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Abstract

Introduction Traditional organic manure can be potentially beneficial for soil physical, chemical
and biological properties by improving organic matter of soils. Recently, biochar, a carbon-rich
product of biomass produced by thermochemical conversion under oxygen-limited conditions,
has been studied for its effects as a soil amendment. The use of a modified form of manures as
biochar for soil improvement reduces some environmental, food safety and disposal problems of
manures. However, biochar application has been shown to have both positive and negative
effects on soil fauna such as earthworm depending on the type of feedstock for its production.
Since earthworm function affects physical properties and amount of organic carbon of soils and
because of the different effect of biochar and its feedstock on earthworm activity, this study
hypothesizes that earthworm may differently alter soil physical properties and aggregates-
associated carbon in the biochar and its feedstock amended soils. The purpose of this study was
to investigate the effect of cow manure and its biochar in the presence and absence of earthworm
on bulk density, total porosity, saturated hydraulic conductivity, aggregate stability and content
of organic carbon in soil aggregates during 30 and 90 days of incubation.

Materials and Methods A completely randomized design with 2x4x2 factorial treatment
combination was used in triplicates. Treatments included the following: (i) 2 levels of
amendment type (cow manure and its biochar), (ii) 4 levels of amendment rate (0, 1, 2 and 5%
w/w), and (iii) 2 levels of earthworm (with and without earthworm). The biochar was produced
from cow manure (passed through a 2-mm sieve) by slow pyrolysis at 450 °C. Also, the soils
were passed through a 4-mm sieve. Then, amended soil and the control (with untreated soils)
were moistened up to 70% water holding capacity. Then 5 adult Eisenia fetida with fully-
developed clitellum and similar weight were added to half of each of them. Treatments were then
incubated at laboratory temperature and constant moisture for 30 and 90 days. Based on
evaporation loss, the soil moisture was kept constant by regular weighing of each pot. At the end
of each time (30 and 90 days), samples were taken from different treatments to determine bulk
density, total porosity, saturated hydraulic conductivity. Also, soil aggregates were separated by
wet sieving; then, aggregate size distribution was determined and mean weight diameter (MWD)
was calculated. Eventually, organic carbon content in each aggregate size fraction was
determined.

Results and Discussion The results showed that the application of both organic amendments was
effective in decreasing soil bulk density, increasing total porosity, saturated hydraulic
conductivity and aggregate stability, but the effects of organic amendments on these physical
properties were more pronounced in cow manure- than biochar-amended soils. Further reduction
in bulk density following cow manure application is attributed to a dilution effect resulting from
mixing of the lighter and more voluminous material of cow manure compared with denser
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mineral fractions of the soil. In addition, cow manure has more content of organic carbon than its
biochar which can increase total porosity by promoting aggregation. The greater porosity and
aggregation of soils as affected by the application of organic amendments are apparently
responsible for the increased saturated hydraulic conductivity. The results showed that the effect
of cow manure on the soil physical properties reduced with time more rapidly than its biochar.
This might be attributed to lower stability of manure to decompose than biochar in soils because
manure contains higher content of labile organic compounds compared to biochar. The results
also showed that application of organic amendments increased organic carbon in soil aggregates,
especially in 4-2 mm aggregates, indicating that the large macro-aggregates can be considered as
a susceptible indicator to organic carbon managements in soil. Also, the organic carbon content
of 4-2, 2-0.25 and 0.25-0.05 mm aggregates was 42.8, 27.8 and 20.8% (in 30 days incubation)
and 27.2, 28.6% and 20.6% (in 90 days of incubation) higher in cow manure- than biochar-
amended soils. The results also showed that earthworm reduced soil bulk density, increased total
porosity, saturated hydraulic conductivity and aggregate stability regardless of soil amendment,
but such effect on bulk density and total porosity was more pronounced in cow manure- than
biochar-amended soils. It means that type of organic amendments can influence earthworm
activity, thereby altering some soil physical properties. Also, earthworm increased carbon content
in soil aggregates, especially in smaller aggregates.

