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ABSTRACT 

The research work presented in this thesis was conducled to evaluate the 

performance of loniato under the different levels of salinity (NaCl) in the 

hydrophonic culture house of Baneladesh Agricultural Research Institute 

(I3ARI). llorticulwre Research Centre. (iazipur. during the period of November 

2011 to Febniarv 2012. The experiment was laid out in Completely 

Randomized Design (CRD) with tour replications. There were five treatment 

combinations Salinity levels (T1  -o dSm' . f74 dSm . 1' S dSm" . l.= 12 

dSni' and Tç- lb dSm5,  Results revealed that l (control) showed the best 

performance in terms of growth, yield and yield contributing attribtttes, plant 

physiological parameter, plant nutrient concentration. The maximum ntuiiber of 

Fruits (19 plant ) and the highest fruit weight plant (1.60 kg) were Ihund 

train the control treatment. This experiment showed differtnt impact of each 

nutrient and its interactions on tomato plant. The experiment showed that at 16 

dSm' salinity level highest Na and Cl uptake itdueed the uptake of K and at 0 

dSm" salinity when Na and ('I ions were low in water. K uptake increased. 

Salinity had a greater impact on stomata resistance and chlorophyll content of 

plants. The experiment also showed that at control treatment leaf area plani'. 

total chlorophvl I content and plant dry matter was highest but stomata 

resistance was minimum and on the oilier hand. at 16 dSm 1  salinity level these 

Factors showed fully reverse. I lowever, the overall impact of salinity had 

negative impact on growth and yield oftornato plant. 

V 
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	INTRODUCTION 

loniato fL%CUfWFSiCTt? cst'iileiiiunj Mill.) is one of the most important 

horucttltural crops in the world. In terms of human health. tomato fRIlL is a 

major component of dai Iv meals in many countries and constitutes an important 

source of minerals, vitamins, and antioxidant Compounds (I )orais ci at. 2005). 

In recent >ears, the interesL has been focused on the health aspects of tomato 

li-u it. Consumer habits for fresh vegetables have shown that taste and aroma are 

the most important tactors in the selection ofa product. tomato trutt quality tor 

fresh consuniption is detenuined by appearance (colour, size, shape. fteedom 

Irom physiological disorders and (lecay). hrmness. texture, dry matter, and 

organoleptic (flavour) and nutraceutie (health benefit) properties, the 

organoleptic quality of tomato is mainly attributed to its aroma volati es. sugar 

and acid content. while its .rnineral. vitani in. carotenoid and tiavonoid content 

define the nutriant quality. Sugar content is considered to be one of the most 

important litc Lors in tomato ftuit q ual it> and consumer satisthetion ( Malone and 

Andre)xs, 2001). 

Salinity is it signi (leant problem aitbeting agriculture worldwide, including 

Bangladesh. resulting in substantial losses in crop s:ield . Ii Bangladesh, coastal 

areas of about 2.86 million ha is 30 % of the total COl) land of the country. ( )I' 

this, nearly 1.056 million ha are alibeLed by varying degrees ol' salinity (SRDF. 

20 10). Plants use three main mechanisms to survive salinity stress: Osmotic 

tolerance. ShooL Na exclusion and Na' tissue tolerance. One way to overcome 

the problem is to develop crop varieties able to tolerate salinity stress. 



The coastal and offshore area ol Bangladesh includes tidal. estuaries and river 

floodplains in the south along the l3av of Bengal. Agricultural land use in these 

areas is very poor. which is roughly  50% of the country's average (Petersen & 

Shireen, 2001 ).The cultivable areas in coastal districts are alThcted itli vanirig. 

degrees of soil salinity. Soil salinity is in increasing trends With 6111C. •1 he soil 

salinity maps (2009) indicate that soils of Jessore. Magura. Narail, Faridpur. 

Gopal gonj . I 3arisal . ihalakhati and Patuakh iii have been newly sal inized dtirin 

36 years. 

Salinity stress in the root zone is accompanied by yield loss through it reduction 

in fruit weight, but not in the number of fruits Li c (il.. 2001: Wil lunisen ci al.. 

1996). Water in flux into fruits is reduced by the hiuh osmotic Iiressurc of the 

irrigation solution and the water stress inhibits fruit size (Chretien ci at. 2000; 

Li c/ al.. 2001; Mavrogianopoulos ci al.. 2002). the duration of salinity stress 

is important because it aikets fruit yield and quality, 1here have been a Iw 

studies on the saninz time and duration of salinity treatment in the tomato 

(Sakanioto ci al., 1999). However a few studies were done on the etlect of 

utter stress on the growth, yield and the quality of tomato fruits. At the sanic 

time very small number of investigation were done on the 01'ect of salinit 

stress on tomato. It is necessary to investigate how both the stress ihctors atièct 

.the growth. yield and quality of tomato. To produce high quality tomato fruit 

the eftbct of stresses on chemical contents and physiological response most be 

known. 

Most of the southern coastal districts of the country are under saline zones, 

which cover an area of 25-30 percent of the total arabic land. The severity of 

salinity of this area increases with the desiccation of the soil. Salinity affects 

crops depending on degree of salinity at the critical stages of' growth. reduces 

yield and in severe cases total yield is lost. It has become imperative to explore 



the possibilities of increasing potential of these (saline) lands for increasing 

production of crops. Out of coastal cultivable saline area. 86% area i.e. lo 

saline (04 (IS ni4  ) area of 287 thousand hectares and niediuni saline (4-8 dS in'  

area of 426 thousand heetares have scope for sueccssluil crop production 

(I3RRI, 2004). Suitable vegetables are required to overcome the serious 

limitation posed by salt aflëcted coastal areas. tomato fLtrujn'isicon 

escu/eunun I .i  is an important veeetahlc in Bangladesh. Extensive research is 

necessary to develop growing conditions in moderate salinity to produce good 

vegetative growth. The tomato plant is niodcratelv sensitive to salinity, tomato 

can tolerate salinity up to 2.5-2.9 dS m1  in the root zone itliout yield losses 

(Sonneveld and Burg. 1991). The exact salinity impact may Vary depending On 

cultivar sensitivity and environmental conditions (Karlberg ci of., 2006). 

1'licrefore, the experiment was undertaken to observe the performance of 

tomato under differeni salinity level. 

Salinity problem received very little attention in the past. Nevertheless, 

symptoms of land degradation with salini,ation are becoming too pronounced 

in recent years to be iwwred. Increased pressure of growing population demand 

more food. It has become imperatie to explore the possibilities of increasing 

potential of these (sal ilic) lands for increased production of food crops. Thus 

combating land salinivation problem is vital for looci security in the country 

throtigli adoption of long-term land management strategy. 

considering the above mentioned Ilicts the present study has been planned and 

desuzned with the fbI lowing objectives: 

To observe the growth and yield ol tomato under difkrent salinity 

condition. 

3 



2. 	Co observe the diuiereni physiological parameters of tomato plains 

atiëcted by sak stress. 

To study the content ol' plant nutrient Na, CI and K aiTheted by salt 

stress. 



CHAP1'ER 11 

REVIEW OF ITERATURE 

l'omato is a popular vegetaNe adapting in the salinity prone marginal areas in 

order to increase more production. Salinity problem received vcry little 

attention in the past. Nevertheless, symptoms of such land degradation with 

salinization are becoming too pronounced in recent years to be ignored. 

Increased pressure of growing population demand more Ibod. It has become 

imperative to explore the Possibilities of increasing potential of these (saline) 

lands tbr increased production oF thud crops. 1 luis corn hating land sal in i7atiorl 

prollern is vital lhr loud security in the cotintn through adoption of long-term 

land management strategy. In tbrni at ion concerning the e fflct ol' di lThrent 

salinity level of hydroponic tomato tinder the ci ituatic condition of Bangladesh 

is meager. An attempt has been made to review some of the available 

literatures pertinent to the present study in this chapter. 

2.1 Litcnttures ott salinity of hydroponic toniato 

(:iri ci at (1993) Commercial recommendations exist br using short-term salt-

shocks on tomato (I.vc(per.viewi esduIc,?i,,,7? Mill.) to iniprove fruit quality. Six 

experiments were conducted to I assess the inlluence of nutrient concentration 

and short-term salt-shocks on fruit qua itv and yield and 2 identi Lv a vegetative 

predictor of subsequent fruit quality. 1-lere tour treatments were applied: two 

maintained constant at two baseline concentrations (0.25X and I X-eomtnercial 

level) and two provided salt-shock periods o130 in in. twice daily. There were 

no effects of baseline concentration or salt-shocks on total number and weiuln 

01' ni arketable fruit. Fruit quality was letter at the I X baseline concentration as 

observed by higher titratable acid its', higher percent ci rv matter, higher soluble 

5 



solids concentration and tover p!-1. 1-lowever. eight per marketable fruit was 

low. Salt-shocks had little clThet on fruit quality, rethting its commercial 

potential. Sail-shocks decreased fruit p1-I. I lowever, titratable acidity increased 

at the 0.25X level and decreased at the I X level.. but not citrate concentration 

in the fifth teal front the apex of young vegetative plants was correlated with 

subsequent fruit qualts. TIn-ce additional experiments in static hydroponics 

with vegetative plants showed no signilicant dilicrences in leaf citrate levels 

cltie to a single, short-term salt-shock. Thus. citrate is not a good predictor of 

fruit (jtflility. 

Tari et at (2002) carried out an experiment where they showed that long-term 

incubation of tomato plants in low concentration of sal Ic lie acid enaHed 

plants to tolerate salt stress caused by 100 mM NaCl. Na' ions accumulated in 

the leaf tissttes of treated plants and ftmctioned as osmotytes vithout the well-

known derimental eIThcts of the excess sodium. 

Bishnu ci at (2003) conducted an experiment to show the effect of partial 

replacement of KCI in the tbrtigation by KUl. MgCI- on growth, yield and 

qtiatitv of greenhouse tomato (cv. Durinta) which was studied in a soil-tess 

svsteni . 47 days after planting ( DAP). three treatment solutions were applied to 

the plants using diflërent K sources: (I) KNO2. (2) KCI. and (3) KCl.MgCl< 

KU I (25%:75% in terms of K supplied). In both treatments 2 and 3. NI 

Ca(NO;): and 11NOt were added as source of N. Ptant hehiht and total 

chlorophyll were the highest in the KCl+KCl 	MgCl2  treatment. leaf Mg 

content was significantly lower in the KCI treatment. whereas lughest in the 

KCI-t-KCI.M4Ct2  treatment. [3oth KCI and KU!' KCI.MgC'12  led to a 

signilicantls higher leaf UI content as compared ith the KNO treatment, but 

no Cl toxicity was observed in either treatment. fatal yield was not different 

among treatments. Fruit liminess and freshness of the caIx were signi licantly 

6 
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improved by KCI and KCl"KCI.MeCln. and the number of rotten and blotchy 

fruits was significantly reduced by both these treatments. KCI I KCI.MgCI:  also 

led to signi Iieantiv higher levels of glucose. Mg and dry matter content in the 

fruit. I OWCr NO, and higher Fe contents were measured in both treatments 2 

and 3. Although KCI as sole K source showed lower foliar Mg level as 

compared to KNO, the use of the KCI in tomato lertigation improved tcniato 

fruit appearance and qualities. 1-lowever. 25% replacement of KCI by KU 

KC:l.MgCl: increased the R,liar Mg level and improved fruit qualities even 

further. 

