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The availability of water resources of marginal quality such as drainage water or high-salt

containing groundwater is turning into an important issue in Tunisia and other countries

with scarce water resources. A pot experiment was carried out to evaluate plant produc-

tion, nutrient content and heavy metal bioaccumulation in agricultural soils amended with

MSW  compost and irrigated with salty water, by using two different soil textures (clay and

sandy). Salt water supply decreased plant dry yield in both soils. Salt stress had signifi-

cantly reduction in plant biomass in sandy soil compared to those in clay soil (biomass of

dry  weight is significantly higher in clay soil than those in sandy soil in presence of salt:

percentage of growth compared to control was 55% for clay soil and 45% for sandy soil).

The  application of Municipal Solid Wastes (MSW) Compost increased significantly alfalfa

productivity in both soils (Dry weight is significantly higher in presence of compost: 140%

for  clay soil and 125% for sandy soil). In non-amended soil, the growth was reduced signifi-

cantly  by salt stress (50% in clay soil, 26% in sandy compared to the soils without salty water

application). Plants irrigated with salty water accumulated much more  sodium on sandy

soil (1.74 mmol g−1) than on clay one (0.87 mmol g−1 DW). Compost did not reduce sodium

accumulation in aerial parts on sandy soil, whereas it slightly reduced it in those grown

on  clay soil. Zinc (Zn), Copper (Cu), Lead (Pb) and Cadmium (Cd) concentrations showed

the  same trend for both soil types. They increased statistically significant by salinity to

124–189%, the highest rise was found in Cu concentration on clay soil. The order of metal

uptake was: Zn > Cu > Pb > Cd. A higher significant shoot accumulation of heavy metals (up

to  305% of the control) was noticed in the presence of compost with no difference between
salt-treated and non-treated. MSW compost amendment caused an increase of the studied

fa shoots grown that was higher on sandy soils than clay soils. Heavy
heavy metals in alfal
Please cite this article in press as: Mbarki, S., et al., Alfalfa crops amended with MSW compost can compensate the effect of salty water irrigation
depending on the soil texture. Process Safety and Environmental Protection (2017), http://dx.doi.org/10.1016/j.psep.2017.09.001

metals in plants remained lower than phytotoxic level and these level of accumulation did
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not restrain the enhancement of alfalfa yield. MSW compost at 40 t ha−1 was convinent to

do  not attend phytotoxic level. These results suggest that MSW compost compensates, at

least partially, the negative effect of salinity on plant growth and nutrient uptake and that

it  is important to know soil texture to apply compost to remediate salty degraded soils.

©  2017 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

Table 1 – Compost, clay and sandy soil characteristics
(mean ± standard deviation calculated on three
replications basis).

Clay soil (SM) Sandy soil (SN) MSW Compost

Clay (%) 34.9 10 nd
silt (%) 23.7 9 nd
Sand (%) 39.8 81 nd
pH 8.27 ± 0.01 7.90 ± 0.19 8.12 ± 0.01
CE (�s.cm-1) 305.33 ± 13.37 115.43 ± 9.04 8.18 103 ± 0.02
Total nitrogen (g/kg) 1.06 ± 0.05 0.723 ± 0.02 13.2 ± 1.02
COT (g/kg) 11.09 ± 1.03 5.1 ± 0.14 143.35 ± 3.12
C/N nd Nd 10.43
Zinc (mg/kg) 109.07 ± 1.12 34.45 ± 0.38 384.20 ± 28.4
Copper (mg/kg) 50.56 ± 0.43 10.66 ± 0.09 90.54 ± 8.08
Plomb (mg/kg) 42.58 ± 0.96 16.71 ± 0.40 112.72 ± 2.5
Cadmium (mg/kg) 3.83 ± 0.1 1.90 ± 0.01 11.66 ± 0.04
1.  Introduction

Good quality water resources are in high requirement around the World

(Keesstra et al., 2012; Rodrigo-Comino et al., 2016; Mekonnen et al., 2017;

Muluneh et al., 2017). At present, this is a critical resource for many

countries and it generates social and economic disputes (Bekchanov

and Lamers, 2016). Successive years of drought, induced by climate

change and rapid population growth, reduced the amount of water

available for agriculture in arid and semiarid regions (Mora et al., 2017;

