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Tablel. Some physico-chemical properties of the soil used in the experiment

*Critical total Pb

Property Sand Silt Clay texture OC pH EC Pb L
concentration in soil

Unit % - ds.m? mg.kg? mg.kg

Value 19 33 48 Clay 18 7.84 1.95 277 100-400

gleiloylac o pH 5 (EC) S 8l culaa (Walkly and Black, 1934) 5 LSt iy, 4 (OC) JT s, «(Bouyoucos, 1962) yieg,onn (g, 4 Sk 2l
(Lindsay and Norvell, 1978) DTPA s, 45 (s b8 & s «(Burt, 2004) S

Soil texture (hydrometer method, Bouyoucos, 1962), Organic carbon (wet-oxidation, Walkly and Black, 1934)
, Electrical conductivity (EC) and pH in saturated paste extracts (Burt, 2004), and total Pb (DTPA, Lindsay and Norvell, 1978).
* Kabatia-Pendias and Pendias (1992)
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GRIBIL s a g, e )0 (T gazr) 8L hals iy 9 @l it o Shle sl lade X g4
baslae jo din, 0w cdale (S o 5l jlode g0 S 50 g 0,5 (P<0.01) o5 )IQG;AA
Laio) o ol o keS8l (ials sals Lo sald Hles b avolie o olspise o pw clile als
crifa mSokS n e S ke VWY 5100 o (2 SLs G oy Ol 258 (Vgaz) ad Gl g2 (y9)
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(¥ J592) S92 by b 5 sk FY 5 FYAY GlonSlo b o 5 4 plwgieS

S L )0 0 s (g0 g JUS S (ile o3l (5L sland I 51 il slg 4 55 - Jgurr
Table 2. Variance analysis of effects of experimental treatments on Pb concentration, bioaccumulation (BCF)
and translocation factor (TF) of Peppermint (Mentha piperita L).
Mean squares

S.0V df Pb Shoot Pb root TF BCF Shoot BCF Root
AMDT type 9 4391.3712™ 56798.655™ 0.068235™  0.003049™ 0.039443™
AMDT Amount 3 28156.388™ 147537.917 "  0.070616™  0.019553 ™ 0.102456™
Type x Amount 27 3578.993™ 4713.5957™ 0.044688™  0.002485™ 0.00327™
Error 82 35.2027 110.802 0.000511 0.000024 0.000077
Cv - 6.86 3.24 8.49 6.86 3.25

**: significant at 1% probability aoyo ) Jleisl mlaws o lo sxe F*

AMDT: Amendment
L aslao 5 Sl )LA_u JL:ul )9:5Lé )sz.a ‘L")’L“Q—.‘ ﬁLu
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Table 3. Mean comparison of interaction effects of amendment type and amount on Pb concentration,
bioaccumulation (BCF) and translocation factor (TF) of Peppermint (Mentha piperita L).

Amendment --- Pb concentration (mg.kg?)--- TF BCF

Type Amount shoot Root - Shoot Root
NS 0 332a 602 a 0.55b 0.26 a 0.483 a

0.125 118d 440 f 0.27 f-i 0.09d 0.35f

0.25 78.94 i-m 407 ¢ 0.19 m-q 0.06 g-i 0.32¢g
0.5 66.67 n-p 329i-k 0.2 k-p 0.05 j-m 0.26 h-k
1 50.94 s-v 295 no 0.17 o-p 0.04i-0 0.23 m-o0

MS 0 332a 602 a 0.55b 0.26 a 0.48a
0.125 70.83 I-n 335 h-k 0.21 k-n 0.05 h-k 0.27 h-k

0.25 58.27 p-s 195 tu 0.29eg 0.04 k-n 0.16 tu

0.5 51.78 r-v 184 uv 0.28 f-h 0.04 m-0 0.14 uv

1 51.66 r-v 159 w 0.32 de 0.04 m-0 0.12w

FS 0 332a 602 a 0.55b 0.26 a 0.48a
0.125 79.55 i-m 333 i-k 0.23i- 0.06 g-i 0.26 h-k
0.25 69.66 m-o0 292 no 0.24 i-k 0.05 h-k 0.23 m-0

