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Abstract
In present study, four tomato genotype i.e., Roma, Nagina, Naqeeb and Riogrande were investigated under the saline conditions and the
half strength Hoagland’s nutrient solution was provided after a regular interval of time. Results revealed that increased level of salinity
significant decreased the number of leaves per plant, root and shoot fresh and dry weight, net photosynthesis rate, chlorophyll content,
leaf area and number of stomata, while increase in the concentration of organic osmolytes (total free amino acids and total soluble sugars)
was observed in Roma, Nagina, Naqeeb and Riogrande tomato genotypes. The calcium content in root, shoot and leaf markedly reduced
in all tested tomato genotypes under saline conditions.
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INTRODUCTION

The plants that have to stay on the one place for their
whole life so they have to adopt it according to the climatic
changes that may be beneficial or harmful for plant growth
and development1. There are number of environmental factors
which decreased the crop production such as drought, heat,
frost, lodging and salinity etc., but in these factors soil salinity
dominated on all of the remaining factors worldwide for its
prominent marked effects on the crop plants2,3. Among the
factors, salt stress is one of the most significant abiotic stress
and considers as a sign of disaster for the crop plants2 and is
increasing day by day throughout the globe3,4.

In saline soil, when seed is sown very few seedlings
emerge5. Salt stress commonly changes the morphological
characters of a plant6. Salinity caused a remarkable decrease
in the root and stem dry weights and permutation of osmotic
and specific ion effects of Cl- and Na+ might possibly caused a
decline in the plant biomass7-9. Hajer et al.10 found that shoot
and root dry weight of tomato plants significantly decreased
with an increase in NaCl concentration, depicting a negative
correlation between the same.

Salt stress inhibits the growth and metabolic processes of
plants by osmotic stress, ionic stress and oxidative stress11.
Furthermore, cell membrane stability, chlorophyll content and
photosynthetic activity are significantly hampered under
saline conditions12. Salinity affected the net photosynthesis
rate by reducing the diffusion of CO2 in respiration process
through stomata12. Under salt stress, total quantity of free
amino acids increased in tomato fruits13. Ashraf and Harris14

revealed that the different level of NaCl treatments affect the
plant dry weight, number of stomata and relative water
potential in tomato leaves. Similar results have also been
pragmatic by Zushi and Matsuzoe15.

Plant physiology and metabolism influence negatively
due the high salt ratios16 and mostly by Na+ salts which not
simply decreased Ca2+ availability but also reduced Ca+2

mobility to emergent parts of the plant, that reduce the
productive growth of plant parts. In response of high salinity
the Na+ and Cl- accumulates above its optimum level causes
the deficiency of essential nutrients K+ and Ca+2 which are
necessary for plant growth17. Cuin et al.18 observed that for
osmotic regulation in tomato different soluble sugars such as
fructose, glucose and sucrose increased in response of salt
stress. Similarly,19 stated that during salt stress sugars
accumulated in different plant tissues and this accumulated
sugars play an important role in plant defensive mechanism
through osmoregulation process and energy conservation to
increase plant tolerance against salinity.

The amino acid behaved as an osmo protectants and
enhanced the osmotic efficiency of plants in the situation
where the toxic ions of salts create the problems related to
water  relations20.  Morsy  et  al.21  reported  that  total  free
amino acids and soluble protein increased in barley plants as
the  salt  concentration  increased  in  soil.  Dantas  et  al.22  and
El-Tayeb23   stated   that   the   numerous   enzymes   such   as
S-adenosylmethionine synthetase, glutamine synthetase and
isopropylmalate deshydrogenase play an important role in
biosynthesis of amino acids these enzymes also help plant in
the maintenance of roots osmotic potential and protected the
membrane injury during salt stress.

Tomato (Lycopersicon esculentum) is a summer
vegetable, consumed worldwide. It is somewhat short
duration crop and consider as a cash crop for the small farm
holders but unfortunately this cash crop is severely affecting
by salinity that reduce its productivity and quality of tomato
fruit. However, a significant achievement has been made in
improving salinity tolerance in crops by varietal selection12.
Many reports on the genotypic variation in commercial
cultivars are available regarding osmolytes and antioxidant
activity. The objective of this study was to determine the
salinity effect on germination, morphological, physiological,
biochemical attributes of tomato plant.

MATERIALS AND METHODS

The study was performed and accomplished in 2012 with
the collaboration of Nuclear Institute for Agriculture and
Biology (NIAB) Faisalabad, Pakistan in Stress Physiology
Laboratory, Salinity and Environmental Division.

