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Introduction

Conservation tillage systems are a key component of sustainable agricultural management, significantly
contributing to the improvement of soil’s physical, biological, and chemical properties. One of effective factors
in increasing sustainable production is the intercropping of crops and fodder. In addition to increasing the
diversity of economic resources of the farm, intercropping increases the yield per unit area, biodiversity and
efficient use of resources and reduces possible damage from pests and diseases. One of the common types of
forage intercropping is the mixed crop of legumes and cereals. Cereals are at a high level in terms of dry matter,
but they are poor in terms of protein, and on the other hand, legumes are at a high level in terms of protein.
Therefore, the mixture of cereals and legumes will lead to the production of high-quality forage. Since the effects
of the combined use of mixed cropping and conservation tillage on fodder production have been less evaluated,
and considering the importance of vetch and rye crops in fodder production and livestock feeding, improving soil
fertility and production stability in agroecosystems, it seems necessary to evaluate the effect of mixed cultivation
of these plants in different tillage systems.

Materials and Methods

In order to investigate the effect of different tillage systems on intercropping of rye (Secale cereale L.) and
vetch (Vicia villosa Roth), an experiment was carried out in the cropping year of 2018-2019 in the Gariza
Agricultural Research Station of Sanandaj. The experiment was carried out as a split plot based on a randomized
complete block design in three replications. Tillage methods include no tillage, reduced tillage and conventional
tillage as the main factor and rye and vetch intercropping system in 5 levels including 100% vetch, 75% vetch +
25% rye, 50% vetch + 50% rye, 25% vetch + 75% rye and 100% rye were considered as secondary factor. In
conventional tillage system, reversible plow and disk were used, and in reduced tillage system, goose claw was
used for plowing. In all three tillage systems, sowing of two crops was done simultaneously and manually on
15th of October. The studied traits included the number of nodes in the hairy vetch root, dry forage yield of hairy
vetch and rye, land equivalent ratio, neutral and acid detergent insoluble fiber, digestible dry matter, and ash
percentage. SAS 9.1 software was used to analyze the data and LSD test was used to compare the average of the
treatments. Graphs were also drawn using Excel.
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Results and Discussion

The results of analysis of variance showed that dry forage yield of rye and hairy vetch was influenced by the
intercropping pattern and tillage systems. Among the mixed cropping combinations, the highest dry forage yield
of rye (1625 kg ha') was achieved in the treatment of 75% rye + 25% hairy vetch under conventional tillage,
which did not show a significant difference compared to the treatment of 75% rye + 25% hairy vetch under
reduced tillage. In all studied tillage systems, the 50% vetch and 50% rye intercropping pattern had a higher land
equivalent ratio (LER). The lowest total LER was related to the conventional tillage system and the treatment of
75% vetch + 25% rye. Assessment of the forage quality showed that the insoluble fibers in acidic (ADF) and
neutral (NDF) detergent in conventional tillage and rye monoculture were more than other treatments. The
amounts of ADF and NDF were reduced in low tillage and no tillage systems. Also, by increasing the proportion
of vetch in intercropping treatments, the amount of insoluble fibers in acidic (ADF) and neutral (NDF)
detergents decreased. The highest digestible dry matter (DMD) was in the reduced tillage treatment. The
percentage of forage ash in the mixed cropping treatment with the combination of 75% vetch and 25% rye was
higher than other ratios of mixed cropping.

Conclusion

According to the results of the present experiment, the high value of land equivalent ratio (LER) in
intercropping patterns indicates a better utilization of the unit of land area in intercropping. Overall, to maximize
forage yield and enhance forage quality, the findings clearly demonstrate that intercropping outperforms
monoculture for the crops studied.

Keywords: Conservation tillage, Forage digestibility, Forage yield, Land equivalent ratio



olnl sy sl h 4 s

Homepage: https://jcesc.um.ac.ir !
bag Pt i

\+4-1\Y4 oo Nt Ol ¥ o yled VY W

Sle g (Secale cereale L.) ,lsgl> b glows S )5 ke oS 5 5 Shoe anylis
30951 it (Wi v (Viciavillosa Roth.) (gl s IS

'50Al 1t gt 0 gk L 36 o U
VEY/YIYE 8L s b

VORIV oy b

dASe

Vicia villosa ) gligs -5 S_sle o (Secale cereale L.) jlsgls bglste cuiS ) (65,5815 cilisen slapiumm pl o)y jolaiods
la gy i sl ), S5 js solas JelS (clacSsl gyl B )5 Mculusl & pgoa WAY=VYRA el5 Jls 55 slej] (ROTH
s iy > Sble g gl bgbiee i (slogSl 5 ol )51 lsisas gl 55,55 5 555955 o (5595 st Jol (55,556
Vor g gl dopd VB + Sile doyd YO ¢ bagly o yd B + Sile doyd B+ lagly o yd YO + Slile o yd YO «Silo o pd Vo v Jolis
Cams )hgl> 5 Siile s adsle 3 Slas «Siilo iy 13 0,5 dlus Jolis dalllas 5yg0 Clas .0 48 )5 Jlas )3 248 Jole lgisas gl o)y
S oS 5 (53 45 31 L @l g S B dop 5 wan B Sid olo (5 g sl 0an5d ) bl BUI e 500
Jeols Jglaie (65,551 wiamm 53 9 Siblo duoyd YO + 4l3gls 00)3 YO Hlei 5 (VY0 KG haY) jlogls SCis abgle 3,Slas oy ity bgles
3y90 (65585 B (i (oolod j3 bl gy pxe M) 4l ialS (65,0 S piuw )d Sile 1o yd YO + ,ldgls dio )3 VO Hles b oS 0
GBI a8 3l LS adgle CahS gl sy cedld 65V (LER) (ysej oyl Canms olgls dioys 00 + Silo duoy B0 S 263 ¢ igloj]
b &SIy g ialojl 3ye slojless plo 5l s jlogle (a8 a3 5 gl 6555 53 (NDF) (25 5 (ADF) (sl oizgs 53 Jslorals
ot oS YYOIF jedy (DMD) pin S8 (St osle iy 0,5 Iy y20lS Jobeols LI e eboglive S 53 Klo Capmd iyl
P sbodyly plgisa bl cutS lapiuns § (Bli> (65,38l eslatul Jouily p laabl (ol 39 bgrpe (bl o50b Jloss 2 p)S5kS
S o 15T dbgle 15 CudS g oS Gl sl (555l

o) Sl G bl puim Cllh cdgle 5 )Slos ((Bli> (65,35 1 g5 (gl

Schillinger, Young, )i oo moly8 (¢j)s S5 pium dol\lo
s 559 S il g, 5o (Kennedy, & Paulitz, 2010 ;

Slgicen gm0 polaitl s 4 1) (2l Gl Wy s ja
2Bl e SLa (S3,28 5 od gl plai S Slusgad
.(Bagnall, Jones, Balke, Morgan, & McBratney, 2020)
SO oo (il g Gl b lals sy culio i dbol

S35 43 G (piman g S o I Lagl Bis
09)e (Issaka et al., 2019) 5,5 » plol (453 Slogngo
5 &L el B Jomaze @gedy CiS pas i d)lys
0Ls5 U Gpms B ol (36 (S T oslo inlS
2 9 bl g (3l 03bel (gl Slond GBS g0 419 e
calee 1 (AL bl (3 om il g Mg sban e il ol

i (b, oSl (gysliS aaSiily ¢ alS (K55 5 Mg 09,5 —)

