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Table 1. Physical and chemical characteristics of soil used in the experiment

*Parameter Unite Value
pHe e 7.83
ECe dS m? 0.92
Clay % 14.5
Silt % 67.2
Sand % 18.3
Textural class (USDA) - Silt loam
CEC cmol. kg? 9.9
Organic carbon % 0.95
Total N % 0.005
P (ava) (mg kg 6.5
K (ava) (mg kgt) 448.9

*CEC: Cation Exchangeable Capacity; ECe: Electrical Conductivity of soil saturation extract, Ava: Available
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Table 2. Properties of agricultural residues and biochars

Organic compound pH EC o.C Biochar yield Biochar ash Total Na Total K
dSm? %
Rice residues 59 3.6 50.1 - 12.5 0.88 0.97
Cotton residues 59 05 56.3 - 15 0.70 0.50
Rapeseed residues 59 27 52.1 - 115 0.26 0.11
Rice biochar 350 6.8 4.5 46.1 37.1 22 1.37 1.73
Cotton biochar 350 6.9 05 42.8 40.1 10.5 0.30 0.41
Rapeseed biochar 350 6.8 5.2 48.9 34.1 125 0.70 2.77
Rice biochar 700 9.6 5.0 23.7 19.4 32 1.19 2.36
Cotton biochar 700 8.6 0.9 13.9 28.5 11.5 0.38 1.08
Rapeseed biochar 700 9.2 45 22.2 28.0 19 0.49 3.58
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Table 3. Analysis of variance for the application of biochars on soil properties

S.0v df

Ms

SAR Mgsol Casol Nasol

Ex. K CI HCOs pH EC

Biochar 2 67.64™ 34.14™ 705.09™" 719™"

69.39™" 1628299 1289™" 31.84™" 0.142"" 23.89™"

Level 2 46.48"" 258.29™" 203.66™" 649.5™" 133.69"" 6622433 1308™" 104.58™" 0.129™" 27.99""

Temparature 1 0.425™" 5.78™ 61.23™" 22.51"

473"

504043™ 13.17"™" 137.5™" 0.213"™ 0.75™

Biocharx 4 55 39™* 10.77™ 239.8™ 248.5™ 42.18™" 664384™" 442.16™ 14.24™ 011" 8.15™"

Level

Biochar x5 4 ag™* £ ag™ 55T 23.66™

Temparature
Level x 2 0117 648" 21.28™ 565"

Temparature

Biochar x

Level x 4 0.68™ 29.46™" 14.64™ 15.13™
Temparature

(A} 4.92 14.33 4.52 17.63

342
3.62

43950™" 14.10™ 6.93"" 0.037" 0.3™
223685™" 4.5  36.57" 0.077" 0.327

30965™" 503" 218" 0.02° 0.07™
3.87 3.8 3.61 092 9.53

*xx %% > and ns, singnificant at the 0.1, 1, 5% levels probability and non significant, respectively.
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Table 4. Means comparison of the effects of biochars, tempareture and application rates on soil properties

Treament  SAR  Mgw  Caw  Naw  Kw  ExK CF  HCOy . EC
(mmol* Y2 (mmol*IY)  (mmol*IY)  (mmol*IY)  (mmol* I  (mgkgd) (mmol*lY)  (mmol*I?h) (dS m?

Biochar

Rice 4.32 6.13P 11.83°  13.66% 2.37° 931.71° 15.96% 22.68* 7.71° 2.862

Cotton 1.12° 5.03¢ 7.78¢ 2.86° 0.875° 608.15°¢ 1.38° 22.39° 7.86% 1.15°

Rapeseed 1.78° 7.418 18.512 6.81° 426% 11235* 7.36° 20.56° 7.82° 2.9

Temparature

350 2.482 6.472 13.632 8.382 2.25° 804.12° 8.66° 23.26% 7.47° 248

700 2.33b 5.91° 11.78° 7.21° 2.76% 971.46% 7.81° 20.5° 7.85% 22°

Rate (%)

