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Table 1. Extraction Methods used to determine bioavailability of Zn and Pb (11).
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Table 2- Results of analysis of variance (mean square) of the effect of pyrolysis temperature, biochar level, and their
interaction on soluble and DTPA- extractable Zn and Pb.

S e
R e RESIRESS Zn Pb
J J
5.0V df o DTPA-TEA o DTPA-TEA
Soluble Soluble
a5l S gles
] 3 0.065(50.4)**  2755.5(74.7)** 0.177(36.8)** 15079(76.2)%**
Pyrolysis temperature
s e
) 2 0.038(19.7)%** 998.8(18.1)%** 0.019(2.7)ns 5750 (19.4)**
Biochar level
ch,w x Los
6 0.013(19.2)%** 50.7(2.75)ns 0.018(7.6)ns 238(2.4)**
Temperature X level
Lo
24 0.002(10.6) 20.7(4.49) 0.032(53.0) 49(1.98)
Error
(M ) Ol pads o B
T 6.9 2.9 139.7 2.9
CV (%)
(.,\.a ) 3 5 g
oo e 89.4 95.5 77.0 98.0
R* (%)

**: significant at 1%. ns: non-significant.
Data in paranteses are Eta® (Bta’= s ftoet/ S8 total)
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Table 3- Means’ comparisons of effect of pyrolysis temperature, biochar level and their interaction on soluble and
DTPA-extractable Zn and Pb (mg kg™").

c,.élSLle sles (Ao y3) Sl g chw
e (s 2 53) Biochar level (%) el
amendment Pyrolysis temperature(°C) 0.5 1 2 mean
sl 55,
Soluble Zn
Control sl 0.90+0.003A 0.90+0.003A 0.90+0.003A
$3
2SS 0.61£0.04abB 0.63+0.02abB 0.65+0.01aB 0.63
Walnut leaves
Biochar - . 200 0.62+0.01abB 0.60+0.02abcB 0.40+0.006fB 0.54
400 0.57+£0.02bcdB 0.53+0.02cdeB 0.49+0.01eB 0.53
600 0.52+0.05deB 0.42+0.01B 0.33+0.006gB 0.42
mean .SLs 0.58 0.54 0.47
855 ) ol
Zn-DTPA-TEA
Control sl 190.4+0.9A 190.4+0.9A 190.4+0.9A
$3
2SS 187.0+£2.0A 174.7+3.5B 170.0+£0.7B 177.2a
Walnut leaves
.
T 200 161.6+3.7B 151.6+4.3B 148.8+0.9B 154.0b
Biochar
400 164.0+£2.3B 152.842.3B 137.6+2.8B 151.5b
600 140.8+1.8B 139.2+0.9B 124.0+£3.2B 134.7¢
mean ,SSke 163.3a 154.6b 145.1c
Jsbe o
Soluble Pb
Control aals 0.113+0.07B 0.113+0.07B 0.113+0.07B
$3
2SS 0.173+0.09B 0.363+0.29B 0.477+0.1A 0.338a
Walnut leaves
.
e 200 0.053+0.03B 0.057+0.05B 0.070+0.07B 0.060b
Biochar
400 0.067+0.07B 0.013+£0.01B 0.027+0.02B 0.036b
600 0.067+0.07B 0.077+0.08B 0.107+0.06B 0.083b
mean . Sle 0.090 0.128 0.170
o ) ol B
Pb-DTPA-TEA
Control sz 333.6+10.5A 333.6+10.5A 333.6+10.5A
$3
2SS 301.0+3.7aB 279.2+1.0bB 272.3+4.1bB 284.1
Walnut leaves
Biochar L, 200 268.3£3.2bB 247.5+3.5¢cB 233.6+4.4dB 249.8
400 240.9+7.4cdB 203.4+7.0fB 175.4+2.5gB 206.6
600 215.8+2.5¢B 199.9+1.3fB 169.8+2.2gB 195.1
mean .Sl 256.5 2325 212.8

Data are expressed as mean + standard errors (n = 3).
Different lowercase letter(s) represent significant differences between treatments by fisher-LSD's test at p<0.05.
Different upper letter(s) represent significant differences between treatments and control by fisher-LSD's test at

p<0.05.
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Table 4- Results of analysis of variance (mean square) of the effect of pyrolysis temperature, biochar level, and their
interaction on pH and EC.