Plant material and growth conditions: Tomato (Lycopersicon
esculentum) genotype i.e., Roma, Nagina, Naqeeb and
Riogrande were grown at Institute for Agriculture and Biology
(NIAB) Faisalabad in Stress Physiology Laboratory at 25±3EC.
Light was provided by fluorescent over-head bulbs set for 8 h
light, 16 h dark regime with a photosynthetic photon flux
density of 200 µm mG2 secG1. Plants were grown in 3.5 L pots,
filled with sand and manually irrigated with half strength
Hoagland nutrient solution. Initially five plants of each variety
were sown per pot and were thinned to four plants per pot.
When tomato plants have 4-5 true leaf stage, a Hoagland
solution with NaCl was added to the Hoagland nutrient
solution at 0 and 75 mM. The experiment was laid out in
Complete Randomized Design (CRD) with three replications.

Germination of the genotype was recorded after 2 weeks
of sowing. Plants were carefully uprooted and washed for the
determination of shoot and root fresh  weight.  Dry  weight  of
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plant was measured after drying at 70EC for 72 h. The
chlorophyll contents were estimated by using the method of
Arnon24.

Leaf   Area   (LA)   was   measured   using   an   area   meter
(LI-COR,  model  LI-3000).  The  net  photosynthetic  rate  (Pn),
was recorded using an infra-red gas analyze Analytical
Development Company, Hoddesdon, England).

For the estimation of total free amino acids, standard
method of25 was used while, Total soluble sugars were
determined according to the method of26. The calcium
contents were determined titrimetrically against EDTA
solution (0.01 N) as a standard solution using EBT and calcon
indicator as descripbed in US-Staff Hand Book -60 (1962).

RESULTS

Germination percentage: Data regarding the effect of salt
stress on germination percentage showed a significant
reduction in the germination percentage of all tested tomato
genotypes. The plants growing under non-saline conditions
showed the maximum germination percentage while the
plants subjected to saline conditions exhibited the minimum
germination percentage. The tested genotypes have varied
response under saline condition. Naqeeb and Riogrande
showed greater salt tolerance and recorded germination more
than 65% while, most salt sensitive genotype was Nagina
which recorded the germination of 46%.

Plant growth attributes: The number of leaves per plant of
tested genotypes indicated that salt stress significantly
decreased the number of leaves per plant. However,
maximum number of leaves was recorded in Naqeeb followed
by Riogrande under saline or non-saline conditions when
compared to Roma or Nagina (Fig. 1). The Nagina and Roma
presented the reduction in number of leaves by 58 and 52%
while Naqeeb and Riogrande had decrease in number of
leaves by 20 and 27%.

Salinity significantly reduced the shoot fresh weight of
plant. The more pronounced maximum reduction in shoot
fresh weight of plant was obtained by the Nagina and Roma,
while  minimum  for  Riogrande  and  Naqeeb  (Fig.  1).  The
Roma and Nagina exhibited the reduction in shoot fresh
weight by 51 and 47% while, markedly  reduction  observed
by  Naqeeb  and Riogrande in shoot fresh weight of plant by
13 and 15%. The four tomato genotype under study showed
significant dissimilarity both under saline and non-saline
conditions. These four genotype these responded differently
in saline conditions. The Nagina and Roma exhibited the

reduction  in  shoot  dry  weight  by  42  and  44%  while,
Naqeeb and Riogrande showed less reduction in shoot dry
weight of plant by 14 and 12%.

There  was  distinct  difference  detected  between  the
plant submitted to untreated (control) and salinity (75 mM)
because salinity induced the progressive reduction in root
fresh weights. The Roma and Nagina exhibited the maximum
reduction in root fresh weight by 55 and 57% while, minimum
reduction was observed in Riogrande and Naqeeb by 17 and
19%, respectively.

The four tomato genotype under study showed
significant variations both under saline and non-saline
conditions. Under saline conditions tested tomato genotype
responded in a different way when they were compared it to
genotype grown under non-saline conditions. The Nagina and
Roma exhibited the reduction in root dry weight by 41 and
36% while, Riogrande and Naqeeb presented less reduction in
root dry weight by 11 and 8%, respectively.

Physiological    attributes:    The    plants    growing    under
non-saline conditions showed the highest net photosynthesis
rate while the plants submitted to saline conditions exhibited
the minimum net photosynthesis rate (Fig. 2). All the tested
genotypes showed the reduction in net photosynthesis rate
but maximum reduction was noted for Nagina and Roma
while, minimum for Naqeeb and Riogrande. The Nagina and
Roma  presented  reduction  in  net  photosynthesis  rate  by
49 and 52% while, Riogrande and Naqeeb had decrease in by
12 and 17%.

