Interaction Effects of Biochar Type and Pyrolysis Temperature on Soil
Physical, Chemical, and Biological Properties and Soil Quality Indices

Zahra Javanmrd'/, Afsaneh Alinejadian-Bidabadi' "/, Amir Lakzi;nz, ,
Omidali Akbarpour®® and Keanoush Hamidian**

-

1- Soil Science Department, Faculty of Agriculture, Lorestan University, Iran
2- Soil Science Department, Faculty of Agriculture, Ferdowsi University of Mash I
3- Agronomy and Plant Breeding Department, Faculty of Agriculture, Lorestan Univ , Iran
4- Agricultural Jihad Organization of Lorestan, Khorramabad, Ir:
* Corresponding author, Email: alinezhadian.a@‘m.ac.ir

Abstract \

Background and Objectives: Soil quality degradation is a\%lizr{;ha ¢ to sustainable land management. This study
(

aimed to investigate the effects of biochar type, walnut shél and pomegranate peel (Po), and pyrolysis temperature
(400, 500, and 600°C) on soil quality. The hypothesis: at bi6char type and pyrolysis temperature would

independently and interactively affect soil quality. “‘
Methods: The experiment was conducted in ‘a randomi complete block design with seven treatments and three

replications at the research farm of the Faculty o re, Lorestan University. The Nemrow Quality Index (NQI)
and Integrated Quality Index (IQI) were calculated b on the Total Data Set (TDS) and Minimum Data Set (MDS).
Results: Increasing pyrolysis tem re significantly affected most soil properties (p<0.01). With increasing
temperature, bulk density (BD) and pdgcentage of aggrégate destruction (PAD) decreased, whereas porosity, mean weight
diameter (MWD), whole soil stability index (WSSI),"and normalized stability index (NSI) increased. The highest MWD
and WSSI were observed in Wa600, e highest porosity and field capacity occurred in Po600. The highest organic
carbon (OC) was recorded i Po600, reas the highest phosphorus and potassium contents were obtained in Wa600.
Microbial biomass carbon rticulate organic carbon (POC), urease, and alkaline phosphatase activities
increased, while metabo (QCO2) and acid phosphatase activity decreased (p<0.01). The highest IQI-TDS
(0.722) was observed in Wa600, whereas the highest IQI-MDS (0.695) occurred in Po400.

Conclusion: Biochar, pagficularly at 600°C, improved soil quality. The superior performance of Wa600 in IQI-TDS and
Po400 in IQI-MDS highlights the importance of selecting appropriate feedstock and pyrolysis temperature for improving

soil qualitym 2
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4- Integrated Quality Index
5- Nemoro Quality Index
6- Total Data Set
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Figure 1. (a) Pomegranate peel biochar; (b) Walnut shell biochar.
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Table 1. Some measured properties of biochar types prepared at different pyrolysis ratures.
s il glales 53 Ul gl o }gm_wudum,:y,f* 2 O s N
Po: Pomegranate peel biochar Wa: Walnut shelt bioch!
600°C 500°C 400°C 600°C 500°C Jo0°C Properties
9.71 9.68 9.65 10.97 10.77 8 pH
6.29 6.04 4.68 12.04 11.36 10.93 EC (dSm™)
0.32 0.41 0.40 0.32 - 0.33 0.35 BD (g cm™)
2.06 1.12 1.08 1.17 1.07 PD (g cm™)
42 43 44 41 42 Y (%)
22.6 20.6 19.2 41.8 40.8 Ash (%)
21.8 20 20 17.8 16.4 OC (%)
6.5 6.2 59 3.8 3.6 CaCOs (%)
243 18.8 11.7 52.5 473 K (mg kg™)
1.58 1.42 1.35 1.99 1.63 N (mg kg™)

80.1 67.9 . 99.6 81.4 P (mgkeg™)
196.47 195.43 2.6 . 402.19 355.01 Na (mg kg™
12.65 14.80 . 8 8.94 13.61 C/N

ol S :CaC0s « JI ¢ S :OC .

carbondte, K: potassium, N: nitrogen, P: phosphorus, Na: sodium, C/N: carbon-to-nitrogen ratio.
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Table 2. Physical and chemical properties of the initial soil under study prior to the application of treatments

