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Table 1. Some physical and chemical properties of the studied farm soil

. Ava. P (mg Ava. K
Texture PH EC (dS m™! TNV (% OC (%
( ) ( 0) ( 0) kg-l) (mg kg-l)
Soil 1 silty loam 7.85 668 39 0.28 2.21 194
Soil 2 silty clay 7.72 574 22 0.36 3.15 273
loam

w28 el sAvVa. K (d> LB) o2l 8 008 :Ava. P odigd iz slge doyo TNV
TNYV: Neutralizing value (%), Ava. P: Available phosphorus, Ava. K: Available potassium
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Table 2. Some properties of the used farmyard manure

PH EC (dS m) 0C (%) N (%) Total P (mg kg'!) Total K (mg kg™!)

7.9 21 25 0.94 0.36 1.08

alllas 8,90 dalate ;o Soedily 5k o VEYA1FY el s Sl Swi)l g Lo Ol s -V Jgo
Table 3. Temperature and precipitation variations during the 2023-2024 growing season and long-term
average in studied region

. Les oefilee Sl sles uSile s slos pSle e 3y ot Y53 Eyome
Jead Mean . . : Total
Mean maximum Mean minimum Snowmelt  Rainfall L
Season  temperatur temperature (°C) temperature (°C) (mm) (mm) precipitation
e (°C) (mm)
Autum 8.5 13.4 3.4 1.5 72.3 73.8
n
o 11 5.1 2.9 34.7 109.4 144.1
Winter
e 12.1 17.4 6.8 0 163.5 163.5
Spring
F 7.2 12.0 4.4 36.2 345.2 381.4
Total
Sdwedids
Long- 7.0 112 2.2 - - 361
term
average

S slowd sl Shs p oo 955 50,555 slroaSHal g S g4 )..JL oibyls 4320 ol -F Jgoo
Table 4. Analysis of variance for effects of soil types with sulfur and manure amendments on soil
characteristics

Mean Square

S.0.V DF
ocC TNV Ava. P Ava. K pH EC
Block 2 0.0004 2.13 0.18 221.12 0.009 0.019
Soil (A) 1 0.0333** 1936.03** 19.06** 42195.00%* 0.210%*  0.324%*
Error A 2 0.0006 0.93 0.03 19.78 0.003 0.002
Teatment (B) 4 0.0065** 26.13%** 0.87%* 1579.25%%* 0.084**  0.367**
Soil*Teatment 4 0.0033* 0.53 0.11 1001.67%* 0.008 0.009
Error B 16 0.0005 3.03 0.04 91.37 0.005 0.008
C.V. 73 6.5 5.9 5.1 0.9 8.2

Ju.ul.) &P oo \ 9 I\ JL@»&‘ @aﬁu B 6)‘6 ) w).a A sk g %
* and ** indicate significance at the 0.05 and 0.01 probability levels, respectively
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Table 5. Analysis of variance for effects of soil types with sulfur and manure amendments on plant
performance indices

Mean Square

S.0.V DF

PH Biomass GY HI 1000GW

Block 2 272.5 359161.6 40190.9 0.95 0.71
Soil (A) 1 2900.8** 86584438.5%* 14516893.8** 5.63 18.96**

Error A 2 14.5 142925.0 6934.0 1.38 1.05

Teatment (B) 4 450.6%* 10774754.3** 2759040.7*%* 60.91%* 2.26

Soil*Teatment 4 60.8%* 2872167.6** 1079029.3** 28.53** 0.50

Error B 16 23.98 37212.0 5042.7 2.56 1.29

C.V. 59 2.9 2.8 43 3.0

* and ** indicate significance at the 0.05 and 0.01 probability levels, respectively
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Figure 1. Interactive effect of sulfur and manure amendments on pH and EC in soils with low and high lime
content. The solid line (—) and dashed line (---) represent the initial values in low-lime and high-lime soils,
respectively.

