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Abstract

In order to investigate the effect of calcium-enriched sepiolite under stress conditions on the concentration of
nutrients in cucumber, an experiment was conducted with two factors of stress (control, salinity stress: 70
mM sodium chloride, alkalinity stress: 70 mM sodium bicarbonate, and combined salinity and alkalinity
stresses: 70 mM sodium chloride + 70 mM sodium bicarbonate) and the levels of sepiolite (0, 10 and 20%
w/w) in a completely randomized design. The results showed that calcium-enriched sepiolite had favorable
effects on the concentration of nutrients and the dry weights of plant root and shoot. For example, in non-
stressed conditions, with the application of 10 %w/w sepiolite, in addition to a 94% increase in the dry
weight of the shoot, the concentrations of Mg and Ca in the shoot increased by 15 and 45%, respectively.
With the application of 20% w/w sepiolite, the dry weight of the shoot increased by 80% in the conditions of
salinity stress. Additionally, this treatment resulted in significant increases in the concentration of Cu in the
shoot, Ca in the root, Mg in the root and shoot, and Fe in the root, with increases of 89, 63, 230, 38, and
656%, respectively. Overall, the findings of this research showed that the use of sepiolite in stressful
conditions can be beneficial in improving the concentration of nutrients, especially Fe, Mg and Ca, and
reducing sodium accumulation in cucumber.
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Background and Objective: Previous studies have shown that salinity and alkalinity stresses caused a
reduction in growth of plants (Roosta, 2011). Sepiolite mineral has been found in different regions of Iran
and its agricultural and industrial uses have been started (Galan, 1996). Although some researches have been
done on the environmental applications of this mineral as an adsorbent, there is very little information about
the use of calcium-enriched sepiolite in the plant culture environment. Therefore, considering the role of
salinity and alkalinity in reducing the production of products and the characteristics of sepiolite clay, this
research was conducted to investigate the effect of calcium-enriched sepiolite as a soil conditioner to reduce
the adverse effects of salinity and alkalinity stresses on cucumber.

Methods: The studied sepiolite was obtained from a mine in Fariman and after being grinding it was
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saturated with calcium chloride. This research was carried out in the greenhouse of Vali-e-Asr University of
Rafsanjan as a hydroponic culture in a medium containing perlite and Ca-enriched sepiolite. The experiments
included three levels of sepiolite (0, 10% and 20% w/w) and four levels of stress (no-stress conditions as
control, salinity stress by 70 mM sodium chloride, alkalinity stress by 70 mM sodium bicarbonate, and
combined salinity and alkalinity stresses by sodium chloride 70 mM and sodium bicarbonate 70 mM). The
treatments were arranged in a factorial way in the form of a completely randomized design with three
replications. At the end of experiment, the plants were completely removed from the pots and the aerial and
root parts were separated, and after washing with distilled water, they were dried at 70 °C for 48 hours and
then powdered. The total concentrations of Ca, Mg, Na, Cl, Zn, Cu, Fe and Mn in plants shoot and root were
determined according to standard methods.

Results: The results showed that the use of Ca-enriched sepiolite reduced the adverse effects of stress on the
concentration of nutrients. In non-stressed conditions, the concentrations of Mn and Mg in the root and shoot
increased due to 10% sepiolite application. The concentration of Ca in the root and shoot increased in all
sepiolite-treated pots, and Ca-enriched sepiolite decreased Na concentration in the root and shoot. Under
salinity stress, the concentration of Cu in the shoot, Fe and Ca concentrations in the root and Mn
concentration in the shoot and root increased, but the concentrations of Zn and Mn in the root and shoot
decreased due to 20% sepiolite application. Under alkalinity stress, the concentration of Cu in the shoot, Mn
and Ca concentrations in the root, and Mg and Fe concentrations in the root and shoot increased while the Na
concentration in the root decreased. Under the combined salinity and alkalinity stresses, the concentrations of
Cu and Mn in the shoot, and Fe and Mg concentrations in the shoot and root increased.

Conclusions: Based on the results of this research, calcium-enriched sepiolite had favorable effects on the
concentration of nutrients such as calcium, magnesium, and iron in cucumber plants, and by removing
sodium from the reach of the plant, it reduced the adverse effects of salinity and alkalinity stresses of the
culture medium. Therefore, calcium-enriched sepiolite can be suggested as an amendment under salinity and
alkalinity stress conditions.
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Fig. 1. Mean comparisons of interaction effect of stress (S0: control, S1: salinity 70 mM, S2: alkalinity 70 mM, S3: salinity and
alkalinity 70 mM + 70 mM) and sepiolite (P0O: 0, P10: 10, P20: 20 %w/w) on dry weight of shoot and main effect of sepiolite on dry
weight of root. Means with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 3. Mean comparisons of main effects of stress (SO: control, S1: salinity 70 mM, S2: alkalinity 70 mM, S3: salinity and alkalinity
70 mM + 70 mM) and sepiolite (PO: 0, P10: 10, P20: 20 %w/w) on shoot Ca concentration. Means with similar letters are not