0 1.04° 2.5°¢ 10.04°¢ 2.64°¢ 0.799¢ 373.8° 0.9¢ 23.25%8 7.71° 1.33¢

2 2.35b 7.31° 11.75° 7.31° 1.52° 865.8° 8.15° 19.47° 7.85% 2.11°

5 3.82¢8 8.762 15,98  13.372 5198 142378 15.16% 22.91* 7.84* 3.46°

In each column, common letters demonstrate not significant at 0.05 probability levels
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Table 5. Means comparison of the interaction effects of biochars, tempareture and application rates on soil

properties
Treatment SAR Mgso Caso Nasg Ksa Ex.K CI" HCOs pH EC F;;:)e
Control 1.04"  25¢ 1049 2649 0.799 3738 09 23257 7719133 0
Rice biochar 350 426° 93¢ 1177 13.79% 1519 844.157 1529 2359 7.68% 2.72¢ 2
Rice biochar 350 7.17° 7¢ 1559 245 4329 1434° 20.8° 27.25% 7.56° 453> 5
Cotton biochar 350 1.46M9  3.3¢ 8.1h 2720 (095 583.9" 1.8 20.62¢ 7.75¢ 1¢f 2
Cotton biochar 350 1.32¢ ge 6.7 3.7 1.04" 649.029 27" 26.12° 7.87¢1.35¢ 5
Rapeseed biochar 350 2.04¢ 128  17.4° 7.85¢ 1.89" 984.2¢ 87' 19.627 7.94° 2.86° 2
Rapeseed biochar 350  3.26¢ 10.2° 32.1* 15.01° 8.09° 1619.7° 16.1° 22.5° 7.76%519* 5
Rice biochar 700 426° 6.19 10.39 12.199 1.489 9442¢ 159° 185" 7.91° 2.83¢ 2
Rice biochar 700 8.058 9.4°¢ 12.7¢ 26.712 5.33° 1619.7° 23.1* 20.379 7.71¢ 4.4 5
Cotton biochar 700 095 7 5,61 2399 0.529% 699.05¢ 0.8 17.87" 7.91° 0.94" 2
Cotton biochar 700 1.24% 594 55 2960 1.1" 969.2¢ 1.20 23.25" 8.23° 0957 5
Rapeseed biochar 700  1.437 6.2¢ 17.4° 4.92f 2.75° 1139.3¢ 6.59 16.75' 7.88% 2.33¢ 2
Rapeseed biochar 700  1.88° 11.1*® 23.4° 7.82¢ 11.27% 2550.1° 11.1° 18" 7.89" 436" 5

In each column, common letters demonstrate not significant at 0.05 probability levels
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Table 6. Analysis of variance for the application of biochars on dry weight and Na and K concentration of

shoot
Ms

S.0vV df Shootdry Na/K of concentration of concentration of Na/K of concentration of concentration of

weight stem stem K stem Na leaf leaf K leaf Na
Biochar 2 14.26™  0.0006™" 12.85™" 0.004™ 0.0001™" 0.647 0.0002™
Level 2 495"  0.0023™ 37.83™ 0.005™" 0.00008™ 1.27 0.002™
Temparature 1 0.088™ 0.00002"" 0.146" 0.001" 0.0008™ 0.088" 0.004™"
Biochar xLevel 4 3.87""  0.0001™" 3.56™" 0.002"" 0.0007"" 0.146™ 0.0002™
Biochar x 2 118" 0.000003"  0.011" 0.0001"  0.00008™  0.004™ 0.0003"
Temparature
Level x * . ns ns . ns -
Temparature 0.974" 0.000009 0.082 0.0003 0.00027 0.025 0.0012
Biochar x Levelx ;5 53+ 000008™  0.028" 0.0002  0.00003""  0.001" 0.0001™
Temparature
C.V 7.55 10.64 6.33 10.17 10.33 7.11 7.97

**k &% * and ns, singnificant at the 0.1, 1, 5% levels probability and non significant, respectively.
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Table 7. Means comparison of the effects of biochars, tempareture and application rates on dry weight and
Na and K concentration of shoot