Codlgy SFTBHEM  jlas ¢ oS5 Hlas 51 sl
Loy al, SalS g Sal, S Sal ssyo
2 gals sald 4 Cawd a0 V4 9 VE ol
Bl s S I 5 s 5 1T 1S
Jhes! slo s 51 S e Sl S 0 a5 ol
(o] GluS 5 g ol 055 0,555 Joli) oo
S T 50,8 Olie 10 (610 Srme yuus Aiiaslgis
laoli,S 6,36 @il 256 Yl a5 ausS slow
5 e blie yo il oo LS g9 cpl YL pH
5 SHEM oS5 slols Sels S
L oaslio oI, S JT S ol5eSTTB+FM
aiols ol jls pxe jebay wall 3 SHTB FM
Gl & SaleS SB s T S Sl

\Ye

(Saly 5 Sales) S g5 g0 o ,0 1 Sal
9 S+TB+FM S+TB) o;; ‘_gjlp- Lgl.:o)Lo,:_'{
o oS a5 b o wsols ials Jlo sise jgboay
A&Q—‘)‘M ‘&Tbml wJ15b9o..\.w &’)9'OJ9"‘"’
Sade cde a4y ol 065 (Jl> 1l bty oo oS
Sol S obj 6,80 cod b (LS ;0 o5 F) oS
oo 395 o pH snino jials sl puilSo cans g
Cams (0l 355 a5 325 51 b JT slaanl aisle)
S Sal e 2als 5 bl oSS @



\F.¥ OLM»A'.J d O)Lo.& IF 0399 u‘f‘ f°‘.’.'> u&‘)) 4))“15

aisls Las (Karimi and Mosavi, 2023) (sgwge
Foil om doye S adale o Llo oS 0 pl5 aS
s S T on)S gaoy0 B0 Giali¥l e ge S,
oS 2 S b Cendlyis 0,555 008 Ll
sl ash S JI

3 STTBHFM) ols 555 + 0,565 0,15 ol plo
o ge plas pllol; Sal b S o (SHFM
Olyee Wilgd co Ll ojlas S I S e
b ,los cpl (Jl cpl baas oS 1) S Sal
Slgs o «Sal e (2olS yad SaleS S o
Das lEl sl S JT S

0.45 1 BHigh Lime (40%)

0.40 A

oo

ww

oo
.

soS ol loame a5 s Saly SB 5l o
5 5 Sal YU polie saiSsgase L
S (L5 jeba il S sheaS Ll
Jeily 5l Saly S L oawlie ;0 SaleS
S oy oy JI oS ensd 6l i
Lo po I olse 4o g 5l (56 Wl e
@ SHTB Lo 4SSl axg5 b aiss .ol L8
el JI S Gl gmgmie 236 ol
u...nl) 50 sold 0e8 galS nd saumoylis oS
Sb (So5ed bl 090 508 5 I S ks
9 L5‘°"’)§ ‘d.]aa.‘) U"‘ o o u.))f o):_>’-$ LS‘)'?
& Low Lime (20%)

Soil OC (%)
o Lo
S

o

o

o
|

30 A

25 A
22

Control S+TB
@ High Lime (40%)

FM S+FM  S+TB+FM
& Low Lime (20%)

20 A

Soil TNV (%)

15 4

10 1

5 A

0

Control S+TB

FM S+FM  S+TB+FM

&L«ob.blﬁ}jws&ilgujujb (Gﬂw;)OC 3 (&@le}ﬁ)TNVﬁ@b 395 50,565 Jlae SI-V S
Figure 2. Interactive effect of sulfur and manure amendments on TNV and OC in soils with low and high

lime content. The solid line (—) and dashed line (---) represent the initial values in low-lime and high-lime
soils, respectively.



