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Background and Obijectives: Due to the lack of suitable water resources
and poor soil quality (high salinity, low organic matter, and plant nutrient
deficiency), the increase of arable lands in arid and semi-arid regions has
faced severe challenges. The use of organic amendments is recognized as a
critical strategy for plant production in such soils. Nowadays, humic acid
(HA) is known as one of the eco-friendly fertilizers that not only preserves
soil quality but also plays a significant role in increasing the production of
high-quality agricultural yields. The present study was conducted to extract
humic acid from two sources of cattle and sheep manures and compare
their effect on maize growth characteristics and inorganic phosphorus (Pi)
forms in a calcareous soil compared to the commercial HA.

Materials and Methods: 25 kg of sheep and cattle manure were collected
from the farm of Shahid Bahonar University in Kerman and composted
separately under controlled conditions for three months. Humic acid was
extracted from composted manure using 0.5 N NaOH (1:10 material:
extractant) in a dark environment under no oxygen conditions. The
extracted HA's chemical and structural features, such as pH, EC, elemental
composition, and functional groups, were determined. To investigate the
effect of extracted humic acid on the growth of maize and soil inorganic P
forms, a completely randomized design with seven treatments, including
0.1 and 0.2% of cattle manure extracted humic acid (CM-HA), 0.1 and
0.2% of sheep manure extracted humic acid (SM-HA), and 0.1% and 0.2%
levels of commercial humic acid (HA), and a control treatment was
designed in four replicates. The seedlings of maize were planted in treated
pots and kept for 70 days under greenhouse-controlled conditions. At
harvest time, the fresh and dry weights of the shoot and roots were
measured. Soil Pi fractions, including H,O-extractable P, NaHCOs;-
extractable P, NaOH-extractable P, and HCl-extractable P, were also
determined after maize harvesting.

Results: The results showed that commercial humic acid had the highest
pH and the lowest EC compared to the extracted acids. In contrast, humic
acid extracted from cattle and sheep manure was more acidic than the
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commercial HA. The results of FTIR indicated the presence of phenolic
hydroxyl, carboxyl, and aromatic rings in the extracted and commercial
humic acids. The results showed that only 0.1% of commercial humic acid
had no significant effect on maize's shoot fresh and dry weight. In contrast,
other extracted acids, especially SMHA, significantly increased both
growth characteristics of maize. In all treatments, the overall distribution of
Pi forms was HCI-P > NaHCOj3-P > NaOH-P> H,0-P. The results showed
that HA application at the rates of 0.1% and 0.2%, mainly extracted HA
from sheep manure, increased the contribution of more labile forms of
inorganic phosphorus, including H,O-P and NaHCO;-P in the soil.

Conclusion: Since extracted HA from sheep manure and cattle manure
have better quality than commercial HA and more effectively affect the
growth of maize and labile forms of Pi, these resources can be used as an
alternative for HA extraction and HA-based fertilizer production. In
general, 0.2% of extracted humic acid from sheep manure had a more
influential role in increasing the labile P forms in the soil and the growth of
maize plants compared to other treatments.

Cite this article: Hosseini, Sara, Hejazi-Mehrizi, Majid, Sarcheshmehpour, Mehdi, Fekri, Majid. 2024.
Comparing the effect of manure-extracted humic acid and commercial humic acid on the
growth of maize and inorganic P forms in a calcareous soil. Journal of Soil Management
and Sustainable Production, 13 (4), 115-132.

m © The Author(s). DOI: 10.22069/EJSMS.2024.21366.2101

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

"1



L g 9 S e @y i

PEPYSIVY :le UL
FEYY-1YV0 1Ml LU

Sl SB oo (ol

© ., 8/
z:c:cy 1 v.'(:'l/*‘&"

&5

2 S0 sl S0 g 9 (018 518 8T ) (21 3! duil S gud gl Ao
@TJ"Q)@@MN@“J“,O}QM}

2 . Y . Y . A
S dows ¢ phaior e GAg0 ¢ (S0 ol Ao ¢ pam L

hosseini.s1989@gmail.com :asLLI, .0l e S e 5 al g Ky (53, 5LES oISy (St pole 058 Al ol S s gl 5l

mhejazi@UK.ac.ir :asbll, .01l Ol S le Sl dgd slSals (g 5,5LS Sl (Sbt p ke 65,8 HLEs o stme sl 5
msarcheshmeh@uk.ac.ir :4sbL1, .ol 5l Ole S Olo S al g ol&ils (g5 5LaS oKL iils (St pse o5 S Ll
mfekri@uk.ac.il’ IMUL:‘\) U.J'l\ chdJS «dLAJS J.AL- .L.@.Z a\i.i}\) 46;\))1.:5 a.ﬁ.ﬁ.ﬂ: Sl f_}l& ajjg sl

