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Effects of irrigation regimes and biochar on water use efficiency, yield response,
and growth of tomato plants
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Extended Abstract

Introduction:

Water scarcity has become one of the most critical challenges to sustainable agricultural production,
particularly in semi-arid regions. Efficient irrigation management and soil amendments such as biochar have
shown great potential in improving soil structure, enhancing water retention, and increasing crop productivity
under limited water supply. Tomato (Solanum lycopersicum L.) is one of the mast economically important
vegetable crops, yet it is highly sensitive to water deficit. The relationship between irrigation levels and crop
yield can be analyzed through production functions and water use efficiency (WUE), which provide valuable
insights for optimizing water productivity. Moreover, the Relative Growth Rate (RGR) serves as an important
indicator to assess plant growth dynamics under different management conditions. This study aimed to evaluate
the combined effects of various irrigation levels and biochar application rates on WUE, production function,
and RGR of greenhouse-grown tomato. The findings are expected to contribute to improving irrigation
strategies and sustainable resource use in protected cultivation systems.

Materials and Methods:

The experiment was conducted as a factorial arrangement in a randomized complete block design with four
replications in the greenhouse of Lorestan University, during winter and spring for 120 days. The mechanized
polycarbonate greenhouse (20x9 m; 6 m height) provided controlled conditions, including 18-28°C
temperature, 50-70% relative humidity, and 500-600 pmol m™2 s™! light intensity. Experimental factors
included seven irrigation regimes and three levels of rice bran biochar. The irrigation regimes were 50, 60, 70,
80, 90, 100, and 110% of crop water requirement (designated Lso to Liio, respectively) based on soil moisture
depletion. Biochar was applied at three levels of 0, 3, and 6 t ha™' (designated By, Bs, and Bs, respectively).
The Biochar was produced from agricultural residues using a muffle furnace under nitrogen gas at 500°C to
ensure an oxygen-free environment. In total, 21 treatment combinations were applied to 84 pots, with L and
By serving as the control. Soil physical and chemical characteristics, including bulk density, pH, electrical
conductivity (EC), cation exchange capacity (CEC), and organic carbon, were measured following
standard .Water use efficiency (WUE) was calculated as the ratio of total fruit yield to the amount of water
consumed. The production function between yield and evapotranspiration (ET) was fitted using a second-
degree polynomial regression model to determine yield response to irrigation. The crop yield response factor
(Ky) was also calculatedaccording to the Stewart model (1977). Relative Growth Rate (RGR) was determined
based on changes in plant biomass over. Data were statistically analyzed using ANOVA, and mean
comparisons were performed using the least significant difference (LSD) test at the 5% significance level.

Results and Discussions:

The results demonstrated significant effects of both irrigation levels and rice bran biochar application on
tomato yield, WUE, and growth parameters. The highest WUE value was recorded with (Lgo) combined with
6 t ha™ biochar (Bg), indicating improved water productivity with minimal yield reduction compared to Laigo.
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The nonlinear (quadratic) relationship between yield and water use was fitted between tomato yield (YY) and
cumulative water use (X), with an R? of 0.945, indicating that 94.5% of yield variation was explained by water
consumption. In this study, Ky was calculated using the Doorenbos and Kassam (1979) model and was
estimated at 0.77, which is lower than the FAO value for tomato (1.05). This lower Ky suggests that, under the
experimental conditions, the crop exhibited reduced yield sensitivity and a degree of tolerance to water stress.
In fact, the application of biochar reduced this sensitivity by improving soil moisture retention and root
environment. Although Relative Growth Rate (RGR) naturally declined after early growth, biochar treatments
(particularly Bg) mitigated the negative effects of water stress enhancing RGR by 10-25%. This result
highlights the role of biochar in promoting vegetative growth throughout the growing period.

Conclusion:

The results of this study indicated that the application of biochar combined with appropriate irrigation
significantly improved tomato growth, yield, and water-use efficiency (WUE). The highest WUE was observed
at the treatment with supply of 90% crop water requirement (Lgo) and 6t ha™ rice bran biochar (Bs), reflecting
water savings without reducing yield. Biochar enhanced soil water retention, root environment, and nutrient
uptake, while the quadratic production function revealed a nonlinear relationship between yield and water use,
with a Ky of 0.77 indicating low yield sensitivity to water deficit. Relative Growth Rate was also increased in
biochar-treated plants, particularly under optimal irrigation, highlighting its role in improving vegetative
growth and biomass accumulation. Overall, integrating biochar with precise irrigation management can
enhance water productivity, maintain yield, and support sustainable agriculture in semi-arid regions.

Keywords: Crop yield, Deficit irrigation, Production function, Tomato growth indices
Citation: Jamili, T., Alinejadian-Bidabadi, A., Maleki, A., Feizian, M., Akbarpour, O.A., 2026. Effects of

irrigation regimes and biochar on water use efficiency, yield response, and growth of tomato plants. Iranian
Water Research Journal.19(59). PP: 85-102 https://dx.doi.org/10.22034/IWRG.2025.14768.2605

Copyright:
© Authors, Published by Iranian Water Research Journal. This is an open-access article distributed under the
CC-BY (license http://creativecommaons.org/licenses/by/4.0/).


https://dx.doi.org/10.22034/IWRG.2025.14768.2605

olnl &f Giegl alxe
OV T=AB) VPP cyliamas B8 oyley [F oylad /18 b
https://dx.doi.org/10.22034/IWRG.2025.14768.2605

SS9z g5 oL Wiy 9 g @l T Gy S (s 3L 5 9 oF ciike polio il

® 3351 she ol § yladad dome ' (Sho plee T gobTum sl e dildl ! o 1l

oS>

5 ROR) (oo 0 253 ((Sufslsnind laiTis 2 @n oo 35 3005 5 )kl ilies polis 3l o0 j5liteny
Jead 90 50 Bolai JulS slacSsh al 7 b CJB j0 g el & jgoas Sl Liolejl( K 3ax65 (WUE) O G pae ol)l8
ol sl can ol bajlas o |z ol J olBails (3,0laS saSiiils Sladss aildS ;8 59, VVe G & jle g Gl
PP Y ) sl v a5 (SB tsb, saddss lal 5 ol 5o el asys 1Y e g Yo e A Ae Ve e b))
53 98l jled ploie 4 (S 0 o5 ) (ans ) Brae pas L olres oLS ST 5LS 0058 el b (6)Lal jles 5 sy (S
50 35 S 0 5 8 55 Lolen o LS el 9o, e gkl o WUE () iy a5 ols olas s b a5
i RGR oo «ocislS 5l s Yo BV ¢ (slagg,y 50 4S5 5bas s RGR iliél g (S35 5, Lol b ol jor st ; 185 50,8
el Cawdds (10 V) s J&5 g Hlews 51 pidin cilieas (VY) ol 5l el dojo Ve (oLl b g5 e LS yo 5 8
Gy &94} ‘) RGR 5)t'\.§.£b B LJ"’ 4 0)4344 ‘S\M)Jl:) of)lf ‘5'9 PRV RGR QL""'S"’ e o LS)L"J] alises ).nbLa.n “}5 )5.'04.1
Gi ,Sils a5 il aelsl 35w s >l e 5o Wigy ol 0,8 a1 ol i s)lel b oS e Sl 31 g ols zulel YO
g5 3 Eran ol i 50 ,Slas (o alaly ol (LS 53 a8 @ el 05 oLS 0y S50 50 (S R Rl g (a3 5
7 oy)5 as ols ylis leadl, IS by (R2=1/2¥0) 0o )5 o Slas 2alS Cgo (L110) ol 55 51 iw 5,Lol g 005 pgo ax 0
‘)_\) g A_QT d)a.e b_,l)lf 9 DJS.LQ.C w‘).e‘ Lg‘)_\ )Lo.».a CRe ‘t.‘:”i )L:.ﬁ U""AL Sy q- é)l.uT L: o|).o..® G‘““)LJLC) )L»S.Q: BRI

Sls ol 58l & jaods |y oS 0l ( ol olic oge pal,d g S g b g3 S5

s Qs 7 ‘(_;)Lz.giwf‘osz 0, 8es ( K5,8 ax o8 0l slo sl s gudS oy

r ‘:'-u.».{)JLéj 9 &7)] ng.'..‘QLa ).{\)Ld.o ):a.)i.t" ARA S ‘.&‘ ‘)5.{).?5‘ P sOL:ué.:.é ‘.& “Sil“’ “ astLg]Ju:J QL?Q‘}: ‘éJLC PR GM :&b)‘

\‘Y—/\Quo e (OO Q‘)‘.’.‘ u_:] URR9 A.L?m u_i.).ebp‘ oL.: .\....v) 9 \.\.Js.: c;l.: “_)" d).a.o u..blS
https://dx.doi.org/10.22034/IWRG.2025.14768.2605

Sl J olEals S g 5 psle 05,5 S cilis g Kypd gl 5 asgal il -1
Sl o8l (65,5laS 0aSiails S kg 3 pole 09,5 Letils -Y

s ) olSils (535S 0aSiails T cuwiiige 5 pgle 03, jleils ¥

Ol ) olKails (5,5laS 0aSlisls S pwdige g pole 09,5 Lozsls -F
Ol o8tils (BLS S5 g wlgi (it 09,5 JLobiul -0
alinezhadian.a@Iu.ac.ir :Jgiuwo oodums o *

VE-F Y S VEF AN sl s gl


https://dx.doi.org/10.22034/IWRG.2025.14768.2605
https://dx.doi.org/10.22034/IWRG.2025.14768.2605
mailto:alinezhadian.a@lu.ac.ir
mailto:alinezhadian.a@lu.ac.ir