S92y 4o axy L (Bagnall et al, 2020) 4l s i ] ol it el S ool (55,508 Slaer ol =Y
5 SB ) (2L Ll bis ol nl ) Sidaes 5 Sis (lgpgc] (Email: g.heidari@uok.ac.ir i e oy s — )

o) &8 wle)lSal, I (S blis (659 slabg, Jles https://doi.org/10.22067/jcesc.2024.88050.1325


https://jcesc.um.ac.ir/
g.heidari@uok.ac.ir
https://doi.org/10.22067/jcesc.2024.88050.1325
https://orcid.org/0000-0002-1646-178X

Javanmard et ) scsly (158l ao)d WY 5 VA/F N -/2 YA/S
(al., 2022

5298 Sl (ke J| (So Olgisas bole cuiS
o a8 o d Al abbasngi sboyedS ) g)len 3 2l LB
S oles g gaw 2y 53 dlols dgw (il g OV gz 45 Ca
Mohavieh-Asadi, Bijanzadeh, ) cosl 5,05 1 slosg Cuonl
Jolse 51 S il on 4> (Behpouri, & Barati, 2020
by bte CiS s ol 457 Gl )3 e 5 oaimd S5
Pm YU ) iy bglsen et sl o lddsle o oly5 LS
dew sty 0, Sloe inli 8l el e io (golaidl plo g4
Laglon 9 Sl Jlas! ojlus ials ol ) sl )8 ool
Sld Sl el g sl Joglas 435 5 s 55 Gl
Shahbazi, Jalilian, Alizadeh, & Javanmard, ) s e <l
Oiali8l sladgle Lals byl cois il Lol Gun (2022
3oslge el 53 g a8l oo Joae CuiS g gaw S2ly 53 Sl
odlo y 1oyl e g oo odlatnl WMe § Y 5ds aalgils lalS
g Ml 8 (S Cu Sl (g )3 )15 (Vb aw > Sas
I8 VL a5 eBign oliwe 5 1 g o blie o
L ladgle 0 Jg 4 v Vg8 5 e bglsee gy cplsl )l
Heydarpour, Namdari, & Baghbani-) s_i aalss YU cuas
(Arani, 2018

Poaceae », 5 ;| aLS Secale cereale _ole sUL jlbgl>
Bl o YU o395 Mg 9 @ sl 18y Sl &
S SLs (s live Gialidl (SB J dlge Cusis g
Gl STt 0395 (SIS )3 35250 Cglo Lais 4y
3l s ool laphlod e ez 5 ol 55 laceS 5
Pinnamaneni, ) usb o bgbre slacuis o HbLS oy ycwlic
o, jl 30 Sl .(Mubvumba, Anapalli, & Reddy, 2022
2l5 St S Gl gusee Loy GlalS i 5 CY 50
a5 ilasd (S5l (SB g cants of caS
i sladile jlae w365 45 dapl (gl SUis g 051 adgle
sl (S3sl jl oSl g (o)) gl cle; 5 bl
Sl ady) 69y (alooyS Shls olS cpl 2 e Gl |y njin
o=l atles css I (58 Wl 00 9 0392 (658 (g9l &S
T 9 2 ceslio by bl ¢Sy sl Gll> (g2 olS
YL (s Sl oped 9VL o515 Jood g 053 A3, (S
csS  edlaiwl (gl wgllhe oL S lgicds WilgS o cunl
3)90 (g ol (lgisa b g jow 395 (lgicas odlitul b 5 byl
.(Shahbazi et al., 2022) »,,5 | ,3 ool

oala ! Jdod V¥ ois 05 LS L M bl cuis jo
oy QLS bawgi SV 5k ouladgi (i jl edlisul 5 598 ) dinge

Asadi, Rezaei-Chiyaneh, & Amirnia, )a_sb o &M e
O S Cloogad 3 i dbal Bub jl gjysSB (2019
F K 999,500 (R SIS CuS g 5 $5)5l8S 55l
5 CBl) (b Cluogad (e )3 o (o) Slbos (ke
(Crsboy olise 5 o 3585) (Sdgpin 5 (ol pogasce 3
Gozubuyuk Sahin, Ozturk, Celik, & )a_sb . SLs
(Adiguzel., 2014

SBlis (65,5 Glapiu Gl g ey pae
gt 33 Bt (2l 59y 0 sl oo (sladdlla I (S
S (i 028 SB plend 5 (Siglan (S Claogad
&539S6 slya) (Heidari Mohammadi, & Sohrabi., 2016)
S peS JHST SB s ) qly 55y L anlie 3 (bl
0,8 Linli8l Cge 9 3yl 5L (65568 HIS (5905 4 S o dloo]
Simmons & Coleman, ) sy 0 S M odls g ugb,
oialS pas e (bli> 6]y S laptusw ((nlpls (2008
31 5 e 5 SLS 4 Cpl o Jpams kS 5 3,Skos
$59S S Glapins (i (b (Rl g Wm0 il
(Heidari et al., 2016) x5 oo Clusss z),

Si9S B 5 iS4 350 (ki il (ulul
2 e Dol SMgtul 5 55l Spas g loaije ol 4
39 s (65l g sy lame bais Sllee glpl oo
i ;3 (Issaka et al., 2019) cowl ouds youn olas
S s lgi s Mg sl za tals ol (55955
55l Lagby)y gl 48 cunl p5Y g 23l (6559 BeS slags,
9 B9 2b5)) 55 =3 LS Jpazme cudS g 3 Slae b
Se d byie 4Bl ial (65,051 Slagians 4 SB Gl
Indoria, Srinivasa-Rao, Sharma, & )cwl JJis )
sla ey wiesily 15U )y oo (Sammi Reddy, 2017
OBl e (650950 gy &5 3 (LS (65,8 il
2 Bl (St (hy) d S (3003 F7) p4S 3 Sl
Chaghazardi, Jahansuz, Ahmadi, & Gorji, ) aé w2 bl
Afzalinia & ) )5 9o a8l o, $d s 45 (2016
(Triticum aestivum L.) a5 >Sles yiul;8! (Karami, 2018
$hr9SE 4 S (6509508 5 iy S by 22y
7 Sip9S L Sl Sl gl )3 3,8 ()15 powye
35 2 by )3 0956 (g3laibl odjly 5 5 Sles (gl Clao
Lo (glapiuwms o 45 2 Ll @l g <8 )8 )8 adllas
Onyiiy 4SS gty (ld S92y (5l gime BT ()5S
3y Sas ¢ ils g ol sl olaw gy gl )] iy o M Slu
(2RlS (5 s 3 0530 3,5hes 5 & 3 Shos Syl
SVIE NS SEIF a5 5 powsyo wiud & Camss 45 Lol Cowd 4


https://fa.wikipedia.org/wiki/%D9%86%D8%A7%D9%85_%D8%B9%D9%84%D9%85%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%DB%8C%D8%A7%D9%87

