 ; Kobashi 
et al.  2001 ; Srivastava  2002  ) . The changes of the endogenous levels of ABA also 
stimulate different metabolic and physiological events that increase the level of tol-
erance to salts (Munns and Tester  2008 ; Xiong et al.  2002  ) . However, in many stress 
conditions other hormones (ethylene, cytokinins, auxins) are involved also, and in 
particular, their biosynthesis could be considered an appropriate indicator of the 
plant health. Under salinity other hormones such as gibberellins can interact with 
ABA and other stress metabolites including antioxidants and ROS scavengers 
(Achard et al.  2006  ) . 

 Recently it was underlined that all too often ABA is considered “the stress hor-
mones”, while other phytohormones such as cytokinins and auxins seems involved 
in explaining changes in plant biomass partitioning (Albacete et al.  2008 ; Javid 
et al.  2011  ) . Notwithstanding it is frequently reported that salinity triggers off ABA 
synthesis in roots which is relocated to the shoots where it causes stomatal closure 
(Chaves et al.  2009  ) . ABA can also be produced in leaf cells and then transported in 
other part of the plant (Wilkinson and Davies  2002  ) . With regards to this aspect, 
recently it was showed that xylem and apoplastic pH affects ABA movements into 
plant tissues and in this way it seems to control the levels of ABA reaching the sto-
mata (Jia and Davies  2007  ) . The “alkaline trapping” of ABA may be triggered by 
salts also (Jia and Davies  2007  ) . ABA concurs in salt response during the osmotic 
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phase through an effective enhancement of stomatal control (Hassine and Lutts  2010  ) . 
Stomatal control by ABA accumulation in leaf tissues was an important research 
 fi eld for years but data on ABA effects on dry matter partitioning among the differ-
ent plant organs are lacking (Assmann  2004 ; Zhang et al.  2004  ) . Modi fi cations of 
ABA concentrations between leaves and roots may be accountable for the relative 
changes in growth ratios and biomass partitioning caused by salt stress (Lovelli 
et al.  2012  ) . Leaf and stem dry matter decrease can be related to a redistribution of 
photosynthetates to the root system (Maggio et al.  2007  )  mediated by ABA signal-
ing (Albacete et al.  2008  ) . The few available experimental data on tomato (Albacete 
et al.  2008 ; Ghanem et al.  2008  )  are in agreement with our results (Lovelli et al. 
 2012  ) , but they disagree with results of other authors (Mulholland et al.  2003 ; 
Maggio et al.  2007  ) . In tomato under advanced salinization, the high ABA root 
levels could regulate organ adaptation, such as dry matter partitioning (Albacete 
et al.  2008  )  and usual alteration of the root/shoot ratio (Maggio et al.  2007  ) . It is 
possible to suppose that similar to its action in the shoot, ABA accumulation may 
also be useful to keep root growth in salt stressed plants (Albacete et al.  2008  ) . 
Sharp and LeNoble  (  2002  )  and Spollen et al.  (  2000  )  clearly showed that higher root 
growth under low water potential is associated with high ABA levels in the roots, 
and that the maintaining of root growth under low water potential is controlled by 
ABA accumulation in roots. Build up of ABA root concentration and root/shoot 
ratio observed under salt conditions (Lovelli et al.  2012  )  seems to strength our 
hypothesis. Some authors (Albacete et al.  2008  )  also supposed that ABA is related 
with inhibition of ethylene production, which is sometimes considered a growth 
inhibitor under stress. It is a clear example of cross-talk between plant hormones 
during plant response to salt stress, as said before. It could justify how a single 
hormone produces different effects in different plant organs, in other words in 
each organ this compound interacts in different modality with the other hormones 
that are at the sometime present (Ross and O’Neill  2001  ) . Some authors (Ghanem 
et al.  2011b  )  observed that the root cytokinin production deeply reduces both ABA 
and Na +  build up in the root and other organs without modifying root dry matter 
under moderate salinity (100 mM NaCl). Another possible explanation could be 
that given by Zhang et al. ( 2006 ). According to this author it is possible to give to 
ABA a dual function in plant physiological control. That is an inhibitive function 
when it accumulated at high concentration under stress, and a promoting function 
when it is at low amount in plant tissues. We observed high ABA root tissue 
amount in correspondence of high Na +  and Cl –  root level (Lovelli et al.  2012  ) , so 
it is possible to hypotize its inhibition function, as other authors reported (Sharp 
and LeNoble  2002  ) . 