0.5 55.50 g-u 266 pq 0.2 k-n 0.04 k-n 0.219-s

1 43.94 v 171 vw 0.25 h-j 0.030 0.13 vw

FSM 0 332a 602 a 0.55b 0.26 a 0.48a
0.125 309 b 306 nm 1.01a 0.24b 0.24i-n

0.25 78.94 i-m 262 ih 0.3 ef 0.06 g-i 0.20-s

0.5 61.66 n-r 243 hj 0.25 h-g 0.04 k-n 0.19s

1 46.78 uv 2379 0.19i-p 0.03 no 0.19s

BT 0 332a 602 a 0.55b 0.26 a 0.48a

0.125 107 e 574 b 0.18 n-q 0.08 de 0.46b

0.25 94.94¢ 46l e 0.2 k-n 0.07 ef 0.36¢

0.5 84.55 hi 354 i 0.23i- 0.07 fg 0.28 h
1 60.39 0-s 295 no 0.2 k-n 0.04 k-n 0.23 m-0

CS 0 322 a 602 a 0.55b 0.26 a 0.48a

0.125 97.33fg 549 ¢ 0.17 n-q 0.07 ef 0.44c

0.25 80.94 i-l 500 d 0.16 pq 0.66 f-h 0.40d

ar
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0.5 53.61r-v 340 h-j 0.15q 0.040 0.27 h+j
1 44 v 261 gr 0.16 pq 0.030 0.219-s
NS +CS 0 332a 602 a 0.55Db 0.26 a 0.48 a
0.125 110 de 302 no 0.37¢c 0.08 de 0.24 i-n
0.25 71.83j-n 269 pq 0.26 f-j 0.06 g-j 0.21 p-r
0.5 66.39 n-p 252 g-s 0.26 g-j 0.05j-m 0.2rs
1 47 t-v 203t 0.23i-m 0.03 no 0.16t
MS + CS 0 332a 602 a 0.55Db 0.26 a 0.48 a
0.125 136 ¢ 414 g 0.32de 01c 0.33¢g
0.25 114 de 336 h-k 0.34 cd 0.09d 0.26 h-k
05 81.39i-k 271 pq 0.3 e-g 0.06 f-h 0.21qr
1 57.27 p-t 246 s 0.23 i-m 0.04i-0 0.19s
FS+CS 0 332a 602a 0.55b 0.26a 0.48a
0.125 92.33¢gh 345hi 0.26f-i 0.07ef 0.27hi
0.25 82 ij 322j-l 0.25h-j 0.06f-h 0.25j-1
0.5 64.22 n-q 2820p 0.22j-m 0.05i-1 0.220-q
1 55.33g-u 262qr 0.2k-n 0.04i-0 0.21g-s
FSM + CS 0 332a 602a 0.55b 0.26a 0.48a
0.125 104ef 446ef 0.23i-1 0.08e 0.35¢ef
0.25 77.83i-m 327i-k 0.24i-k 0.06g-j 0.26i-I
0.5 71.33k-n 317k-m 0.22j-m 0.05h-k 0.25k-m
1 62.05n-r 290n0 0.21k-n 0.05j-m 0.23n-p

(P<0.05) w5l ls e B Sl (glasals aiz fyg03] Gulusl 1 (ysiaw j2 40 S i By > gyl sl o Silee
The same letters in each column are not significantly different at P<0.05 according to Duncan's multiple range test
Abbreviation: NS (Nano Silicon), MS (Micro Silicon), FS (Ferro silicon), FSM (Ferro silicon magnesium), BT (Bentonite), CS (Chitosan).

elai,l 5 (S 0ae YAA) S olawd o i —ion a5 ol
Ok 8 5|
9 ) SldS) 390 g g DlogtS Load oty
boa—is) 5 lspion Foss oeSbe (r i (V
& by alS o 05 YOIN o YFIAA lo oSl o
5 OlowgisS b oo jlo iy (g 3 sl
bads) g lppoton S b9 (n i 09 Sigiy
o5l & LS 5 5 T VID 5 FIVY (sl il