VY L logley balko cois 4o adgle cudnS 50 ySlos duwlio oy S0 g Slgbo

LER) o5 53l o 2yt J 555 i gl )
Toreifi, Fateh, & ) l,LSen g )5 0509 loy9 5
aAdi 5 by 5w e i8S —w)p ,» (Aynehband, 2018
as s ol g o (Trigonella foenum-graecum L.)
Orrde g (gmpepie 2 pySVYVY) by dsee Sid (g (i
3o Vo (il glso i s (V1) e 5yt Cop
ClblE g L3 gy Aoy o YL el Cond 4 > b alilis
Cowd do adid (el cuis jl ddgle puSE 5 Suis ool puin
oS Al dgg a8 163,855 e oyl cpioren el
a3 1B Gs2 DS bobre CudS Ll el g2 | bylie
ol 22 B9, oo by bybe cutS ) alilitd i
5 505 55 5 cstenl Joloxal B 0 5 Gl Lglsie Cona
e Gl o] (S Gig 9 cutS ol Juidey
S ol jials g )5-a8 ) Seid el 3924 L
Sl Sl (53S0 42 3l 5 Shmecan sla Sagl G5l
P g silul g 08hee S8 5 Lais cap > (Bl (5)5liS
L 50 o jl oy o0 S @ p3Y (gl amocinj Jelge
=55 3 lS il a5 bl esdpbsl Clidos j9pe 4 args
byl 290 yieS ddgle Mgy (Bl (658 5 bobe cuiS
2 gle g Sdlo olS 93 Cuonl 4 dr g L 5 g canl 4853
2 s ol 5 SUs ol oMol ly 4,355 5 abgle g5
2 olals ol bybe ctS 51 L)) 5 Wil ST
15U oy Bl b o]l ol ecilizes (65,556 (claaloles
S Sluogad g adgle 3 Sloe (659 iliseo (Sl
ol s (b il sl byl cuiS 3 Sile g gl

W g, 9 dlgo

YV el Job clasuio Loy )5 (6),liS clidos ol
AdB VS gAY oldlis (orc g By dadd ) gany
g Gl e )3 &8y s s Sl je V¥ -0 glisyl g o
u“’l—")] Lgl)?l J}u u.cl))’ SB Slasin u'&)‘«’ 9 u“’l‘)i d‘)?]
Gl 00 Sl Y 5V Jolas 33 cud gay

3- Land equivalent ratio

iy el S (S5 s s bgloe S 3,Sles ctizol S
el pael)lS ol a4y oxie Al e pgS 9 O bglie 1S
S oy Sloe co i g il 8l g a5y ed iSdgioee
Oleicd 0 bpeS) ias (Neugschwandtner & Kaul, 2015)
xdools Jalidl g el bl 385 2l38 0y )3 ope e
Stagnari, Maggio, Galieni, & ) cewl sa i adlis SLs
.(Pisante, 2017
S_ile ¢ (Hordeum vulgare L.) g oS 5 ¢ Guios S 50
Al Sile sladigy walisee glacuws > (Vicia sativa L.)
g3 9 Ll 4 990 (pl &5 Wgd oo Colex 2 by (S5
Heydarpour et) 55,5 o yxie pYU 3, Slos Coles 53 g &g yipo
Ol 00 35 05y eaiS s sbee S olaw iulselL(al., 2018
Asadi ) aed o l38l 1y 5e 0 Gls g w piwd yliee cilobs
o D550 —pA S by I iS5y 8,k 5l (et al., 2019
Lo 5l Gy Sy glsisds 5 03,5 S (sjdols a5l
hord sladgS ymo 4 5L el dawlyey Cun baxe
Akhtar, Jamil, Ahamd, & Abbasi, ) cwl 6158 4oy
Glycine max) Lsw 5 (Zea mays L.) <3 bglxe cuis (2017
ol bgw )0 A dgr iulidl g )d iy 5, Sles ]38l sl (L.
SigatS Il 5 Jgame M55 VU Joles 4 e oS
cois oS ob ol )50 xS gls J(Du et al., 2018) 2o o
3y50 3y Slos (glial 5 5Slae Gl adS (gl bxo il bgbo
F S5 4l 5 Shoe g ity 45 (g sl ey Al 5 (gy
L 4l 5 by loo oS adls 3, Shas (3 2a's palls ca
Salehi, ) sl cuws 4 (Vicia villosa Roth) (clases J5 il
Amirnia, Rezaei-Chiyaneh, & Khalilvandi-Behrozyar,
S g o) bglies &5 301 5l (S () Sy @l (2018
ly abgle oS YADF §'NDF sla a3l al S 5,k jl
G20 gls (Van der Werf et al., 2021) s> o yiol5-8l
oS aS o o Las (Salehi et al., 2018) L Sea 5 Il
g Sl 0 o ddgle (A4S 5 ol)) Oluogad (led p byl
2 A ddgle cuas iuli8l coge ADF g NDF  jialS 5,k
Dehghanian, Barmaki, ) oL San ¢ L sliad 5o
&3, & (Dabbagh-Mohamadi-Nasab, & Seifdavati, 2020
Yy, (Triticosecale Withmack) « IS 5 on bgles cuis
sl 4w yo (Lathyrus sativus L.) ,i& 4 (Avena sativa L.)
4 0 odalide «8,8 poul Do Ae g Do Voo YO Ve e cuilS
(v A) ;15 4 Y5y 5 15+ g3 S 5 bgloke slales o
=oMe 00l olaidl 3g5 4 ) ddgle curS g CunS oy it

1- Neutral detergent fiber
2- Acid detergent fiber



VELE Ll o o)l YT alo (ol 815 Shwidgis apnis VY

IFAV-IYAA £1)5 Jlw 10 Liulol e (glod ySTue g JBlas g aibale (S b - Joua
Table 1- Monthly precipitation and minimum and maximum temperatures of the test location in the agricultural year 2018-

2019
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Table 2- Physical and chemical characteristics of farm soil before the experiment
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1- Land equivalent ratio
2- Digestible dry matter
3- Neutral detergent fiber
4- Acid detergent fiber
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Table 3- ANOVA for forage yield affected by tillage methods and intercropping ratios of rye and vetch

) (MS) @z o (ke
% qle 313 a3 . e . e 2
SOV df Seolo duiig 5 0,5 dlawi SMgly SKuid ddgle 3,Sles Suilo SUS adgle > Slos
Number of root nods in vetch  Yield of dry rye forage  Yield of dry vetch forage
;’li . 2 3.9m 23557.2" 636.7"
Replication
$509S B i - . .
. 2 195 45885.4 69027.1
Tillage systems (T)
bl 4 2.1 2621.4 46703
Error 1
cuiS goX . o
. w55 3 2.7 3009209.4" 5289065.5
Planting pattern (P)
S 55 % 5598l
s s 6 5.7 124155 20893.3™
TP
Yok 18 16 21329 6408.8
Error 2
b . 6.9 5.6 7.4
C.V (%)

W0 o LS ) Mo > S g ey Jlein] e j3 ()10 Gixe 5 (60 ime yuE i iy KK 9 NS
ns and **: are non-significant and significant at 1% probability levels, respectively.
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Figure 1- Mean comparison of number of nods per root in hairy vetch under tillage systems and intercropping ratios with
LSD 1%
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Similar letters indicate statitically insignificant differences.
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Figure 2- Mean comparison of yield of rye dry forage under tillage systems and intercropping ratios with LSD 1%
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Similar letters indicate statitically insignificant differences.
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Figure 3- Comparison of the average yield of dry vetch forage under tillage systems and intercropping ratios with LSD 1%
Cal Iy gixe BB D93 pis oximd i Hluo CBgy>
Similar letters indicate statitically insignificant differences.
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Table 4- Comparison of intercropping treatments in different tillage systems using the index of land equivalent ratio
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Jslsia (5355 B fogly & 10 S 0.71 0.55 1.26
Conventional tillage Vetch 50%+Rye 50%
V0 Jagls + V0 Silo 0.88 0.19 1.07

Vetch 25%+Rye 75%
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Table 5- ANOVA for traits related to forage quality affected by tillage systems and the planting pattern of rye and vetch

