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Avrticle Info ABSTRACT

Article type: Background and Objectives: Given the increasing area of acid soils in
Full Length Research Paper ~ Guilan province and the need to identify sustainable resources for soil
acidity reclamation in the long term, the effect of wood ash and calcium
carbonate on the amendment of two acid soils was investigated in this

Article history: study. As the soil's biological characteristics are also important in the long-
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Revised: 03.11.2024 term soil amendment, thg biological indicators of the soil were also
Accepted: 04.10.2023 evaluated after adding calcium carbonate and wood ash.

Materials and Methods: Two acidic soil samples with an initial pH of 5.2
Keywords: (soil 1) and 4.3 (soil 2) were taken from the Fuman region, Guilan
Microbial biomass carbon,  province. Based on the calculated lime requirement according to the pH of
Microbial carbon ratio, soils, 4.32 and 7.94 g calcium carbonate, and 7.23 and 13.24 g wood ash

Organic carbon,

: < were added to soil 1, and soil 2, respectively. The added materials were
Soil conditioner

mixed thoroughly to attain a 650 g soil-conditioner mixture. Soils without
conditioners were also considered as controls. Incubation of the mixtures
was done for six months at optimal water conditions (70% field capacity),
and laboratory temperature (25 °C). Soil pH, EC, organic carbon (OC)
content, microbial basal respiration (MBR), and soil microbial biomass
carbon (MBC) were measured. Microbial carbon ratio (Cy,ic) was calculated
ato, 2, 4,7, 14, 28, 42, 56, 86, 116, 146, and 176 days of incubation. A
factorial-split experiment in a completely randomized design format with
three replications was done. The combination of soil type in two levels
(soil 1 and soil 2), and conditioners in three levels (calcium carbonate,
wood ash and control) was regarded as the main plot and sampling time in
12 levels was regarded as a sub-plot. Data analysis was done in the SAS
9.1 software package, and mean comparisons were by Tukey's test
(P<0.05).

Results: After six months of incubation, pH was significantly higher in
calcium carbonate treatment compared to the wood ash treatment (P<0.05)
in both soil 1, and 2 and reached 7 and 7.2, respectively. However, pH in
wood ash treatment was also increased to 5.7 and 6.3 in soil 1 and soil 2,
respectively. During the incubation period, the pH trend was increasing in
wood ash treatment, while it was almost constant after three months of
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incubation. The effect of calcium carbonate on EC was slightly more than
that of wood ash. The average soil OC content in wood ash treatment was
higher than that in calcium carbonate treatment. In the control and calcium
carbonate treatments, the trend of OC changes was generally decreasing,
while it was increasing in the wood ash treatment. In wood ash treatment
soil OC content was increased from 1.4 and 1.7 to 2.06 g 100g™. The trend
of MBR changes was almost the same in all treatments. During 6 months
of incubation, the fluctuation of C,. was the highest in the control
treatment while it was the lowest in the wood ash treatment. Although the
effect of conditioners was also dependent on the initial soil chemical
characteristics, the pH changes were almost the same in both soils. They
reached 6.9 at the end of the incubation period.

Conclusion: Although calcium carbonate application increased pH in a
shorter period compared to wood ash, the chemical properties of soil,
including organic carbon content and electrical conductivity, as well as soil
biological properties, were enhanced in wood ash treatment. Therefore, in
improving the pH of acidic soils, the effect of wood ash appeared
gradually, and at the same time, it improved the soil's biological
characteristics. Thus, it can be more compatible with the growth of
perennial plants in acid soils.