Shootdry Na/K concentration of concentration of Na/K of concentration of concentration of

Treatment weight of stem stem K stem Na leaf leaf K leaf Na
(g plant?) (%)

Biochar

Rice 6.928  0.033° 4.04° 0.132 0.0322 2.37° 0.0762
Cotton 6.982  0.0382 2.94¢ 0.11° 0.0312 2.31° 0.072°
Rapeseed 5.62°  0.025° 4,332 0.11° 0.027° 2,578 0.068°¢
Temparature

350 6.54*  0.0322 3.722 0.122 0.0332 2.382 0.0792
700 6.47¢  0.031?2 3.822 0.122 0.026° 2.452 0.065°
Rate (%)

0 6P 0.0462 2.38¢ 0.11° 0.0312 2.17¢ 0.068°
2 6.65% 0.027° 4.11° 0.11° 0.0312 2.44° 0.0752
5 6.882  0.028° 4,822 0.142 0.028° 2.63? 0.0732

In each column, common letters demonstrate not significant at 0.05 probability levels

O« 9 Yeeo ¥ $) R_JBLQ.*.A 6[&& dw o Gibt.f LQLLD) 9 ),.._>‘ 9 (LaShaI’i et al., 2015) u‘)&o.m 9 G)L»y
oS o pawly i il el (ogamlo 4z )0 Cod ymolST 55 (Akhtar et al., 2015a) l,Sen
Slde a3 &8 53 pate (pl cdilé a5 g sbay sl )3 9 PS5 ) pely cdale Al g el A o
5 pl> oole as audly o liol .l ol s s YAY 25,5 158 sy JE5 008 51yl sy
oLS 5 by clale 5 g J65 LT sles Cir pels 5 (Al et al, 2017) ) Ken 5 e
Farhangi-Abriz & ) ;,Lul 5 g 5 - Ko 8 .ol S50 Jés 00,5 51 50 olS el wd> iali8l g euow
G3l> sy J5 a5 wuzsls oLy (Torabian, 2018 Yuetal, ) o L,lKeo 5 5 .di0ged onnlice ) gy
pely ahox Sl 5950 (2138 polie ook lade 3y JE5 g5 O g a5 Wio,S (155 (2014

\V¥



ujL&m slales 59 ‘5)‘)51..15 sbla )‘l ER VTS O JLé ).:|

ol i) JU&j polie 5l (S pral 5 <UL S
Zolfi Bavariani ) s 5 gé by aile (5 polic
slos 5 5,5 mhaw g bl ol il (et al., 2016
g o Sble g Sas s p Sy JI) 4
ouds 00,5l A Jgaz ;o &3 olS slss plail pelsy
e 53 2ler plail Sz 59 Olime (r S el
9 gl g oS il 4z YO mp Sy JE
Sl (Fin weps 50 gl el Cussty s w0
Slade 0 YL ol S (il s VO Ay (S JU5
Sslrg byl sy w2y mhe 5§ S o
s ylade o VL oS (Ul azyo Ve 5 YO &y
T g oy 9590 0 S oo anils | adle
"l 4o Ve gles IS (s JU5 (S5 ey

bl |y aBle 9 S 0 polie op 5 s ol 8

Qlg oo S 10 yolie pl gwpiws (ioliEl a5 oog
5 o) 09t S ) o Sl all el
oSen 5 wisSs «(Liu et al, 2014) o Son
Inal et ) Ko 4 JWol 5 (Nigussie et al., 2012)
Sl e SB s opdols Lyls se (l., 2015
cble ol 5l o8l 1) (s Jle; pad 0093l
Loads Jlod GlaSe jo adl al; GlalS o el
chile Gl e azg boissed Glaie sy K5
Sl S sl (l@l b jlegn Bl )0 ekt
S A3bgai S Sl 55 @l ol (Y Jpo)
ol o F1 55 e3gican Jlisle 5l Glise jole
“o polie ol dpma slos 5l s ey U
Ovgebs a0 Ave B Ve aials o el Lail
Gl bl b osgyie HUal 1 0g8 e pna

