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ABSTRACT

Objective: The use of humic acid and silver nanoparticles as eco-friendly strategies for
managing drought stress plays a significant role in improving corn yield.

Material and methods: To investigate the effects of humic acid and silver nanoparticles, an
experiment was conducted 2019-2020 and 2020-2021 growing seasons at the research farm
of Islamic Azad University, Chalus Branch. A split-split plot arrangement based on a
randomized complete block design (RCBD) with three replications was used. The main plot
included three irrigation regimes (100%, 80%, and 60% of crop water requirement), the sub-
plot included four levels of silver nanoparticles (0, 60, 80, and 100 puL/L), and the sub-sub-
plot included three levels of humic acid (0, 500, and 1000 g/ha).

Results: Results showed that the highest grain yield (10582 kg/ha) was recorded under full
irrigation with 60 pL/L silver nanoparticles and 500 g/ha humic acid. A slightly lower yield
(10,506 kg/ha) was obtained under 80% irrigation with the same level of nanoparticles and 1000
g/ha humic acid. The highest nitrogen harvest index (1.45%) occurred under full irrigation with
100 pL/L silver nanoparticles and 500 g/ha humic acid, whereas the lowest (1.09%) was under
80% irrigation with 100 pL/L nanoparticles and 1000 g/ha humic acid.

Conclusion: The findings of this study revealed that the simultaneous application of humic acid
and silver nanoparticles can effectively enhance the yield and quality of corn under drought
conditions. In particular, applying 500 g/ha of humic acid together with 60 pL/L of silver
nanoparticles under full irrigation resulted in the highest grain yield, indicating that this
combination can be introduced as the most practical management strategy.

Keywords: Drought stress, Protein, Harvest index, Grain yield

Cite this article: Sadeghikochsfahani, M., Samdaliri, M., Eftekhari, A., Ahmadi., T & Mousavi Mirkalaei., S.A. 2025. Effect of Silver
Nanoparticles and Humic Acid on Yield and Quality of Corn under Different Levels of Deficit Irrigation. Sustainable Agricultural Science
Research, 5(1). 1-17.

DOLI: https://doi.org/10.71667/sarj.2025.1211683

—. © The Author(s). Publisher: Islamic Azad University of Kerman Branch Press.

DOI: https://doi.org/10.71667/sarj.2025.1211683



https://sanad.iau.ir/journal/sarj
https://portal.issn.org/resource/ISSN/2783-2724

11V (0 AP F liudls ¥ oo D ale  5htsls 535908 ple slo ooy

https://sanad.iau.ir/journal/sarj

ST S o 7 gl St © 43 CudaS g 8 Shod 59 Sono guld il g 6 4 1 3936 31

TS o s gt ol o 5 el 5 ) e g s ol e g S Bslo iaaas
Ol e Al oDl sl3T ol&ils (gl Al ely3 05 S (5 553 (5 metils =)
Ol el Pl ol o ool 53T o850 (g5, 5LaS 0uSils cslys 05,8 leiils =Y
Ol Bl e ol 13T oty ¢ w Il dly el 05 S Lokl =0 5 ¢ 5 ¥

dr.m.samdeliri@gmail.com :J sie oty 55 Joal 3¢

OE 87V 22 dy b =V 878/ il 5o 50 ,0)
S (S S g pde 3 5Bl oSl Ol g 0,8 D3 EL 5 dewl Snger 1 eslitul 2due
2l @3 s Shes 50 53 S5 5
S WA olys ladle b iolesl i Sld el 5 dewl Soged O 51 wy ) siieds lagig) g Slge
TP B 55 ends B 5bss LS S Sy e glla Ay Sl 55T RS Lo as 550 3 \TAR-NE s
Vo) e aw s ol ols ol &S s (b3l slales s plonil LIS a3 sl ulS (glacs 5
ez 53 0 053 $U BT Jald (o3 &S 5 (T 5L Aeys T A als Dlge 4 o Sl e
T w3 el Sagr Jold (23 (2 B OS5 (A 2 s S Ve gAY A 0D ae O dald)
WS E I G o p SN g0re als)
2S00 5o SU KNt Gpae b ol 5L doyn Vv 5o kil s Shas op iy sls UL s el
05870 Cubls g Al o ik A Jool HSa 3 p S S VVOAY Olp 4 ol b 3 Koo gt ] 1S
Olgen 4 ol Il 53 Koo o el LUK 55 p 500 50,8 SU 2y Son Vo e b @l 5B s Ve
Fa S VO ae g ol Sl deo s At Hled w03 Cudlap a L  eS 5 Al ol Aoy V/80
i Jeol dep ;3 V/08 Olgme 4 gl Jlo 5 sl Ko gop 51K s ?Jf\"' 90,8 g
2 S5 P NS 0 D3l 5 Senpp sl OLajen D paae oS 5ls OLE Eagk cpl slaail s e
S ot el S8 53 0 800 5 )8 (ol sbay S Ll 65ll0S Tl b o S5b kS 5 s Shes g
213 DL 5 58 sbml 1) &l 3 Shas op b (JolS ol Jlyd 55 0,8 D580 2 53 e, Ve b ol jen
Db (B ke J1) (p e Olsea Kl S e Jas 551 GoS 5 cnl &S
als 5 Sas (ubls e lE (g (S T 3ol sl

sslzo

Sadeghikochsfahani, M., Samdaliri, M., Eftekhari, A., Ahmadi., T & Mousavi Mirkalaei., S.A. 2025. Effect of Silver Nanoparticles and
Humic Acid on Yield and Quality of Corn under Different Levels of Deficit Irrigation. Sustainable Agricultural Science Research, 5(1).

1-17.DOL: httis://doi.org,’l0.71667/surj.2025.121 1683
@. BY NG © The Author(s). Ole S dmly bl 55T oSl ol laml 2t

DOI: https://doi.org/10.71667/sarj.2025.1211683



https://sanad.iau.ir/journal/sarj

Vb kS 53 Shes y Keoged el 3 0,8 O30 310 Kes 5 Slghear oS Fslo

ol s .(Maroufpoor et al., 2021) ..l ou
A Ol S Olpe (SES A5 el
SIS N pas A5 eiSssions il
Ol pl g ayls il end b ol 0l o5 sa
S s ol LB SO TRt
be Al g ax 5 L ouls olantl 65,58
3T ose e SRIB Sl b S8
Pourgholam-) ..l s, o Gloss Cuenl
My gl Six s (Amijioef al., 2021
Slio yr 3 5aS a8 s (il g 0530 s
A s s Slas 5 As, p S S5 dns
Nassiri ) 5,108 & aw 31 Uyl liea
o S s Oldee (Mahallati ef al., 2022
S5 10 rals Eel ol oS i ails gl
sy s Ll sl ghe s Ve 5 Al L O
L3S ous by s Sles gdoys YY/A 5 OO

. (Nasrollahzade et al., 2017)
e 03 SislS ie e Sl ol
o3l Glassls @ aa s o 4 ol
2 ety il ol s e £
kS Al S 3,5 o Do alasosld
Scele 5 s S LT Jsame S
Moustafa-Farag et ) &S clasls oo jlaes
Sheslaal bla ST e (al., 2020
Ll el 5 o 05 e (5555LS slaesls
ol Gl 5 s Dljes i
Shestanad dealy ) 5 .(Janeeshma er al., 2024)
Sl wbsls GbolSaly 5 s slagosts
5 2y 5n ame Sl 4 ol Cualis S5l