Cite this article: Ramezani, Anahita, Farhangi, Mohammad Bagher, Ghorbanzadeh, Nasrin,
Khalili Rad, Maryam. 2024. Effect of lime and wood ash on pH amendment and soil
biological characteristics of two acid soils. Journal of Soil Management and Sustainable
Production, 14 (2), 1-24.

m © The Author(s). DOI: 10.22069/EJSMS.2024.20561.2074

Publisher: Gorgan University of Agricultural Sciences and Natural Resources




L g 9 S e @y i

4 YYYY- 1YV ol LS «
N B iy
Sl S ool o YYYY-IYV0 : oWl LLS ca

Gl S5 93 s ) BT 39 9 PH THo! 3 052 S5 g SAT Wil

Foly s L Fo3130U 5 o e ¢ K 3 b | Sl Ll

anahitaramezani1995@gmail.com :asbll, .ol ul ey (IS oKy (g5 5LES pole el (S ple o S Al i )8 (6 el )
m.farhangi@guilan.ac.ir :asLL1, .0l ) cocsy (S oKiils (53,5LS oo 0aSals (St pshe 05,5 SLskal o gtns o 55 Y
nghorbanzadeh@guilan.ac.ir :4sUL1, .ol )« ) (S ol (g ,5LS p ke aSLiils (SLt ke o5 S Ll Y
m_khalilirad@guilan.ac.ir :asUll, .01l «d s OIS olKls (53,58 poke 0aSiils (S ple 055 sl

oS> Alas SleMbl
e (8L 3L 5 OIS Ol 3 (sl eSS mlans (51531 4y 4 5L iBs g ail &

R IR P PP A IR gNE JURVS RSN PIPE WM PO W PCRRREE s BB U
o S Sbt aydeul Sdajls POl 534S 0T 51 s gy sl SbE 55 Sl
o S 5 Sl 03553l 5l e w0 LS 2w Gbe axle (s Coetl 56 e

AR VO VO Rt PR by
A anlas 2T e

VEYAY/TY il s b
ailae 51 (Y S 7 5 (0 S 0/Y sl PH L sl St 6505 53 by, 5 alpe VTV i B0 5506
S PH 5 el os alons (Sl 5L bl ol ()15 e sad OIS Oltal 55 a8
WIYE s VITY 5 Sl S ondS 0 8 VAL 5 §/FY Jlis Cd ja sy muSl 5 Sl S

_ _ P 1o ddS claeyl
05100 alg 055 b 4, bl 5 el Y Sb ) Sl g O gSe o S STes SEOD
Z :nSL}aJ'.SC)Lp‘
WS 0 gl S0 s 45,8 a5 s Aals Olge &y 355 oS ol 3y oSl 35
=z - (I R
Y0 35d) JKislol slos 5 ol S b Aoy Vo spds wg Cusb) 3 ol T s JJSMJJ_SW
IS

(OC) JT 5 lsmn (EC) LSSl culin <ol PH i ool (Lo srkes 453
3550 2 S w5 (MBC) S5 S 03 58y 08 (MBR) o5 Sos 0y i
WA 6;0)l_b‘ BEB) \Al E) VET ANV AT 0T Y YA O E V(Y A,Lé 6\.&QLAJ BE (Cmic)

3 0 Py S

ol 1SS a3 5 balas SIS T B 53 0l s bk o) 58U ) so il
530Sl 5 (V 5) S hans 55 55 St (sla 586 5l oS 5 S g cnl 4 A
B3 5 hol &5 Olgs 4 (G S 5 DS eedS iSOl 050) sl
SAS 9.1 ,i5le 5 o3 baesls s 4 S K5 53 o b S Olgie 4 ke VY 55 (6l i sal

Al (P70 0) (S5 g0l L e Sl anlie 5 s LT



mailto:m.farhangi@guilan.ac.ir

osba Sl S e 53 Y ) Sb s e PH 05l sle (23 1 ey taasily
Ll (P<e/e0) dwy VIV 5V @ i 5 00 o maSE el 51 i ol ome
AP<e/a0) sy Ll WY 50/ 4 Y 5V S s Co e pH O G puS
Olares S S slad 5o PH 05l sSTl e)5 55 o8 ol 0L PH ol s L5
Al LB el SO g sle Sl S S Sl 3 S 3 5 Rl
Sagi 53 S OC (gl Kkn 35 g 1S 51 Sk SWIEC 5 oy S s
Sl s Ly Sl S pedS 5 ol Slas 53 5y Sl S oS 51 S e o S
FeSE e 53 g el s peSE e ss Sl s sy eSS )5k OC
Ly 2l Ln Y41 g 100g7 4 VY g 100g7 5 /g Sl sl OC (lgime g
5 Conie Ol 05l sS3 ol Vb 3 35 0L b5 e 4w 53 MBR s
2 eSOl b sy 5 wen Sl car eSbE Sl 55 5 5t aes 5l dals Sl
Lo PH S i g, S 53 a s Lol g anals 30 S alsl slasd sla Sis

