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system. Treatments consisted of Zeolite as the main plots in four levels (including
Z1:0, Z2:5, Z3: 10, and Z4: 15 ton/ha) and irrigation water amount in three levels
as sub plots (W1: 256 mm, W2: 206 mm and W3: 155mm). Results showed that
different irrigation levels, zeolite, and interaction effects significantly affected
root yield, biomass, and water productivity. The highest and lowest root yields

\}f\fxf :)ciz:ductivity Root were obtained, for Z1W3 (85 ton/ha) and Z4W1 (50.3 ton/ha) treatments,
Yield, Biomass ' respectively. Compared to Z1W1 treatment the root yield was increased as much
Performance as 16.12 % for treatment Z4W1. Furthermore, the highest and lowest biomass

performance was obtained for Z4W1(91.13) and Z1W3 (56.1) treatments,
respectively. In the current study, the lowest and highest water productivity were
obtained for Z1W3 (14.13) and Z4W2(19.17) treatments.

1. Introduction

During the past decades due to rapid growth in global population, the international food demand has
increased. As a result, it is predicted by 2050 the world population will increase from 9.7 billion to 10 billion,
therefore it need to crop products increased by 50% (Gupta et al., 2020; Sharma et al., 2023). On the other
side, because of climate change and mishandling of water resources, world renewable water is decreasing,
and predicted renewable water resources decreased by 50% (Gupta et al., 2020). In arid and semi-arid
regions, water is the main factor that affects plant growth and plants are under severe drought stress. To
reduce the adverse impacts of drought stress on crop productivity different methods such as modifying
irrigation methods (deficit irrigation, partial root zone drying, and drip-irrigation) and using innovative
materials (superabsorbent polymers, zeolite, and biochar), have been used. Although many research studies
the impact of zeolite on crop productivity, however, to the best of author's knowledge a few studies have
investigated the impact of zeolite on the mitigation of drought stress on sugar beet yield. Therefore, this
study aimed to investigate the impact of using natural zeolites to mitigate drought stress on crop productivity
of sugar beet yield.
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2. Materials and Methods

To investigate the effect of zeolite and different irrigation levels on water productivity and sugar beet yield
this research was conducted, based on split plot experience in randomized complete block design with three
replications and 36 plots, at Bander Torkaman fields in the 2021 crop year with sprinkler irrigation system.
Treatments consisted of Zeolite as the main plots in four levels (including Z1: 0, Z2:5, Z3: 10, and Z4: 15
ton/ha) and irrigation water amount in three levels as sub plots (W1: 256 mm, W2: 206 mm, and W3:
155mm). The plot size was 3 x 8 meter that cover an area of 24 m2. The distance between each plot was 1
meter and between each repeat was 2 meters. In used irrigation system as the distance from the linear source
increased the received water decreased. For each treatment, the amount of received water was measured
using cans.

3. Results

Results showed that different irrigation levels, zeolite, and interaction effects had significant effect on root
yield, biomass and water productivity. The highest and lowest root yields were obtained, for Z1W3 (85
ton/ha) and Z4W1 (50.3 ton/ha) treatments, respectively. Compared to Z1W1 treatment the root yield was
increased as much as 16.12 % for treatment Z4W1. On the other hand, in the case of irrigation level W1,
using 15 ton/ha zeolite results in 3.4% and 7% higher root yield performance compared to 5 and 10 ton/ha
zeolite, respectively. Similar results were obtained for irrigation levels W2 and W3. For treatments with the
same irrigation level, as the amount of zeolite increased, biomass performance increased. For example, in
the case of irrigation level W1 compared to 5 and 10 ton/ha zeolite when 15 ton/ha zeolite was used, biomass
performance was improved by 2.61 and 6.74%, respectively. Furthermore, the highest and lowest biomass
performance was obtained for Z4W1(91.13) and Z1W3 (56.1) treatments, respectively. In the current study,
the lowest and highest water productivity were obtained for Z1W3 (14.13) and Z4W2(19.17) treatments,
respectively. For the majority of treatments, the highest water productivity was obtained for moderate and
the highest amount of irrigated water and it can conclude that water productivity is directly related to
irrigation levels.

4. Discussion and Conclusion

In the current study it was observed that irrigation levels have more impact on sugar beet performance than
zeolite and zeolite only decrease the effect of drought stress. For all treatments by increasing the amount of
used zeolite root yield, biomass and water productivity were improved. Regarding high water holding
capacity, controlled release of moisture, and reducing nitrogen leaching, using zeolite led to an increase in
root and biomass yield for all irrigation levels treatments and it can be concluded that it reduced the effect
of drought stress. On the other side giving water productivity, using 15 ton/ha zeolite and irrigation level
W2 is suggested for sugar beet cultivation.

5. Six important references

1) Gupta, A., A. Rico-Medina and A.l. Cano-Delgado. 2020. The physiology of plant responses
to drought, Science 368 (2020): 266—269.

2) Hazrati, S., Z. Tahmasebi-Sarvestani, S.A.M. Modarres-sanavy, A. Mokhtassi-Bidgoli, H.
Mohammadi and S. Nicola. 2017. Effects of zeolite and water stress on growth: yield and chemical -

3) Hazrati, S., S. Khurizadeh and A.R. Sadeghi. 2022. Application of zeolite improves water and
nitrogen use efficiency while increasing essential oil yield and quality of Salvia officinalis under water
deficit stress. Saudi Journal of Biological Sciences. 29:1707-1716.

4) Sepaskhah, A.R., and M. Barzegar. 2010. Yield, water and nitrogen-use response of rice to
zeolite and nitrogen fertilization in a semi-arid environment. Agric. Water Manag. 98 (1):38-44.

5) Sharma, V., B. Javed, H. Byrne, J. Curtin and F. Tian. 2022. Zeolites as Carriers of Nano-
Fertilizers: From Structures and Principles to Prospects and Challenges. Applied nano. 3:163-186.

6) Zheng, J., T. Chen, G. Xia, W. Chen, G. Liu and D. Chi. 2018. Effects of zeolite application
on grain yield, water use and nitrogen uptake of rice under alternate wetting and drying irrigation. Int.
J. Agr. Biol. Eng. 11:157-164. https://doi.org/10.25165/j.ijabe.20181101.3064.