A SIS PU sl ann g sl 4 S 15

dodio
35 4 45 Sl Olgz g (#105 olS (e 03
5 350 om o3l (ladsle 5 glals) s
Fathi er al.,) s)ls els 5 OLl 4485 55 g
Oleslo bl bl )3 oS 5 e (2020
S5a Yot s 0sds VAV ssus ler Ll
Sl ) ssd= oSl VL W 8 Ol 5 ,LSs
Faostat, ) <ol o 5,18 o5 Osdee VEA
5o ol @Vle 0 oYy Jle s ol 0 s .(2023
@&Sﬁjc}w}&“)lpvw 5 Osdes Vo550~
sl ylS LS Sl YYY 51 i 50 olS oyl
Bl L sl Ol g (Faostat, 2023) ol
bl 3 S bole Sb s b Jies
s D ymerme Ol Jled 55 (65558 dats
sl 26 s Lt sladle s s ol
2 Od Mg (S 5 slaeys s s
53 el ol Al ge sl s b adlate oyl
Lo ¥ same A5 Oler b o &85
sl sl Sl il o gl il
Sl xlge (KA S 05 4 e gla i
L odlew ol 1 ol ailo o 2l &

(Hafeez et al., 2023) .S 5S 5

R I U PR [N S R PRI JP
a el glans s sl s gl
s 25 L Ol 5588 Y0 Sl 39, 00 Dlad
Sols Glas i 603 53 5 Olgl 5 Llaxlge
35S Gbla 5l (ks 53 305 3V T i
il 5 lste sles IRl (SUL el
SR e s ol mbe 51w
$3a3LES Glp s BBl mle St



\—\vuﬁ‘\i'i QL:-AM.’U Y e)w‘o u\..l.?)‘J._{L_’_ 65}}“ C}lﬁ du‘;ﬁj}g_ Y

Jed Sl IS 55 Sl e il o 5 Ses
583005 S3A ety sla So T 5
s (Fathi et al.,, 2020) 555 o Jyame _ialS
Sk 3oslis Jsal Sleslinad o5 slapllaie s,
Slaesly Gme [2alS Gl slaKal, Jlsa,
W5 e Sl 2,05 e el 5 il e plend
©os oL GislES e s et OLLS
Terédn-) il o Il 2 pde Gla 25, 5,58
Sy Kess Ll (Samaniego et al., 2025
st AL e b s3lmoss o T sl ge 4 o
Syhig DAL Sy 5 S ey (S s s ke
S bl Seses Al (Nasiri, 2022)
SIS Sl b Sop Sl glad S
Srdol 5 gl Dl B (gl ols
Kiea SUE asesn elml o e 3l Sl
S b Soss Ll (Gautam et al., 2021)
0ol s ClB Ll 5 S gl
S8es 5 Ay Rl 4 e olde ole
bt s S B ze 4y S0 53 5 555 e
Lietal., 2019; Rekaby et al., ) das s JalS |,
Al G5 e oS 31> DL s e gl (2023
Wls > Shoe &g (Wl Gl oo Soagea
CBLE 5 (gt s e 1S5 Ol e el l5m 055
Guo et ) Lo dals e b anslie j3 als ole

Aal., 2022; Ahmed et al., 2024
3SR S Rl g kil g L
S 0Lk Olal L3 ssa o 53S 53 O O eu
Sols I3 w3 clS sy el 3ol ck.w
S ger dowl 5 0,8 D366 ) rij; oslizl
L 3 G2 DL LSl K Ol se s Ll

J?}LJJS )‘j‘g PR b)j.d g:)‘):) .)Jg.kq.f«j

W b S Sl Lol sas e glas sl
S Slp Gler S SUKL (5555l e
e S el s s See 11 (6o
Sl 03,8l b sl 5 R sl
s o i &3 66 T2 . (Rajput et al., 2024)
3P 4 pamia G 5 aleoed S b S S
g 0L K 5l ol ax 5 o
Abdel-Azeem et al., 2020; Shiade et ) Llos S
o8 58S das e OLi Dllas.(al., 20240, b
o, Oyl e gl kle 5 oae s OLLS
Slaali sy 5 L0, Sl oo pe L5
{(Soliman et al., 2020) 53 S laol 54 5 5
5 eS| BTt G s e 1l
S 3 olS el el LIS il
S o g kot 3 oS Sl 05T IS,
S slalis g 5l 5 s5laST o]
Sigamoney et al., 2016; Siddigi and ) > 35 .
S S b st opl e sdle (Husen, 2016
Sl s Sl e e,h Sl &S cd O
g Ui ST ST lag BT
O o oy M ol Ol ssg
KBl @i B G Jesd b ki sbao)
oslezal o pl ols (Abdel-Azeem et al., 2020)
S 8es 5 Ady s 6 Slp3 Pl sl edsd xS
Olpea Lly o aSh sy o 20 1) olS
25 e LA ol 53 np 63,55

2,8 5 b el olals
4 e Dl 33 53 alecd lassS Sl esla
S bt 5 S b Sy S
T ST UTPIPPIRE SIS R PR ST PP

A b by g ol S g5 5 S 0sesT 0



¥ oyd kS 53 Shes  Keoged dewl 3 0,8 O30 310 Ken 5 Slghear oS Fslo

Lﬁirs bl s cov od SKidam Slio

C,\M\c.k.\.::\j}‘jf‘]b

B gy 99lg0

5 WA ey cladle s G ol
T o&ails Slidss asje L3 )Y44-Vgen
W oW e shls (el asly Ol
300 oldlar Jsb 5 Jlad 4dds Y4 5 ax o
o Lo mhwsl e TV LB 5 B0 ai3s YO
33 A 3 5 S Oles gas nd S S |
b i Ges 3l S € ges Ll 5l L3 o3l Lo
() Jad) A plowil (6 e 5L Y

S sl A SBlar sba a5 (godane llas
st g Sy 2 L Segs Al Lo
eon Kles, S BSOS (S5 n
sl ol s eslg 53l oS 5 s Olasen
2 o )l S 13 a5 S
S o &S o aer |y ol aallle Coesl
Szt sl5blen SIS 533 S KlS
Canslie U, 5 3 Shas il il ssp 5 WO]
(bl pen das Wl 108 Ll b o )3
O3l G pme U ey Saa bt ol
33 8hee dy Gla Sy n Soases ol 50

St pland 5 (S s S mli - Jadr

P B eely e BB A 0598
_ e _ S o Syl S Ges
2pF ) 2eS &) g pH
¢ / 23 Loy hens (e e (o) (¥ faiila)
(SLp S oks (S pSfhs  (1e))
YAY \Y/0 /\Y ) A /A \ZA8 Jsl L
YAA \Y/0 Y vy YA \/Y \2a £ Jl