(F o7 slelsis) cosls 3l kiws S 5 GluginS

2 4 g e oo S (el )

af

el ki 9,500 5lan o ol s 0 ol Lol | s
e adaia; g 2lpide o cale iy s
gt P o lajle g plo @y S Sl g 0l Sl30!
aS ki 9,500 S Lo g5 oy sy i e
Zhang et al, ) o—& i coul i b Jb glls

(2012

Sild gliss i3, Slasiine
St g9 Sl as oy (Las (F Jgaz) (il)ly 4520 el
ol b Sils dslin 09y lobine dslllas 0,90 Slaw ,



w1 ObogiS e b Sose slajlags 3G

S ELR o ClIE g (il g) Sluogas p (S lejT b sless I ST il g 4325 ol -F Jau
Table 4. Results of variance analysis of the effects of experimental treatments on growth characteristics and
Pb uptake of Peppermint (Mentha piperita L).

Mean squares

Number of Height Wet weight Dry weight Pb uptake
S.0.V df leaves g Shoot Root Shoot Root Shoot Root
AMDT Type 9 14404.934™ 20.264" 202.714™ 184.346" 6.548"™ 2.82 42271.76"  368647.7"

AMDT Amount 4 36616.76™  75.319™ 915.028"™ 92.676™ 16.202" 7.943"™ 741959.61" 354397.1""
Type x Amount 36 4314.953™ 10.46"™  54.433" 49.706™  1.785" 0.71"™  50705.45™  79554.9"
Error 100 2984.5 10.101 30.975 82.66 1.076 0.78 18509.1 88116
Cv - 0.32 0.22 0.49 0.47 0.47 0.46 0.68 0.43

S Sme g o, w9 o Jleizl b j0 ) e o 5 4 NS KT
.7, ™, significant at one, five percent, and non-significant amount s, respectively AMDT: Amendment
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Figure 1. Effect of amendment type on leaf number per plant of Peppermint (Mentha piperita L.)
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Figure 2. Effect of amendment type on plant height of Peppermint (Mentha piperita L.)
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Figure 3. Effect of the amendment type on shoot and root fresh weight of Peppermint (Mentha piperita L.)

Abbreviation: NS (Nano Silicon), MS (Micro Silicon), FS (Ferro silicon), FSM (Ferro silicon magnesium), BT
(Bentonite), CS (Chitosan).
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Figure 4. Effect of amendment type on shoot and root dry weight of Peppermint (Mentha piperita L.)
Abbreviation: NS (Nano Silicon), MS (Micro Silicon), FS (Ferro silicon),
FSM (Ferro silicon magnesium), BT (Bentonite), CS (Chitosan) (Bentonite), CS (Chitosan).
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Figure 5. Effect of amendment amount on leaf number of Peppermint (Mentha piperita L.)
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Figure 6. Effect of amendment amount on plant height of Peppermint (Mentha piperita L.)
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Figure 7. Effect of amendment amount on shoot and root fresh weight of Peppermint (Mentha piperita L.)
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Figure 8. Effect of amendment amount on shoot and root dry weight of Peppermint (Mentha piperita L.)
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Table 5. Mean comparison of interaction effects of amendment type and amount on growth characteristics of
Peppermint (Mentha piperita L).

Amendment Ntigt\)lzgof F;ilrg?t Wet E/;()alght Dry \(/glght
Type Amount - - Shoot Root Shoot Root
NS 0 153f-h 13.41c-e 2.7h 15.98a-c 1.68kl 1.38ef
0.125 132gh 13.91a-e 8.05gh 15.76a-c 1.63KI 1.75d-f

0.25 108h 15.33a-e 10.54f-h 14.76a-c 1.78¢g-I 1.19f
0.5 196¢-h 15.33a-e 14.44e-h 26.75a-c 2.76e-1 2.33b-f
1 199 c-h 19.5a-d 15.06e-h 29.81ab 3.31a-l 1.87d-f

MS 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68KI 1.38ef
0.125 179d-h 13.66b-e 17.7¢c-h 17.05a-c 3.24a- 1.87d-f
0.25 236a-g 17.91a-e 17.57c-h 31.57ab 3.25a- 3.85a-c

