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ARTICLE INFO ABSTRACT

Article history: Plants of rocketHruca sativa L.) grown in pots filled with three types of mixed
Received 04 December 2015 substrates, (i) 100% soil (S), (i) 50% soil + 5@%nd (SS), and (iii) 50% soil + 25%
Accepted 28 January 2016 sand + 25% peat moss (SSP), by volume. The pote watered daily with two
Available online 10 February 2016 different levels of salinity, (a) fresh water (0 mN&CI) and (b) salt water (40 mM

NaCl). The results showed that salinity led to arease of fresh weight (FW)
production and relative water content (RWC), wisieecific leaf weight (SLW) was

Keywords: increased. No significant differences in dry weigbW) and chlorophyll fluorescence
Eruca sativa L.; Soil amendment; parameters of stressed plants. Modifying subs(@&P) led to maintain plant growth
Substrate; Salinity; NaCl. under salinity condition, whereas the substrattitexwas ameliorated to more porosity

and permeability. The salinity enhanced an incréagiee Nd and Cl accumulation of
plant with different types of substrate treatme¥bile, the SSP substrate type showed
a reduce in Claccumulation under salinity treatments. Howevlge teduction in
growth under NaCl treatment can be attributed toaacumulation of salts thereby
decrease in osmotic potential with respect of toxidrom NaCl. Despite the
parameters indicate to reduce the growth undemisalithe plant biomass was
maintained with SSP substrate type. Our overalultgsindicate that the soil
amendment would ameliorate the ability of plantf inhibitory effects of NaCl stress
in plants by reduce Chccumulation thereby enhance plant tolerance.

INTRODUCTION

Many types of cultivated vegetable are spreadéicinity of the coastal sea areas, such as liggkys,
lettuce, cabbage, parsley, watercress, rocket #metthat depend on irrigation from near-shorelsvdlhe
rocket plant is an edible annual plant, commonlgwn as salad rocket. In Libya, the plant is comma@dten
raw as a side dish with many meals, and regulatpmpanies local food dishes. Given the importaridéis
kind of agriculture as one of the economic sedtoraany coastal regions of the world and the emphayy of
the workers, it may need to be maintained and dpesl to keep pace with the steady increase in defoauits
products.

One of the most important challenge facing farmsaastal areas is the high level of salinity nigation
water due to sea water intrusion with used grounerv&Vorldwide more than 831 million hectares afdas
salt-affected (Martinez-Beltran and Manzur, 2008y d¢his area is likely to increase in the futuresaese of
secondary Salinization due to irrigation (Pannatl &wing, 2006; Pessarakali and Szabolcs, 199%edswe
amounts of salts have adverse effects on soil ptiepeand therefore alterations induced in plaoigh, yield
and quality. Shoot and root biomass values dectease¢he salinity levels increased, as largely ntedaon the
literature (Hajert al., 2006; Maggicet al., 2004; Cuartero and Fernandez-Munoz, 1999; Sheetral., 1987).
Soil salinity can affect crop performance in mangya: by increasing the osmotic soil potential aedde
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reducing water availability; by increasing concatitns of toxic ions; and by affecting soil struetuand
thereby reducing both water permeability and seibion (Evangelou and McDonald, 1999).

To overcome this problem, many efforts have beieecttd by plant breeders and physiologists toward
developing cultivars and agro-management techniqaesnprove growth and yield of crops under saline
condition (Al Gehani and Kalifa, 2012).. There amany attempts to resolve the problem of salinitylants
and the conditions of agriculture such as the pdanironment in the root substrate of agricultiénfiget al.,
2009 ; Lordanet al., 2013). It is known widely relationship betwedre tphysical, chemical and biological
properties of the soil with salinity level on thigildy to change salinity effects in plant growthdadevelopment.
The agriculture in small spaces are easy to malendment in soil environment to improve the growtiplant
roots, perhaps including modulating the root sabstiof agriculture by adding material improvemehsail
physical or chemical properties (Rodionehal., 2012). Many researches indicate that by additienmaterial
to improve soil structure in order to raise theréegof porosity and permeability, thus to increasatilation
and to facilitate the leaching of excess salts atwaye environment of root plants (Krzaklewskil., 2012 ;
Souzaet al., 2013 ; Morales-Cortst al., 2014). The good substrates facilitate root dmwelent and root
activity, thereby improving crop performance. Sasidne of the most important substances that leagdl
changes in soil texture (Valdes-Rodrigwetzl., 2011) as well as many organic substances, whelhat or
animal waste sources. Factors such as soil textndesoil structure determine crop performance (#Arik
2000).