Sp Vet ol S K b s ool 5550 O3
byl a i) Ly ep0 dsb b ey 00 S e
350 VWm0 (g ast (gt a0 U (as
J3 ol 55,000 Ssnd (S d e b
5038 3l day e 5 A3 O] ey 2SS
Sz 33 01 31 s A 033 G ot S O
ke oo Wl s 4 5 p s s Sose 4
5ﬂidygw550&u¢;ﬁ.m
YO a3y Suu s el VO Ciiny e Jeolsd
ik G 6 515 2 55 > sl

L Ges S w8 S B s e e 53 4 AVA

03 edds 2 ol sl S s sen bl !
S5 s ok WS e e 8
(bl oS Jols mlesl glajlas Al el
Bl ol S8 0,85 55 il el S
O‘j"‘*ﬁ@h@“ﬁ\“)clﬂwwy‘éﬂnjps
Jols o S 5 (5L Aoy (A cals
D pan 0oy b Aald) mhao jlem 308 65 L
53 el Seasen 5 (2 1l S Ve 5 A A
53 (s s f; Yorr 5 00v caals) Tl a

LS E e eSS



\—\vuﬁ‘\i'i QLL“.": L‘ e)w‘o J..l.?)‘u\._{L_’_ 6})}“ C}lﬁ du‘;ﬁj}g_ i

oo a (sl Jew o pd) S by
Aol 08§ AL o sats 0551pb Las
il e (e e Gas DI 5 (e o
sl By b eslanad b all o gasie O35
MAD liis o iolesl cpl 55 odd s (gl 2l
A a3l s el b b o 0 bl
23 56 el sl ! ghw Olpsa &
25 s oS Ll

O35 5 555 o B p2n L 58 Slacile oL
el S8 51 o s b S D3 ) 5 Olsee 1
SOl Jsa 51w ol Sl 5y Al
5 el ¥ S el S5 S
ool s Shae ) (s saals sl
aia m e 33 DS A 5SS s o Shas
Shals y atla a6, ol gl s s
A ol S5 3 Shas 4l 3, Shes o
(Jackson, 1958) JllaS gy 4 «ls 0558
23 &l 055 a0 s Sl b s A Al
.(Sauberlich et al., 1953) 4% Jol> VY0 sue
A/t aei SAS I35l 5 5l ealinl L Laesls 4 325
s Bl o b bpSibe avglis i plo
Slp o plil ds s 0 clg.., 53 (LSD) ,ls sxe
—osls pleal ) slateas b il sls 2 55 51 Ol
pde 5l Sl s 4 A pll oL RSN
L g rL&«;\ Sl pN a3 g Laesls (g)ls e
ooy g e

&ls 3 Shos

5o HU oS (bl I bl 4 mls
Y odsdx o3 s olS s Shee sl Sossen
Ll S aas o 0L @L:; el 0l 031y OLES

L.gichad)b o,i 6358 5 e (ol s L

sl 4y 55 » ok sl s 40 Rl Y0
A2 S

DS a s et 0Ll ol oS e sl
S S o aboll sy 2 V3 0 Ll o
s ) oS pa s Y
2 o boles S AL S Al s S
£l e 53058 55 sl G2l sle slajlas
Syl 5 O0dd e Sl Oleabsl 31 g (S o000
Je 2 s 5 Ll Gl BLol slaw e
ol s sl L g S s ol
355 358 gl 355 G pan 4 (53l S o]
355 e Sl S 5o 0 S kS Ve Ol 0 O35 20
) oy a3l (2SSl i Al e 53 b ol
2 e SAS 0 Ul w jid 5 (S i b
I R N O S L
o S 5 Aol Senger AL shee S eslin
S5 osb 5 ST A e 00) Cus s b s
5 e Gl ppimmen A il a5 (3
Seogp T shoe Sl ey S 4 G2 ks 3
it ool o U 31

aelme S5 Casby iy Sl eslial b ol Sl
S Gy Casks sk ) Gl s S
A plonil ol by e 3 5 4l e
A apalme 5 dsles S olel o b Sl
.(Martin et al., 1990)

In (1) akal,

= (ch - ePWP)
X MAD X py, X D,

« : 0fc 5 Opwp « (cm) ¢ L] ;.j s Ges dn
wls (Sspen a3 Cusb; G55 hoss o S
S alss Sl MAD ( ely; oo b s



0 b oS 53 Shas o gop dol 5 0,8 D3 b 1100, Ken 5 lghan oS Sslo

Sedoe Al 5> Slas 5 o3 S Sl Cel
4> .(Rekaby et al., 2023; Ahmed et al., 2024)
el S Wlesls 0L ladlas o i ly3 56 L alasl
BT VR I GO [P P Vi I AT PR PO
iy Iob (Rl Galer 2 oo 0l S
LS e oLl e Blg 5 edd sl
3 o4 Ol -l (Masood et al., 2025) .G 45
SHSLL 5 05 el 3l olS Al Jsl >
IS e At oS gdn llas LS
ol Jood a5 Lo 8 il S ol sl
Sl bl S sl o gl i
Cles I 05eS Jlb sl S g
5 AE g cxe (GaSI T sl

Nassar et ) 15,8 o i5 Ll 55 olS 5 Shas

al., 2022; Sigamoney et al., 2016;
Ghadirnezhad Shiade et al., 2023; Siddiqi &

als 5> Shes il 53l § yomen o .(Husen, 2016
S o ol S0 5 dnd Seapn Jled o
(e obe Sl LIPSO Bl
S G Saslie G e 5
Soliman ) glaasl L @l:; gl el a5 LB
C,.wl.:.wbv_h 5o (et al., 2020; Guo et al., 2022
Uil G s 0dd S slajleg Wlesls OLis oS
s Sas 5 4l Hla O3y W g &u:,l Ll JSliw

Lsde 2l

o g oo e o o8 5L s Skl 5 Aoy
53 0,8 5655 ol 53 Jle S ler 35 dos
$lo > Sas y do)s gy mhav 53 dewl Konsen
0Lt Silke aglie gl (Y Jsdr) 35 s ns
Lol 5l oy Vor s wils 5 Shae o i sl
S 53 0,800 5 o,E Sl s S N s
oSS VHOAY Ol & ol Jlo 5 oo son
s Slas cptaS (F Jste) 1 fols SlSa Lo
SU s S Ar 5 ol 5L doos T cos s 4l
Il Jla 3t Smson SIS p3p 500 50,8
A7 Jsd) o sdaline LSKs s D@lﬁs VAL
gl o s wls s Sae Aol a0 ke
el Senser S5 S s 4 G
Soagen A2l olS 2l5 5 ey Ad) el
335 cdske sblis 6 pdidsd LI L A

