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EXTENDED ABSTRACT

Introduction: Iran generates a considerable volume of biowaste daily, stemming from
agricultural, industrial, and domestic activities. Improper disposal of these organic residues not
only contributes to environmental degradation but also leads to the loss of valuable nutrient-
rich materials that could otherwise be repurposed for soil enhancement. In response to growing
concerns over soil fertility depletion and the environmental impact of chemical fertilizers,
recent approaches in sustainable agriculture have emphasized the utilization of organic waste
as bio-amendments. Macronutrients such as nitrogen (N), phosphorus (P), and potassium (K),
along with organic carbon, are essential for maintaining soil health, improving crop
productivity, and promoting long-term ecological balance.

Material and methods: This study was conducted to explore the potential of locally available
biowaste in Minab County, Iran, specifically orchard and marine residues, for the development
of innovative bio-amendments. Four types of soil conditioners were synthesized: two nanoscale
biochar materials, nanobiochar derived from palm tree stems and nanobiochar from date pits,
and two organic composite amendments formed by integrating chitosan with each nanobiochar
type. The objective was to assess their effectiveness in enhancing soil macronutrient content
and organic carbon levels under controlled greenhouse conditions. A factorial experiment was
designed using a completely randomized layout, with three application rates (0%, 1%, and 2%
by weight) and three replicates per treatment. The amendments were thoroughly mixed with
soil and incubated in pots for a period of 90 days. Following the incubation, soil samples were
collected and analyzed for NPK and organic carbon concentrations. Statistical analysis was
performed using R software, and treatment comparisons were conducted using Tukey’s post
hoc test to determine significant differences.

Results and discussion: The results revealed that all bio-amendments significantly improved soil
nutrient status compared to the untreated control. Notably, the chitosan—nanobiochar composite
derived from date pits exhibited the highest efficacy in enhancing nitrogen, phosphorus, and
potassium levels. In contrast, amendments derived from palm stems—both the nanobiochar and
its chitosan composite—were more effective in increasing soil organic carbon, likely due to their
higher lignocellulosic content and greater carbon stability. An increase in application rate
positively influenced soil nitrogen content across most treatments, particularly in palm stem
nanobiochar, date pit nanobiochar, and the palm stem composite. However, phosphorus levels
remained statistically unchanged with increasing amendment rates, suggesting limited mobility or
bioavailability under the given conditions. Potassium levels showed a significant response only in
the date pit composite treatment, indicating a synergistic effect between chitosan and the biochar
matrix. Organic carbon content increased significantly in both composite treatments as the
application rate rose from 1% to 2%, underscoring the role of chitosan in enhancing carbon
retention and microbial activity. These findings demonstrate that the studied bio-amendments
possess strong potential to serve as sustainable alternatives to conventional chemical fertilizers.
Their ability to enrich soil with essential nutrients and organic matter makes them particularly
valuable for restoring degraded soils, especially in arid and semi-arid regions. Furthermore, the use
of such amendments contributes to reducing environmental pressure from biowaste accumulation,
promoting circular resource use, and supporting long-term agricultural sustainability.

Conclusion: The integration of nanotechnology and biopolymer composites in soil amendment
strategies offers a promising pathway toward eco-friendly and cost-effective solutions for soil
fertility management. Future research should focus on field-scale validation, long-term soil health
monitoring, and optimization of amendment formulations tailored to specific crop and soil types.

Keywords: Biofertilizer, Sustainable Agriculture, Nanomaterials, Chitosan, Composite,
Organic Carbon

* Corresponding Author Email Address: nvz.moradi@hormozgan.ac.ir
DOI: 10.48308/envs.2025.239038.1496

@ ® Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of

the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2025.239038.1496
https://orcid.org/0000-0002-6588-9440

YOAA-FAVY :LLs VB YF (V) YV-YA g5 aomo pale

pobie el U )y g )laomgil &l p s ) U3 lugs olgs
S I 0y g Spany

S M0 «(oME e g St lows] (s @ F (63 0 Al3lg i plas (505

siengs Alia

VEYAYNG el b
VEELVIVY o pdy gl

b guanro o0
Sy (Sl g o 15,0k b 5l ) Sws slasilany 5l (42 BB x> Al Olnl idue g Akl
ke golie Ol 4y e aSl g o o jlae o3 g LS JT olse l enlials 28y S e
o8 slo SIS 4y azgi b5, 8 )18 oolaul 590 S5 (g5tdlals Saugy 10 willys oo 45 05,5 0 i jolic
Ml 6559l )0 g slas 50, e liond (SladgS amalom ; sladsly 9 S (539 SRlS pegas 0
(N) 0597 ):Ja) d).ax.\)x ).al.& .JJ)Lb WSt () 6beod.-fcyua| ul},&a LS” ‘5LQ\AJLM )‘ d)lo)gc)ed »
Sl 5 ol o Shae iolidl (S s b (0 bl (25 o JT 0p)S ol pen 4 (K) ool g (P) Had