Conclusion The results showed that although application of cow manure improved soil physical
properties more than cow manure biochar at both incubation times, it seems that cow manure
biochar has a more stable effect on the soil physical properties over time. Also, application of
organic amendments can increase soil organic carbon by further increasing C in larger
aggregates. The improving effect of earthworm on soil physical properties (except for bulk
density and total porosity) did not depend on the type of applied organic amendment in soil. The
effect of earthworm on bulk density and total porosity was more pronounced in soils amended
with cow manure than its biochar. Also, it is thought that earthworm increases organic carbon in
soil by physical stabilization of organic carbon in soil aggregates, especially in smaller
aggregates.
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0.028** 3.99%* 0.003** 0.382** 21.03** 0.015** 1 Type of
Amendment
(R) g e
0.024** 4.06** 0.003** 0.160** 11.40** 0.008** 3 Amount of
amendment
0.002ns 0.110* 0.00004* 0.006ns 0.160ns 0.000lns 1 E*M
x|
0.0002ns 0.119** 0.00003* 0.0007ns 0.124ns 0.00008ns 3 E*R
*]|
0.004* 0.468** 0.0003** 0.111** 5.21** 0.004*= 3 MR
0.0005ns 0.119** 0.00006** 0.003ns 0.241ns 0.0002ns 3 E*M*R
0.001 0.018 0.00001 0.002 0.215 0.00014 32 Error =
U
5.30 0.35 0.22 6.74 1.18 0.80 SR
CcVv

Table (2) Analysis of variance of earthworm, type and amount of amendments on bulk density, total
porosity and hydraulic conductivity
AL ed I gme IS AL 0I5 me o3 0 5 ) ‘5)L«Tc]a.~ﬁ G g e
** % is significant at P<0.01 and P<0.05, respectively. ns, is not significant.
S (S Calus g I SRR (A0 SRy 3 T T T aSle dwlis (7) Joor
Table (3) Mean comparison of earthworm effect on bulk density, total porosity and hydraulic conductivity
SPSLPC BT O,
30-days incubation time

ol S L J&s
y du?_})*:“ d. -*: o . tJTJ"l’“_t ;T; dd‘ ty S eSS
ydraulic conductivi otal porosity ulk densi
(cm h)) (%) (g cm®) Earthworm factor
0.730+0.03b 39.03+0.272b 1.58+0.007a -E
0.740+0.037a 39.22+0.252a 1.56+0.006b +E

05l S 5580 0o
90-days incubation time

<l ks b JEs
éé_u»‘«» e JfJ’JW_ sAbd N S8 5556
Hydraulic conductivity Total porosity Bulk density Earthworm factor
(cmh™) (%) (gem®)
0.655+0.011b 38.32+0.109b 1.60£0.003a -E
0.676+0.012a 38.76+0.145a 1.58+0.004b +E

il o0 (P<0.05) 1o gxo D9l (5110 Ogiur B 15 Dglisie B9 2 b (31! (Sllas b uSlie) Sl S 0 b AE « S0 S 705 ¢-E

-E, without earthworm, +E, with earthworm. Numbers (Means + standard error) followed with different letters at each
column are significantly different (P <0.05)
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Figure (1) Effect of earthworm, type and amount of amendments on bulk density and total porosity
at 90 days incubation (-E, without earthworm, +E, with earthworm, B1, 1% biochar; B2, 2%

biochar; B5, 5% biochar; M1, 1% cow manure; M2, 2% cow manure; M5, 5% cow manure). Same
letters show no significant difference at P <0.05.

s Sk i IH s s ab S
ol OT o g 3l s Ol 33 58 53 558 558 0353
oS 538 555 6l J&s 8 GlOT 1Y JK2)
JB Ll e dlis ) (V ) Asb oo OT Slar g )
53 jlag 3, Sl a5l ol s sl Sl
B P P PP P S TR P~ PG
B g S g plb JE il
I ol s Y sl 5 bOT Sl
oS % Ol5 e Wilag sles 3 S by 5 g 2L
S gl 0T 1S o)lal bajlug 53 350 Sogline
() srlr) ol i OT Dl g 40 Cnd 3557 JT 87