Saved ci ci. (2004) carried out an experiment on the responses of three 

cultivated genotypes (Castlrock. Oriet and Super \Iarmande) and three 

breeding lines (F31.-1076. BL-1077 and 131.-I 079) of tomato (Lycopersicun 

vcuiet,tzt,n) to NaCl stress were studied in callus and regenerated plants. The 

six investigated tomato genotypes difkred in their callus growth and 

regeneration capacities. Based on the responses to NaCl. six tomato genotspes 

were ranked in the order RL-1079 > Bl.-1077 > Super Niarmande > Otiet > 

1W- 1076 > Castlrock, hen callus fresh and dry weights, length and number of' 

roots were considered as indicators for salinity tolerance in viuv. Chlorophyll ci 

was less susceptable to NaCl than Chlorophyll b in all genotypes. It seems that 

genotypes with hkh organogenetic potential may he better able to grow iii 

saline environment. It is evident that tissue cultur technique was able to 

evaluate several uenotypes br salt tolerance tinder control led cnv i roninent \\I th 

relatively little space and less time required comparing with such process 

studies at the whole plant level. 

Maggio ci aL (2007) showed that crop salt tolerance is generally assessed as 

the relative yield response to increasing root zone salinity, expressed as soil or 

irrigation water electrical conductivit . Alternatively, the dsuaniic process of 

7 



salt accumulation into the shoot relative to the shoot bioniass has also been 

considered as a tolerance index. They exposed hydroponically grown tomato 

plants to elizht diflërent salinity levels (I C 	2.5 (non-salini.'.ed control); 4.2: 

6.0: 7.8: 9.6: 11.4: 13.2: 15.0 cIS m ). Based on biomass production, water 

relations, leaf ions accuinu I ation. leaf and root absc isic acid and stomata I 

conductance measurements and to identify a sped 1k [C value (approximately 

9.6 dS nf') at which a sharp increase of the shoot and root AI3A levels 

coincided with ( I ) a decreased sensitivity of stoniatal response to ABA: (2) a 

di flërcnt partitioning of Na ions hetseen young and mature leaves: (3) a 

remarkable increase of the root-to-shoot ratio. 

Oxtekin and luzel (2011) conducted this study in a greenhouse to dcterniine 

the response o I' 4 commercial tomato rootstocks. 2 I eultivars and 8 candidate 

varieties to salinity stress. Seeds were germinated in peat and when the plants 

were at the ti flh-true leaf stage. salt treatment was initiated except control 

treatment. NaC l was added to nutrient solution d ai lv wi di 25 in Me oncentration 

and had been reached to 200 mM flnal concentration. On harvest day, 

genotypes cre classitied based on the seerits of leaf symptoms caused by 

NaCl treatment. This studs showed that. on average. NaCl strcss decreased all 

parameters and the roolstocks gave the highest performance than genotypes. 

Among all rootstoeks. three varieties (819. 2211 and 2275) and ten genotypes 

(Astona. Astona RN. Caiaea, Deniz. Durinta. Export. Gokçe, Target. Yeni 

lalva and 344 FlY) were selected as tolerant with sli,zht ehlorosis whereas the 

genotype \lalike was selected as sensitive with severe clilorosis. Candidate 

varieties 2316 and 1482 were the most sensitive ones. Plant growth and dry 

matter production differed among the tested genotypes. Hoever no correlation 

was Ibtind between phtnt growth and dry matter production. Rootstock 

Beaufbrt gave the highest shoot dry matter although I leman had highest root 

dry matter. Newton showed more shoot and root dry matter than other 

genotypes. 



tomato cultivar PKM I was subjected to 25. 50, 100. 150 and 200 mM NaCl 

stress and response ci' tomato plain to salt stress were detenuincd by Bahu ci 

at (2012) b assessing the variability of dificrent biochemical parameters. In 

this present study endogenous content of' groih hormones I At\ and ABA in 

leaves. proluie and mineral (Na and K) content in leaves and mature fruils 

were estimated. Leaf area and dry matter content of' tomato fruit,' tinder salt 

stress were determined to study the effect of salinity on photosynthetic vieW. 

Results showed that leaf' area and dr' matter content of tomato fruits decreased 

with application of elevated salt stress, however endogenous content of IAA. 

ABA and proj inc was totind to be increasing with increase in salt treatment. 

Application of NaCI caused increase in Na content, while K' content and 

K '/Na' ratio decreased with increase in salt stress. Another striking point is that 

increase in proline and Na content was more in leaves than ti'uits. which 

suggests that leaves are more sensitive than l'ruits. 

In this study the effect of salt stress on physiological response of 

hydroponically groWli tomato fruit was investigated by I lossam and Nonarni 

20 I 2. Fruit growth rate, water status, cuticle pernieahi lily and induction of  

blossom-end rot ( BElt) of tomato fruit were considered for this studs'. Salt 

stress was applied by using Ca. fruit growth rate, predawn water potential, 

osmotic potential and cuticle permeability were significantly lower in treated 

plants than in control plants. On the other hand, tissue t urgo r o I cant rol and 

treated fruit showed almost similar values 12 days after llowcring ( DAI'). 'l'his 

result indicated that turgor was osmotically regulated in fruit tinder stress 

condition. Fruit growth rate was found to decline l'rom 12 DAN and eventually 

ceased when BF.R externally appeared on fruit surlhee at the age of 19 DAN in 

this experiment, the redtietion ot growth rate coincided with the reduction of 

water potential in fruit tissue due to salt stress. Althotwh HER externally 

appeared at 19 DAF anatoni ical in'estigation showed that intercel Itilar air 

9 



space becomes discoloured at least one week before external symptoms 

appeared on fruit tip. Diflbrent levels of euticular permeability indicated that 

the deposition ofcuticular wax on Ihut surtäcc was enhanced by the salt stress 

condition in tomato fruit. Since. 131 R was Ibund to appear on ii'uit tip under 

high calcium concentration in solution it can be concluded that calcium 

dclicicncv was not the only the cause of 13 ER in tomato, rather salt stress might 

alter metabolic activity in developtng tomato fruit. 

F3otrini et al. (2000) carried out an experiment where the tomato cultivars 

l:dkavi and tiC 8213 (I.copersicoi, c.ce,,/en(u,;, Mill.) were grown 

livdroponical ly in a solution lelecuical conductivity ([C) 2.4 (IS in 

containing 150mM Na (EC 11.4 dS ni5.  37mM olK ([C 14.1 dS nij. or 75 

mM of K (EC 19.7 dS in ). The Ieal'Na content of idkawi' and •LJC 8213' 

reached valttcs of  1717 and 2022 mM kg_!  dry weight at [C 19.7 dS in 

respectively. The high levels of K in the hydroponic solution reduced the Na 

concentration in the roo Is. petioles, and stems, but not in the leaves Potassium 

concentrations in the petiolcs of iidkawi' and 	82 13' reached values ol' 

2655 and 2966 mM kg ' dry weight. respectively. Al these elevated IX's. the 

Ca concentrations in the leaves of Edkawi ' and IJC 8213' were 301/;, and 401?,o 

lower than in the control, respectively. The elevaled rates of K improved the 

fruit 	tioer ratio of' tJC8213 '. but the high salinity ol' the solution redtmced 

ields significantly. Plant fresh weight and root dry weight of 'tiC 821V were 

most alfected by high [C levels. The elevated levels of K used in this study did 

not increase yield, but K ions can adjust to Na uptake. 

Ashraf (2011)   showed the performance and suitability of dil'tërent medium for 

the soilless culture of tomato plants were studied in a closed soilless culture 

system cmploying six different substrates (perlite. pumice, zeolite amid their 

mnixtures 1:1 in an (lasshouse).Thc plants grown in medium with salty 
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irrigation water. 'lomato leaf analysis showed high concentrations of 
çt  

N1g 	and K •  due to sal inc water especially in the medium treated with zeolite. 

ftc results suggest that the addition of zeolite in perlite and 1mm ice cmi Id 

improve inorganic medium properties for tomato soilless culture, leading to 

higher yields. 1 he overall results indicated that medium amendment with 

zeolite could effectively ameliorate salinity stress and improve nutrieni balance 

in the medium. 

1 lorchani ci al. (2010)    mvestigaled the interactive etThcts of,  salinity and 

hypoxia on the physiological responses ut tomato (Soiwium /yeojic''siczl?;z I 

plants. 'lo this end. growth. photosynthesis. stomatal conductance and organic 

solute accumulation was deterni med in hvdroponical ly grown plants exposed 

for 4 weeks to hypoxia, salinity (I 00 mM) or to the combination olsaliTlity and 

hypoxia. Obtained results showed that plants exposed to salinily, either atone 

or in combination to hypoxia showed decreased root and shoot hioniass 

production. However, root and shoot water contents were decreased only for 

plants exposed to the combination of the two stresses. Concomitantly, leaf area. 

leaf mass per area. and K' and sugar contents were significantly decreased in 

comparison with control (0 nM NaCl) plants. Na' and proline significantly 

accumulated in root--, and leaves or plants exposed to salinity, either alone or in 

combination to hypoxia. 'l'aken together, these results suggest that tomato 

plants are strongly sensitive to the combination of hypoxia and salinity stresses. 

This is most probably due to a low K-uptake selectivity, it strong Na 

absorption, and the disturbance of K transLocation towards shoots and the loss 

of its use efficiency For biomass production. 

In this study' the effect of salinity at ditiërent levels on growth, yield and 

quality of greenhouse tomato (Lyco'ersicim csczilent,.un Mill.) growli in 

h'droponics culture was evaluated by ,\zanrti et aL, 2010. Salinity treatments 
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were applied ,it EU of 2.5. 3. 4. 5 and 6 dS ni:  by adding NaCl to standard 

nutrient solifi ion. [he results indicated that plant height and leaf number were 

sign i ticantly ( l'cZO.OS ) decreased with increasing sal in it). lotal teal' area at ILC 

ofó (IS nc' decreased by 29% in comparison to 2.5 dS ni'1 . Chlorophyll content 

was significantly (NO.05) reduced at [C of above 3 dS iii 	Stomatal 

conductance in nutrient solution w ith EC of 6 dS nit  reduecd by 28.2% 

compared to 2.5 dS rn'. Ertut fresh weight at tiC ofô dS in' decreased by 29510 

in comparison to 2.5 dS m . lotal fruit sield reduced by 8.7. 2 I .7. 36 and 

48.91/., at EU ci 3. 4. 5 and 6 dS ni'. respectively, compared with 2.5 (IS rn''. 

Total soluble solid was siuni uicantiv ( NO.05) increased at I '( o labove 3 (IS in 

Fruit dry weight at EU ol' 6 dS nf' increased by 8.71,/(. compared with 2.5 dS 

in 1 . l'itratahle acidity increased by 2.7. 9.9. 20.3 and 28.911% at [(7 of 3, 4. 5 

and 6 (IS m'. respectively, compared with 2.5 dS rn'. l'he results of this 

experiment showed that growih parameters and yield reduced with increasing 

salinity, but qualitative properties were improved by .  salinity. 