Modifying the soil structure and an appropriateigation water management may improve crop
performance on coastal land. The hypothesis of shidy was that using an appropriate substrate saila
amendment combined with salty water irrigation dauhprove both soil conditions (i.e. soil saturatsdraulic
conductivity and soil aeration) and crop response. €rop growth and crop water status) in soilshwi
determined physical properties.

The objective of this paper was to study the ¢$fexf soil amendment and salty water irrigatiorthie
rocket plants Eruca sativa L.) in terms of both soil physical properties ardp response, and evaluating the
effects of saline water on growth and physiologmalameters.

MATERIALS AND METHODS

Plant material, treatments, and growth conditions:

The experiment was conducted at the Faculty ofchgure in the University of Benghazi. The soil va
collected from horizon (0-30 cm) of a soil nedartina" region (dry Mediterranean climate, East Libyade8s
of rocket Eruca sativa L.) were germinated in 3L plastic pots filled withree types of mixed substrates, (i)
100% soil (S), (i) 50% soil + 50% sand (SS), aig 50% soil + 25% sand + 25% peat moss (SSP), by
volume. The pots were watered daily with two diéfietr levels of salinity; fresh water (0 mM NacCl) asalt
water (40 mM NaCl). The seedlings were thinned teeBdlings in each pot after measuring of gernonati
percentage. Plants were grown under plastic caverdavent reaching of rainfall, photoperiod wad &, and
photosynthetic active radiation reached a daytieekpralue of 900 pmol.fs?, the temperature and relative
humidity ranged to 20/11°C and 60/75% during dalihperiods, respectively. Treatments were contrfoe
4 weeks, soil pH and EC (Electrical Conductivity@re measured and textures were assigned accoodsajl t
texture triangle for substrate types at the eneixperimentation.

Growth measurements:

Plants were harvested at the end of the experjrfreish weights (FW) were measured for each treatme
These plants were dried three days in an oven aCgaintil there was no decrease in weight) foedwaination
of dry weight (DW).

Relative water content and specific leaf weight:

The midday relative water content (RWC) was measuising leaves, which were immediately weighed to
obtain a leaf fresh weight. Leaves were placedbeaker with the petioles submerged in water ogétrin the
dark at 4 °C, so leaves could become fully hydratedves were reweighed to obtain turgid weight @meld at
70 °C for 3 days to obtain dry weight. The RWC wakulated as fW —DW) x (TW —DW)]x100 according
to Morgan (1984). WherEW is the leaf fresh weighfW is the turgid weight; anBW is the dry weight. The
specific leaf weight (SLW) was determined by diviglivalues of leaf dry weight by leaf area.

lon analysis:

Shoots of four plants per replicate were washedl distilled water to remove dust and other residaad
dried in an oven at 65°C for 3 days to determinevagights. The dried tissues were finely ground stioded in
paper bags. After digestion of ground tissue witts®, and HCIQ, Na" and K contents in the DW were
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measured by flame photometer, while those ofv@re determined by titration with AgN@n the presence of
NaCl, according to A.O.A.C. (198Batonet al., 1995

Chlorophyll fluorescence:

Chlorophyll fluorescence parameters, minimal fasmence Ky), maximal fluorescenceFy{,), variable
fluorescenceR,), and the ratid~, /F,, were measured in vivo 0.5 h after darkness adaptaf the leaves, using
a portable fluorometer plant efficiency analyzerafidatech Instruments, King's Lynn, Norfolk, United
Kingdom).