Salt stress significantly reduced the number of stomata in
all tested tomato genotype. The maximum number of stomata
of plant observed under non-salinized condition while the
minimum number of stomata under saline conditions (Fig. 2).
The four tomato genotype under study showed significant
dissimilarity both under saline and non-saline conditions.
Under salinity the Naqeeb and Riogrande exhibited the
minimum decrease in number of stomata by 11 and 8% while
maximum decrease showed by Nagina and Roma by 32 and
39%.

Salinity has decreasing effect on the leaf area of all tomato
genotype. The tomato genotype performed differently under
control and saline conditions (Fig. 2). The genotype displayed
the reduction in leaf area but minimum reduction was noted
for Riogrande and Naqeeb while, maximum for Roma and
Nagina. The Roma and Nagina exhibited the reduction in leaf
area  by  41  and  35%  while,  low  reduction  observed  by
Naqeeb  and  Riogrande  in  leaf  water  potential  of  plant  by
13 and 18%.
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Fig. 1(a-f): Effect of salinity on germination, root and shoot fresh and dry weight of tomato

Organic osmolytes
Total free amino acids and total soluble sugars: Under saline
conditions a varied pattern in total free amino acids were
observed in comparison to non-saline conditions (Fig. 3). All
the tested genotype showed the increase in total free amino
acids but maximum increase was noted for Riogrande and
Naqeeb and minimum increase was observed in Nagina and
Roma. The Roma and Nagina presented the minimum increase
of total free amino acids by 10 and 20% while, Naqeeb and
Riogrande had maximum increase in total free amino acids by
50 and 45%.

Salt  stress  significantly  increased  the  total  soluble
sugars in all tested tomato genotype. The maximum total
soluble  sugars  was  observed  under  salinized  condition
while the minimum total soluble sugar was obtained under
control conditions   (Fig.  3).  The  four  tomato  genotype 
under  study showed significant variation both under saline
and non-saline conditions. Observed changes indicated that
Naqeeb and Riogrande exhibited the maximum increase of
total soluble sugars by 51 and 48% while minimum increase of
total soluble sugars showed by Nagina and Roma of 18 and
23%.
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Fig. 2(a-f): Physiological attributes of tomato genotypes grown under saline and non-saline conditions

Calcium contents: The shoot calcium content indicated that
salt stress significantly decreased the calcium content in shoot
(Fig. 3). All the tested genotype showed the reduction in
calcium content Roma and Nagina presented the reduction in
calcium content by 38 and 36% while, Riogrande and Naqeeb
had decrease in by 8 and 11%.

It was clearly indicated from the data that under salt stress
root calcium content significantly decreased. The plants
growing under non-saline conditions showed the high root
calcium content while the plants submitted to saline
conditions exhibited the low root calcium content (Fig. 3). The
Roma and Nagina presented the minimum decrease in
calcium content of roots by 11 and 13% while Naqeeb and

Riogrande  had  maximum  decrease  in  calcium  content of
roots by 39 and 31%. In present study, the plant growing
under  control  and  salt  stress  showed  a  remarkable
difference regarding leaf calcium content. Under saline
conditions these genotype responded in a different way when
compared  it  to genotype grown under non-saline conditions.
All genotype showed the decrease in leaf calcium content but
minimum decrease was observed for Naqeeb and Riogrande
while maximum decrease was seen in Roma and Nagina. The
Nagina and Roma exhibited the decrease in leaf calcium
content by 36 and 44% while, Riogrande and Naqeeb
presented  minimum  decrease  in  leaf  calcium  content  by
11 and 16%.
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Fig. 3(a-d): Total free amino acids, total soluble sugars and calcium content in leaf, root and shoot of tomato genotypes grown
under saline and non-saline conditions

DISCUSSION

Salt stress reduced the morphological, physiological and
plant growth attributes of tested tomato genotypes. The main
effects of salinity was observed as low germination
percentage of seeds and reduction in shoot and root
lengths27,28. The findings of present study revealed that the
germination percentage was significantly decreased under
salinity. The salt or excessive ions concentration may be toxic
to the seed embryo and there may be excessive salts in the soil
to reduce the osmotic potential to such a point which hinder
or stop the uptake of water needed for mobilization of
nutrient essential for seed germination5. The germination
reduced under salt stress, because the salt stress creates the
osmotic effect in soil which adversely affects the plant
physiology and its optimum nutritional requirements, which
is essential for their healthy and successful growth28,29. There
are various reports which revealed that salinity has decreasing
effect on germination percentage30,31.