Na P N K CaCOs OC PWP FC PD BD EC H o Sel
mgkg')( mgkg")( mgkg")( mgkg)( % % % % (gem?®) (gem?) (dSm') P o1
15.23 1131 0.04 2523 2833 061 1472 2175 232 1.44 073 802 A

‘dﬂw;:OC @l S 4l PWP ( oly3 &b b FC ( ii> o sass g PD (gl o a5 o o (BD (oSl (BC e sl ipH

s Na Gand PO 0 0N g(.ML.; K g(.,_..,.JS <l S :CaCOos
pH: soil acidity, EC: electrical conductivity, BD: bulk density, PD: particle density, FC: field capacity, PWP: permaRent wilti
carbon, CaCOs: calcium carbonate, K: potassium, N: nitrogen, P: phosphorus, Na: sodium
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12- Percentage of aggregate destruction
13- Bulk Density

14- Particle Density

15- Organic Carbon

int, OC: organic
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7- Mean weight diameter

8- Geometric weight diameter
9- Aggregate stability

10- Whole soil stability index

11- Normalized stability index
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Table 3. Analysis of variance of the effects of biochar feedstock type (walnut shell (Wa) and pomegranate peel (Po)), pyrolysis
temperature (400, 500, and 600 °C), and their interaction on soil physical properties

PAD NSI WSSI GMD MWD  Porosity PWP FC PD BD df
Sources of variation
< < P ok < ok * ok Aok S )L?.'j?f Cj"
0.64"s 001  12.14 48.63 0.11™s 1698 4.68 9.25 49.10 1.25% 1
Biochar type
Kk Kk Kk ok ok ok k. ok qQ ok kjjj:i 6tﬂb
15.77 14.12 176.52 1245 13.93 20.66 1222 61.81 200 2616 2 ;
Pyrolysis temperature
; Loy Xl )
L17%s 093 1828  0.17™  0.99" 1.370s .64 12.88" 590 1297 2 o Sl s €4
Biochar type x temperature

Dl oxe NS Aoy 0 CE"‘ 03 b3 gw® (Ao s C]G—w 23l g ¥X
**: significant at p< 0.01, *: significant at p< 0.05, n.s: non-significant
ki Kile (MWD ¢ |slss :Porosity ol S0 abais PWP ¢ ol &b b iFC ( ii> o sases g PD s pll o pass o > BD
Ladlas by 5 o5 PAD (5L sdadle 5 et ls INST S IS (65l st s TWSST: ¢ wia had wil..o :GMD ¢ S5

BD: bulk density, PD: particle density, FC: field capacity, PWP: permanent wilting point, Porosity: total porosity, MWD: mean weight diameter,
GMD: geometric mean diameter, WSSI: whole soil stability index, NSI: normalized stability index, PAD: percentage of aggregate destruction.
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Table 4. Mean comparison of the interaction effects between biochar feedstock type (walnut shell (Wa) and pomegranate peel (Po))
and pyrolysis temperature (400, 500, and 600 °C) on soil physical properties

pomegranate peel biocharP Ul cowss 5l 50 Walnut shell biochar 33,5 gy 5l 5 Jals a uf )
600°C 500°C 400°C 600°C 500°C 400°C Control Properties
1.12¢ 1.32° 1.37% 1.21¢ 1.34b 1.35%® 1.442 BD (g cm™)
2,617 2.542b 2.62° 2.40¢d 2.47b 2.34de 2.31¢ PD (g cm™)
23.78% 23.06% 22.98¢ 23.61° 23.46° 23.18° 21.75¢ FC (%)
15.85% 15.13% 15.06° 16.092 15.812 15.11° 14.72° PWP (%)
57.10° 48.10 47.80b 49.6° 45.8% 42 34 37.40° Porosity (%)
3.294 2.95b¢ 2.12¢% 3.68° 2.63¢ 1.83¢% 1.41¢ MWD (mm)
1.65% 1.72¢d 1.55¢ 1.84° 1.96* 1.76b¢ 1.62¢% GMD (mm)
32.53% 29.56¢ 28.13¢ 33.332 32.06° 27.23¢ 26.92¢ WSSI (%)
33.33¢ 28.26b 24.26¢ 31.31% 28.35% 25.94¢ 20.32¢ NSI (%)
65.72¢ 71.05¢ 75.11° 68.684 61.72¢4 74.05% 79.69* PAD (%)

