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Humic acid can improve water absorption by plants by improving soil structure and water
retention in soil. These characteristics have caused the use of humic acid in the soils of dry
areas to be considered. This study aimed to investigate the simultaneous effect of humic acid
and deficit irrigation on soil physical and biological properties under the cultivation of bell
pepper. A factorial-based experiment in a randomized complete design was carried out with
three levels of humic-acid (0 (HAO), 2 (HA20), and 4 (HA40) g per pot) and four irrigation
levels (60 (L60), 80 (L80), 100 (L100), 120 (L120), (percent of soil moisture depletion) with
three replications in the research greenhouse of Payam Noor Bojnourd University. The results
showed that the best treatments for improving soil physical properties, AS (aggregate
stability), and decreasing PAD (percentage of aggregate destruction)), were L80HA40,
L100HA40, and L120HAA40 treatments. Also, by increasing the dose of HA and increasing the
irrigation level up to L8O, the activity of urease, alkaline phosphatase, and acid phosphatase
enzymes increased and then decreased in L100 and L120.Therefor the highest amount of
urease, alkaline phosphatase, and acid phosphatase enzymes (ug NH4+-N g-1 dry soil 2h-1)
678.98, 845.54 671.30 (ug PNP g—1 dry soil h -) were observed in L80L40, which were to be
4.6, 5.9, 2.8 and 0.6 times more than L60HAO treatment, respectively. By increasing the
amount of humic acid and increasing the irrigation levels up to L100, respiration rates
increased and then decreased at L120, however, microbial activity followed by respiration at
L80 and L100 were not significantly different.

Cite thisarticle: Roshaniyan, M., Alinejadian-Bidabadi, A., Maleki, A., & Lakzian, A. (2024) Investigating the application of humic
acid and irrigation levels on some physical, chemical, and biological properties of the soil under bell pepper cultivation,
Iranian Journal of Soil and Water Research, 54 (12), 1929-1943. https://doi.org/10.22059/ijswr.2023.365880.669582

© The Author(s).
DOI: https://doi.org/10.22059/ijswr.2023.365880.669582

Publisher: The University of Tehran Press.
BY NC

ISNN: 2423-7833


https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:m_roshaniyan@yahoo.com
mailto:alinezhadian.a@lu.ac.ir
mailto:maleki.a@lu.ac.com
mailto:lakzian@um.ac.ir
https://doi.org/10.22059/ijswr.2023.365880.669582
https://doi.org/10.22059/ijswr.2023.365880.669582
https://orcid.org/0000-0002-9990-3546
https://orcid.org/0000-0001-5669-2489
https://orcid.org/0000-0001-6367-2793
https://orcid.org/0000-0003-3972-5802
https://creativecommons.org/licenses/by-nc/4.0/

YAYY-YFYY Ll
Homepage: http://ijswr.ut.ac.ir

Sidon 9 (2lowd (S8 (B S g (S ¢ Syl Blise zolaw 9 Siogd sl 39,5 w0

&laols Jilb cuis s SB

1Y o ko «OF 0490 ¢y 9 SB g 0T Wi alono

.1, A By i Wbalss SLod] O Lo -
U el (o (wlie FTgall s Ll Jle Aludl ¢ iy, Clige
m_roshaniyan@yaho0.com :asbbl, <l ! bl p 3 b ) slKiisls (65,9l oSy (S5 wdines g pole 09,5 .

alinezhadian.a@Iu.ac.ir :aebLl, )yl bl o5 ¢yl ) oSl ¢ 6y9liS 0aSutilsaS B wdigo g pole 09,5 Jotms ok g .Y

dr.maleki38@yah00.com :4sbLl; ¢yl bl p 3 bias J olKuily ¢ 659l 015> wl oudigo g pole 09,5 ¥
alakzian@yah00.com :asbll) ¢ )|l ciguico ¢ awgdyd ol ¢(5jyaliS 0uSuily (S cwdins 5 pols 09,5 ¥

oUS>

4

Ao OlNb!

Ded alS luwgs ol Gls Doy o «SB ol g)hha%s 9 SB slaidlo dgun b Wlgh 0 Siogn dpul
adllan bl () 3235550 )8 i 3590 S 3blio oS 1> Srogn sl 308 B 0 oo (S )
25 SB (Sfdon g 2lendsSosd la Shy » ileleS 5 Seagn sl lojen Sl )y Bin b pols
Sogn dpul grans s b (olas Lol sloSsl 5l B 1 g8 ialojl )50 4 clasds Sl cuss
(Lioo) 1+ {(Lso) A+ d(Leo) 5+) oyl scbas Jla 5 (SIS 52 55 (HADO) ¥ 5 (HA20) ¥ (HAD)) yioo
b SIS ©)ge @ 3j50m 95 ply oSty Slidos galS )5 (S gusb; a5l ao ) (Li2o) VY-
131y 8 oyt L120HAGO 4 LI0OHAA0 LBOHALD (glaylas ol i gl .15 plosil 1,55 o
aiztls (LAl g 55 1o ) PAD Ltalf 5 (4l (oylib) AS s S Saieb Slusguad st
5 ORI L8O slog 1> alld g sl jBlansd ol (sl 5T Colled «Spogn sl (e GRIEI L rion
Ui sl 5 Blid ST Gl 51 (slouy 1 ko (st sl inlS L120 4 L100 (gl oy
LBOH40 > (—pug PNP g—1 dry soil h) $Y\/¥+ 5 AFD/a¥ qig NH4+-N g-1 dry soil 2h-1) SA/SVA)
5 g ol Jltia 351 b 55 LBOHAD sl §| sidas ol 51+ 5 YIA DA §I5 s & 45 15 osnlia
(13550 Called o529 ol b caizbly [l L1205 Gupes 9 Gl e polie L1001 (6] gl 21331

SEBI (g)ly xe gles L100 L L8O j> puiis OT Js 4 g

g5y Alie 1l £od

VYV 8Ly U
VYN 16,5050 &0
A RAZAVA BE v SVR VP TN

ARANVARARAHFIRY

15 gleejly

(2 g sl bland oy 5l
SB )‘Tb)g\

daaliss g,lul

S Sy B p oll e gsha 5 Sagn dl 318 o (V547 el (050 el £ Sle bl sl ol o lige (ol bl

NN (W) OF ) OB O clidy dbre s Jili s 0SB idsr 5 abesd  (Supd

https://doi.org/10.22059/ijswr.2023.365880.669582

ol ol&isly ol L] duwho 1yl
DOI: https://doi.org/10.22059/ijswr.2023.365880.669582



mailto:m_roshaniyan@yahoo.com
mailto:alinezhadian.a@lu.ac.ir
mailto:dr.maleki38@yahoo.com
mailto:alakzian@yahoo.com
https://doi.org/10.22059/ijswr.2023.365880.669582
https://doi.org/10.22059/ijswr.2023.365880.669582
https://creativecommons.org/licenses/by-nc/4.0/

YAFY o g)ll iliseo gk 9 Siog sums! 3,055 ouwy 1 1051510 g yliiudy (ig3s — sole)

-

400
(HA) Soogn gl S (55diols 35m0 s )0y J1 (S (wgogn OlaS 5 ale (g slos e gl jl oaliial 09 5ol
sdelcndds (69l SLle g lblS 455 Sl olgy o] § ST 4 Lo9.o.€— aS Cowl uﬂ Sao | widu ¢(g pordy Jlidlo gl L
s «SB 5dos il b Gl 0 SBjd Siogh duwl 5,5 (Fan et al., 2014) 555 0 03y )5 4 Jgammo iol38l Cas g
Seosn dlgo .(Hal etal., 2021) ans jzals oLS gl 1, iosboy (i byl 5 998 ol G pume )8 ial3dl 5 SB 55 Ol cushass
9,50 ke Sl (S ol ) Saogn OS5 4 (IS4 500 olS 05 )3 oty 15T oalians 3 g uitans 5bo 4
e 35 oL 45 31 3 es 5 ST 5L s 5 S LS (clogyals Gl fishe ol il ales ) S5
Bacilio et al., ) 55,5 olS > (Suis 5 (59 Iyl ialS Caw Wlgi o Jals )0 Siogn sl 3,8 (Asic et al., 2009) )l
(2016