Conflict of Interest
Authors declared no conflict of intere



% Ol 2! ST 5 6kl (cwaige (Shdgly oole s pid A
VP F lag .4 g oloxiy ol o003l Jlus

e

0y wid iz o, hes p Cudgl) 9 5kl alico zobuw W1 gy

Tl yd doguaro 37 yg ke phae (GOLT g Il UL ks

13 JRYNRY S W P A
LR ANES S-JUROP I
sag 3y Ao
oS

s...uLo)T “L\.S)m ajSl‘o.: 9 u_j S$)90 14 ‘_sl.mk)a}lm): ‘5)L..j alises C}Ja.u 9 u..Jsj) G J.AOLQ.A J.uL: P )9.'4.\.“\.:
s dbe 5o S Han w2l 0 OIS TP o legere ST aw b Bolar JolS Sel CJB o 0al 0 5 lac 5 O g0
zhw bz, cdgs; il polie Joli iolej] 0550 slajlens ol alol S1L (s)ke] wlebes 51 oolaul L VF V-1 Fe -
Olime 4 Cdgsy Brae Z3 (LS 10 (50 (liee 4 Cdghy Brae Z2 (ald) cdgsy o Z1 Jold) Lol bl olsicas
Oy WLy (o8 Lole lgica Solal Of calizes polie g (LS 40 510 ol 4 iy B pae 24 4 LS jo o5 V-
olo oyl bt aiag (VOO MM (g,Lol 0T Jlade oy yieS W3 5 Yo F MM Lwgio 5kl OT W2 ¥0F mm 5,LoT O loke
5 006 a3 c0de O Sloc polie ;o (5o goe Solas sl blie &l 31 g cudgss polie o Lol O jlade AliSes oo oo a5
LS ,0 5 00 /Y g AD polie L ZIW3 4 ZAWL lo,les 10 el S oaé o Shae JBlax g jiSTas o 1o 0929 o (5,90 80
Jloss 0 G 20,0 VENY 00 o Shae « kol O Jlade ST Loyl s jo g cudgsy JiSa j0 o5 10 B pae b owl cavoas
9 ZAWT slalos glp s 3 OF/N 9 VY L ply eogicens; o Slae JBlax 5 yiSTas lawgie (uizren 8L iol38l valds
Z4W?2 921W3 dlib)l..o.u lej" w).:d.: u] (590 4 Ja..pa..\.a J.:OLQA L}.:).;.m...:ﬁ u.:)...o.s ‘L)M.:LQ)T U"‘ B J.)AA] Cawdds Z1W3
el Cawsts YANY g VENY polie b

035 Comny j O ySlos 0l 8 ySlos (0T (5590 pie 1 golS sWojlg

kh.tatar52@gmail.com | ! ¢ oggls 0S¢ wgsls 0 olKitsls o Koy Ol cwdige )| (ol )15 sl &5

(Jsie 00iun 55) Tathabadi@gonbad.ac.ir « ugslS oS « wgsls oS olfiils ¢ acds milie 5 (55,9LiS 0aSCiils g lojsul 5 @b 0 09,5 Luils
Sl

O 58S bisel 5 sy «Dlinkos plajl (S apels lis 5 (65,5liS Sliiod 35 50 o55,5liS cwiiige 5 (1 Dl sy Jlobiul T
m.abedinpour@areeo.ac.ir | !

Farasati@gonhad.ac.ir ¢l ! « wgslS 0uiF « yoggls oS olKizils ¢ aabs pulin 5 (55,5LaS 0aSLails g0 55uT § @550 09,5 JLoils |


mailto:m.abedinpour@areeo.ac.ir
mailto:Farasati@gonbad.ac.ir

5 (e SG 5l s jlade +/A) JBlas (5 Lol polie
odal sy (e S5l s Hlade plp) lawgie
sl
Irik et « o1l 0 OYAF) Glol )15 5 597 Slidss o
Ui Slas 5 ,4aS o Uygan et al (2021) gal (2024)
~ e 0 jaiiz o Slas sl e sl 5 Sis
el 0099 4l0
(sthi lS 0y gl p ol G Sl tels
Soslial Jio) 5kl slagbg, 2dhel Jod 5l (olo Sl
5 () 4l S5z 00,5 St sylaleS (Gt o]
Slayoc 5 g5y lrger J2e) G538l Slga 5l eolind
oot a8l ST LT (6, l0gS5 Cad b 35uts g (3l g
.(Belviso et al., 2022; de Campos Bernardi ) <.l
etal., 2013

Eran b ormb Sl Lwgiagll sl SIS dac)s;
Olypeds Caio )0 Ligee o5 witn Jls S pleisla b
B 5l i eCoebs )3 g ce osliiul 455U 5 L3l

a5’ (Mondal et al., 2021) coul ool bt cudgd; g9
cwiClinoptilolite «culgi; g5 0 5,000 5 05 0lsl 8
(Hazrati et al., ool oo Slols VAR Jls yo &S
g ode 0a8 Vb Sesls Jobs cud b 4 4> L, .2017)
S5 g3l eole Ky lgreay (S5 ST YL (6 eSS
(Mondal <l 00,5 law (5,5LS ol ;o (slod s
. etal., 2021; de Campos Bernardi et al., 2013)
Slgysed Colan S5hs Sy Sgnp Sl Sy S o
2l sde il 6 nSslr 5 GelS Jobs b b el
(Mondal et al., 2021; s4i 0 (shas Sgti ams
cel aslys o o] ss; ooxen Cataldo et al., 2021)
prr o JS JR Jod 5l S (S5 leogas i
Sl egdleay wigt S ksl 5 g0l pgate
Sk ol sl Gall s S e Of g e Sl
cudgiy Sladllas o Jsl (Szerement et al., 2014) ool o
pll (pl5 j0 oM VAP ans b (55 5liS cole (o
e Selsis 5l sl Ol3slas dadlo 0T (b s sl ony

Ol 2l ST 5 6kl (waigew (Shdgly oole sy

VP F  la.a5 g oloxy o kol .0 3L JLw

doddo

G oRIP et o Bl gleass by

by by ol Sl gl jo e Glolss (pnex
Yoo Jho U ogd oo (Somiios &5 (5 sbds Zawl 00,5
el 5 e e ol Ve B Vo g0 4 o Cures
oy 00 5l G (65,0leS Slades U el 5ls dl
(Gupta et al., 2020; Sharma et al., wb 258l
S5 0)Lhoe s dga 0 89, 0 Al pizen  2022)
(Gupta et oss S5 wiylo o JSio a5 bl 4o
a8l amge a5 ol ss K0S e 5l Al 2020).
o5 ol A e el oads (Bl jlade )0 5 g Les
on3 S £y Ysame Wy el 5 Sas
Sl a8 J o el s ol o(Porter, 2005) el
Gt 2l @l bl 5l oldé ol 6l 05, 00
Sl 00l (e 03565 58 (s 53 (55)9liS S
s 3 ol b lade Gl waw o V-0 JLo b
L . (Gupta et al.,, 2020)us oy zalS oo, O
Ol Bl cdél e Ls YEe sga> Sl lawsie
Lulps ol o il oo Sisans 5 Sis aulil sl
Mg g s & cal e s o (adi
el 5 ams a8 3l o |y (65,0la8 DY g
b it S 25 85U Cov ead caaS LS
Ol (STl 5 (Seiglen s slocelad 5l (glod pns
0395 pelglie S p ad) (slazg, Calbe Jo3 )
EEEC I LRUPLCEINEL IRV JUPRE JURUN BUSUR P e
UoelS axs o (Abdalla, 2011) oie  Sis
ilie Gl s i 5 ek iy DT il
5 a8l (RalS r SaeSles Olyr 5 S p 3,05 e
WS e M S aer ebon 5 gl e
Saini ._a.a>s ,o (Heidary and Moaveni, 2009)
5 (Uhgy @) <alS sy, 51 and Singh Brar (2018)
o s 9,8kes » (ghe av) )kl ibize ol
23,5 s p e LUdhiana dilaie jo w8 juiss oLS