5 b 5
Balle] [CR ARl pH EC
S.0.vV df
5L S e
. 3 0.186(44.5)** 0.008 (21.0) ns
Pyrolysis temperature
-
o & 2 0.091(14.6)** 0.002 (3.8) ns
Biochar level
L
gt 6 0.029(13.8)ns 0.002 (11.8) ns
Temperature X level
Lo
24 0.014(27.1) 0.003(36.6)
Error
(M )Q. 2 gl
R 1.5 6.8
CV (%)
(.,\.a ) o (et g
o o e 72.9 76.4
R (%)

**: significant at 1%. ns: non-significant.
Data in paranteses are Eta’ (Eta2= SS effect/ SS total)
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Table 5- Means’ comparisons of the effect of pyrolysis temperature and biochar level on pH and EC.

(As)) s c]aw

oS lal (o sands am 33) 238 S (sles i ool
) Biochar level (%)
amendment Pyrolysis temperature (°C) 05 ) > mean
pH
dals
7.24+0.12B 7.24+0.12B 7.24+0.12B
Control
»S S,
7.60+£0.04A 7.65+£0.05A 7.80+£0.01A 7.68b
Walnut leaves
=
T 200 7.46+0.15A 7.51+0.05A 7.86:0.10A  7.61b
Biochar
400 7.81£0.04A 7.87+0.05A 7.87+0.04A 7.85a
600 7.91£0.04A 7.92+0.08A 7.92+0.01A 7.92a
mean .Sl 7.70b 7.74b 7.86a
S gl
(et ooz s
EC (dSm™)
Control  asLs 0.81+0.02 0.81+0.02 0.81%0.02
$3
»25Sa 0.84+0.02 0.83+0.02 0.8440.05 0.84
Walnut leaves
Biochar  b; . 200 0.82+0.04 0.82+0.01 0.84+0.03 0.82
400 0.84+0.03 0.85+0.01 0.80+0.04 0.83
600 0.82+0.01 0.77+0.05 0.73£0.03 0.77
mean ,SSlke 0.83 0.82 0.80

el 3 llkial gllax £ LSS Y Sile wosls a
ol 2555 0 Yoz o s3> Fisher-LSD 25, L bajles 0 Kke Jls ome <ol sdmn0lis line S oS oy >~
ol 2555 0 Yoz o s> Fisher-LSD 25, L caals U s jlas oSl ls pme sl stinsolis &osline S5 g >

Data are expressed as mean + standard errors (n = 3).

Different lowercase letter(s) represent significant differences between treatments by fisher-LSD's test at p<0.05.
Different upper letter(s) represent significant differences between treatments and control by fisher-LSD's test at
p<0.05.
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Table 6- Results of analysis of variance (mean square) of the effect of pyrolysis temperature, biochar level, and their
interaction on morphological indices of maize.

.
2 = g 3 £ 3 3 -
N - 5 o 3 5§ n g a5 o
n ) _ = < 51 E = IO 33 g
. % 1 E om g 2 g = Y=, v B
R g ga 58 4E 4 o3 vEs 320 a2 43
= o 3 B 3 B K B2 3 < =] 2 g [ N
S.0.V 2 ~ =2 = E 0 v g s M w8 2% 5 1 8
9 . & T8 g 9 3 o A > ° 48 °
= 8 w & — 2 8 ) B T 5 3 ~
) = -E 3 B v, 2 ~
] R © E
=
= z
CHUPK SPIN 21 517 0.029 35020 447 1490 124 67018 2023
Pyrolysis 3 (89~6) (71~0) (84~]) (74~3) (63 3)** (86 4)** (79 5.) ok ' sk ’ (74~4)
temperature
=
T o 5 0.32 13 0.0003 (?2098) 10.2 24(09)ns 7.7 031(29) 378
Bllochlar (09ns  (12)ns  (0.6)ns e 9.6)* : (12.6) ** ok (0.9)ns
eve
Lo
g b2 6 0.20 29 0.0008 Eg‘g 0.97 150gms 1268 01160 56
Temperature (1.7)ns ~ (8.0)ns  (4.7)ns o (2.8)ns ) ok ok (4.1)ns
x level
et 0.23 18 00005 327 2.1 70
24 23(10.8)  0.11(2.2) 0.021(2.3
Error (7.8)  (198)  (10.6)  (5.6) (24.3) (10.8) 22) 23 205
e )
(1 y3) 7.8 8.1 5.4 7.8 10.1 12.9 115 38 20.4
CV (%)
(4oy®) 922 80.2 89.4 94.4 75.7 89.2 97.8 97.7 79.5
R’ (%)

.)lawﬂ&nsju\.a)JOJchhﬂ):)l:w*‘M)a\ JL@'}!CLM):)HJJ‘M**

**: significant at 1%. *: significant at 5%. ns: non-significant.

Data in paranteses are Eta (Eta2= SS effect/ SS total)-

P<+/00) b3 smn el il dals & o 1 w5l
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Table 7- Means’ comparisons of effect of pyrolysis temperature and biochar level on morphological characteristics
of maize shoot.