Y
Y
£

RS dlas Sl
oS sl b (65538) Sl CodS 5 mbio ol s 3508 W 4 1508 5 4l Wl g 5

b Sistanys 5 Si gble s oy ol Sl ((alE Llie ols 5508
S5l S Olge a4 JI Glae iSOl Sl eslinal ol o axlse gdr sla Hlr
Olgeas dol Sonsop o550l Coslods s lis LS oo 33 Jsem A5 6l Sl
Lim 1) Sl coiS S & & Conlodd antlid Con L L S5 slas S 51 S
andlas o)l Y kS b (65,5lS SN s A5 3l 0 plima A8 oS AS e
Sl alie 5 ghin S 5 8 55 mie 55 Sl del Sogn gl gl ke 4 Sl
Seogon banslie 55 Sl St 3 Sume Had IS 5 &3 iy gl Sy » ol

Al (ol

Ou;j&bwa@\)d&)}dj‘éj@}‘jmﬁ}}Srjgjl.:s\‘oJ‘MZ\AJ’JJ}‘_’A
dﬁw\.uw”soud;s@t,;ﬁa@l&%ymuwaﬁwdwie},
) s 3 dle i /0 e dnS s Sl eslitd b el G 5aS 55 Sl el S g
plonil 05S1 g oo Ll b 3 5 Kb s S o (oJ:;SC\f;ml‘u.JT osle) Vs
S5 EC PH sl eaipl ol dl Sopon ol b 5 plard Gla S5 (2 0
Ly ol el s b s Gl A e el laes S 5 (e
Y 3 e Jols Sl VL sl SIS £k S e i sl IS5 5 3
Al Ko sy /Y 5 0N thm EE L Y- N IS JE W B W RSP R W
S ool 4 (ol el Ko gn sy /Y 5 /) th,ﬂ (i S 5 S Al

a5 = ke S e

VEY/ 2 Y/Y :C.;‘ijb é’JU

VENY/ e VT :U:"«!‘J'«'n’ @JU

VEY/OA Y 1y sl

(SIS slaelly
ol g5oslis
S5 slas S
Sl S
wluls Cy e

Bt

Yy


mailto:hosseini.s1989@gmail.com
mailto:mhejazi@uk.ac.ir
mailto:y.zeilabpour@gmail.com
mailto:mfekri@uk.ac.ir

C}la.... Lot sl OIS 5o o3 gbadlg s ~1b 1SS Sl s dals Hles
A (eSS SIS et S Tl b s 5, Ve S 5 SIS el So s il
e it gl S8 s (g Sl Al 5 sl le i 5 o3t O3 wsdls p Ol )2
b Al M6 b Sl S b Al BB T L gl sl b Jols S s

S e D3 Ll Sl ey e SOA IS Ll b Sl B 5 b A S

PH hls suin S 5 6o 558 5l Ll sl sl Soogen oS 3l 0L b sl
Jole Glaoy S s sy (il dowl Seogen b oaslie 53 VL EC 5 sl
Aol oo gen 5 ol gl sladul 53 SGles)T slaail 5 oS 5 S (S g JoeSsdn
(GBS Sl Wy s S o3 Ot b ol el sl
O lestls s 3l 03 e 6 b Al Seoger Sl doss ) e L
555 5 el Sapn Al oy w0l sl ol ol S s sl
Gl S8 IS s bales elad o3 als Wl s sy (Shs 55 4 cgdidw S
‘N s 305 35 H,O-P <NaOH-P < NaHCOsP<HCIP &y &) e Jid
Gl g Cedls (Slii S 55 Sl sl Al ok s desl Sager Ao s /Y

das 505301 NaHCOs-P 5 HyO-P ol St js Sdae jind 5w mws LG

S G S sl slas S 3 sl sladen] Seagen S opl 4 a5 b 16 S aom
JE G IS 5 b ady Rl e S 55 sk 4 s adl bt Se
RS g Al G U5 e @Lu gl ehas S s Sl ald s
355 5l Al del Seser Aoss Y e S5k 285 e e el Sn s il
Sed s B Gl IS0 Rl 53 55 G ol e b aglie s sk S

Sl 23 olS sy bl s S s

5 Al del Saged 58l alio (VFT) e (6558 (s etz s e (Se 3 Dl (s 10lius!
5 B Gyt 427 ST B Sy 3 ian b o S 5 Sy A, 508 ded Sanged 5 old slonsS
AMNONTY (B ok ads
DOI: 10.22069/EJSMS.2024.21366.2101