©laye 5aSSle
L 4 Mean of squares
e gilie i siygud 4 Jglomoli LI siggud 43 Sl LI o L S
Ny &3 s 29 - Top s i il S sale
df Ash S S Digestible dry
Acid detergent fiber Neutral detergent fiber matter
S
. 9L 2 6.15" 41.8™ 11.4m 301.4m
Replication
$509S B - e . .
. 2 18.02 23.8 61.5 1494.7
Tillage systems (T)
bl 4 0.72 6.36 4.6 177.2
Error 1
P e ]
TMS o) 3 8.86" 59.39" 38.8" 752.1"
Planting pattern (P)
o5 x (55,35
cussS 6 4.44ms 9.2m 6.22" 279.2M
TXP
Y ellas
ol 18 2.14 20.53 11.00 262.4
Error 2
S . 25 2.5 18 3.7
C.V (%)

W o LS 1y Mo pd S g gy Jlein] gdaw )3 (61 dime g (6)Id gime pE oy KK 9 NS
ns and **: are non-significant and significant at 1% probability levels, respectively.
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Figure 4- Comparison of the average percentage of total ash affected by different tillage methods with LSD 1%
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Similar letters indicate statitically insignificant differences.
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Figure 5- Mean comparison of ash percentage in mixing ratios of vetch and rye with LSD 5%
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Similar letters indicate statitically insignificant differences.
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Figure 6- Mean comparison of acid detergent fiber (ADF) affected by different tillage systems with LSD 1%
sl Hd gme BB dgn g pie 0iad i e By y>
The same letters indicate statitically insignificant differences.
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Figure 7- Mean comparison of acid detergent fiber (ADF) affected by mixing ratios of vetch and rye with LSD 5%
sl Yo gme BB dgng pis 0iad i e By y>
The same letters indicate statitically insignificant differences.
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Figure 8- Mean comparison of neutral detergent fiber (NDF) affected by different tillage systems with LSD 5%
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Similar letters indicate statitically insignificant differences.
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Figure 9- Mean comparison of neutral detergent fiber (NDF) affected by mixing ratios of vetch and rye with LSD 5%
Cawl Iy gime BB dgang pis 0ind L lues By >
Similar letters indicate statitically insignificant differences.
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Figure 10- Mean comparison of DMD (Digestible Dry Matter) in different tillage systems with LSD 5%
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The same letters indicate statitically insignificant differences.
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Figure 11- Mean comparison of DMD (Digestible Dry Matter) affected by mixing ratios of vetch and rye with LSD 5%
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The same letters indicate statitically insignificant differences.
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Introduction

Soil salinity is one of the environmental stresses that is an important threat to agricultural production in the
world. The global scientific community has been testing possible technologies for increasing salt stress tolerance
in plants for more than three decades. New advances and perspectives have been obtained to restore the
productivity of plants under salt stress. Utilization of plant growth regulators is one of the promising strategies to
overcome the adverse effects of salinity. Also, row inter-cropping can increase the efficiency of the used
resources. Improving the yield of chickpeas and barley in row inter-cropping using foliar spraying of salicylic
acid, jasmonic acid and brassinosteroid was the hypothesis proposed in this research. Therefore, the aim of this
study was to investigate the effect of these hormones’ application in mixed cropping of chickpeas and barley
under salt stress conditions.

Materials and Methods

A split plot experiment was conducted in the form of a randomized complete block design with three
replications during the growing seasons of 2021 and 2022. This research was carried out in Fasa, Iran. The main
factor was the planting arrangement included monocropping of chickpeas and barley and their row inter-
cropping (75% chickpeas + 25% barley, 50% chickpeas + 50% barley and 25% chickpeas + 75% barley as row
intercrop). The second factor was the foliar spray of growth regulators consisting of salicylic acid, jasmonic acid,
brassinosteroid and distilled water as control. Data variance analysis for different traits was done using SAS
statistical software version 9.1.

Results and Discussion

In the row inter-cropping of 25% chickpeas + 75% barley, compared to the monocropping of these two plants
the leaf sodium concentration of chickpeas and barley showed a decrease of 5 and 3%, respectively. An increase
in leaf nitrogen concentration was observed in the mixed cropping of chickpeas and barley compared to the
monocropping system. In the monocropping of chickpeas and barley, salicylic acid and jasmonic acid foliar
application improved the leaf potassium content of chickpeas and barley. In the conditions of mixed cropping,
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foliar spray of salicylic acid and jasmonic was able to increase the leaf potassium concentration of chickpeas
compared to the control. The plant's ability to remove sodium from the cytosol increases water absorption and
preserves photosynthetic pigments. The results of this experiment confirmed the hypothesis of synergistic effects
of row inter-cropping compared to monocropping. Positive changes in the row inter-cropping can be related to
the diverse absorption of ions by plants, changes in ion solubility and interaction between ions. In 2021, the
highest biological yields of chickpeas and barley (3199 and 10351 kg ha) were observed in mixed cropping of
50% chickpeas + 50% barley. In 2022, the row inter-cropping of 50% chickpeas + 50% barley increased the
biological yield of chickpeas and barley by 9% and 18%, respectively, compared to monocropping. The highest
yield of chickpeas and barley seeds was observed in row inter-cropping of 75% chickpea + 25% barley, using
foliar spray of salicylic acid and jasmonic acid. The increase in the grain yield of chickpeas and barley plants in
other treatments of row inter-cropping was also observed with foliar spray of salicylic acid and jasmonic acid.

Conclusion

The results of this research showed that salt stress and sodium absorption cause disturbances in the
absorption of nutrients. Foliar spray of growth regulators improved growth by reducing sodium and increasing
nutrient absorption. Also, the positive effect of row inter-cropping of chickpeas and barley compared to their
monocropping on increasing the growth and grain yield under salt stress conditions was a successful result.
Therefore, row inter-cropping can be used to ensure production stability under salinity stress conditions.
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Table 1- The results of the chemical and physical analysis of the soil at the experiment location
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Figure 1- The climate conditions for the seasonal patterns from March to July 2021 and 2022
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Table 2- Analysis of variance for the effects of cropping system and plant growth regulators on the Na*, K*, N, spad and fv/fm
of chickpeas (Cicer arietinum L.) and Barley (Hordeum vulgare L.)
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== and ns: are significant at the 5 and 1 percent of probability levels and non-significant, respectively.
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Table 3- Mean comparison for the effect of intercropping on the measured traits of chickpeas (Cicer arietinum

L.) and barley (Hordeum vulgare L.)
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* Different letters indicate significant differences (5%) based on Duncan's multiple range tests in each column.
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Table 4- Mean comparison for the effect of plant growth regulators on the measured traits of chickpeas (Cicer arietinum L.) and
barley (Hordeum vulgare L.)
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* Different letters indicate significant differences (5%) based on Duncan's multiple range tests in each column.
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Table 5- Mean comparison for the effect of year on the Na*, spad and fv/fm of chickpeas (Cicer arietinum L.) and
barley (Hordeum vulgare L.)
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* Different letters indicate significant differences (5%) based on Duncan's multiple range tests in each column.

e il il 98 Sl 9 (S i AL
sl guiles ) ol

0a3Ls o Jls g oLS 4y eaiiSedats cedls Sl
52 93950 S il jeld @ puite (puiloyold G g (K jew
ialof] Jslse (13Spm e b o Slao ol Jg g o sine
{7 Ji) 4,

3> 55955 blsko €S 53 3956 olS (Sijew padls 38
Jods) b odalie S SU piumw 4 Cums alizie slads)d b
Or + 35585 duopd O+ bl cuiS wlob 3l ool yiomen (¥
i (et g2 oLS (S padld (Il o g2 Aoy
Omen Y Jodn) 13,5 olS ol iS ST ilols 4y G Aoy
i s ey Kol Sl 9 Silpudbs dpl (256 Jgloxo
A o 3555 oS (Sigjo sl 503 i 5 i el
B e 53 52 ohS (Sivjuns sl (F J5in) 40,5 a0l
Sl g 5 9 Kool 1l 5 Sl 3l
Joiz) o L glagime ol Bl a0l 4 Conas aSg sl
Jbo do i 29> Jlo 13 92 53956 S (Kjuw a3 LS (¥
(6 Jgaz) 3> Glis gyl gime Ral331 sl