8L S gles (Ao y3) Sl g chw
LS| (s 2 533) Biochar level (%) oSk
amendment Pyrolysis temperature 0.5 1 ) mean
O
(OIS 2 p 5D alsm oll L2 055
Shoot dry weight (g pot™)
"
- 3.5+0.29B 3.5+0.29B 3.5+£0.29B
Control
.8
»25 S 4.7£0.09A 4.7£0.19A 4.6£0.1A 4.7d
Walnut leaves
" 200 5.5+0.39A 5.6+0.11A 5.5+0.17A 5.6¢
T 400 6.8+0.36A 7.5£0.32A 7.8+£0.64A 7.4b
Biochar 600 7.8+0.07A 7.9+0.02A 8.1+0.13A 7.9a
. /‘L.»
o 6.2 6.4 6.5
mean
el aila olisf
Stem height (cm)
dalis
11.9+1.75B 11.9+1.75B 11.9+1.75B
Control
¢ 8
»25 S 13.3£0.51B 14.1+0.44B 14.9£0.95A 14.1d
Walnut leaves
" 200 15.8+0.56A 16.3£0.38A 16.4+1.18A 16.2¢
o 400 19.1+1.28A 19.0+0.33aA 16.6£0.73A 18.2b
Biochar 600 18.8+0.99A 20.1£0.73A 19.9+0.48A 19.6a
. /‘L.»
o 16.8 17.4 16.9
mean
(o dee) ailes s
Stem diameter (mm)
"
- 0.26£0.013B 0.26+0.013B 0.26£0.013B
Control
.8
25 S 0.33£0.002eA  0.37+0.02deA  0.36+0.005deA  0.35
Walnut leaves
" 200 0.37+0.010deA  0.36£0.004deA  0.38+0.016dA 0.37
o 400 0.43£0.02bcA  0.44£0.013bA  0.39+0.016dA 0.42
Biochar 600 0.48+0.010aA  0.48+0.008aA  0.48+0.004aA 0.48
. /‘L.»
o 0.40 0.41 0.40
mean

el 3l gllast £ LSS Y Kl o3l a
el Ao 53 0 ezl a5 Fisher-LSD 25, U b e K0l s s sl sdinsolis & sline S S oy >
ol dsy3 0 Jlaz| cJg,”;l:isher—LSD oo bl U b slas o Kls Sls e ol sdnsOlis cosline S5 s >
Data are expressed as mean + standard errors (n = 3).
Different lowercase letter(s) represent significant differences between treatments by fisher-LSD's test at p<0.05.

Different upper letter(s) represent significant differences between treatments and control by fisher-LSD's test at
p<0.05.
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Table 8- Means’ comparisons of effect of pyrolysis temperature, biochar level and their interaction on morphological
characteristics of leaves.

calsbe S gles (Ao y3) Sl g chw
oS o (oseds 5) Biochar level (%)
amendment Pyrolysis 05 1 ) ok
temperature(°C) mean
(it FaSl) S pdaw
Leaf surface (cm?)
ControlasLs 110.1+£10.9B 110.1+£10.9B 110.1+10.9B
»S S,
159.3+£12.0hA 171.844.9ghA 203.9+0.6efA 1783
Walnut leaves
' 200 192.6+11.5fgA 205.8+17.1efA 227.9+2.1deA  208.8
Biochar - ;.. 400 250.0+2.4cdA 252.3+6.4cdA 273.9+24.0bcA  258.7
600 278.8+7.2bcA 293.3+1.4bA 390.8+£5.9aA  320.9
mean il 220.2 230.8 274.1
oS pu(w LS, sl
Number of healthy
leaves
Control sz 9.3+0.33B 9.3+0.33B 9.3+0.33B
$3
25 S 11.3£0.67B 13.0+£0.58A 14.0£1A 12.8¢c
Walnut leaves
' 200 12.3£0.33A 13.3£0.33A 15.0+£0.58A 13.6¢
Biochar - ;.. 400 14.7+0.67A 16.0+£0.58A 15.7+0.33A 15.4b
600 17.3£0.67A 17.7£1.45A 18.3£1.67A 17.8a
mean ke 13.9b 15.0ab 15.8a
Pl S sk e 055
(G (Jf)
Wet weight of healthy
leaves (g pot™)
Controlusls 17.0£1.9B 17.0+1.9B 17.0+1.9B
$3
#5 S 26.6+0.4A 29.8+2.0A 27.0:1.6A  27.8¢
Walnut leaves
' 200 29.6+1.6A 33.3£2.1A 29.7+2.8A 30.9¢
Biochar - ;.. 400 43 7+£3.1A 42.1+£1.5A 38.3+4.4A 41.4b
600 53.0+£2.4A 57.7£5.2A 58.3+£2.8A 56.3a
mean il 38.2 40.7 38.4
0305 WS s sldas
Number of withered
leaves
Control sz 6.0+0.0A 6.0+0.0A 6.0+0.0A
$3
#5 S 5.0+£0.0bB 4.3+0.33¢cB 3.7+0.33dB 4.3
Walnut leaves
' 200 6.0+0.0aA 3.3+0.33deB 3.0+0.0eB 4.1
Biochar - ;.. 400 2.0+0.0fB 2.0+0.0fB 1.0+£0.0¢B 1.7
600 1.0£0.0¢B 0.3+0.33hB 0.0+0.0hB 0.4
mean il 3.5 25 1.9