Bhati) 5,135 o sl p e I b 3, Mos 5 puerdlio s 2 o8 ol 055 8 i Jelgs (e jI (S Sis
obS )3 (olordbsn 5 (Kidgried (Soigleb e (slagunly el & cunl 1) ialS ((Sis 85 4 olS STy gl (et al., 2013
il ) (s5sts ¢ Sriogts pliowign STy )3 ST b (S G5 1 (B el 0 8 el Jlo 53 (ol 95
1388 (eogame e I oolil Cules 5 St j Ol gl oS Siis i plia > (Mafakheri et al., 2010) sas
5 G5 obS (e b (SiS 0)90 £, b cnlnly 295 (505 5le Ol (g5 5 B a8 (e 355 sladijyy (i 4y pl8l o)l L3
o gl ey Calag 3 9 459 (3903 K5 &y P8l (StS 000 g5 L g 300 4S5 ST s )3 1) 055 (slaag) Culn
Ol a6 joml jLid oS wudais dlge S Mg b ool o Sis i bulyps > 5o &b 5l (Nahar et al., 2018) sl
5 68,5 L wlg e oleS i .(Denaxa et al., 2012) wiS o ablie Sis b syl ol g 03] w1y by Joke
.(Bigluie et al., 2010) >4 LS wivlj g (ingy by (ialS & o LS 3, Slos 5 (2 (ged g Ay s jadls

5| e Sl 1 (SO Jald gy 0 jlod 4 (g5l phe SV guazol S5 Capsicum annum ale pb L glaods Jald
ool cumolty Aile (Sdxe polic 1Ly (gldads Jalb .aib o annum o5 5 Capsicum > ;| 9 Solanacea oslgls
Cundy 9t &yt 1ys] (PalMa et al., 2020) el Jslowo e yusd 5 Slgi g dismis,lS ¢ ssSd siile W auS] il Cy A
Ol (6ayb b uiS o S8 alS 4 5y 20345 .(Paradikovic et al., 2011) 5445 o odliiw] amb i sS pxo jl 0lS
odltul 3,90 guly Same — JI (cladgS (Dada et al. 2016) uuS )l ps 1y (s3ie dlge ol g (c3ie dlgo Ll (slacodgize SK-
(Manas et al., 2014) s Seosd duwl (gol> &S At Siogh dlgo ¢ yLS 23365 ;3

ainns ysbody Slyads (nl g WS 0 a8 o)l e (slayy L SB o Sy 9 i pole lo i &S ol
S jl 9 18bion (LS Cladgs )5 3,8l s Jalge 1 Ol (g yiod CublB g amd oo 5158 3l cou 1) ol 3 Shos 4 A3
Tohw 5 Seogp Sl 38 gy b Gimgdy ol crlpli )l S8 Sid de g i @il )3 Glul (Sl plas] e 503
A5 Ll glaads Jab cutS > SB (Gedsm 5 aliend (Sid G Shis S p bl il

Wigy g 9lge

SB 4525 9 5,12 040900

Oles e &y g (slaadd Jald oS g9y SIS o 3)5i50 o5 ply oKl (65,9liS saSiily Sladss aldS > e ol
SBelS catlyyy jl g S (Sidlsn 5 elerd 55058 Sleogad (s slaie 4y el Jsbo 4 catlyy b cuis 5l gy A
(Gee and Bauder, ) (¢ yog,ud gy 4 S cdl .ab Jate olRislejl @ 450 cas S 5l slbdiges g Suis lgn oS ya
(Thomas, 1996) .\ ‘yus gws culia L (ECe) S gluil ojlas S Sl colun g o PH lawgs glusl JS pH 400 1986
59y owexen (Walkley and Blake, 1934) S ¢ (JSly gy 4 (JI 32,5 ol ol (V) Jodo jd S5 adol cla 559
(Olsen, yiogidg Sl oliwd SaS'L g cpudgl gy & wds JB yawd (Brennan et al., 1993) JlalxS olSKiwd jl oslazwl b IS
@ S oyl w3l cullsd ¢ (Nelson and Sumner, 1996) g alads olKiwd b bl poudgal igy 4 e bl pulsy 1954)



(Lorias — oole) VE+Y olosidul VY 0,lon OF 093 eyl pl S g ol Wiligios 1AYY

S (oW 5 o) jblawd culled i (gl L0 (6 S0;l0l (Tabatabai and Bremner., 1969) iy 5 olblb 5o,
Alef and ) 59, & S 19,50 wis (Tabatabai., 1982) ws oslitwl w3l ol cdld (6pS0jlul 13 pouwye cla o, ;
wbdigel s Sis loa IS 1 S w0l cuiby jl o SB S8 sl Sy e jskaieds A5 (5 Se 310l (Nannipiri, 1995

A e ol 4 550 cas S )

ilejl 2 ol S (lomisSy 50 (ol ) g

Zn(Av) Fe (Av) K(Av) P(Av) N (T) ocC EC pH Texture Clay Silt Sand
ma/kg % dS/m %
Nire ¥/5- 10 YIYD [A¥A V[ 5y Y/¥A vy a Y4 ¥4 Yy
RIS 65w o3be] g auisbojl 25k

SIS g s 3y 595 play oSl ilaiow calIS p5 yyeS LT L dolas JolS slacSshy ol B 5 pils tmgds
izshy 455 bl 53 50, (L120) VY + 5 (Lioo) V- «(Lao) A+ «(Leo) 5+) ol el oy Lol Lasialojl celoysiS6 .5y3,5 1o
S 31 S Tl da IS (5looslel g 539s (SIS 51 5 (HAW) ¥ 5(HAR) Y (HAD) yho) Syosp duusl gelas duw 5 (S
slryles millae Siogd dpwl 0lie g A5y jg5 o ylAlS ) oolaiiwl caa (0,5 9lS Ve yodlie jd g b 03D jeus (gyio ue 90
20,5 4Ll ons i3 sS4 vl

okl Tobw Jlos! g glaods Jalb cuis

oo Gloj slaojly 55 (WIS sl S B O s Wb gludl Lol g0 4y I LIS «Sagn sl § S8 LIS ey
Cudyb cdls )0 59 lgis 4 cdls cpl o IS 59 000,85 GBgie J& Ol 25 el YT €l jlam IDgas 5 10,3 (6 5:50 5l
oSS Ve (ol Gl plalS 4 bnelis LIS 5 (glaods Jald ol ang 1 (WA (e g ) gain) ) b i8S Jlas )3 (1,5
A sl e Blw A olen plul Jobo b (glaads Jald sLis 9o 5y 0 600 )3 Jate g o)) cud )l s j0 Ll cughy oS
il aall 3y Ae ot 35 039 ol U g 233,5 Jlae! (6ybal g ol Sl il g loels Jish 51 g, VD oS
018l lasi olsie 4 (L100) &5 o0 (3 b ool diye Sy 5y ¥ pb g i) e a5 yolol  laals plos ()]
L1oo cLeo Leo) (s )bl cslajloss 13 5 090 Ol yladio g 3 b8 Jlas )3 (el)5 Cudyls b SIS gl 39008 (k) JolS ()l
20,5 43Ls] o )lalS 4 g el Cawd & (La00) JolS ()bl 5Ls 590 Of Jlade 3 VY ) o/A /8 Colys Jlael b ey 4 (Lazo «
090 0lS A5 059) Av 0)93 (o | oy 35 ploxl (s ©jg0 4 il dls o U o slacile g Olidas 0lS 3 0090 (b
() JS8) s cuisls (glasdy Jals olS sauw,

S s S g
(AS) kailss g,lb
A e (Y dlal)) olwl b usad jl de g 5 ST g, 5l ool b &S wib o (AS) el gylul da 23l 5l (S



YAFY o (g)ll iliseo Z gk 9 Siog sums! 3,055 ouw 1 1051, g yliiudy (ig3s — sole)

.(Kemper and Rosenau, 1986)

WSA — Msand 100 () akay,

- Msampel — Msand %
Y0 S 59y p olo Sb sdlaSE y5e WSA )5 & o lo +/+0 9 ¥ oy Slyd (59 Msand dlasly opl j> &S

Cawl SB 5905 py> Msample g (5,20 Lo

(PAD) Lailasd Cu y53 duoyd

ool aS el SB (S5 il objl gl edlatel 350 cslie sl adls I Sy (S (PAD) laasliSB o, 506 duoyd
25 T8 4 5 Sl (MWDer) b o Sl slaail S jlad (559 (5o o (MWDary) Seis SUl glaailaSs jlad 355 (5L