AA

VFof ylomo 108 by [F o loid 118 sl ol ol OT b adoxo

Ol 4 ¢ gm 33165 09 41 (ST 0aiS Mo | 8lge 3l oolaiw |
leord 5 (S Sl Sy dgme sln e slalSal, 5l (S
L syl e aid 8 13 ] X _igy axgi )00 S
5B SloiSl s 4505 S o] ()04 S bl il
G5 SRl 50 (e M Wlgi oo b alaSE gl Sl
Ma ) Ml.: adls ULQL.? u] dfa..o 590 58 u.u)‘)s‘s é«.u.}
ks (et al., 2016; Lehmann and Joseph, 2024
9 gjﬁv.l:u U’““"‘)S‘ g0 ‘5».»». J)JLC) .))).)15 aS Wlools uLA-MJ
oo g 29500 Sl (Bl SE pgate > RalS
56 olS o Shee 5 Cules o a5 05— 0 SI s lw
(Tianetal., 2020) s s coio
a_j 5904 )‘.\.&c u,u.su 00 (s ua>L~u A_JT s_é).@..a @‘)ls
Sla—b 4 b (65 5laS Lol Glaal 5w Slee iul3l L
s Sy F cnl p odle (Kilemo, 2022) s,
(Yield Production Function) o_J ¢ «~ L 5 (RGR)
Ol Cupde a4 olS Fu by b)) Gl sasie ol GlalS
s el b as Ly ) s Sgliie SB Lasl, 5
w23 1) S ouiS sl 5,05 5 (s kel e o oaulic
) &_J] d)_»a.a g;.’.‘)ls 9 oL:.f o)S.Lo.c as (5)5.’&4\.: ‘\.\5)51‘.54
Doorenbos and Kassam, ) s¢i Laa> - Saoe zelaws 'y 5L
op LS as ws,s uy;5 Obadi et al. (2023) (1979
S 5 (S Gla (SR et w2 90 (3 1
355 (Brae ol 4o ,Slos S ualidl 5 (S SazsS
ol e ol G LEB 3 (6,500 Slalllas
Wlos S ol 1) Spax S Ol B ae oLl 58 Sl
u.cl.) WJ)JLC) o).:)lf JJ.))S odnlis .0 Lel et al (2024)
5 ogme CarisS Sgat g AT+ 390> b sgee 5 Shes il3dl
30,5 50 C ealig 5 Jsloms aalz olge (glyimo alox
3 sl eslaiul a8 sas o i s dale s oyl by
L GRIB sl e o5l (sikel dinge Sy e b olyen
U)‘ S | (_g)LjpS Ja)‘).w 5o ‘;4)94}9? O)Sl,o.c?u] ;é).a.,‘o
Sl a5 b IR S plgisr | (gt S5 Coeal s
w3 o (S (S ydarsS adgi 1o (590 Gl 5 ol Bras
0&3509..\2.4 J.A‘g.c 9 Jj_»a?bo J)S.Lo.c O 4.]44‘) cA...J}.v (':vl)
GlS (gl g des o lis |y Bras s_j Jlade 059 4 ¢ aue
Doorenbos and ) cel ol cu pae 4 oS b bl sl

3 Relative Growth Rate

doddlo

Sasere I 4 3l ool qlie Cavguome 5 ez Capmez Wi,
LS)L"‘T s | o.); )lim] U“"" )| U’“"" ‘) LS))BLMS)\) uT dj.a..‘o
Selgi o el aianls (S ol e o e g Al
Sas g Siddas sblie )0 s 4 55,5085 SYgame
(FAO, 2017) 54 o wgmmo

dos g St 3blie ;0 ] 89S (Yo axgi b Ol goolys
s s Jele e Sl ! )5-2S alor 5l Sis
T O IR P I IFCSUN B0 S RPN SO UV
(Jlazwl O sl lao e 5l s By b (65,0lnS
@?4\3)0 AJ;)Q W9, 5P )Lo.w 4 A_J] c&faﬁfaa CRpodes
WS 50 57 se @lie ;S (29 a80 4 (550 S S il
Jole o Sas 15 Koo b I (Nouri et al., 2023)
G5 ol el glaeyze il s el o) (ol gllack
Seiglsnd 5 Saialshyse iy Ll b (55, glos S b
swogels 5l eolitul g, ol 5l (LUO €t al., 2023) 5> als
S ¢ Jgame adgi o s gme alS L L el e g a5
o).a>\> 9 (WUE» e_J u_‘%)_.a.c u’;‘)lf w.ol)sl 4 )Lu sgn‘).’l.u Sg
Jorooni etal., ) cosl 55,0 Sis g 0 ogasa o
il oo DI 5ulsS b e sloogi opl 5l S5 (2018
Sl ly 10 6)8aly 0lS o 55l jeS Ol Bpas Glaie 4 as
g‘\.\L M‘ 9 )L.\Jl.’ ..\.Jy ‘UT J)»AA u_{‘)lf UJJL.«J) J..5|..\> 4
Posle o Sz jals o (Saremi et al., 2016) <.l
ol 39w bl cpl cov ughs) wodle it S (ol aomsts
gy Sty do 3l e (1l mie a5 Ol By e 2alS )
(Shams Beyranvand et al., 2015) 55 3 o o)l 39 o0
Jdo s a5 wis s L Esmaielpour and Akbari (2013)
2,5l alax 3l 6 luleS waraz o3l g Ol yz 2ais
(S Jgazme culio Sy pae 4 (5 5lleS sblze g 0 Shee
Sy azsS wile SlS Ygaxe o (Duetal., 2015) sl
Kirnak and Demirtas, ) sl (Topcu et al., 2007)
b g o (a5 oll (Mao et al., 2003) L= 4 (2006
L Gl ce b (ol T ks AA—Y e sgue Jolxs)

ol o ogas oluil jzals § o Shae o o 0l G pan

'Water Use Efficiency
2 Deficit Irrigation



5994255 oLS Wiy 3 Wlgi U 0T B pan (IS 1 (w35 9 T ki polio 5T Ad

4> aed e L2 RGR &5 Jl> 0 wiS 0 s3l—w o
83 o &y lhe Sy pe & Gy (b oS 0 5l glal> o
ot O8I ROR 5 wlg ol | Jol> oMl o5 5
3,5, 5 gyle!l clize polbe ¢ Jy—ame o Slas
O s 4 lgi o0 g A s ool 3, ST (laoansdLe
Ol 99— e ST B pmae IS lE 5 T o e IS,
A oSSk (65,5l dngi g oo (S e 4 0 S
3 S olye 4 (Solanum lycopersicum L)  (Sjsas o5
M golazdl (1)l b Sl o 5 GMHT SV gazme (5 e
Sont 9 0o (I3l (6l Ol e 385y pae wiaile
L oLS ol (Mohammadi et al., 2010) ¢! Jypame cutS
5 LS (nipte 3l Vb golmaidl (3] 5 e ST
5 SN alse oz Joli T ) cusl oS Jad glaoges
S5l o ogme (S g 090 WD) 5 (BT (g, ) ¢l
it yor s A (5 Jsaze ol odgs (Agbna et al., 2017)
S gotee B 035 (S350 g8 i 50 5 009 Sl Sl o
GV 2l L gl Ysa e o (Spaz s J call
Ol @blie el jo o8 Eul (S 53 caSata 0 VY
38dee Sl 4 (Slis 09 0 ulS 0 p o (2l 2
D9 8 g0 ol ess ol Glaal | a5 5 WS
2 lills 55455 (Xiukang and Yingying, 2016)
18y & A Wl oo e )l (g B o 5L Ol
il Slie gkl Sy e g armo Ll WS g3 ol S
Jsbo > (SbarsS 2l 3l olnl o glalsls Slallas (ool
a5 )15 e koo 00+ b B¢+ s Ygane JalS 0 0,90
.(Abedi-Koupai et al., 2011) ..

Cadgime s S (55,505 )3 (SijpinsS Cpatl & a5
5 ol slp T aliseo polie o5 b ) ol i
ey @l g olS ) el Bymae G (SsJ) 0)S
Dol g 5 Slas Sautn sl los gla Kol @51 4 W lg5 s
Sl tgsy S SaS (00 (65,588 Sl 55 T By
oo 2585 5 ol s jlade 057 a5 wilosls oyl s oyt
9 ad) damme (ghy Inlid 35 (S gl SRl g
5 Sl Slallas bl oy o cilizee QLS 5 Slos iyl
Bai ) 53 3929 iblS K34 65 1 oS 5 ol b 990
(etal., 2019; Liu et al., 2022

4 (S Pz Culas &5 aad o0 (LA 13 Glaiagh
Jolre a5 sgbar il 0B dloyo 4 iy 2
o 33005 431y ol s ogn JS25 5 o IS

Js—ame 5, Slee i Sl &6 ol (Kassam, 1979
Gwédl):‘)uidranw@aw bdj@&.@fu&w
Sl p b Vsana sl wl a8 s (590,00 Sl &
e o e bl plie s Ly &l 08 (e
29 g ploel (i el

Sl iy Byae e 4 b 6 g b e (55,0188 50
5ol Cu i caS5 Lt bl Kl asil wiS e SaS
3 1y Jaamme o Slos p g3 J65 aiile o SB- sloonssS L
P ol ae il a8 sad e (i &b oyl 5] o 02l )3
alags u,u.u LS‘)" A...J}' é’la )‘ oolaz__uwl ‘u.").vl.».a A.al)so w&ls
Ll i 0 g GBS Glopi s 10 o9 4 (5 kol age
Mohammadi et al., ) cudl Sl s o o] @lio Codgazme
Hlae Sl il row s Sl adgs 2k WUE 5, 09de (2010
w231 Jaa e 8 Slos u] Sy g SB slroaS o |
wol (65l0%S Saupr b i JE5 00,8 (e g 45 05 o
S fles Wilg o IS slul g S ol Ll
o.)Lm.w‘la).v‘ U"‘ 9 DS Oguf (_g)L»j aliseo C?Ja'“" 59 |) J}M
ol byl s st JB g &b o

