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The effect of glayol biochar on some of morphological traits and heavy metals
uptake in lettuce (Lactuca sativa L. cv Syaho)
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ABSTRACT

Biochar is a new environmental technology that can be used to reduce the accumulation of soil contamination. To
evaluate the effects of biochar of cutflower glayol on growth characteristics and the accumulation of heavy metals of
lead and cadmium in lettuce, a factorial experiment as a completely randomized design with four replications was
conducted and amount of glayol biochar at three levels (0, 5, 10 g/kg soil), cadmium (0, 10, 20 mg/kg soil) and lead
(0, 300, 600 mg/kg soil) were tested. The results showed that the highest amount of lettuce traits including leaf area,
height, fresh and dry weight of shoot and fresh and dry weight of root were found at the rate of 5 g glayol biochar /kg
soil. Increment of glayol biochar levels from 5 to 10 g/kg soil decreased all mentioned traits. Application of 5 g
biochar /kg soil of at the highest concentrations of lead and cadmium decreased the concentration of lead and
cadmium in the plant (shoot+root) up to 27.38 and 21.87 %. The highest rate of biochar, lead and cadmium reduced
growth traits, and increased the uptake of lead and cadmium in plant tissues and their concentrations in soil. In fact,
glayol biochar (5g /kg soil), because of high specific surface area, adsorbed lead and cadmium on their surfaces and
cause to reduce the absorption of these two elements and improved growth characteristics in lettuce.
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Table 1. Physical and chemical characteristics of soil

Soil texture Sand Loam Clay N P bH EC OM FC PWP Pb Cd
(%) (ppm) (ppm) (ppm) @ds.m™)y* (%) (%) (%) (ppm) (ppm)
Sandy loam 60 28 12 825 522 1501 6.7 1.20 0.28 1450 850 Nd Nd

Dg panis BB Nd (pilo (So e alais PWP « el); cud b iF.C ( JT slge OM 3
* EC: Electrical Cnonductivity, OM: Organic Materials, FC: Field Capacity, PWP: Permanent Wilting Point, Nd: Not detectabl.
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Table 2. Physical and chemical characteristics of biochar

EC (dSm™) * 3.95
CEC (meq (+) 100g™ soil) 24.98
Bulk Density (g cm?®) 0.22
pH 75
Ash Content (%) 5.8
N (%) 17
P (%) 0.15
K (%) 1.26

Bulk density « Sgsl5 Jols cud )b :CEC (S xSl colas :EC %

< yuuS > glgizee :Ash Content « g 0l pgass p >
* EC: Electrical Cnonductivity, CEC: Cationic Exchange Capacity.
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Table 3. Resu

"galn'" 03, gals (i y+ lso plail) ol 5 Sl 0
Its of variance analysis effect of gladiolus biochar, lead, cadmium levels on some morphological traits and

concentration of lead and cadmium elements in soil and plant (shoot+root) of lettuc (Lactuca sativa L. cv Syaho)
Means of Square

g 5 5 2 s Y- o & 58 5§

Source of 5 2 ge 88 &5 ¥ SE 8L EE EE
L L. Y= - = e 2 = 'S oS = 2 < = & T = s <

variation. s ] [ B 3 S 2 14 2 &8 5 3 Sg S g

- 5 g § = § =3 - 5§ 35

o 0 ©

Gb 2 293860° 3337 20619.17° 67847 125658~ 58.68° 49839326 48998961.90° 56027.84  9487.74
Pb 2 3385787 18.96" 478164~ 4516”7 584.947 11.12" 192438845 184174020.02" 401.25” 975.09™
Cd 2 329.34™ 1539 506537 3.95™ 108.08" 36527 9242.38" 2001204.60 242492.80" 106199.87"
Gbx Pb 4 17798167 41.757 22188597 72.13" 389.07" 13597 139323917 12253466.317  503.81" 252.71"
GhxCd 4 5306177 846" 3856387 4396™ 164237 3.74™  1811.34 9954211 2257428  2957.017
PbxCd 4 9527277 8977 4767.28™ 25917 7889 15197  3260.09™ 1005215.04™ 693.14™ 290.66™
GbxPbxCd 8 8627.00" 10.79™ 14308.92" 31.15" 380.97" 12.39" 264445~ 143192550 43358 113.66™
Error 81 23824 249 12152 1.81 9.96 2.25 593.92 7754.40 30.73 16.18
CV% 5.43 10.15 8.22 8.56 10.00 19.21 9.34 347 6.17 6.72