5 SIS 3L &S 58 bl Ol5 e o

O gl oSS 595 W0 Olaj 53 o7 55 OLES pmes s
Mis g Sl g plb S 2l el g 0353
SVFF Jldie 4 ST Jolss ol 5l 5 dusys /FY- /A
e G sae Dol Jg b dald 4 S do s YY
5 AL J&a 5l oy3 0 5 Y O
SRl L 68 38 Sl 55 i edalive STl ki
VAR s 4 S g al JEs 0T 5,5 I
YPAXYIYE Hldas 4 JS Jdss 5 2alS dsys 0/AV
(Ol SO 5oy A 3 (Y JS8) Sl Bl o s
41 oS g ab J&s (558 58 5 s o
5 ol Lo s YVA-V/AA 5 V/FA— /A Sldae 4 s 5
SYIRA 5 XFPNDY Jldie 4 S 4 |y S s

D & el OT 31 Sl gl s il 3 oy FVY



(A)

&0l >

Bulk density (g em?)

Yvo

AR j.:jl'l AN a)La.&f“ -\.1:- (‘_;)J}wg«b 4.1>u:) &Spbj ‘5«1-\-\.6.#

N Sl K sk 4 s () wb e 2l 4
I 354 o sate @ AN n Sl 5 8 S Sl OT
A6 5 15,8 15 eslinal 350 S Jili 5 g ol
e Ol 33 a3 0T Jlrss b awlie 55 658 58
2 LS ey B i ol Gl LBl
b aglie 55 5587 1Ol Sl oS 0Ad 4 5 0l
wlS S Jols 5 s ol JEs 0T sl
25 iy asllan LSl e opl S (o 50 o0

Al n slas e plde 53 5 5 SN sb slale;

®)

163
L6l
1.59
1.57
1.55
1.53
1.51
1.49
1.47
1.45
1.43

2

o i

Total prosity (%)

=y
[

=
(=]

-]

=)

[
=

(35}
[N}

BS M1

B2
Amendment treatment
Sz shomd

Bl

Sl e

Bulk density (g cm)

(D)

S i

Total prosity (%4)

Jlig—cdjlfa;lgaﬁjkgeflﬁ-p%iéu;b,q

el 4Bl (6 i il s g ialS oS (g all
M):a}YﬁsuﬁjgbﬂslsbLiJW@w
)J‘Hﬁﬂ\jﬂj&f\bé\i:;&h\fjé}\fb;
O3 sS31 555 Y0 & Cmd e sSU1 555 40 Olo
i Ol cadS L S b 5 g pb J&s
b LG wl ol (Y K8 Cwl S Sl
0305 Lo OT Yl g b auslin 3 587 il (6 2y o
i S Sl 4 355 A LS el B)IF sl
polin 5 0 S $SSileg,T JKE 5 okd el o ST Ll
1.63
1.61
1.59
1.57
1.55
1.53
1.51
1.49
1.47

145
1.43

o

a4

42

40

38

36

34

32

B1 B2 BS5
Amendment treatment

g sl

M1

Bl ‘aalis ) GauligSI (D 9B) 3953+ 5(C 9A) 3957+ Ol sd I 5 Il 9 5ol I 9 B ilug slade 9 £g9 F1(Y) b
(no 330 (597 395" M5 oo 30 ¥ (59l 095" M2 ‘o3 Y (596 395" M fno 33 0 Hlrgm BS o3 ¥ Hlrgw B2 faoyd ) sl gw
Al 0 o33 0 Slosr! s 50 510 Sxe DL 3929 pus oAU Gl B9 >
Figure (2) Effect of type and amount of amendments on bulk density and total porosity at 30 (A and C) and 90 (B and

D) days incubation. (C, control; B1, 1% biochar; B2, 2% biochar; B5, 5% biochar; M1, 1% cow manure; M2, 2%
cow manure; M5, 5% cow manure). Same letters show no significant difference at P <0.05.
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Figure (3) Effect of type and amount of amendments on saturated hydraulic conductivity at 30 (A)

and 90 (B) days incubation (C, control; B1, 1% biochar; B2, 2% biochar; B5, 5% biochar; M1, 1% cow
manure; M2, 2% cow manure; M5, 5% cow manure). Same letters show no significant difference at P <0.05.
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Table (4) Analysis of variance of earthworm, type and amount of amendments on aggregate size distribution and mean weight diameter (MWD) of soil