5 £l sblir Jols colive i e (dovs (i Slosilony Sl (o) p Saa b gy (ol i) 9 g0
Jsmsl £95 90 108 jiw S cauS Pl g5 oz 0l sl S g svossS Ll als o (b
o a5t Lol S b O35 5l 1 ol T jeels 50 5L o 6 sl ol
SIS 25 I8 55 S8 S (oialof] S T 8 5 NPK Byaey olie olinn 5 ol ol 5
Dygo 4 03938l S 4 1S5 A 10 9 (Fig weyn Vg ) o) maw 4w (o (Mol Blge 0y I 1>l Bolas
3 NS (6, GBS Ll o 5e, A0 e s ladiged ials ools 18 lalalS o g bl g
Jol ool s (g S o3l Buw yolic 5§ cd 5 & jso (6l paiges danlllas 5,50 sl las 5l el il 690
a5 43S 0jr (S5 0903l 5 leeSile dunliio (sl 5 9285 )18 el Jelomisa 2 0)50 R 5816 5 5 eolicil L
o ) S olie jolie Condg g bolins jobay sy sloossS Mol coled oS ols (las mlis ey g s
2l sl i lys dtes I Jol> Jlrgngl —(lignS CujerslS whgt sianis dgnp dald e 4
9 )lswsl 5l el Jou dBle l onds g L;’Lm_u.;SC)Lol (Jolie 50 il ki 5 yad ()5, cdale ol
(S 5 3oy SVl sl | 56 Tt o Wing 5550 ST 8 il 0 o] S S p5esls
a8l 509l ;0 ohugdy ddylews el jo (59500 cdale gl | Carge 0, )5 mhaw iol38l . cela gl s )8 i
Gololine yuss 0,5 s 20l381 b jaud cdale (Jpll ol 56 adle CojemalS g Loy divs gl o oo
330 8 sy gy 33 o] Ll 59 5] Gl (s (smbl b S 5 5 osinslt o Sl
O35S o ol 151 Sl a5 oo ol (g foisinn 5105 WU s 3 Lot st rguagls 355
ot Y4 V51 0,0J8 s Gl b iondlS o 39 9 1 005 ol i el st sl
b baasdly cplojle so a1 09,500 Cudlad S jo5 g 0 S Laas o lieiS i oS b ioli8l g boliae
blg s bt 3sS b 03Kl gl oYU cud b adllas 050 ginn ) SWoaiS PNl 45T s o
39 0594 0l ;55 S bl gl el glan S A, LszT “511 5 G dlgo b S (g5l sy LasQT
3 b ey JLad 1l Comge dlge oyl Sleslail (ol 4958l S o oS «Siddag g Sis bl

g o SigkaS Saeadls g lwb LS’L"""“‘“‘ 9 @L:.A 4> > (6,90 0 5l ) ey railowy cusldl

Slr (g e (S ol (5los 28, )3 (6 rorkyienss SlaS 5 5 5l (5558 30l cpgarme s 15 S ARt
e liiel sl oan T Slidss o jlu o wal 8 4 poysihe 5 5 o) & gods ST (g uslol> o pae
35505 oS 5 S 55 b i LooaiiS 3ol ge¥gn 8 (55lodings 5 S Cesdls Sitoaily Sl e

TS e als (5558 lgagil Sluly (65,9LaS ¢ sta s 355 1 guadS (so3lg

* Corresponding Author Email Address: nvz.moradi@hormozgan.ac.ir
DOI: 10.48308/envs.2025.239038.1496

il mlio (seokigeo 095
“fl.n.n.b é./[:.o ‘5)‘)51_.‘350..1.{.."2.5/‘)
Ol imbes s (5 Be p0 o[

e poloe o ] 4 Oliw!
w5 gelo] oy uslio v
i VP Sl ip g 5o
Seasll 4l ) slojlegs
ol loy] il o o 5
=FEVAT) TF g o pyle
A