significantly different (LSD, p < 0.05).
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Fig. 5. Mean comparisons of interaction effect of stress (SO: control, S1: salinity 70 mM, S2 alkalinity 70 mM, S3: salinity and
alkalinity 70 mM + 70 mM) and sepiolite percentage (P0: 0, P10: 10, P20: 20 %w/w) on concentration of Na in root and shoot.
Means with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 6. Mean comparisons of interaction effect of stress (SO: control, S1: salinity 70 mM, S2 alkalinity 70 mM, S3: salinity and
alkalinity 70 mM + 70 mM) and sepiolite percentage (P0: 0, P10: 10, P20: 20 %w/w) on concentration of Cu in root and shoot.
Means with similar letters are not significantly different (LSD, p < 0.05).
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Means with similar letters are not significantly different (LSD, p < 0.05).
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Fig. 8. Mean comparisons of interaction effect of stress (SO: control, S1: salinity 70 mM, S2 alkalinity 70 mM, S3: salinity and
alkalinity 70 mM + 70 mM) and sepiolite percentage (P0: 0, P10: 10, P20: 20 %w/w) on concentration of Fe in root and shoot.
Means with similar letters are not significantly different (LSD, p < 0.05).

GMQLJJSJL’JATUF)‘J CL&&;.“JW Jf)LS‘\S&LM‘
)‘ oub‘jiwﬁuwpou& g;.:‘m )j.b PL ol
sl S o e BTl s esls sy WS Sl S oL )
LS by HIQ&;{-)AM@\S&AT%)&)J sL; pH
Al s olS s el clale 15 el G S ole
Lol s bl s s o )lasls ol clale - 5 5
Sos=s o il 5o s ala) 5 5 S g Lo s Yo 5,8
QL;L;MnMWQM M):Y° Jﬂ)lsl{j%wj
}U_AT — ) g)’:'ib_e‘ &;»_GL J-!‘)S& eL_:§)J eJ_.ZuD
A e (68 el Ll 55 sn 5 ol cled 5l Cnlas
O Sy sle gla jiass o3 (Zribi and Gharsalli, 2002)
MJJO}L«}L;@M)&W))J&ATJEJ&%E
_rl_>u|ur~h_}j_i§_§_ljﬁdtﬂd|)~94; M‘OMJ)‘;QA:.SJ{.
Voo L5 Yoo A_LA‘JJJMJ&_AIM‘)H}))}AJJAM

w‘:u&)‘;nqmujjrﬁ%)br;w
.(Moghaddasi et al., 2015)

Yv

Oramen 3 3L PH Sislde 55 oal Gy 153 Cplds 25
oI a5l el B paneS ole L b 2B,
ol b o g 035580 Sl 53 1y ojlele 5 adu, ool clale
ol 53 ot R e GRS slasles alad s ST
o g i Ay Yo 5 LS dias e 0L (o)Ll
A3 Vo slad a S ol el G s 6 g > Shas
ol Clale 55 e sdalin S sboles (il S g s
3 SeS Solasma psbas aldsy 5o S s 05 lasled o
335 o S s S el e Ll lales
Sl & S SIS sl 0lE 1y SIS s el by slis
oS Sl 53 5 eds bt G 1l Ule 5 ol e
Sasg ol iy s ol sl chle cle ol an 3 ) 3
el iy 53 O OGS ot b 5 Jylome S 51 opal
S IS0 035 b I GLUKY 5 o ol ods 218
oAl 3l 5 o s JUsl 3 ol S w5 sl 5
sL; kle (Shirvani and Nourbakhsh, 2010) 4 ,ls i
23 g o3 Yo (sl sles 53 o pletls 5 ady ) s ol

u_“:‘ oaasOlis ‘;'—::’L.‘.'L:e LJ':"J Ja.“o‘f.:: BEES) QLAN ij .ja.i\J.L



O‘JK.@.A 3 &‘M

\foY QL;”")/(‘)LG'T UL“*:/VJ’)JLC’?,' JLw/oL:f}sS\" .h.:b)

KNP0 @P10 QP20

140 H

120 ~

-
o

100
so |
60 -
40 -
20

AT TTTSTTTTS

Shoot Mn concentration (mg/kg)
=

S0 S1 s2 S3

Treatment

KNP0 @P10 QP20
350
300
250
200
150
100

RootMn concentration (mg/kg)
Ln
=

]

S0 S1 s2 S3

Treatment

G835 sU e e Vo e ulls (2582 Uge ke Vo (g5 5d 55 ST (25 Ok dald S0) i S em o SSle aslie A JSKS
J»L_MJ‘J.:OJL&L})%)JJ&CAHPJJ(J‘)jM)bY°j\° g°)C»:S}«-:.&j(\)U}AL5L:AV°+‘)U}AL5L:AV° “:""’L:‘GJLE‘)_}";’QLAN

NRIRY M);@Ju;?lcla.»ﬁ Sols gme sl alie G > glols sla .Sl LSD Osa3l

Fig. 9. Mean comparisons of interaction effect of stress (SO: control, S1: salinity 70 mM, S2 alkalinity 70 mM, S3: salinity and
alkalinity 70 mM + 70 mM) and sepiolite percentage (PO: 0, P10: 10, P20: 20 %w/w) on concentration of Mn in root and shoot.
Means with similar letters are not significantly different (LSD, p < 0.05).
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