Md — Mw (Yala)
= ')
PAD [ — ] x 100
5o (Md) St I s 93 3 5 o 1 sioiskeo +/V0 0}131 51 5,50 eSS 150 (M) o (Ma) sl ) 5 45
b e (MW)
Syl Jalosi g 4 500

Sl 905l 51 ookl b by pSile duolie 5 ©,5 51,8 355 3,90 V& a5eus SPSS (g5l 51581 o5 b ialojl cpl 5l Jeols (slaodl
30,5 Al duo 3 O Jleis! pdaws 3 4

) g b
SB (S5 s S 9
(PAD) LailaSa g 55 wuoyd g (AS) LA 5,
(L120) 20> VW o)l o 53 5 2l (L1oo) B oyl geas 5 by Ssop gl 2l331 L (AS) basliS B gyl ol
SN e lie )3 391yt LooHAG Jlos ) Casuns ol Y/ ¥ &8 05 sanlite LiooHa 13 AS 0 VU (oo el ) JS5) sy inls
5l 508 PAD jlsie dxya (o ol Y JS5) 05 oanliie LiooHAG0 b duglie 15 2138l 0oy YY/A+ L LeoHAG ,3 PAD e
» &kl (Wang et al., 2013) )by co,55 blie )3 (g yiin Caoglio (YL (o)l b slacSs 15 aiib o 5ylub aasliss
(Huisz et al., 2019) 355 o SB laiblo o 55 4 yoeie colis 53 9 SB plale glaisly (b e el Ll ol ol
(Emerson, 1997) 555 0 yiSsoS &l)d a4y alaSB S cel b o)l

o8l el (oylol a5 Wdges (5155 g oy |y SB laashiSE )l » 59,56 365 ¢ syl I Huisz et al., (2019)
55 D i ) S el o3l a5 b canl (Sas bl Ll 5 05 AS s MWD abes jl S5 o)luly sl asls
0> Gl > ool &S b (2 gLl Cagboy o B adsl cugl) jlade (38l (a8 L 1ge (ad s s 4 balSE
(Tisdoll and Adem., 1986) wil o <SG plo Juuwslty s (ialS” > dy o 9 33,5 o (s i pads 33l 0 &S Canl olsn
(Arvidsson and Bolenius, 2006) 1L o yil38l augs a5l 5 ol 9 YL slacosb; (0 balSs co 50

o3lo Dy yids (615 gixe yobas HAQ b auolio 1> HAZ 9 HAS (clajloss 15 )bl ol olos ,d laailiSE (g lub olie
Sl 5 S5 O3 Sy IR 3 S s Seo b 5 Camar SIS rizren 5 K0S 4 S 0l Jlasl b
Vlain) cuslio asboy Laslyid 4 3939 o2l b .(Bal €t al., 2019) 3950 LA (ylasl i3l cams 5 423l (28 S lazslo
Slopy Comal I S laiblo (g)lul GilEl ) Seagn dol Gpas b 290 jloalSE 5 (Satie 13 JIsle b
GoPsine Bygo & SB plalo (oluly sloasls palie S 0 slge Bras VL plis 3 Sigygb 4 Cusl I8
SB S oslo (20> YE) YU I 52,5 0u0)d 3959 9 Sangt duaol 3,0)8 31 )3 imgs ol 3 (Fuetal., 2021) sob o yil38!
a3l S T oo Gl s & S Gimsh il 0 S il sl SRR calpliy il QIR s Sy g
Jade il g 55,5 claaliSB sl 3 Jslge 50 i » Jwe Sheng et al., (2014) cloasl b jingh ol (sloassl



(owigzs — ode) YE+Y slosiin] VY 5 ,lowd 0L 0,93 ¢yl ! SE g Of Gliaiss 1AYE
w93 5 9% <Ol 9

Yo I oS 2o 4505l plgiies ol pimgl 50 cnlplhy bl Sl on Ll ()l 5 ol s i (Sl
5 e B3 G et g i & 5 003 S sads) S3 oo 4y i 0aiS Slass Jole lyie & Sogn el
.(Blanco-Canqui et al., 2006) cul 4l il8l aliss o)lub 5 ials bals co 56 o) (J e

&l
70.0 1 b ba BHAO
BHAO o
. - 60.0 " BHA20
J BHA20 EL 50.0
3 2 ' &HA40
R @HA40 9 g5 400
7 2 < 300
R g 20.0
3 10.0
3 : 0.0
L60 L80 L100L120 L60 L8O L100L120
(/)6.)\':‘] C_,k.w (1) sl C}h«

(©) BAISE Cy 55 203 9 (W) BAISE 5,10L 1 5 ,ll Z ol 5t Suogn b )lows Bilite il .Y IS

SE G 9 (2lows s S ig
SB o0 (gl g W j5lhund (glags 55T
o1 o33 L (g e o )Y USS 55 land dul 5 56laud ST oyl clams il colled i Simsn sl 5 gyl zslaw il
5 6l ST (lo gl (elaos 3T cllad yalio oo b o)l ok Lialal 5 Sposm sl o Ll b s bl 1 canl
RWHIRY LS)])@’“’ C;9|.§3 L100 L Lgo 2 lmw;)j L)" u...]l.xB d9>9 u"] l., ‘..\M.Bl., wﬁlf Li2o 9 L 100 20 e g UAJ)B‘ )bb.w.s ,\.,,.»1
AY0/0¥¢ (ug NHs™-N gtdry soil 2h? sYA/AA b jbland sl o 56laws W1 Gloygl (slaps il Jlade o yiin ol plo
de .163gs (LeoHao) Hlow 51 i plp B1+ o VA A/ (55 4 &S w samlie Lao > (Mg PNPLIG™ dry soil h) svV/y.
29 LeoHo )L)...; )l pra )_1])._7 YN 45 Lol Cawd e YO-/0 (|.lg PNP}J.g'l dry soil hl) LeoHa0 )l.o...; 5O L;,\,..m] )‘Jlﬁ.\.\.\.s r‘,:)j
Cne Seagh Al (99581 13l oo SIS 3b er 3l cllad S 0 15 352 g gl S £S5 don s clplh
35 51 capsSeo ansle il 5 S5 Gl (g o oY S5) 05 gor 31l Gl sl g bl por 3l b 1, 5
Lyl o el ST 55 O (60485 B Lil3l b Koot dpusl sl LT cdlad Sialsdl Jole i o 1y T coloosS
Loyl oy (omo i yiol33 Tejada et al., (2006) .ol odly ial3dl (a5 bl s 15 1) oo il cullad g oas S p> ogb,y i
38l ledges sie bailand collss ialdl L5 1) celady, i g Ll o Il slge 9,8 4l Jlos 4y i dlge &
Ol ol shgssy o 1y hlule sy culled ol Jlis 4 g osd (glady, Slxd g (9,5 0398 Canj G131 carge I olgo
.(Christenen and Johnston, 1997) s 0 oLS jaws ) 50 bblawd culled g ades isl58l el dons )3 wad o

b (o plgie 4 3,l8 156 SB a5 29,50 Slocled s b g et Oyg0 4 Cunl (Sae Cugh,
Zhang et ) ub o (ials o 5usT (09 (wyiwd )0 Cudgiome Jud 4 wad o S5 gludl do & S Cugby a5 Sloj (9,500
=5+ e 0 1y jloygl ol cudlad oy ¥ line 0 S Caugby yialS a8 aisly L Sardans et al., (2006) .(al., 2022
s eBald gk 5l g ools Ll S s ) Jilend T Clld «Sengn dpusl dlon 1 T codgS Lbob 5l ol Lials ao )
Culled 5 Ay dame 9 S50 (Garg and Bahl, 2008) tgs o S Jolore 13 yidus yauwd ud pald coge (Mool g A
Pascual etal., (2003) Jlo (gly 1 oanlio (o3b; ), Lidg bawg ciliste slbS ) Cilisee T dlge B yae 5l 1 029,540
by J g as olales o el cudld il a4 asg bl cans O 3 Joloe o9yS YU Hlade a1y Lol 38l ol cde
3 L o Conan (5 085 ol gy Camar GBI (el Ll 5 4Bl (Il ajos BB oS oliee cbleices



yayoe .. LS)L?‘MCS““‘*’S&L‘“? Sow! b).‘*)s W 10‘;&»&9&%9) (dwhg)a— ‘soJ&)