el 3l gllast £ LSS Y Kl 03l a
ol L2530 ezl a5 Fisher-LSD 25, U b e Kl s s sl sdinsolis & sline S S oy >
ol dsy3 0 Jlaz| cJg,ﬂ);l:isher—LSD oo bl b b slas o Kls Sls e ol s s Olis coslie S5 s >
Data are expressed as mean + standard errors (n = 3).

Different lowercase letter(s) represent significant differences between treatments by fisher-LSD's test at p<0.05. Different
upper letter(s) represent significant differences between treatments and control by fisher-LSD's test at p<0.05.
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Table 9- Means’ comparisons of effect of pyrolysis temperature, biochar level, and their interaction on
morphological characteristics of roots.

oS P (o gomds 4 33) 3L S (gl (152) Sl s e ool
amendment Pyrolysis temperature Biochar level (%) mean
(°C) 0.5 1 2

(OIS p5) e, S22 035
Root dry weight (g pot™)

L
= 2.4+0.07B 2.4+0.07B 2.4+0.07B
Control
»SS,
Walnut 3.1+£0.13eA 3.2+0.08deA 3.2+0.01deA 32
leaves
u 200 3.4+0.04dA 3.3+0.07deA 3.4+0.12deA 34
i o 400 3.9+£0.07cA 4.6x£0.04bA 4.7+0.02bA 4.4
Biochar 600 4.7+£0.14bA 5.1+£0.07aA 5.2+0.09aA 5.0
Sl
o 3.8 4.0 4.1
mean
(xS n Sl)aly s oo
Root volume (cm®)
dals
17.5£1.44 B 17.5£1.44 B 17.5+1.44 B
Control
»SS,
Walnut 30.0£1.15 A 31.3£1.33 A 29.742.33 A 303b
leaves
u 200 31.0£0.58 A 30.0£0.54 A 29.3+£0.67 A 30.1b
i o 400 43.5+0.87 A 56.0+£0.58 A 58.0£2.89 A 525a
Biochar 600 59.7£10.17 A 56.5£7.79 A 61.0£9.81 A 59.1a
Sl
oSk 41.0 43.5 44.5
mean

ol 1kl gl £ ST Sls asls a
RGP LJl,w";-lcla,”;Fisher—LSD S b bl o 8le ls pme sl stiasolis lize Ko sS oy >
el dsy3 0 andm);Fisher-LSD oo bl b b slas o Kls Sls e ol s s Olis coslie S5 s >

Data are expressed as mean + standard errors (n = 3).

Different lowercase letter(s) represent significant differences between treatments by fisher-LSD's test at p<0.05.
Different upper letter(s) represent significant differences between treatments and control by fisher-LSD's test at
p<0.05.
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Table 10- Pearson correlation coeffcient between maize morphological responses and DTPA-extractable Pb and Zn (n=13).

b S5
Characteristics

DTPA-TEA | siis S las 5,
Zn extracted by DTPA-TEA

DTPA-TEA U s1s,So s s
Pb extracted by DTPA-TEA

il plll S 035
Shoot dry weight
Gl CLE)H
Stem height
Sl s
Stem diameter
LS, slaws

-0.83%*

Number of healthy leaves
o S 2 osb e 055
Wet weight of healthy leaves
oS o505 S s sl
Number of withered leaves
S e
Leaf surface
) S U5
Root dry weight
) e
Root volume

-0.87**

-0.88%*

-0.83%*

-0.91**

-0.82%*

0.86%*

-0.92%*

-0.81%*

-0.95%*

-0.86%**

-0.86%**

-0.93%*

-0.83%*

0.92%*

-0.93%*

-0.93%*

-0.90**

** Significant at p<0.01.
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