Bastida et al., 2017; Cerdà et al., 2017). This forces to use of low qual-

ity water for crop irrigation of crops (Khan et al., 2017) with negative

effects on the quality of soils (Keesstra et al., 2018). The quality of irri-

gation water plays an important role in agricultural development and

requires management to preserve agriculture soil productive (Sharma

et al., 2017). Salt accumulation in Mediterranean soils is a natural pro-

cess favored by the ecological conditions of the region, governed first

and foremost by the water balance of the area. It does not only affect

physical, chemical, and biological soil processes, but also reduces soil

productivity (Ladeiro et al., 2012; Talaat et al., 2014), and soil sustain-

ability (Garg and Singla, 2015), as well as vegetation growth. Waters

of marginal quality such as drainage water, groundwater containing

elevated salt concentration and treated waste water have become an

important consideration in many regions of the world, even though it

is being of great importance in arid, semiarid and Mediterranean areas

(Gao et al., 2017; Gu et al., 2016; Kameli et al., 2017).

Tunisia is a Mediterranean country where the combination of low

quality water and agricultural practices has affected the sustainabil-

ity of irrigation systems what resulted an important degradation of

soil resources. There is an increase in the research and the solutions

to avoid the soil salinization managing the irrigation resources (Flores

et al., 2017; Mora et al., 2017). Many methods are used for bioremedia-

tion of saline soil as chemical agent and leaching with water. Another

important practice is the application of organic matter conditionner

would be a fortunate approach that has been actualize worldwide,

being effective, low cost, and simple (Tejada et al., 2006; Mbarki et al.,

2010) Organic amendment application to soils in semiarid areas has

become a common environmental practice for soil restoration (Amini

et al., 2016; Yazdanpanah et al., 2016). Several studies have used organic

amendments to recover salt-affected soils improving soil fertility, soil

physical and biological properties and crop yields (Guangming et al.,

2017; Meena et al., 2016; Trivedi et al., 2017). Composts have been

investigated for their effectiveness in soil remediation and plant yield

improvement under saline conditions. Their utilization may promote

nutrient availability and plant growth (Lakhdar et al., 2008; Trivedi et al.,

2017), and stimulate respiration, photosynthesis, and chlorophyll con-

tent of forage plants (Lakhdar et al., 2008). Our study will help provide

guidance on selection plant variety and organic matters in ameliorating

saline soil while considering their environmental concerns. However,

the agricultural excessive application of composts or their low quality

can had environmentally prospect because of the accumulation heavy

metals (Cu, Zn, Pb and Cd). This face must be taken into account to safe-

guard application of this byproduct as a soil conditioner (Walker et al.,

2004; Mbarki et al., 2016). It has been suggested that plant responses

to soil amendment are soil-type specific (Mbarki et al., 2008; Papafil-

lipaki et al., 2015). plant indicators (i.e. nutrients, bioaccumulation

and transfer factor) used to highlight their impact on soil properties

and to evaluate the response of plants to the different growth media

(Mingorance et al., 2017).

The objective of the present work is to investigate the effect of a
Please cite this article in press as: Mbarki, S., et al., Alfalfa crops amended w
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dried MSW compost on the growth, nutrient content and heavy met-

als bioaccumulation of a native forage plant Medicago sativa variety
Gabes cultivated in two different soil textures to determine if combin-

ing both MSW compost and native plants M. sativa permits to improve

soil quality and attempt soil restoration.

2.  Materials  and  methods

A pot experiment was conducted in a semi-controlled green-
house on clay (Cl) and sandy (Sa) soils (0–20 cm deep) collected
from Morneg (36◦41′N 10◦19′E) (field cultivated for horticul-
tural production) and Nabeul (36◦27’N 10◦44’E) (field cultivated
for citrus orchard) respectively. The experiment was carry
out under controlled conditions (temperatures (night/day) of
18/25 ◦C and relative humidity of 70/80%). Three germinated
alfalfa seeds (Varity Gabes, INRAT, Tunisia) were sown  in each
pot with 2 kg of air-dried soil (thoroughly mixed and sieved at
2 mm)  supplemented with 0 and 40 t ha−1) of dried municipal
solid waste (MSW) compost application. The MSW  compost
was prepared from a mixture of the separated and shredded
organic fraction of household rubbish and garden waste by
aerobic fermentation in a pilot composting station situated in
Beja (approximately 100 km west of Tunis). The stepwise addi-
tion of 6 g/l NaCl to the basic nutrient solution began after a
period of 2 weeks from sowing. Table 1 contains the charac-
teristics of compost, clay and sandy soil. Thus 4 treatments
for each soil were obtained: treatments irrigated with distilled
water (no salty water, C: Control, Co: compost) and treatments
irrigated with salty water (C + S: non amended soil irrigated
with salty water, Co + S: amended soil irrigated with salty
water). Each experimental treatment was performed using 6
replicated pots.