Experimental design and statistical analysis:

The data presented are representative of two et experiments. The study was conducted in four
replicates (five plants in each replicate), usiactdrial experimental 2x3 in completely randomidegign, with
the treatments of salinity as the first factor esubstrate type as the second factor. Data weresctelj to
analysis of variance using a two-way ANOVA (SPS&tistical package, Chicago, IL). Differences among
means of treatments were compared by Duncan'spieuiinge test at the 0.05 confidence level.

Results:
Plant growth, relative water content, specific weight of leaf, and chlorophyll fluorescence:

The fresh weight of plants (FW) was decreased ligut 20 to 32% with increasing external salinity,
whereas the value of dry weight of plants (DW) was changed except with substrate type SSP (TgblEhe
SSP lead to increase FW and DW with both treatmehsslinity compared with substrate type S valldse
SSP treatment with salinity (40 mM NaCl) was nobwhd significant difference with S of 0 mM NacCl
treatment for plant FW values, while it was incethén DW of plants. Relative water content (RWCytants
was reduced with salinity treatment, while the ealof RWC of the SSP treatment with salinity has no
significant difference with S substrate type of &0\ treatment (Table 1). However, specific leafgii(SLW)
was increased in response to the NaCl treatmerttthau SSP treatment with salinity has no significan
difference with S substrate type of 0 NaCl treatm@rable 1). There is no significant differencestie
chlorophyll fluorescence parameters, presenteddmndtio ofF,/F,, were noted among treatments (Table 1).

Physico-chemical properties of substrates:

The results presented in (Table 2) showed theitexif substrate types as well as soil pH and BBeaénd
of experimentation. The texture of substrate tywas Loam for S (the soil of region), SS was Loamelyaand
SSP was Sandy-Loam. Substrate pH values were semleaith high proportion of sand in SS treatment
regardless the salinity level. The results alsacated that EC values were approximately doubleat salinity
treatment, while, it was decreased to half thee/ahuSS treatment due to more sand proportion.

lon concentration:

The results of the analysis of some elements antplissue are presented in (Fig. 1). Thé bantent in
plant tissue was obviously increased with salinitgardless the type of substrate to about 40%it lvues not
affected by diversity of substrate type.” @ccumulated in the plants was increased with isalireatment;
whereas it was significantly and gradient decreasethe plant tissue by about 50% as substrateutext
changing from Loam to Loam-Sandy and Sandy-Loane. ffatment SSP with salinity (40 mM NaCl) showed
a lowest amount of Chccumulated in the plant compared to S treatméiht 9vmM NaCl. However, in this
experimentation, Kcontent was not significantly affected with adatments.

Table 1: Effect of salinity (NaCl) and substrate type orsfraveight (FW), dry weight (DW), relative water ¢emt (RWC), specific leaf
weight (SLW) and chlorophyll fluorescendev(/ Fm) in rocket plants.

Treatments Measurements
Salinity o Chlorophyll
(mM NaCl) Substrate type FW (g) DW (g) RWC (%) SLW (gigm FluorescenceR, /F.)
0 S 8.2 0.98 88.TF 0.50° 0.810
SS 5.5 0.72 87.4 0.52° 0.807
SSP 10.3 1.59 93.7 0.54" 0.796
40 S 6.5 1.03 83.4 0.57° 0.807
SS 4.7 0.76 82.3 0.58" 0.79G
SSP 8.1 1.15 89.7 0.57 0.798

Each value represents mean of four replicates. Mégiowed by the same letter in each column atesigmificantly different by Duncan's
multiple range test at 5% level. (S) 100% soil,)(S®% soil + 50% sand and (SSP) 50% soil + 25% 3aPiPb6 peat moss.
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Table 2: Physico-chemical properties of substrates andigahNaCl at the end of experimentation.