+ 3556 Joyd YO by Iwe cuiS calisee (sladilobo 3l ool
Cow 9> Jo)d B+ + 3550 doyd B+ balowe CulS 5 95 o> YO
5 93950 S Sl il sl @ pite (il jld s il
b (1 Jpse) 23,5 obS (25 S5 ol &y o
I mme a8l cow o i Sgemls ol § Silanadlos ol
olS ySlas (uilyold 4y jusite il gl Connd g0 w9 )lea
s tne prizmen (¥ Jin) 4005 ald dn Cod 255
5 Sgenlr bl (Sl dl Jolis olS 03y oaiS ol

A yuite (il yold Coind il 38l o Canslys LS9 sl gimsl o
Cpyin opomed (T Jgdn) 595 g2 olS )3 yiSlis il ld

L s (9 ga opieS & 0l ol (ialoil (ol gl
S92y Ll GLasT Sigauly dwsl g Sibndlos sl (5 sl
JUis) LS b ) Sl sl o 15, (slmosiS oot
2SS dgdmme |y ol aesd c alsd slaplisl d ddy )yl i
Sl 5,08 ien (Ghassemi-Golezani & Farhadi, 2021)
ol e oy Connd )3y Wl o0 Sgensl>
Lotfi et al., ) 59-5 (5y9-8 L5 ot S (silwgen 5 5jou
lbosiS a3l Jglons «ingsy opl b b illas (2024
polie Gl ol 38l conws balswe cuiS dilobu b 58l o olS L)
Sgouwls dauwl g Sl ool Gl (Koo A5 (59,00 olie
ol @i 53 0 lagy g HIATPase oy cllad s L
Ghassemi-Golezani & ) .S slog! piw Jlas! sl sl
Sl ool ol 4 S el Sae 4 ,> J(Abdoli, 2021
rolie Gl o ey B 58T Sganls ol 5 Selnlo
St ) 53 Gow I A8l andly (g dex jl 2l
o a3 )3 poinn e b i (285 (LS (bglee cutS
2550 (g9 i byl )0 SIS Mol Ly g pueoly 4 oo
sS bylyd > a8’ caol oas 5,155 (Guerchi et al., 2024)
o8 2 e s by loe ©iS byt jl oolisul 95
5 15 SO )3 (5)98 Cumdy )3yt s (93945 b b
coss (Ghaffarian et al., 2020) 1558 o olie jole Gls
Cbale al 8l i (USSS s &) Cund 92 9 3959 byl
LS 3 rss B jyboay by b a8 03 5 0
A8 (e S8 (2lAE polie Ll 3 (6)9d AT (it slaa>
il ()9 ol (Sigdsn (ol e & Ol
O bl )3 1y oyt g ot Kigdh e 4L L]
oyl (Kirova & Kocheva, 2021) a_ad o yuss (59
o ol 5n bl S gt 3 655 93 ot Jolo
(Lietal., 2023) 355 slie polic 4 jiiy (o yiwd



VELE Ll o o)l YT als (ol (815 oo apnis V¥

Gk 3l g G5 %00 gm0 | ablise Jls 93 50 lsme]
sla JKoly aosd g d g iuli 8l & e golinsT i bl
olestlw g sltis )Ll g )55 395 dogias 45 355 Sl
Garcia-Caparrés, Hasanuzzaman, &) 5> Jlosay 1y g i

.(Lao, 2019

Jbo 53 92 53555 S Sl uiliogld &y yusite (il jold Cons
(5 Jgi) 48 oamlin g
e e uilinygld Gl g (Siujew padLd (39 SV
Jgl Jlo @2 s g3 JLo )3 92 9 3955 0l )5 S il ld
Loyl s ) B3] g pgd Jlw 3 yid (Sa0,b Jusas Yl

92 9 0959 i € 150311 Hlho yy Ay DS il

o CudlS ial)l 31 LS a2 1 el dammliio T Joua

Table 6- Mean comparison for the effect of intercropping and plant growth regulators on the measured traits of chickpeas

(Cicer arietinum L.) and barley (Hordeum vulgare L.)

3959 *
Chickpeas Barley
M“’ Sy DAL i ) s :,S'J».c by s.S :,S}o.:
. Plant growth ey 0590 S59lgm «ls K 0395 S590m >
Cropping regulators K N Biological CFAN  (MIGT TG e Grain
system (mgg*leafdry o 09 yield leaf % 09 yield
; (%0) yield (%) yield .
weight) o hatl (kg dry kg ha't (kg ha
( g ha ) ha-l) Weight) ( g na ) 1)
- 10.29b 1.61b 2979 b 8l4 c 1154b 151a 8386 b 2643 b
Control
Selomdlos 2]
S S5 Sal'i.(;yiic ;':I d 1094 a 1.73a 3208 a 863 a 12.10a 156a 8954 a 2841 a
Sole
: Sgemls Aol 1.69 856 11.98
T 10. 174 1.57 4 282
cropping Jasmonic acid 0.86 a ab 3 a ab ab 57a 8854 a 820 a
£ . ' . ‘
Sppinlely 10.39b 164 ao34p 8% 1162 1564 g750a 2760
Brassinosteroid ab bc ab ab
Lo yd VO - 10.79b 1.67a 3092 ¢ 840 c 11.95a 1.77b 9427 ¢ 2822 b
i Control
+ Syl oo : o 1ol
& 1o Y0 Sal'i'(;yiic a"cid 1153 a 1.77a 3370 a 924 a 1227a 197a 10135 ab 2988 a
75% Sigomls Al
chickpeas Jasﬁq?r?ié::i d 11.49a 1.76a  3285ab ga%s 1218a 197a  10326a 2232
+25% e 1.87 2869
barley A 1121a 1.73a  3209b  890b 1218a 9861 b
Brassinosteroid ab ab
KSRy - 11.11b 1.73a 3251b 890 b 12.18b 1.68a 9663 b 2927 b
O Control
bl 2% Sl 2
s e 1157a 176a 34552 0 241 1762 1ose1a 0
50% Lxs:;u I
chickpeas IS e 11.79a 178a  3403a  933a 1254a 178a  1073la 3125a
. 5(1;0/ Jasmonic acid
0
ENCA IO
barley Agulsienly 11.41 ab 1742 3284p 10 1226 4744 10381ap 29
Brassinosteroid ab ab ab
2oy YO - 11.02b 1.73b 3111c 879b 12.19a 1l64a 9000 b 2799 b
s Control
+ Slpl g Sl tl
A Salootic - 1155a L6 gz O 1239a 168a  9475a  3083a
25% Sgamls dsul
chickpeas P e 11.65a 18la 3312a 917a 1259a 1.70a 9576 a 2983 a
P Jasmonic acid
+ 75% b ytalgizl s 1.78 2938
barley A 11.45ab ' 3205 b 877hb 1244a 164a 9497 a
Brassinosteroid ab ab
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* Different letters indicate on Duncan's multiple range tests in each column and every cropping system has a not significant
difference with the procedure of L.S. Means at the 5% probability level.
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Table 7- Mean comparison for the effect of year and plant growth regulators on the measured traits of chickpeas (Cicer
arietinum L.) and barley (Hordeum vulgare L.)