@ @ Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of

the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2025.239038.1496
https://orcid.org/0000-0002-6588-9440

OHKee 5 s plis

5 'Sl cdyje ald Gk 5l Sl cuaS sl
$ ol Sl & lgoe ) SB gdne dlge 2l
Sadeghi et al., ) 5,5 sl S cbli> 4w ;o
oot ol lsie 4y ,lasms 5l i slaJlo o 2016
S sy Sl B9y o5 s S IS e
sl o0 oolil Jbly 5 S 3blie clbSB o
Codlad g Comazr (£985 Silgs oo lz g 00lo (i Slalllas
SB arp] cdled o g 00l ogups |, S g Koo
S bl sloS 5 alts ol ams il 5 1,
(Zhang et al., 2020) s 5 ol Coonl Sisany g
shole sloog)S 5 Vb Jly 55 L (o0l o)l
Slals 5 (LS Gbosgican; 5l a5 aits b
sya> pae lalid po s Gl slales )5 (55 5laS
Nghos Mg 08 HiaST Ly G5enS]
R O e el S g 09380 (2020)
trian I oS Jake PH asle S ela Ths
—4 GrasS g Syacy polie (S edlitul coll
2ol b S Sy o NaECCa sl qasly oo

Cui et al.,

5 =l o8l olidl (Moshtagh ef al., 2023) i
35 g (Alburquerque et al., 2014) Szl alS
et al., 2021) oo)fu_a oS 53,5,5 claws | S
ooy Sl L sl as 5928 e (Abbasnasab
FB oo b (rb Jparme S abboe o039 50
S8 b Slgige 5 el G jlanme b S5l 5 450
o 1) ol w5 pesid ( Siale (i slge Do
~ebls 3L 5l (Deepmala et al., 2014) sas 5 .56
L S Glsgas 2ol sl b 5,5l )0 39250 slo
390 $b (lede ;0 LrosiiS ol calizes elgil (6 5 50
oddplxl Sldlas (& adgl b sl a8 5 | S axgs
a3 oo Hlis olS 4355 (gl oS gl 5l oolaiwl ane jo
(6955 Hleaily aulidl el loogS £o5 ol 5l oolanul as

A 0 g (Bpan 095 glid g jlade ;o ax g5 LB rals

dodlo

9 el )3iS 2 rnlo Gl G Fete 5| (S0 S
s i Ko slagaieils o 10& el e ol
w7 g S il 09, 00 ek 40l 9 Sy
5 o33 e o 3 e BB 5| sl o S5
Sy @olyr g olaidl Sl a ) Syl 3 oz SIS
2SS, S (Santra ef al., 2017) sl o351 o)lg
oole ylgicds (9,5 0,33 5 Gl 0 S sy )0 (1, A
et al, 2021) cool s y55 51 (lodss Sl 5l oSl T
s gars o Slos Jiol38l cwll sloadlss 51 S (Lu
—a olbord SloogS Al g olailsl i 0 ST !
2l Jols s ol Gl Wlgs e sand 9 (3955 egas
9 Sl et OMIe j9p o 03) oo
9 ) 4557 p aothel 156 g 0eh (solaidl >
(Zhang et al., 2018) 5,05 ¢l); sbopls s Ik
S3a9LES 3 (s s S 50 () (SL8OS B e
rolis (50 Dedos Jpame CudeS 5 0 Shee 5lk
—Srany 5 AR (59N e g ) S e (olds
et al, 2023) cool L3 ssle uyilisyse 5 iy
090 (g3 lge S0 Sl 5 eelly 5 yaud (Zafar
Adnan et al., ) sl oo LS ol plas Cyo lalS
Bble oS> ‘_,’JT olge l5ee (Khan et al., 2023; 2022
035 05 ol yel SoT Gl S 1 alox 5 Sitdany o Sis
5 om o oadiong 33l T olge 5lig o ario Jods s
Bavariani ) s oo ialS @ng Olejiae Clds
cely ooz Comex 03, b 5 (Zolfi et al., 2017
ESds A5 09l oo Sxo g (5),0liS slbcdlad 5l
ol ol sl Gl JT slasileny oy o