Sl g 5Blawd WJSIT T o)) cudlad yiol38l el Siogn dul B o cpols adlllas )3 abled o Lol 1y 5T 050l ao 30l cJlad
|y S 56 Sagn duasl 125 inl3] Soslm called s ato 15 L |y Loy 5 cadled Wlgi o Sicmg sl o 3] S6lind
J555 5 Bl w3l s Sl o e dlaly oS bl Sl g am0 o0 I3y Casb) b (gl S LUl g Aise 0 39

(Chen et al., 2021) 5,ls ;blawd o3l cullsd [ial38l )3 Lot Lid Saogn wl )l 2939 S

- @BHAO _al
HAlOOO g a BHAO
= 800 4 2 e BHA20 . 1000 -
= B B pegbcd = @ HA20
3 2 500 - & EHA40 o 800 - a
2 ;E i 600 A o b b mHA40
3. o 400 A = 5
b) % 25 400 A
a 200 - =S
2 T 200 1
o0 Z 0
L60 L8O |j100 L120 % L60 L80 L100 L120
1) okl = )
(1) sok) sk () @l g s
_ 1000 - z BHAO
|
= 800
- 2
4 2 600
2 ©
S T 400
1 s
Z 200
D
= 0

L60 L80 L100 L120
() st 501 g () (52l 55aunsd (W o052 (65l g g dansl Saogh (512, lowd Jaliio 3T .Y JSUS

di 3‘90 9 &“"‘“’
u:l b ‘,\Msb u,...mlf L1 D w9 uwl)sl u.uw ),pUia Lo b d)'.n)j C?‘L""’ uwl).ﬂ 9 gim}m W‘ )L).b'.,o u,.ul).ﬂ Lv ‘C’L’ U»L»I 2

P (VEIY=YVIY) b i jlade oy i opl ol waidls (g )ly cme <ogles Laoo b Lo p>  puiis O] JWs 4 5 (29,50 cullsd dg2g
Flite 3l 1Sl duwslio [l ¥ USWE) Ldgr LeoHAD jlow j yids plp V/0 sy & bawgio jobay a5 wis oamliel 100HAM0
L100 @ Leo 5l (oylol o gdaw Liol331 L HA 9 HAz HAD (clajloss p3 a8 ol ol Saogn dwl 3,08 5 o)l Ol zolaw
Lo WIY 951+ FV/A Lioo 4 cams Loo 1 HAG0 g HAz HAG (o jloss a8 g ygbas (0 F JS5) cély jials S JT op S
(IS ey s8 Hb bxe LilEl pl Jg il yiol3dl e SB S opsS polie o> VYo oylol oy ol lis als
Al S a Seogn dul 39381 51 3 S I opyS (il see Jelge jl lg e (3u0)d YUAY) Siogn dual (YL oS
o ywd pae > 4 Vb Cugby )3 3939 ol b5 saalie S JT p )8 Jlade ials Lioo 4 Cugby pdaw yial38l b cogMeas
b jlond 53 i JT 08 Sgmg 03,8 oaalin ST I 8 ke a1 5 otalS ) Tosome gyl oy (IS (]
debisl con S (shgb) mhan 1al5 g (Sis izres 090 SIS (09,80 Cullad 5 Comexr (al Bl o il o0 SYL gl
ebiS Bl palS a0 g (Zhang et al., 2022) 5,See slodoke (58, o 5l g SB oLl ol byls ol
BB olie yolie (oli8l (S 59yShe uals )8l .asl o Hale etal., (2021) sboaiil alie gmls opl 00,5 0 (29,50
Ssogn sl (938 314y plgioe ) S (S5 o S 29 aizen 9 SB I 008 Gl dagl il o (sl oyt



(owigzs — ode) YE+Y slosiinw] VY 5,lowd 0L 0,93 ¢yl ! S o of Glidss 1411
w93 5 9% <Oy 9

Sgo el Saielsn g Mo LB a1y SIS dy Sragh duasl 32938 5l B g Se uiS Ll Bl ol se (yrimods el Lo o
Sagn dnwal 199590 31 )3 S T 308 Ltalsél pils sadline 3 e IS yobods 315 o L] Cammas il 33l g byl 5, (sl
Ol L SB o S ) pam a0 5 S i 25 Gl 4 Gl b @l ol & 45 samliie SB T S
GRIBl S gapS £ g hski 48 ccwlie lod g Cugby )3 (29,5 Cullid I L &S 5ok by Cud b,
el ) 223l Sl sSem 0355 o Wlin > 5 0lS CN s (a3 JS (0 e J dge i3l cslolas

adls Loyl 32, colled b ST 08 5| i 4055 s 45 olyen |y gl ol

BHAO
BHAO 80 BHA20
BHA20 BHA40
BHA40 <60
—}) w
=, S i £ 40
o
© 20
g
20 :
L60 L80 L100 L120 L60 L80 L100 L120
sl sl B a1 e

(&) I 3150 (A1) s 2 55l Zobanw 9 Sl Suogn (o jlos Joliie il & JSCS

(s 9 Jand (359 38) SB 5l i polic

S Gj95

SB S 03ex Chl g deg ol bl Gl SB S 05s 5 Lazo 4 Leo 5l eoplel o (Ral381 L ol 0SS5 sullas
i 4 Loo 4 i Lo g Lioo dso (6 o] (slolos 53 (5950 calé 0t 0> (5o stme NS L1z g Laoo ()l daws
S ey (@ US5) LgySee cslocdld Lldl o S gy gaw Ll b el Lialsdl aoys VEIY o VWA Y
4 Soogn dusl (9331 9 (Lioo g Lao (6)lel zobaw 03g0) (s bl oo Gal331 L Sloygl il il 3l iy (ol o il ol
dglie Gomen 3l SB gy SRl a3 5 edlitul 3)90 05l 355 a3 3 ek Jelo Wlgi e (A T JS3) S
SB S s clale (SB 5d Shegn dpal 38 Sl 53 a5l plis SB- S (g clale p Seogn sl ol ST 5:50ke
5 st 1oy FOIA 5 YYIY s it HAD 5 HA (slaslos 5 i ol 45 s ooy (o B JSd) cdly Lialidl oo sine yoods
Saogn duwl 5g,00 cdale o Llg o S d Sosd sl 09380 31,0 SB 5455 cdale ]38l sl cawd & HAD jlos
(Billingham, 2012) xib S 4 o] (5955 s a8lal ases p3 9 (doys V/+¥)

i
0.10 0.10 -
" 0.08 B 8-82
13 any 0.
3 0086 3 =hoY
s S 004 _ 9 0
% 0'02 B Seriesl 0.02 B Series
' 0.00
0.00 L60 L100
HAO HA20 HA40 ' )
S8 Aol sl les (1) soll sk

() SB (59 Spogh ! ilido b (51 lod yilg (1) SB- 595 2 (65ltl o zobauw (1o lowd 5 .0 S5



YAYY e o)ll iliseo z gk 9 Siog sums! 350515 onw 1 1051, g yliiudy (ig3s — sole)

S el

ool 35,18 Caliseo zglaw jd a8 ol i Seogn sl 3,0)5 ¢ (oyb] Of oo bl Sl 1 Ske duslie ol & IS5 glao
clale S99 Q’..l L.cal uw|)5| d)bu;*" sobdy SB oolatwl L6 prawe cdale dla2o U Leo Lg)L,J gj akw wlp] b ‘;iyoya
)!z..u.é clale aesl )|)§ C.‘aw e 5 d)bu"‘*" ).‘a.s )] L120 9 L10o Lso d)[:.gi C?Ja“’ 5 HA 9 HA dLa:)Lo.,;’ 5 Sk’ )9.,...\5
LeoHA0 9 LeoHA20 Lg)l,,ﬂ gj @4») BN )IJ.S.A Oﬁl )’1 P doyd YV/A 9\“‘\/\/ SWINEY LgoHA0 9 LgoHA0 BN S osléwl J;ls
S oplplo (1P JSE) el yilibl S o ,She utls ‘d)Lﬁi o e ial38l 31 ol LS gk ol gt picmen g
Al ) g Sk u’.)9)§.w Culad w\)sl J.3|95u;o cd)L,J a,j o uwl)sl );l 2O SB oolawwl LB prawe clale w")s‘ bl )ip
5k ol ady clled g olS jeis (3 ohga S I Hawd ud  Same Lol