Sl o Solee
Mean square
0 gl 5SSl 5,80 Ol O gl 5SS 5,50 0L
90-days incubation time 30-days incubation time
TR S Il $33 oSl S I 55
STl s Aggregate size distribution SIS L Aggregate size distribution
4y
MWD <0.05 0.25-0.05 2-0.25 4-2 MWD <0.05 0.25-0.05 2-0.25 4-2 - Ol s il
mm mm mm mm mm mm mm mm mm mm ‘5;)‘ Variable source
B Sp5
0.056* 81.1ns 8.96ns 5.782ns 30.5%* 0.003* 319** 13.7* 235 ** 1.35ns 1
Earthworm
M) Slg g5
0.231** 922** 13.6ns 434** 60.1** 0.297** 1850** 12.6ns 947** 75.4%* 1
Type of amendment
(R) lgs ltie
0.279** 1947** 12.9* 982** 107** 0.331** 889** 7.73ns 285** 128** 3 Amount of
amendment
0.023ns 28.5ns 0.880ns 30.6ns 7.06ns 0.00003ns 32.5ns 0.629ns 29.4 ns 0.268ns 1 E*M
0.004ns 55.5ns 5.96ns 27.9ns 4.23ns 0.0003ns 9.94ns 2.6ns 31l.4ns 2.44ns 3 E*R
0.027* 146* 1.73ns 101* 6.78* 0.056** 269** 7.71ns 135** 10.3** 3 M*R
0.005ns 33.1ns 0.705ns 22.6ns 3.84ns 0.0002ns 7.09ns 1.24ns 7.19ns 1.73ns 3 E*M*R
los
0.008 35.2 3.57ns 25.4 2.69 0.0007 30.4 3.22 29.6 1.49 32
(Error)
KR
115 17.3 23.7 105 16.3 8.33 13.1 23.6 12.7 16.5 ’;“:V')"ﬁ

L ol Sl e IS B o > gme Loy 0 5 ) (g5LT Tl s s g
** % is significant at P<0.001, P<0.01 and P<0.05, respectively. ns, is not significant.
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S 50 BTG B 539 (xSl § 03I @395 9 (S 7 ST uSile duslis (0) Jgu

O gl 5SS 55,0 0L
30-days incubation time

S S5 oSl SIS 31 5 5
FHRCES Aggregate size distribution
MWD <0.05 0.25-0.05 2-0.25 4-2 Sess58
mm mm mm mm mm Earthworm factor
0.57+0.010b 44.7+2.33a 7.06+0.405b 40.7+1.69b 7.54+0.71a -E
0.59+0.028a 39.5+2.38b 8.13+0.372a 45.1+1.69a 7.20+0.672a +E

O gl sS31 53,80 Ol
90-days incubation time

S s Sl GaSs oIl 5
Gl Aggregate size distribution
MWD <0.05 0.25-0.05 2-0.25 4-2 SpS oS8
mm mm mm mm mm Earthworm factor
0.69+0.036b 35.7+2.41a 7.53£0.40a 47.5+1.83a 9.28+0.51b -E
0.76x0.042a 33.1+3.03a 8.40+£0.41a 48.2+2.18a 10.8+0.81a +E

Table (5) Mean comparison of earthworm effect on aggregate size distribution and mean weight
diameter (MWD) of soil
izl o (P<0.05) [l snn Sl (513 O g o 53 Soglize g b (5 lilind (gllas s 5, S00a) slatel . S ¢S LAE (S e S 050 cE
-E, without earthworm, +E, with earthworm. Numbers (Means + standard error) followed with different letters at
each column are significantly different (P <0.05).
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Figure (4) Effect of type and amount of amendments on aggregate size distribution at 30 (A) and 90 (B) days

incubation (C, control; B1, 1% biochar; B2, 2% biochar; B5, 5% biochar; M1, 1% cow manure; M2, 2% cow
manure; M5, 5% cow manure). Same letters show no significant difference at P <0.05.
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Figure (5) Effect of type and amount of amendments on mean weight diameter of aggregate at 30 (A)
and 90 (B) days incubation (C, control; B1, 1% biochar; B2, 2% biochar; B5, 5% biochar; M1, 1%
cow manure; M2, 2% cow manure; M5, 5% cow manure). Same letters show no significant
difference at P <0.05.
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Table (6) Analysis of variance of earthworm, type and amount of amendments on aggregate-
associated C of soil