This study examined by Dileo et of. (201 0) on the impact of brief salinity stress 

cit infection of tomato and ehrvsantheniurn roots by Pfrriophihorcz s/q'. Roots 

of plants in hydroponic culture exposed to a brief episode of salt (sodium 

chloride) stress prior to or afler inoculation were severely disease(] relative to 

nonstressed plants. 'l'oniato roots remained in a predisposed state up to 24 It 

following removal from the stress. An increase in root ABA levels in tomato 

preceded or temporally paralleled the onset of stress-induced susceptibility. 

with levels declining in roots prior to recovery fi'omn the predisposed state. 

Exogenous ABA could substitute for salt stress and significantly enhanced 

pathogen eoloni'iation and disease development. ABA deficient tomato mutants 

lacked the predisposition response, winch cotild he restored by 

complenientation of the mutant with exogenous ABA. In contrast, ethylene, 

which exacerbates disease symptoms in some host-parasite interactions, did not 

appear to contribute to the predisposition response. Thus, several lines of 
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evidence support ABA as a critical and dominant thctor in the salinity-induced 

predisposition to P/n'eoplzthom spp. inftction. 

Zahedifar et at (2010) conducted this experiment to determine the effect of 

salinity and nitrogen on growth and yield of tomato and concentration and total 

uptake ol some nutrients in different parts 01' plant in hydroponics cuittire. 

Nitrogen (N) was used at 0. 1.5 and 3% Levels as XII CI and NI I41llO3  and 

salinity consisted of 0.30 and 60 mM as NaCl and CaCl2. Ibis experiment sas 

carried out under greenhouse conditions. Results showed that truit fresh weight 

increased with N application but salinity treatment decreased iruit yield. 

Niaxiniuni fresh weight was observed in treatment with 3% N and Without any 

salinity application, whereas rnininiunl fresh tight was obtained with 30 mM 

salinity and without any N application. Application of' 30 and 60 mM salinity 

increased t'rtut phosphorous concentration significantly ( P<0.05). but it (lid not 

affect shoot and fruit concentration. Nitrogen application increased fluit. shoot 

and root phosphorous concentration signi ticantl. Root, shoot and fruit N 

uptake increased with N application (without salinity) whereas at high salinity 

level, increase in N uptake was lower than at low salinity level. Salinity 

increase without N decreased fruit phosphorous and manganese uptake. root 

copper. zinc and manganese concentration and shoot manuanese uptake. 

Furthermore, results showed that at low salinity level. N application can 

alleviate the negative etThcts of salinity on groih and yield of plant. 

An experiment was conducted by Papadopoulos and Rendig (1983)    on tomato 

(Lt'cvpersieon e.vculeniun, var. VI I 45) plants which were grown in a 

greenhouse to determine the effects of salinity on growihi and yield. Nutricnt 

solutions made saline with NaCl and CaCI7 to electrical eonductivities (FE) of 

I. 2. 3. 4. and S dS/m (dS rn'1 = mmho cm'1, referenced at 25"C) were applied 

twice a day in the undivided root systems. The nutrient solutions were recycled 
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through the containers, so that responses of plants subjected to increasing 

salinity up to 35 dS ni' could he evaluated. With increasing salinity fruit fresh 

weights decreased markedly, with lesser decreases in shoot weights in both 

systems. Plants with their root systems divided and uro\viflg in containers with 

diIfercntiall salinized soil were less severely aliëcted. Yield and growth 

correlated helter vith the initial electrical conductivity (I C) of the nutrient 

solutions applied than with the EC values of' the solutions extracted from the 

soil. Roots were less sensitive to root-zone salinity than were tops. In the split-

rool system. any reduction in the root growth in the compartments with hiuh 

salinity levels was compensated for by more trowth of those portions of the 

root system in the less saline environment. 

Ali (20 10) showed that transgcnic technology involving the 'l'MT gene 

encoding thiol methyltransferase enzyme has been suggested as in effective 

solution for engineering a chloride detoxi lication capahilit into a high value 

crops to improve tolerance against chloride ion toxicity under sal inc 

environments. This studs' was performed to exam inc the relaiionsh ip letween 

salt tolerance and chloride volatilizing capacity ol transgenie plants conlainin 

1'MT gene as vell as to explore the possibility of generating transgenic tomato 

containing 'l'M'l gene (br salinity tolerance. To achieve these objectives, 

ttansgenic tomato plants containing I'Ml' gene were gron in comparison with 

wild type tomato plants under three levels of sodium chloride (NaCI) salinity 

(0. 100 and 200 mM). three levels of soil water content (40%. OO°/o and 80% of 

the field capacity) arid their tolerance to NaCI and water stress as studied. 

Plant growth parameters recorded included plant height. number of leaves, leaf 

area, stem dry weight. leaf dry weight. root thy weight. plant dry bioniass and 

root/shoot ratio. Similarl', both types of plants were exposed to live levels of 

NaCl concentrations ( 0._co. lOU. 150 and 200 mM) and three levels of soil 

ater content (400/u. 60% and 801!/(. of the field capacity'). and the quantity of 

CII Cl emitted was recorded. Signilicant decrease in plains growth parameters 
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of both types of plants were recorded upon exposure to salinity and water 

stress. I hider 100 mM NaCl. however. transgenie plants shoed better 

tolerance to salinity by suliëring less reduction in growth parameters compared 

to wild type plants. Under 200 mM NaCl. growth of both types of plants was 

completely inhibited. The interactive cflècts of salinity and water stress were 

more pronounced in wild type plants than in tramisgenie plants. Results also 

showed that all engineered plants acquired -,in 31)11 Lv to ct'llicientIN transform 

chloride ion to Cl lCl. and the rate of such translbrniation was higher under 

greater NaCl and soil water content compared to lower NaCl concentrations 

and soil water content. 

Agong et al. (2003) carried out an experiment on thirteen tomato genotypes 

were subjected to salt treatment under hydroponics and their responses 

monitored in a set of two experiments with the obiective of advancing them as 

potential salt tolerant tomato scion and/or rootstocks. Salt applications ranged 

from 0 to 2% NaCI. with the resultant I C values of' 1.4 to 37 1S ni 

respectively. (ienotypes were cultured in the experimental solutions for up to 

Ihur weeks in the greenhouse. Salt treatment elThcts were registered on plant 

height. leaf green matter valtie and area. dry matter yield. Na and Cl 

accumulation in tomato tissues. Salt treatment at 2% NaCl stimulated 

chlorophyll production, hut caused severe depression on dry matter yield and 

leaf area. Some tomato genotypes consistently showed superior biological 

activity at higher salinity and others exhibited greater shift in the shoot:root 

ratio (from 8:1 to 5:1 lbr 'First'), based on dry matter hiomass production thus 

displaying relatively greater adaptation to salt stress. Two tomato genotypes 

('Siozawa' arid Gambaru Ne-3') displayed superior performance. 

Mycorrhi,al fungi species Gknnu.c tascictilatun, as used by Yildii ci al. 

(2008) to deternine its ellects on tomato growth. yield, fruit properties. 
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nutrient uptake and substrate ion accumulation of plants gro\vn hydroponically 

under open and re-cycling (closed) perlite substrate. Fungat inoculation in both 

open and closed soilless systems did not increasingly influence the vegetative 

plant growing and nutrient uptake ol tomato cultivar Ni 19. 1-lowever. Fruit yield 

absolutely increased with inoculation. Inoculated tomato plants could 

eftèctively use photo assimilates for lull production itistead of vegetative 

growing. In the closed system with thngal inoculation, ion accumulation and 

NC increases (salinity ciThets) were well controlled. Results indicated that 

mycorrhizal inoculation improved yield and Fruit size. which can help alleviate 

deleterious effects of re-cycling soilless systems for tomato crop. 

The effect of the electrical conductivity (NC) Of nutrient solution on total 

soluble solids (ISS) and fruit yield was studied by (Tornish (1992), using table 

tomatoes growli otttdoors in hydroponic culture, with the aim of seeing if salt 

stress could be used to increase 155 and thereby improve fruit quality. Two 

initial experiments compared the responses of 3 diflirnnt cultivars and 

compared responses to different salts. The main experiment aimed to quantify 

the trade-oIl between yield and ISSas EC was raised with NaCl. The 3 

cultivars responded similarly to raised EC. although the> ran2ed in TSS from 

4. I to 5.4 Brix under nonsaline conditions. Raising solution EC with NaCl. 

KC'I. or a mixture Of NaCl/CaCl2  all gave significant increases in TSS. 

Increasing NC' also increased titratahle acidity and reduced fruit size. hut had 

no effect on fruit firmness. Yield in the main experiment declined with 

increasing [C. but not linearly. Over all experiments, it was shown that salt 

stress could he used to achieve an increase in TSS of about 0.5 l3rix with little 

or no diedt on yield. 

Adams and 1-b (2010) carried out all experiment where tomatoes were grown at 

salinities of 3 to 9 mS cnf' either in deep solution culture and at four 
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combinations of' day and night humidities of 0.1 and 0.8 kPa. Increasing 

salinity had no e fl'ect on dry matter accumulation or partitioning in tomato. In 

tomato, salinity only increased the proportion in the top but not in the fruit and 

leaves. I-ugh salinity decreased the volume and Ca content of the stern exudate 

in both crops. I li(--Ill humidity decreased movement olCa into the leaves of 1)0th 

crops but increased that into the fruit of tomato, panic ularl v during the da. 

Fruit transpiration plays an important role in determining the Ca shills of' 

diikrent plant organs and their susceptibility to Ca related disorders. 