0.5 230 a-g 18.16a-e 21.05a-f 23.04a-c 3.83a-j 4.28a

1 205 c-h 18.41a-e 19.63b-f 24.03a-c 3.69a-k 4.02ab

FS 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68KkI 1.38ef
0.125 191c-h 18.58a-e 20.28a-f 29.84ab 3.56a-k 2.34b-f
0.25 235a-g 19.58a-d 22.48a-e 26.21a-c 4.35a-i 3.15a-¢

0.5 222b-g 20.08ab 22.36a-¢e 22.63a-c 3.22a- 2.61a-f

1 256a-g 16.41a-e 17.45¢-h 21.06a-c 2.88e-1 2.4b-f
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FSM 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68kl 1.38ef
0.125 269a-d 19.33a-d 21.45a-f 21.66a-c 3.48a-1 3.09a-e
0.25 209c-h 15.41a-e 16.43d-h 16.06a-c 2.49h-1 2d-f
0.5 175d-h 14.75a-e 10.66f-h 16.95a-c 1.74¢g-1 2.62a-f
1 272a-d 16.08a-¢ 18.21b-h 23.76a-c 2.95d-1 3.47a-d
BT 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68kl 1.38ef
0.125 194c-h 13.91a-e 16.38d-h 23.84a-c 2.57g-1 2.86a-f
0.25 252a-f 17.83a-e 23.27a-¢ 23.1a-c 3.55a-1 2.99a-f
0.5 208c-h 16.16a-e 19.43b-f 26.75a-c 3.16b-I 2.98a-f
1 248a-f 17.66a-e 23.88a-e 24.85a-c 4.77a-f 2.83a-f
CS 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68KI 1.38ef
0.125 206¢-h 14.91a-e 18.7b-g 15.34a-c 3.26a- 1.63ef
0.25 265a-e 19.75a-c 30.8a 19.49a-c 5.18ab 2.18c-f
0.5 325ab 16.66a-e 29.4ab 20.05a-c 5.3a 2.42b-f
1 281la-d 19.16a-d 26.75a-d 15.37a-c 5.09a-c 2.27b-f
NS + CS 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68kl 1.38ef
0.125 240a-9 19.5a-d 27.63a-d 11.96bc 4.65a-g 2.18c-f
0.25 184d-h 19.5a-d 20.05a-f 12.57bc 3.1b-l 1.85d-f
0.5 180d-h 17.5a-e 14.36e-h 9.54c 2.29i-I 1.37ef
1 227a-9 15.75a-e 14.63e-h 12.79-c 2.67f 1.93d-f
MS + CS 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68kl 1.38ef
0.125 197c-h 13.58b-e 14.1e-h 19.1a-c 2.24j-1 1.82d-f
0.25 284a-d 14.58a-¢ 16.69c-h 19.22a-c 2.3i-l 2d-f
0.5 296a-c 15.5a-e 19.24-f 20.84a-c 3.1b-l 2.42b-f
1 274a-d 17.41a-¢e 22.68a-¢ 22.73a-c 3.43a-1 2.52b-f
FS+ CS 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68kI 1.38ef
0.125 260a-f 16a-e 26.95a-d 15.85a-c 4.52a-h 2.47b-f
0.25 332a 20.41a 27.45a-d 14.87a-c 4.82a-e 2.78a-f
0.5 267a-d 19.25a-d 25.3a-e 15.25a-c 3.55a-k 2.93a-f
1 329ab 17.75a-e 27.8a-c 15.75a-c 5a-d 3.02a-e
FSM + 0 153f-h 13.41c-e 7.2h 15.98a-c 1.68kl 1.38ef
CS
0.125 259a-f 17.08a-e 20.16a-f 22.68a-c 3.03c-l 2.56a-f
0.25 221b-g 13.16de 19.22b-f 18.94a-c 2.05¢-1 2.17c-f
0.5 198c-h 13.58b-¢e 14.19e-h 15.66a-c 2.5h-1 2.02d-f
1 154e-h 12.41e 6.96h 13.47a-c 1.43l 2.09c-f