I gl e sl Ao y3 O Jlezl mlae LSDO g1 olal 5 S j2ie Gy > shyls gla S0l cis, o 53

In each row, means sharing a letter are not signiﬁ&mtl different (LSD, p < 0.05).
(s A Sl (MWD ¢ Jzlss Porosity ¢l S ey abis PWP (ol o b M% ¢~ PD (oAb o s ¢~ BD
Y Lﬁyb WSST ¢ wdr kb - Sl :GMD

1hing point;’Porosity: total porosity, MWD: mean weight diameter,
alized stability index, PAD: percentage of aggregate destruction.
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BD: bulk density, PD: particle density, FC: field capacity, PWP: pen%en
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Table 5. Analysis of variance of the effects of biochar feedstock type (walnut shell (Wa) and pomegranate peel (Po)), pyrolysis
temperature (400, 500, and 600 °C), and their interaction on soil chemical properties

%5 ol
Na K p N CaCO;  OC EC pH  df =2
Sources of variation
s g
832.63**  57358.32%%  123229**  86.29**  025ns  13.04%*  32644**  69.59** 1
Biochar type
o sl
3585.17**  161591**  347.33%* 7.22%* 10.56%*  4536%*  1083.26%*  63.87** 2 ;
Pyrolysis temperature
o les X Slrsm g5
485.07** 78.27*+* 1.82n.s 0.08n.s 025ns  2991**  167.91** 6.59*%* 2 ; :

Biochar type x temperature

Llea )‘:‘}J;u J:.&«H.S o y3 0 da—-« BL) )‘)L;'\M* doys ) CL-/ B _)l)L;'\M**
**: significant at p< 0.01, *: significant at p< 0.05, ns: non-significant
i Nadly (K i 1P 035,58 N gl Sy S :CaCOs T oy 5 :0C T8 U1

pH: soil acidity, EC: electrical conductivity, OC: organic carbon, CaCOs: calcium carbonate, N: nitrog

EC (S ayaul pH

d p@mrus, K: potassium, Na: sodium.
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Table 6. Mean effects of the interaction between biochar feedsto& type (walnut shell (Wa) and pomegranate peel (Po)) and pyrolysis
temperature (400, 500,‘and 600 °©

B 3 32 o Lt oS5 s
Pomegranate peel biochar ut shell biochar .
Control Properties

600°C 500°C 400°C 600°€, 500°C 400°C

8.024b- 7.98¢ 7.95¢ 8.032 7.98b¢ 7.97¢ 8.02% pH

1.69° 0.86¢ 0.76° 2277 1.05¢ 0.75¢ 0.73¢ EC (dS m™)

0.91* 0.892® 0.83¢% 0.81¢ 0.83¢ 0.86b 0.60° OC (%)
30.66* 29.83® 29.16% 30.66* 302 29.16% 28.33¢ CaCOs (%)
0.07¢4 0.07% 0.06¢ 0.075° 0.07° 0.076* 0.05¢ N (mg kg™)
16.66° 15.55¢ 12.43¢ 22.43% 18.66° 16.90¢ 11.32f P (mg kg™)
541.66¢ 490.66° 385.66" 9742 855.66° 805.33¢ 252.33¢ K (mg kg™)
51.53b 22.53¢ 15.90¢ 85.31° 33.32¢ 15.23¢ 15.23¢ Na (mg kg™)
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In each row, means sharing a letter are not significantly different (LSD, p <0.05).
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‘ pH: soil aci(w; EC, electrical conductivity, OC: organic carbon, CaCOs: calcium carbonate, N: nitrogen, P: phosphorus, K: potassium, Na: sodium.
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Table 7. Analysis of variance of the effects of biochar type, pyrolysis temperature, and their interaction on soil respiratory and
carbon properties

S ple o0 slosd s SIS 03 F 3 S b i daf e gl
QCO2 POC MBC BR Sources of variation
- .
10.68™ 0.72ms 15.72* 0.00™s 1 STty
Biochar type
; Lo
29.77" 16.04°" 43.56" 167" 2 o sl
Pyrolysis temperature
] Loy X 4> ;
2,050 0.48"5 3.62" 0.310s ) mee s