Sl OLS .\,w) QS’L))|)QW 6[.QQ4>L.A)| é) L‘;M)M)C)J
o3l g o a4y Camd |y ol (gloplail by oogicy j &l sy a5
L olsS asile o dae slo i a4 olS el b 0iS o S5
A s iS ddy 0,80 Job o |y (S Cy pie 0 s
5| e (859050 9 0L sy iy odiaslis RGR ol
3 o—ib Wlgs o )] ralS a5 Jl> s wi il Jare plio
S8 ad y b > glooyge ol bl & wlgs o RGR o
diile S slooasS ol § Ol digs o pae bl o a5 oS
ol 35 Jyazme Qs o Slae 1y 586 o ity (s S
JB e Loyl oS (glaildS slapinmns ;o oghs >l
9 G090 S92 S (e UM St Sgaxe qlie 9 J U
(Liuetal., 2021) s s &I & pas (g loainge

alal) wdg al ol Vb Cusal 35 adg & LRGR LLs

‘) LQOQLQ:J' )JL_.le uT LJJ—«M )LXA.AjJ}__«Mc D)glo&uu



VFof ylomo 108 by [F o loid 118 sl ol ol OT b adoxo

JladxS ol & 5l oolaiw 1 b S (35958 (uien (2007
Lol BB e s (! a5 PDU_VB500 Jow)

@ odz BB el (ol ,e—25 PhotonixAr 2015

Ja) s e oS5 s by Sl pisel B,
Jolote o2 jie g S 9 (L IS1 95" LCOMNiNgG 410
Carter and ) uo,5 pwnd (5 eg—wSlaS b9, 4o
ohgy 4 S 5,0l s ake p,> (Gregorich, 2007
=y cud b cush 5 (Blake and Hartg, 1986) ol .
5 omimmen (IAEA, 2008) wivel cws 4S9 & j9—0ds
Sl oy BB USS ¢ ,05o5luil gl DTPA .50 las
Lindsay ) o—s oolaiwl pguadlS § o «(Sg, «i&io ¢yl
ol oKiws b alils ol clale 9 @nd Norvel, 1978
D g S ol (K el j5—i5 FS AA 240 Jos) o]
SIS 5 i ) g 3L 6l anlllas 5,00 S

O Jsoz) 092 65 J1 25 5 Sol S o S

axdllan 9500 S o1l 9 (S8 s Shg=) Jou

oo >l S
) pd) - S cal
YSIV % »
A % el
DAY % o
Al % ac )50 byl ughs,
Vg gcm? ol psaie oy
\Za - oH
. /Ya ds m* ol—ae (xSl o o
ECe) S5 gl

YYNE cmol(+)kg™ islS Jols o s
e % S oS
Yyl % Joleo qundS Sl ,S
i % J5 o3ens
" mg kg* i M5 i
VEE/- mg kg'l iz W sl
£IOY meq L s
Y/A) meq L e
VYY mg kg o ss BB ol
/o8 mg kg* s S 55
VA mg kg! o B (s,
gAML mg kg™ o rd JoB e
<.fe+9 mg kg'l s 5 pgranls

S sre malS el boygo ol jo i g s co l—id
Alomari-Mheidat et al., ) 55— oo 0900 CuiS § 0 Shos
5 Sad slo S a5 wileols (Ll o3 ladllas (2024
G5 4 (594265 Gl 0928 )3 (cagee A S (g,
ol wdilgl o sy 85 aiile plroaiSEMNol g Wil ol
(Murtaza, et al., 2024) sias zals 1, (2 ol Ol

G ToS 6l Jla s s> sanlllas o Li et al. (2023)
|, (K paz s Jols T S5 AAO-Y sga> ey ol
as ols oyl Ll s o, Ba ol ) wle> J>lhe o
5 A0V 1) ogrn o,Shos caal sl 53 (a3 JU5 2018
ar 5 bl Gl s 8 o ) o e 1S
Sl a5l Bas in laiagh mll &
b g ((S—is s SIS als axllas ol s
23 ]85 02 olS 0 Shoe [l Coles yo 5 ol Bras
Gl b g & g8 Sente ol Gl T ce 8l il L
T G ailss o« a9 ,5e Cedlad Csi ¢ LnailaSs
A2 dgupe |y Aty ) b Sugby byl b g ool alS
cxl (Lehmann and Joseph, 2024; Ma et al., 2016)
Ao polie JUSp3 (s j ) 3 )5 098 (o o o S
oserte Gl 5 0, Shes 290 St Gblie 0 o35 o5 !
Sl s el (5,842 65 aiile SlailS DY gae o 1) Ol
olie Blite 3 o b asdllae ol ool ol
ol Brae G 5 a3 S5 o) 5 kel o ol ik
GRS Ll o (584265 LS g 0 E55 5 Sy &6
S9ee 5 21 v sl Sl e & i pslae oy
o ol Jgame 5 Slas

L gy 9 olge

SB35 9 (510 paiges

Yo Gos 3l (v S & gad (iegh ol G2l sl
UL_M")J oli_.ﬁ‘\) 6))5[—M5 o..\S_.::;Jlo 4.{‘-)}.9 6)M$uLw
S5y St g 5 s S diged .0u0,5 Lg)ﬂép
9 S md Shogasr S p g abodls jee e Lo ¥
o9y 0SB 8L () Jguz) ol (5 el Qj ] PO
Colow g e PH Lawgs glil JS PH polie (g yieg,uun
Jols sl i Solan L (ECR) S5 bl o)lae S 2SI
9 Sy (g, 4 J S pamiel Sl | a3l 315k 3l SaslS
ool Th (ygus Iy ok ) Jolee POUH LA FRR gL '
Carter and Gregorich, ) o (s ,.5e;lasl Sliw! gow !



T84 g5 oL wdhy 3 adg @b ol e S p (w35 O ciliso polio 55T A

AN 085 13 e g o

LI R e lip iz de s

g oo gl PO

Ty g S SIS g5lwoslel Jol o ) JSi

ou dntd (S 3JLE S (B S -Y Jgus

slade >l 2]
AID - pH
Ve dSm? EC) S8 culan
TF cmol(+)kg* Sl Jols e b
YYIOA % S os
AR % NEESTE
I g kg* J5 s
Yelo¥ g kg? &5 ey
VA~ meq L* el
< IAY meq L? AN
Aol mg kg Js ol
Q4/f mg kg* igtten
\Al mg kg* J5 s,
vy mg kg* JS e

- mg kg JS powesls

by ylads Silwoslel g sMHLO)T b
ab ool B35 yesh bl s pol agy
Sl el 0 OIS kz b Sol—ai LS oSl
5 Olims) Jad g b ol J olliils (65,5l S casiails
Lgad,b 90 w0l S ol 1> 59, VY o as g )l
g e WY e oy olal g e 7 elas)l 4 (ol ooz ez
el ) oS s 5 sl (SIS g5 el S Slas 2 g
3,90 0L 18, 5 £55 Az gl b AT laize Ll 5,5 oo
Saghy (grmak a2 )0 YAVA &lyg) sl Jolds g3y
2O Jyeg S Feo b H9 Sab g a0y Vo0
o cadn Jals oinalojl (slo )96 .09 4l ;0 @ pe yie

3 JU5 @35 g g3lwoslel s

LaS ol oolatinl @y (wgems 5legimss L5 and Hsbiie &
D S lee g an d hake O b e 5 (Jsere O
S sy hee VSl jsee 5l G @i g SLL
S8 g a0 V00 lod jo Al 5 0 el YF
oand S el bl (o) JIE5 angd sl o ool
los ;o (S pSUlo )6 jo celw ¥ o 4y iy wg—w
gk 42300 slod I E 5 b ek az )0 -
Sbwl jsbie ) GrnST jo—d> pae Ll B )5 g adds o
(03,5 oslainl (539,55 58 Gl 5 oSt o Ll -2
5l o () JS—) (Cantrell et al., 2012) oz ool 13
5ol f o Shy (Fy ety JL5 o S
) Joloes 5o sy JESEC 9 PH Jlade (Y Jgozr) o
Singh et al., ) ool cow sty Glaie O 4 (cwy; ) Ve
ol o | gy Bayb 5l ol Sesls Jols cus b (2017
Munera-Echeverri et al., ) pgigel oli—wl 035>
SHs (SMly 9, 4 gy JU 5 N 25 5 2018
clale o6 5,50l (Walkley and Black, 1934)
FeSE pan Sl Gy p5easlS 5 e 153 5550 (2l il
Singh et al., ) a5 uS1oT 5 bade O psa—wl o Ll
e a5 oSl eil wis oS us b 5 (2017
sloslitul b ode (BB jaud (S oliws b S ()39 55
i B e
5 P Al oK SeS 4 Cdo LB el clale
ol Cews 4y (g taguSlinS (g, 4 Jolome o130 5 ol
J5 &5 e 51 (YB) (s JIE5 0 Shos immon
(Wr) pl sblas S o5l 159 4 (W) oas 4ngd (s
(Singh etal., 2017) sl cavoas V alal; llas

w
Yy (%) =#((g~"))x 100 o)

Cpl o s, S s s Jo5 (oo, A pe a5 ol S LB
Voo p5elS o cead 530 LS jo 5 P (6l anllas
A 05l legs (ygeles A0 Sgaz (legi Jl5e



ay

VFeF by /08 olo [F o)l 1] ol ol ) of g alxo

GLLE S il jghated a5 Caad S5 BB s g k]
& bl JUEol 5 g i s syl slojlos Jlasl g9,
28l aelol ol ay 0y90 bl b g o jle] bl s

olS & Slos

4255 ogee 3, Shos (Bl (g8l ye 5 olS ) L 5l
5 dlore ogae (339 4 Wg: 50 0gae Slani 5 ol 5l (S8
(WUE) o G pan 21,55 (6 55031

oS Conl 00 Bpan ol 4 Jgams 8,Shee s WUE jlais
(Hatfield and Dold, 2019) 55 5 e 41, () ala; & 50 4
WUE = — )
sz e SokS) ol Sas LIS WUE b, ool o
e Wg (LS 53 0,55LS) Jo—ame 9 Shos ¥ (cuaSe
Al GESe jo S ) o

