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Effect of Silicon nutrition on growth and physiology of spearmint
(Mentha spicata L.) under Cadmium stress condition
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ABSTRACT

Silicon (Si) is the second most abundant element in the earth crust. Silicon has been shown to ameliorate the adverse
effects of heavy metals on plants. In order to investigate the effects of silicon nutrition on tolerance of mint (Mentha
spicata L.) to cadmium stress, a factorial experiment based on Completely Randomizad Design was conducted in
four replications in research greenhouse of Mohaghegh Ardabili University at 2014-2015. Experimental factors
included soil contamination by cadmium (0, 50, 100 and 250 mg/kg soil) and silicon nutrition (0 and 1 mM). The
number of pots was 32 also in each pot one spearmint stand were planted. During this experiment, traits such as: plant
height, plant dry weight, root and stem dry weight, leaf and stem number, leaf area, chlorophylls index, electrolyte
leakage, relative water contents, chlorophylls a, chlorophylls b, total chlorophylls, enzyme activity of peroxidase,
polyphenoloxidase, as well as proline, carbohydrates, caretenoids were measured. Results indicated the intractive
effects of cd stress and si on plant height, leaf area, plant dry weight, stem dry weight, root wet weight, proline,
activity of peroxidase, polyphenoloxidase, chlorophylls a, chlorophylls b, were significant. The highest value for
carbohydrate, peroxidase, polyphenoloxidase, chlorophylls a, chlorophylls b, plant height, plant and stem dry weight,
leaf area, root wet weight were obtained by foliar spraying of 1 mM concentration of silicon and without cd stress. In
general, it can be concluded that foliar spraying of silicon is effective to increase total chlorophylls, plant dry weight,
and stem dry weight under cd stress.

Keywords: Heavy metal stress, physiological traits, sodium metabisulfite.
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Table 1. The physical and chemical properties of soil

EC H CaCO; Organic carbon  Nitrogen  Potassium (%)  Phosphorous Soil Clay Silt Sand
@m?b P (%) (%) (%) (ppm) (ppm) texture %) () (%)
4 7.3 19.1 145 0.12 0.05 3.8 Sandy loam 14 36 50
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Table 2. Analysis of variance of Silicon foliar spraying and cadmium stress on Morphological, physiological and
biochemical indexes of spearmint

Mean Squares
S.O.V. df Plant Leaf Leaf Plantfresh  Plantdry Semdry Rootdry Relative water

height number area weight weight weigh weight contents
Cadmium stress 3 601.047 13269058  71644.05®  8548.11° 24135  60.63"  51032" 0.009™
Silicon 1 142.25” 2964.5™ 28590.38™  275653" 266117 24677  139.36™ 0.022"
Siliconxcadmium 3 76257 8167.91™  340036.76~  812.36™ 534517 817" 94.44"™ 0.001™
Error 24 1014 4032.31 69005.15 330.46 9.98 0.52 96.92 0.0039
CV (%) 12.47 20.52 19.35 20.05 17.98 15.8 21.02 1.37

SIS sre WS 855 g o )3 ) 50 phaw jo o e S g

*, ** ns: Significantly differences at 5 and % of probability levels, and non-significantly differnec, respectively.
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Continued table 2. Analysis of variance of Silicon foliar spraying and cadmium stress on Morphological,
physiological and biochemical indexes of spearmint

Mean Squares

« o = o £ _¢ B
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o o 2 I 2 a T 5 T = S o g
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Cadmium stress 3 11197 31™ 845 56435.12° 0.008° 411995397 24.35°  1.49 0.187 46.89™
Silicon 1  4659™ 16.81™ 19.39™ 40246.66™ 0.013  8099.46" 137" 0.02™ 005 1547
Siliconxcadmium 3 10.14" 3.05° 5.86° 22583.46™ 0.014~ 91207.74” 049" 244 003" 111"

Error 24 3.62 2.37 2.68 9211.38

0.0007 574341 0.51 0.22 0.22 0.15

CV (%) 2935 1265 2151 21.14

21.02 8.22 1420  25.33 29.45 135
Sld e WS 555 g ao )0 ) 50 mhaw ;o jlo Jxe S g s

*, ** ns: Significantly differences at 5 and % of probability levels, and non-significantly differnec, respectively.
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Table 3. Mean comparison effects of cadmium stress for physiological and Morphological indexes in spearmint

Cd concentration (ppm) Leaf number Plant fresh weight (gr) Root dry weight (gr) Carotenoids (mg.q)
0 466.5° 36.06° 577.45%
50 293.38" 80.54° 53451
100 325° 49.45° 461.38°
250 152.63° 21.25¢ 339.02

a0 Bl [ LSD a0l &b oo 0 O Jlaxs! jo lo e M gliase slads >

The same letters do not differ significantly (p < 0.05); LSD test.
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Table 4. Mean comparison effects of cadmium stress physiology and biochemical indexes in spearmint

Silicon (Si) Plant fresh weight (gr) Relativewater contents (%) Carotenoids (mg.g)
0 81.37 33.82° 37713
1mM 99.93° 34.71° 579.05°

s o olis [ LSD 503l &b 5 as;0 8 Jlail jo jlo e M glie slacs >

The same letter does not differ significantly (p < 0.05); LSD test.
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Table 5. Mean comparison of interaction effect of Silicon foliar spraying and cadmium stress on Morphological
indexes in spearmint

Silicon (Si) Cd (mg/kg) Plant height (cm) Plant dry weight (gr) Leaf area (mm?)
0 28.66° 19.97° 1352.2%
0 50 26.58™ 16.38™ 1200.1°
100 18.75° 12.59¢ 1030.5°
250 9.08¢ 8.16" 860¢
0 39.74° 28.47° 1709.9°
1mM 50 37.20° 26.76% 1625.3°
100 29.08° 22.28% 1358.5%
250 15.16" 18.89" 1150.7°

s o i [ LSD 503l &b ao,0 B Jlas jo lo e M glise slacs >

The same letter does not differ significantly in each column (P<0.05); LSD test.
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Table 6. Mean comparison interaction effects of Silicon foliar spraying and cadmium stress on physiological and
biochemical indexes in spearmint

« S == o L
s 2 2 & £8 § g =& 5-\‘: S
Silicon E’a E‘a 5'3 é’a E‘T‘Q_ %_“-‘Q g E E E §
G) Cdmok9 S 52 22 fg2  3E  2F 2 £¢  ED
2= 2% 3% §% &= 5% s 58 5=
= c 3
= 53
0 742  268° 101°  025° 4625°  0167° 736.67° 02° 0.18f
50 5719 228%™  799° 00169  45.25° 0.02°¢ 1218392 027° 1.29¢
0 100 285  167°  3.52° 017° 73.8° 01° 79505 053? 409°
250 135" 085% 2 .24 02" 75.49° 0152 782.16° 065° 714°
0 9.02° 328° 123*  0.25° 88.57*  0.16° 688.73¢ 0.23° 0447
50 763°  306® 1042° 0.24®  76.86° 0.162 1135232 027° 145°
ImM 100 544%€  272°¢ 8169 0.27* 71.64®  018? 70258¢ 0.22° 258¢
250 2.66° 1.59° 4.25° 0.15° 70.36° 0.09° 1223012 056° 6. 2°

s o Bz [ LSD a0l &b oo ;0 O Jlaxs! jo jlo sme M glise slacs >

The same letter does not differ significantly in each column (P<0.05); LSD test.
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