By ) 50 Jiol mhaw jo jlo s Solas gl pre Dglas 89 Ay e g % NS
(CV) &l s g b (Cd) pgaeslS (Pb) & s (Gb) JgD5 )l g

ns, *, **: Non-significantly difference and Significantly difference at 5 and 1% probability levels and, respectively.
Gladiolus biochar (Gb), Lead (Pb), Cadmium (Cd), Coefficient of variation (CV).
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Figure 1. Mean comparison interaction effect of gladiolus biochar and lead levels on the shoot dry weight in (Lactuca sativa
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Figure 2. Mean comparison interaction effect of gladiolus biochar and cadmium levels on the plant cadmium

concentration in (Lactuca sativa L. cv Syaho).
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Figure 3. Mean comparison interaction effect of gladiolus biochar and cadmium levels on the soil cadmium

concentration
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Table 5. Mean comparison interaction effect of gldiolus biochar, lead, cadmium levels on some morphological traits and
concentration of lead and cadmium in soil and plant (shoot+root) of lettuc (Lactuca sativa L. cv Syaho)

% £ :gw RS c c Ec c
. £ g g g g s&. 8. 325. 585
So 2o = s = s 859 SEP ESP EEP
Treatment & E < C) NG C) 3 2% =2£23% €% TWES
reatmen §3 53 §9 EQ f__,Q %‘9 ‘_Cﬁég gég ggg §§§
» g = g g 8 s g8 38
& 5 € o
Gladiolus biochar (g/kg)
0 28153b 16.40a 127.76b 16.87b 29.15b 8.14b  376.01a 1236.13c 131.83a 41.09b
5 31546a 15.70a 148.04a 19.39a 38.27a 889a 26576b 2866.37b  83.91b 68.97 a
10 255.12¢ 1450b 106.45c 1094c 27.20c 6.40 ¢ 140.84c  3496.93a 53.58 ¢ 69.45 a
Lead (mg/kg)
0 288.99a 16.37a 142.09a 16.79a 36.18a 84la 0.00c 0.00c 93.6la 53.84b
300 290.25a 15.11b 12490b 15.85b 29.44ab 7.45ab 342.18b 2448.97b 87.55 b 63.17 a
600 27286b 1512b 120.87b 1456c 28.98b 731b  44043a 4350.47a 88.16b 62.50 a
Cadmium (mg/kg)
0 281.36a 14.79b 14356a 16.11a 32.82a 897a 24340b 227150c 0.00c 0.00c
10 287.32a 16.01a 13790b 1559a 32.22a 734b  26434a 2598.79b 10839b  7351b
20 283.43a 1580a 120.78c 1550a 29.57b 712b  274.88a 2729.14a 16094a 106.01a

5 gl cire glds o ys iy Jleis ! e jo kS i B S Bl b ol Sk g o 0

In each column means followed by at least a common letter, are not significantly different at 5% probability level.
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Figure 4. Mean comparison interaction effect of gladiolus biochar, lead and cadmium levels on the plant cadmium

concentration of lettuce
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Table 5. Mean comparison interaction effect of gldiolus biochar, lead, cadmium levels on some morphological traits
and concentration of lead in soil and plant (shoot+root) of lettuc (Lactuca sativa L. cv Syaho)