In this study Rasool ep al. (2010) showed that the eIIict of salinity at different 

levels on growth, yield and quality ol greenhouse tomato ( /.vc'opercicon 

e.vcukntun, Mill.) grown in hsdroponies culture was evaluated. Salinity 

treatments were applied at EC of 2.5. 3, 4. 5 and 6 dS rn' by adding NaCl to 

standard nutrient solution. The results indicated that plant height and leaf 

number were significantly (l'<O.OS) decreased with increasing salinity, loud 

leaf area at EC of 6 (IS rn decreased by 290N, in comparison to 2.5 dS ni" 

Chlorophyll content was signilicantiv ( PC0.05) reduced at NC oI'above 3 dS m 

Sto matal conductance in nutrient solu Lion with NC oF 6 (IS m4  , reduced by 

28.2% compared to 2.5 dS in". Fruit fresh weight at NC olb dS ni' decreased 

by 290%, in comparison to 2.5 (IS m. Total fruit yield reduced by 8.7, 21 .7. 36 

and 48.90/0 at NC oh' 3.4. 5 and 6 dS 
tii', 

respectively, compared with 2.5 dS rn 

H 'l'otal soluble solid was siniFicantly ( P<0.05) increased at FC ol above 3 (IS 

ni'. Fruit dry weight at IX' ol'ó dS ni' increased by 8.7% compared with 2.5 

dS rn''. Titratable acid itv increased by 2.7. 9.9. 20.3and 28.9% at IX' of"). 4, 5 

and 6 dS in''. respectively, compared with 2.5 (IS m.  The results of this 

experiment showed that growth parameters and yield reduced with increasing 

salinity, but qualitative properties were improved by salinity. 
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Stamatakis (2010) conducted an experiment on the efThcts of silicon (Si) added 

to the nutrient solution either at a standard electrical conductivity (I C) ut 2.2 

dS nc or at -,in increased I A' of 4.8 dS m' on yield, nutritional status and fruit 

quality were investigated in a tomato crop grown in a closed hydroponic 

system. Si was added in form of a water-soluble potassium silicate compound 

at a reference concentration of 2.25 mM. The average EC values iii the 

drainaze water were 3.7 and 3.4 dS In,;  in the low [C treatments without and 

with Si supply, respectively, and 5.8. 5.7 and 5.8 dS rn' in the salinit 

treatments involving NaCl addition. NaCl and Si addition, and extra nutrients 

combined with Si addition, respectively. ihe increase of the NC up to 4.8 dS in 

h 	adding NaCl had no signi ticant influence (in the li'itit yield of tomato. 

when Si was added to the sal inc nutrient solution. In contrast, the fruit v ield per 

plant was signi tiean rlv restricted at this level of sal in it>. hen no Si was added 

to the Nat I enriched nutrient solution, or hen Si was included but salinity 

was induced by extra addition of major nutrients. In both eases. the yield 

depressions were exclusively due to a lower mean fruit weight. l3oth Si and EC 

enhanced the fruit liminess and the contents of total solid solutes and vitaru in C 

in the tomato fruit. Moreover, the addition of Si significantly restricted the 

occurrence of blossom-end rot in tomato Iluit when the plants vere not 

exposed to salinity. 

The elThets ol salinity on the yield and chemical composition of tomato irttits 

produced in soilless culture under protected environment were investh!atcd by 

Raqceb ti at (2004). Increasing salinity (lA) from 2 (IS ni- to 6 dS ni-' early 

reduced total yield, size. Iirmncss and water content of tomato fruits, and dry 

weights of roots and shoots ofplants. On the contrary, high salinity conditions 

resttlted in increasing total soluble solids. carbohydrates (fructose, glucose, 

sucrose). titratable acidity and ascorbic acid (Vitamin C) concentrations and 

drN matter content of tomato fruits. Ihese observations indicated that it is 

Possible to obtain a good qualits tomato liu its with acceptable yield reduction 
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at IX' 4.5 dS m- . Salini tv aftxted both shell' Ii lè of tomato fruits stored at 

ambient temperature (2 I Co  or in cool condition (1ST) with relative humid it 

(Itli) between 48-66% and 91-92%. respectively. l'here was a negative 

relationship between salinity and fruit shelf life, probably due to :in increase in 

polvglaeturonase activity, which enhances soliciting and hence causes shorter 

shelf life. 

'l'oniato plants (Sokinum /j'cope;sicuin I.. cv. I )urinta) grown by (jill lli'ida et at 

(2004) in an open soilless ssstcni to evaluate the effects of sodium chloride 

(NaCI ) concentration in the nutrient solution oil the ion compositions in plant 

tissues. The treatments were of five NaCl concentrations and three leaves 

position/age and two fruits position, live salinity treatments were imposed by 

adding 7. 2 I 37. 49. or 64 nm of NaCI 10 the nulrient solutions: the linal 

electrical conduetivities were: 2.7, 4.5. 6.0. 7.5. and 8.6 dS m.  respectively. 

Increased salinity in the nutrient solution resulted in a reduction in tomato dry 

matter (from 534 to 375 g plant' ) and in a linear increase in sodium (from 

0.37% to 1.39%) and chloride (from 1.75% to 5.73%) in the leaves as well as 

iii the fruit tissues (from 0.080% to 0.269% f)r sodium and from 0.631N, to 1 .34% 

for chloride). I .eaf under the first cluster showed higher levels of sodium 

¶41%) and chloride (+32%) than leaf tinder the 111W cluster and old leaf 

accumulated more sodium ( I 5%) and chloride ( 25%) than younger ones, 

The exposure of the tomato plants to increasing salinity resulted in a linear 

dccl inc in nitrate (from I .21% to 0.50%). total nitrogen ( trom 3.31% to 3 .03°/o). 

sulphate (l'rom 3.71% to 3. I 2%). and potassium leaves (from 2.76% to I .51 

the potassium reduction was more evident in younger leaves than in older ones. 

All maeronutrients, except calcium. decreased in the tI'uit tissues with 

increasing NaCI concentration in the nutrient solution. 1-fowever. for phosphate. 

the red jet ion (il' the ion concentration was evident only in the fruit from the 

Ii liii cluster - 35%). The position of the fruit on the plant significantly affected 

the concentration of ion. which was higher for all determined ions in the fruit 
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of' the first truss. The levels of Na and Cl lound in the plant tissue seem to 

confirm the hypothesis that the plant dry hiomass reduction ma also be traced 

10 the toxicity o ithesc ions as a consequence ot this high concentration. On the 

other hand, although generally influenced bvanta2on km with sodium and 

chloride, the amount of main macronittncnts dkl not reach detieiencv levels 

that influenced the growth processes, except in the case of potassium. 

Thou et al. (2011   ) was reported on this article, salt-induced changes in leaf and 

root alter wild tomato (Solcuinni c/u/ease) plants were treated with 200 ni iii 

NaCl. In leaf tissues. a total ol' 176 protein spots showed significant changes (I' 

C 0.05). of which 104 spots were induced and 72 spots suppressed. Salt-

induced proteins are associated with the tblIcning pathways: photosynthesis. 

carbohydrate metabolism. gloxylate shunt. glveine cleavage system. 

branched-chain amino acid biosynthesis, protein Iblding. defense and cellular 

protection, signal transduction. ion transport. and antioxidant activities. 

Suppressed proteins belong to the following categories: oxidative 

phosphorvlation pathway. pliotorcspiration and protein translational niachinerv. 

oxidative stress, and ATPases. In root tissues. 106 protein spots changed 

signiticantl (P c  0.05) after the salt treatment, 63 spots were induced, and 43 

suppressed by salt treatment. Salt-induced proteins are associated with the 

following lii nctional pathways: regeneration of S-adcnos I me th ion inc. protein 

[bIding, selective ion transport. antioxidants and delbnse mechanism, signal 

transduction and gene expression regulation, and branched-chain amino acid 

synthesis. Salt-suppressed proteins are receptor kinase proteins, peroxidases 

and germin-like proteins. inalate dehydrogenase. and ulycine dchvdrogenase. 

In this study, different members of proteins were identified I'roni leaf and root 

tissues alter plants were subjected to salt treatment. These proteins represent 

tissue-specific changes in salt-induced roots. 



In this paper. a number of strategies to overcome the deleterious effects of 

salinity on plants will he reviewed by Cuartero el at (2006). 'l'hese strategies 

include using molecular markers and genetic transformation as tools to develop 

salinity-tolerant geno t>pes. and some cultu rat tech ii iq tICS. For more than 121  

years. analysis has been attempted in order to understand the genetics of salt 

tolerance and to deal with component traits in breed mu programmes. It has 

been shown that the expression olseveral transgenes promotes a higher level of 

salt tolerance in some species. Three cultural techniques have proved useful in 

tomalo to overcome, in pull. the cliëcts of salinity: treatment of seedlings with 

drought or NaCl  ameliorates the adaptation of adult plants to salinity; mist 

applied to tomato plants grott in Mediterranean conditions inproves 

vegetative growth and ield in saline conditions: and grafting tomato cultivars 

onto appropriate rootstocks could reduce the effects of salinity. 

Mm c at (2004) conducted an experiment on Four cultivars (Blitz. Mariachi. 

Quest and Rapsodie) of tomato which were grown hydroponically on rockwool 

in two microcliniates( ast and vest) inside the green house under two nutrient 

solution electrical conductivity (EC) levels (2.6 or 4.5 tIS m'' ). adjusted by 

adding NaCI and Cad 2  alter the sefling of first fruit truss. In all cultivars, total 

soluble solid ('l'SS, 010E3rix at 20oC) and Iveopene concentration of fruits 

increased by 12-23% and 34-85%. respectively with increasing lid level. 

Fruits harvested from the east side of the greenhouse had higher '155 than those 

from the west side l-lowevcr. lvcopene concentration in fruits was not 

signilicantiv affected by tilant niicroclimate regardless of eultivars or tiC. The 

eultivar of Mariachi showed the strongest effect in response to nutrient solution 

Ed levels regarding both 'l'SS aM Icopcne concentration among the 

cultivarsexamined. The cumulative vieW at 7 weeks showed no significant 

differences between nutrient solution [C and locations, regardless of' cultivars. 

'the results indicated that value added tomato fruits couldhe produced by 
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manipulating EC and plant ni icrocliniate in the green house without causing 

yield reduction. 

Snappi and Shennan (1992) conducted numerous hydroponic studies that have 

slio\Tt that root growth of tomato is little aflëcted by saliniv. In contrast, data 

from soil-grown plants shov salinity may induce reductions of up to 50% in 

root length density. In this study, root growth of two tomato cull ivars exposed 

to salinity (NaCI and CaCl2. 4:1) was examined in the field, in large soil-li! led 

containers, and in livd roponies The two cultivars. UC8213 and CX830 )3 were 

hypothesized to difkr in root growth response to environmental stress. In 

agreement with the literauire. root weight of young, hydroponically-grown 

plants was urtal'kcted by salinity in both et,ltivars. In contrast, root length 

density of' cv. IJC82R was reduced 40 % by salinity in the held, whereas root 

length density of root rot-tolerant cv. CX8303 was unaffected. Similar 

responses to salinity were observed in the containers, with root counts li'om 

horizontal ininirhizotron tubes reduced in cv. IJC82B. but not in cv. CX303. 

Observations from windows in the sides of the containers showed that 

reduction in net root growth in cv. LC8213 was primarily dtmc to an increased 

rate of root death at high salinity. Root turnover remained low in cv. CX8303 

under both Low and high salinity. DilThrential etThcts of salinity on root growth 

of the two cultivars in containers were not evident until about (it) day alter 

transplanting. Enhanced rates of' root death during die reproductive growth 

stage may represent an important. previously tindocuniented carbon cost to 

sonic genotypes exposed to salinity. 

this research was conducted by Boamah ct at (2011) to deterin inc the salinity 

level of irrigation water from a dug well, pond and Lap water as well as its 

cfkci on the yield of a tomato crop. Waler samples were taken at fortnight 

intervals to determine the electrical conductivity (dS nY). F lo 	ering and yield 
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of crop were the parameters used to assess the effect of' salinity level on the 

tomato crop. Electrical conductivity as a measure ol saliniy was higher in the 

pond (0.25 (Is iii') than the vcll and tap water (0.07 (IS ni'' and 0.02 dS m 

respectively). Flowering and yield of tomato was high with crops treated with 

well water (45.22%: 99.08 kg ha') (bllowed by the pond (27.70%; 43.76 kg ha 

') 

 

and tap water (27.08%: 27.25 kg ha) in that order. there was no significant 

dillerence in flowering and in yield of crops between the tap and pond 

treatments at both 0.05 and 0.01 levels but there was a significant difference in 

yield between the well treated crops and other sources. 