BHAO
BHA20
BHA40

Sl s

(mg/kg)

L60 L8O L100 L120
1ol gl

S i CBLE pr Sangh sl g (5l gt ke 51 0Silho dmglio 1 JS3

2955m Callid 55 L Smges ol Vs 85 8l Gl (5l sine yob &1y Clale S 53 Smgn ol (199381 L
Sand g A5 oo yhud mio leis 4 Wlg o puired Shogn Aol a2y (W]l S0 solatwl JB jawd cuwl auly S
JB jaus ol LYs 5l S .(Chenetal., 2019) s )5 olS )Lis] 5wl ods ol 4355 51 53 a8y 3¢5 S )5 )3 39390
yad &S 5L 5 b wlgs o (I olge il SB 3 yhd s gla e Lials s 4 bl e ( J dlge 3,8 5155 S ool
Gao et ) > bl ) SB s o ool Bl clalé (S j jhud Gla cbylSe J2alS b g 03,8 )85 Saw w8 e Gl |
LS i cilsee lalllas ol ol Ll 1) S5 s S i SB 3 Singt dusl 3,118 ¢ pils adllas )3 0gMeay .(al., 2019
3T sanlyb g 03l 13 il cod ) S 3 jhud ond iz clapulSe )b jl Wlgie T cloodiS Mol (3538l 45 ool
Gl 1 (T olge a0 51 o) o5 J5SUse i b N slodsesl cizman (1T (S 5 (o) i taljdl SB o ),
S o 55 sl Call USS 4y jhid g Sl ST L S sl
Gl O s > e ol j1 5L o YVA 5 YAV s 5y LaoHAw 5 LaoHAZ > S solil b8 jaus clals
Sl Ll S oolawl JB jawd clale p Siogn sl 5,8 Cuto il otz Lis guls ¢ picren g LeoHAL0 5 LeoHA20
oinsy, alie (Sal GBS )3 o5i9a) S Wl SIS L g md o SalS O S5 Bk |y yhed S «Sposn
& Slawd sl e Cla Shogn auwl (Sarir et al., 2006) Wil o S50 phuwd o piwd Gil38l 13 o9,k cullad iol58l o (ol
2l (Zhu et al., 2018) was o il S Jslore 13 1y yud a0 )5 5 amd o Ll |y ol a8s 5 L2als 1) SB el
Sos ISt 5 xS ol 3oub | Saogn Al 48 155905 45,155 bl 39y L]y o1 (Harper et al., 2000) zols b pols yimgh
bogs jBland colled (il coly Shogn dpusl 32)8 3,5 o S mpulS g jd (g piod Gl G ol Sl Jolorol
Tobw ol )3 i cp (Sharma et al., 2013) 5,5 o S Hans Mol il el o] Jlis 4 9 SB clag,luls s,
Sragh Sl 2,08 pas Jloss | 5t ()laine sabor Ssogn dsl (g5l (glajlass )3 ST oslizl LB jaud clale ()bl o
o 3 St aoyd AVID B F-/F) SB oslinel BB jaud cdale Ll 5 HAw e ,ob (bl O o oled 5 g
sl iagh 5 adllas 590 S5 il o pandS ©liyyS clale 5l e Jlaw S5 53 Jaud ownd D (o OS/D 5 YV/Y) HAZ



(owigzs — ode) YE+Y slosiin] VY 5,lowd 0L 0,93 ¢yl ! S o of Glids IATA
w93 5 9% <Ol 9

Sla)S g oy oS s 5 jid o35 S5 g Lil o o8 SB ytuad B i ke ol 13l o Sal SB S
ooriwd BB jhud 55 Seagn dpl (g9l slajlosi 3 (WA ()l 5 lio) 33,5 (o )5 0l (o yod I g 485118 S
P2 iR 53 olitul 3)90 Segn dpl a3 oo (LS 1) S (gl Sl ) Sogn dnl puiiune 150 &5 59 yrip S
01 AT Sagn sl oS 5 ) jand (Sogn sl (2131 b oS 21 (g sl p)SlS )3 p,5 YAIY) jad 5l (o0l cale (gl

Gl 48,5 )18 0LS yuyiwd ;3 Ylais! o

Ol Soogm soasd 3,18 Ciliss grshans 1 48 3l Lt «Ssagn Al 3,08 5 (5l Ol pslans Blite 51 (Sike dunlie ol
O e Ll b aS s 3 il Galidl o)l e ©pgody S skl LB pewly clalé dLigo b Leo 5 (o)l o] o
HAD s HAZ (sl jlo 295 oo snlie a5 jobailon (Y JS05) it sdnliio puliy cdalé )3 (6 )l5 ine puis dl120 b Laoo 5 s b
13 S oozl B pply cdal oS gpabay imd iglidl sy L5 baylyd 5 1) el clalé Wlaiudlys HAG Jlog 4 o
ol a8b ial38] 0o )3 W/E 5 WD i 4 HAG Jlos @ cans HAG 9 HAZ0 (slajlos 13 olS ol 5L do s £+ (o bl pedans
2 ely (ol (39 sl (Y JS8) Allee 203 W g Vel 5 4 dopd Ve gy a3 plie cpl &7 Jls
oy ity Caglo, jlade g 1 50 a5 A5l >l @ Wl e ol Bl sk b dalie o (o)l O (VL e (gla o
SR Lol b oo I3l o ke g oS Wlo (8)B93 (slagyg | iy (oo yob 4 ST Jgloee 3 manliy ile ()1 S
O 9 gdo o Sl o g 03, e 08 e |y oty 6yt )8 by ) (slaadslS (SIS b Sts g gl s
S 4 aald it S Susbo) o slasless b dulie )3 iy (Susbo) o b (sbajlos > S (ol iy clalé a5 5
oS oo (Rl Cugb) GRlEIL prly oS s Sl )y dler Sl el 9 )Se clld 0pMedy (MWW ¢ Kan
Jo ol opgt S ey e (g)Ses calld Yozl isren il (o ios B ey (1531 sl lole 353
el 005 b losi (il )3 ey soml 8 (Rl 33l o VL gh) golaw (slajlosd )3 sl 008
Sl 53 iy V1 T ke @0 lyicen |y s ) bl (I3l o ptd JB sy «Smg sl (g9l (slasless 2
DB oS oytod 3 g 0 ATl oS 5 5l pannlty (SIS Sogn sl (939381 b & b e (p)5LS 2 .5 e YOIV) Siogn
L oS wibo SB slallils iy sly s aie lge 4 355 Siosd sl 0gMeas .(Mindari et al., 2018) col a3 5
b GBI SE > Sleitle 5 (Bl mawly (giloslil Jlosl dallile o) cullad ]38l

250 1 da  bcd  @HAQ

BHA20
®@HA40

cd

200 -

150

SB el

(mg/kg)

100

50

L60 L80 L100 L120
RE I

SB ol CBUE 11 Sogh dl 5 8 5bil zobans Jilike 51 3ailie duwnyliio Y JSUS

S 5 A5

1 Sl e Sengn dpusl 51 00lial &8 Canl ) il laadly o s 09Me 3l oLt 1y (elaads Sl olS )5 Suts i ls



YAFD o g)ll iliseo Z gk 9 Siog sums! 35055 ouwy 1 1051510 g yliiuiy (ig3s — sole)

IS sty 55 Ll (K8 S s 5 ) oSe3b Sl Shs dpete 4 5 0k 5o o e U5 290 ] il
S92 (Lao) s bl Ol a8 G yan g (HAR) Hlow )d Sangt syl yidiy Hludo 5,18 0504s) Saosd duwl 3,38 &S > ylid oS
il oy balS cu,5s do )y JialS g el )b (it o oo 3l culled il able s 9 Soid b S
9 Seagn Aol (lojen 308 lgi o cpols BuiS glS g ST L lpl HeiS blE 18150 oleS LS Gl 4 arg b ol pl

288 i > ol Ol Bpme 3 pspdiyo s S pldle (ol lagasls Ll gl deds)) o)l ) gleleS

15,105 g8y N o oy B8 (0, l0T g "

&bw

9 J9.a.>bo J..w) » d)Lui 9 )l>9u lisks C9.‘aw D)J)K(\\“ﬁ/\) )5‘ LSLC A ((Sgwoo g Lo)a.l.c ‘a‘wl.w ‘dobold cu_’%‘)) ‘lows ¢ )graio )9l
AU ] el LS pole ML olS Jpams (sl

(b i o2latul el ind 3959 Sk SLl jlagn (iSen p (cw)p (WA Lo ple 90 e 9 Lojnen colite f p0 (ol
Al S pole 0,8 pramd b o Sal SB G s bo;
dsino 502 gt (2D slps ol L]

REFERENCES

Alef, K., & Nannipieri, P. (1995). Methods in applied soil microbiology and biochemistry. Academic Press,
London, UK.