Lol jle olp aiy, o Slae o yiin ol las =l



Ol 2! ST 5 6kl (cwaige (Shdgly oole s pid
VP F lag .4 g oloxiy ol o003l Jlus

Pl oyse 0 B85 50 b gwypn 4 axg L Ll
2,0 5929 45138 (g0gae dlass (il aiss oLS el
ol il sl 5 clgsy JliGeiod cal 55 jolaie oy
3550 HledS bl )0 05l atBjariz o Sles (5L

L85 8 )

o g 9 olge

Sleals) Ve S VFey el b s bl ol
2 Ol et 63,5leS Bl o (oleyd Sdlo g ol
207 oWl Jed oy pllar (ool oS 5
AV 54z 0 OF oLl Job g o0 5 add0 07 4
Sl 5 121 by g o VF elis) 5 55 Job
Bos Lz 5o adllas o )90 ddlaie S Dliogas s
Bged o gilw Fe-Ae g Fe - Fo ¥ Fe o — ¥
5olUT s a5 00,5 Lol oSl @ g s S S 5o
oolitlgn claools .ol oad il (1) Jsoz 4o dnaigas
bdlgn ol 5l olS al;y 0)90 Job yo 5L 09
08 Sk eSS iy (i 8

2 ead 05 lan, S 7l &jsoa (Gilejl ol
iy chlin ol ot gz U ol LIS Sl
Y7 5o koo SIS0 a4 jo 5 kel ©f Jlade Lo 4w
125 kol e lsiees gab alst; 2,5 pladl &5
@ Sy Sras (Z1 wald) cdg; oo il ez
Vol Sy Srae (22) S )0 (Fy Sed
USR5 (5 VO s @y Sl gl B pae 5 (23) ,LSe 50 5
olpea (a5 1) )lel ol bz olis 5 (24)
L5)LSJ g,j Sade iSlas) W) mhaws 4w jo o9 ,9518
W3 g (Y8 lawgie )kl O Jlaie) W2 (YOF L plp
s Las 5 alols Lol 1 (100 oo (6 Lol T laie)
s sty b5 kol o mSss WL el e 8
okl o sy b5 5l alob 50 WS, ()]
e YA &S o olal crope o YT oo )5 o3l Laiog
3 09 e Sy ol b ,S alols g e 90 bl S5 alols

Ol Gl e bd g 51 ol ;90 b oslitul 550 piians

e

b Slassl s PH lisl 5 S cogb, Js
(Wajima, 2013; Cataldo s )5 o oozl Y a ol
sl yo ol YL i cblB L egs; etal., 2021)
g03,S 035093 31, Ol gobj x> )kl b (Sw)b
Sygods |y oad 03 Ol opl (s i lalys o
o Sl (gt g amsoe 58 olS LS po oy
Jodoar Vb A5 4 4z g5 b was e a8 ) (Sas
93 g e yd 7o b Cawl 0B G ol Jlwn 57 1L
5 ora> (Cataldo et al, 2021) &S 0,53 ol
el el ) eolatul a5 s S sanlive () YAF) Ko
R N S - U v
alie jgba, . (Hazrati et al, 2017)s45 o 1,5551 oLS
SB e (OYAF) e 5 3ol Slidss o
Zheng et al (\F+)) o, Ko g (55,8000 5de (1 TA0)
(2018); Hazrati et al (2017, 2022); Ozbahce et al
ol 3l zels (2014); Bahador and Tadayon (2020)
G Sl 5l oslial i o (St i 51 A
el 00l

(Beta vulgaris o3 o oo oL5 SO lseas
28 Ol s 50 S8 agh poo 4 o Sdi 5l o L)
RPVIRVERR VY P WA WIS LI WSS PR EO N
o olS ol azsli> (Monteiro et al., 2018).4,1 o
JEITECH RS TRPNSCH S WANRNC S SO SRR
S3995T 9 (S399958 (9N g0 loondgn ((S3el98590
by (2ol8 ol (oS 5 a8 0 ,Shae 5 atb S 15 3 o
(Ortiz etal., 2015)ws’ o

—dad 5 S blie o (o @lie Cadgace 4y azgi L
slo jo o97ad 0 cebas oo Sig,) 5l eolatul (Sis
ol \Jﬁ*"-’“ el 595 5 s0b5 Cuenl Sl sl O
GogS SiSu y0 rae ol oy A sgas )0 bl
(Earth Science Division of CAS, 555 o eolazul
1 ol Gpae gals ceb a5 a3l o ol ks 1998)
Gl 50 4z g B o Wlgioe 005 (55)laS ASu
6ok Dligho az S1.adl axsls gbls nl jo ol B pae
oals plowil (65,5liS Exle o g sleslaul b alal) 5o



/2

s ol e

5075l 5 00 b ol slapladl b5 Joxe I u

LB Oyg0 olen plail g oas
oyt ) 00 55 4 O IS oz 4y Jpame o Shos o
(V) abayl, g a5 05 (Water Productivity) o (s ,g
20,5 Ao

M

Y okgim® cas p ol 9 ope WP akal, ol o
(53,5 Ol o> Wa kg/ha o> p Jgame o Slos
902 ol «o (6590 00 Sl g0 ubizs ol o M3/ha
o9 Al )0 038 aule IS 0T (65900 9 s)lel &
ad,S L o ead g,lel Ol Hlade hass ts,lol Ol (5,9

WP =

Wa

LS)LS'J ol Slade o JS ol G300 Sl S o jotogd

Dyl ge a8 S Sl 5o 5 (28l Sk
sl slaggesl lzl 5 dmosls Jolos g a5 (sl
Slalio pll gz paizan b oslital SAS I3l
soliwl (o e WS J8lam)LSD (g5l ko

=

20,5

Ol 2l ST 5 6kl (waigew (Shdgly oole sy

VP F  la.a5 g oloxy o kol .0 3L JLw

L oles j2 50 gylol O Jladie ad 268 e 4 0w,
=R D) 0 S5 0 Ol g pslae Lo by il
NESNEN AW PN u] x> G rSoslail g LS)l—.f-.'T Ol 4o
2l cdg; Sws Sllas plsl b o 5,50 lal Ll
ol bgle Wl S L g0 (bl VO LY. Gos
oyl g lrdigy oS wdss Jolo el Sldee slo
G S den ly LSy O jpon das,len 5 DB L
ol Sufalsnid Sy Oloj 5o 0,5 el Sl
039 5 lew plwil o Slos pl5e 5 plonl (285l 5l apil> e
(s jued ladiy ey 5 3l e adod (5 S e jlasl deoas