(0,50 26) Jgamo ddgi @ (et

S G dhaily e @l )l Ol Sl Jgee ol S
Sy baulyd con 3 Shes oy Sle ) (Ya) (oably o Shos
w55 4 (ETa) (8l 5,05 5 e 9 (Ymax) so— ools
Conl ETmax) T Cvgame Ggar bl gy Jpammo 3,0
§ s s 28 0 bLS | (Stewart et al., 1977)
Ol e 5 ol as atiion 5 Slos ord (20l 5 3508
Stewart et al., ) ogi o ooiel (Ky) 5,Slae by ;256
uBuS 9 9,5kee oo (Stewart et al., 1977) akl, (1977
el 0als S1T(Y) alayly & g0 45 5,259

Y, ET,

1-22) =K, (1- =) v
( Ymax Y ETmax ™
sSkae Mo Yo ooafly o,Shee JaieYa @dolne cpl o
5 Al 395 3 ETma (oifly 355 o5 BTa (ST
s 2l Joe cal 4l wBbioe Jpaze (2al5 )sSBKy
armlir Sl (55 9 e (e 2O L cliie 5 Shos

oy aalgs o s L n KY ws ) (F) aba, oo
3l oate—ie Glo 3 G 0 ol F glas )| ilidl aess sl
dwle (F) abaly 5l a3 lis ol ol solaw! RGR a5l

(Reesetal., 2010) &o,5

RGR (cm em™'day™") = 2222 ()

5o oL:.f 8&.’5‘ Xty {1 OLA)' 59 oL:.f &L&SJ Xty A.la.ﬂ) Cﬂ‘ 5o

ML'LSA fm Gil.,o)’ 0,90 -1 P t OLA)’

abol ko &0

(Y a3eu3) SAS 58l 5 a9 4 daools (5 ,ll (slaay ;25
ek X0 e, EXCEL 5800 5 Lo o5 b loge5 5 plo]

«(Loo) 4+ «(Lgo) A+ «(L70) Y+ (Leo) #+ «(Lso) O+ 5 Les]
v Gﬂ 5L u.,.ab da—o,s (L110) VV+ g (L1oo) V- +
Tr g o2y J) v aw 9 (S Susb) s
Uinlesl iog (GSa 4o o5 (Be) £ 5 (Ba) Y «(Bo) ,i—0)
sL100 lo,less g ol plol HlAS AT o LYYV L Lo >

W u)f]Lu)o aald jled oleie @ Bo
S 5L S50 e 4o S Tzl daylals (g luoslel (sl
0 90— oold joue (s haclee ¥ SIN 51 (K ez o5 oS
o ——e u;)y Lﬁu‘..\.lf B ool 6|).| GA;}L.S \e ).n)l.a.c
4 r.;':.%taﬂ sblos Billhe ooy Jloj polde e

(Y US8) w8 ddlol onds (595 sloS>

S8 4z eS olS Cllilo p g o S Jolpo Y ST

AT s 5 55 i caiS
2 59) VY 5l o 3l 08 (S5 94255 slins (gl cnl o
ot Jinte me il YO ,ld b o SslS Ve glagluls
5535 e asle ¥ Lyl S o YL o
Gl g Sy gile Ve sgas Job boslis go lalS
O )go dr olS (o515 eelis 9 slasd g olal (pl 4 az g Lol
yolie ol o)l LSa jo aig FPO: + sga> Joleo oo,
A5l G SB gesl elol 5 olS 5l 9590 2138
5 slacale 5 GBI S W) 0y50 Job 53 5 o (el

28 plosl (fws 900
ey <150 (S S colaa b ol Sl e gl (ol e
oo | Lat0 b Lisp ocs ol cibisrn poliia s oslisies | e
SS9y 52 1o led g dilone ST (g 4SS oo



5994255 oLS Wiy 3 Wlgi U 0T B pan (IS 1 (w35 9 T ki polio 5T Ay

9 kel dilizeo polio Jolio H1 uSileo dunlio -F Jour
(WUE) o & pao (21)l5 p (g 3]

(coSe yo 5 p55kS) ol Brae

Bs B3 Bo e jLons
OF + AN eyq ey TN Lso
by /sy eyg/.y harey Lo
by. N8 dysirs 9y \/vy Lo
bayy sy cdyq /s A fYEA- Lso
Ay beArva fyypy. Lo
EaTAN: CEY/FA YN L100
Pfasyy YY) Ty o/A L110

Sl sime BMSILSD 5051 bl s aslien g yls (sl Silo
&, (P<0.05)

3 et JE slolet olas 53 o e IS YL
Bras o, Ve baS Gl wi sanlive Loo g bl s
i 0o 3 e ke 3 ad o b LU Sl e U
gl |y Ol By e LS VU Bs s ol L 5l
Bs dLﬁb)Lo.:_'{ 59 g—l &_é].__aaﬁ (5.1)[5 [L110 )La..u 39 Wl QL_....Q
205 bl o e S a0 Y/ 5 FYIF 554 Bs
L o5 yabay cas )5 sanlin suua s jials 50 Lso o
ol Jads 4 da jled (B 50 0ge 0,Ses i3l 0929
5l CmBlagS byl M Sl il Jdoay S5 S
25 Sy SS9t w90 SB (S50 (Sla Sy Soe
ol 09 o o Sloslinal QIS (l5dl 5 (S arsS a4t
s Obadi et al., 2020 Sarfraz et al., 2017 sla 5,55 b azély
ClS 0 w3 85 Elgil 05 disls lis a5 Liuetal., 2021
S il 5 S gl Lk el il el Yy e
Baiamonte et al., ¢ yuizen .l vl jpp w35 o ol B pas
S 200y S5l 3E (SBarsS 9ps5 s pAS o 2 ,5(2020)
& ol el ;e 5l sslaul (g loleS Lyl po
a5 oyl as ST B ae I aliil g0 Shee Lai> ol
22l Byan G s s JE 5 23L& W08
Al oS el 039 055 9 | e pa T 5 (KB 5
OB g gk, Lalpt 4 (S S 5VL Com b sauasglin

il o ol ol Ol B pae sluting 0 (S 50
¥ o8l a5 w ol L—us 55 Murtaza et al. (2024)
Wy Gl cege ‘Lg)l.:.ﬂwf Lyl b cod S 4y g3 65

zhw ;0 5 LSD (yge;l 5l soliiu | b aools . Siloe dunslio
Al plxl s o 0 Jlezs|

(WUE) o7 & po 21,5

ssbar Ol B s SIS a5 ol s (il g 4328 b
(el polia 55l o a0 Sy e 0 (s o ine
Oz (V Jguz) 28,5518 )T Jlis Sl 5 (3 S5
O Dlyess a5 c sl ol SLis Seby Sl gl g pac
S5 50 Gl 51l 5 005 az 5. L6 e Ssl,
St R Ol 4 Sl 032 510,03 5 (osllae (SS9S
a5 009 bl J1 51 o B eosls jo oo oumlin s Ol s
sas gl sl o cdolas Lolse by s oDz
b (2500 g balpd cenlie ]S ke Sl g )ls e
JOMPRRIY

9 Gkl Zobuw 15T (F prlie) (uily ylg 4325 -Y Jguxr
(WUE) o G a0 2,5 » (3K

F polis
WUE 60‘}1 a0 Ol slio
ns-/o- Y Sl
R/ 4 &bl
X\ QAT Y S5
A RVRN VY ey 85 % s ko]
5 s
<IYA (1) &l yoss  po

T g [P e SO Y POSPS CYSE PONUPIU VR P
Bo Jlows 4 bgy e WUE jlaiie on i F Jgur 3illas
Lad Liels aS Jb o ael cews Lo gLl mhaw o
5 (Lso) ol o o5 Cov sloles jo Ol Brae oIS
ol s ol 0w )5 saml i (L110) o> 5l i 5,001
logy 4l 5o Ol 610K 0ggo b sty I a5 wao o0
035 0l Gy S Gl cargn

Slade Gioli8l b as ol las . Skes d s e gl (yuioren
ssbar (Sar oS o0 ol By ae L5 (e
(F Jys) 23l Gl s o e



a¥

VFof ylomo 108 by [F o loid 118 sl ol ol OT b adoxo

o Shos g ] O Jlacie Siolidl L b Jgos gollas
Jol8 5k 5 YL paolie o Lol el (oo (al 381 (S5 84 55
oals Ol Bran ilidl s cons o Sles iul38l & 5 wlS
Voo 510 ikl ol j0 oy 4 enay cpl b (e
aﬁ)lfjilo S o )‘ s | 09@(.’2..4 oL:f ‘5;‘ )L..» u...AL So )0
5 a5t 2l IS o5 b @y o St
w‘)B‘ |) (WUE) u—l d)..a.,o ‘;‘)Ug ob; U‘)“} |) 6)L..J
Solel w5 Blie BTS00 o jle 4 ams
Ji; jga> olS of 5Ls 51 5L Tobaw ;o a5 aes e ol
AJGA &QS&_J" $9° 4 w‘).‘i‘ 9 Q)S.Lo.c Lao 4 Lsa-ku.’)
0, 8es s e L oaims Ll s js ali o Dlallae
iz 5 Jle (gl oiied Ol B pan jlade 5 (S5 8axsS
Slalezaix Jow i plesl Chen et al., (2015) Lwgs a5
4> ¢S Jg—ame 5,Slas glp /AL ply RZ L pgo ax o
J.A—| wod.: u] d),.a.a ‘;‘)Lf LS‘)" ‘//\‘ L’)“)’ R2 9 éj.s
Liuetal, (2013) Lb_wg Ko lartlas ,o (pioen
(ET) G- e 5 (S pazsS o Shae (s pgd az )0 abal,
O b e bl | sdiasL_is 55 sas Sllllhe slaasdl
WJle by o wd O By s Jlade 5 (55,8455 5,Skes
G )65 (0958 a5 wials +yLzs Obadi et al., (2024)
SS90 ,Soe (halEl o ge v luleS 5.05y0 i Ll
Murtaza et al., (2024) . ,ozed 0i (K84 o5 ogae
Gyao S Sl el G &5 0808 305 5
. Alghamdi et al., (2023)uss 5 3455 8 (WUE) I
5o S o ol g JE ) o sy 5
33,5 Jgama o Shae g ol B pas SIS ol