Biochar type x temperature

e s xe 6 DS (Ao )3 O CE“ 23 g do o) pelans 53 gl e *H
**: significant at p< 0.01, *: significant at p< 0.05, ns: non-significant
Sdsle o ;2 1QC02 (loys JI 0 S POC ¢ o9 Ss 05 53 02 S :MBC sy 5 :BR
BR: basal respiration, MBC: microbial biomass carbon, POC: particulate organic carbon, QCO2: metabolic quotient.
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Table 8. Analysis of variance of the effects of biochar type, pyrolysis temperature, and theip interaction on soil enzyme activities
Sblies T 56Lans Al 3ol d JReLpe
Alkaline phosphatase Acid phosphatase Urease Sources of variation

. .
0.157 0.4205 12705 1 ER LT

Biochar type
; Lo

763.08° 266.40" 111.94" 2 o sl

Pyrolysis temperature
2,570 3ns 6.91° 2 S e &

Biochar type x temperature

Aes Gl pae 1S (Ao s 0 C}a‘” BEBIIPV ARSIt C]a”‘); Dls o *¥
**: significant at p< 0.01, *: significant at p< 0.05, ns: non-significant
Sblews L}:JLQT v—i)j < Jleé :Alkaline phosphatase «3Ulewd Ll V‘Uj e :Acid :phosphatase « ;s 5l (H}’I Il Urease

Urease: urease activity, Ac’id phosphatase: acid phosphatase activity, Alkaline phosphatase: alkaline phosphatase activity.
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Table 9. Mean comparison of the interaction effects of biochar feedstock type (walnut shell (Wa) and pomegranate peel (Po)) and
pyrolysis temperature (400, 500, and 600 °C) on soil biological properties

DUl g Sl g 335 Cgy g b S5
Pomegranate peel biochar Walnut shell biochar Control Properties
600°C  500°C  400°C  600°C  500°C  400°C -
4.1[%: e

0.312 0.28%  0.27%  0.29% 0.29* 0.28%

1.69% 1.38° 0.86%¢ 1.39° 0.98° 0.84¢<d

3.18%  2.95b¢ 2.68¢ 3.352 2.920¢ 2.74¢

0.18° 0.21¢ 0.32% 0.21¢ 0.29° 0.33%

10.58%  9.31¢

12.37°  11.18¢  9.97¢  13.07*

21.32¢  2345¢  2644° 20.58¢ 23.33¢  26.92°

98.77¢  93.69®  89.46° 99.17*  93.76>  88.75¢

30.18°

82.834

Basal respiration; BR  (mg CO: kg™ soil d")
IS 035 1S

Microbial biomass carbon; MBC (mg kg™ soil)

Gloys Jop S
Particulate organic carbon; POC (%)
Sk o o
(mg CO—C mg! MBC h') Metabolic quotient; QCO:
ey
(ng NH4*-N g ' s0il 2 h') Urease
(ng pNP g soil h™') Acid phosphatase
Sblins I
(ng pNP g ' soil h'') Alkaline phosphatase

A gl e sl Ao s3 O Jlazl e 3 LSDO g 31 olal 5 S j2ie Gy > shyls glapS0lie cis, o 53
In each row, means sharing a letter are not significantly different (LSD, p < 0.05).
bl ST r—l)j = Jlss :Alkaline phosphatase «3s 5l (ﬁjj < Jls Urease « Sl g 18 :QCO2 iy s :BR

BR: basal respiration, qCO-: metabolic quotient, Urease: urease activity, Alkaline phosphatase: alkaline phosphatase activity.
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Table 10. Descriptive statistics of soil quality indices under different biochar treatments

DUl gy 5l e

338 Sy Dl g

aals o5l sl
Walnut shell biochar Walnut shell biochar | o Ind

Po400  PoS00  Po600 Wad00 Wa500 Wa600 Contro Statistic ndex
0.017 0.017 0.019 0.017 0.018 0.019 0.012 Average

NQI-TDS
0.004 0.002 0.002 0.004 0.002 0.002 0.09 Y
0.046 0.050 0.050 0.046 0.050 0.050 0.034 Average OLMDS
0.003 0.012 0.013 0.013 0.012 0.011 0.140 cv
0.52 0.65 0.64 0.58 0.61 0.62 0.46 Average