Salosl 2590 S o1l 9 (S 5ud Sluoguas gl 1) Jgor

olas Slge sy N
JBoFS  (Sopsdl o anall eaigd s S N ol oy e Gos
(ppM) wd>  EC*10 gLl Js /. LS (ppm) (ppm) yA /. /. awle Sl
Y0/ YIY v/a A/ <IN A \YIY VY. Y'Y/ OA/- Vol Y-
YA/ YIY YIA \VID /4 A ARVA VFY/. Y7/ IR \Y/. f.-v.
f-AO YIA YIA V210 <IN A a/\ \YY/. A\RY, OA/- \Y/. Fe-¥.
Ya0/0 YIY YIA V4/- <Y ol \Vid YY/- \#[e Yol Y/ Ae-F-
Sl 69052 9 okl ST (65040 00 5 Shas sla g5 S g C.al.u

Jlix s 5o 55kl Ol Jlade 5 codgss blize o3l JS
o,fles ole sl as Jl> o sl oals jlo gme /40
Jogre /) Jlio! mhaw jo bliie SISl wsgicen

sl 00

s glo gL (il lg 41 3
plos slp a5 ol las oV Jguzr ) mibly i s
Sl ol jlaie g ey Jalge Sl m)n 0590 slo il
Glp el ons b goe oy S sl maw o




b

Ol 2! ST 5 6kl (cwaige (Shdgly oole s pid
VP F lag .4 g oloxiy ol o003l Jlus

0231 9390 Jolge o 35 (sl &35 il g 43525 1(Y) Jpur

Sla o 525k
0353t j o Shos I <l 50 Gl ol 50
/A AR VIFA S
YAy yer* VO Y** FoIYO**
VIAD /¥ gAR
YYOV/aa** AATAR OV/VE**
\FZAR s NG YIY*
YIve Atd VY

0aé 3,Slas @olsl az s JUEIRIR
B v JRY
YOY/- AR ¥ s
-/F4 5 ) sl
YAYV/AL® v o
VOV 5 ke
Y130 Ve (Vslas

slo e s 9 01 9905 Jlods! gbaws 53 (5,10 o o 3 491 NS g

) IS5 4 azgi b (Y Jgaz) ad Jol> lasgio o)l
Sade Giuli8l bosae lawgie o,Slas a5 048 0 cnnlin
VO Gran ;0 0,8les o iin g Cuwl ool ion Sodos)
3 Ol |y diass opl ol odal Cowoty S yo o
@390l 5l @ pSslr 5 S Ol )& el )
wlidss o . (Zheng et al, 2018) couls )35, e
OYAY) LK 5 olol e ((1TA0) S5 e () FAF)
O 5 65502 (VYA Ol 5 (S g 225
Karimi et al (2020); Zheng et al (2018); .(\Y4a9)
Uil b wis S eualiw 5.5 Hazarti etal (2017, 2022)

el o0l Cwsds Eudgs; b op s j0 0, Sles

** *
‘

Lo b jlowd jo oud o Slos duy lio
sShae 5l oSy il Ol liee Ll s
Ol (y5eS 5 Sodgiy Bpan ESa 10 (510 Lo jo 0aé
S 4 Jolo Sl Bpmn o b ks s o
Jas sl 0 Shat (s 5 ZIWB L5 sl 38kac
1 oolawl (g lol Of iSlas les yo ol Cavsas Z4W1
Olyeats 00d o Shos (al38l Carge gy iS55 5 10
30 500 Gogw ol sals s a4 Cad vy VEVY
S o celgiy 53V leslinl ¢ (gyll Of Jilao e
A Cod oy Vo YT a0 Slae iul38l Co g
3 bl plas )5 cldss; LS 0 (50 9 ) s slales
0,5 oanline i JBlas 5 lawgie S8L 0 ol sl e
L oao,o YOIFY lieds cué o, Slee islidl a5 (g ebay
ol Lyl o vals jles 4 cans S 40 5 V0 B yas




Ol 2l ST 5 6kl (waigew (Shdgly oole sy

a¥4
VP F  la.a5 g oloxy o kol .0 3L JLw

Sis oixcadaly bl Jolisio Ol B (oSl duslio (V) Jeue

I <l 80 &bl ol y50 0355ty 3 3,SLos oaé 3 Shos
(caSayie )5 5LS) (S yio y o5 9hS) (LS o o9 (LS o o) S
VF/ off YAIOAT INANE vy Z1W1
Vv o ¥l pef FAIVYO ATER Z1W?2
VENY Yy yebed oFIvYe ANA Z1W3
VY/fy ¥/ 0 AV YP ya/f.be Z2W1
NG YYIANP \CISE FAIA - Z2W?2
VE/p LN TY/FERe OA/YY® OV/AYD Z2W3
VA Y YY/.qed . /572 AY/Y .2 Z3W1
Va/-q8 TV/6a2 ASIVYP Vs Z3W2
VO/VYe Y#/ Y $YI- Ve NZERE Z3W3
VA/SYE® YY) AR Ay .2 AR Z4W1
Vvanve TYIVER A1 -P YV/R-© Z4W?2
VFIYYe Wl Al ov/F -9 Z4W3

il oo w033 5 Jlasia ! g 5 LSD (yg03T b ls sixe M| 0Bl o piine & yo Sy JBlas b b (puSileo

75 ac i
% 70 ac ]
9
3 65 bc
. 60
5 55
~ 50

0 5 10 15

(LS 5o ) cudgs;

90
¥ 2 b
P C
% 60
3
30
g‘\

0
W1 W2 W3

By S Jolas b b opufils) Seies idd ciliseo s olio BB el ciliso poliie 1A 4o o0 3 ySlos (yuSiloo dunas Uie 1()) JSCis
(Wil oo 9o 33 5 Jloi! gebaun 33 LSD (39051 b jls o 3OS a3l (o yiiice

Olieeds oy (Gradhes 0P (8lys OT Sl
Brae polie b lo,los 4 Cacis ao,0 O/AY 4 FF/YA
2 sasline e Lo (V0F) Lugie 9 (V00) Jlos> ol
ol dgiy B pae LS 50 5w JlesS )3 omizees
G Cas golal Ol Jlade gSle clle o sue 0,Slee
O 50090 0o, OYNA L plp g Lol O jiSTos jles
a4y 8y ol JiSlas gl oaé o Shae iol38l ooyl
30 S Jols ae 3 VYYD sg0 (e o V4 F) lawsis

Lol o (ool of i cilisie sl los o Slas i |l
o Sla Sl (S 5 55 VD) Sl ol ST
Sl 5o 0,8kae 268 5 )bkl O iSTae e )0 e
Srae b Koo Ojledy il Jolb> kol ol Sl
FYIQY ous o, Slos jlade wwudgiy LSa yo 05 V0 LSS
TOF & foiden 10D 51 (53, (6ol o Gial5Hl L oo
0,8 iulidl aS" canl Jb o ol el iolidl e Lo