Compost and soil samples were dried and ground to pass
2 mm sieve before analysis determinations. The pH and Elec-
tric Conductivity (EC) were recorded on a soil (1:5) and compost
(1:10) aqueous suspension using a digital pH-meter standard
LPH203T and a conductimeter standard CDRV 62, respectively.
Total Nitrogen (TN) was determined by the Kjeldahl method
and Total Organic Carbon (TOC) content was determined using
ith MSW compost can compensate the effect of salty water irrigation
n (2017), http://dx.doi.org/10.1016/j.psep.2017.09.001

the Anne method (Baize 2000). Sodium (Na) and Potassium (K)
were assayed by flame photometry (flame photometer, Corn-

dx.doi.org/10.1016/j.psep.2017.09.001
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Table 2 – Plant growth, shoot dry matter (mg  plant−1) of Medicago sativa plants grown in clay (SM) or sandy(SN) soils
amended or not with MSWC  at 40 tons per hectares; and irrigated or not with saline water at 6 g l−1 NaCl after 20 days of
sowing. (C): Control treatment without salt orcompost. (S): control irrigated withdistelled water added with 6 g l−1

NaCl.(C0): soil amended of 40 t ha−1 of compost and irrigated with tapwater. (CO + S): soil amended by 40 t ha−1 of compost
and irrigated with tapwater added 6 g l−1 NaCl. The first harvest (C1) was carried out on shoots, after 45 days of sowing.
The others harvests were done at approximately 40 days intervals. Data are the mean of 10 replicates ± SE. Means
followed by thesame letters are not significantly different according to the Duncan’s Multiple Range Test at P ≤ 0.05.

C S CO CO + S

Soil type SM SN SM SN SM SN SM SN

Shoot Dry Weight (mg plant−1)
Cut 1 114.6c 120.0cd 41.9a 54.1ab 148.8e 127.7d 42.57a 47.51ab
Cut 2 330.1e 287.6d 153.6b 118.9a 476.5g 351.7f 196.3c 177.5b
Cut 3 429.7d 287.3b 276 .3b 90.7a 475.1d 329.8c 347.4c 110.9a
Sum 844.5e 662.4d 465.3c 299.8a 1103.7f 822.1e 485.8c 395.1b

Root Dry Weight (mg plant−1)
47.6
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ng M410, UK) and heavy metal (Zinc: Zn, Cooper: Cu, Lead: Pb
nd Cadmium: Cd) concentrations were determined by atomic
bsorption spectrophotometry (Perkin Elmer model 3300) after
itro-fluorhydric acid digestion.

Plant growth yields were determined on harvest at the
eginning of flowering (10–20%). The plant cuts were done at
5, 95 and 140 days from sown. At the end of the experiment,
oots were washed free of soil, dried, weighed and analysed.
hoot samples were collected, dried at 70 ◦C for 48 h, weighed,
nd ground for chemical analysis. Total Nitrogen (TN), Sodium
Na) and Potassium (K), Phosphorus (P) and heavy metal: Zinc
Zn), Copper (Cu), Lead (Pb) and Cadmium (Cd) concentrations
ere determined.

Translocation factor: TF. Cd and Pb translocation from shoot
o root was quantified by TF as: TF = Cshoot/Croot, which
shoot and Croot correspond to metal concentrations in the
hoot (mg  kg−1) and rootof the plants (mg  kg−1), respectively.
F > 1 represents that translocation of metals was effective

rom the roots to the shoot (Li et al., 2007).
Bioaccumulation factor: BAF shoots. BAF of Cd and Pb was

alculated as: BAF = Cshoot/Csoil (Li et al., 2007). Cshoot and
soil correspond to the metal concentrations in plant shoot

mg kg−1) and soil (mg  kg−1), respectively.
Statistical analysis of results was carried out with SPSS

oftware 22. Data were subjected to one-way ANOVA test
nd means were compared using Duncan’s Multiple Range
est (DMRT) Significant differences were considered a p < 0.05.
ata also were compared using multifactorial Anova (Statis-

ica software).