Krauss ci at (2006) showed in their experiment that, irriiiation with saline 

water alibcts tomato fruit quahtv. While total Iruit yield decreases with salinity. 

inner quality characterized by taste and health-promoting compounds can he 

improved. In this experiment the influence of three d iffereni salt levels (FC 31 

6.5. and 10 dS ni') in hydroponically grown tomatoes was investigated. The 

higher NC values caused an increase of total soluble solids and organic acids, 

parameters determining the taste of tomatoes. lotal flint yield, single fruit 

weight, and firmness signi licantiv decreased 	ith rising EC levels, As all 

desirable characteristics in the freshly produced tomato increased when 

exposed to salinity. salinity itself constitutes an alternative method of qual its 

improvement. Moreover. it can compensate for the loss of yield by the higher 

inner quahty due to chaniiini demands by the market and the consumer. 'l'liis 

investigation is to our knowledge the first comprehensive overview regarding 

paranieters of outer qual itv (yield and firmness), taste (total soluble sal icls and 

acids), nutritional value (vitamin C, carotenoids. and phenolics). as well as 

antioxidative capacity in tomatoes grown tinder saline conditions. 

Rusaidi ci at (2010) carried out pot experiments to evaluate the eftëets of 

saline irrigations on live varieties oltomato (4. 22.38. 46 and 54). Plants were 
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irrigated with diluted seawater adjusted to three levels of electrical 

conductivity; freshwater (control). 3. and 6 (IS rn''. The results of the 

experiment showed that saline waters remarkably affected the 

evapotranspiration rate, soil moisture, salts aceuttiulattori and plant bioniass 

production. Saline irrigation had the ability to keep much water in the soil with 

higher level of salt content. I ow salinity treatment cxli ibited highest plant 

growth and lowest soil moisture and salts deposition. Varieties number 38 and 

46 gave the highest values for fruits number and weight. Whereas. variet 

number 22 got the lowest values. 1-lowever. variety nuniter 4 was the tallest 

and had the In ghest value for green matter even under ii igh sal in it> treatment. 

I lowever fruit weight for variety number 38 was enhanced by saline irrigation 

hich could be a good sign for salt tolerance in saline conditions. 

Noureen et ci/. (2010) conducted -.in experiment for the hydroponic Culturing of 

three tomato hybrid genotypes under the green house conditions at in vitro 

preservation. 'Ihree tomato hybrids were assigned as Factor A. whereas. two 

nutrient solutions were assigned as Factor 13. 'Ihe dilkrence heteen nutrient 

solutions in channel - I and channel-2 was the additional SttPl) em en tation of 

N1gSO1  .7l-lO at the initial stage and KHPO at the final phase in ehartnel-2. 

Parameters included in this study were: plant height (cm). number of nodes per 

plant. number of fruits per plant. fruit yield per plant (g).  fresh and dried shoot 

weight (u) and fresh and dried mci weight (g). Amongst the hybrids. Gala and 

Itoma produced statistically alike results for plant height (72.8 and 69.6 em). 

number of nodes per plant (17.00 and 17.00), number of frti its per plant (28.8 

and 34.4'). fresh shoot weight (216.0 and 219.6 g) and dried shoot mass (61.52 

and 63.13 g) respectively. I lowever. hybrid Roma excelled all the hybrid 

ge 	fo 	 esh root mass (142.7g) ndried  

root mass (16.65 g). For the nutrient solutions. the result indicated that nutrient 

solution in channel-2 excelled the channel-I in almost all the parameter 

studied. 
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Iltisaidi et al. (2009) carried 0111 lint experiments to evaluate the effects of 

saline irrigations on live varieties of tomato (4. 22. 38. 46 and 54). Plants were 

irrigated with diluted seawater adjusted to three levels of IX': freshwater 

(control). 3 and 6 dS in''. Fhe results of the experiment showed that saline 

water remarkably aI'lèeted the evapo-transpirzttion rate. soil moisture, salts 

accumulation and plant biomass production. Saline irrigation had the ability to 

keep much water in the soil with higher value of salt content. low salinity  

treatment exhibited highest plant growth and lowest soil moisture and salts 

deposition. Varieties number 38 and 46 gave the highest values for fruits 

number and weight. \Vliercas. variety number 22 got the lowest values. 

I lowever. variety no. 4 was the tallest and had the highest value Ibr green 

matter even under high salinity treatment. Overall, under saline condition it 

Cfl 	 was observed that all plant parameters of ditl'erent varieties were reduced 

compared to the control except for the number of l'ruits of some varieties such 

as 38. 46 and 54. I lowever. fruit fresh weight ('or variety number 38 was 
DC 
o 	enhanced by saline irrigation which could he a good sign for salt tolerance in 

saline conditions. 

cc 

This study v,as conducted by Niagan ci a/i (2009) to obtain criteria for 

determining when to flush out recirculating solution in closed SNrSLCljjS  used fbr 

tomato production. During a spring growing season, seven levels of nutrient 

solution salinity (control. 2.5. 3, 4. 5, 6. 7 and 8 dS m' I)  were compared on long 

lifl tomato (cv. Daniela). The diflbrent salinity levels beyond the control were 

obtained by the addition of sodium chloride. [he experiment was conducted in 

Almeria. Spain. lotal and marketable t'resh yield. size distribution, visual 

imperfections, dry matter content, soluble sugar content, and acidity were 

measured .At'ter a threshold value o13.85 cIS m, fresh weight decreased 9.1% 

per dS m.  Salinity negatively influenced l'resh weight and marketable fruit 

number. The values of several qualitN parameters tended to increase with 
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salintty. The percentage of class •extra' fruits (highest visual quality) increased 

progressively with salillitN until 5 dS m1  after hich there was no consistent 

increase. The increase of blossom-end rot 'sith salinity was compensated by a 

large decrease in blotchy ripening. Friut dry matter percentage increased 

linearly. but both the marketable (In matter yield and dry weight per 

marketable fruit lended to decrease above 5 dS in 

Shafshak ci at. (2008) was conducted this study aimed to investigate some 

possible approaches to alleviate the negative clThcts of sal initv on tomato plant. 

Plants were irrigated 'ith saline water with 5500- 500 ppm and the standard 

recommended fertilization dose. Plants were also receiving fotir experimental 

ten i I ization treatments namely control (no additional fertilization). 1110110 

potassium phosphate, potassium humate and amino acids. Recorded data 

showed that all veuetative and reprodtictive parameters responded positively to 

the 	individual e lThct of hardeni nit and fertilization treatments and their 

interactions. The hardening level of 3000 ppm shoed the best effect ihlloed 

by the 4500 level and the least for 1500 ll)rn. Meanwhile the fertilization of 

mon potassium phosphate gave the lcst results Ibilowed by potassium humate 

then tile amino acids. Ihe interactive efThet of the treatments appeared to be 

cumulative on plant response. 

Manaa ci at (2011) conducted an experiment to evaluate the genotypie 

variation of salt Stress response in tomato. physiological analyses and a 

proteomic approach have been conducted in parallel on tour contrasting tomato 

genot'pcs . After a 14 day period of salt stress in hdroponie conditions. the 

genotypes exhibited diflerent responses in ternis of plant growth, particularly 

root growU. foliar accumulation of Na', and foliar K/Na ratio As a whole. 

Levovil appeared to be the most tolerant genotype hile Cervi I was the most 

sensitive one. Rorna and Supermarmande exhibited intermediar behaviours. 
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(lol (2003) showed that the most efibetive way to eliminate salinity c llbcts is 

to produce salt tolerant crops. Both traiisgenic app! ications and molecular 

marker technology are of importance in producing salt tolerant plants. in this 

study, responses to salt stress of tomato were studied durinu the germination 

and vegetative stages of the liIb cycle. Inbred [3ackross I .ines (1131-S) from a 

cross between salt-sensitive L. escu/ennim and a salt-tolerant L. 

pi/n/nneIIiJo/iwn were used for evaluation of salt tolerance during seed 

germination and QIl mapping. At the end of the germination study. it was 

observed that the 1131-s have some degree of salt tolerance. L c'scii/entunt 

alleles provided improved total percent germination on salt. however. L. 

pimpuw//ifolnun alleles provided an improved rate of' germination on salt. 

[bus, cli lThrent parameters of' salt tolerance are controlled by (Ii librent 

mechanisms during seed germination. L. penizellu introgression lines (lls) 

generated by crossing L. penndlln (LA7I 6) to 1.. cscu/enlun cv. 1082 were 

used to map antioxidant traits related to salt tolerance at the vegetative stage of 

tomato. Plants of' cii Itivated tomato (M82) and 32 If. lines were grown in 

aerated t-loagland solution in the greenhouse. At the seventrue leaf stage salt 

treatment was started and was achieved With the gradual addition of NaCI to 

the nutrient solution until 150 mM NaCI was reached. Superoxide dismutase 

(SOD) and catalasc (CAT) activities were measured in the leaf tissues of these 

plants. Enzyme activities of' the ll.s were compared with \182 and QI Ls 

Lissoctated with SCI ) and CAT activity under control and salt conditions were 

iii apped 

\iohamniad ci at (1998) conducted this study to evaluate the root and shoot 

responses of tomato to salt stress conditions under difThrent levels of 

phosphorus (I') nutrition, tomato seedlings (c\' Riogrande) were grown which 

were salinized by four levels of NaCl salt (0. 50. 100 and 150 mM NaCI 

and/or enriched with three P levels (0.5. I and 2 mM Ii making nine 
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combination treatments. The results indicate that increasing salinity stress was 

accompanied by signi tieant reductions in shoot weight. plant height. number of 

leaves per plant, and a significant increase in leaf osmotic potential and 

peroxidase activits regardless of the level of P supplied. Both root length and 

root surihee area per plant were decreased signi Iicantiv under hiuher salinity 

conditions at all levels of' phosphorus. On the oilier hand, increasing the 

phosphorus levels enhanced root growth through increasing both root length 

and root surlhce area. 'l'his phenomenon was observed at all levels ui salinity. It 

can be concluded that root morphologY parameters and peroxidase activity are 

additional sensitive parameters which are aticted by salt stress and. theretbre. 

can he employed as a criteria for monitoring plant response mechanisms to salt 

stress conditions. 
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CHAPTER 111 

MA'fERIAIAS AND METIIODS 

the research ork presented in this manuscript was conducted to evaluate the 

perfbrrnance of tomato under the U iflëreni levels ol salinity NaCl) in the 

I lvdrophonie Culture I louse of Bangladesh Agricultural Research Institute 

(BAR!), I lorticulture Research Centre. Ciazipur. This study was carried out in 

solution culture conditions to litici out the performance of tomato in the said 

environment. The details ot experimentation are given as under. 

3. Growth conditions and experimental tccliniq lies 

3.1 Experimental site 

Solution culture study as conducted in the Hydroponic Culture Flouse of 

Bangladesh Agricultural Research Institute (BAR!). I lorticulture Research 

Centre. (3azipur during the period 2011-2012. The glass house has a glass roof 

with no control over temperature. humidity and light as the sides are open 

having only a wire net to control birds. 