Lylb g cdgdy Gpae LS 0 o5 Ve Llead 0 0aé




ayv

Ol 2! ST 5 6kl (cwaige (Shdgly oole s pid
VP F lag .4 g oloxiy ol o003l Jlus

Sbod Sl o Shee o s (o) 2 3550 Sl Lo pleS (e
0392 3,5 g0 2l ps |y Of g Sl on it 5 ZAW]
OtreS a5 ZIW3 Lo ay by o i o ,Slae (a8 ol
JS8 @ ez g b ol oo sl 00,8 2l 0 |y el 5 o
0 ,Sles wudghy Slade ili8l L aS 0ed o ala>de oY)
GBS 50 05 o0 oy GBSy &) g0ty 0395
dgape Sl cudgdy l eolainl ((VYAQ) ) Ken g (5,51
5oy SES iy ke Job I p o phe gbaasly
g 0dd aid i (wleg) S5 (39 9 o)l Lo
Sl e bl 0 wié oSkes mlbt alie
g—l Slade alize o led o (LSe yo o5 V0) oudss;
e JiSlas jlerd )0 eogicenn; o Sas 2STas ()Ll
el olde Jlas jles jo o Ses (S 5 )kl &
PGV Oy Bran b (K Ojleay al Jol> )L
L oas,o FYAF cogicun) o,Sles lode woudss)y LiSa
s kel S s YOF 4y s Ls VOO 51 8Ly ol il
- 0 Ses ol oS el Jl>po cplicdl sl
Ly g cldgly Srae )lSe 0 o5 Vel )0 ooy
FIV 0wty o n s TOP) 2305 1 5T
V00 T G pae polie b (gl L 4 s aus o $/2)
Lyl o oaé o Skee aiile b oaslive yio oo Y8
O e Gl U dpae Sl ke 55 5] (sslens
polie OS] g Cewl 00 gy 0097 sy 0 Slas (5Ll
T b o bl Bl polie gl o Slee (1 Sile
aS el plo Gl o Eh g ol 0ol s g dso
039 yrlr Sy e 4 Coad (s Ol (i S

e

Sl lulys )0 0ad o Slae Gl 55 Calgy g less
VA 5 FOYA o ay Jolas g lawgio 4 STas 8L 5o
5 8kee Gliee Clgiy g bulpd )0 (uizen 09y do e
PBloz @ lawgio ol cdb,o b, il aus s YYIOY cué
SLlSen g 58 bl (N FAR) e 5 bl pome ols oL
5 S s enils ((ITAF) L Sen 5,51 aeml (1TA9)
Hazrati et al (2017); Zheng et al «(\Y40) .l,Ken
2 e S Sas 2 Jlesl wisls L3155 (2018)
35bos ((Si5 5 5 25 Jpamo 3Sles
Sl 0l S Jguazo

Sade iuli8l b as 09l oo alaxde (V) JSi 4y axgi L
5 s Gl SRSy gm0 o Shas gl
o a0 Slas (.Sl polie wiodgsy jlade SU 5
2olie 4y azgi by Wl 000 b sl gme Dol
o plas sl plo Olgies e dasSlee (Sl
0391 yriuy Codgd) Hlake 4y Cod 0nd 3 Sles  (SiS
b codssy sl oolaznl a8 098 oo oamlive ;S50 (g9 5l ]
&S Gladiws 0y el (S s Sl adly gos
9 Aibl (YA GhlSen § (S rdls Dlidios o
Hazrati (\YaY) o, 5e 5 3] 500l (1 VA5) e
Ll o 0,155 5 et al (2017)

lizeo G slowd 50 e3gi a5 8 Slos dwlio
Gl b el s OF Gl 51 LSy Lulps )
by Gl oogicens j o Shos o )loss plod )0 S g jlade
W1 g bl ol op iy led )0 igad lgicds .l 03,5
Gl jlos 4y s Sd g8y LS 0 5 VO cdb o cls o

—d ooywu) QJS.LQ.C u.Jsﬁ) O 9)L‘;_i;z, 49 U" I 3 \ .
5 el anils ol as 0 VEIFA o £IVE Y/PY o



(LS [0 () 008 Sy o Slos
[e))]
o

85
a
3 a2
80 —
3’ 75 ac
3
270 bc
2
2, 65
g“ 60
0 5 10 15

(LS yo ) eudg;

Ol 2l ST 5 6kl (waigew (Shdgly oole sy

VP F  la.a5 g oloxy o kol .0 3L JLw

120 a

o
o
O

w
o

o

w1 W2 W3
S a2 w

S SBlas b b ppuSile)  Sid ias lizeo polie B gl cilitio polio (A ;5 6095 G ) & yShos 3uSiileo il o (V) i
(Wil oo w033 5 Jloii| s 38 LSD (49037 b ylo o SN a3l (S o 3 >

b8 s s OYAR) wilal £)15 5 (6592 A BYIA
BYIYY G ol 6)s 0yt pals eilee les oyl
03 ;0 (\WWAA) o] )Ken 5 (s0g0mme—das! (gozo /¢ )
B VA G 05 05 e 92, Lol > (bl (liw 08
W59 oy Qlaned )3 (VF- o) (il g (0 S TN
O b B o (VFR4) (yoem o VoY B YIYY o
Williston s Jabro et al (2012) s.a>s ,0 VF G /Y'Y
b VIEY e aidiuiir ady) @l ol )y oy e
oy Jlaie 45 5 o Irik et al (2024) sixs ,o NY/VF
455 o Uygan et al (2021) A4/-0 BAY/FY 0 559
,o Saini and Singh Brar (2018) \#/f G V/F 45 5
VWY 5T GT (6)9 000 polie ain g8 Ludhiana ailae
ol S5 o polie 4 axgi b .ail saw] Cawas VAIA G
oype polie 05l oo oddlive b pl 0 sl Cewdy
ety @l (659 002 polie 4 S oael ey ST (559
sl i Gl s ea plowl Slisiss L ;5 ol
siblio b daslio j0 a5 0o ol 1o ol oo ly altae o
Sy50 ddlate ;o Sl ol gwyp S0 Olagsd jo oS
el alee sl a5 Coul 0353 VU Igo s Cushs, anlllas
by bl yo o5 4wl oS ol ol 5L 0s (o
039 Jlax olS 950 b Fom ol e s S

olS 5l (5,008 Cugh, o &g, (o 5L azl jo (nlpls

ke 50 6kl ST (5590 540 & 5o dunnlio
4 3y jlade glol OF (6)5 0 sl dslze sl
Lasgie 3okl 5 485 oo o (el T (5o
syl o iShas slaloss (glp o0 (g)lol T laie
Loply cwsy o b bl of JBlas g bwgte )Ll O
(F) Jso 4 dzgi b oy yie oo VOO o YOSY-F
&lr @kl ST (690 00 )laio (VL a5 55 o 0anlie
Yl Gl cpl 5l el o] Casoas ZAW2 jLos
ZIW2 slojlos sl i i )bl O (690 00 5loio
G305 e iy yiaS ilod-al Cawsds ZBW3 5 ZAW3
ode] sty ZIW2 4 ZIWL (slolecs (61 55 (6, Lol
adgly slade Gl b as s ()l Olg oo (i oo
Jlo Olgrsar ol 05,5l (b8 5kl ST (55902
V0 5l eolaiwl g 28l O Jlade (eSS o
VO MY VA cs as s kol O (690 o )i ,o el oS
OBl Sy g 5 8 e Glajled 4 S e
0 (OF ) oKer 5 59 Jool clidss o ol adly
Sz adu; glp ol (6y9 0 slie ()l el B
OFY) San § Sb S ardl ol FIFF B YV oy i
o3Il gy 5o o (559 oy slade ilize sl bl o