Sl o o Silee
Mean square
sl alusls o S
Aggregate-associated C
0 50y Sl 55,80 Ol O 50l 5SSl 5, %0 0l
90-days incubation time 30-days incubation time
0.25-0.05  2-0.25 4-2 0.25-0.05  2-0.25 4-2 CHE S Sl e
mm mm mm mm mm mm df Variable source
* E) s=
0.016** 0.026ns 0.005* 0.014* 0'1*77 0.0002ns 1 < (’;
Earthworm
M) ; ;
0 013* O *%* *%* *%* 0704* ** )LNGJ‘ ty
: 501 0.014 0.017 . 0.026 1 Type of
amendment
(R) 5l ltie
0.039** 1.88**  0.071%x 0.039%*  1.94**  0.113** 3 Amount of
amendment
0.00001ns  0.016ns 0'0201” 0.0004ns 0'029” 0.001ns 1 E*M
0.0031s  0.004ns  0.002ns  0.001ns 0'057” 0.001ns 3 E*R
0.324*
0.003ns 0.166** 0.009** 0.003ns - 0.006** 3 M*R
0.00008ns 0.008ns O'OZOSH 0.001ns 0.0;)2n 0.001ns 3 E*M*R
Lot
0.002 0.010 0.0009 0.002 0.012 0.0006 32
(Error)
Ol S g 2
24.50 11.28 20.61 22.67 10.96 16.92
(CV)

AL ged I3 fme IS L ASL s 330 ) &l cla.» BERUSIENPEYREN S RTI PE 22
** % is significant at P<0.001, P<0.01 and P<0.05, respectively. ns, is not significant.
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Table (7) Mean comparison of earthworm effect on aggregate-associated C of soil

O30l 5SS 5510 Ol
30-days incubation time

Sl 6l o S
Aggregate-associated C
0.25-0.05 2-0.25 4-2 S S osS6
mm mm mm Earthworm factor
0.191+0.015b 0.921+0.08b 0.141+0.018a -E
0.226+0.012a 1.04+0.09a 0.137£0.019a +E

O gl Sl 55,80 Ole

90-days incubation time

Sl 6l o S
Aggregate-associated C
0.25-0.05 2-0.25 4-2 Sesos58
mm mm mm Earthworm factor
0.153+0.012b 0.861+0.079a 0.132+0.017b -E
0.189+0.015a 0.908+0.078a 0.152+0.014a +E

1O R0 Dl (5150 Oghw B 33 Dglite B9 > b (S 1kl Sl i 1Slw) sl . S p 5 b FE (S p 5 O3 «E
bl 0 (P<0.05)

-E, without earthworm, +E, with earthworm. Numbers (Means + standard error) followed with different
letters at each column are significantly different (P <0.05).

OC E@B1 OB2 OB5 BMI EM2 EMS (B) O0CEB1O@B2OBS BM]1 RM2 BMS

1.6

1.2

0.8

St 4tasTS e ,5
Aggregate-associated C (%0)

0.4

4-2 2-0.25 0.25-0.05 4-2 2-0.25 0.25-0.05

Aggregate size (mm) Aggregate size (mm)
Llar o5l A3lasS o 3ol

Sz gw Bl skl (C) GaambsSl 395 (B) A+ 9 (A) 3957 Sloj 35 SIS (9 8 » B 3lugs slke 9 £ F1 (1) KO
S 255 M5 ‘oo yd ¥ (5917 395" M2 oo yd 1 (597 095" M1 fao 38 0 sl gw BS fao 3 ¥ sl aw B2 fao o
Aol o0 w033 0 i axdaw 50 H18 o D9 D99 pus oA LS Ol B9 > (Ao 0
Figure (6) Effect of type and amount of amendments on aggregate-associated C at 30 (A) and 90 (B)
days incubation (C, control; B1, 1% biochar; B2, 2% biochar; B5, 5% biochar; M1, 1% cow

manure; M2, 2% cow manure; M5, 5% cow manure). Same letters show no significant difference at
P <0.05.
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