Treatments Property
(mSl\i II[{}?(/:D Substrate type Clay % Silt % Sand % Texture PH Edhos/cm
0 S 26 36 38 L. 82 1.39°
SS 9 11 80 L.Sa 8%7 0.58°
SSP 14 21 65 Sa.L g1 1.27°
40 S 22 35 43 L. 84 2.16°
SS 9 10 81 L.Sa 8" 1.29°
SSP 15 20 65 Sa.L g2 2.45°

Each value represents mean of four replicates. Mégiowed by the same letter in each column atesigmificantly different by Duncan's
multiple range test at 5% level. (S) 100% soil,)(S®% soil + 50% sand and (SSP) 50% soil + 25% 3aPiPb6 peat moss.
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Fig. 1: Effect of salinity (fresh and salt water, 0 and M® NaCl) and substrate type on: N&I and K
content (mg.g DW) in rocket plants. Data are means of four ks +SE. Means with same letters
are not significantly different tested by Duncamisltiple range test at 5% level. (S) 100% soil,)(SS
50% soil + 50% sand and (SSP) 50% soil + 25% saPbl4 peat moss.

Discussion:

The available of irrigation water in a many spiecdrea of the world is characterized by a higrelesf
salinity such in coastal areas. This requires wayln order to find a way to deal with it, whethogr cultivation
of plants resistant or tolerant to salinity or adapparticular strategy leads to minimize the aswesffects
resulting from the use of salty water. Effect dlirgty is on plant growth when irrigated with sadirwater and
thus may have a severe effect on plant develop(@atioubeet al., 2006).

We found in this experiment that the salt waterifdgation of rocket plants has led to a decreasthe
fresh weight (FW) of the plants compared to thaadibn of fresh water irrigation, despite that tefect does
not appear clearly in respect of dry weight (DWalfle 1). Our results showed that the chlorophybbiféscence
was not the physiological parameter that has caiozl with salinity tolerance, as has been notetbikaoui
et al. (1989) and Monneveust al. (1990). There was an apparently greater detriahaftect of 50 mM NaCl
treatment on FW compared to that on DW. In the iptes/studies, the decline in growth of plants cdusg
salinity may be due to three principle mechanispssnotic stress, nutritional disruption and ion tityi (Caines
and Shennan, 1999). We assume that biomass deevaagelated to the higher Nand Cl accumulation into
their tissues (Fig. 1).

Although, the salinity effect is expected for glgnowth, it has frequently published in previoesearches.
Obviously, the important concept is the growth laints affected due to the diversity in substrapesy Where
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the SSP treatment to give a FW and DW values wadifferent or beats what is the result has beeninbtl

from the treatment of the control (S), and mostangntly it is registered in particular when usedt svater

irrigation (Table 1). This concept was supportedrulfferent pH values between the treatments ef38P and
S of substrate types, despite of the clarity ofttigh level of salinity in the SSP was (EC 2.45npared to (EC
1.39) in S treatment (Table 2).

The results were showed a decrease in leaf RWIEinéreasing NaCl concentration, thus, to be indita
that plant tissues were under effect of osmotiesstr In addition, an increased SLW was rather cammo
response in stressed plants and it's positivebtedito RWC reduction under saline stress condittomeans
that less water is taken up by the root and tramsgdnto the shoot; consequently, less water &lalvie for
normal growth and development. As expected fromaiheve mentioned the value of RWC and SLW under
irrigation with salt water were comparable to valuénen irrigation with fresh water (0 mM NaCl) iase using
SSP substrate type.

Our results suggest that salty water irrigatios led to obviously increased Naccumulation in the plant
to about 40% due to the availability of Nians in the soil (Fig 1). Thus, the plant was urttie influence of the
stress that led to absorption of the plant for taloil quantities of Naions to increase the water potential in the
root cells to be able to adapt to soak up watenake up the shortfall. As for the effect of subtstitexture type,
there was no significant effect on the accumulatibNa’ in the plant.