Slolw Q)QTﬁBO(/A G YN u.».:‘_g)l.u] ol ac 50 G S



aq

Ol 2! ST 5 6kl (cwaige (Shdgly oole s pid
VP F lag .4 g oloxiy ol o003l Jlus

Wiy S8 o) (eizean g dilals ooldl 4 4z g L

3 g el ooy (Sl Jpad jo ol sy 0y50 yidey a5
axdllas 0,90 ddlaio (o o s YO+ Sga> ;0 (Dae
23,5 dulre 15 JS O (5590 00 9 Shes mlassls o)L
ailen waal Cessty (5 Sle polie 4 azgi b (Y Jsoz)
e sl U5 ol o Shee VL )lal ST sy505
YU b ol 3l e el Cews s YVANY L ol ZAW2
5 ZAWL Z3W2 slo jlos sy woi i JS T (6590 0
G VNPT A2 L oy S Ol 00 polie b Z3WL
oS 5 5 JS O (690 00 (e ieS didel Csas YA/ Y
w55 b sl o0l Cansots Z2W3 5 ZIW3 (gl las s
Slade Gial38l b aS 0gd co somlive wdel Cavsds s &
Sl ot ian JS T o0 ot oolitul g
odlitul (g g a5 wals Jles 5l f 4 K0S (S
Bl ol Blies sl 5h90 5 molie G 3VL el onits
odel Cowddy iSlas 8Ly O lade w5 lawgie
6o b damaliie ;o a5 Sl Glo ()l oo (i Sl
wd S 3 pgs a5 50 okl Pl Jles o5 Ll O
Ol Jle 5l o 28l e slags b 55U 4 4z b oy
e 850 O S Tao 4y gy ye e clasgie 80 50
A ,o 6ykes ol e srels cwlasls 1y o Sloe
A ) 5 Fiiwsid alS el ol e 1) (St

Allen) cosls ol a5 Jdoas Sy Jdye s ol
«etal., 2020

@olaidl b5
Ol sl 5l (Brae Sogs o i ldS (bl 5o
GRS b (hord Sy o e A e 09 d (oo (el
Ogelea 008 bl a8 5 jais )3 6,515 sl any 3o ples
Ogekes Sl 5 (o G WB jalir 0y 3 Cead g el L)
S5 Gl ke g ase cpl 285 Sl e bl L,
o odalin (F Jgaz) ool colanul codgsy o5, lil a4
iy Jlade 4 o SRl Cans &S Sige 50 29
bzl ,a 5l edgs; jleslial wlly <10 5l s (Bras
05l (g0 oamlive ¥ Jgazx 4 axgi b sl 48,0 4 (49,0

e

S el (oo a5 55 ke bt 5 050 )5
oy Job yo (Sl g og 05ml cad ClS jake Koo
08,5 oolatwl Sa)b ol 5l e 4 olS g eols &, oLS
09 S Omitred Cawl 03,5 Byl |y 593 ST 5Ls g
Al eSOl @1 3 b el oo el lgn (sloo
Zheng et al (2018) 4 Hazrati et al (2017) wlidss o
Karami et 4 Karimzadeh Asl and Hatami (2019)
2L s Jlade (il b ws S ssliws s al (2020)
UT ‘:‘)ls )‘A.M QJJJYL) 9 Sl o&; LL.J ..)5.4..&.1 u] d),.a.a
cdgs; e Zheng et al (2018) siss o Syae
Jlade sl Hazrati et al (2017) s.éx5 ,a)0 ton/ha
Prodobe il 5 S p5 oLS S 05 A ol
Karimzadeh Asl and 5= 0« el); ud,b ooy
Jade ¢ A tonfha s lais sl Hatami (2019)
d,».o.?u o9 S ool JJ[S u_:—| 7o lJ ).3|).3 ‘_g)L».:T
ton/ha L ,lp culgs; jlaie sl Karami et al (2020)
S ool LB T gow 08 2als ol g,lal s ) -
Sepaskhah clidss o aliv jebas . g ool Cavdas
. Hazrati et al., (2017) .and Barzegar (2010)
18 o5 54y Hazrati et al (2022) 5 Karimi et al (2020)
Sl 3l oolinl (WSaaye g g5l skl gy cs
‘Lb)Lo.sj ul.c‘ 6‘): "59-:‘ W) u] S)90 54 b% u.CL)
Bl ol i sl skl Ol 650 Jlaie o 5V
—ay o] cwsay 8, Ol Jlae (p5eS ww g Jawgie
A cos Ol sy & Sl ply Qg 25
Silva Slidss 1o a5 glaline ol (Sid 2 pedius
Hazrati et al., , etal (2014); Zheng et al (2018)
ol Gaz dggs el SIS opl ais S valin 55 (2017)
g odd obS Aty bawgs (39 Jre polie Q2 LIS
—o e Sgeter el ol Brae (alf 5 udg Gl L Ll
(Zheng et Hazrati et al., 2022) 555 0 S Ol (555
al., 2018;

liseo (6 jlod 50 S O (5596 e ds o



205 oy n Sy90 Sbaless pled (sl 0 Ko Sguge by
Wolgy by Of Gilwslil g 03 el 4 4z L
SB Ol oS pudas SO lareas solo ol ciS lgs oo
8 el sl o Sas w5 byl ol ol as el
Gwépjl@u‘olﬁfw)m)ogiﬁbbs&o@
3> LS i gl 9 e o] b ) ey il g
Slp csia wlal O e oSlee YL oS
AVl g del Cavsas ZAWS 5 Z3W2 ZAW2 slo Lo
ZAW2 6la)los (sl 5 o 5 55 S5 ol (5590 02 e
- o0 odplice (bl (pl paisel cawsay ZAWL Z3W2
5 kel O (690 0 Sgmpe el il g 5l oolaul aS 54
sShoe a8 % g 3] il st S
Cawdds 5 lal O JiSTas b sla loss 40 00gicans ) g 0ué
ol Jlade cl lp Ol (s)90,0 0, Shae (o0 Ll el
Slyse Iy ais (pl a5 ] odsl oty bawgie )Ll
S 5 o ol gt o Bpmn 2alS et o
Cawddy mls bl 5 (VY (o) 5 Jpa>) wo
S99 4 (oliwd jolateds anlllae 590 ddlaie 3 ool
bsgio gkl ol ol yig B jusia S 6l SYL O
25,5 oolatl (LS yo 5 VO cudgs) ol g