g pol> .(Salimpour er al, 2010) wisy oo
aS Wi S oaslins (Khadem et al,, 2014) )l )Son
Olie «SB @ (5 paie 3,555 w0 )3 +IVO (0933l
S L Ll sl Gl S i M Jad
Cix BB jad woys <00 4 (Brae 5555
Norouzi et al., ) ;Ko 5 (539,95 <8l yialS
o 40 0,565 Bpae a5 Wo,5 5,158 5.5 (2018
SalS asly +/F2) S pH zals L Sal S
Cix BB i 5 Slilgw ol dald 4 o
ol ol o piae jelboas vald 4y cond |, S
Sbis b jlos & addllas 5,50 S 99 Grly analis
b aglio o SaleS S G BB Hans a5 ols
oaiiS Mol &) (6 ity Copuils Sal,y S
sl Jlosl b a5 g5k 4 ol las
4 S 032 BB 50l (S ol 50 oSN
as Jb oy wls plas 1) g paad Ol pass sals
WSS 091 yueS i S pely sl ST
913255 25 SalpS S 0 Sl azgy b
il 1y i B jid cls (FM) le5 &
S oy o ols 355 STy S o Lol s
S8, Dol )l B a0 8,565 ol yen oy a5 09,
g Saly LS i 68 e )b 4 Yo
Dgb oo by byl olews oglite lul,s
GBS 4 5,565 0538l a5 ol 0ids L35S
Chl gemslaanST an 18 505k 5l il oo LIS
.(Fox et al., 2014) sas iul3ll) aus ey
wodz JB paly 9550 50 i0de BB ey
“_i.ﬂ).% S )0 04 Joduzn oS Sl s (595
ol o gre jralS 90 FM § S+TB sl Lo
3 STFM sl las a5 J> 0 wul cas
SB e ol ol p 6yl ae JISTTBHFM
Sl 4 e (Mol slo o polai «Sal(S
Sade (p eS 4T Wad > BB puwly o Sxe
Sl (VS wl el SHTBHFM. Les jo )]
s ol ioldl 5l AU conl (Sew ralS
g ORI g O Sgngy 4zl 50 olS Lawgs

\YY

Al el bl Jlosl i0da BB yaud
SS1> )3 odx Bl el 5 jhd p (Solite
sloles ads (F S) culs SaleS 3 Saly
S+FM S+TB+FM S+TB Ll S >l
Mogies il coge S £93 90 ;2 0 FM
g WAl wallh jlad 4 Cond Ol LB jald
WS gg 93 o )0 Qi BB i i (n i
‘;L> 9O WOy S+TB+FM ‘5“;)4 )LM L Ja}g).a
Ol ol easlice dalls Lo jo jlake o ieS a5
5 goanie lapuuilSe 5l 256 Yl il
53,555 GgelannST Sl p S pH alS alex
Wlawd oluS 5 cudl> wlpl @ o
iz 5 ol 055 STl 5 5l hnd (g5Lusl]
AL ey asl S 298 cold
acluol Loyl cow ol ol ol oo (walwliss
PH 5 peedS 05 S 5925 oo & ¢ Sal slaS>
Gl 5San yaud  olionds gogS 5l oolawl YU
LSS 295 BB SeS jaud vgeS i o @
3,5 o >Mol Sleladl b lg5 oo a5 >0
03953l yaud oy Conid 3l sold 395 L ol par 8,565
Khadem ) ;),Ke2 ¢ ol gl b laazdly ol ols
S 055y St (LSl 4y aS (et al., 2014
ol @lie ol genld don )0 2555 5
00938 a5 Cewl oals (5,155 0l Slg e canils
25 a3 ko 5| W5 n S 4y 3,555
5 (SO0s) cldsw L (PO clawd o351
Lg ..\.’5...’ d")‘lo )\ PO, (Sjl.mé‘)"i ‘uJoLf_'i 6L®Jm
bl (S pH alS uxes 5 pedS
(Gunal et al., 2019) 5 )3 50 aud o yws
G2l 5 pedS 03,5 e L T Slse
oelS Sland LS5 5l S Jelme jo o] clale
daxie Olalas ‘L)—‘ ).305)'{5 J)LQQ‘S-«O 6)»55-19
L Sal slsls mal a5 wleols  las
O3S 01,8 0,565 i ansT glags ST,
Syt ) piaed g ytws Sl g s 1) 055



Obej saye & S )0 9250 polic (e (S

ols

B High Lime (40%)

(Nobati et al., 2015) l,Ken ¢ Lo .0l oLS
G L spate 0555 05 a5 ws s B)1F
od> BB ey 5 ,aud (S pH gazly < /AN
el bols Gaal38l ) s 0956 0 ,Slee 5 Sal S
olS haugy olae jolie Cis iulidl Lo o Jl>

@ Low Lime (20%)
ab a

Soil available P (mg/kg)
BN W A s an
U1 OOl O« O 1 ©

e
o o1 o
L

Control S+TB

300 1

FM
@ High Lime (40%)

S+FM  S+TB+FM
& Low Lime (20%)

273 d
250 -

200 -
144

150 -

Soil available K (mg/kg)

100 -

50 A

0

bc

Control

S+TB

FM

S+FM  S+TB+FM

s e i ol Sal g oS Sl b claS ;o 1, adgl polie oad i 4 (-—-) opuz o 5 (

Figure 3. Interactive effect of sulfur and manure amendments on soil available K and P with low
and high lime content. The solid line (—) and dashed line (---) represent the initial values in low-
lime and high-lime soils, respectively.