S sl 6ok Lok slassly Wl oo Lasilony
(Ahmad Yousefietal., ) oS olx] Cuns j Lazmo g L]

shaieds (6,05 9 (65,5LaS Slayls 5l eslazl 1,51 2019

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad

Yy



ol 53U 5 sl b p s Sl a)s

)95 ok )3 cadadsl lajlage los Jlesl cg
Lsls G b bglies SIS S L S S o
b 5 VA £l ) 4 Sardly slaplalf 4 jlags 5 S
e Do 4y S Loyl yo g ol Jaiie «jie il VF
D (5l 5,

TR,

3 35S sl s aallhe 590 lajle
S Oyped &5 W Sl ansil-glistS CujselS
Bislesl jo Bislejl soinJyuS Luls o
oSty reeb mlie 5 (g)y5liS suSiisls SLyo]
S lailiwl sla g, 5l eolaiul Loy ade (e e
ool oS 5 5 )Ll Lo Thy ( Said 5 siloosd
Sl Glransl ode sl <85 518 b))l 99
bl 51 (Loys aten g ablo Jold) U5 oogicoms;
L 38 b | o i pslanr Sl abivs,
Slabad 4 e glos ;o Slsp (40,5 Sis g i Ol
sl o g s 5,5 (aken D 1 8) S
OEYD - slos b ()l 055 50 05T 9 sdom
P addo Ve g celo ¥ lbyoae g of 5 cole ax o
Jols (V JS5) ,logm (Sadeghi e al., 2016) wixs 5
S8y @lolamgladgls Clwl 51 eslinl L
S a (Ol n) ls delign lge (555l Gl Sl
gl cuz WS has Qlrsesl) el
(PSee Wy Sobglend 5 Silelaz Sl G GlieS
Gae 4 ol,F Gl ax 0 70 gles ;o sl 0 leatug
Gloalls Jole 5 Olawl G 5 S 5, 5z
ab bl pediiuls anld 5 Lloj S5 (eiS
&l saslewsds oS o5 (Takiguchi, 1991)
Sl jskiiedy 2,5 18 eolinul 5550 ialejl ploxl
e Yl dV JS8) )l gl — (195 Cujamals
Ak VA 50 Gren SWS 4 sadss (S
Qi e GYee oIVY) doe ¥VoSotn] sl Jolo

Lol Jybows & 555 0050l 3mi5ils 1 0,5 ¥

FU Slge g lojealial 005 oo laania fals
Aadid g ol ;S iole, jelaie 4y wilgi o Joloeie
.(Mastronardi et al., 2015) 5 .5 |13 colaxl 5,90 365
il )T sla s (F 0 e el 5l @ jlzgm o
SRl Sl plst spet iz ebil Gl
o w.;‘)s‘ Wd8lio o>y PSS,y GGLQLC oy 5
o deles T LIS moli8l il (0 g ez v
sl g, 4 jlsm #Mol (( Chausali et al., 2021)
sl Jls ,0 S o ol o515 Glaal 4 asg5 b calises
Jiangetal., ) ceol 43,5 |13 )| Sivghs d>g5 590 o]
oals ylis Slelllas .(Moradi and Karimi, 2021; 2020
«dlire DloS 5 sleslaiwl byl g LWL g Mol a5
Ramzani ) ass )3 .56 cos 1) o S Shg wilgs o
Silowy Cu o jolaie 4 aeh cpl o (et al., 2017
g olglp S Biesm plinl (2l g (£L DY pame
355 sl Al 2 it slajlgs couile oslizd
St €55,k 2,8 2SS Luly een 0 s S
S50 lbddle sl eadady Jlrgogl -V Jold S
Y «(NBK) L,> aiwe =09l =Y (NBS) =
¥ 5 (ComS) 55 Wl sl plsn Cajprels
rhw 4w ;0 (ComK) Lo,m aiva- 15905 CojgualS
sy D5 b S SG y0 S g}] oS 9 (NPK)

285 3

%9, 9 319
g5 Jols 55l 90 L JysSl g0 Glaleil ol
S a3l eyl ) o e 5 laslts
¥ (NBK) L 5 i 5005 =¥ ((NBS) 56 o o
¥ 5 (ComS) 5 e gyl 355 oS
B yas gohe 5 (ComK) boy> diwn- 5905 Cujomls
SL“KC)]@%*JBP(MPT 992y ) ho) mhw 4w b