Lol b ol LS o e 1 ol WSl (5 polic

L;Lafl.x.}\ S A sl ol Jlosey 5 i L;jl.,w
{(Tadayyon and Beheshti, 2016) 55 » LS
Sl sl Cdled L Al Ko gn e
o 3 5 S S e g g (SR s
Lietal.,2019; Gautam ) 55 S o 5 s ol 531
S ode 4 e 30 i g 3 g (et al., 2021
AL Sl s Sl mead Sl edd 035 5

ol 2 Jelse s semme ol S e oS S



\—\V f ‘\i'i b‘:«\-fu LV G)‘A.n: ‘o u\..l.?)‘J._{L_ﬁ_ 65}}“ C}lﬁ dug;ﬁjk

3 38 hes Dl p deul Seosep 5 08 S (bl S bsls 455 s - Jods

1

Ao Ao U s
s ‘ S s Shee wlssShes ] S i b

Y P ]
eA ofaeY \YY/oY 1AYYYYeq/0. 1004418+ /8 | Jla
/Y o) WA ARCANARIAAR \AAMEAAR ¢ (IS
/8o /o)) aUAR QATYYY/Y VY4 LAY \ Sl
o/ /oY¥ AV/AA FAVOVATY/Y ¥ AVVOY . A/0 ¥ \ Jl s ol
/Y1 /o0 Ve4A AYEYIYTVY. YAQ4VY +/0F A bl glax
VA VY FV/Y FYVO)TOV/Y (AERCERFAIVN ¥ o i $b
£/ AN + /07 FAVYEV/ AALYAAS \ Aol Koo o8
HOVEapde® YA YYOAMIY /oo % ouoTAYo R " Jl s st
AN oavoFEyqy VA0 YA/« 14YT44/01 Y I s Ko gan
/Y0 AN TE/VY YOAVAY/V Y44AY00/07 1 S6 s bl
/88 YO Y/ FOrAVE £46TYE/AA ¢ Senser 53 oLl
/Yo o/ 00/18%  AVAVs £/ YAVEFVI/0A* 1 e Ss 56 s gl
Wi /eeq V4V WVEEYV/ YEVVVA/+ 0 3 Il s Seasen 53 ol
ek YO /v Y YEEVE a0 TAYEOA/AY ! Senser 55 50
LVAUN o/ Y Ye/Ye YoviYov/os 0+ VYY) VY 1 Jl 5o Soogan 53 50
AN /ey YY/Y4 T41Y0 Y/ YVVAY /48 1 Seaser 53 56 s oLl
LYY ed® aYAVE 111999 yEE VVF V08 E N VN P L Wi

AN R AN 041£409/+ TAVYYY/0 e
Js sl
Ao 4/AY VYA Vo8 4744 - (1) O pods o i

AL Ao s 0 j\ Jk}!da“):)bd'uj\ sy QLA (g 5w




)5 TS g5 Shes p Songed dawl g 0,8 OIH3 66 F1 0K 5 Slha S sl

3 il 5 Shes 5 Aol Soger 5 0,8 S0 (gybl (o ST o Kils daslie Y J g

Qe 52 p5) el Ko s SCESEIY 3B 6okl 9
Vees on G 2 2550 (]
AQOY/YY rstu AY4/YY ru VALY u . /Ay
AVVE/YY 1stu AAOY g-u 4+0+/YY p-u Y
AYY? o-u 40\Y/1V n-q AYE/XY stu As
AAOE/AY qrstu VAAL/AY tu AY\Y o-u Voo
ALVV/YY m-r 40¢¢ nopq AEVV/YY n-r . A Jsl
Y+ 0+VYY ab 4440 g-k VYY1V efg .
A4V4/Y p-u 4++4/¥Y q-u AAYV/YY stu Ar
AYVA rstu AYY' grstu AYAL/YY p-u Voo
Jals
AYAV/YY n-t 44YY hijk 47¢+ no
: (AARRD!
VeYEE/NY a-g \+0AY/WV a V+£\abe Y
MYV 1stu A4¢0 rstu AOYV/YY rstu Ar
ALYV stu AL+ p-u AYY0/1V qrstu AR
AVVY qrstu AMN/AY 0-u AAYY grstu . /AaY
VeYY0/V a-g 47+ Y/1Y mnop 4+Y/YY p-u Y
Vv« £V/AV hijk 440V /7Y jjk 40YV/AV opq Ar
AALEY 1stu avY) ijklm \  \VA/YY ghi Voo
40YA opq ¥V /Y m-t AV O/ grstu . A
VoY defg Y+ 1 04/Y'F ghij AETV/YY opqr 1 £33
VY YAY a-f 4VVY hijkl V2 YE4 defg Ar
AOVY/YY qrstu 4\ YV pqrstu V+YAN a-e Voo
Jald
4V+V/AV klmn y+4Y4 abe Ye\Vo d-i
. (LYoo
) )AY/YY efgh \ +YA+/V abed 4940A hijk e
414+ /Y'Y pqrst AA+4/V 1stu RARZVANG T A+
AALE/Y 1stu AVAY qrstu AYEA/YY 0-u Voo

L Al (6ols ome sl LSD O g3l el it S 2ie Gy sls S e Sle lag a3

ol o Jle s o8 SU okl s Jl
530, 5053 olel b3 Jle 8 ler 5 Ao
S es o dess my mhae 5 Al Seasen
b ol (O dedx) s b S50

9598 g O o

3o U S el I Rl e ml
Jlize 3l ams e OLES s ol 0 o303 OLES Y



\—\vuﬁ‘\i'i QL:-AM.’U Y e)w‘o u\..l.?)‘J._{L_’_ 65}}“ C}lﬁ du‘;ﬁj}g_ A

wiosy sbdshe ol Glis 3 0550 e
Sl 1 ATPase o 3l cdlad 5 ol 2 ol
el LIS SRl s T8l e e
Abu-Ria ) Oliime s .5l wlal Jib olis
B Ko gen Aol a8 Wsls OLLS 55 (et al., 200
Gk ol @b elS Wl il 5 Ssale cl
oMo iz s Sk L) Gl S o
Chen et al., 2022; Jing ) sdaze Sladlas (ol
Lol Kl (et al., 2022; Alsudays et al., 2024
ol S Lo St osle e i1 oS
03 T3 drw 5 s 55 ol Bl (SU Kl e
S{ENEIGH FC PERPRCH U ESp Lt PRV
Sl e B s adlae ul s sl
sl Snsop o S 03 S35l 5 Shes
5 e ol Sl e s Sl LI L
@ rl Ak s e o) glaplll g an s
SLS 5 R w4« O Kaasn kS sleasl L
Lol s 53 OalS 5 Sas 5 ud) 35 53 (Soages

315 Gl gtean Lilos S o,Ll Jaswe Cilises

“ &j}bﬁ inla.“ (_SYLJ CA.:MJLM;- e laasOlis
dlo 5o woplie Bl Ll i 55 bajles S5
(8 Jsdr) LapSile alie s ol 2l
sl dle 55 K5 sd s 5 Sas o i oS 5l OLLS
°‘;-’°44.<53le;¢'/-\">J*56JL,%T)L‘~:5)-’)
oS Ve s eB Sl s 1 S N O s
BL pf)lcs VIYY Oljee 0 ol S g SIS0 o
M)JA' 6)@?)&.:3 CQTJ‘JMV\'«:’ J.gaL>- )L‘l&b
‘55}3‘5}[} Jl'.;j_jj,(:.a Y A_éf,acl.:o‘]‘ub L;!T)LJ
LJLM: OLQA)J J\:.w‘ &AMJU&A)J rjf O
QLJ-' b &YL’ Jjﬁaﬁ ‘)bﬁaﬁ ijl.:s YOE,\"~
by SO s See S Llie s sl
AU G e 05y T 5L ey T el e
Aol S gop Sl 3 0 5 000 brae b s 08
2y s s r,i,iﬁs\/wv\ Ol & Jl Jlo o
S slsles 3 SoSdse o Ses Ll
ole Sl il s 0 Yl ctoul oo son