IQI-TDS
0.08 0.08 0.07 0.08 0.08 0.07 0.12
0.46 0.27 0.42 0.41 0.57 0.59 0.20

IQI-MDS
0.13 0.12 0.012 0.13 0.12 0.014 0.13

A4S goon Jﬁ‘v\> qu.a‘ » 5.¢\MJLAJ.J g_MA.S U’E}L‘”’ NQI MDS JAG sl 48 goin JALA\ 2 c.l.wJLaJ_s ;,.\.15
Lol A4S g Jﬁ]v\> L}AL\A‘ 2 4>)L.§: g_MA.S U.A}Lw 1QI-:MDS. JA[S o3l 48 samn mLﬂf

CV: coefficient of variation, NQI-TDS: normalized quality index based on total data set, NQI-MDS:
data set, IQI-TDS: integrated quality index based on total data set, IQI-MDS: integrated qu

L}J.;\wym‘&)lfﬁjjojj)\wwulj;w;
b s L Ol baesls &l i 51 do s VAFA (s L
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sk S Olgsa OC 5 PADNSI BR GM
4L NQI 5 IQI sla oxLls aslsl

isb useS  NQI-TDS.LAs 4.,\

TDSJ"WLSLQJ&LMJ:J)(\OJJ

ol s S cdS Sl Gl Seeiaes
el peslael A3l s bl s

deb > Rahmanipour et al., (2014) Cu
Slkil NQI & s IQI &5 sl OLES 550 cpgs3d Ol
Ol S el IQI-MDS 5 cils S codS b el
kil a0 5 g5oslS Bl 5s Samaei et al.,(2022)

(L3S i,lS MDS 5 TDS o 65V Sl Sorar

2L NQI-TDS (&l i v 5 :CV

. &_»f =3 IQI-TDS cesls

allﬂi quallty index based on minimum
index based on minimum data set.
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Table 11. Correlations between soil quality indices based on TDS and MDS

(NQD) 5 508 CeS 2l
(MDS Lis ,3 TDS)
NQI (TDS vs. MDS)

QD oz CleS axld
(MDS LU ;3 TDS)
1QI (TDS vs. MDS)

Sl

Treatment

0.42" 0.42"
0.6 0.66™
0.55" 0.61""

(Wa) 555 C sy 5lx s
‘Walnut shell biochar

p<0.01. S| Cla.w 05 ls pae e

s Significant at p <0.01

)JWa 6@) cIQI TDS BEREES Ml) u.a;-bcbo.,\..v))l)
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S el O Kb ks ol A oS S ) IQI-MDS
2 Kl MDS S35 5 s S5y (F t?"‘
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Q014) s b & o555 030K Skt
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Table 12. Comparison of mean soil quality indices among walnut shell (Wa), pomegranate peel (Po), and control treatments

s
NQI-MDS NQI-TDS IQI-MDS IQI-TDS S
Treatment
$eo0C . L € gy
0.083° 0.030b 0.674° 0.7220 o b 3 535 S e
Wa600
dos °C b € oy
0.081¢ 0.029¢ 0.600 0.719 gl 0 525 S Sl
Was00
foo oC b FON .
0.063° 0.017b 0.620° 0.698¢ o sl 0 525 o
Wa400
b
Seo0C . B sl e
0.080° 0.028¢ 0.660° 0.666° am sl e
doo °C Gl .
0.070° 0.038¢ 0.692° 0.563 o SR O
Po500
o oC s 53 bl G gy s
0.072¢ 0.018¢ 0.695° 0.566 ' X O
& Pod00
0.052° 0.010b 03920 0.406'\ Control 4als

I gl e ol Lo ;3 0 Ck.dstSD Q)»)'T bl g S rle Gy gl L;uo,_f;p Ogw A 3
Within each column, means sharing letters are not significantly different (LSD, p < 0.05)
CotS el IQL wies wsedis a5 55 v s 555 (les sdiasglis 600 5 500 400 slael Ul C g 5 s Pocss S o s by 5 :Wa

Lol 48 gasme JEU}- :MDS ‘J.alS o3l 48 gams TDSAOJ«\;JLAJ:’ CA.“J.:S u.a:-L.Z ZNQLL;«.“.?J
Wa: walnut shell biochar, Po: pomegranate peel biochar, IQI: integrated quality index, NQI: normalized quality index, TDS: total data set, MDS:
minimum data set. The numbers 400, 500, and 600 indicate pyrolysis temperatures in °C.