Al plosl S o SIS O jae 4y ST 4w o ol

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad



OHKee 5 s plis

by S g0 (et |y Aigad 5 pate oS 5 g pate U]
2o, o5 pare 3IUT s sl diges g s 3l b S
ol diges ;5 9250 3955 «OTauNeR (S Sl S
pl=il (Vario EL III) CHNS euisS 5061 L (5 paze 5JLT
3 o S sl gially 2 sl Slyo 5 ) sskaie &
5 Said o ey dadigal (505 S5 5 (50 paigd
sskaie (yeed 4 0l (6 S oIl adllas 590 (leards
Ol Ghe) b i BB and (ST (g 4 (5950
L od> LB pewly «(Olsen and Sommers, 1990)
Sy sy b1y S T S 5 siegss o3 ol

A g S oslasl (Nosetto et al., 2006) S

aiBs Yo Soe 4 red g sdslcuwod Jolow g

@ado Yoo lo) Soe ol Gy e ol Red

oyl O jgod jlrgnsil-lignS (Res (guilisges
(Yo +/¥) 0o,V /Y NaOH 5l mJ Lo Qv+ ay0,kad
el VY Goe 4 cadags Jolo pw g a8l

ol b Slol NaOH zg,5 lp 0b b, 095 Jl>

VE Soe a diges L3150 g oo 00l8 gglond 05migd
o S ¢ wgamdis a0 Vo slod ;0 9 9l 4o el
.(Zhou et al., 2013)

Bl 4 o

wasby Sl blagy sla Shs 2L Hskae
Audgi (gl oolaiwl 0590 (slrodgiCany; |18 0lge g S
5 ob plxsl ASTM? D5832-98 g, (wlel s olajlago

ol 3 ol slzgm g Loys s § J55 <0 aBls sbliy o guai —) S
Fig. 1- Image of date palm stem residues, date seeds, and derived biochar

OIS Sl 9 sdgTan
a>;oVe sleo b d 08
sl Y e as

Bes

szl

=}

G

—0ligaS &0 el wudgi Jolpo - Y S

Fig. 2- Production steps of chitosan-nanobiochar composite.

VEeB sl oY oyl V¥ 0,55 e s lacma pole anlilad

Y#O



ol 53U 5 sl b p s Sl a)s

loabandel (ol jlusy 9 0095 G j &1 joui
l.boT

a5 a3 o0 (LS 0093 41325 (V) Jooor gl Bllae
Sl okes cnl g 03 S de jl Lo diva o,
Sl sz sl e adg lp eogicun) ol
ststacls 3B el s3giceny s ol (oS 5 45 (Cush)
Sl @ols ol o8 oal ez 5ol s ey al)d
los b )l (ol &)l (izren g Cagh; 05 )b
FSE g0k 158 ol sl eizmen .l @5V g
Selsi A e 5 a0 Sl 4 gllae 45 WAL e oS
(Asadullah et al., 2007) 355 o0 oYU 2L, b jl>gu

dle s e ,s Sl b dasisles] pladl 5

S158le 5 5o osls &bl Jdoigas o0 o JuSis Excel
Sl Sl auslie jolaieds 0l plxil 4.0.5 axui R
S g ve s A0 ool s 3 (S5 g3l 5l sl

o eolawl Excel )\)’él‘a).; 3l 1ol )

olis (V) Jgoz 50 oolatnl 0 )50 S diges (y905] b
PH (sl 28 2l b S5 Jgaz gab el o ol
s WO (EC) oSl Cglin g 5 4 S0

Db e yio y ies

adllo 35900 S diged Oloogas I (&0 -) Jgux
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Table 3- Some characteristics of the produced amendments.

EC j
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7.06 4.76 11.725 0.085 4.355 50.715 4.325 NBK
7.76 7.81 22.903 0.089 5.647 63.325 2.764 ComS
7.6 6.48 11.008 0.108 5.836 53.605 4.869 ComK
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Fig. 3— Comparison of the mean effects of soil amendments at different levels on soil nitrogen content.

Different letters indicate significant differences at p < 0.05 (Tukey’s test).
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Fig. 4- Comparison of the mean effects of soil amendments at different levels on soil phosphorus content.

Different letters indicate significant differences at p < 0.05 (Tukey’s test).
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Fig. 5- Comparison of the mean effects of soil amendments at different levels on soil potassium content.
Different letters indicate significant differences at p < 0.05 (Tukey’s test).
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Fig. 6- Comparison of the mean effects of soil amendments at different levels on soil organic carbon content.
Different letters indicate significant differences at p < 0.05 (Tukey’s test).
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