Jiang et al., , Shewangizaw et al., (2024) saxllas o
Sl ly Gojle oyt pgd ax o ot 8 sle Jaw (2024)
o ) s (K o5 ogre S kS g 0Sles St
s olye 8 Slas ol 5 alS L YL polie o

ol Byan Hlade ialidl b ol iegh jo F Ui Gillae
P de b wdl gl b (8 ax o5 ol T o Sles
u....al)sl L o)ilo.c uwljsl b L110 9 Lioo 6)L.,_J Lng)Lo..:S
o, Slae iolidl 5 a8 ol lis g el jmalS 8yae ol Hlade
Lol jS Bpan Ol Jabe iolidl 4 cos

Sy b

At plodl SIS Lyl 0 aalllne ) )0 as5 b e
Lo asle e Jolse o S ISl S 5 ooliz
Skl paiitn s Sl 5 ool a9 05 o wal 31, 558 9 Cugb,
el o) B gt 2B b oS 0 Shae 5 S 23l g
<l ol 510 Slas-oT &l sl il jslaiods sl ol 2
5 5,5 oslitd & Jpoor o Ll b jblize (gl Shas 3
fad 0ysly 5 Dpgpods pgo az o slalez wiz

Y = —0.7371X? + 1213.8X — 265860 ()
gl X g (S p,59LS) Jo—ame 8 Shee Y ol a8
el (g o 2 £S5k b e ) (B T (re2
oS el Cwsas +/AFO L il (R?) adgs b (pend oy
o ,Sloe &l petd a0, AF/0 a5 il T saimo Lis
o 5 o9d modls s g Ol Bpans Juie b g Jpase
&b &S Sl SSp¥ ol a8 )5 ks 0 Sl adgs Jalge
5 o | pime anlllas ol GlaslS Ll (6l ool o S
ol (oSS Slalllas o)l ae 30 Lol 4 )] oo

O Calis 0o 18 o 10 (K53 422g > Shos g pao o - Jgoor

S Shoe Srae ol e b Lo
JESe e SelS Foshe

VEYAN Yvy L50
Y.-qy fye L60
OYVYA o L70

INAZES 7O L80 BO
1 vayy YiY L90
YYAQYA \Ald L100
\YFeay AAS L110
YAYQ) Yyy L50
APYYE Yvo L60

VOVO- 7 YoA L70
A\RAZ4 R OAN L80 B3
Yviyoa¥ 1484 L90
ya.y.. AR L100
Yoeoooo YA L110
A0YAN YA L50
\YAY-F Yy L60
yyya-y Ya4 L70
Y¥oves oYy L80 B6
Y-FYAA £ L90
YYoors 4 L100

Yeyy-q FA L110




5994255 oLS Wiy 3 Wlgi U 0T B pan (IS 1 (w35 9 T ki polio 5T a0

R?=0.8995

0.10 o
0-00 T % T T T T 1
0.00 0.15 030 0.45 0.60 0.75 0.90

29 (K58 425 oS 5, Sos (o bl Ol i —F SO
(Ky) o G pao (i b5 Jslio

3590 2l G 4 ol Joow (b3l sl wilgs o Ky 593516
oLS sl Ky S 1 a5 Sloy o IS jsbay 5,5 15 eolil
olS il Ky>1 a8 Sl g ol pglin o] (25 4y cod
(Kurung, 2021) s,ls ,1,8 eles Lol i 50

50 ed—i b5 anele b g opl 4o sdwlie _woas ke
s Kirdaetal., (2004) .cos! J55le 50 i Slalllas
SIS Lyl 5 s SjsarsS ol ]y Ky lade glaslas
3,5 I35 ¢ IPA

Pl (555 Dglis g S5 £93  gorldl Lyl d (o ppie Jalge
2 She (Sis A a4 ol Sl e (el 53
S50 SKpersS oy & ST amt g sorlel
Sl 205 4y omie o Gialal (g poe Ll il 5 ool
Sogby Cudgazma ply 40 olS 5 00l Ol dgueS 4y s oLS
O 3 ogdy 4l cpl sl ooly ylid (g5 Jolee STy
Jel 5 (Brae ol Glals plp s 0 8les Wy & L3,
D)l ool oS Su56l5 58 By

9 )l ety a5 wes oo lid Was Sldllas opl s ogdle
(bl ate S p00) oS aBly 5L (el 6Ll s
ools als 1) Ky Jlade wlgh oo cimn s e 599391 L o o
S b glaleS bl 550 1) (S8 o5 o Slee
as wols L—zi Murtaza et al., (2024) Jk.o ,sba
ol el (Sis A od (e Sl eoli
Bgbioe (Siid 4 olS Conlas pals 5 Of Bpas IS
L oolyen of mlie o poe a5 1S o 0uST loazil ol
O i Sl 2l sl S5e o)l Wi ge ST
Bl (S5 Bz sS 3 Shes (S

oogy8l as ol Lz Xu et al., (2025) «cpl » odle

ool @l G5 bl b 50 e Gl 4 (e
o i S g ol Jazt Sgugy el 0, Sloe iuliél

Yoo g ol j0 Bas Ol gamds (Ol slajles 4y g5 L
byl s cov gl auds cpl o gasl o ay so Lo Aee b
o ooly i3l alolee 5l oolaiw | iogs sl 5 asli o
Rlie 35 odgaze ;5 (Kiax 5 0 Shos (dnit Gl

sl $50 g comlio (63,505, w0l B pan il

y =-0.7371x? + 1213.8x -

300000 265860
% 250000 R2=0.9455 ¢
\S 200000 L 4
3 150000
i 2100000
" 50000
L 0 T T T T T 1
%

300 400 500 600 700 800
(roshes) (3 yae O

el 4 559 45 o8 8 Slae &l 1 IS

(Ky) ol ool g

o, lee o i S Gli8l L w0l G wddy s G
550 o 8es u i g Wlioe SR (S j8axsT
JB0es Jlaie gSTas j0 §,a0 g poed a5 o b caal i
oS dgdzte > go S Cogb eSS > o il
»)5..»60 oLfQ)ﬁA.CaAw) w&lsw)és

Slsylol o5 calisee slapss, a5 wlosls (jlas pus Slalllas
505 (Ky) obF Coules copo polis 5 s
Cmlu oo ol> adlhe o (Patane et al., 2011)
Doorenbos and ) akul, wlsl 5 (Ky) (Sis 55 a5 LS
Sl Cawd a3 /YY1 jlade § ol anwle (Kassam, 1979
Gl o5 e b avglie o jlade opl a5 (F JSC5)
olid g el ool (OV0) 8B sl o (SpaxsS
B 9 el HEelS 4 S 0 Sl Zwly ol 45 veo oo
\ )‘f.oSKy cc_‘i‘a ) ] 0\59.1}....0.5&..@% u.i‘ Jaa‘]m B
02l 5l S (60, Shae s LS oLS a5 ol ] Sl
U5 d Jez 5l glaz o 5l 5 00,5 ayes Brae ol (s
Doorenbos and Kassam, ) ceul osg ,lo)s5 5 S
(1979



as

VFof ylomo 108 by [F o loid 118 sl ol ol OT b adoxo

S 1 olS 0l el Culeg 50 (K Bar S oS i)
alg o)l Sloan i Slalllas b gls () o iy
Wl o s Lo )kl b olyod (515 9,15 457 S o

a5 I3 T 59uaS L, 55 b oL 5 5L

9 &bl alises polio Jlite J1 Sl dumlio -5 Jgux
N yd Az S ol eyl p w3 JLE S

(o giils) glas )l

Bs Bs Bo Lo
&y yy v g f9yya sy hyyio. Lso
ey vy A fyyavo hyyyvo Leo
Sy v /YA B\YY/O- "YFVe L7o
Byyy. . C\YEIVO MyysivA Lso
B\ YAV C\Ya/sY Mysive Loo
2\ Y¥4/AD S\YOlD - G\YAITA L100
3\ ¥/AA BAAIN oy yAsY L110

N pa255 53 (RGR) (s 0y &35 9 0y @l bLS
@ RT3 [P RCRVIRCION PR KA ¢t FESK 5
S i GhalS L as ol las asdllas ol gl el S
5 gy w8 e U2l )3 g (s S 308
o_AL: Sgde oL:.f M) 9 L)“"‘J‘g‘ RGR €0 g ‘;M)
Bl 35 0,5 5 0l Bran b i (cond 0, &5
(St il il L as wsly gl s ol (SGo 3
o d S a4 sl 599380 Lol cal o el RGR
g ogee (S Oloj 5 gy I 055 sl o
(Murtaza ss oo oLS isgy b, 350 s RGR 2ol58l
Lyl ogug a5 Cew | ol Sibs 55 50 ol et AL, 2024)
W.A )J‘ col.:f B L,;:L.\C Q‘}A wl).e‘ 9 S u’_».:}.b)
B Jgazme 3 Slos L,.;LQ)5GM Ay
aS 5l coenl a5l 5150 RGR g adgs sl e bl )|
ol e a8, adsl J >l ;0 RGR il
uLu..u )»>| Sldlas ol 0gu0 gs’l'?f d)il.o& 9 00¢5 S )
Sl (She dge o> g0 s 5 08 AT wilosls
5ol IS cadil Gl S glar b5 (S5

(Adekiya et al., 5o 5 o 84> 55 5,Slee g RGR
2025; Xu et al., 2025).