From the results it is clear that shoot fresh weight, shoot
dry weight, root fresh weight, root dry weight and number of
leaves per plant showed a negative correlation with salt

stress32 as given in Fig. 1. Plant growth suppressed by the low
production and restricted supply of photosynthetic assimilates
to leaves that eventually reduced plant growth. The minimum
production of fresh and dry shoot and root weight may be due
to the disturbance in plant metabolic mechanism that lead a
failure in turgor maintenance, nutritional imbalance and ionic
stress.  Present  results  are  according  to  the  earlier  reports
shoot dry weight decreased under salt stress reported by
Kausar et al.33 and Zehra et al.34.

Salt stress reduced the net photosynthesis rate which
adversely influenced the plant growth35. In present study salt
stress significantly reduced the net photosynthesis rate of salt
tolerant and sensitive tomato genotype but the adverse
effects of salinity were more prominent in salt sensitive Roma
and Nagina genotype. The toxic ions (Na+ and ClG) destroyed
the cell organelles involve in the process of photosynthesis, by
damaging their membranes of chloroplasts and mesophyll
which ultimately reduced the activity of photosynthetic
apparatus. Under salt stress these toxic ions adversely affected
the net photosynthesis rate and may be reducing the
availability of CO2

36 and irregularities working of the
photochemical system in salinized plants37-39.

35



Sci. Int., 4 (2): 30-38, 2016

The salt stress has marked effects on the leaf area and
these ions change the metabolic processes of cell wall and
these toxic ions accumulated in cell wall that reduced the cell
wall flexibility40. Hura et al.41 further explain that due to cell
wall rigidity and decreased turgor potential influenced the cell
enlargement and ultimately reduced leaf area reduced. These
results are in accordance to the findings of Shahid et al.42.

The chlorophyll contents that are present in the plant
structure chloroplast and this structure is responsible for the
synthesis of chlorophyll contents i.e., chlorophyll (a),
chlorophyll (b) and total chlorophyll. Under salt stress the
chlorophyll started its degradation because the enzyme
cholorophyllase activated under saline conditions43 and in the
result chloroplast thylakoid membrane damaged therefore the
contents of chloroplast started to come out, the low amount
of chlorophyll contents remain in chloroplast that synthesized
the very low amount of chlorophyll content. The results are in
lined with the findings of Akram et al.44, El-Khallal et al.45 and
Boughalleb et al.46.

Salt stress affected the various ionic attributes of tested
tomato genotype. The present study investigated the Na+, ClG,
Ca2+ and K+ in roots, shoot and leaves. It was noted that salinity
enhanced the Na+ and ClG accumulation in plant root, stem
and leaves. But in case of Ca2+, a decreasing pattern was
recorded in tested genotype. Hence, both salt sensitive and
salt tolerant genotype exhibited the significant reduction in
Ca2+ ions but tolerant genotype maintained the maximum
amount of these ions in their leaves as compared to roots
while the opposite trend was seen in sensitive genotype.
Musyimi47 reported that an antagonistic effect were seen in
toxic and beneficial ions. Results of the present finding are
according to the reports of Zahoor et al.48 and Nivas et al.49.

Under salt stress tomato genotype affected by the
osmotic stress so the plants undergo the process of osmotic
adjustment by accumulating different organic osmolytes such
as total free amino acids, total soluble sugars, proline and
glycinebetaine etc. in various plant parts. Higher the
accumulation of organic osmolytes the maximum osmotic
adjustment potential within the plants15. Under salt stress the
osmoprotectant, total free amino acids naturally produced
within the plant parts for maintaining of osmotic adjustment.
The positive correlation was observed between total free
amino acids and salt tolerance. Similar findings had been
reported by El-Khallal et al.45, De Azevedo Neto and Tabosa50

and Bai et al.51.
Total soluble sugars in plants, total soluble sugar

production through photosynthesis is a vital process and
sugar status modulates the internal regulators and
environmental  signals  to  govern  growth  and  development.

Thus many plants use sucrose as the major form of
transported carbon and it has an important storage role.
Sugars also play an important role in regulating the cell
metabolism52. These are various reports that showed the
accumulation  of  sugars  in  different  plant  parts  that
increased in response to salt stress53,54. Present study results
are  compatible  with  the  results  of  Williams55   who
observed that increase in soluble carbohydrate under saline
conditions.

CONCLUSION

The results of study revealed that increased level of
salinity significant decreased the morphological, physiological
attributes of tomato plant. Similarly the calcium content in
root, shoot and leaf were markedly reduced in all tested
tomato genotypes under saline conditions. While as salinity
defense mechanism an increase in the concentration of
organic osmolytes (total free amino acids and total soluble
sugars) was observed in salt tolerant tomato genotypes i.e.,
Naqeeb and Riogrande.
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