L »
Chickpeas Barle
My DAL el ooy . 5
Ji Plant growth KY o o00m A 2 ls sl ojesws  Chlorophyll
Year regulators (mgg? N Chlorophyll a K* N a
leaf (% (mg g* fresh (mg gt leaf dry (%) (mgg?
dry 0 weight) weight) 0 fresh
weight) weight)
”
- 1062¢c 156¢ 1.90 b 11.90 b 1.67b 1.87¢
Control
Sl 1l
S 1132a 18 2.00 1221a 175a 201a
e Salicylic acid ab
Siganls sl
2021 e e 11.38a 1.66a 2.00a 12.25a 1742 2.00 ab
Jasmonic acid
ozt
woldiely g0 161 1.94 ab 12.08a 168 b 1.94b
Brassinosteroid bc
- 10.68b 1.77b 1.87b 11.87b 1.56 1.92b
Control
Sl 1l
M 11.38a 1.85a 1.97 a 12.22 a 1.86a 2.05a
V¥ Salicylic acid
; |
2022 &dwb M 1161a 1.87a 2.00a 12.45a 1.73b 2.08 a
Jasmonic acid
£ . ' . ‘
R 1152a 1.88a 1.99a 12422 1.69 b 2.07a

Brassinosteroid
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* Different letters indicate on Duncan's multiple range tests in each column and every year has a not significant difference with the
procedure of L.S. Means at the 5% probability level.
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Table 9- Mean comparison for the effect of year and intercropping on the measured traits of chickpeas (Cicer

arietinum L.) and barley (Hordeum vulgare L.)

3953 »
Chickpeas Barle
e . b Judg 5
CiS mnnn? KSos *9 Sos
Jb Croppin D g g . 13 3 ,Slos Chlorophyll g . -
Year I’Oriplng Chlorophyll Sojelom Grain b Soj99m &l
System b Biological vield (mg gt Biological ~ Grain
(mgg*fresh  yield — (0pat frosh yield yield
ight) kg ha'®) - (kgha?l) (kg ha?)
Welg (kg weight) Y 9
- ‘_g\’
S . 0.827b 299 ¢ 834b 0.814c 8657 b 2719 ¢
Sole cropping
+ Syl 3550 Ao y> YO
ety 0.865 a 3095 b 883a 1.05a 10275a  2815hc
75% chickpeas +
25% barley
VF. . + Syl 0550 Ao )> B+
2021 9 oy B
) 0.885a 3199 a 896 a 0.945b 10351 a 2966 a
50% chickpeas +
50% barley
+ Syl 3556 Ao )> YO
5 2oV 0.880 a 3081 b 883a 0.888 bc 9132b  2892ab
25% chickpeas +
75% barley
5 . 0.922 a 3203 ¢ 845c¢c 0.795c¢c 8819 c 2812 b
Sole cropping
+ Syl 3556 Ao > YO
g 2o YO 0.963 a 3383b 898 b 1.03a 9600 b 2990 a
75% chickpeas +
25% barley
VYFe . + Slpl d50 ao > 0
2022 2 Loy D
- 1.03a 3498 a 929 a 0.930b 10466 a 3066 a
50% chickpeas +
50% barley
+ Syl 5656 do > YO
5 2oV 0.979a 3375b 903 b 0.898 b 9642 b 3010 a
25% chickpeas +
75% barley
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* Different letters indicate on Duncan's multiple range tests in each column and every year has a not significant difference
with the procedure of L.S. Means at the 5% probability level.
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Introduction

The assessment of risks in the agricultural sector serves as the foundation for developing risk management
strategies. This is achieved through the analysis, identification, and prioritization of risks. It also acts as a tool to
assist decision-makers in the agricultural sector to comprehend, confront, and manage risks, while identifying
potential mitigation, transfer, and response mechanisms. Furthermore, it can be utilized to establish effective risk
management strategies. There are several approaches to assess drought vulnerability and risk, with these two
critical components being calculated using various indicators in different studies. The vulnerability index
comprises exposure, sensitivity, and adaptive capacity as its major components. These elements significantly
influence studies that utilize vulnerability indices to investigate the impacts of climate change and natural
disasters. Therefore, the primary objective of this study was to evaluate the risks associated with wheat
production, with a specific focus on vulnerability indices.

Materials and Methods

This study investigated drought risk, drought vulnerability, and drought hazard in Northeast Iran (North
Khorasan and Razavi Khorasan provinces) on rainfed wheat production during 2009-2018. Exposure, sensitivity,
and adaptive capacity determine the agricultural drought vulnerability. Two parameters of soil water holding
capacity and level of mechanization were considered effective adaptive capacity factors in reducing the negative
effects of drought on rainfed wheat production. The Combined Compromise Solution (CoCoSo) method was
used to solve the multi-criteria agricultural drought vulnerability index problem.

Results and Discussion

Results showed that among the 12 counties in Khorasan provinces, three are exposed to low drought
vulnerability, 3 to moderate drought vulnerability, and 6 are highly or very high vulnerable. Counties with less
drought vulnerability have a high score in terms of the adaptive capacity index, attributed to the high water-
holding capacity of the soil in these areas. Drought hazard is primarily influenced by the weight and severity of
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SPI, with regions in the very high drought hazard classes mostly located in North Khorasan. In general, rainfed
wheat is produced with low and medium risk in 11 counties of North Khorasan and Razavi Khorasan provinces.
The lowest risk of dry wheat production was in Farouj (located in North Khorasan), and the highest risk is
related to Sarakhs (in Razavi Khorasan).

Conclusion

Risk, as a fundamental factor of food insecurity, traps millions of households in poverty each year. The rising
frequency and intensity of climate-related risks, driven by climate change, exacerbate cycles of damage and
recovery while amplifying uncertainty. Arid regions face many of the same risks as other areas; however,
challenges such as water scarcity, drought, desertification, and extreme temperatures are more acute in these
regions, with far-reaching adverse effects. In arid and semi-arid regions, many production systems may
disappear in the future. Therefore, risk assessment within the agricultural sector becomes crucial to quantify both
the quantity and quality of risk while examining the potential consequences of a potential incident. This
approach is critical for understanding, confronting, and identifying appropriate strategies to mitigate, transfer,
and manage these risks. It provides valuable insights to decision-makers in the agricultural sector and serves as a
basis for developing appropriate risk management solutions. Considering the undeniable impact of climate
change on agriculture in arid and semi-arid regions, the dependence on available soil water and level of
mechanization, components of the adaptive capacity index in this study, may no longer be sufficient. Hence, it is
essential to explore alternative methods, including crop improvement, to reduce vulnerability to drought. In this
respect, technologies such as soil cover applications and nutrient management can significantly contribute to
reducing vulnerability to drought.
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Figure 1- Damage and losses to the agriculture sector by type of hazard (percentage share of all sectors combined)
(WorldBank, 2015)
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gy ssbiods ], (NDVIT) (ol sy gl o Jloys 5L
9 (ododsg Alonged odlitwl win > JLSiis ¢ plcanl o
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3- Normalized difference vegetation index
4- Standardized precipitation evapotranspiration index
5- Standardized precipitation index
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Lopez-Bustins, Martin-Vide, Bech, & Rodrigo, 2018;
Mishra & Singh, 2010; Shahabfar, Ghulam, &
(Eitzinger, 2012; Subash, Mohan, & Banukumar, 2011
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SLaSid 093 5 s g9y Jsloe ol sl S Sy
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9 by Als yo g8y (loj Al &S ABl oo (JLuSUid Gl 4 il
Kirkham, 2011; ) cewl JiS,5b o] o S g9 Cpiomen
(Unger, Kirkham, & Nielsen, 2010
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5 ol JLain] Sl 51 (36 gl (gladolyy () 5 LaiS
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LS sl ogill laooly (lolid § S L dplge plin
ooy aswgi gl glaize; 29 wald g ol b ablie o JUas]
— oyl (WorldBank, 2016) s_isb o Sougy Copin canlio
Slesiis o)los ladey Mo plolid dln 1) sl «ondy

o9y SIS o alyd e g (oolaiBl elo] oo
T ILaSits S 5 'yl (sla a3 (Rejoice, 2003)