(P<0.05) 5,15 s e B Sl (glasals siz 9031 olusl 1 cygim 12 50 S e By > yls slanSile
The same letters in each column are not significantly different at P<0.05 according to Duncan's multiple range test .Abbreviation: NS
(Nano Silicon), MS (Micro Silicon), FS (Ferro silicon), FSM (Ferro silicon magnesium), BT (Bentonite), CS (Chitosan).
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Figure 9. Effect of amendment type on shoot and root uptake of Pb in the Peppermint (Mentha piperita L.)
Abbreviation: NS (Nano Silicon), MS (Micro Silicon), FS (Ferro silicon),
FSM (Ferro silicon magnesium), BT (Bentonite), CS (Chitosan).
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Table 6. Mean comparison for interaction effects of amendment type and amount for shoot and root uptake of
Pb in the Peppermint (Mentha piperita L.)

Amendment Pb uptake Amendment Pb uptake
Type Amount Shoot Root Type Amount Shoot Root
NS 0 560b 837b-e CS 0 560b 837b-e
0.125 192d-g T77c-e 0.125 323b-g 900b-e
0.25 143d-g 486de 0.25 417b-d 1096b-d
0.5 185d-g 769c-e 0.5 282c-g 823b-e
1 168d-g 554c-e 1 222d-g 598c-e
MS 0 560b 837b-e NS + CS 0 560b 837b-e
0.125 234d-g 628c-e 0.125 519bc 682c-e
0.25 192d-g 752c-e 0.25 224d-g 499de
0.5 198d-g 785c-e 0.5 151d-g 347e
1 190d-g 642c-e 1 129e-g 395e
FS 0 560b 837b-e MS + CS 0 560b 837b-e
0.125 284c-g 782c-e 0.125 309b-g 757c-e
0.25 301b-g 916b-e 0.25 262c-g 673c-e
0.5 182d-g 695c-e 0.5 248d-g 654c-e
1 125fg 409e 1 195d-g 620c-¢e
FSM 0 560b 837b-e FS+CS 0 560b 837b-e
0.125 1070a 945b-e 0.125 405b-e 862b-e
0.25 194d-g 523de 0.25 392b-f 893b-e
0.5 1069 645c-e 0.5 231d-g 830b-e
1 138e-g 820b-e 1 277¢c-g 796b-e
BT 0 560b 837b-e FSM + CS 0 560b 837b-e
0.125 273c-g 1652a 0.125 313b-g 1140bc
0.25 335b-g 1389ab 0.25 160d-g 708c-¢e
0.5 267c-g 1055b-d 0.5 178d-g 645c-e
1 293b-g 836b-e 1 90g 606c-e

(P<0.05) w5l o cime B Sils (glasals siz g03] Golusl 31 (ygiw jo 40 S e By > slyls sl Sile
The same letters in each column are not significantly different at P<0.05 according to Duncan's multiple range test
Abbreviation: NS (Nano Silicon), MS (Micro Silicon), FS (Ferro silicon), FSM (Ferro silicon magnesium), BT (Bentonite), CS (Chitosan).
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Effect of Some Chitosan-Coated Mineral Amendments on Lead Uptake and
Growth Characteristics of Peppermint (Mentha piperita L.)
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Abstract

Soil and plant pollution is a serious problem that has received more attention in recent years due to its
impact on human and ecosystem health. Daily consumption of agricultural products is the most important
route for human exposure to various pollutants and diseases. In this study, the effect of different types
and levels of amendments on the absorption of lead in peppermint plant in greenhouse conditions was
investigated. The experiment was performed as a factorial in a completely randomized design.
Experimental treatments included 10 types of amendments: nanosilica, microsilica, ferrosilica,
magnesium ferrosilicon (with and without chitosan coating), chitosan and bentonite, at five levels (zero,
0.125, 0.25, 5, 1%). The results showed that all the amendments tested had a decreasing effect on the
concentration of plant Pb, transfer factors and biological aggregation. Among the amendments,
microsilica modifier had the greatest effect on reducing leaf and root Pb and bioaccumulatio factor. On
the other hand, chitosan had a greater impact on reducing the transloction factor than other amendments.
Also the most effective amendments on vegetative traits were ferrosilicon amendments coated with
chitosan, bentonite, chitosan, and microsilica. According to the results, ferrosilica with chitosan coating
and microsilica had more effective role in reducing the destructive effects of lead on peppermint.
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