.  Results

.1.  Plant  growth

he results highlights that Alfalfa growth in the second and
hird cut is significantly higher than the first one (cut 1), gen-
rally the shoot dry weight increased by a factor of two to
hree times from first cut to third cut for plants grown in
lay soil; however, the plant dry biomass for major treatments
ncreased in second cut but growth remained the same in third
utting in sandy soil (Table 2). In soils irrigated with non-salt
rrigation, regardless of soil types, plant growth rate at vegeta-
ive stage was significantly higher for plants grown in compost
mended soil than that in control soil. This beneficial effect of
Please cite this article in press as: Mbarki, S., et al., Alfalfa crops amended w
depending on the soil texture. Process Safety and Environmental Protectio

ompost is much more  pronounced on clay soil and the effect
f compost and soil types is highly significant. The shoot dry
a 339.8h 223.2f 197.1e 90.1b

weight was significantly (p ≤ 0.05) affected by salt water irriga-
tion for both soils. Salt stress is more  pronounced on sandy soil
than clay soil (percentage of growth compared to control treat-
ment 55% for SM (clay soil) and 45% for SN (sandy soil)) then,
salt effect is high significant depending on soil types. Under
salt irrigation, compost increased the productivity of Alfalfa
during second and third cut but did not improve in first cut
for the clay soil. Compost improved the productivity of plants
grown on sandy soil only in the second harvest without reach-
ing the values of control soil; even the cumulative dry weight
is improved in sandy soil (Table 2). Compost increased the pro-
duction of dry matter roots of plants grown in the two  types
of soil (140% for SM, 125% for SN) in soil irrigated with dis-
tilled water. Dry weight production is significantly higher on
clay soil than on sandy soil independent of treatments. In non-
amended soil, the growth is reduced significantly by salt stress
(50% in SM clay soil, 26% SN sandy soil; compared to control
soil). Salty water supplying compost, increased significantly
40% growth on clay soil and 20% on sandy soil but these cases
remained below control soil (irrigated with distilled water)
(Table 2). The effect of soil types compost addition and salt
stress on roots biomass production is highly significant.

3.2.  Nitrogen,  Potassium,  Phosphorus  and  Sodium

For the same treatment, control plants shoot reduced Nitrogen
concentration showed no significant difference dependent to
the two types of soils (Fig. 1). On the clay soil, N concentra-
tion was maintained unchanged regardless of the different
treatments, tenors ranging between (0.58 and 1.53 mmol  g−1

DW); whereas on sandy soil, significantly increased when salt
was incorporated respect the same treatment with no salt,
reaching values of (2.47 and 4.04 mmol  g−1 DW).  The Nitro-
gen (N) contents of the plant tissues were significantly greater
for salt treatments in sandy soil compared to those found in
plant grown in the control soil. Salt effect is highly signifi-
cant and depended significantly on soil types. Both salinity
and compost enhanced significantly Phosphorus (P) level in
plants cultivated on clay by more  than 50% and their com-
bined effect increased it by 81.4%. On sandy soil, however, the
only significant variation recorded was a decrease by 24.4% in
S treatment. The P contents in shoots tissues are between (0.07
and 0.12 mmol  g−1 DW) for plants grown in the two textures
soils. Control plants cultivated on clay soil experienced lower
ith MSW compost can compensate the effect of salty water irrigation
n (2017), http://dx.doi.org/10.1016/j.psep.2017.09.001

shoot P concentration compared to those grown on sandy
soil (Fig. 1). In control plants, Potassium (K) concentrations

dx.doi.org/10.1016/j.psep.2017.09.001
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Fig. 1 – Nitrogen (N), phosphorus (P), potassium (K) and sodium (Na) concentrations in shoots of alfalfa plants grown for 6
months on clayey and sandy soils amended or not with MSW  Compost and irrigated or not with saline water (6 g NaCl l−1).
Bars are means of 6 pot replicates. Bars labelled with the same letter are not significantly different according to Duncan’s