L olyer of mlie co poe a5 a2sS o 05T bazsl, ol
A% I3l WIS s e ;185 025 L ofasar (S L
5 RS o Ses  (Sid 5 e Sl a5
ol Ky g0
(RGR) (s aisy & 5
£l )| ial3dl g o0l dms Lo oS Elis ) 5| s 0B, E 0
aS bﬂ)gs“ )Ua.q‘ U"‘)"L"’ bﬁ_mso RGR w.»‘)ﬁ‘ 90 bl.sf
55 5 5okl e polie jo ol 5 glasyl il L
O i @l o (F Jsoz) b G2l33 RGR (o 5
b jebas oy blel 5l e b lews s4en ,0 RGR
St @S LS cos rals ol Sad bl wsl o el
(Lso—L70) (s,lnlnS polie o 4S5 0ban ol
Cows | ol o 3l jieS 0o 30—+ 590> L RGR luie
YOU Ve oldl el o i) slao,g 35T ,0 Be oga
Sl g oo o35 ey S 4 2 RGR (0050
oty (0 US5) el 03,8 Ly |y ol by SgmaS i
Ul gl cowlS sl sl 5l S, RGR a5 Ll
Sl @l ol sl o @l ol o yo 0, ol
50 ok Seenl g Sl 69,0 (235 5 kel 3!
5048 s o HLis Ty asls (5,845 0l &gy e
2385 00 5 (Lo 05254 o bio )Ll b (sl
Slosre psba 9B 093 (b 3 RGR jlade Be o39)
Vo)) ad, bl dolhe 40w, ol s | azily ialidl
7058 S5, 3dgi 5 ogme (S )50 5 (LS 5l g 5,
Sgete G g 0392 g Iy (SedS 51 s 595 Vo o mAS) ogs
ol—=ii ) gy gy S adis g S Cugb,
Sy 15 Xuetal., (2025) zls b leasl ol o0 -
Sgute (ot (i j 5 0,15 a5 wisls yLis Lyl s ls
29y 25, 9 ROR wilgs oo (S cusb) 5 (S5 Ll
S 35 b S 2ol g ol aige S e S 5
o5 Ll 3 oS (o 0 5 Wl sl S5l
sl o s J5 0 )5 oS wilosls lis sl Dlalllas
5 SB (Sosd S Shs doe b Wlgi oo (S 5w
Songe 1y 0 Shase g obS o) ol (6l cud b il
Slo—ol> axlllas ,o (Murtaza et al., 2024) oo

9 (RGR) s o) 5 cnbin kel 5 (3 5



5994255 oLS Wiy 3 Wlgi U 0T B pan (IS 1 (w35 9 T ki polio 5T v

012 - L --@--B0 0.12
‘_-'>\ 50 —~
8 009 - —o—B3 > 009
o °
¥ E 006 A St ©
o o g
= 0.03
S 003 A =
2 0 A
0 SR D ERN D PP
RO TR NGOIINIEIEIE I VRIRY
7 7 / 7 7 7 7 7 L o
NI W ") QAT B O,Q /\QQ /\\Q/ (}9)) Y )‘ - uLc)
(Gey) ciS 5l L lej
0.12 - L 0.12 - L, —-m--B0
= 80 --®--B0 ~ o3
> ; 5. 0.09
> 009 —o—B3 3
7 o 006 & —+—B6
OE 006 oL O
-t =]
0.03 -
E 0.03 - 5
0 0 .
NIRRT NN
Q A O O O AN O NN 8 O W
AN Q‘f@s@% Q) D S /@?%Q/bp?@?@(),\qof@ﬁg /QQ>\Q>'\»
NI W e P /\QQ /\\Q/ S \Q Q
0121 012 -
e L 100 --@--B0 —~
L. 0.09 S |
‘E 3 0.09
& 006 5 L 006
o § x s
g 003 £ 003 -
N4 S
0 0
f&%QbQ%Q‘QQ/\Q%QO’QQQ\Q%Q
® DIPIR DD SRR SIS
NTON
S 5l o Sl
--@--B0

PR R DERNP PSP
s /,\)Q/bg/%Q/bQ/(\Q/ooQ/qQ,QQ/\Q/
NN

Gy 2S5l g 0o
9 B3 Bo) w35 9 (L10oo U Lso) g5bal calizio polio cumi ally (50,99 30 (34595 (RGR) o 0ty & 55 Ol s 0 S

(Bs
0,5 aS slo i, sl> gk sleaidl ggeme o
Lilyd o b solel ©f cnlis e b olyon (st 15 2385 05 5 @l At Co e &S wamd o0 (Lt mls
9 e 9=y E5 Rl cge S plend g (S slooyss 121, ROR s &8 (SL oniiSdol Glie &
el Boo s 5 Gy 900 (84255 3 Sles S I L s
Gl g St m malS o el ) 6,65 S ay e Sl b il S e S8 35 Jy—ame 2l
205 3ize 0l S 0 Sles WS (oo 3L g Cw | S5l Slmps plo 9 (a5 »

Dg bl S Co o g 6)@1 Spyeby ;o b



aA

VFof ylomo 108 by [F o loid 118 sl ol ol OT b adoxo

5 2Balol ol el ragh szl sl oty
Laools (s Lol Jalows ploxil g (slaslnls

9 o Wlie 35 daosls Jlod ( pleial) ipgs odin s
i 4 i Jlojl g mls s

Sloib g el ol et 5 p)le psm BNy
Al e

Sl Jgeol
Ses Sl epl el g pll jo |y DS el Bacn s
il oo il aem 0l 9 )90 £9d50 (nl 5 Wlesged cule,

&lw

1- Abedi-Koupai, J., Eslamian, S.S. and Zareian, M.J.,
2011. Measurement and modeling of water
requirement and crop coefficient for cucumber,
tomato and pepper using microlysimeter in
greenhouse. Journal of soil and plant intractions,
7(2), pp. 51-63. https://doi.org/
20.1001.1.20089082.1390.2.3.6.1

2- Adekiya, A.O., Ogunbode, T.O., Esan, V.l
Adedokun, O., Olatubi, 1.V. and Ayegboyin, M.H.,
2025. Short term effects of biochar on soil chemical
properties, growth, yield, quality, and shelf life of
tomato.  Scientific . Reports, 15,  24965.
https://doi.org/10.1038/s41598-025-10411-5

3- Agbna, G.H.D., She, D., Liu, Z., Elshaikh, N. A.,
Shao, G.C. and Timm, L.C., 2017. Effects of deficit
irrigation and biochar addition on the growth, yield,
and quality of tomato. Scientia Horticulturae, 222,
pp. 90-101.
https://doi.org/10.1016/j.scienta.2017.05.004

4- Alghamdi, A.G., Aly, A.A., Al-Omran, A.M., Louki,
I.1. and Alkhasha, A., 2023. Tomato yield responses
to deficit irrigation and partial root zone drying
methods using biochar: A greenhouse experiment in
a loamy sand soil using fresh and saline irrigation
water. Water, 15(15), 2797.
https://doi.org/10.3390/w15152797

5- Alomari-Mheidat, M., Corell, M., Martin-Palomo,
M.J., Castro-Valdecantos, P., Medina-Zurita, N., de
Sosa, L.L. and Moriana, F., 2024. Moderate Water
Stress Impact on Yield Components of Greenhouse
Tomatoes in Relation to Plant Water Status. Plants,
13(1), 128. https://doi.org/10.3390/plants13010128.

6- Bai, N., Zhang, H., Li, S., Zheng, X., Zhang, J.,
Zhang, H., Zhou, S., Sun, H. and 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 Life and

8 5 dms

Slde g (s Jles 0 p)l5 a5 sl las ey ol @l
DS 5 0Skae a; Ssn » P b O conlie
ghw ;0 WUE jlaie oyt )0 (SidazsS Of Grae
S 5o o5 #5005 5 (Leo) (o 5Ls el dusyn A0 (5 L
Sras ;3 g97adro Sl a5 ol easlie Be) s 15
Gl b e85 0g 0 kae o gine EalS (9
o daailaS - (5 )lul g 5ed S5 ol ()l el b
Jelos o5 alaé jolie i Raldl g aty ) Ll 10 S5
5 5l 2l Bran 50 Slas oy abayl) a5 ol Lt 0y o
a5l G Rl B s 58wl g 4z )3 g (S e
oz CIVY) Ky jlade o las 8 Shee p s ls cme 51 (5,L0]
Lulyd o 35 9 s ol 4 5 Sles Conlis a5 0l
olyon 55508 ,Skos (2815 L 5 035 (sl Lo gy !
Sol> slo,les 10 35 (RGR) s oy a3l sl 009
S 88l 8 5l e ol 3 o350 s
3 39 0095Cim; @aS g (g, S dgepe odiadlid
Sl 38 Cupaa b olyen (w5 JIE5 5l oolitl g gomma
Loy ST L3l sgegs el Gy S ial3dl o go
lgioe Go9y onl oalply 2 oS Lulpd o 0 )Sles
Sl 5 adss 03k (Il sl b el G plsea
Dy dpogl SiSdes 3blie )5 (55,0laS

P gy
@ oliw J oKl (635 po oliiulo; lulis, IS 51 o Bass g

leige 823 batalesl (55 plnil 5 (5K Sl

OB e 5 28l oLy
i ol 5 55 355 il oL sSn e ol

el G s 5 dad Al 590

Woold dy ow ywd

xS Al a4 by e gslaosls 5 sy ragh ol sleosls
U9 u)‘ g oolau! ‘_;Laoalo 9 "\"""L’LS" J5| 0ns 9

)8 anlgs (18 LSl o ot oninoi b 4S5,k

& sy onl el 53 sty S5 lie plies 5 09


https://jspi.iut.ac.ir/article-1-239-en.pdf
https://jspi.iut.ac.ir/article-1-239-en.pdf
https://jspi.iut.ac.ir/article-1-239-en.pdf
https://jspi.iut.ac.ir/article-1-239-en.pdf
‎%20https:/doi.org/%2020.1001.1.20089082.1390.2.3.6.1
‎%20https:/doi.org/%2020.1001.1.20089082.1390.2.3.6.1
https://doi.org/10.1038/s41598-025-10411-5
https://doi.org/10.1016/j.scienta.2017.05.004
https://doi.org/10.1016/j.scienta.2017.05.004
https://doi.org/10.3390/w15152797
https://doi.org/10.3390/w15152797
https://doi.org/10.3390/plants13010128
https://doi.org/10.3390/plants13010128

5994255 oLS Wiy 3 Wlgi U 0T B pan (IS 1 (w35 9 T ki polio 5T a9

Presidency of Germany (Land and Water Division,
FAO). Rome: FAO. 33 p.