 In any case, higher root/shoot growth might be interpreted as part of an adapta-
tion behaviour in which plant physiological and metabolic modi fi cations evolve 
together with plant development, soil salinization and atmospheric parameters dur-
ing the crop cycle (Maggio et al.  2011  ) . Different tissue root and leaf ABA may 
have an important function in controlling growth, leaf gas exchange and dry matter 
partitioning of salinized tomato plants (Lovelli et al.  2012  ) .  
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   10.5   Tomato Root Architecture Modi fi cation Under Salinity 

 Considering its role function in absorbing water and nutrients, the root system is the 
main part of the plant to meet soil salinity (Ouyang et al.  2007  ) , and likely plays an 
important role to cope with salts. In particular how salts affects root growth and 
architecture is of great importance to elucidate mechanisms for plant adaptation 
process to salinity. 

 The role of the roots and their function in mediating shoot responses to abiotic 
stresses such as salinity, was recently emphasised (Ghanem et al.  2011a  ) . Root mor-
phology such as root system architecture should be thoroughly investigated to 
improve plant development under environmental stress conditions (Ghanem et al. 
 2011a  )  because, currently, there are very few information on root architecture/mor-
phology under salt stress (Maggio et al.  2011  ) . 

 Root growth traits reduction associated to salinity agree with the results of sev-
eral authors (Schwarz and Grosch  2003 ; Kafka fi   1996  ) . On tomato we measured a 
reduction of total root weight and length in salt treatments and a large increase in 
speci fi c root length (SRL) compared to the control (Lovelli et al.  2012  submitted). 
Snapp and Shennan  (  1992  )  observed no modi fi cation of Root Length Density in 
hydroponically-grown tomato plants under salinity. Recently both a root fresh 
weight reduction (30 %) was observed on tomato after 3 weeks under saline condi-
tions (Albacete et al.  2008  )  and a root dry matter reduction under salinity together 
with a root/shoot increase (Lovelli et al.  2012  ) . According to Cuartero and 
Fernandez-Munoz  (  1999  )  salinity deeply affects root biomass of tomato, but other 
authors (Abrisqueta et al.  1991  )  showed that tomato root biomass grown under 
salinity conditions, have only a delay in reaching a depth of 80 cm and the end root 
length density is a quarter than in control plants. 

 Also on other crops there are contrasting results. Considering faba bean growth 
on salinized soil root length density and root mass density are deeply reduced as 
effect of salts (Abdelhamid et al.  2010  ) , while on soil-grown alfalfa some authors 
(Vaughan et al.  2002  )  showed that root production was stimulated by salinity. These 
contrasting results may depend also by confusion that comes from heterogeneous 
growth condition under salinity on soil-grown plants. This is an enormous problem 
of salinity experiments, each time we want to impose salinity condition in an 
arti fi cial we may meet dif fi culties that can generate confusing results. In fact when 
plants are grown under salinity soil compaction could affect plant growth by caus-
ing increased resistance to root penetration and the resulting different mechanisms 
of salt damage may be very different as the result of the system under which the 
plants were grown (Tavakkoli et al.  2011  ) . In order to avoid confusing results it is 
important to separate salt stress from other soil abiotic stress, eliminating soil com-
ponent and this can be done only growing plant in hydroponics. 

 In our experiment on hydroponically-growth plants analyzing root length density 
along the depth we found a signi fi cant interaction between salinity and root depth 
on speci fi c root length (SRL; Lovelli et al.  2012  submitted). A root system with a 
high SRL in high salinity conditions could be considered an adaptative response 
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that gives to plants the possibility to growth better in the soil volume (Bazzaz and 
Morse  1991 ; Snapp and Shennan  1992  ) , and to delay toxic ions accumulation in plant 
shoots (Maggio et al.  2007  )  keeping a right degree of ions homeostasis. Moreover on 
other crops some authors pointed out that differential rooting was higher in the upper 
half of the root zone on alfalfa soil grown plants, and that high  fi brous rooting in 
alfalfa is a character to interpret as a salt stress avoidance behaviour (Vaughan et al. 
 2002  ) . All these recent experiments on root architecture modi fi cation under salinity 
seems to be of great help for elucidation of mechanisms for tomato adaptation to salt 
stress on whose signi fi cance there are still many aspect to clarify. 