Aoy VA 4 050l iSOl 093 OLL L3 535 o0 e

s> el L PH 5l S 0oy o g Sl b aglie s Sl S oS 1g xS 4
S S35 e 5 S (Sl colan Sl 5 TSl plent gl S U
b oo Sl S8 Ul e conlply il (6 Cands o S e 3 e
Ly b LS e ) Sl S s Oloses 5 gl GlasSl PH o AL

A3l 5l gl S sl DlalS

5 PH Dol 5 gz Sl 5 Sal ,...L OFY) oo ol lds oo pmd 0l300b 8 ¢ Blaeses o Sim b diall ¢ ilas, olcw!
N-YE NV Gl adsi g ST Gy ppdo 4 i (goumnl S g0 o s Shg
DOI: 10.22069/EJSMS.2024.20561.2074

[SNoIEN sy © 5 s e 5 535 e 30




ol)Se g (Slio, bl / .. el e Ml&,&biﬁi‘t

Ll slpe 33 Sl s S (Sl
5 o5 Sl [ ST elic s e
BLE Sl (ol 53 Sl 5,508 (0) Wil ol 5
3 S0 el Carsy dap lp Ol
ol Jgems OV gz 51 (ol 3 Shas il 53
b S Gl ensa 5 S PH Ll ol
Wispe O o @ME e ey Olpew
Sy Sal by pslie 51wl Jiles Ol3,sLs
(V) a8 eslizal ol 5 pama T Glaos gl
Gy s b 50355 (galadl SIS ol (Jl-inl b
San o3I 5l i Sl s Sl -
edS L ad O el e 4 e Sl
ChB s 5 oopd Sl S Ol pea
s SRS |y ke, polis sl g olS it
3OS ss S el b sl
LguaJ;;SC‘jL,a\ 3 el Cwewas Ol LS
Sl w508 sls slas S asle SUE |
Sahre O JB 5 sl (e —osliS
AN el ol
il plpl e Jol> S oy pS
Upame S Olsay Sl G350 W5 6l oo
SV Glge Moa o5d e S k5 50 )
SLls e S dadnSods 5 s
Mo K Spee SB o LU S
oslacal gl bS5 pH o eaas il 58l
Car S pH S eas 218 (0 Q) 555
Oy eSb 035380 L L(V)) el VW0 B AR
5 hle SRl ppedl Dy s andl S w

b SRl S oS Sl 5 ol gl

2- Red Mud
3- Lime stabilized biosolids

EVRTN

M 0 5SS 5 3 S S Ol sl
Olexr ol 3 s5usliS 5l A0 o
Sla=s Glls 3,0liS laS ds s a5 el
Sl S 5 o0 (V) Lz O0S gl
o) Wb LS 5 ciS el S ol
S Lla S 3 b e (6 ms S Gble s (Moo
Lol 5 (oys §) ss0>) K8l 0,6 s 5 5
iy BT WSty (Aens YU s0e)
2 L gl s ds s Vs su u_aktf
Elr S s desn WA s b S 2y
Siusles s,l8 Lol Aoy £/0 5 &Lyl BigE
05 P Ol gl glaS (V) L
oo 33l 34d e J”Tﬂ 5 Lteas WS ol
Slial ol S BB Sl 5l (Aoys $A)
slaaas 5 () wsl (v ol FeS pH) g
ole (Sldl el L St ous sdenl s S
S el gl g wy, e L)
ST Ll 5 sl Sla slasss Sl o3l
Dbl sl Oslas Ol sl s

sl b S
S ol Al 4 e S O il
53 s S alr Sl fals S
lr () apde Jpame 3 Sles Al
L ol b b gus gt 51 6,8
3,5 bl 5 Pl il e S 4 6 (s3lse
olS w aly S s eJ..L'SC)Mal FEREPTRILY
5 Sl Sl b, e (CECY) isuls Jals
St slae iSOl .l aiS 3ol 3 6310