Amiotkowska, A., Buczkowska, H., & Thanoon, A. H. (2016). Effect of biological preparations on content of saccharides
in sweet pepper fruits. Acta Scientiarum Polonorum Hortorum Cultus, 15, 65- 75.

Arvidsson, J. & Bolenius, E. (2006). Effect of soil water content during primary tillage-laser measurements of
soil surface changes. Soil & Tillage Research, 90, 222-229. doi:10.1016/j.still.2005.09.005.

Asik, B. A., Turan, M. A, Celic, H., & Katkat, A. V. (2009). Effects of humic substances on plant growth and
mineral nutrients uptake of wheat (Triticum durum cv. Salihli) under conditions of salinity. Asian
Journal. Crop Science, 1(2), 87-95. doi: 10.3923/ajcs.2009.87.95.

Asri, F. O., Demirtas, E. I., & Ari, N. (2015). Changes in fruit yield, quality and nutrient concentrations in
response to soil humic acid applications in processing tomato. Bulgarian. Journal of Agricultural Science,
21, 585-591.

Bacilio, M., Moreno, M., & Bashan, Y. (2016). Mitigation of negative effects of progressive soil salinity
gradients by application of humic acids and inoculation with Pseudomonas stutzeri in a salt-tolerant and
a salt-susceptible pepper. Applied Soil Ecology, 107, 394-404. doi: 10.1016/j.aps0il.2016.04.012.

Bai, N., Zhang, H., Li, S., Zheng, X., Zhang, J., Zhang, H., Zhou, S., Sun, H., & Lv, W. (2019). Long-term
effects of straw and straw-derived biochar on soil aggregation and fungal community in a rice—wheat
rotation system. PeerJ, 6, €6171. doi: 10.7717/peerj.6171.

Bhati, J., Chaduvula, P. K., Kumar, S., & Rai, A. (2013). Phylogenetic analysis and secondary structure
prediction for drought tolerant Cap binding proteins of plant species. Indian journal of agricultural
sciences, 83(1), 21-5.

Biglouie, M. H., Assimi, M. H. & Akbarzadeh, A. (2010). Effect of water stress at different stages on quantity
and quality traits of Virginia (flue cured) tobacco type. Journal of Plant and Environment, 2, 67-75. doi:
10.17221/163/2009-PSE.

Billingham, K. L. (2012). Humic products potential or presumption for agriculture? Can humic products
improve my soil? Proceedings of the 27th Annual Conference of The Grassland Society of NSW. 43-50.

Blanco-Canqui, H., Lal, R., Post, W. M., lzurralde, R. C., & Owens, L. B. (2006). Soil structure parameters
and organic carbon in no till corn with variable stover retention rates. Soil Science, 171, 468-482.
doi:10.1016/j.still.2007.01.004.

Brennan R. F., Armour J. D., & Reuter, D. J. (1993). Diagnosis of zinc deficiency. In A.D. Robson (ed.) Zinc
in Soils and Plants, P206. Springer, Netherlands. p. 167-181.

Burns R. G. (1982). Enzyme activity in soil location and a possible role in microbial ecology. Soil Biology
and. Biochemistry, 14, 423-428. doi:10.1007/978-94-011-0878-2_12.



https://civilica.com/doc/730278/
https://civilica.com/doc/730278/
http://dx.doi.org/10.1016/j.still.2005.09.005
https://doi.org/10.3923/ajcs.2009.87.95
https://doi.org/10.7717%2Fpeerj.6171
http://dx.doi.org/10.1016/j.still.2007.01.004
http://dx.doi.org/10.1007/978-94-011-0878-2_12

(‘:"‘"‘“5)"_ u.oj&) VE+Y sbosiaw! VY b)w 14 8,9 ‘&b.:‘ Jlégui Oldsd Y4L

Chen, X., Condron, L. M., Dunfield, K. E., Wakelin, S. A., & Chen, L. (2021). Impact of grassland
afforestation with contrasting tree species on soil phosphorus fractions and alkaline phosphatase gene
communities. Soil Biology and Biochemistry, 159, 108274. doi:10.1016/j.s0ilbi0.2021.108274.

Chen, Y., Shi, J.,, Tian, X., Jia, Z., Wang, S., Chen, J., & Zhu, W. (2019). Impact of dissolved organic matter
on Zn extractability and transfer in calcareous soil with maize straw amendment. Journal Soils Sediment,
19(2), 774-784. https://doi.org/10.1007/s11368-018-2060-x.

Christenen, B. T., & Johnston, A. E. (1997). Soil organic matter and soil quality lessins learned from long-
term experiments at Askov and Rothamsted.p 157-159, In;E.G. Gregorich and M.R. Catrer, Soil Quality
for Crop Production and Ecosystem Healthm Elsevierm Amesterdam, https://doi.org/10.1016/S0166-
2481(97)80045-1.

Dad, K., Nawaz, M., Hassan, R., Javed, K., Shaheen, A., Zhao, F., & Aurangzaib, M. (2021). Impact of biochar
on the growth and physiology of tomato grown in the cadmium contaminated soil. Pakistan Journal of
Agricultural Research, 34(2), 454-462. http://dx.doi.org/10.17582/journal.pjar/2021/34.2.454.462

Dada, O.A. & Ogunsesu, Y.O. (2016). Growth analysis and fruit yield of Capsicum chinense, Jacquin as influenced by
compost applied as foliar spray and soil augmentation in Ibadan, southwestern Nigeria Journal of Agriculture
and Sustainability, (9), 83-103.

Denaxa, N. K., Roussos, P. A., Damvakaris, T. & Stournaras, V. (2012). Comparative effects of exogenous
glycine betaine, kaolin clay particles and Ambiol on photosynthesis, leaf sclerophylly indexes and heat
load of olive cv. Chondrolia Chalkidikis under drought. Scientia Horticulture, 137, 87-
94.d0i:10.1016/j.scienta.2012.01.012.

Dursun, A., I. Guvenc & Turan, M. (2002). Effects of different levels of humic acid on seedling growth and
macro and micronutrient contents of tomato and eggplant. Acta Agrobotanica, 56, 81-88.
https://doi.org/10.5586/aa.2002.046.

Fan, H., Wang, X. W.,, Sun, X. & Li, Y. (2014). Effects of humic acid derived from sediments on growth,
photosynthesis and chloroplast ultrastructure in chrysanthemum. Scientia Horticulturae, 177, 118-
123.d0i:10.1016/j.scienta.2014.05.010.

Emerson, W. W., (1977). Physical properties and structure. In: Soil factors and crop production in semi-arid
environment. (ed: Russel J. S. - Greacen E. L.) University of Queensland Press p. 78-104.

Fu, B., Chen, L., Huang, H., Qu, P., & Wei, Z. (2021). Impacts of crop residues on soil health: A review.
Environmental Pollutants and Bioavailability, 33(), 164-173.
http://dx.doi.org/10.1080/26395940.2021.1948354.

Ganefianti, D. W., Fahrurrozi, F. & Armadi, Y. (2017). Hybrid performance testing of chilli pepper (Capsicum
annum L.) for resistance to yellow leaf curl begomo virus growth in lowland environment. SABRAO
Journal of Breeding and Genetics, 49(2), 171-191.

Gao, S., DelLuca, T. H., & Cleveland, C. C. (2019). Biochar additions alter phosphorus and nitrogen availability
in agricultural ecosystems: a meta-analysis. Science of Total Environment, 654, 463e472.
https://doi.org/10.1016/j.scitotenv.2018.11.124.

Garcia, A. C., Santos, L. A., Izquierdo, F. G., Sperandio, M. V. L., Castro, R.N., & Berbara, R. L. L. (2012).
Humic acids of vermicompost as an ecological pathway to increase resistance of rice seedlings to water
stress. African Journal of Biotechnology, 47, 203-208. http://dx.doi.org/10.5897/AJB11.1960.