Table 13. Soil quality index classes across different biochar treatments

Loss
NQI-MDS NQI-TDS Noé\ IQI-TDS o
N\ treatment
€00 °C - g - .
v - - Cﬁj)mébJJJJJ;Wﬁjfﬁ
Wa600
oo °C - g - .
v - - 0 Cﬁj)mébJJJJJ;Wﬁjfﬁ
- Wa500
A} foo °C - le é . =
v o v 111 b1} J:bﬁ‘ S PJS T OE
Wa400
Foo °C | Lo Ll ¢ >
v v 11 1 J‘Jjﬂ‘zd 03 OBl
Po600
Qoo °C L Ll Ce >
9 v n 11 ﬁbﬁ‘é 2020 F I
Po500
foo °C . G
v v 11 111 C ﬁb’ﬁ’ sles o U s Bl
Po400
v v v v Control Jali

Bl :MDS. JolS 0315 4 soms :TDSwodddlbe 3 CodS als NQLmazd CoiS Gasli (IQL Ul Gy Sl 5 PO ss S sy 5l 50 1 Wa
e Sl U SYL S i Olib sdiasOlis O 5 IV BT Olr s esls a5 sazme

Wa: walnut shell biochar, Po: pomegranate peel biochar, IQI: integrated quality index, NQI: normalized quality index, TDS: total data set, MDS:
minimum data set. Classes I to IV indicate soil quality levels from highest to lowest, respectively.
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	آزمایش در قالب طرح بلوک‌های کامل تصادفی با 7 تیمار و سه تکرار در مزرعه تحقیقاتی دانشکده کشاورزی دانشگاه لرستان انجام شد. تیمارها شامل بیوچار پوست گردو و انار تولیدشده در دماهای 400، 500 و 600 درجه سلسیوس (Wa400، Wa500، Wa600، Po400، Po500 و Po600) و ش...
	اندازه‌گیری ویژگی‌های فیزیکی، شیمیایی و زیستی خاک
	پیش از افزودن بیوچار، ویژگی‌های اولیه خاک مزرعه اندازه‌گیری و نتایج در جدول 2 ارائه شد. سپس بیوچارها به مقدار 10 تن در هکتار براساس وزن خشک(zhang, 2017)  با خاک سطحی مزرعه در عمق 0–20 سانتی‌متر مخلوط شدند. خاک تیمارشده در کرت‌های 5/1× 5/1 متر به مدت 9...
	توزیع اندازه ذرات به روش هیدرومتر تعیین شد و خاک دارای بافت لومی شنی بود (Selmy et al., 2021). ویژگی‌های فیزیکی شامل میانگین وزنی قطر خاکدانه‌ها (MWD )، میانگین هندسی قطر خاکدانه‌ها ( GMD)، پایداری خاکدانه‌ها ( AS)، شاخص پایداری کل خاک ( WSSI)، شاخص پ...
	ویژگی‌های زیستی شامل کربن زیست‌توده میکروبی ( MBC) و تنفس پایه میکروبی (BR ) به‌ترتیب با روش تدخین با کلروفرم و تیتراسیون با اسید کلریدریک اندازه‌گیری شدند (Nichols and Toro, 2011; Govindasamy et al., 2023). ضریب متابولیکی (QCO2) نیز از نسبت BR به MBC...
	شاخص کیفیت خاک
	اثر نوع بیوچار و دمای پیرولیز بر ویژگی‌های شیمیایی خاک
	تعیین شاخص کیفیت خاک
	نتیجه‌گیری
	:Wa بیوچار پوست گردو:Po  بیوچار پوست انار، :IQI  شاخص کیفیت تجمعی،:NQI  شاخص کیفیت نرمال‌شده،:TDS  مجموعه داده کامل،:MDS  حداقل مجموعه داده. درجات I تا IV به‌ترتیب نشان‌دهنده طبقات کیفیت خاک از بالاترین تا پایین‌ترین هستند.
	Wa: walnut shell biochar, Po: pomegranate peel biochar, IQI: integrated quality index, NQI: normalized quality index, TDS: total data set, MDS: minimum data set. Classes I to IV indicate soil quality levels from highest to lowest, respectively.