1- Drought vulnerability Index
2- Drought risk Index
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2- Reanalysis data

3- European Centre for Medium-Range Weather
Forecasts

4- European Center for Climate Prediction

5- Pearson Correlation Coefficient

6- Coefficient of Determination

7- Mean Bias Error

8- Index of Agreement
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1- Drought hazard index
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Table 1- Characteristics of the study area

Cuxdige 20 P CulS 5 dan 23 PN Mg 23 PS5 3 Slos
Location Cultivated area rainfed wheat (ha)  Production of rainfed wheat (ton)  Yield rainfed wheat (kg ha't)
ol 4126513 3422716 829
Iran
2 Ol 59623 28700 481

Razavi Khorasan

o ol 131568 102542 779
North Khorasan

IFAT-AY Cald AYA-AL Ll (b Jlead lwld g sa ) olwlyd b liw i p1d 005 3,Sos Y Jou
Table 2- Rainfed wheat yield in Razavi Khorasan and North Khorasan Counties during the years 2009-2010 to 2017-2018

Slowd 3l o bl 2009- 2010- 2011- 2012- 2013- 2014-  2015-  2016-  2017- . S5l
No. County Province 2010 2011 2012 2013 2014 2015 2016 2017 2018 ...
. o ool
7 North 987 501 754 602 831 949 1400 594 653 808
Bojnord Khorasan
W)he> Cap Soy bl
2 Torbat- Razavi 480 200 450 191 260 473 750 480 300 398
Heydarieh Khorasan
) Spoy gl
b J Razavi 800 280 900 463 480 709 1490 713 480 702
argaz Khorasan
sy Jed gl
4 Raz- North 886 450 677 623 667 655 1400 505 555 713
Jargalan Khorasan
: S5y Ol
5 o Razavi 300 160 350 245 250 142 1340 336 410 393
Sarakhs
Khorasan
oo S el 5
6 u_”"” North 723 410 449 641 715 751 1600 570 626 721
Shirvan
Khorasan
b e plul>
7 F@) . North 761 691 519 735 372 887 1600 687 755 779
aru Khorasan
oy 6 Ey) L‘JL‘"‘)5
8 o Razavi 550 350 500 245 350 378 950 223 350 433
Fariman
Khorasan
9 o Razavi 874 650 750 490 492 803 1650 259 580 728
Ghuchan
Khorasan
oS S92y Ol
10 Kal Razavi 870 502 1050 436 290 945 1490 450 596 737
alat Khorasan
QLELW943[» L;lo.u) Oul)ﬁ
11 Mane- North 1010 412 781 689 838 654 1300 618 678 776
Samalghan Khorasan
s Soy ol
12 S Razavi 400 250 550 256 300 520 850 356 300 420
Neyshabur

Khorasan
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Table 3- Indicators to check the efficiency of the data set of Erab

oL Slad el lade on i oot Gy
Index Abbreviation sign Best amount Formula Description
Root mean square error 0 n

%10, = 0)(P; — P)

Pearson correlation coefficient 1 J[Z?:l(Oi - 0)?][Zr (P — P)?]
.. e n R R
Mean bias error n
g Lasls g 3 =10 — P)? )
1

Index of agreement ?:1((|Pi - o)) + o, _5i|)

Flowd plwlyd 9 (905 Gl d G pliw] 5l sz Seiuw! SBSE dige I Siag-€ Jg
Table 4- Soil properties for samples extracted from the Razavi Khorasan and North Khorasan provinces

No. 3wy Qyliws! o N o Jlek SB Ol g S el
County Province Sand (%) Silt (%) Clay (%) OC (%) AWA (%)
1 2 o pll> 7 47 46 0.77 11.63
Bojnord North Khorasan
Sy 5y bl 3
arhd 322 0> 44 34 22 0.58 10.67
Torbat-Heydarieh  Razavi Khorasan
5 5y oyl
3 $2 S92 oLl 35 45 20 0.67 12.15
Dargaz Razavi Khorasan
8 g ) 5 oll,3
7R 900 o plul2 27 47 26 0.76 9.33
Raz- Jargalan North Khorasan
. Ll
5 o 32 Ol 44 34 22 0.46 11.08
Sarakhs Razavi Khorasan
6 claes o plul 40 16 44 0.84 11.37
Shirvan North Khorasan
15 5 olal
7 &= o glul 40 30 30 0.40 11.71
Faruj North Khorasan
oy 8 5y ool 3
8 ul_’“*’“’ E52) O 48 40 12 0.31 8.71
Fariman Razavi Khorasan
9 oles? 32 Ol 28 45 27 0.46 13.16
Ghuchan Razavi Khorasan
oK S92y Ol B
10 . 39 38 23 0.50 12.42
Kalat Razavi Khorasan
Qo 5 oo Hod ol 21 48 31 0.78 10.91
Mane- Samalghan  North Khorasan
- 5y ool 3
12 ook S92 O 37 38 25 0.96 13.21
Neyshabur Razavi Khorasan
0k 34 39 27 0.62 11.36
Mean
R{ES LSL‘“-‘“ )_u.u:: )‘J_.O.a :Oi ‘quAmLM }9) Moess N ol dlhe ()—’l 2
Elime 5l LS igas £+ 3l y90 CleMbl (g5l xen yolaiod, 59y (sl oddbgilodnnd o Jlade Pig ol 59, sl oadosrnlia
u.:l;]a_‘a 3 s OL»l)S 5 uJLo.w OL»I} dl-“dl:“"‘ ul“*’ﬂr*’ \Y od_doalie gyesos )L\Zio JSL\> 9 ).5|.\> ol Sy :Onmin 9 Omax ‘Pl
b cuslyy dolas g)b By e b Yo x Yo olul b Van ) sl oo oddoalie pilde (pnSiles eaimd ol 3520

(Wart, Grassini, & Cassman, 2013
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Table 5- Level of mechanization of the Razavi Khorasan and North Khorasan provinces (HP ha't)

ojlows b poead &3 L] 2009- 2010- 2011- 2012- 2013- 2014- 2015- 2016- 2017- . .Sile
No. County Province 2010 2011 2012 2013 2014 2015 2016 2017 2018 .. .
1 J)_P‘“’ Hod ool 1.80 1.80 1.83 1.88 190 195 200 215 225 1.95
Bojnord North Khorasan
4> L"-’)" & S T I
2 Torbat- 323 S 092 0.9 0.97 1.13 113 110 123 130 1.82 1.17
. Razavi Khorasan
Heydarieh
3 £ ‘5’”_5’ obl 0.97 1.02 1.02 0.77 0.77 1.01 1.16 1.30 144 1.05
Dargaz Razavi Khorasan
M5 5!
OGP 90 5 ol 8
4 Raz- o glul 080 100 100 105 115 120 124 126 125 111
North Khorasan
Jargalan
. s
5 o S92 O 112 114 115 103 103 090 120 130 134 113
Sarakhs Razavi Khorasan
gy lod sl
6 : 1.20 1.35 1.37 1.40 1.40 145 1.50 1.60 1.70 144
Shirvan North Khorasan
1 5 bl 3
7 G”_ ot glul 0.90 0.97 1.00 1.10 1.15 1.20 1.60 1.65 1.73 1.26
Faruj North Khorasan
0 s
8 ‘Jl_%‘s ‘59%) bl 141 1.44 144 1.63 1.63 1.60 1.45 1.47 1.65 1.52
Fariman Razavi Khorasan
s s
9 s ‘59%) bl 0.72 0.74 0.75 1.02 1.02 0.87 1.15 1.60 1.70 1.06
Ghuchan Razavi Khorasan
oM 5y bl )3
10 G920y > 092 0.95 0.95 0.83 083 1.04 112 123 140 1.03
Kalat Razavi Khorasan
J 9 5 Lol 3
11 Mane- N‘-Jtl;wK; > 0.95 1.10 1.15 1.20 1.30 1.40 1.45 1.60 1.65 131
Samalghan or orasan
oy $32) ol
. 1.16 1.17 1.18 1.74 1.74 1.34 1.70 1.9 1.82 153
Neyshabur  Razavi Khorasan