F18yu8 g Sl

Sy el by S GBS 28 50 5l allie Bt

ylo Ty Slejad g ,Sis Coles 059 5s 090

Ol 2l ST 5 6kl (waigew (Shdgly oole sy

‘0‘
VP F  la.a5 g oloxy o kol .0 3L JLw

P e ol ojless plo 612 Z2W3 jls 5l e

sl 6l ol @ 5 b S fn e g ol 410 )

Al ol Cewds Z2W1 § Z2W2 Z3W?2

Ol 4 w8 juddar ) lado uddgi (ol 331 o :(F) Jgu
a2l Hlowd b ds Lo 50 ool colisiwl cudgd)

ol s ol s
e g e g
Z2W1 \IYE Z3W3 <10
Z2W2 Vios Z4W1 -Iva
Z2W3 Iy Z4W2 \/F
Z3W1 -4 Z4W3 -0
Z3W2 \iog

el Gl 20,5 saslie sowl Cusds @mls 4 axg b
boodgicamy o8dee 5 oud 3 Shoe Galosl (slajlecs
O 9 Sl AL 3 (Brae ol Hlade Sl
el Cessay (Brae Culgly mhaw (YL 0 0 Shes
FeoS 2 jaiiz & Shew Lol O Jlade (2alS LS8 (sgm
Cawdds 5,lal O Jlade iSTas j0 o Slas o 5V g 00l
—a 5 Shee 0 YL 00giCun ) 5 0ad o Shos a5l el
Cossty Z2W1 § ZBWL ZAWL clalos gl oo
ol e palaw Bl aS ams oo lis s ol el
ouds cely Laib Colgs; g oog yitar Solsi A Sl 55k
et 058 xaS (lal o dilies zoban Sl b o
ol ey il o1 5 S Cugh, g Bai> L g

&lw

S el gy p PSome Cdgiy o8 g (S 15 AYAY L Lol cad g g slel g gl b ‘)51 o]
FYE -FOUMIVA (o) ) owlids C alxe) 2LS slo ingh alxe (Malva sylvestris) S oy ol SG5e0gs 58

AYO-NYYA(YID (5,5l

09599—‘ aliso Cj_‘a.wuyuw)w u] dfa,o ‘5{‘)'.55 S,9 0 L§L"° ua>L.u Ava¥ d.JL.a‘ b‘) TP S

AYY-NV0)0 S 5 ol cbla> sla g . 559,

.&V—f\” Slras Y OJLM A 0)5\) 5(5)L.~‘>—‘ 9 g.)]


https://jwsc.gau.ac.ir/article_2857_9ca08f3605282449f2f5b8b141346d27.pdf
https://jwsc.gau.ac.ir/article_2857_9ca08f3605282449f2f5b8b141346d27.pdf

1+

ol UT 9 G)Lﬁ]— JPEVRCTWSN Y SN PP PR, {A
“;Of)'-é,’ 4)90[.79.’ o)LM I'°'b‘>)"'-’ JL&

e

FAV-Y N ()Y olyae 6,0l8 g el @y s ool yae s

3 g youds cdosy slaslasn 13U sy 5 AVAR g0l5 0l (B g (A« Sl g (G 8 (S gaw 2B
YEY-YOF(YIYF (65,0l 10 ol sla iagh a s .oouS o Slee p 6)kol calises polis g

5 SNnid Sleosarn Sl Sl owyn AR eolide o g (2d e (LS e Gl e wShs O
A Y-NEONT ol a8 g 6 kol 4 ,is . Sis i cos Festuca arundinacea o So59048 90
FYO-YA:(Y)D .5),5liS (g slo axdly .o lee 5,15

u—l dj..a.o ‘valfj O)SJ.A.C r WJ}S) O)J)Ls CS’L)))‘ AF) (GO (9 g 6&.«?-‘ (5°L> e ‘L.»J)L) ‘oY P ‘u’ﬁ)ﬁ obb‘ ‘éJ&
EM-FATND . o)l pole jo e slo (25 .o )lo] o5 Ll cs (Zeamays L) )3

dilaie jaamlan 5 5Lad Cod 6kl sledy, 0w atiz )Ll (liee 5 659000 ey p VTl g S
RAACATA A D) ARV PRVETE VIRV LN

(S s Slosgar (S p gy ol s (SaS i JIATVAR L e e g 0ly Gl el e ol 8 il
FONY (ol oo 55509 58 . (Brassica napus L)1 slaccsssy i 5 oS 0,Skas 5 SlownST ST slags 5l codlad
DY-FY
Q)S.Lo.c-).:g,u.]}j) )‘\.\MB)‘Q UISD o).L:é (_gLQ djjwdo&f‘\qu G..)L\)iw.n r:s\.\.».o...u}b 656)»014 ﬁ‘u*’ 6ULJ|).7LA
FYVXYO:VA s kol 5 o o pae )8 0 ,Shee sl
49 ol slols a4 Ao,e Coms >l 5 (6559 0500 Cundg (b5, YVAA L6598 ] 9003 pupnd ) ol (gogemmo—dox| (goesms
Olpl el pole anldad (gao, Hlul > Ll o b g5le 4l sl Jow 5l eolaiul L (Beta vulgaris L.) aud jouax>
YEA-YAF (Y)Y
o5 5 Ll 3 (g oS S 3)) puiS Sslynd Slao g als 0,Shee 1 Culyls e S1ATAD o B e
XV-0:(DA el pole o anse sla s . o
o, las slizl g 0 Slos p poide 9 Cdgi) Bran (( Si 15 36 NV L S m e g o le ) e WNighug
FYO-YYUD 55,0l (g sla asdl . ols Sl
Abdalla, M.M. 2011. Beneficial effects of diatomite on the growth, the biochemical contents and
polymorphic DNA in Lupinus albus plants grown under water stress. Agriculture and Biology Journal of
North America, Science Hub, LLC. 2(2):207-220.
Allen, L.H., B.A. Kimball, J.A. Bunce, M, Yoshimoto, Y. Harazono, J.T. Baker and J.W. White. 2020.
Fluctuations of CO2 in Free-Air CO2 Enrichment (FACE) depress plant photosynthesis, growth, and yield.
Agric. For. Meteorol. 284. https://doi.org/10.1016/j.agrformet.2020.107899 107899.
Bahador, M., and M.R. Tadayon. 2020. Investigating of zeolite role in modifying the effect of drought
stress in hemp: Antioxidant enzymes and oil content. Ind. Crop. Prod. 2020, 144, 112042.
Belviso, C., A. Satriani, S. Lovelli, A. Comegna, A. Coppola, G. Dragonetti, F. Cavalcante and A. Rita
Rivelli. 2022. Impact of Zeolite from Coal Fly Ash on Soil Hydrophysical Properties and Plant Growth.
Agriculture. 12(356):1-13.