17- Hatfield, J.L. and Dold, C., 2019. Water-Use
Efficiency: Advances and Challenges in a Changing
Climate. Front Plant Science, 10,
https://doi.org/10.3389/fpls.2019.00103

18-Hunt, R. 1990. Basic growth analysis: Plant growth
analysis for beginners. London, UK: Unwin Hyman.
112 p. https://link.springer.com/book/10.1007/978-
94-010-9117-6

19- International Atomic Energy Agency (IAEA), 2008.
Field estimation of soil water content. Training
course series No. 30. Vienna: IAEA. Available at:
https://www.iaea.org/publications/7801/field-
estimation-of-fsoil-water-content.

20-Jiang, X., Fan, M., Wang, T., Gong, S., Hao, W., Ye,
Y., Zhao, Y., Cui, N., Zhao, H. and Zhao, L., 2024.
Modeling tomato yield and quality responses to
water and nitrogen deficits with a modified crop
water production function. Horticulturae, 10(9),
898. https://doi.org/10.3390/horticulturae10090898

21-Jorooni, E., Alinejadian Bidabadi, A. and Maleki,
A., 2018. Determination of crop water production
function and response of total dry matter and grain
yield to deficit irrigation in Maize. Journal of Water
and Irrigation Management, 7(2), pp. 241-256. [In
Persian].
https://doi.org/10.22059/jwim.2017.235685.546.

22-Kilemo, D.B. 2022. The Review of Water Use
Efficiency and Water Productivity Metrics and Their
Role in Sustainable Water Resources Management.
Open Access Library Journal, 9(1), 106885. DOI:
10.4236/0alib.1107075

23-Kirda, C., Cetin, M., Dasgan, Y., Topcu, S., Kaman,
H., Ekici, B., Derici, M.R.and Ozguven, A. I., 2004.
Yield response of greenhouse grown tomato to
partial root drying and conventional deficit
irrigation. Agricultural Water Management, 69(3),
pp. 191-201.
https://doi.org/10.1016/j.agwat.2004.04.008.

24-Kirnak, H. and Demirtas, M.N., 2006. Effects of
different irrigation regimes and mulches on yield and
macronutrition levels of drip-irrigated cucumber
under open field conditions. Journal of Plant
Nutrition., 29, pp. 1675-1690.
https://doi.org/10.1080/01904160600851619

25- Kurung, A., 2021. Effects of water and salinity
stresses on growth, yield, and water use of iceberg
lettuce. Journal of the Science of Food and
Agriculture, 101(13), pp. 5688-5696. doi:
10.1002/jsfa.11223

Environment, 6, e6171.
https://doi.org/10.7717/peerj.6171
Baiamonte, G., Minacapilli, M. and Crescimanno,
G., 2020. Effects of biochar on irrigation
management and water use efficiency for three
different crops in a desert sandy soil. Sustainability,
12(18), 7678. https://doi.org/10.3390/su12187678
Blake, G.R. and Hartge, K.H., 1986. Bulk density.
In: Klute, A., Ed., Methods of Soil Analysis, Part 1-
Physical and Mineralogical Methods, 2nd Edition,
Agronomy Monograph 9, American Society of
Agronomy—Soil Science Society of America,
Madison, pp. 363-382.
Cantrell, K.B., Hunt, P.G., Uchimiya, M., Novak,
JM. and Ro, K.S., 2012. Impact of pyrolysis
temperature and manure source on physicochemical
characteristics of biochar. Bioresource Technology,
107, pp. 419-428.
https://doi.org/10.1016/j.biortech.2011.11.084
10- Carter, M.R. and Gregorich, E.G., 2007. Soil
Sampling and Methods of Analysis (2nd ed.). CRC
Press, Boca Raton, FL. 1264 p.
https://doi.org/10.1201/9781420005271
11-Chen, S., Zhenjiang, Z., Andersen, M.N. and Hu,
T.T., 2015. Tomato yield and water use efficiency-
Coupling effects between growth stage specific soil
water deficits. Acta Agriculturae Scandinavica
Section B: Soil & Plant Science, 65(5), pp. 460-4609.
https://doi.org/10.1080/09064710.2015.1024279
12-Diedhiou, S., Maiga, A., Himbane, P.B., Iboko M.P.,
Ndiaye, L.G. and Diedhiou, I., 2024. The Biochar
Amendment improves tomato growth and vyield
under deficit irrigation in sandy loam soil in Senegal.
Scientific World Journal, doi:
10.1155/2024/9945354.
13-Doorenbos, J. and Kassam, A.H., 1979. Yield
response to water. FAO Irrigation and Drainage
paper No. 33, FAO, Rome, Italy, 193 p.
14-Du, T., Kang, S., Zhang, J. and Davis, W.J., 2015.
Deficit Deficit irrigation and sustainable water-
resource strategies in agriculture for China’s food
security. Journal of Experimental Botany, 66(8), pp.
2253-2269. https://doi.org/10.1093/jxb/erv034
15-Esmaielpour, B. and Akbari, M., 2013. Evaluation
the effect of deficit irrigation on growth properties,
yield and post harvest quality of two tomato
(Lycopersicon esculentum Mill.) cultivars under
Mindoab conditions. Journal of Agroecology, 5(2),
pp. 178-187. [In Persian].
https://doi.org/10.22067/jag.v5i2.24497
16-FAO. 2017. Water for Sustainable Food and
Agriculture — A report produced for the G20

~
1

8

[{e)
1



https://doi.org/10.7717/peerj.6171
https://doi.org/10.7717/peerj.6171
https://doi.org/10.3390/su12187678
https://doi.org/10.1016/j.biortech.2011.11.084
https://doi.org/10.1201/9781420005271
https://doi.org/10.1201/9781420005271
https://doi.org/10.1080/09064710.2015.1024279
doi:%2010.1155/2024/9945354.
doi:%2010.1155/2024/9945354.
https://doi.org/10.1093/jxb/erv034
https://doi.org/10.1093/jxb/erv034
https://doi.org/10.22067/jag.v5i2.24497
https://doi.org/10.3389/fpls.2019.00103
https://doi.org/10.3389/fpls.2019.00103
https://link.springer.com/book/10.1007/978-94-010-9117-6
https://link.springer.com/book/10.1007/978-94-010-9117-6
https://www.iaea.org/publications/7801/field-estimation-of-fsoil-water-content.
https://www.iaea.org/publications/7801/field-estimation-of-fsoil-water-content.
https://doi.org/10.3390/horticulturae10090898
https://doi.org/10.3390/horticulturae10090898
https://doi.org/10.22059/jwim.2017.235685.546
https://doi.org/10.22059/jwim.2017.235685.546
https://doi.org/10.4236/oalib.1107075
https://doi.org/10.4236/oalib.1107075
https://doi.org/10.1016/j.agwat.2004.04.008.
https://doi.org/10.1080/01904160600851619
https://doi.org/10.1080/01904160600851619
https://doi.org/10.1002/jsfa.11223

Yoo

VFof ylomo 108 by [F o loid 118 sl ol ol OT b adoxo

36-Mohammadi, M., Liaga, A. and Molavi, H., 2010.
Optimization of water use and determination of
tomato sensitivity coefficients under combined
salinity and drought stress in Karaj. Journal of Water
and Soil, 24(3), pp. 583-592. [In Persian]. doi:
10.22067/jsw.v0i0.3629.

37-Munera-Echeverri, J.L., Martinsen, V., Strand, L.T.,
Zivanovic, V., Cornelissen, G. and Mulder, G.,
2018. Cation exchange capacity of biochar: An
urgent method modification. Science of The Total
Environment, 642, pp. 190-197.
https://doi.org/10.1016/j.scitotenv.2018.06.

38-Murtaza, G., Usman, M., Igbal, J., Tahir, M N.,
Elshikh, MS., Alkahtani, J., Toleikiené, M., Igbal,
R., Akram, M.I. and Gruda, N.S., 2024. The impact
of biochar addition on morpho-physiological
characteristics, yield and water use efficiency of
tomato plants under drought and salinity stress. BMC
Plant Biology 24, 356.
https://doi.org/10.1186/s12870-024-05058-9.

39-Nouri, M., Homaee, M., Pereira, L. S. and Bybordi,
M., 2023. Water management dilemma in the
agricultural sector of Iran: A review focusing on
water governance. Agricultural Water Management,
288, 108480. DOI: 10.1016/j.agwat.2023.108480

40-Obadi, A., AlHarbi, A., Abdel-Razzak, H. and Al-
Omran, A., 2020. Biochar and compost as soil
amendments: effect on sweet pepper (Capsicum
annuum L.) growth under partial root zone drying
irrigation. Arabian Journal of Geosciences, 13, 508.
doi: 10.1007/s12517-020-05529-x.

41-Obadi, A., AlHarbi, A., Alomran, A., Alghamdi, A.
G., Louki, I. Alkhasha, A. and Algardaeai, T., 2024.
Enhancement in tomato yield and quality using
biochar amendments in greenhouse under salinity
and drought stress. Plants, 13,
https://doi.org/10.3390/plants13121634

42-Obadi, A., Alharbi, A., Alomran, A., Alghamdi,
A.G., Louki, I. and Alkhasha, A., 2023. Effect of
biochar application on morpho-physiological traits,
yield, and water use efficiency of tomato crop under
water quality and drought stress. Plants, 12(12),
2355. doi: 10.3390/plants12122355.