The salty water irrigation has led to increasecuawlation of Clin the plant by 30% approximately, on
the other hand led diversity of substrate textypetto the difference in the amount of @ cumulated in the
tissue of plants (Fig 1), where the absorbed amofirf€l has been decreased to 50% when improved soil
properties. The SSP substrate type characterizedidly proportion of sand particles compared to &e
substrate type (Table 2), this making change teemporosity and permeability based on the changmiloftrate
texture, thereby increase water movement in theica¢rdirection and occurrence of leaching prock&ss
negative ions in the soil solution including chttei(CI). As in studies by others (Anikwe, 2000; Maial.,
2012) we found whenever the proportion of sandeiased in the substrate that led to the improvemitite
physical properties which the most important isnpesibility. The change related in the increase @ th
proportion of sand from the other components tedled to a lack of accumulation of @i the plant grown in
the SSP substrate type compared to other subsBatesl SS (Figure 1). When the substrate is ligkiute
(Loam-Sand and Sandy-Loam), was less accumulafi@ @n the plant tissue and therefore less toxic éfbéc
CI" under conditions of saline irrigation water oregtied by salinity, which reflected in the biomasssgnted in
the table 1.

The results of this experiment showed that tHewds not affected by the various treatments either
salinity or the type of substrate. This can be ax@d perhaps refer to the availability of potassin the soil of
the region in large quantities, there are prevyseriences in the region reinforce this hypothesis

From the above mentioned we can point out that plusitive outcome may contribute to solving the
problem of irrigation water salinity in coastal asescattered in the vegetable farms. We are toieshderstand
what happened when we used SSP substrate typerayadion with salty water so that led to this festhis
finding enhances the possibility of conducting mogeearch on modulating components of the subsknate
amending the soil in agriculture in order to redtlve effects of some factors influencing the groatiplants
which including salinity.

Conclusions:

The result shows that amending the soil can amaéche texture of substrate and adversely theetsfiof
salinity and therefore increasing the ability cdmts to growth under stressed condition. FreshhwéW), dry
weight (DW), relative water content (RWC) and sfiedieaf weight (SLW) were maintained from effects
salinity under SSP substrate type. An increasedabfand Cl accumulation in response to salinity treatment for
plants whereas a decrease inVZs observed only at SSP substrate type treatfbatefore, better substrate
type in combination with salt water decreases igle af salinity against plant growth. In additighe results of
the experiment also indicate that soil texture @ayimportant role in determining the responselaifits to salt
due to their effect on the leaching process 6frGm the soil solution.

ACKNOWLEDGEMENTS

The authors thank Salim Saaed for assistanceeitfieid andlaboratory, Dr. Saaed Helmi for analysis of
the samples.

REFERENCES

Al Gehani, ILA. and A.M. Kalifa, 2012. Effect of tnbgen fertilization and salinity on growth and
physiological attributes of tomato seedlings. &IBChem. Environ. Sci., 7(4): 801-815.



20 Idress A. Al Gehani and Tawfik M. Ismail, 2016

Australian Journal of Basic and Applied Sciences,(1) January 2016, Pages: 15-20

Anikwe, M.A.N., 2000. Amelioration of a heavy cldgam soil with rice husk dust and its effect onl soi
physical properties and maize yield. Bioresourcehhelogy. 74: 169-173.

AOAC, 1985. Official Methods of Analysis. 14th Edit, Association of Official Analytical Chemists,
Washington DC, No. 43.292. 7.001, 7.009, 7.006.

Caines, A.M. and C. Shennan, 1999. Interactiveceffef C&* and NaCl salinity on the growth of two
tomato genotypes differing in €ause efficiency. Plant Physiol. Biochemistry, 378)7 569-576.

Cuartero, J. and R. Fernandez-Munoz, 1999. Tonratcsalinity . Sci. Hortic., 78: 83-125.

Debouba, M., H. Gouia, A. Suzuki and M.H. Ghort#)06. NaCl stress effects on enzymes involved in
nitrogen assimilation pathway in tomatbytopersicon esculentum" seedlings. J. Plant Physiol., 163: 1247-
1258.

Evangelou, V.P. and L.M. McDonald, 1999. Influendesodium on soils of humid regions. In: Pessaiakal
M. (Ed.), Handbook of Plant and Crop Stress, 2.ddbBbDekker Inc., New York.