mpo
test at P ≤ 0.05. C: control, S: salinity, CO: compost, CO + S: co

were higher on sandy than on clay soil (Fig. 1). Potassium
status was ameliorated only in CO treatment on sandy soil
(+26.1%); in all other cases, it was either affected (in CO + S
treatment regardless of the soil type and in S treatment on
sandy soil) or maintained constant (in S and CO treatments
on clayey soil). The plant cultivated on sandy soil experienced
higher shoot K compared to those grown on clay soil. The com-
post application significantly increased the plant potassium
contents in sandy soil but not in clay soil. In general, salt treat-
ments produced a decrease of K, being clearly significant for
sandy soil (Potassium in shoots is affected highly significant
by, salt stress, soil types and compost application). Control
and compost treatment presented less than 0.4 mmol  g−1 DW
Na content in plant shoots. Plants irrigated with salty water
accumulated much more  sodium on sandy soil (1.74 mmol  g−1

DW) than on clay one (0.87 mmol  g−1 DW; Fig. 1). Compost did
not reduce sodium accumulation in aerial parts on sandy soil,
whereas it slightly reduced it in those grown on clay soil. The
effect of irrigation with salt on Na content in shoots is highly
dependent on soil types and compost treatments.

3.3.  Heavy  metals

Zinc (Zn), Copper (Cu), Lead (Pb) and Cadmium (Cd) concen-
trations showed the same trend for both soil types (Fig. 2A
Please cite this article in press as: Mbarki, S., et al., Alfalfa crops amended w
depending on the soil texture. Process Safety and Environmental Protectio

and B). They increased by salinity to 124–189%, the high-
est rise was found in Cu concentration on clay soil. Salt
st + salinity.

stress affected highly significant heavy metals concentra-
tion in shoots and roots. A higher shoot accumulation of
heavy metals (up to 305% of the control) was noticed in the
presence of compost with no difference between salt-treated
and non-treated plants. Salt and compost are the dependent
variable which highly significant affected heavy metals (Zn,
Cu, Pb and Cd) concentration. The order of metal uptake
was: Zn > Cu > Pb > Cd. The salt stress increased heavy metals
uptake for plant grown without amendments but in presence
of compost the Cu, Zn, Pb and Cd content was not affected
(Fig. 2A, and B). The effect size of compost on Zn, Cu, Pb
and Cd concentration (�2′

= 0.68, 0.81, 0.84 and 0.84) was high
compared to soil types (�2′

= 0.30, 0.01, 0.25 and 0.17) or salt
concentration (�2′

= 0.19, 0.26, 0.47 and 0.33) based on Multi-
factor Anova.

For both texture treatments, the translocation factor (TF)
for the heavy metals (Zn, Cu, Pb and Cd) was lower than 1, but
for Cd, the treatment CO + S presented this one higher than
one. This TF was higher in sandy soil compared to clay soil.
Bioaccumulation factor (BAF) of Zn, Cu and Pb was lower than
1 in clay soil while it was higher than 1 in sandy soil (Table 3).
The salt stress increased TF and BAF for plants grown in two
unamended soils types studied. The presence of compost did
not increase translocation factors in clay soil whereas in sandy
soil these factors showed an increase.
ith MSW compost can compensate the effect of salty water irrigation
n (2017), http://dx.doi.org/10.1016/j.psep.2017.09.001

dx.doi.org/10.1016/j.psep.2017.09.001
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Fig. 2 – A Zinc and Copper concentrations (�g g−1 DW) of alfalfa shoots and roots grown in two types of soils clay soil (SM)
sandy soil (SN) amended or not with MSW  Compost and irrigated or not with saline water at 6 g/l. (C): Control treatment
without salt or compost. (S): control irrigated with distilled water added with 6 g l−1 NaCl. (C0): soil amended of 40 t ha−1 of
compost and irrigated with distilled water. (CO + S): soil amended by 40 t ha−1 of compost and irrigated with tap water added
6 g l−1 NaCl. Means of 6 replicated pots. Values followed by the same letter within a line are not significantly different at
P < 0.05. B Lead and cadmium concentrations (�g g−1 DW) of alfalfa shoots and roots grown in two types of soils clay soil
(SM) sandy soil (SN) amended or not with MSW  Compost and irrigated or not with saline water at 6 g/l. (C): Control treatment
without salt or compost. (S): control irrigated with distilled water added with 6 g l−1 NaCl. (C0): soil amended of 40 t ha−1 of
compost and irrigated with distilled water. (CO + S): soil amended by 40 t ha−1 of compost and irrigated with tap water added
6 g l−1 NaCl. Means of 6 replicated pots. Values followed by the same letter within a line are not significantly different at P < 0.

dx.doi.org/10.1016/j.psep.2017.09.001
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Table 3 – Translocation factor (TF) and Bioaccumulation
factor (BAF) of alfalfa shoots grown in clay (SM) and
sandy (SN) soils for each treatment.