43-Patané, C., Tringali, S., and Sortino, O., 2011.
Effects of deficit irrigation on biomass, yield, water
productivity and fruit quality of processing tomato
under semi-arid Mediterranean climate conditions.
Scientia Horticulturae, 129(4), pp. 590-596.
https://doi.org/10.1016/j.scienta.2011.04.030

44-Rees, M., Osborne, C.P., Woodward, F.l., Hulme,
S.P., Turnbull, L.A. and Taylor, S.H., 2010.
Partitioning the components of relative growth rate:
how important is plant size variation? The American

26-Lehmann, J. and Joseph, S. (Eds.), 2024. Biochar for
Environmental Management: Science, Technology
and Implementation (3rd ed.). Routledge. 884 p.

27-Lei, Y., Xu, L., Wang, M., Sun, S., Yang, Y. and Xu,
C., 2024. Effects of biochar application on tomato
yield and fruit quality: A  meta-analysis.
Sustainability, 16(15), 6397.
https://www.mdpi.com/2071-1050/16/15/6397

28-Li, X., Zheng, L. and Ma, J. 2023. Biochar Improves
Greenhouse Tomato Yield: Source-Sink Relations
under Deficit Irrigation. Agronomy, 13(9), 2336.
https://doi.org/10.3390/agronomy13092336

29-Lindsay, W.L. and Norvel, W.A., 1978.
Development of a DTPA soil test for zinc, iron,
manganese, and copper. Soil Science Society of
America Journal, 42(3), pp. 421-428. doi:
10.2136/ss52j1978.03615995004200030009x.

30-Liu, H., Duan, A.\W., Li, F.S., Sun, J.S., Wang, Y.C.
and Sun, C.T., 2013. Drip irrigation scheduling for
tomato grown in solar greenhouse based on pan
evaporation in North China Plain. Journal of
Integrative Agriculture, 12(3), pp. 520-531. doi:
10.1016/S2095-3119(13)60253-1.

31-Liu, X., Wei, Z., Manevski, K., Liu, J., Ma, Y.,
Andersen, M. N. and Liu, F., 2021. Partial root-zone
drying irrigation increases water-use efficiency of
tobacco plants amended with biochar. Industrial
Crops and Products, 166, 113487. doi:
10.1016/j.indcrop.2021.113487.

32-Liu, X., Zhang, J., Wang, Q., Chang, T., Shaghaleh,
H. and Hamoud, Y.A., 2022. Improvement of
photosynthesis by biochar and vermicompost to
enhance tomato (Solanum lycopersicum L.) yield
under greenhouse conditions. Plants, 11(23), 3214.
https://doi.org/10.3390/plants11233214

33-Luo, Q., Xie, H., Chen, Z., Ma, Y., Yang, H., Yang,
B. and Ma, Y., 2023. Morphology, photosynthetic
physiology and biochemistry of nine herbaceous
plants under water stress. Frontiers in Plant Science,
198, pp. 107-116.
https://doi.org/10.1016/j.plaphy.2023.107116

34-Ma, N., Zhang, L., Zhang, Y., Yang, L., Yu, C., Yin,
G., Doane, T.A., Wu, Z., Zhu, P. and Ma, X., 2016.
Biochar improves soil aggregate stability and water
availability in a Mollisol after three years of field
application. ~ PLOSONE, 11(5), e0154091.
https://doi.org/10.1371/journal.pone.0154091

35-Mao, X., Liu, M., Wang, X., Liu, C., Hou, Z. and
Shi, J., 2003. Effects of deficit irrigation on yield and
water use of greenhouse grown cucumber in the
North China Plain. Agricultural Water Management,
61, pp. 219-228. https://doi.org/10.1016/S0378-

3774(03)00022-2



https://www.mdpi.com/2071-1050/16/15/6397?utm_source=chatgpt.com
https://doi.org/10.3390/agronomy13092336
doi:%2010.2136/sssaj1978.03615995004200030009x.
doi:%2010.2136/sssaj1978.03615995004200030009x.
doi:%2010.1016/S2095-3119(13)60253-1.
doi:%2010.1016/S2095-3119(13)60253-1.
doi:%2010.1016/j.indcrop.2021.113487.
doi:%2010.1016/j.indcrop.2021.113487.
https://doi.org/10.3390/plants11233214
https://doi.org/10.3390/plants11233214
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org/journals/plant-science
https://doi.org/10.1016/j.plaphy.2023.107116
https://doi.org/10.1016/j.plaphy.2023.107116
https://doi.org/10.1371/journal.pone.0154091
https://doi.org/10.1016/S0378-3774(03)00022-2
https://doi.org/10.1016/S0378-3774(03)00022-2
doi:%2010.22067/jsw.v0i0.3629.
doi:%2010.22067/jsw.v0i0.3629.
https://doi.org/10.1016/j.scitotenv.2018.06
https://doi.org/10.1016/j.scitotenv.2018.06
https://doi.org/10.1186/s12870-024-05058-9.
doi: 10.1016/j.agwat.2023.108480
doi:%2010.1007/s12517-020-05529-x.
https://doi.org/10.3390/plants13121634
https://doi.org/10.3390/plants13121634
https://doi.org/10.3390/plants12122355
https://doi.org/10.3390/plants12122355
https://www.sciencedirect.com/journal/scientia-horticulturae
https://doi.org/10.1016/j.scienta.2011.04.030
https://doi.org/10.1016/j.scienta.2011.04.030

5994255 oLS Wiy 3 Wlgi U 0T B pan (IS 1 (w35 9 T ki polio 5T V)

organic matter, and a proposed modification of the
chromic acid titration method. Soil Science, 37(1),
pp. 29-38.  https://doi.org/10.1097/00010694-
193401000-00003

54-Xiukang, W. and Yingying, X., 2016. Evaluation of
the effect of irrigation and fertilization by drip
fertigation on tomato yield and water use efficiency
in greenhouse. International Journal of Agronomy,
4(16), pp. 1-10.
https://doi.org/10.1155/2016/3961903

55-Xu, X., Wang, H., Egun, I.L., Gan, T., Huang, Z.,
Liu, H., Gustave W. and Zhang, X., 2025. Enhancing
vegetable yield and quality with biochar: prospects
and challenges. Frontiers in Plant Science, 14,
https://doi.org/10.3389/fpls.2023.1147208

E152-E161. doi:

Naturalist, 176(6),
10.1086/657037.

45-Saremi, M., Farhadi, B., Maleki, A. and Farasati, M.,
2016. Effects of deficit irrigation on yield, yield
components and water use efficiency of lentil in
Khorramabad. Journal of Plant Production
Research, 22(3), pp. 337-342. [In Persian].
https://doi.org/20.1001.1.23222050.1394.22.3.17.8

46-Sarfraz, R., Shakoor, A., Abdullah, M., Arooj, A.,
Hussain, A. and Xing, S., 2017. Impact of integrated
application of biochar and nitrogen fertilizers on
maize growth and nitrogen recovery in alkaline
calcareous soil. Soil Science and Plant Nutrition,
63(5), pp. 488-498.
https://doi.org/10.1080/00380768.2017.1376225

47-Shams Beyranvand, M., Boroumand Nasab, S.,
Maleki, A. and Daneshvar, M., 2015. Effect of
deficit irrigation on seed yield and some qualitative
characters of .soybean cultivars in Khorramabad.
Journal of Irrigation Sciences and Engineering,
38(3), pp. 13-21. [In Persian].
https://doi.org/10.22055/jise.2015.11471

48-Shewangizaw, B., Kassie, K., Assefa, S., Lemma,
G., Gete, Y., Getu, D., Getanh, L., Shegaw, G. and
Manaze, G., 2024. Tomato yield and water use
efficiency as affected by nitrogen rate and irrigation
regime in the central low lands of Ethiopia. Scientific
Reports, 14, 13307. https://doi.org/10.1038/s41598-
024-62884-5

49-Singh, B., Camps-Arbestain, M. and Lehmann, J.,
2017. Biochar: A guide to analytical methods.
Melbourne: CSIRO Publishing. 320 p.

50-Stewart, J.I., Hagan, R.M., Pruitt, W.O., Danielson,
R.E., Franlklin W.T., Hanks, J., Riley J.P. and
Jackson E.B., 1977. Optimizing crop production
through control of water and salinity levels in the
soil. Reports. Paper 67.
https://digitalcommons.usu.edu/water_rep/67.

51-Tian, X., Li, Z., Wang, L., Wang, Y., Li, B., Duan,
M. and Liu, B., 2020. Effects of biochar combined
with nitrogen fertilizer reduction on rapeseed yield
and soil aggregate stability in upland of purple soils.
International Journal of Environmental Research
and Public Health, 17(1), 279.
https://doi.org/10.3390/ijerph17010279

52-Topcu, S., Kirda, C., Dasgan, Y., Kaman, H., Cetin,
M., Yazici, A. and Bacon, M. A., 2007. Yield
response and N-fertiliser recovery of tomato grown
under deficit irrigation. European Journal of
Agronomy, 26, pp. 64-70.
https://doi.org/10.1016/j.eja.2006.08.004.

53-Walkley, A. and Black, I.A., 1934. An examination
of the Degtjareff method for determining soil



doi:%2010.1086/657037.
doi:%2010.1086/657037.
https://doi.org/20.1001.1.23222050.1394.22.3.17.8
https://doi.org/10.1080/00380768.2017.1376225
https://doi.org/10.1080/00380768.2017.1376225
https://doi.org/10.22055/jise.2015.11471
https://doi.org/10.22055/jise.2015.11471
https://doi.org/10.1038/s41598-024-62884-5
https://doi.org/10.1038/s41598-024-62884-5
https://digitalcommons.usu.edu/water_rep/67.
https://doi.org/10.3390/ijerph17010279
https://doi.org/10.3390/ijerph17010279
https://doi.org/10.1016/j.eja.2006.08.004
https://doi.org/10.1016/j.eja.2006.08.004
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1097/00010694-193401000-00003
https://doi.org/10.1155/2016/3961903
https://doi.org/10.1155/2016/3961903
https://doi.org/10.3389/fpls.2023.1147208
https://doi.org/10.3389/fpls.2023.1147208

.y

VFof ylomo 108 by [F o loid 118 sl ol ol OT b adoxo