3.2 Seed source 

Tomato seed was collected from Olericulture Division. Horticulture Research 

Centre (II RC ). IIARI Clazipur. l3angladesh. 
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3.3 Solution culture study 

3.3.1 Tomato seedling established 

Toniato seeds (vat. BARI loniato 14) were gemiinated in open pol>ihene-

coated iron trays containing loam on the November 2011.   Size of each [barn 

was 3 in x 2 in size and thickness was 2.5 cm. One cenumeter depth turrows 

were made flhlowing the length and breadth of Ibam. Furrow to l'urrow 

distances in each direction was 2 cm and as such 2 cm x 2 cm blocks were 

made. A / cm depth cut was made at the centre of each block in thieh seed 

were put. the Ibams were placed on water in 3 ni X 4 in water tanks made in 

steel plate. (iemiination of seedlings was monitored and recorded everyday. 

3.3.2 Seedling tra nspla iii lug 

At two-leaf stage. seedlings ol uniform Si/c were transplanted in (bain-plugged 

holes of polvstyreiic sheets floating over 1/2 strength I loaglancFs nutrient 

solution (I loagland and Amon, 1950). 

Cork sheet was used on the water tank to hold the seedlings in the nutrient 

solutions. Ten seedlings were planted in each tank supported with cork sheet. 

Ihe experiment was laid out in a Conipletclv Random i/cc! Design  

loin replications. Fach two seedlings were considered a replication. Salinity 

was developed iii respective treatments (salinity of4. 8, 12 and 16 dS ni') by 

addin2 NaCl in three/four applications, starting two davsa iter transplanting. 

No NaCl was added in the control solution. Electrical ('ondttctivir Meter (I C 

meter) 	used to measure the sal initv of tlw nutrient solution. Proper aeration 

of the ctilttire solution was provided (br 10 minutes daily by a bamboo stick. 

The p11 of the solution was monitored daily and adjusted at 6.0±0.5. when 

needed. The stibstrate solutions were changed fortnight!. 
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Ta We 3.1: Stock solution (II nagla nds nutrient) ircpa red 

Nut dciii Chemical Amou iii for I litre 

N. K KN() 0.81 u 

N. P NI II II'C) 0.15 g 

S. Mg MuSO .71 IC 0.49 g 

N. Ca (2a(NO) .4110 0.94(,  

Fe 0.5 lug 

Zn ZnSO .71-1 0 
4 	2 

0.02 niiz 

U I IT3O 0.02 rug 

Mn MnC I 	.411 C) 0.05 rng 

Cu CuSO .5110 0.02mg 

Mo NaMoO .2110 0.01 ing 
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?/;r ti< 
•• 	c- 	•. 

Plate 1. Photographs showing different stage of hydroponic study in tomato (a) 

Hogland's nutrient stock solution (b) Foam prepared for seed sowing (c) 

Tomato seeds were sowi in foam plugged holes of polysterin coated 

iron trays (d) Distilled water were used for maintaing optimum moisture 

for seedling germination 	(e) Seedling transplanting (1) Salinity 

developed in respective treatments 
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II, 

Plate 2. Photographs showing different stage of hydroponic study in tomato (a) 

pH and Ec monitored daily (b) SPAD reading (c) After 4 weeks plants 

were harvested manually (d) At maturity plants were harvested manually 
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333 Visual c1ualitv 

Leaf greenness (total chlorophyll content) was measured using a hand-held 

chlorophyll meter (measured as the optical density. SPAD reading. Minolta 

Camera Co.. Osaka. Japan) at the four weeks plants in each treatment. Sl'Al ) 

readings of three leaves per plant selected from iRe middle sections o I the 

shools were measured lor all live treatments in each tank. Leaf area was 

measured by lea I area meter. In siomatal resistance determination we applied a 

d itiusion poromctcr (Delta 1' Manufhcturers. AP4  type transient porometer.). 

that provides all the leaf resistance to water vapour, including any cuticular part 

and boundary layer resistance in the porometer chamber. The instrument 

measures the humidity increase in a closed chamber arising [toni the water loss 

of the leaf section. 

3.3.4 Plant analysis 

Alter four weeks plants were harvested manually and plant samples from each 

treatment crc collected and divided into. di IThrenc plant parts. Shoois and 

roots of one plant from each treatment were waslicd separately in deionized 

water to remove nutrient solutions and then dried at 70C for 48 h. reweighted. 

ground to pass a 60-mesh screen and digested lix mineral nuirient analysis. 
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Table 3.2: Standard methods ol plant analysis 

Plant 	I 	Digcstion 	 Determination 	References 

parameter 

Na. K 	Digesting the samples iii di- Directly measured by .AAS Peterson. 

acid mixture (l-[N(Th-HCIO., 	 2002 

:1) 

Cl 	 Digesting the samples in di- Measu red by Coulometric- SAS 

acid mixture (II NO:;-I-1CI04 amperometrie titration. 	Institute. 

5:I) 	 1997 

At nutturit . plants were harvested manually and di Ilerent yield 

(plant height, root length and Iruit sield plan() were recorded. 

3.3.5 Climate c011(lition 

Ambient daytime air temperature in the glasslwuse during the experiment 

ranged from 14 to 30 C (mean - 28 C):  night lime temperature ranged from 

12 to 30 C mean - 21 °C). Relative humidity ranged from 41 .2% to 47.7% 

with a mean of44.6% during the day and during the night. 

3.3.6 Statistical analysis 

Data were analyzed using MSTAl -C (version 2.1. Michigan State University. 

1991). Analysis of varience (ANOVA) as conducted Ibr sitinificance o 

dilkrence (I .SD). Diffi2rences were declared significant at PC0.05 probability 
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levels by the F-test. The F- protected LSD calculated at 0.05 probability levels 

according to Steel and Torric (1980). 
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ChAPTER IV 

RESULT AM) DISCUSSION 

This chapter contains results of the experiment and the lollow-up discussion. 

For convenience, the whole chapter has been divided into three sections: 

I. 	Yield & yield contributing data 

Plant  physiological parameter 

Plant nutrient concentration 

Indeed this was a study of the elThcts of different levels of salinity on the 

jerIbinanee of tomato e.g. yield andyield contributing data (plant height, plant 

dry matter, fruit weight plant' and number of fruits plant'). plant physiological 

parameter (leal' area. total chlorophyll content, stomata resistance). Plant 

nutrient concentration (Na. Cl and K concentration in shoot and rool dry 

matter). (lie results of the whole experiment are shoii in Fables 4.1-4.5 and 

Figures 4. I -4. I 3 which have been discussed under the Ibilowing sub sections. 

4.1 Effects of different levels of salinity on growth, yield and yield 

attributing characters of HARt 'Fomato 14 

4.1.1 Plant height 

There 'vere signi ticant (1 'c0.O5 ) di licrences among the toniato plant height by 

the application of ditTCrent levels (if salinity ('Fable 4.1). The plant heighi 

increased significantly with decreasing level of salinity. The tallest plant height 

(108.2 cm) was achieved when salinity was applied at the rate of' 0 dS,n' and 

the shortest plant (74.57 cm) grew from l's (16 	) treatment (Table 

I ).Probahly salinity create an unilivorable condition on 1,b,it growth, that is 

why plant height decreases with increasing level of salinits on this hydroponic 
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culture. 'I'M and Shannon (1983  ) reported that salinity stress reduces elongation 

rate o I' the main stein in tomato. Sc) that plant height may reduce at Ii igh sal in it 

level. ( )vtekin and iu,el (20 11 ) also showed the same effect that plant height 

reduced with increasmg level ol' saliutv. 

loniato plant heights decreased linearly v,ith an increase in the salinity of the 

irrigation water, in agreement with results reported by Zaiter and Mahtbuz 

(1993). Cruz ci at (1990) reported that shoot Length is one of the most reliable 

response indicators (or a wide range OF tomato genotypes under salinits stress. 

Signi (leant reductions in fresh and dry weight of tomato shoots were reported 

in response to salinity stress (Bolarin ci at. 1991).Agong ci cit (2003) shoed 

the plant height, green matter value were signilieantls variable among the salt 

level across the tomato genotypes. The severe reduction in plant height 

demonstrated a consistent elket olsalt stress in plant growth rate. 

4. 1.2 1 4eaf a rca plant 

Statistically signilicant variation was recorded fix dilterent level ut salinity at 

hydroponic tomato eulttire for leaf area plant" (em) (Table 4.1). Agong ci at 

(2003) showed the leaf area and other Lzrowth parameter were signilleantly 

variable among the salt level across the tomato genotypes. I eaI area plant 

increased with decreasing level of salinity and maximum leaf area plant 

(946.81 cm2) was recorded at T, treatment. The minimum leaf area plant 

(410.80 cm) was recorded at T5  treatment as the application of salinity level 

(16 dSni ) (Fable 4.1). (Mtmnns & 'L'ermaar. 1986) showed the same eiflct of  

sal inits on leaf area of toniztto plant that one 01' the first plant responses to 

salinity stress is a reduction in plant growth rate with associated reductions in 

leaf area available for photosynthesis. Subsequently, excessive aceunt ulation of' 

salts can lead to death of tissues. organs. and whole plants. The sharp increase 

in leaf Cl-  at higher root to shoot ratio md icates that Cl" aeeun'mulat ion is mainl 
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associated to both an increased root biomass and a reduced leaf area rather than 

an increased transpiration Ilux. since the later decreases with salinity (Mova c't 

aL. 1999: Estan el at. 2005). 

4.1.3 Plant dry matter 

Plant dry matter (g) of tomato plant showed a statistically signilicant variation 

for di fkrent salinity' level under present trial (Table 4.1 	Plant dry nuttier (g) 

increased with decreasing level ol salinity and the lowest plant dry matter 

(8.108 g) obtained 1rom highest salinity level at the treatment 15 (36 dSm ). 

The greatest significant plant dry matter (17.82 g) obtained with lowest salinity 

level at the treatment I (0 dSnid ). But T j  and '2  treatments are statistical lv 

sini ilar and there are no significant difference between them (Table 4.1).  

N'lolianimad (1998)   showed that shoot weight significantly reduced with 

I iic reasinu sal in it v stress. 

4.1.4 Root dry matter 

Suit istical ly significant variation vas recorded Ibm di ikrent level of salinity at 

hvdropon ic tomato culture for root dry matter (g ) (Table 4.1 ). Root drs matter 

increased with decreasing level of salinity and maximum root dry matter ((1.75 

t) was recorded at T treatment. The niinimumn root dry matter (0.33 g) was 

recorded at Tc treatment as the application ot salinity level (I 6 dsni ). But l' 

and 	l treatments are statistically similar and there were no sitmi [leant 

difference between them (Table 4.1). 

C 

••t 
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Table 4.1 Efflct oC(lifferent sal mitv levels on plant height. Plant dry matter 

content and leaf area plant of tomato Plant 

ROOt (li'% 

nnittcr %vl. 