S L (CaC0s) oo s oS fols (s

1- Cation exchange capacity



VE-¥ Y a)h».fs NE D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

s S Sl s S fas S
Gib SN Bl 5 LS o LAl SIS
L Sk Jsle c2S5L OlalS wsy ool
0 s WSl eslaad (YY) das sl
WS a4 e &S S e ool 1) Jal s St
O Sl st 5 St ey JIesle ant
(YY) 555 e
2 Gl S mae I 4 el
el Zol S bl (8L 4 5L 5 OIS Ol
f.:L: oah ol s S sl el s g
Ghel S 55 Aol s Sal 5 i guSs
RN P e IRSTEP Lol 5l e ey
Sy dal She s e S g gl S
5 Sl 03538 31 5w LS 2 gla e ls

S 3 o e s S

Wiy, 9 dlge
Rl 3 S G Sy omd 5 suls 4 g
55 @8l pesh adlaie I gl S Sl s
il 4 S ad (gls i gad OAS Olzd
5 Sl 0ks Kt a5l e s oedd iz
S andenl S 0T 51 .L0S 03ls e (8 20 ke
ol 5 B o 2R S1s e 4ty
(0) ol 54518 dsls Aol p G o ol 5 el
Gl & L obal Jall gl pbsls
wils gsli PH 5 ae Ko Sl el 5 )
e e (F 5 S) St gl alo sl
80N e 5 b b oLl lacaadse
YV s B, 8400 s YVe Vo 5o
wlsl ly ooy sy fLocis s S Jes

(sbond S Sy 5l & lads bl Gl

Ao cr Ji) Jbse sl el (VY)
3yt 2ol opl 5 Sl Ay lanil s o
23RS e Sl S Ulpea DSl 53 B
Sl ol pedle () &S Jas lagteen S
Ol s asd e e b Gl o JBj s dile
B S 1 - U RT3 1 FY S 1 PRy
(ol IS e b wlg e O 3l eslizal ! ol
osdie slse 055 o 53 5 Susb, Gl
B ol capso] casls 1y das gl
(V8) &S L= 1) Of 53l

ol Olge @ Olg e 1y 03 5an ) 1S
Gdas 3l 4o ut"’L’ (Sl LS 54 sl Sal
oS Sl S a8 5 U ane s Gl
Sboly S 5 bawSs,da .(00) 55 eslinu
Aol i xSl meSE s s s
O W e S pH sl Cel oS aaen
Cel G Sl &S ol ols OLES s i3,
S ee Slla 5 odd (15 K 0355 L3 el
A o et Sl S 5o 1) oL S el g
0 Sl edd 518 WSl es L(OA V)
S b e bl N sl 4 5 St 55Kl
N S S LBl e s
J= e o ol Uy S il Jals
(Yer0) a5 Ospm -(V4) sl JI slge G
SSAl Sl e GlaSE 3 oS Wsls oL
(¥0) 28l hlbles gy oS

robe 029380 5 PH Aol b o pusls
Ay Sl S a ey s ged e S plds
gl (M) aS o Culem G g Ol
5 aprpe Sl Wl Oy,