Pl iy 9 o Cile g UG (359 3202 gl g Lod ¢ (g j L JLE ) Jilie ol T gla(rSiloo dumoliio A Jgur

<l

Table 8. Means comparison of the interaction effects of biochars, tempareture and application rates on dry
weight and Na and K concentration of shoot

Shoot dry

concentration concentration

Treatment weight Na/K of of stem K of stem Na Na/K of Concentration Concentration Rate
(g plant?) stem (%) (%) leaf of leaf K (%) of leaf Na (%) (%)

Control gd 0.046° 2.38f 0.108°¢  0.031% 2.17° 0.0684% 0
Rice biochar 350 8.062 0.025¢ 4.35¢ 0.113° 0.039? 2.319 0.091% 2
Rice biochar 350 7.36®  0.034% 5.17° 0.176%  0.034bc  2.56% 0.088% 5
Cotton biochar 350 7.922 0.037° 3.05¢ 0.113° 0.041° 2.269" 0.094#2 2
Cotton biochar 350 7.34%  0.037° 3.32¢ 0.123°>  0.037%  2.359% 0.0892 5
Rapeseed biochar 350  4.72¢  0.023¢F  4.85° 0.114>  0.032%¢  2.56%¢ 0.084° 2
Rapeseed biochar 350 5.50% 0.020f 5.622 0.115° 0.023"f9 2.86%® 0.0664 5
Rice biochar 700 6.14%  0.027% 4.38¢ 0.119°  0.030dc 2 3gefud 0.072¢ 2
Rice biochar 700 7.982 0.031% 5.562 0.177#8 0.025¢f 2.59% 0.0674 5
Cotton biochar 700 6.71°  0.036" 3.17¢ 0.114°  0.019"  2.43¢fd 0.047¢ 2
Cotton biochar 700 7.94%  0.033 3.36¢ 0.111°¢  0.026°  2.45¢fd 0.065% 5
Rapeseed biochar 700 6.34° 0.019f 4.87¢ 0.098° 0.023"f 2.70b¢ 0.0649% 2
Rapeseed biochar 700  5.15¢  0.020f 5.872 0.115°> 0.020"  2.972 0.062¢ 5

In each column, common letters demonstrate not significant at 0.05 probability levels
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The Effect of Biochars Prepared from Agricultural Residues at Different
Temperatures on Some Chemical Properties of a Calcareous Soil and Na
and K Concentration of Corn (Zea mays)
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Abstract

Biochar is a carbon-rich solid material produced by heating biomass and agricultural residues in an
oxygen-limited environment. However, effects of biochar in soil depend on pyrolysis temperature
and type of the raw material used in its production. In order to determine the effect of biochars
prepared from agricultural residues at different temperatures on soil characteristics, soil cations and
anions and Na and K concentrations of corn, a factorial experiment was conducted in a completely
randomized design in four replications under greenhouse condition. Treatments included biochar
type (rice, cotton and canola), pyrolysis temperatures (350 and 700 °C) and two application rates
(0, 2 and 5 w/w). The results showed that all types of biochar increased soil EC values. The lowest
and highest values of soil pH were observed at biochar prepared from rice and cotton residues,
respectively. The soil pH was significantly increased with increasing pyrolysis temperature from
350 to 700 °C. The highest values of soil Na*, Ca**, Mg**, CI- and HCO3 was observed at 350 °C. The
results showed that between each three biochars type produced from crop residues (rice, cotton and
canola), the highest Na concentrations of leaf and stem were recorded with addition of biochar
prepared from rice residues, however, the biochar prepared from canola residues lead to the highest
amount on K concentrations of leaf and stem. The pyrolysis temperature only affected the Na
concentration of leaf at 5% probability level. The results showed that pyrolysis temperature and the
type of feedstock material are important factors that influence the chemical properties of biochars
and subsequently the soil characteristics.
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