[oRoIe o 5,5 el 3 53 ol Al

A



)0 5 s Tyl [ o 5135 1 aTy5ian] sl Spogud 35U duans o

st ali Sl s Seges SLS 5 tals
Cadl 5 CodS Sulsdl S oy el elal aes
e JT S 5 51 Al Sinen o) erl (S
Gl 4 S 513 ar g5 3,5 S s Ol 5,8
sslassS Sl Seeser DS S A (B
S e 53 ang gl S, Sl S Olge 4 L5 e
22 S o 3,8 B g s il glasS
S el 4 8 Olslis ble sl sladl
3 Al Sensen il G5 aee i s slassS
Spe 5 S adandsg Oy & del S5
My (VA 0) cl asl il OblS Al
ASis g & s las S 3l Soga LS 5
L oA glacde anns 5 ol 4 by
5 JE8 5 Jem w by OUSCEe S e
Sobo BU Dl e 5 b S A5 o
LS o Bk
oS s ol Sl 8 Seapa DS S
3 Dok (U S albe sl 5 LS Ll
5ol s slede bl s 558
Aol Sngon oo 4 2L 5 (el (Slad sloms
Goars L) L e Gl Aol SO
b 5 Bl Sl s il Conls
Sl 52 el S5 el S ST 5 5l
Ll s bl S s s gpelol-
3 Al &;ﬁjwl&ﬂdﬁlqowb
Soosen (A) Gl sl Gghes Sosn LS 5
3 O5soded O3St 05 30 S 3 Sl e el
o3l 38 e

s (1) 3,8 3 OlalS 5 Lol 5,

Gb L 0Ll s, Kig e Al S
DS S 5 oSt Bl Ay gadsey g Sl
das il |y D A, 5 e3ls 15 Shoss

Candy dpg 0 G M Al Shega ()

4

Ao

5 ol sl 3peS il laus g 3
Ll 5l b ol cudS deol ol cus
O35 Sal 5 olie ole 35S el (g5
Mg Olpe 5SS mhe Ll s
s e bl s isliS SV pame
O 4ol 03,8 e g Al L Sistens
» gl ole s Jlole I S o Lim L
P s el aee OB Ol e 4 S
gble Sal glasl s g s 55 s Shas
0 28 e e Siaes 5 SES
Sl 2 sl S s8OSt @l
moe @22 00 f el K Olpen goslis
e 3l St Cilise sla S35 sae 5 3lse ol
aS ol bl il e Skt gpbols
Stk shelen sl st sl Lls e
i s e gl 5 S cadl &S sl
o gops Jboa Bb 5l sl axlse o L
Slistang 5 St Sl s als slas S G e
Ll Lnes el $o5d JSAa b o a0 S
sl s 58 oores Spdy Sose bll L
Es OSln ce KlS e Do 4 el
oiobe S 358 (5,ulES bl s 5 slacie
ol g oesdhe 3 Sdalet o | e slacile b
Ll Gk Sl LS e el gleasS el
S F e Sl Sage el el Toaa T
5ol S S padee bl 5 S s Lole

2yhelS sl ad,
ol ol lele S 4 alS Ll bosd
P s () Ll S s (e LSS
bV 4 AlS 6Ll 5l Glodes i L OUL

o Al l &S Lpd e ol gl S i

1- Immobilization



V€Y & a)h».fs AY 0,92 4)|..\.1‘g: ..\“.Jys‘Slé A.qg.ﬁ.\.o 4?.)'“‘”

A O S S W S5 g
Vpame 5 S G Shy » el Seape
Koo ged S Ol 55 (11 00) Cdls dal g
S Lol 25y sl glassS 51 sl glaa
A3 wsp 2a50 oS oS 5 S id Coas
IO JECIN N TN AP S RPN
56 oS Jald als S g 5n Sl del Sasen
5 6ol el Sooger b O aslin 5 (i S
2 Al gl il 2l 6 )
St Ky G jaed b 8 5 o)d A

A el Sl

99, 9 3190

5 Gl S 35S 0 SHhS YO s i peS 4
ol dgd oKl (g pels asyze I 558 558
gy g gl S s sl mer OboS
sl b glacdsin 4 CenseS Mg 5 OMS
Aops Ve Casby s s e (6 e mla YoxToxon
55 K (LSS sle dw oo 4 ol aolsn
23l Sl OdS pesess el s OLY