Gilwdleé L S n sl (Ahmed et al., 2024)




D)3 S 55 ot gy Kenged el 5 68 SI,3 0 S 0L Ken 5 Slghan oS Sslo

O3 S5 am 5 Shas el Koo gt 50,8 5 (bl (o I Kile dslis 8 Jgu

QS 53 5) el s 50 0% o5 L ) ol o
Vree ore ' (A2 A S (G
YYo\Y/A7 hijkl YA+44/V4 m YYAOV/AY ijklm . /Y Jsl
YY+VVAY ijkl YEYV+/YY abedef YYVo¢/4 ijkl Y
Y+14¢/¢0 ijklm YAV A/ jkIm YL Y/VA ikl Ar
YY) +¥/A hijkl Y VEV/A jklm Y4116/4¢ klm Yoo
Y¢+04/1 defgh YV A/Y ijklm YYALN/AY jkl . A
Ye£0+/+0 jklm Y&\ +V/Y0 abcdefgh YYELe/A gkl Y
YY4¢Y/+ ) ijklm YYAY+/AV klm Y+0++/4V klm Ar
YV4+Y/Vo jkim V4£0V/YY Im Y2V /47 jjklm Yoo
dals
YYYY/Y4 fghijkl YYAO+ /87 ijkl YEV+VY) abed . Gren
YYYY/00 2 YY'VAT/0¢ fghi YYO0/AA ijkl Ay
YYYYY/VY ijkl V40YYV/YA Im YVAYV/EY hijklm Ar
Y£4y0/1V abe YY'Y40/AY ijkl Y+ YEA/A hijklm Yoo
YYYYA/OA ghijkl YY&E VY ikl YFYA /Yo ijkl . 7 £33
YEeYo/+ 0 abede YVo+/+Y jjklm YY4+Y/£Y ijklm e
YEYY/V Y defg YYV\Y4/¥ ijkl YYAAO/Y0 ijkl Ar
Y+ Y+Y/4Y hijklm YA 0/Y ijklm YY YA/ATkIm Voo
YY)\ /Y¢ hijkl Y¥)AA/C ghijkl Y¥Y¥ /4 hijkl . JA
YEAO+/¢ abe YoiY+/VE ab YYVV4/1¢ fghi Y
YY) VY ghijkl YY0Y4/¥Y Im Y1£VY/40 klm As
44YV/Y0 ijkim ¥ 0/44 fghij Y¥§0/70 jk Voo
Jals
YY0Y/Y4 hijkl AARRRVAZ B YYYAL/4) hijkl .
(AXED!
Y+AYo/¢ ijklm YYYVV/VE fehijkl YY v/t ijkl T
Y+ £Y4/) klm YYVIA/VY hijkl YY+ +V/04 fghijklm Ar
YEYOY/A defg Y+ Y0\ /AA hijklm YYVVA/AY ghijkl Yoo
I ealy gl ime Sl LSD (ge3T ulal  dits S ke Gy il &S b Sla Gl a3
B I R e Cits g oL

Loy OVAY Ol & dol Jlo 5y Se g Al
Ao s Av Cod il el S Al el
e SV s Bb S A G e s ol Sl

A S A Gpan 5 T 5 Ao T Sl e

i JY dadr bl 4 il 4 e g L
3l Wl s e s ol s 6,8 S
Tl 03 el Seages 3 o i L s sl
(Y Jss) 53 Shsime cdlsy pasls Aoy

‘}.’T)L;.s M).)/\' 6)@]).3@\.))4 um—u wju,:.s



\—\V‘Jﬁg\i'i bt.«.fu ‘V ango AL?J‘J..:.H d})_’\.&s rjpl.ﬁ 6“&}% \'

by o yerla bl el il Segn L3 S
das e Ol 55 Oldisee asllas Cfl“" NGI P
Cils p yela il Cel dn) Ko sn G pze
alas opl mli LS ool o3 Sy olS
Wulandari ez al., 2019; Prakoso ) 5,15l y5ees

Let al., 2020

ol dl 55 deul Ko gop 3 ame ple 5 0,k U
3 3 S s 5 ils 5> Shas (0 Jgdr) i sdaline
5 S5t oK 031l oy e 5l Al
P S LR [ JUVS R JUCSERI R PR
el e b 5 ails o3l 5 sloes ol il 4y (g 52m 425
Slaadlas 3 A3l o 5o s 3lse o i
Olse (Tadayyon & Beheshti, 2016) Olai=s

Sys bl p e el Seager 5 0,8 U (g bl o 1 Kl aglie —0 J g

QS 53 0 5) el Sin g0 o8 o3 S ) ol g
Voo o Gl 2 s S0 (s
Y4/VV klm YVUVY j-m IAVAR-S' . /Ay
Y4/A klm YV/\ i-m £+ /AY j-m e
§+/+V klm Y4/4 j-m Yo/¢Y Im A
YA/AY Im YA/0Y j-m £1/4V i-m Voo
Y4/ klm £0/4v d-g £V/4Y j-m . I A Jsl
0Y/AV a £Y/¥i-m £0/¢ efgh e
£1/VY klm £V/YV j-m £Y/YY gk A
Y'V/AY h-m £Y/¢V klm Y4/A j-m Yoo
Jald
£1/V klm £Y/0 g-k Y4/+0j-m
. (VAAEEY)
Y4/1Y k-m £4/0Y e-i £V defg A%
Yo/\Vm L 0/AY efg Y4/+Y j-m A
$8/¢ f5 YVY klm £4/V\ j-m Yoo
Y4/V j-m YA/0¢ m YA/AY i-m ’ At
£Y/0 j-m £4/0 d-i £V/Vi-m e
£V/A i-m £0/\Y e-h £Y/Ai-m A
£Y/4 h-k £VYYV def £V a-e Yoo
£Y/AY i-m £+/YV klm YA/A i-m . I A £33
£1/YV kim £+/1V klm Y4/4Y i-m e
§8/8V £ $0/¢ fgh £A/\V abe A
£Y/ov jk Y4/ Im £0/+Y d-h Yoo
Jals
£Y/+V h-l LA/ Y abe £V/vd-g
. (Yoo
£4/\Y ab £1/4V a-d £0/\Y e-h e
£0/0Y e-h YAV Im £Y/0V h-k A
Y/0Y k-m IAVAYET'S YYAY i-m Yoo