C S CO CO + S

SM SN SM SN SM SN SM SN

Zinc TF 0.70 0.74 0.74 0.78 0.78 0.85 0.78 0.85
BAF 0.32 1.18 0.41 1.45 0.40 1.44 0.48 1.61

Cooper TF 0.33 0.36 0.44 0.45 0.56 0.59 0.64 0.76
BAF 0.10 0.60 0.19 1.06 0.24 1.08 0.32 1.61

Plumb TF 0.38 0.40 0.47 0.57 0.47 0.51 0.54 0.65
BAF 0.13 0.46 0.24 0.84 0.23 0.82 0.31 1.18

Cadmium TF 0.52 0.61 0.65 0.75 0.92 0.74 1.19 1.05

BAF 0.10 0.27 0.18 0.47 0.26 0.37 0.35 0.49

4.  Discussion

4.1.  Plant  growth

The effect of compost application to total plant biomass
showed a significant increase. This effect depends upon the
salt tolerance of the plant species besides the initial salin-
ity and nutrient status of the soils. When the salinity stress
is more  severe than any nutrient deficiency, increasing the
nutrient supply may not improve growth. The majority of the
crop and forage species used in modern agriculture are salt
sensitive and can handle only a very limited concentration
of salinity (Panta et al., 2014). The alfalfa variety chosen for
this study was a native species from saline habitats in tufts
halophyte plants and is known for its relative tolerance to
salt and heavy metals accumulation (Mingorance et al., 2017).
Therefore, the compost amendment produced a plant growth
promotion due to the compost mineralization that produces
a nutrient release. The recovery of the vegetation biomass is
a key factor of the success of the restoration of degraded land
and this also affects the root system (Ni et al., 2015; Ola et al.,
2015), then compost is contributing also to the land restora-
tion. Compost mineralization would explain non differences
for amended and non-amended soil plant yield. Arancon et al.
(2003) also suggested that the plant growth response would
be attributed to a potential hormone-like compound present
in compost or to potential growth regulators adsorbed into
humic acid which influence growth positively (Ouni et al.,
2014). At the same time, the microbial biomass incorporated
with the compost contribute biomasses incorporated with the
compost contribute to reduce Na mobility or translocation
to plant through chelation (Warman et al., 2009). MSW  com-
post ameliorated the plant productivity due to the improved
of SOC content (Mbarki et al., 2008; Webber et al., 2014).
Papafilippaki et al. (2015) reported that MSW  compost addi-
tion improved soil fertility by increasing the concentrations of
major macronutrients having a greater impact on sandy soil
because this soil contains low mineral and organic colloids
(Webber et al., 2007). Similar findings were found by Srivastava
et al. (2016); Luo et al. (2017) and Trivedi et al. (2017).