'I-. 
(U 

T1 =O 	l08.2a 	17.82a 	946.80a 	 0.75 

T,4 	94.80b 	17.74a 	865.90b 	 0.73 

[1=8 	 85.60c 	14.88h 	504.80c - 	0.60 

T 4=12 	81.57d 	13.82b 	424.1Od 	 0.48 

= 16 	74.57c 	8.108c 	410.80e 	 0.33 T5  

LSl) 	 2A72 	 2.345 	 1.108 	 0.17 

CV(%) 	1.80 	 1.51 	 0.11 	 9S2 

In a column means having siiiiilar letter(s) are statistically identical and those having 

dissimilar letter(s) d Her significantly at 0.05 level of signi licance 

i'reatment 	Plant height 	Plant dn 	Leaf area 

(dSni 
I) 	

(cm) 	matter wt. (g) 	platif 
I 
 (tin) 
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Figure 4.1 Effect of different salinity levels on plant height of tomato plant 
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Figure 4.2 Effect of different salinity levels on dry matter content of 

tomato plant 
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Figure 4.3 Effect of different salinity levels on leaf area planf1  of 

tomato plant 
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Figure 4.4 Effect of different salinity levels on root dry matter content of 

tomato plant 
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4.1.5 Fruit Nicight plant" 

Fruit eight plant wts signilieamlv affected by di fThreni. salinity levels liable 

4.2). In salinity level 0 (control) gave the highest values (1.60 kg) fruit weight 

plant . Whereas, high salinity level i.e. [C 16 dSm treatment gave the lowest 

values (0.40 ke) (Table 4.2). there are inconsistencies in the literature 

regarding the contribution of fruit number to PC induced reductions in tomato 

fruit yield. Eltez c/ cii (2002) reported that the number of fruits was unauIbeted 

by moderate salinity and that reduced yield was entirely due to smaller fruit. 

4. 1.6 Nit mher of fruits plant' 

Treatment with lower salinity gave the higher values almost plant parameters 

as compared to the higher salimtv. Tomato fruit number plant was 

significantly affected by ditThrent salinity levels (Fable 4.2). In salinity level U 

(contra I). tomato plants gave the highest number of fruits (I 9) which was 

statistically sini ilar to the Irealinent F (4.0 dSm1  ) where the fruits number per 

plant were 17. Whereas high salinity level i.e. [C 16 dSni" treatment gave the 

lowest values (l'able 4.2). There are inconsistencies in the literature regarding 

the eontribtition of fruit number to [C induced reductions in tomato frtut yield. 

According to Olynipios c/ al. (2003) the number of fruits/plant was restricted 

when the level of salinity in the root zone was 8 dSm or higher. Comparing 

the response of tomato to difThrent salinity levels., it could he clear that the 

values of fruit number and weight per plant were reduced in 8.0-12.0 dSrn t 

salinity levels and it is loest in 16 dSni* lhis evidence could be a good sign 

for positive response at tomato plaits to salinity. 
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Table 4.2 [fleet of di tIbrent salinity levels on the fruit number and fruit eight 

plant. Of tomato plait 

Salinity levels EC 

N ni') 

Fruit weight plant' 

(ko) 

Fruits plaits' 

T,0 I.00a 19a 

T=4 1.48l 17a 

T3=8 l.lOc 14b 

T4=12 

Tc= 16 

1.05c 12b 

0.40 d 8 c 

LSI) (0.05) 	- 0.11 2.79 

3.09 3.48 

In a column means luivi ug s mi lar letter(s) are statist cal Iv identical and those having 

dissimilar letter(s) diflCr significantly at 0.05 level ofsigniticance 
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Figure 4.5 Response of tomato to different salinity levels on the fruit number 
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4.2 Effects of different levels of salinity on plant physiological pa ramelers 
of 13 A 141 'In ma to 14 

4.2.1 Total chlorophyll content (mg g 1 ) 

l)iilèrent levels of salinity exhibited statistically signiticanee variation tbr total 

chlorophyll content (ma a') of plant (Table 4.3). The chlorophyll content 

decreased significantly with increasing level Of salinity. The highest total 

chlorophyll content (24. 10 nig e' ) was found for the control treatment 1 (0 

dsm' ) which was statistically similar with 12 treatment comprising of 4 dSm' 

salinity level. The lowest total chlorophyll content (1.456 lug g1  ) was found at 

treatment comprising of 16 dSni1  salinity level (Table 4.3). This result is in 

agreenieni with the statement of Munns (2002). 

l-lossain and Nonam I (201 2) stated that if excess amount of salt entered into 

plani, this salt itnally rises to toxic level in leaf tissue 	hich can cause early 

senescence of.  leaf. Fiiially. it reduces the photosynthetic capability of plant and 

retards the grcnth rate of plant and its other organs. Compared to control 

plants. total leaf chlorophyll content was decreased and photosynthetic activity 

were signilicantly reduced in increasing level of salinity (I lorehani a al. 

2010). 

4.2.2 Stomatal resistance (s coli) 

there were significant (5% level) differences among the stomata resistance (s 

ciii ) of tomato plant (Table 43). Stomata resistance (s em' ) increased 

significantly' with increasing level of salinity. The highest stomata resistance 

7.275 s cm ) was achieved when salinity was applied at the rate of lb dSni" 

which is statistically similar with T4  comprising of 12 dSni salinity level and 

the lowest stomata resistance (3.075 s cm'') obtained ti'om T, (0 dSm" 

treatment (Table 4.3). This experiment got same result as I lorchani a al. 
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(201 0) showed that Corn pared to control plants stomata cond uctance and 

photos.mhetic activity were significantly reduced in increasing level olsalinty 

Table 4.3 Effect oldi flerent salinity levels on total chlorophyll content and 

stoni am re Si SW flCC of tomato plant 

Treatment (dS ni ) 	Total cli torn phyll 	S (nina tat resista lice 

content (m(m,  g') 	 (s cni') 

T1 =O 	 24.1 ()a 	 3.075d 

T2=4 	 1 	
23.24a 	

I 	
4.565c 

T3=8 	 I 	 20.29h 	I 	
5.722b 

	

17.74c 	I 6.747a 

f$r: 16 	 15.87d 	 7.275a 

LSD905 	 1.456 	 .664 

4.64 	 7.88 

In a coluni ii means having si nilar letter( ) are stai ist ieal I):  identical and I hose having 

dissimilar letter(s) diflr significantly at 0.05 level ol significance 
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4.3, Effects of different levels of salinity on nutrient content of BARI 

Tomato 14 

4.3.1 Nutrient content on shoot 

4.3.1.1 Sodium content on shoot d rv matter 

Statistically signilicant variation was recorded for di ftitnt level of' salinity at 

hydroponic tomato culture for Na content on shoot dry matter of tomato plant 

in hydroponic culttire ('Fable 4.4). Na content on shoot dry matter increased 

with increasing level of salinit and maximum Na content on shoot dry matter 

(43 .60 nig kg'1  ) was recorded at 'l' s  treatment (lb dSm ). 'Fhe minimum Na 

content on shoot dry matter (6.55 ing kg ) was recorded at T, treatment as the 

application of salinity level (0 dSm'1  ) which is slatisticalk similar with 

comprising oN dSin" salinity level (Table 4.4). I lorchani c/ at (2010) agreed 

with this result. Data showed that tomato plants had high Na' concentrations in 

roots and leaves under salinity treatment. This may he related to a lo' K/Na 

selectivity ratios when exposed to NaCl salinity. Nawaz ci at (1998) reported 

increased Na concentration in lCt Sal)  due to enhanced inward movement and 

inhibited outward active exclusion of this ion under the combined stress of 

salinity and water logging. 

Under salinity stress the shoot dry weight negatively correlated (R0.97 I 

with Na' concentration (Figure 4.1 [he hüiher concentrations of Na and Cl 

in leaves become toxic to plants and lead to salt injury (Serrano ci at. 1999: 

Saqib ci at. 2005). 

4.3.1.2 ChIo rule content on shoot (I n' matter 

'lhcre were significant 0% level) differences among the Cl content on shoot 

dry matter (in,,  kg 5 of tomato plant by the application of di [Thrent levels of' 
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salinity (l'able 4.4). Cl content on shoot dry matter (lug kg') increased 

signi licantly with increasing level ot salinity. [he highest Cl content on shoot 

dry matter (288.00 mg kg'') was ac liieved when salinity was applied at the rate 

of 16 dSm< which is statistically similar with T comprising of 12 dSni! 

salinity level and the lowest ('I content on shoot dr' matter (49.75 mg kg'' 

obtained from T, (0 dSm't  ) treatment ('lahlc 4.4). Increased Cl concentration 

in leaf sap under salinity stress might have resulted front excessive chloride 

concentration in nutrient medium that resulted in more uptake of C I' by plants 

(Shah and Jones, 1988). Magglo ci at (2007) showed that the leaf chloride 

increased with salinity, also. Similar to Na'. the aceututilation of Cl-  was 

proportional to the I C ol the nutrient so I u Lion. 

A sigtiilicant negative correlation was l'ottnd between shoot dry weight and 

chloride concentration (Figure 4.2). Lnder salinity stress the shoot dry weight 

production by tomato significantly correlated with Cl' concentration (R0.74). 

The figure showed that the shoot dry wcighi of l3ARl Tomato 14 variety 

decreased fistcr with the increase in Cl concentration. Amor ci al. (2004) 

concluded that due to highest salinity (200 tu NI NaCI ) Na 	and Cl 'vere 

largely accumulated in shoots and induced ni inera) nutrition U isturbanee within 

the plant shoot, as their Ca . Mg. and K 	concentrations significantly 

declined. 

4.3.1.3 Pu tassiu in contcttt oti shoot Un matter 

P1 anl dry matter of tomato plant showed a statistical lv si un i ficant variation for 

different salinity level under present trial (Table 4.4). K content on shoot dry 

matter (mg kg") increased with increasing level of salinity. The height K 

content on shoot dry matter (467 in,,  kg') obtained at salinit level U dSm at 

the treatment l' . The lowest K content on shoot dry matter 3 14.80 tug kg' 

obtained from highest salinity level at the treatment T (16 dSm'' ). Na and Cl' 
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may inhibit the uptake of K• by root. (Jorham and Jones (1993) showed that the 

ciTed of high concentrations of Na and Cl in the root medium is the 

suppression of uptake of essential nutrients such as K'. Ca. NO3' etc. 

Decreased concentration in leaf sap under salinity could he attributed high 

external Na concentration. which inhibited K absorption. Also high Na' 

Concentration in plants displace ('as  trout the plasmalemnia resulting in loss of 

membrane intetzritv and eftiux of' cstosol Ic IC and consequently the IC 

concentration in teal sap is decreased (Cramer c/ ol., 1985 ). \'laggio ci ciL 

(2007) showed that teal' calcium and potassium both decreased at increasing 

salinity indicating a reduced activity of these ions in the presence of NaCl 

and/or the occurrence of competition ellëets at the root surlitce. 

Salinity at moderate and higher level olexernal supply ofNaCl reduced the K 

concentration in the leaves of tomato .An ionic imbalance occurs in the cells 

dtte to excessive accumulation of Na and Cl-  and reduced uptake of oilier 

mineral nutrients, such as K' . Ca:., and Mu 2  (Karimi c/ at. 2005). Under 

salinity stress the shoot dry weight production by tomato negatively correlated 

(R2 -0.579) with Na' concentration (Figure 4.3). The higher concentrations of 

Na in leaves also become toxic and lead to salt injury (Scrrano c/ (It. 1999). 