LI aly (ol e sl LSD O ga3T pulal y dieen S e G (s 4 bl LS 8 5o



V) 3 kS 53 Shes py Koo gt ol 5 05 S50 31100, Ken 5 Slgheam S Ssloo

e jole Ol 5 S (gdie slse 039 e s
S oS (05 5 Serg Sl 355 355 0 D)5
53 b olS O3 el el Wil e
ool 5 b dRe sl dr 5 Ra gy A 0
cLﬁQ)S@‘Jﬂd}fj&%jjj.bi)aJ)JJJ
)}JSBJJQJJJW&.‘f‘)JWMé
J.?w‘ J}S L_?fm cw‘jb NG objs Ld.i‘ L;L;—Lw
ot S Gl s Ol 4 Ul o0 Saa s
ot Dl 5 Sagen 5lge 55 eslanal J>La
S5 sl b oman LS o o i 15 05555
das e OLi ol S (Wyszkowski et al., 2023)
5 sl e be 65 (6,80 s @ Al S
W) e slge a4 g mws 5 Lyl OLLS 3w S
B Jﬁi ‘V-"‘ﬂ Lv—:—nﬂb—l ‘j&-aﬂ-é cdj)j«'.:., odes )}.b
Wyszkowski et al.,) Lizu o 35 |y (S35

2023; Hemati et al., 2022; Savarese et al.,
(2022

W13 (59 yud W0 40
53 dle Blie 1 ans e 0L b5 s gl
Songed 53 08 $U 5 0,8 U 358 53 dlu (ool
53l oo el Sasen 5 Aoy iy mhaw 5o A
ol 3 dle 5l S5 A3 S Jle| s
e Jl! d‘«* 53 el Soogen 3 0,8 $U o
Jadr) 55 Slogme dls 0550 Slyme Ao
O35 Sl asld o ni ol DL s (Y
00t 5o, U b pme pde b ol 5l Aoy Ve
V80 Ol 4 Il Il 3 Siomson Aol SIS0 530 8
53 Obg s il p yatls o eS 5 5s Aoy
SU s S Ve Grme s T 5L o gs A o
Il Jlo 53 dad S pon SIS 5o p SN0 ve 50,8
OS5 (V) 55 Aoy V/08 Olpe
3 AS) e geS s s Aol Sasr S )
Liu er ) destls 5 oyd oS 5o plde ole Ol
3 Sengen del 358 5l 0las Ll =W (al, 2019
03 o analr Jlle WS o0 S seS s00
o 3 ol Shaselr jltle 5 S i s

DL Jr@.’ C,.OL 4.?;94')5 454)4)\& J.:.vst; ‘:"‘:"bj"




\—\V‘Jﬁg\i'i bt.«.fu ‘V ango AL?J‘J..:.H d})_’\.&s rjpl.ﬁ 6“&}% \Y

33 039 g el Sengen 5 0,8 SU bl Il ST 80be avglie 1 g

QLSe35 p8) dewd Ko s o8 o3 S 3B ol o

Voo or U GNP (o

VYV £ V¥ gl V/YE s-v . /Ay
\V/YAr-v \/¥4 rstu \/¥Y o-u e
V/4Y a-d \/L¢ ab \/Y q-u A
\/Y¢ stuv \/¥ qu \/YY tuv Yoo

\/YY o-t \/£Y abc \/Y g-u . 1A Jal

\/Y4 q-u V/¢ d-g \/YA stuv e
\/YOr-v V/EY a-e \/YY q-u A+
V/+4w \/Y h-1 \/YY q-u Yoo

Jald
\/Y4 q-u \/t0a VA vw .

(VAAREY)
\/Y0 i-m \/YV gk \/YY s-v A
\/YE Lp \/¢ a-f \/YY stuv Ar
/YA q-v \/¥Y4 q-u \/YY g-v Yoo

\/¥r-v /Y0 mn \/¥ p-u . /AT
V/Ys-v \/Y\g-v \/Y'¢ nop A
V/YV s-v \/YA gh VYN o-u A
\/YY r-v \/¥¢ mno \/¢ efg Yoo

\ARY 8% \/Y'0 h-m \/YA q-v . I A £33

\/YY n-q \/YY nop VYV 1y AR
\/YY n-q V/YA ghi V/Y4 g-u A
V/YY uv V/YY n-q V/YY p-s Yoo

Jald
\/Yqu V/YA r-v V/YY s-v 0

(LYoo
\/YA 1-v VY0 j-m VYA 1-v AR
\/YV g-v \/Y¢ 1-o0 \/¥Y o-u A+
VYA s-v AARKE V/YY par Yoo

Al sl (gl e sl LSD O3l ool Mt S 2tie g gl o oS0l lass o 53
(Y dj-)?') e ‘)\J@M R O‘S:;)J‘i IS CT.: M‘éﬁ’ﬁ:

bl 5L dess Ve bl s @l s op e
S 53 e S0 50,8 Bl s S N e
Lol o3 /4 Ol 0 Il Il 3 S g0
e b ol 5l dos W (bl Sl g 5 A
Aol DESa 53 o 8 00 5 0,8 G s S A

Jlae JY dadr bl 4 b 4 e g L
Tl 53 el S 53 0,8 S 5 b 30,8 S0
VQCE“)-‘JL”J-’ %ﬂ‘&fﬂ;‘jv\«ﬂﬁ@g
Sl g sls pme b dils s s Aoy
s 53 Aol oo 368 HU s bl s L



W oD p3 kS 53 Koty Koo gt ol 5 085 S50 31100, Ken 5 Slgheam o5 Ssloo

Lasls ol 5o (Tadayyon & Beheshti, 2016)
Gyae 50 o slew Ol oS 8, Ao
ST e aalosl 53 b o il 3l sl Koo gon
e 45 Ad edalie D3 5 kS (g glas e
L OB Ol o5l sl D) 50 & S 5 A
Nasiroleslami et al., 2021; Azeem et ) 315 2| 53!

(al., 2021

als s doss MAA L dol Jlo 5y Sesen
S dos A S s Al g o eSS
D3 SN e g aly S Ve e
sdaline Loy VAY Jl Jlo s ] Ko gen LS
Rahouma & ) dezs 5 Logaly, (V Jyd=) Al
b e L3S Olge iags ,s (Mahmud, 2021
wls 0S5 Ol olspmn b Al S e
Sliies ool bly o adlllas ol ol L S )

33 4ls g p el Seosep g 05U (bl Il F1 5Kl a iV Jpx

QS 53 0 5) el Sin g0 o8 05 b 5B @l "
Voo 0 (2 A5 (!
AoF efghi A¥4 hij Y/VY opqr s Jd

Y/A\ opqr a/-%a A\A nopq Iz
AMA abed AAd ab MY nopq A
YIYA opqr AYY opq Y00 qr Yoo

AY\ nopq AAY abe MY nopq 7 A
MN<¥ pqr AYY cdef 8 opqr I
Y/AY opqr AYA abed AIY nopq A
ZINY s A¥A ghij A\Y nopq Voo

A +A nopq A 4 nopq YIXY 1s " :Ubl“;
A¥0 ghijk ANOY¥ fghij Y/5Y nopqr 5.
AY# ijklm AYY abede YIY pqr A
AN+ pqr AN +A opq Y/5Y nopqr Voo

Y/AA opgr AN¥Y hijkl ANYY opq s p9d

Y/AA pqr Y/A pqr AYD ijklm Iz
Y/4% opqr ANF¥ defg A4 nopq A
Y/&Y opqr N¥Y ijkl NYY def Voo