De Campos Bernardi, A.C., P. Peronti Anchao Oliviera, M.B. de Melo Monte and F. Souza-Barros. 2013.
Brazilian sedimentary zeolite use in agriculture. Micropor. Mesopor. Mat. 167:16-21.


https://doi.org/10.1016/j.agrformet.2020.107899%20107899

/A Ol 2l ST 5 6kl (waigew (Shdgly oole sy
3 S TYR R ol.’gd.; o ylo rg.bé).!b Jl

yo¥

s ol e

De Smedt, C., K. Steppe and P. Spanoghe. 2017. Beneficial effects of zeolites on plant photosynthesis.
Adv. Mater. 2(1):1-11.

Cataldo, E., L. Salvi, F. Paoli, M. Fucile, G. Masciandaro, D. Manzi, C.M. Masini and G.B. Mattii. 2021.
Application of Zeolites in Agriculture and Other Potential Uses: A Review. Agronomy. 11(1547): 1-14.
Earth Science Division of CAS. 1998. The way-out of problems of the water resources in China.
Adv Earth Sci. 13:113-117. Chinese.

Gupta, A., A. Rico-Medina and A.l. Cano-Delgado. 2020. The physiology of plant responses to drought,
Science 368 (2020): 266—269.

Hazrati, S., Z. Tahmasebi-Sarvestani, S.A.M. Modarres-sanavy, A. Mokhtassi-Bidgoli, H. Mohammadi and
S. Nicola. 2017. Effects of zeolite and water stress on growth: yield and chemical compositions of Aloe
vera L. Agric. Water Manag. 181:66—72.

Hazrati, S., S. Khurizadeh and A.R. Sadeghi. 2022. Application of zeolite improves water and nitrogen use
efficiency while increasing essential oil yield and quality of Salvia officinalis under water deficit stress.
Saudi Journal of Biological Sciences. 29:1707-1716.

Heidary, Y., and P. Moaveni. 2009. Study of Drought stress on accumulation and proline among aba in
different genotypes forage corn. Research journal of biological sciences. 4:1121-1124.

Irik, H.A., E. Kaymaz, H. Neslihan Samutoglu, O. F. Gurkan and A. Unlukara. 2024. Effects of Different
Irrigation Levels on Sugar Beet and
Potential Use of Crop Water Stress Index in
Irrigation Scheduling. J. Agric. Sci. Technol. (2024) Vol. 26 (5): 1143-1159.

Jabro, J.D., W.M. Lversen, R.G. Evans and W.B. Stevens. 2012. Water use and water productivity
of sugar beet, Malt barlefy and Potato as affected by irrigation frequency. Agronomy Journal,
104(6):1510-1521

Karami, S., H. Hadi, M. Tajbaksh and S.A.M. Modarres-Sanavy. 2020. Effect of Zeolite on Nitrogen Use
Efficiency and Physiological and Biomass Traits of Amaranth (Amaranthus hypochondriacus) Under
Water-Deficit Stress Conditions. J. Soil Sci.Plant Nutr. 1-15. https://doi.org/10.1007/s42729-020-00223-z.
Karimzadeh Asl, K., and M. Hatami. 2019. Application of zeolite and bacterial fertilizers modulates
physiological performance and essential oil production in dragonhead under different irrigation regimes.
Acta Physiologiae Plantarum. 41(17):1-20.

Ortiz, N., E. Armada, E. Duque, A. Roldan and R. Azcon. 2015. Contribution of arbuscular mycorrhizal
fungi and/or bacteria to enhancing plant drought tolerance under natural soil conditions: effectiveness of
autochthonous or allochthonous strains. Journal of Plant Physiology. 174:87-96.

Porter, J.R. 2005. Rising temperatures are likely to reduce crop yields. Nature. 436, 174.

Mondal, M., B. Biswas, S. Garai, S. Sarkar, H. Banerjee, K. Brahmachari, P.K. Bandyopadhyay, S. Maitra,
M. Brestic, M. Skalicky and et al. 2021. Zeolites Enhance Soil Health, Crop Productivity and
Environmental Safety. Agronomy. 11(448):1-29. https://doi.org/10.3390/agronomy11030448.

Monteiro, F., L. Frese, S. Castro, M.C. Duarte, O.S. Paulo, J. Loureiro and M.M. Romeiras. 2018. Genetic
and genomic tools to asssist sugar beet improvement: the value of the crop wild relatives. Frontiers in Plant
Science. 9:74-85.

Sepaskhah, A.R., and M. Barzegar. 2010. Yield, water and nitrogen-use response of rice to zeolite and
nitrogen fertilization in a semi-arid environment. Agric. Water Manag. 98 (1):38-44.

Sharma, V., B. Javed, H. Byrne, J. Curtin and F. Tian. 2022. Zeolites as Carriers of Nano-Fertilizers: From
Structures and Principles to Prospects and Challenges. Applied nano. 3:163-186.

Saini, K.S., and N. Singh. 2018. Brar Crop and Water Productivity of Sugarbeet (Beta vulgaris)
Under Different Planting Methods and Irrigation Schedules. Agric Res (March 2018) 7(1):93-97.

Silva, H., S. Sagardia, M. Ortiz, N. Franck, M. Opazo, M. Quiroz, C. Baginsky and C. Tapia. 2014.
Relationships between leaf anatomy, morphology, and water use efficiency in Aloe vera (L) Burm f. as a
function of water availabilityt. Rev. Chil. Hist. Nat. 87 (13):1-10.



Yoy

ol UT 9 G)Lﬁ]— JPEVRCTWSN Y SN PP PR, {A
“;Of)'-é,’ 4)90[.79.’ o)LM I'°'b‘>)"'-’ JL&

e

Szerement, J., A. Ambrozewicz-Nita, K. K edziora and J. Piasek. 2014. Use of zeolite in agriculture and
environmental protection. A short review. Bicauk Hamionansnoro YuiBepcurery. 781:172-177.

Wajima, T. 2013. lon exchange properties of Japanese natural zeolites in seawater. Anal. Sci. 29:139-141.
Ozbahce, A. A.F. Tari, E. Gonilal, N. Simsekli and H. Padem. 2014. The effect of zeolite applications on
yield components and nutrient uptake of common bean under water stress, Archives of Agronomy and Soil
Science. 1:12. DOI:10.1080/03650340.2014.946021

Zheng, J., T. Chen, G. Xia, W. Chen, G. Liu and D. Chi. 2018. Effects of zeolite application on grain yield,
water use and nitrogen uptake of rice under alternate wetting and drying irrigation. Int. J. Agr. Biol. Eng.
11:157-164. https://doi.org/10.25165/j.ijabe.20181101.3064.

Uygan, D., O. Cetin, V. Alveroglu and A. Sofuoglu. 2021. Improvement of water saving and economic
productivity based on quotation with sugar content of sugar beet using linear movesprinkler irrigation.
Agricultural Water Management 255 (2021) 1069