2 3 SHTBHFM oS 5 s op Sal, S
3, los g ails o,Sles polie oy i S g5 90
polde ppeS &S > j0 0S5 adg 1) S5elaw
oaipolis a5 og wall e a4 bgywe
Jols e cpl Glizl GlBlee sla S
210 955 «(PH oo jals Jole lgic ay) 8,565
Ll p 39 5 218 polic 5 I lge 0028 (yel)

\YY

€5 95 2 3 1S Sglgm o ySdos g dils o ,Slos
Jols Mol slo,les adS caxdllas 5)50 S>
5 4l 5 Slee FM g S+FM S+TB+FM S+TB
a0l ot b dulie )5 1, pasF Soslses o Shac
ool az ST JSK8) wisls iolidl Jlo gme jeb 4
Olyee Lol s canlive S £45 90 12,0 i3l
3 el Colie 4 SaleS S0 o Slas g



Sy mlEl 4l s jeba NPK glasss
OhSer 5 lawl Losh jomie (55)5liS DY g
ples 0I5 as wsls lis (Assefa ef al., 2021)
4 0555 5 IS 50 0,5 ekS VY jlade a4 jaud
Iy pauS ails o Slae LS ;0 0,555 VO o
Hlowd 4 G 00,0 OY 1, o5 o Sas g oo F-
=S 5 sled 0 paiS o Slas g 0ly o8l vals
slajles 5l i Jlogne jsba 0,565 +
S g (555 i L jhed L) (¢t
yaxs 93 ool o 8len Slo S em p osamsLas
R
kol gl jlas 1o o oLl g aige g5
Cuiloy paslis g ag el Jslite ol
5 sl Saly 5 SaleS b o puis
l, 44 gls)l SYFM 5 FM Jlos «Sal,, S
S ool (ol s cae jebay salld 4 cos
S+TB+FM 3 S+FM FM lo les «SaloS
S adls Iy g i) (p e Hlosine jsboa
obod ool plasvals Jlas b g B Solas
Hosinn jabay SaloS S 0 aig glay ) o e
S Saly Sy e Sl S i
plaslogs aly il py als oy wi,S+TB
=S 5 e SaleS S o a5 b 0wl
by 1) culey jasly op xiwSTTB+HFM
S g5 90 o 0 Culley asls polde oy S
Lo yial)ly e Lls) (o 052 S0l Lo 4 boge e
Sl b les (SaleS S o a5 ol las
Oty (SHTBHFM g STFM) ols 045 5,565
P e g S i) p e 1) Cute b
4 o 0SSl e sl sy
G0 £l )| slali>de BB 3G 55 (FM) ol
aig gyl polie o ion clls Clbls y asli g
Py a g SaleS S e clly jasls
A Cd STTBHFM s FM glo Lo

\YY

odiiS fogead) skl St 5 (e
SaleS S o sl (0,555 eS|
SR 5B 55 (M) als 555 55000 5,015
S o as Jb ol o Sles dgge p
a a8 b @y Sie oy L (el 255 (Sl
Voo (6,18, Dol l b B e 5,555 of joid
S bt oS o Mo b 51 ool
o el o Lo 5 (5,3l oo 5 PH 03258
b )b o Saly oS o oS (g )b 4 il o
il alS el LB pH 5 YL o3l
SLS o as Jb o 0sh o (ol slajles
B s Sl 4 iy gl SIS
9 999 Cenl 0l olS i Fal 4 e Lo jles
e 0 0,565 i (Luo et al., 2025) S
@ oS Cuoglin Lialidl g SlowST ST laps 5
OLSes 5 pals s 5 Sl ) e gla i
ol L as wis S )5S (Khadem et al., 2014)
ol Sl ()9 e Brae 9555 5 (o0 095 (e
3,5 A8 Wit ol cpl g Bl ol o)
& Coms s S 0SS 5 als slasgS plys
Ul s ojls olge pl alllas oyl
» Luetal, 2025) ), Kon g ¢f Lawgi cadsplox]
oo ylid pz 50 A lae VYPY g g VAV L
czse Gle jsbar (69555 sladsS Byae oS
SiyliS WY game o Slos (sao,0 AV isliil
Jelse ilbicos 60,555 055 Ll 5 coul oud
oz ) S slaThy el i s
g5 Jyame g5 (S Sy 5 Sel Gl
40,80 )8 Gk Ol g (o b (o) cus
i) e Bl 45,5 5 Jlte e
ol ae e VIV L (Ul jo yie oo Veee
25 (0o, O1F) i, beS 3blis 4y Cons 0 ,Shos
a5 oy azeS ool 4 bl ol lid o e
g8 S Ll Gelaly 955 ange Copoe
Syae Gialidl a5l e Wl oo melil s Jyame