YIM pqr M¥Y hijk A<\ nopqr 7 A
AIYA jklmn AYY klm Y/A\ opqr 5.
AYA Imn AN§ fgh AN +# nopq A
v/00 qr AYQ Imn AY¥ mnop Voo

A\ opq Y/AY pqr Y/0A pqr " ;mh;
AN +¥ opqr M¥Y hijk A +Y opqr 5o
Y/4% opqr ANYA jkl A/Y nopq A
Y/A pqr AN nopq AY# mno Voo

L Al (6ols e sl LSD 0 ge3T pelly dien S 2ie g sl oS e Kils lo o 3



\—\Vf&\i'i bt...fu ‘V OJLM:QO u\..l.?)‘.’.i‘.% 6})3\.&5 r".l.ﬁ 6‘.&&}2 \i

SAY) 68 S0 VL a5 iy s e
g sl B Ly 35l s (ds S V0
Lol bl 5 clale Hatasolis oS ad o Sas b
axdlae ol glacys g alas 1l by 5
oo adlne G s 3 B S e 4 Ol S e
35 Ll ey p P S5 b e i) Lyl 2 L
Sl omen LS o dgdee | @Lu' o aS
gldsly 5 oS 5 S i SU e
sl ol by il oS )y O Jame s
Ko )3 5 el e bl s lesl 54
b s Sl 5 ol B sl LSS e e
SUotends Ol andllas iomen 335 )
o 5 0T o peme (golaml ) oS 3

S TR S P I Loy

REFERENCES

S5 A
ol dl 53 S50 5,8 nin oS 5l 0L
o o 4y (‘_;.J SN Jels Solel Dl 3
e SN ek U s s S s
2 PSS YA Ol 4 dsl Seapn SIS
S 8ks peS (bl s ol s
(ol Sl Ao W el Sl 4 b ye G55 s
S 53 p S 000 Gpan b o,i 5L pas 05
oS AS WA Ulsee 0 Jol b s sl SConson
5,8 a8 sl Ol s ol b s S s
SLTeS Bl b 3 del Seagen 5 08 D3 5L
08 AS 5 oS 2 Shes  ate 5b Wi
SU A A S e Sheslinad o pay AL 4l
Seogep LS 5o S Ve L 00 Lol en o8
N Y S N I e SN W

Abdel-Azeem, A., Nada, A. A., O'Donovan, A., Thakur, V. K., & Elkelish, A. (2020).
Mycogenic silver nanoparticles from endophytic Trichoderma atroviride with antimicrobial
activity. Journal of renewable Materials, 8(2), 171-185.

Abu-Ria, M. E., Elghareeb, E. M., Shukry, W. M., Abo-Hamed, S. A., & Ibraheem, F. (2024).
Mitigation of drought stress in maize and sorghum by humic acid: differential growth and
physiological responses. BMC Plant Biology, 24(1), 514.

Ahmed, S., Kalhoro, S. A., Ahmed, B., Sarfaraz, Q., Rodeni, M. A., Hameed, K., & Ullah, S.
(2024). Impact of Humic Acid on the Morphological Components and Growth Parameters
of Wheat (Triticum Aestivum L.) Under Dry Climate of Uthal. Journal of Applied Research

in Plant Sciences, 5(02), 226-236.

Alsudays, I. M., Alshammary, F. H., Alabdallah, N. M., Alatawi, A., Alotaibi, M. M.,
Alwutayd, K. M., ... & Awad-Allah, M. M. (2024). Applications of humic and fulvic acid
under saline soil conditions to improve growth and yield in barley. BMC Plant Biology,

24(1), 191.

Azeem, K., Naz, F., Jalal, A., Galindo, F. S., Teixeira Filho, M. C., & Khalil, F. (2021). Humic
acid and nitrogen dose application in corn crop under alkaline soil conditions. Revista
Brasileira de Engenharia Agricola e Ambiental, 25(10), 657-663.



V0 D3 kS 53 Shes py SKuoged ol 5 085 S50 1100, Ken 5 Slgheam S Sslo

Chen, Q., Qu, Z., Ma, G., Wang, W., Dai, J., Zhang, M., ... & Liu, Z. (2022). Humic acid
modulates growth, photosynthesis, hormone and osmolytes system of maize under drought
conditions. Agricultural Water Management, 263, 107447.

Faostat, F. A. O. (2023). Production crops. http://www. fao. org/faostat/en/# data. QC [URL].

Fathi, A., Barari Tari, D., Fallah Amoli, H., & Niknejad, Y. (2020). Study of energy
consumption and greenhouse gas (GHG) emissions in corn production systems: influence of
different tillage systems and use of fertilizer. Communications in soil science and plant
analysis, 51(6), 769-778.

Gautam, R. K., & Navaratna, D. (2021). Humic Substances: Its Toxicology, Chemistry and
Biology Associated. In Humic Substances (pp. 97-110). IntechOpen London.

Ghadirnezhad Shiade, S. R., Fathi, A., Taghavi Ghasemkheili, F., Amiri, E., & Pessarakli, M.
(2023). Plants’ responses under drought stress conditions: Effects of strategic management
approaches—A review. Journal of plant Nutrition, 46(9), 2198-2230.

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.

Hafeez, A., Ali, B., Javed, M. A., Saleem, A., Fatima, M., & Soudy, F. A. (2023). Plant breeding
for harmony between sustainable agriculture, the environment, and global food security: an
era of genomics-assisted breeding. Planta, 258(5), 97.

Hemati, A., Alikhani, H. A., Ajdanian, L., Babaei, M., Asgari Lajayer, B., & van Hullebusch,
E. D. (2022). Effect of different enriched vermicomposts, humic acid extract and indole-3-
acetic acid amendments on the growth of Brassica napus. Plants, 11(2), 227.

Jackson, M. L. (1958). Soil chemical analysis.,(Constable & Co Ltd: London). pp: 183-192.

Janeeshma, E., Habeeb, H., Shackira, A. M., Sinisha, A. K., Mirshad, P. P., Khoshru, B., ... &
Mitra, D. (2024). Strigolactone and analogues: a new generation of plant hormones with
multifactorial benefits in environmental sustainability. Environmental and Experimental
Botany, 105775.

Jing, J., Zhang, S., Yuan, L., Li, Y., Chen, C., & Zhao, B. (2022). Humic acid modified by
being incorporated into phosphate fertilizer increases its potency in stimulating maize
growth and nutrient absorption. Frontiers in Plant Science, 13, 885156.

Li, Y., Fang, F., Wei, J., Wu, X,, Cui, R,, Li, G, ... & Tan, D. (2019). Humic acid fertilizer
improved soil properties and soil microbial diversity of continuous cropping peanut: A three-
year experiment. Scientific reports, 9(1), 12014.

Liu, M., Wang, C., Wang, F., & Xie, Y. (2019). Maize (Zea mays) growth and nutrient uptake
following integrated improvement of vermicompost and humic acid fertilizer on coastal
saline soil. Applied soil ecology, 142, 147-154.

Maroufpoor, S., Bozorg-Haddad, O., Maroufpoor, E., Gerbens-Leenes, P. W., Lodiciga, H. A.,
Savic, D., & Singh, V. P. (2021). Optimal virtual water flows for improved food security in
water-scarce countries. Scientific Reports, 11(1), 21027.