 On tomato it was observed that salt or other abiotic stresses may affect different 
roots to a different extent (Cuartero and Fernandez-Munoz  1999  ) . Other researches 
showed that under stress tomato usually grows numerous small lateral feeder roots, 
which are not present in tomato plants growth in non-stress conditions (Zobel  1975  ) . 
Moreover in our experiment in salt treatments we observed a particular root diam-
eter distribution. Under severe salt stress we measured a signi fi cant amount of 
tomato roots belonging to the lower diametric class (0–0.5 cm) (Fig.  10.2 ; Lovelli 
et al.  2012  submitted). Increased Speci fi c Root Length (SRL) usually associates 

  Fig. 10.2    Length of roots belonging to different diameter classes (mm) in the three treatments and 
at three distant depths ( top ,  mid  and  bottom ). Vertical bars are standard error of the mean       
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with low average root diameters (Schwarz et al.  1995 ; Schwarz and Grosch  2003  ) . 
These last results are in agreement with other authors (Kurth et al.  1986 ; Sharp et al. 
 1990  )  that observed thinner roots in cotton and maize, respectively, under high level 
of salinity. In general the increase of Speci fi c Root Length (SRL) under salinity 
re fl ects differences in diameter distribution and may be used as an indicator of plant 
response to management (Basirat et al.  2011  )  or environmental change (Ostonen 
et al.  2007  ) .  

 Moreover modi fi cations in the root class diameter distribution may be con-
sidered as a mechanism of adaptation to salinity, thinner roots allow osmotic 
adjustment without alteration of  fi xed carbon partitioned to roots (Snapp and 
Shennan  1992  ) .  

   10.6   Conclusion and Future Perspective 

 From recent research activity on tomato, it can be concluded that new elements have 
emerged that are useful in the elucidation of mechanisms of salt adaptation and 
tolerance. Source – sink regulation and root-to-shoot signaling are interconnected 
mechanisms that allow tomato plants to increase salt tolerance since they allow to 
maintain growth and delay leaf senescence during the  fi rst phase of salt response 
(osmotic one; Perez-Alfocea et al.  2010  ) . 

 In biomass partitioning plant hormones plays a crucial role. As regards tomato 
different endogenous ABA at root and leaf level are key aspects in growth control, 
leaf gas exchange and dry matter partitioning of salt-stressed plants (Lovelli et al. 
 2012  ) , even if it seems that in the complex plant hormonal network cross-talk 
between hormones may result in synergetic or antagonic interactions in response to 
one stress (Peleg and Blumwold  2011  ) . 

 The role of root architecture in tomato response to salinity is still unclear, but it 
likely plays an important role. In hydroponically grown tomato plants under high 
salinity (150 mM NaCl) we observed decrease in root weight, depth and length 
density but an increase in speci fi c root length, corresponding to an increase in  fi ne 
roots in the middle part of the root system. 

 Although this chapter on tomato biomass partitioning under salinity covers only 
a part of a very complex scienti fi c  fi eld of research it is clear that physiological 
approach is still a powerful tool for analyzing the complex process that is plant 
adaptation to salts. Several authors (Jacobsen et al.  2012 ; Boote et al.  2001 ; Hunt 
et al.  2003 ; Martre et al.  2003  )  think that only integrating knowledge from different 
approaches (plant physiology, soil science and agrometeorology) into mathematical 
equations, through models it is possible to forecast plant response and yield in stress 
conditions. So many efforts would be addressed to create synergies between 
scienti fi c research groups and to develop a multidisciplinary approach for the salin-
ity stress problematic (Wollenweber et al.  2005  )  in order to give a further chance to 
agriculture in areas affected by salinization.      
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