oS e ol 5l i s S e |y S



ol)Se g (Slio, bl / .. el e Ml&,&biﬁi‘t

Slr 10l b3l 5 bjles g5luesbel
o gaSE 5 Sal L Sl bl glweslel
sl PH bl baetiS 0ol Slis e slis
Aot Sal 5L el 5 (Y Jsi) S
PH bl » LS O35 g ol 2 ) 5
Sle S Sk emole kgt laie daol a5
A S ol 510) w550 51V 4 pH O
H" 05 55 o) UL Jss 55 Ol S oS U
@S e O Jse O35 (XS s Lk L
S s 5 s Vv O ol A
Sl S pelS r; VAL 5 8/FY dde coewl ¥
S 4 e iSOl Ol ey (Merck, Darmstadt)
2o Lol 035 b as esgpl sl 5l b
A-ly a sl (a0 elel) p S e
Sol dsly L Sl oSke Hsba Sl
bl pen 5 (0) w2 w5 S L s (Kal Jsles)
S g S e S WY 5 VYT s
S lad ol s 03358l ¥ 5 ) S pf o 4
w5 s dals Olsea 5B ekS ol Osy
Sdes 5 LAE 4 LSS aw s lajlas LD
e3gdme 33 5 o pdes 453 YO Glas 3 ole LS
OselisSOl ol b8 Cusby dsys Ve
5 et Sl Shs Sl e ln S
Cric s MBC MBR .OC EC pH L5
OV Y YA LV &Y Ghe csbaobs s
G134 gad abghsee 5155, WV 5 18T AN AT

A el
5 Josst b B s bl gyl T
IS a5 5 0l 5o ek 5 2 s S O son
SLosSt Sl oS5 S Dol 4 LS el

BE) cJ;;SC})\M\ 9 (Y 39 \ 6[}) cﬁw 93 > Sk

VoY ce o pH Ll S sy s (S5
Sl GVse o) S S 5 S oa o
o) LY cas s BCH LSS el
OgerldonSl 2sy 4 (OCT) JT oy s (Y8) S
(V) et ooy 4 Sl (Yo) 5
Sl s MBRY) 5 San ol ks
oo & (MBCY) s Ss 03 53 08 5 (YY)
Gl s Sl (YA) 0penli SOl - 2358
shs Sab s Sk S Y MBR (5 Se5ll
Sdeas (/) M) NaOH LS 5 5 dd ases y it
w0 3SSl SOb U3 e a3 YO les 3 55,V
3l e, S a3 CO2 e ol 55 s
JSas G b glad s Of Sl bl 0, S
AS o 2 1, NaOH 51 iss 5 osls HaCOg3
52 (/v M) HCI L euis 2z NaOH .
N R PR T S SV CE R R U T SRV
(+/o6 M) BaCl; = s 53 NaxCOz cuxlse
Sl ad el e @ Ol S e
Goldas b S 3 Y luie MBC (g ,Seslul
S el Y e [ plSKs oKaus 53 03508
sy el s ossd a8 Bl el
o ol 2358 St 4y e 355 3 Ol 5,
0258 odii a8 St Ol e 1) L
GRS VL By 4 s S 5 A
D e S5 Sl slapatle ol 4 S
1355 0350 ms S e 3 (Cimic)’ s ,Sen
(MQYCic g_lCorg) e S TS e

(Y4) s alons

1- Electrical conductivity

2- Organic carbon

3- Microbial basal respiration
4- Microbial biomass carbon
5- Microbial carbon ratio



VE-¥ Y a)h».fs NE D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

SAS 9.1 Sle s b Laesls s w S by e
S5 0sl b boSle anlie 5 Las LT

A (‘L*" (P<+/+0)

5 S eds oS ~Ssl Osb) CJM A
by s el oS Ol (0 msSb
cY/\ c\i cv cf, cY c_).&.w ) c}a‘d \Y )) L;)lb_).wu)»_:

&S Olgea Goy W 5 1T AVT AT 01 &Y

o olitl g S pland S Sy ) o
Table 1. Some chemical properties of the used wood ash*.
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Properties
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Table2. Some physicochemical properties of the studied soils.
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Y Sl
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Clay loam Soil 2
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Table 3. Analysis of variance for soil chemical and biological characteristics affected by soil, conditioner,
incubation time and their interactions.
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Values marked by * and ** are significant at 5% and 1% probability levels, respectively, and ™, are not significant at 5%

probability levels
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Figure 1. Mean comparisons of soil pH (a) and electrical conductivity (EC) (b) under the effect of conditioners.
The same letters on the columns in each figure and series (a) indicate statistically non-significant difference at
P<0.05. Bars are standard error (n=3).
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Figure 2. Temporal variation of soil pH (a) and electrical conductivity (EC) (b) under the influence of conditioners.
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Figure 4. Temporal variation of soil microbial basal respiration (MBR) under the influence of conditioners.
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