(V) L aslons

HI=(HA/TOC)x100 )

Saie HA Gad gosn el HI 0T s oS
oS e (TOC 5 edizl el doul Koo
L s a8 Mile Gl CavpeS S

Al 6 S el (g e
W\&ﬁdﬁm‘é‘ﬁiw‘&#c|ﬁ|
5 Shie S slassS el 4y sl saS
Sen g Slge Mol el eolgiin sy (558

1- Hummification index
2- Humic acid
3- Total organic carbon

K

5 S S Conex RIS (S5
YT IR PR S [P VAN CIN ¥ R A F
Soger (8) &S o Wl G paasS Sl uole
Sl A s3laslsT Gl 5l alS L
JB s s chle NI e S glads s
Sl Bl cdls nl () s e J s
LY 5 K (S Ulse w58 O 5 b s
Seogep 30 Sl day fhed s Sl 15
OY) ol ods S5 0l
S 8 okt sl sl & a5 L
470 s3> 4 Ye0r Jlo U Ol Comer il58
23 SosliS hse Caeal ((OF) oL e S8 55U
S e gl Sl el 5 (S Sl
s e ol ol o e b apd e OLL
Blod 31 Ls 53 1y pame plie OO o 3 5 3L o0

g ol sl osls olastl st 4 CS Cla.w

o gl ol glses sl b 5l S Olseas )3
Shes S e Wl glle el el s ey
5 el Sl GYL S el g LB
Pt ] R L WA Cv PR PRI e Jdsa
ol 3 Sles (Six 6 Cud fass OSLS
Gl il glaols s B Sl L
03 esdate e 3l g 5 O gl B LIS By
34 S e nS sk laysiS (ke
€os 53 gadaze g BN 4 1 01l s .(08)
3 e glacdld Gk 5l wod s Ll
A5 Ol 255 onl b el 485 050 0054
Al 558 Gl Kl S s g 4
Fole Cla 5 1)t Sansen G 4 S
a S 3 ey e e Sldlas s Sle
5 S olend gl Sy ol ol 3 Ll e
e e el als LS ke olals 4s,

3 el Soogen JsS0400 5 plend Sl )8



)0 5 s Tyl [ o 5135 1 aTy5ian] sl Spogud 35U duans o

Yol o Ges 3l S €500 gl cuis
GolaS ISl Slades ws)re (g ke e
Cdlsp S e Do 4 LSl Al oK
5 SIS it el s S £je S
5t B Ss Fa  els e S e
S Sl Jsene Sbafs, 4 S olend
ssd s PHEVA)  (Sal aadlas 5,50 St
Sl e Sl slyls (EC=V/A ds.m™)
35S e W6 s 5 S 8 o oM
Sk oy (S5S 5 S ke V) e A
J@QM@;W}\MJA\;J@P)QJS
o303 513 515 mle ams 00 glas b T s aids
53 osh e 2o O S Ay Sea Bl
2200 ¥ Ode g el sy sb e il SO
L 536 sl S Sl s £ slas b Jlsy
A s OIS & 3kl 5l @b ek
5 el pslie (Sl Osesl bl o Jlaxl
aadlloe sl 53 o 035530 OIS & 55 5,50 ol
sl Sls oAb B LSS Sl 0 LS Y
Jols slinal 5550 slajles i o5 5550 LIS &
S ol desl K ped Aoy /Y 50/ C)Ja,.«
doss Y 5N s (CM-HA) (S 58
(SM-HA) (st S 555 51 o) sl dad Ko 58
(HA) () bl Sn g A3 +/Y 50/ - shans
S cusb; s (CO) el Jled S ol pon o
SFly b e s i Ghas Al e b
oo V) Slesl osss sl 53 as bis as )3
g8 s M Bk e 5l s Lt ls o3l iy
Lolaaiy, pined S e 50 dos 03U 055 3 S
ahyy 5 sletls Ko 035 A Sl O
051 53 AL ek gas s i 3l e o 3