Hajer, A.S., A.A. Malibari, H.S. Al-Zahrani and Q.AAlmaghrabi, 2006. Responses of three tomato
cultivars to sea water salinity. 1. Effect of sdliron the seedling growth. Afr. J. Biotechnol.16): 855-861.

Krzaklewski, W., M. Pietrzykowski and B. W02012. Survival and growth of alders (Alnus glosa (L.)
Gaertn. and Alnus incana (L.) Moench) on fly astht®sols at different substrate improvement. EGoédg
Engineering, 49: 35-40.

Lordan, J., M. Pascual, F. Fonseca, J.M. Villar anRufat, 2013. Use of rice husk to enhance p&aeh
performance in soils with limiting physical proges Soil & Tillage Research, 129: 19-22.

Maggio, A., S. De Pascale, G. Angelino, C. Ruggiand G. Barbieri, 2004. Physiological response of
tomato to saline irrigation in long-term salinizealls. Eur. J. Agron., 21: 149-159.

Martinez-Beltran, J. and C.L. Manzur, 2005. Ovewief Salinity Problems in the World and FAO
Strategies to Address the Problem. Proceedingseofrnternational Salinity Forum, Riverside, Califiar, 311-
313.

Mavi, M.S., P. Marschner, D.J. Chittleborough, J®éx and J. Sanderman, 2012. Salinity and sodicity
affect soil respiration and dissolved organic nrattgnamics differentially in soils varying in texeu Soil
Biology & Biochemistry, 45: 8-13.

Mekkaoui, M.E., P. Monneveux and A.B. Damania, 198Blorophyll fluorescence as a predictive test for
salt tolerance in cereals: preliminary results oruth wheat. Rachis, 8: 16-19.

Monneveux, P., M.E. Mekkaoui and X. Xu, 1990. Phiggjical basis of salt tolerance in wheat chlordphy
fluorescence as a new tool for screening toleramotypes. In: Wheat Breeding. Prospects and Future
Approaches. Varna, Bulgaria, 1-33.

Morales-Corts, M.R., M.A. Gomez-Sanchez and R. R8anchez, 2014. Evaluation of green/pruning
wastes compost and vermicompost, slumgum compasttlir mixes as growing media for horticultural
production. Scientia Horticulturae, 172: 155-160.

Morgan, J.M., 1984. Osmoregulation and water stire¢sgher plants. Annu. Rev. Plant Physiol., 3992
319.

Pannell, D.J. and M.A. Ewing, 2006. Managing seesnddryland salinity: options and challenges.
Agricultural Water Management. 80: 41-56.

Pessarakali, M. and |. Szabolcs, 1999. Soil sgliaitd sodicity as particular plant/crop stressditin:
Pessarakali, M. (Ed.), Handbook of Plant and CrioesS, 2. Marcel Dekker Inc., New York.

Rodionov, A., S. Nii-Annang, O. Bens, M. Trimbof, Schillem, B.U. Schneider, T. Raab and R.F. Huttl
2012. Impacts of Soil Additives on Crop Yield andS€questration in Post Mine Substrates of Lusatia,
Germany. Pedosphere, 22(3): 343-350.

Shannon, M.C., J.W. Gronwald and M. Tal, 1987. &ffef salinity on growth and accumulation of organi
and inorganic ions in cultivated and wild tomateaps. J. Am. Hortic. Sci., 112: 516-523.

Souza, M.E.P., A.M.X. Carvalho, D.C. Deliberali, Jucksch, G.G. Brown, E.S. Mendon¢a and I.M.
Cardoso, 2013. Vermicomposting with rock powderéases plant growth. Applied Soil Ecology, 69: 66-

Valdes-Rodriguez, O.A., O. Sanchez-Sanchez, A.Z?éé&quez and R. Ruiz-Bello, 2011. Soil texture
effects on the development of Jatropha seedlifdsxican variety ‘pifidn manso’. Biomass and BioeneRp:
3529-3536.

Wong, V.N.L., R.C. Dalal and R.S.B. Greene, 2008rbon dynamics of sodic and saline soils following
gypsum and organic material additions: A-laboratocpbation. Applied Soil Ecology, 41: 29-40.