12000 -

10000 -

8000 -

6000 -

4000 -

Biomass dry weight (kg/ha)

2000 -

B High Lime (40%)

& Low Lime (20%)

Connoll
5000 -
4500
4000 -
3500 -
3000 -
2500 -
2000 -
1500 -
1000 1 |
500 -
0

Grain yield (kg/ha)

S+TB
B High Lime (40%)

FM

S+FM  S+TB+FM
& Low Lime (20%)

Control S+TB

FM

S+FM  S+TB+FM

.ol..,‘)'spf‘_iﬂl.;dlsgo PSS s 0 ,Sleas g ails 0, Sles 5 o 055 90,55 blae SI-F S
Figure 4. Interactive effect of sulfur and manure amendments on grain yield and biological yield of
wheat with low and high lime content.
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EXTENDED ABSTRACT

Introduction: Plant growth and development in calcareous soils and within calcareous soil patches face
numerous constraints. Sulfur, as an essential nutrient element, in addition to its nutritional role, exerts
positive effects on the properties of calcareous soils through pH reduction. Consequently, it is utilized as
one of the most important acidifying agents for ameliorating calcareous soils and improving plant
nutrition. This research was conducted to investigate the effects of mineral sulfur and sulfur-oxidizing
bacteria (Thiobacillus with a population of more than 107 cells per gram) in combination with rotten
farmyard manure on the properties of two types of calcareous soils and the performance of rainfed wheat.
Methodology: The experiment was conducted as a split-plot arrangement within a randomized complete
block design (RCBD) in a dryland field in Hashtroud County during the 2023-2024 growing season. The
treatments consisted of two soil types (low-lime soil (22%) and high-lime soil (39%)) as the main factor,
and five soil amendments as the sub-factor: sulfur + Thiobacillus (S+TB), sulfur + Thiobacillus +
farmyard manure (S+TB+FM), sulfur + farmyard manure (S+FM), farmyard manure alone (FM), and a
control (C). Farmyard manure was applied at 4 t ha™, sulfur at 1 t-ha™, and Thiobacillus bacteria at 2%
of the sulfur weight. Growth parameters, including plant height, 1000-grain weight, biological yield, and
grain yield were measured. Additionally, soil chemical properties (pH, electrical conductivity (EC),
calcium carbonate content, organic carbon, and available phosphorus and potassium) were analyzed at a
depth of 0-25 cm.

Research findings: All soil amendment treatments significantly enhanced both grain and biological
yields of wheat in both soil types. In the low-lime soil, the combined S+TB+FM treatment (sulfur +
Thiobacillus + farmyard manure) proved to be the most effective, demonstrating significant reductions in
lime content (from 21% to 17%) and soil pH (from 7.6 to 7.2), along with significant increases in organic
carbon (from 0.27% to 0.40%) and available phosphorus (from 3.5 to 4.8 mg kg-1). These modifications
resulted in significant improvements in wheat growth parameters, including increased plant height (from
76 to 100 cm), grain yield (from 1854 to 4355 kg ha-1, representing a 135% increase), biological yield
(from 5984 to 10393 kg ha-1), and harvest index (from 31% to 42%). While sulfur-containing treatments
were effective in both soil types, the effect of farmyard manure was more pronounced in low-lime soil
compared to high-lime soil. Based on these findings, the combined S+TB+FM treatment (comprising 1
ton sulfur, 4 tons farmyard manure, and 2% Thiobacillus bacteria) is recommended as the optimal soil
amendment strategy for improving wheat yield in low-lime soils.
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