Salt in.jury in phnn leaves and stem is due to higher influx of' Na 

accompanying a red uction in IC uptake (Sharma. 1995)   that arc in accordance 

with our results where more growth reductions under saline conditions than at 

Si) mM K-level. 
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Table 4.4 LfIect of different salinity levels on Na. CI and K conteni of shoot 

(I r tII a; tC r Of toni ato plant 

Treatment - 	- Dr-v matter 	I)rv matter - 	I)rv 	matter 

(dSm 5 	 (:1 (shoot) 
IC Na (shoot) 	 (shoot) 

, 	nag kg4 	 -t  
nag kg- 	 nag kg 

TO 	1 6.55d 	 49.75c 	 467.0 a 

T2=4 7.925d 136.00b 387.8 b 

13 8 14.55c 145.80b 337.0 c 

T=I2 25.851) 	- 333.3 C - 	258.50a 

'Fe 16 	-- 43.60a 288.00a. - 314.8 d 

LSDO.()5  1.80 9.296 

CV(%) 1.95 1.75 1.56 

In a eoluniii means having similar letter(s) are suitisticall} identical and those having 

dissimilar letter(s) d iftèr significantly at 0.05 level at signiFicance 
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4.3.2 Nutrient content on root 

4.3.2.1 Sodin in content on root (lI' matter 

[here were sianificant (1<0.05) diflerences among the Sodium (Na) content on 

root dry matter (mg kg ) that e IThets by the application of di IThrent levels of 

salinity on hydroponic tomato culture. (Table 4.5). The Na content on root dry 

matter (mg kg ) increased significantly with increasing level of salinity. The 

highest Na content on root dry matter (169.90 mg kg') was achieved hen 

salinity was applied at the rate of 16 dSnf t  and the lowest Na content on root 

dry matter (2 1.13 mg kg ) from T1  (0 dSni' ) treatment (Table 4.5), I ugh 

concentrations of Na' and Cl in the root depress nutrient-ion activities and 

produce extreme relauons (if Nat/Ca.  Na'/K'. Ca'!Mg' and CI7NO3 

(Grattait and Grieve. 1999). Ilorchani ci al. (2010) showed salt treated plants. 

leaf and root Ni' content was sienificantly increased. 

4.3.2.2 C lilo ride content on root dry matter 

Statistical lv significant variation was recorded for di librent level of salinity at 

hydroponic tomato culture lbr Cl content on root dry matter 1mg Kg' ) of 

tomato plant in hydroponic culture ('Fable 4.5). Cl content on root dry matter 

increased with increasing level of salinit> and maximuni ('I content on root dry 

matter (303.80 mg kg'1 ) was recorded at 14 treatment as the application of 

salinity level (I 6 dSm' 5. The minimum Cl content on root dry matter (45.00 

mg kg") was recorded at T, treatment as the application of (0 &ISm") salinity 

level (Table 4.5). 

4.3.2.3 Potassium content oil root dry matter 

Root dry matter of tomato plant showed a statistically significant (5% level 

variation lbr different salinity level under present trial ('Fable 4,5). K content of 
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root di>' matter (fig kg' ) increased with increasing level o isalinity application. 

[he lowest K content on root dr> matter (204.50 mg kg) obtained from 

highest salinity' level at the treatment T (16 dSn( ). 'l'he highest K content on 

root dr> matter (440.00 mg kg') was obtained at the treatment T, (0 

(Table 4.5). The decreasing or incre:sing trend of K content on root dry matter 

with different levels of salinit>' depend on the present level oldie concentration 

of Na and CF into water where tomato plant was grown. When higher level of 

Na and Cl' present into water then these Na and ('F inhibit the uptake of K 

(hrouizh root of tomato plant. For that reason K content on root dry matter 

decreased with increasing level of salinity. I lorchani c/ ol. (2010) showed leal' 

and root K contents were signilicantly decreased by NaCl salinity. 
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i'ahte 4.5 I t1'eet oldi librent sal initv levels on Na. Cl and K content ot root dry 

matter ol tomato plant 

Trealment 

(dSni 

T=O 

l)n matter Na 

(it ot) 

tug kg' 

21 .13c 

l)rv matter Cl 

(root) 

nig kg' 

45.00e 

l)n mattci K 

(root) 

Rig kg' 

440M0a 

97.82d 89M0d 382.30b 

T3=8 I24.40c 150.00c 3 17.5c 

T4=12 I 53.90h 253.Sh 282.00d 

T5= 16 169.9011 303.8a 204.50e 

- 	1.SDO0 9.675 41.77 1 	12.95 

CV(%) 5.54 16.10 2.58 

In a column means having similar letter(s) arc statistically identical and those having 

dissimilar letter(s) diftèr signiticanthy at 0.05 level ofsigniticancc 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The experiment was conducted at the I Iv(Irophonic Culture House of 

Bangladesh Agricultural Research Institute (HARt), Horticulture Research 

Centre. Gazipur during the period 2011-2012. 1 lie glass house has a glass roof 

with no control over temperature. hum (lit) and tight as the sides are open 

liavinv (i IV a Wire net to con lit I birds. 

The objective of the study was to observe the perlormance of tomato under 

ditibrent salinity level. Cork sheet was used on the water tank to hold the 

seedlings in the nutrient solutions. Ten seedlings were planted at November 

2011 in each tank supported with cork sheet. The experiment consisting of 

variety HARt Tomato 14 experiments were laid out in Complete Random lied 

Design (CR!)) with Ibur replications. Each two seedlings were considered a 

replication. 

The research was conducted to investigate the perthrmanee of dillbrent 

parameters of tomato plant under d ifkrent salinit levels. Data ere taken Ibr 

different parameters from the entire period oh' experiment. 

the tallest plant height (108.2 cm) was achieved when salinity was applied at 

the rate of 0 dSin and the shortest plant (74.57 cm) grew trom T (36 dsm 

treatment. 

Kil 



Regarding the leaf area, maximum leaf area plantd  (946.80 cni2) was recorded 

at T1  treatment of salinity level (0 dSm ). he minimum leaf area plant' 

(410.80 e1,12) was recorded at 1< treatment of salinity level (16 dSm') 

Plant dry matter of tomato plant showed a statistically signi licant variation tbr 

ditThrent salinity level under present trial. Plant dry matter (g) increased with 

decreasing level of salinity and the lowest plant dry matter (8.108 	was 

obtained front highest salinity level at the treatment 15  (I 6 dSm' ). [he greatest 

signi licant plant dry matter (I 7.82 g) was obtained from lowest salinity level at 

the treatnient I (0 dSm 

Diftèrent levels of salinity exhibited statistically signifleant variation Ihr total 

chlorophyll content (mg g' ) 01.  plant. The iiiiiiest total chlorophyll content 

(24.10 mg g' ) at T1  treatment comprising of 0 dSnft  salinity level which was 

statistically similar with T2  comprising of 4 dSni! salinity level. [he lowest 

total chlorophyll content (15.87 ma g ) at l treatment comprising of 16 dSm1  

salinity level. 

In ease ol' stomata resistance the highest stomata resistance (7.275 s eni t) was 

achieved when salinity was applied at the rate of 16 dSm' which is 

statistically similar with i'4  comprising of 12 dSni' salinity level and the lowest 

stomata resistance (3.075 s cniH obtained from T1  (0 dSni ) treatment. 

Sodium content on shoot dry matter increased with increasing level of salinity 

and niaxinittm Na content on shoot dry matter (43.60 mg kg' was recorded at 

Ic treatment (salinity level 16 dSm ). The minimum Na content on shoot dry 

matter (6.55 rng kg1) was recorded at T1  treatment (salinity level 0 dSrn'). 
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The highest Cl content on shoot dry matter (288.00 ru(,  kg ) was achieved 

when salinity was applied at the rate of 16 dSm which is statistical!) similar 

to T: comprising of I 2 dSm!  salinity level and the lowest Cl content on shoot 

dry matter (49.75 mg kg ) obtained from l (0 dSni') treatment. 

The highest K content on shoot dr> matter (487.80 lug kg") was obtained at 

treatment -1 I  ( salinity level 0 dsm" ) and the lowest K content on shoot dry 

matter (314.80 in,,  kg ) was obtained from highest salinity level at the 

treatment Ti (I 6 dSm 

The Na content on root dr> matter (tug kg") increased significantly with 

increasing level olsalinit'. The highest Na content on root dry matter (169.90 

mg kg 5 as achieved when salinity was appl ied at the rate or 16 dsm t  and 

the lowest Na content on root dry matter (2 1. 13 mg ku 	from T (0 dstn 

treatment. 

Chloride content on root dry matter increased with increasing level of salinity 

and IlIWXhIILUIl Cl content on root dry matter (303.80 in kg") was recorded at 

U treatment as the application ol salinity level vasl 6 dSin". ftc minimum Cl 

content on root dry matter (45.00 mg kg) was recorded at i treatment 

(salinity level 0 dSni' ). 

The lowest K content on root dry matter (204.50 mg kg") obtained from 

highest salinity level at the treatment l (16 dSnf). The highest of K content 

on root dr> matter (440.00 au ke" ) was obtained at the treatment T, (0 dSni" ). 



From the result of present investigation it was revealed that- 

II igher salinity level has hazardous cllëct on the growTh of tomato plant. 

2. Sal mliv inhibited nutrient uptake of tomato plant as well as chlorophyll 

content that reduces photosyiithctic activity of plant which reduces dry 

matter content of tomato plant. 

Considering the situation of the present experiment further studies in the 

lollowing areas may be suggested 

Another level of salinity may be included in the Ilirther study. 

2. Salinity stress may be used at ditiërent stages ol' life cycle ol' tomato 

plant can be also included in the program (or future study. 
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APPENDICES 

Al)l)CIItliN.l Soil salinity elasswise area & Development Possibilities 

Soil salinkv Class 

Very slight 

(SI = 2.0-4.0 dS!m) 

Slight 

(S2 = 4.1-8.0 US/ni) 

Moderate 

(S3 — 8.l-12.OdS/rn) 

Strong 

Area (in ill ion hactare ) 	Agrc it ural potential 

(mha) 	 area 

0.328 
0.791 mha 

0.274 

0.189 

(S4 	12.1-16.0 dSfm) 	 0.161 

Very strong 

(S5 —>16.0) 	 0.101 
	

0.262 in ha 

Source: Soil Resource Development Institute, 2010 
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A1)pendux II. Monthly records of Air temperature, Relative hu nudity and 

Rainfall of the exl)er!ment site during the period from November 

2011 to April. 2012. 

Mouth *Air  temperature (° C) *Ielati.e * Rainfall 

____________ 
Maxiununi Miinnium 

lltflfli(IitY (mill) 

25.82 16.04 

(%) 

78 	- 0 November, 

2011 

December, 22.4 13.50 74 0 

2011 

January. 2012 12.4 68 - 	24.5 - 0 

February. 2012 27.1 16.7 67 30 

Mareh,2012 31.4 19.6 54 38 

April.2012 33.2 21.4 51 52 

*Monthlv Average 

Source : F3angladesh Metrological Department (ehintaic and weather division) 
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