Garg, S. H., & Bahl G. S. (2008). Phosphorus availability to maize as influenced by organic manures and
fertilizer P associated phosphatase activity in soil. Bioresource Technology, 99, 5773-5777.
https://doi.org/10.1016/j.biortech.2007.10.063.

Gee, G. W., & Bauder, J. W. (1986). Particle size analysis. P 383-411, In: A. Klute (ed.), Methods of soil
analysis, 2nd ed. Agron. Monogr. 9. ASA. Madision.

Guo, Y., Ma, Z., Ren, B., Zhao, B., Liu, P., & Zhang, J. (2022). Effects of humic acid added to controlled-
release fertilizer on summer maize yield, nitrogen use efficiency and greenhouse gas emission.
Agriculture, 12(4), 448. https://doi.org/10.3390/agriculture12040448

Hale, L., Curtis, D., Azeem, M., Montgomery, J., Crowley, D. E., & McGiffen, M. E. (2021). Influence of
compost and biochar on soil biological properties under turfgrass supplied deficit irrigation. Applied Soil
Ecology, 168. doi:10.1016/j.aps0il.2021.104134.

Harper S. M., Kerven G. L., Edwards D. G., & Ostatek-Boczynski, Z. (2000). Characterisation of fulvic and
humic acids from leaves of Eucalyptus camaldulensis and from decomposed hay. Soil Biology and
Biochemistry, 32(10), 1331-1336. doi:10.1016/S0038-0717(00)00021-3.

Hartwigsen, J. A., & Evans, M. R. (2000). Humic Acid Seed and Substrate Treatments Promote Seedling Root
Development. HortScience, 35(7), 1231-1233. d0i:10.21273/HORTSCI.35.7.1231.


http://dx.doi.org/10.1016/j.scienta.2012.01.012
http://dx.doi.org/10.1016/j.scienta.2014.05.010
https://doi.org/10.1016/j.scitotenv.2018.11.124
http://dx.doi.org/10.1016/S0038-0717(00)00021-3
http://dx.doi.org/10.21273/HORTSCI.35.7.1231

VALY o g)ll iliseo gk 9 Siog suwsl 351515 oy 1 1051, g yliindy (ig3s — sole)

Huisz, A., Toth, T., & Nemeth, T. (2009). Normalized stability index and mean weight diameter in a combined
nitrogen fertilization x irrigation experiment on Hungarian chernozem soil. Cereal Research
Communications, 37, 443-446. VI1II. Alps-Adria Scientific Workshop Laboratory.Royal Soc. Chem, doi:
10.1556/443 CRC.37.2009.Suppl.3.

Kafi, M., Burzui, A., Salehi, M., Camandi, A., Masumi, A., & Nabati, A. (2009). Physiology of Environmental
Stress in Plants. Publications University of Mashhad, 388 p. (In Persian).

Kemper, W. D. & Rosenau, K. (1986). Size distribution of aggregates. Pp: 425- 442. In: Klute, A. (ed.),
Methods of Soil Analysis, Part 1. ASA, Madison, WI.

Mafakheri, A., Siosemardeh, A., Bahramnejad, B., Struik, P. C. & Sohrabi, Y. (2010). Effect of drought stress
on yield, proline and chlorophyll contents in three chickpea cultivars. Austraian Journal Science, 4: 580-
585.

Manas, D., Bandopadhyay, P. K., Chakravarty, A., Pal, S., & Bhattacharya, A. (2014). Effect of foliar
application of humic acid, zinc and bo-ron on biochemical changes related to productivity of pungent
pepper (Capsicum annuum L.). Plant Science, 2(1), 53 — 66. d0i:10.5897/AJPS2014.1155.

Mindari, W., Sasongko, P. E., Kusuma, Z., Syekhfani, S., & Aini, N. (2018,). Efficiency of various sources
and doses of humic acid on physical and chemical properties of saline soil and growth and yield of rice.
The 9th International Conference on Global Resource Conservation (ICGRC) and AJI from Ritsumeikan
University. AIP Conf. Proc. 2019, 030001-1-030001-8; https://doi.org/10.1063/1.5061854.

Nahar, S., Sahoo, L. & Tanti, B. (2018). Screening of drought tolerant rice through morphophysiological and
biochemical approaches. Biotechnology Agriculture, 17, 1878-2001. doi:10.1016/j.bcab.2018.06.002.

Nardi, S., Pizzeghello, D., Muscolo, A., & Vianello, A. (2002). Physiological effects of humic substances on
higher plants. Soil Biology and. Biochemistry, 34, 1527 1536. https://doi.org/10.1016/S0038-
0717(02)00174-8.

Nelson, D. W. & Sommers, L. E. (1996). Total carbon, organic carbon, and organic matter. In: Sparks, D.L.
(Ed.), Methods of Soil Analysis, Part 3, Chemical Methods, SSSA and ASA, Madison, WI. PP. 961-1010.
https://doi.org/10.2136/sssabookser5.3.c34.

Norazian, M. H., Nurul Asyigin, Y., Amirah Fareeza, Y., Nurul Nasyitah, M. R. & Rashidi, O. (2019).
Carotenoids of capsicum fruits: Pigment profile and health-promoting functional attributes. Antioxidants
8(10): 469. https://doi.org/10.3390%2Fantiox8100469. PMID: 31600964; PMCID: PMC6827103. (In
Persian).

Olsen, S.R., Cole, C.V., Watanabe, F. S. & Dean, L. A. (1954). Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. United.States. Department. of Agricultre. 939p.

Palma, J. M., Teran, F., Contreras-Ruiz, A., Rodriguez-Ruiz, M. & Corpas, F. J. (2020). Antioxidant profile
of pepper (Capsicum annuum L.) fruits containing diverse levels of capsaicinoids. Antioxidants 9(9), 878.
https://doi.org/10.3390/antiox9090878.

Paradikovic, N., Vinkovic, T., Vinkovic-Vrcek, I., Zuntar, 1., Bojic, M. & Medic-Saric, M. (2011). Effect of
natural biostimulants on yield and nutritional quality: An example of sweet yellow pepper (Capsicum
annuum L.) plants. Journal of the Science of Food Agriculture, 91(12), 2146-2152.
http://dx.doi.org/10.1002/jsfa.4431. https://doi.org/10.1002/jsfa.4431

Pascual, S. D., Ruggiero, C., & Barbieri. G. (2003). Physiological Responses of Pepper to Salinity and
Drought. JASHS January 2003 vol. 128 no. 1 48-54. http://dx.doi.org/10.21273/JASHS.128.1.0048

Pourmansour, S., Razzaghi, F., Sepaskhah, A., & Moosavi, A. (2019). Wheat growth and yield investigation
under different levels of biochar and deficit irrigation under greenhouse conditions, Journal of and water
irrigation, 9(1), 15-28. doi: 10.22059/jwim.2019.278053.665.

Safari, Z. S., Ding, P., Juju Nakasha, J. & Yusof, S. F. (2020). Combining chitosan and vanillin to retain
postharvest quality of tomato fruit during ambient temperature storage. Coatings, 10(12), 1222.
https://doi.org/10.3390/coatings. (In Persian).

Safian, M., Motaghian, H., & Hosseinpur, A. (2020). Effects of sugarcane residue biochar and P fertilizer on
P availability and its fractions in a calcareous clay loam soil .15 th Iranian Soil Science Congress.

Saif El-Deen, U. M., Ezzat A. S., & EI-Morsy, A. H. A. (2011). Effect of phosphorus fertilizer rates andsalinity.
Asian, Journal of. Crop Science, 1(2), 87-95.

Sardans, J., Penuelas, J., & Estiarte, M. (2006). Warming and drought alter soil phosphatase activity and soil
P availability in a Mediterranean shrubland. Plant and Soil. 289, 227-238. doi:10.1007/s11104-006-9131-
2.

Sarir, M., Durrani, M, 1., & Mian, I. A. (2006). Effect of the source and rate of humic acid on phosphorus
transformations. Environmental, 1 (1): 29-31.


http://dx.doi.org/10.5897/AJPS2014.1155
http://dx.doi.org/10.1016/j.bcab.2018.06.002
https://doi.org/10.1016/S0038-0717(02)00174-8
https://doi.org/10.1016/S0038-0717(02)00174-8
https://doi.org/10.2136/sssabookser5.3.c34
https://doi.org/10.3390%2Fantiox8100469
http://dx.doi.org/10.1002/jsfa.4431
https://doi.org/10.22059/jwim.2019.278053.665
https://doi.org/10.3390/coatings

(u‘"""“ﬁ)"_ u.oj&) VE+Y sbosiaw! VY b)w 14 8,9 ‘&b.:‘ Jlégui Oludss 14¢Y

Sharma, S. B., Sayyed, R. Z., Trivedi, M. H., & Gobi, T. A. (2013). Phosphate solubilizing microbes:
Sustainable approach for managing phosphorus deficiency in agricultural soils. SpringerPlus, 2, 587.