A (5, Il e g 550 Sles U a5

A

S asie e e ol gl JOA) A ezl
Vo) G b els lansS 5l el g e geS
0 s b S0 e G s (e 4 S5)
Vi o o Ny 58 Jlis cow y b (Ve
by 53 o5 VU s b (glpaad b)) cele
Gt e SGS L ade cpl 31 da S esls OIS
A gl (Gease) s B 51 dglee U
Aol gl Sl Al Sager 055 2ol G
Jsles PH G a5 530 (i 0 SV 50 T S IS
Seeed kil d pl Cod a8 Ay YU 25>
Slr 28 s Sk Al gladd s
Aol S Ol SRl s b alsl s
/) HCIHF 55, Jgos U ) sl Ko sn
DA e b e T L (3legalls (Yse o)
el Sper Sulg 3 A el S s
5 i g a3 80 gles s >l Sl
) dode) s ales Al Ko son G\f‘aﬂf\ SR
] Al Sl gl S S35 (Fp s
EC) S, cyla ot 5 (H) sy
O S gen Lesl) Vo) Sl s el S g
FEialte 5 e PH os w0 (e O
15,5l JENWAY3000 Jue S i
O3S 05550 05500 (S Aoss () Jsd)
bos rland gl s s 355
Elementar Analyser Juae s,z 4 m o&aws
L g ,Seslwl system GmbH vario Macro
25 3 ol laey 8 oLl cgx (0 Jsax)
(FTIR) ju3 0psls i Sl vl sl
Los ormfors CMY add > ge sde o3sdous 5o
s, TENSOR 27 Jus FTIR o&es 1 eslizal
Gl Shy amlie ks (0 K8 ad as S
S Al gladl Jole glaes S 5 ol
2 Sl Al Seepr 5 ol Glas S G peS

(\Q) w\ b.x:.w) Q:Jl% 44 L;Jii.) J«A)ﬁ



V€Y & D)Lo.n:’ AY 0,92 4)|..\.1‘g: ..\“.Jys‘Slé A.qg.ﬁ.\.o 4?.)'“‘”

(HA) 6)\q£ .\.:.nl sS.:A_’:A 3 (CM'HA) 5}\? ;_,S &(SM-HA) 6.\.’&.«_’? .5_95 J'| o C‘J’.':"‘"' .L;.m' &.:n_,,n du;}i‘g -\ JJ.\>
Table 1. Characteristics of humic acid extracted from sheep manure (SM-HA), cattle manure (CM-HA), and

commercial humic acid (HA).

HA CM-HA SM-HA A1 s
Property
- 22.9 25.6 . et
Humification index
| Sl 5l
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The amount of extraction
9.5 5.0 4.9 - pH
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. O S|
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Figure 1. FTIR spectra of extracted humic acids from sheep manure (SM-HA) cattle manure (CM-HA) and

commercial HA (HA).
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Table 2. Steps and conditions of soil inorganic P forms extractants.
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Table 3. Maize growth characteristics affected by levels of 0.1 and 0.2% of humic acid extracted from sheep
manure (SM-HA), cattle manure (CM-HA), and commercial humic acid (HA).
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In each column, the means with at least one same letters are not significant at P<0.05 of the LSD test
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Figure 2. The effect of 0.1 and 0.2% of commercial humic acid (HA), extracted humic acid from
cattle manure (CM-HA) and sheep manure (SM-HA) on extractable H,O-P and NaHCO3-P.
(The columns with different letters, are significant at P<0.05 of LSD test).
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Figure 3. The effect of 0.1 and 0.2% of commercial humic acid (HA), extracted humic acid from
cattle manure (CM-HA) and sheep manure (SM-HA) on extractable NaOH-P and HCI-P.
(The columns with different letters, are significant at P<0.05 of LSD test).

100%
80%
60%
40%
20%
]

C)O \ :zy \ 53’ gg' @g& @g&" g&"
Q'\e Q”\? \o§ \eo e\? °\°%®
& N s N\

0%

EH20-P ®mNaHCO3-P = NaOH-P mHCI-P

CHA) (555 Koo b slodal 23 /Y 5 0/N 2 gha s 0kl S 5 ke i (sl JS5 o 35 -6 JSC3
(SM-HA) uiw s 555 5 (CM-HA) 558 555 51 1 el

Figure 4. The distribution of Pi forms in soil treated with 0.1 and 0.2% levels of commercial humic acid (HA),
humic acid extracted from cattle manure (CM-HA), and sheep manure (SM-HA).
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Figure 5. The effect of 0.1 and 0.2% of commercial humic acid (HA), extracted humic acid from
cattle manure (CM-HA) and sheep manure (SM-HA) on Labile-P.
(The columns with different letters, are significant at P<0.05 of LSD test).
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Table 4. Correlation coefficients between Pi forms in soil treated with humic acids.

Labile-P HCI-P NaOH-P NaHCOs-P H,O-P
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HCI-P
s s
- -0.69%* -0.57* 0.82%* 0.8%* s JB A
Labile-P

Solalas pde ™ o) clgM 33 olsbas s s 0 CEM 53 olsbae
* Significant at P<0.05, ** Significant at P<0.01 and ™ non-significant
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