4.2.  Nitrogen,  Potassium,  Phosphorus  and  Sodium

The difference of whole plant biomass systematically
observed between clay and sandy soils (independently of salt
application) evidences the importance of soil nature for plant
Please cite this article in press as: Mbarki, S., et al., Alfalfa crops amended w
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growth. Recently, it has shown similar evidences although
our results add information illustrating the strong interac-
tion existing between compost and soil nature on plant
growth (Mbarki et al., 2008; Papafilipaki et al., 2015). Simul-
taneously, the amended organic loads appeared to reduce
mobility of accumulated Na by chelation, so that the plants
are partially protected of the harmful effect of high Na con-
centration in the soil. The increase of dry biomass weight
in compost-supplemented soil is suggested to be a result
of the higher organic matter content, and high macro and
micronutrient concentrations. Thus, compost amendment
may attenuate the decrease of plant productivity expected
because of increasing salt concentrations due to salty water
irrigation. Na concentration and the mineral contents of the
shoots suggested that the growth of alfalfa decrease was due
to phytotoxic Na accumulation in the shoots, whereas K was
always sufficient and non toxic in the plant (Kaya et al., 2001).
Moreover, it has been demonstrated that the application of
organic matter to saline soils can accelerate Na+ leaching,
decrease the water holding capacity and aggregate stability.
By supplying nutrients, particularly N,  P, the organic matter
amendments can improve the mineral nutrient status and
growth in saline soils (Fathi, 2010). However, this depends
upon the salt tolerance of the plant species besides the ini-
tial salinity and nutrient status of the soils. When the salinity
stress is more  severe than any nutrient deficiency, increas-
ing the nutrient supply may not improve growth. The alfalfa
variety chosen for this study was a native species from saline
habitats in tufts halophyte plant sand is known for its rela-
tive tolerance to salt which indicates that increasing supply
of mineral nutrients under saline irrigation water could pro-
mote their growth. The concentration of N,  P and K at sufficient
level contributed to growth stimulation because the P sup-
plied by compost compensates the low P solubility in saline
and alkaline soils (Munns, 2002). The higher tissue N content
in shoots grown in the sandy soil and compost-amended soil
treatment which are irrigated with salt water may have been
caused by a concentration factor (plant with lower dry matter
yields often have higher elemental analysis). Independently
of treatments, the N concentration in M. sativa varied from
2.5 to 3.1 mmol  per g of dry weight, being between 2 to 4% of
DW. This result indicates that the plants were suitably fed. It is
also possible that the symbiotic fixation of N would have con-
tributed to the nutrition of M.  sativa, in particular at advanced
stages of its development. Unlike these results; salinity has
been reported to decrease P concentration in plant tissue. Most
studies demonstrate that salinity increased tissue P concen-
trations were conducted in sands (Mbarki et al., 2017). Results
reported by Loecke et al. (2004) showed no effect of treatments
on shoot and root P when growing corn using inorganic fer-
tilizers. Mbarki et al. (2008) also showed growth stimulation
in supplemented clay versus sandy soils caused by compost
addition at 40 Mg ha−1.

The significant decrease of plant biomass for plant growth
in non amended soil under salt stress has been attributed
to considerable, photosynthesis and canopy structure caused
essentially by the low potential of soil solution, ion toxicities
and/or nutritional imbalance (Munns, 2002). Salt water con-
taining salts is not allowed to drain below the root zone; the
salt concentration of soil water will increase as plants take
up water by transpiration and as evaporation occurs. Sodium-
induced dispersal also makes it difficult for plant roots to get
the water and nutrients they need to survive. There is then a
need to restore, rehabilitate and reuse the saline-sodic soils as
ith MSW compost can compensate the effect of salty water irrigation
n (2017), http://dx.doi.org/10.1016/j.psep.2017.09.001

they can be a source of biomass such as we  show here with
the Alfalfa crops. For this, the recovery of the microbial activ-
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ty and the soil organic matter is a key factor (Guangming
t al., 2017; Trivedi et al., 2017). The roles of SOC in increas-
ng crop yields under salt stress can include: promotion of
oot development, which can improve efficiency of water and
utrient uptake from soil, stabilization of soil structure, which

mproves soil permeability such as CEC and acidity. Compost
ay improve aeration and water infiltration and promote root

evelopment.
Shoot to root ratio (SDM/RDM) significantly increased by

he MSW  compost addition at the third harvest compared to
rst cut in the presence or not of salt in both soil types. This
ccurred because the plants of final harvest had the great-
st root system in relation to the plants of the first harvests,
eflecting the positive effects of organic amendments. It has
een point out that shoot to root ratio may be sensitive to
ifferent environmental stresses (Larco et al., 2013), as it was
onfirmed in our assay where the presence of salt reduced
he shoot to root ratio. This shoot to root ratio increased more
n sandy than in clay soils in presence of salt with supply or
ot with compost, suggesting that clay soil is more  suitable

or plant tolerance to salt stress. Salt tolerance in plants is
sually associated with the ability to restrict the uptake and
r transport of saline ions from roots to shoots (Hajibagheri
t al., 1987). The introduction of salt-tolerant perennial species
s one of the most promising alternatives to overcome salinity
roblems (Rengasamy et al., 2003) plus compost can make sub-
tantial contributions to recovering saline areas for agriculture
Chong, 2013; Tartoura et al. 2014).