Shen, Y., Lin, H., Gao, W., & Li, M. (2020). The effects of humic acid urea and polyaspartic acid urea on
reducing nitrogen loss compared with urea. Journal of Science. Food Agriculture, 100, 4425-4432.
https://doi.org/10.1002/jsfa.10482.

Sheng, G. S., Fang-fang &. Tong, Z. (2014). Effect of rice husk biochar and coal fly ash on some physical
properties of expansive clayey soil (Vertisol). Catena, 114: 17-44.d0i:10.1016/j.catena.2013.10.014.

Tabatabai, M. A. (1982). Soil enzymes. PP. 539-579. IN: A. C. page (Ed.). Methods of soil analysis.Part 2.
Am. Soc. Agron., Madison, WI, USA.

Tabatabai, M. A., & Bremner, J. M. (1969). Use of p-nitrophenylphosphate for assay of soil phosphatase
activity. Soil Biology and Biochemistry, 1, 301-307.

Tejada, M., Garcia, C., Gonzalez, J. L., & Hernandez, M. T. (2006). Use of organic amendment asa strategy
for saline soil remediation; influence on the physical, chemical and biological properties of soil. Soil
Biology and Biochemistry, 38, 1413-1421.

Thomas, G. W. (1996). Soil pH and soil Acidity. In: sparks, D. L. (Ed). Methods of soil analysis. Part 3-
Chemical Methods. Soil Science, Madison, WI. No. 5. pp: 475-490.

Tisdoll, M & Adem. H.H. (1986). Effect of type of seedbed, type of irrigation, and a mulch on seeding
emergence, growth and yield of maize (Zea mays). Ausraliant Journal of Experimental Agriculture, 26,
197-200.

Walkley, A., & Black, I. A. (1934). An examination of the Degtjareff method for determining soil organic
matter, and a proposed modification of the chromic acid titration method. Soil science, 37(1), 29-38.
p://dx.doi.org/10.1097/00010694-193401000-00003.

Wang, F., Tang, Y. A, Zhang, P. C., & Coffie, J. N. (2013). Effects of various organic materialon soil
aggregate stabilityand soil microbiological properties on the Loess Plateau of China. Plant Soil Environ,
59.162-168. doi:10.17221/702/2012-PSE.

Zhang, Y., Zhu, G., Yin, L., Ma,L., Xu, C., & Chen, H. (2022).Optimal soil water content and temperature
sensitivity differ among heterotrophic and autotrophic respiration from oasis agrecosystems. Geoderma,
425,116071. https://doi.org/10.1016/j.Geoderma.2022.116071.

Zhen, Z., Liu, H., Wang, N., Guo, L., Meng, J., Ding, N., Wu, G. & Jiang, G. (2014). Effects of manure
compost application on soil microbial community diversity and soil micro environments in a temperate
cropland in china. Plos one, 9 (10), e108555. https://doi.org/10.1371/.0108555.

Zhu, J., Li, M., & Whelan, M. (2018). Phosohorus activators contribute to legacy phosohorus availability in
agricultural  sois: a review. Science of the total environment, 612, 522-537.
https://doi.org/10.1016/j.scitotenv.2017.08.095.


http://dx.doi.org/10.1016/j.catena.2013.10.014
http://dx.doi.org/10.17221/702/2012-PSE
https://doi.org/10.1016/j.scitotenv.2017.08.095

VALY . g)ll iliseo gk 9 Suog sumsl 3,055 ouw s 3 1051, g yliindy (ig3s — sole)

Investigating the application of humic acid and irrigation levels on some physical,
chemical, and biological properties of the soil under bell pepper cultivation

EXTENDED ABSTRACT

Introduction

Humic substances are formed through the mineralization of plant and animal residues and through the
biological activities of microorganisms. The humic acid (coloured recalcitrant organic compounds) application
increases the soil porosity and the water use efficiency and reduces the moisture stress conditions for plant growth
(Hal et al. 2021). Humic substances directly and indirectly have significant effects on plant growth. It also improves
water and nutrient absorption (Moghbeli and Arvin, 2014). Humic substances are eco-friendly and they reduce the
application of chemical fertilizers. On the other hand, drought is one of the most important abiotic stress factors that
have a negative effect on the growth, metabolism, and performance of plants (Bhati et al. 2015). The first reaction
of a plant to drought stress is growth reduction, during drought stress. This research aims to determine the effect of
different amounts of humic acid to reduce the destructive effects of deficit irrigation on bell pepper production in
greenhouse conditions.

Materials and Methods

A factorial-based experiment in a randomized complete design was carried out with three levels of humic-acid
(0 (HA), 2 (HA), and 4 (HA4) g per pot) and four irrigation levels (60 (Leo), 80 (Lso), 100 (L1go), 120 (L120),
(percent of soil moisture depletion) with three replications in the research greenhouse of Payam Noor Bojnourd
University. To prepare the pots, the soil sample was passed through a 2 mm sieve and humic was added to the soil
sample according to the experimental treatments. Two bell pepper seedlings were transferred to each pot and all
pots were irrigated according to the experimental treatments. Eighty days after cultivation, plants were harvested
and soil samples were air dried. Soil texture, soil pH, electrical conductivity (ECe), soil organic carbon, total
nitrogen, available phosphorus, soil urease, acidic and alkaline phosphatase, and soil microbial respiration were
determined by conventional methods.

Results and Discussion
The aggregate stability (AS) increased with the increase of humic acid application and the irrigation level up

to (L1oo) and then decreased at the irrigation level of 120% (Li20) .The highest AS was observed in the LigoHao

treatment, which was 2.04 percent higher than the LeoHAo treatment. In contrast, the maximum value of the
aggregate destruction percentage (PAD) was observed in the LeoHA, treatment compared to the LiooHA40 treatment.
By increasing the amount of humic acid application and increasing the irrigation levels (up to Lso), the soil urease
activity and alkaline and acid phosphatase increased and then their values decreased at Ligo and Lio treatment,
however, the activity of these enzymes was not significantly different. The highest soil urease and alkaline and acid
phosphatase was observed with 678.98 (ug NH4+-N g-1 dry soil 2h-1, 845.54 and 30.671g-1 dry soil h-1) ug PNP)
in Lgo HA treatment which were respectively 5.9, 2.8 and 6 times higher than the LsgHA) treatment. Based on the
results, with increasing the humic acid application and the increase in irrigation levels up to Liqo, respiration rates
increased and then decreased in Lix, however, microbial activity and respiration in Lgo and Ligo were not
significantly different. Therefore, the highest amount of respiration (3.77-2.74) was observed in LigoHA40, which
was on average 2.5 times higher than the LeoHAo treatment. Also, the comparison of the main effect of humic acid
on total soil nitrogen concentration showed that due to the use of humic acid in the soil, the concentration of total
soil nitrogen increased significantly. The results also showed the positive effect of the humic acid application on
the soil's available phosphorus concentration. Thus, at all levels of irrigation water, the concentration of soil
available phosphorus in the treatments containing humic acid was significantly higher than in the treatment without
humic acid. Also, available potassium increased in treatments containing humic acid. These results can be attributed
to the relatively high concentration of potassium in humic acid (25.7 mg/kg) by adding humic acid to the soil.

Conclusion

The highest activity of soil urease, alkaline and acid phosphatase enzymes was observed in the LgoHao
treatment. Nevertheless, the amount of moisture required for maximum stability of soil accumulation (AS) and
minimum PAD was obtained in the Lioo treatment. In general, better absorption of nutrients and plant growth and
crop production were observed in HA4 treatment with an 80% soil moisture level. It seems that the use of humic
acid can be very effective in reducing the water requirement and it helps to improve the activity of microorganisms
and increase the soil stability indexes.

Keywords: Alkaline and Acid Phosphatase Enzymes, Soil Urease, Aggregate Stability, Soil Enzyme Activity.