\—\Vf&\i'i b\.:..m.fu “’ OJlM: ¢° u\..l.?)‘.’.i‘g’ 6})3\.&5 r".l.ﬁ 6‘.&‘}-&‘92 \-\

Martin, D. L., Stegman, E. C., & Fereres, E. (1990). Irrigation scheduling principles. IN:
Management of Farm Irrigation Systems. American Society of Agricultural Engineers, St.
Joseph, MI. 1990. p 155-203.

Masood, S., Khan, N. R., Fayyaz, M., Qayum, M., Khatoon, A., & Jamil, M. (2025). Synthesis
of Plant-Derived Smoke-Mediated Silver Nanoparticles and its Stimulatory Effects on Maize

Growth Under Wastewater Stress. Arabian Journal for Science and Engineering, 50(1), 65-
75.

Moustafa-Farag, M., Mohamed, H. 1., Mahmoud, A., Elkelish, A., Misra, A. N., Guy, K. M., ...
& Zhang, M. (2020). Salicylic acid stimulates antioxidant defense and osmolyte metabolism
to alleviate oxidative stress in watermelons under excess boron. Plants, 9(6), 724.

Nasiri, Y. (2022). Evaluation of organic and biofertilizer inputs application on yield, yield
components and essential oil content of marigold (Calendula officinalis L.). Journal of
Agricultural Science and Sustainable Production. 32(2), 97-113. (In Persian).

Nasiroleslami, E., Mozafari, H., Sadeghi-Shoae, M., Habibi, D., & Sani, B. (2021). Changes in
yield, protein, minerals, and fatty acid profile of wheat (Triticum aestivum L.) under fertilizer
management involving application of nitrogen, humic acid, and seaweed extract. Journal of
Soil Science and Plant Nutrition, 21(4), 2642-2651.

Nasrollahzade Asl, V., S. Moharramnejad, M. Yusefi, A. Bandehhagh, and L. Ibrahimi. 2017.
Evaluation of Grain Yield of Maize (Zea mays L.) Hybrides Under Water Limitation.
Journal of Agricultural Science and Sustainable Production. 27(2), 85-96. (In Persian).

Nassar, M. A. A., & Al-Qaltagqge, O. T. (2022). Relationship of Irrigation Intervals, Silicon,
and Nano-Silver to Maize Productivity Under Soil Affected by Salinity. Egyptian Academic
Journal of Biological Sciences, H. Botany, 13(1), 49-56.

Nassiri Mahallati, M., Bahamin, S., Fathi, A., & Beheshti, S. A. (2022). The effect of drought
stress on yield and yield components of maize using meta-analysis method. Applied Field
Crops Research, 35(1), 53-35. (In Persian).

Pourgholam-Amiji, M., Liaghat, A., Khoshravesh, M., & Azamathulla, H. M. (2021).
Improving rice water productivity using alternative irrigation (case study: north of Iran).
Water Supply, 21(3), 1216-1227.

Prakoso, T., Sulistyaningsih, E., & Purwanto, B. H. (2020). Effect of humic acid on the growth
and yield of two maize (Zea mays L.) cultivars on andisol. l/mu Pertanian (Agricultural
Science), 5(1), 25-34.

Rahouma, A., & Mahmud, A. (2021). Maize growth and yield response to different rates of
humic acid and zinc. Alexandria Science Exchange Journal, 42(4), 823-829.

Rajput, P., Kumar, P., Priya, A. K., Kumari, S., Shiade, S. R. G., Rajput, V. D, ... & Rensing,
C. (2024). Nanomaterials and biochar mediated remediation of emerging contaminants.
Science of The Total Environment, 916, 170064.

Rekaby, S. A., Al-Huqail, A. A., Gebreel, M., Alotaibi, S. S., & Ghoneim, A. M. (2023).
Compost and humic acid mitigate the salinity stress on quinoa (Chenopodium quinoa Willd
L.) and improve some sandy soil properties. Journal of Soil Science and Plant Nutrition,
23(2), 2651-2661.



W p3 kS 53 Shes g Koo gt ol 5 085 S350 31100, K0n 5 Slgheam 5 Ssloo

Sauberlich, H. E., Chang, W. Y., & Salmon, W. D. (1953). The amino acid and protein content
of corn as related to variety and nitrogen fertilization. The Journal of nutrition, 51(2), 241-
250.

Savarese, C., Cozzolino, V., Verrillo, M., Vinci, G., De Martino, A., Scopa, A., & Piccolo, A.
(2022). Combination of humic biostimulants with a microbial inoculum improves lettuce

productivity, nutrient uptake, and primary and secondary metabolism. Plant and Soil,
481(1), 285-314.

Shiade, S. R. G., Fathi, A., Rahimi, R., & DahPahlavan, S. (2024a). Crop Adaptation to Climate
Change: Improvements in Photosynthesis. In Handbook of Photosynthesis (pp. 676-684).
CRC Press.

Shiade, S. R. G., Rahimi, R., Zand-Silakhoor, A., Fathi, A., Fazeli, A., Radicetti, E., &
Mancinelli, R. (2024b). Enhancing seed germination under abiotic stress: exploring the
potential of nano-fertilization. Journal of Soil Science and Plant Nutrition, 24(3), 5319-
5341.

Siddiqi, K. S., & Husen, A. (2016). Engineered gold nanoparticles and plant adaptation
potential. Nanoscale research letters, 11, 1-10.

Sigamoney, M., Shaik, S., Govender, P., & Krishna, S. B. N. (2016). African leafy vegetables
as bio-factories for silver nanoparticles: a case study on Amaranthus dubius C Mart. Ex
Thell. South African Journal of Botany, 103, 230-240.

Soliman, M., Qari, S. H., Abu-Elsaoud, A., El-Esawi, M., Alhaithloul, H., & Elkelish, A.
(2020). Rapid green synthesis of silver nanoparticles from blue gum augment growth and
performance of maize, fenugreek, and onion by modulating plants cellular antioxidant
machinery and genes expression. Acta Physiologiae Plantarum, 42, 1-16.

Tadayyon, A., & Beheshti, S. (2016). Effect of foliar applications of humic acid, Iron and Zinc
on some characteristics of negro (Guizotia abyssinica L.). Journal of Crop
Ecophysiology.38:283-296. (In Persian).

Teran-Samaniego, K., Robles-Parra, J. M., Vargas-Arispuro, 1., Martinez-Téllez, M. A., Garza-
Lagler, M. C., Félix-Gurrlola, D., ... & Espinoza-Ldpez, P. C. (2025). Agroecology and
Sustainable Agriculture: Conceptual Challenges and Opportunities—A Systematic
Literature Review. Sustainability, 17(5), 1805.

Wulandari, P., Sulistyaningsih, E., Handayani, S., & Purwanto, B. H. (2019). Growth and yield
response of maize (Zea mays L.) on acid soil to different rates of humic acid and NPK
fertilizer. Ilmu Pertanian (Agricultural Science), 4(2), 76-84.

Wyszkowski, M., Kordala, N., & Brodowska, M. S. (2023). Trace element content in soils with
nitrogen fertilisation and humic acids addition. Agriculture, 13(5), 968