.3.  Heavy  metals

eavy metals are considered one of the major toxic pollutants
ue to their long persistence in the environment. Soil con-
aminated with heavy metals can present a difficult challenge
or bioremediation. Some plants are capable of accumulating
levated concentrations of several heavy metals although the
actors affecting this process are generally poorly understood
Czarnecki and Düring, 2015; Trujillo-González et al., 2016,
017). Due to the concentrations of heavy metals in MSW com-
osts, the application of MSW  composts in agricultural soils
ould cause accumulation of heavy metals in soils and plants
ontaminating the food chain, as well as ground water and
hreatening human health and the environment. The levels of
eavy metals in the environment due to MSW  compost addi-
ion in soils depend on the quality of the compost, soil type
nd plant species. The effect of soil type on plant response to
SW compost addition is a result of various soil properties

Mbarki et al., 2008; Papafilipaki et al., 2015).
Concentrations of Zn, Cu, Pb and Cd were highest in plant

issues in the presence of compost compared to that grown
n control soil, but they showed no-toxicity, because the con-
entration of the metals were within the permissible levels:
u between 20–100; Zn between 100–400; Pb between 30–300;
nd Cd between 5–30 mg  kg−1. The heavy metal concentra-
ion was significantly affected by the addition of compost in
he two types of soils (Mbarki et al., 2008). Risk with heavy

etals load was assessed by calculating TF and BAF for dif-
erent elements in shoots parts. Interestingly BAF in shoots of
lant amended compost was general close to that of the con-
rol indicating a limitation of plant uptake in these elements
ollowing compost supply. The substantial increase of BAF in
andy soil observed with the MSW  compost suggested that
Please cite this article in press as: Mbarki, S., et al., Alfalfa crops amended w
depending on the soil texture. Process Safety and Environmental Protectio

etal load toward plants should be carefully monitored, since
t is of great concern for plant productivity and human health.
The salt stress increased heavy metals uptake for plant grown
with no compost compared with the amended soils, reflecting
the remediation effect of compost to salinity.

In general, the studied heavy metals were accumulated in
roots compared to shoots which is consistent with previous
finding (Lakhdar et al., 2008). Such as partitioning of metals
between the plant organs is a common strategy to protect
the photosynthetic tissues from heavy metals toxicity. High
concentrations of heavy metals inhibit root growth by alter-
ing the ribosomal RNA precursor biosynthesis of meristematic
cells (Ouzounidou et al., 1992). Zinc concentration in alfalfa
shoot increased with the increase of sodicity. Other report
zinc concentration in shoot tissue has been found to decrease
with increasing sodicity but not necessarily with increasing
salinity. Previous studies have shown salinity to increase Zn
concentration in shoot tissue, or no effects or decreased Zn
concentrations in leaves (Rahman et al., 1993; Al-Harbi, 1995).

The presence of salt significantly increased TF in sandy
soil compared to the non-salted, being this increase greater
than in clay soil. This can be explained because metal uptake
by p1ants may be facilitated by soil salinity (Lumsdon et al.,
1995). Metals availability was different for the two  assayed soil
types; this is probably due the different textures that produce
a high percentage capacity plus a basic pH less heavy metals
availability (Kaschl et al., 2002; Brookes and Mcgrath, 2006).
Metal availability is likely to differ as a function of soil type.
In both soils types, MSW compost at 40 Mg  ha−1 containing
heavy metals did not lead to short term accumulations in soils
(Mbarki et al., 2008).

5.  Conclusion

The combining of MSW composts and alfalfa crop may be con-
sidered a good strategy for saline soil remediation allowing
alfalfa plant to mitigate the effect of salt stress and heavy
metal pollution on soil environments. It is need to take into
account the soil texture type to determine the type of biore-
mediation strategy. MSW compost increased heavy metal
phytoavailability, but it was different for the sandy or clay
soil; nevertheless, the levels observed in plant tissues were
below phytotoxic level. The presence of salt increased signifi-
cantly metal loads in shoots in sandy soil compared to control,
this increase is greater to that in clay soil. Therefore, the use
of alfalfa could be suitable for the decontamination of heavy
metals and salt from MSW Compost especially with repeating
addition.
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Supplementary data associated with this arti-
ith MSW compost can compensate the effect of salty water irrigation
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cle can be found, in the online version, at
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