Treatment Leaf Shoot Shoot fresh  Shootdry  Root fresh Root dry Plant lead Soil lead
Gb Pb Cd area height weight weight weight weight concentration  concentration
(g/kg) (mg/kg) (mglkg) (cm?) (cm) (9 @ (@ @ (mg/kg) (mg/kg)
Gby Pby Cdo 331.12 bet 17.87b 193.13 b 20.07d 46.32 b 10.53 ab 0.001 0.00 0
Ghg Pbg Cd,; 323.52 bed 17.25 be 169.17 cd 20.15d 42.06 bc 9.80 abc 0.00 1 0.00 0
Ghg Pbg Cd, 316.04 bede 16.05 def 163.64def 17.40 ef 34.91 cd 8.40 cde 0.00 1 0.00 0
Ghg Pb, Cdo 330.42 be 16.25 bcdef  166.01 cde  19.26 de 44.49 b 10.75 ab 297.04¢g 1229.95n
Ghbg Pb; Cd, 325.88bcd  14.75efghij  155.54defg 17.25f 32.45 cdefg  7.79 cdefg 317.71 fg 1498.95 mn
Ghg Pb, Cd, 233.55Im 12.92 ij 77.68 jk 17.08 fg  28.77 efghi  8.01cdefg 333.37f 1522.60 m
Ghg Pb, Cdo 274.57 fg 17.00 bed 180.33 be 15.23 gh 32.91 cdef 9.68 bcd 421.70 e 1738.60 |
Ghg Pb, Cd,; 289.83ef  14.87 defghij  149.96 fg 13.69 hi  29.72 defghi  7.90 cdefg 510.61d 2457.35 k
Ghg Pb, Cd, 230.55 Im 13.00 ij 89.93ij 11.70 jk 28.40 ghij 5.84 ghij 511.49d 2977.75j
Gb, Pbg Cdo 413.40 ab 21.02a 238.88 ab 23.55ab 56.00 a 1111a 0.001 0.00 0
Gb, Pbg Cd,; 442.99 a 20.10 a 275.61a 26.32a 54.02 ab 10.28 ab 0.001 0.00 0
Gb, Pbg Cd, 307.49 bede 17.87b 175.18 bed  20.55 cd 30.88 cde 8.68 bcd 0.001 0.00 0
Gb, Pb; Cdo 390.42 ab 19.82 ab 232.12ab  22.16 abc 40.88 bc 9.49 bc 160.88 k 5944.81ab
Gb, Pb; Cd, 330.11 bed 19.98 ab 151.16 fg 17.82 ef 33.88 cd 7.52 defgh 191.94 jk 5421.01 bc
Gb, Pb; Cd, 316.10 cde 17.37 bed 14153 ¢ 11.77jk  29.72 defgh  7.40 defgh 242.78 hi 5327.15 bed
Gb, Pb, Cdo 306.01 de 16.85 bede 169.70 cd 22.22 bc 33.84 cd 6.36 efghi 204.34 4155.07 f
Gb, Pb, Cd,; 274.57 fg 16.50 cde 147.83¢g 17.58 ef  32.76 cdefg  7.52 defgh 215.20 ij 5141.84 cd
Gb, Pb, Cd, 244.57 gh 16.25 bedef 76.66 jk 16.60 fg 22.84 ki 5.06 ij 252.45h 5235.55 ¢
Gb, Pby Cdo 240.74 ijklm  15.50 cdefg 115.80 h 13.211j 46.39 b 8.68 bcd 0.001 0.00 0
Gh, Pbg Cd,; 263.67 gh 13.37 ghij 104.79 hi 11.75 jk 27.89 hij 7.50 defgh 0.001 0.00 0
Gb, Pbg Cd, 260.67 ghi 13.00 ij 85/87 jk 10.16 klm 24.92 ijk 5.92 efghij 0.001 0.00 0
Gh, Pb; Cdo 316.25 cd 15.25 cdefgh  153.08 efg ~ 11.26 ki 35.89¢ 9.89 abc 482.75d 3435.85i
Gb, Pb; Cd; 261.07 ghi  15.00 defghi ~ 110.01 h 13.74 hi 28.51 fghij  7.91 cdefg 503.07 d 5644.81b
Gh, Pb; Cd, 264.60 gh  15.37 cdefgh ~ 107.12h 9.56lm 17.92 mn 4.90ij 550.16 ¢ 4943.66 e
Gb, Pb, Cdo 258.77 ghij ~ 15.87 bcdef ~ 103.89 hi 9.76 Im 21.65 klm 5.97 fghij 592.75b 6127.15a
Gh, Pb, Cd,; 220.80 mn 14.12 fghij 87.56jk 10.48 klm 15.75n 4.871j 604.30 b 5072.14d
Gb, Pb, Cd, 209.56 n 12,75 74.39 k 8.84m 15.31n 417 651.11a 5548.77 b
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In each column means followed by at least a common letter, are not significantly different at 5% probability level.
Gladiolus biochar (Gb), Lead (Pb), Cadmium (Cd), (Gby: 0, Gby: 5, Gb,: 10), (Pby: 0, Pb;: 300, Pb,: 600), (Cdo: 0, Cd;: 10, Cd,: 20)
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Figure 5. Mean comparison interaction effect of gladiolus biochar, lead and cadmium levels on the soil cadmium

concentration.
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