A 0dlawl VWYY oy 5l (T osls dops 4 o b el
(b)) S il wleMbl . (Gee & Bauder, 1979) us 54l
i gy SB Ol (55 cdls g ools (2w 5 o)
Gl odalie B Y Jouo p
Candy (o gy I g 30 (sL2odl>
leil 3l gl il o (a3l Jlol (g5)3liS gl ilSie
25Ls )3 98 el g Jled Gl (slagliwl (555L28 sk
Ol o SCSE 4 WWAF-AY coldl WAAAL b Jlo Sboj
s (1) alagly 51 000zl b yspmsl 1500 el Ladli 3,5 51
Joia 3 adllas 3590 Sl o (ypl S aw a3 LS A5

Fagyhe ) il odlisil b S (gladigel o) g S (38 i

Slp g £85 g0 SB yia le =T Bas Sl (5l peiges

asbad o S ) adads gy 5l S Wged gy «Bia pl @
2 basged cewss plS 50 b cudl y (lawg g 4bsS o) dges
4_3..15 9 ol Sds ul_«BT )9_A MS'“—““A uM)L )] )99 9 .)I)T d‘}h
dgad (uw g Nad 2yl baiges jl gilolis LB slas,
S sl ud oo joue (gyto duo 93 Sl g B odgS
ahal Cogb) a5 (el Cogb) A 5 Tt ey
Slcales 50 9 A s (o)l dorius olStwd 3l odlatwl b (5405
ujb)‘ji alads 9‘—’9]0) > (FCZ) Ls—d)} wﬁb) o S
del Cewd 4 (SWHCH S1s ol (¢S5 e )b ((PWPS)
T opsS Aoy (Lakzian, AVAL, & Gorbanzadeh, 2010)

ROW PV EREAEY) 9 on—s (Walkley & Black, 1934) L g Slg gy L 5
F CJM_ ‘ 1- Hydrometer method
$5paliS Y pedle (LGS ol pgexe (V) 2- Field capacity
= ] . 3- Permanent wilting point

4- Soil water holding capacity



VOV 0 o (JlasSiid Sy U551 <o 51502 g ikl

Ahsan & Warner, 2014; Birkmann, 2008; Liu, ) x5l .
Wang, Peng, Braimoh, & Yin, 2013; Murthy et al.,
Sy dwbro o9 tio Lo jla | (glasses F S5 (2015

(DVI1) Hlwsitia (6 ol yoidld dawlas
el (a5 bl (93955 slayally Cand
Cawl 0l S35 Jodo > JluSlis

(AR Seas) 9 6 ppiacnial gadld oo g¢ds 92 la
92 2 2529 (ke sl by (JSiS Sy (bl Gl

2o 2Bl @il g ojbbre Sy (bl 5> pre adlie
Soliie slayadli | eslaiwl Ly calise clibos g wldlas
Sharafi, Zarafshani, Keshavarz, Azadi, ) 1555 0 4wl
9 Camwlus ¢33, 5 )18 15 4xe 1> 9> (& Van Passel, 2020
Slalllas s g pdyal (a3ls si aw Gpiyils cd b
5 oeldl GBS ) 4 o (s pplaamsl a3 ls (opSoilul e
e dm (2] L5 Co8 (5850 ysbos Sl b SLM:

Meteorological Risk assessment=
drought Hazard x vulnerability
(SP1) =S b))
oolitlgn JlSas jasls . i .
Drought hazard el X o bbo
Assessment Hydrological
ISz o bl b))l drought
(SDI) —
Saiys s sl Hazard characteristic
b).‘oléu Olasie
Exposure Acc?ss to water
GBS B pame TR
Drought
vulnerability . Biophysical
assessment Sensitivity R v
Sl b)) Sl io- i ;
srhe Ul i SOC& ?con&rgllc Drought risk
< ol sl
Adapiive STee assessment
. - laoid Sy b))
— capacity Adaptive strategy o Dty
Cnhls el $ Bk Sal,

(Sharafi et al., 2020) JunSuid Sy (09080 925l —F IS5
Figure 2- Conceptual framework for risk assessment (Sharafi et al., 2020)

Jie S 9y (i D9 o Gl ety 5 gl (oS5le
559 2y Jis 9 (SAW?) a3l (359 zex b9 5l 42 LS,
(Yazdani et al., 2018) .sb »
il (V) dasly gollas adgl (6505 paonas (s yilo =)
x\\ e x\n
X::i=

ij ,l: \,Y,...,m;j (‘u)

Xmy o Xmn
=)y ..,Nn

o)an 222 (6 pS el slaishg, plad 3 Loy (gjloley Y
Jbeys ponas g ile O¥olao (polily o8 0l )3 3,5 (0 )90
sl () adasly 5l g cte slmyline (gl (A) e 5 2550
D9 o0 03kl (e (sl jlas
x;j—min x;;

o xyminx "y .
T maxxii_minxil_,for positive Indicator (¥)

2- Simple additive weighted
3- Weighted product model

2 pasls 45 ol (g pdycesl Jice (639)9 slapad i
Syl (atld 93 9 Comlun (adLd So (85 )15 (o0
iyt WV g sl VW L Lavosly e 5lo sl (6 iy gollas
g Laosly (il Jloy ol 4’y Joow (6l > pu5 sl
A ol Db o Sl wul (S 5 sl s ls cile
ol dloma Jo (V) adaly 5o )b 5l 48 del cowd 4 a3l
.(Murthy et al., 2015)
ADVI = EI + SI — Al (v)
Syl (sl (39 0)lme L JSie > ()
5| U39y oomtl i 03lizsl (COCOS0Y) gussS'sS g, 5 Jlusiis
S b 45 Adb oo 0)line N (S prenal Bd> SLSS
Yazdani, Zarate, Kazimieras Zavadskas, & ) ;)L Sen o
=S 5 e oly SO gy ol 5ol oads &3l (Turskis, 2018

1- Combined Compromise Solution


https://farabegir.com/product/%d8%a7%da%a9%d8%b3%d9%84-%d9%85%d8%ab%d8%a7%d9%84-%d8%b1%d9%88%d8%b4-saw/
https://farabegir.com/product/%d9%85%d8%ab%d8%a7%d9%84-%d8%b1%d9%88%d8%b4-waspas/

/1(51') + (\ — l)(Pl)

i~ OmaxS; + O — hymaxPy’ = ()
<)\

k

e (olag jlael (W) adaly (bl dls o ol 3 -0
Obee g (otin (Shee o ;0L dally nl @ly )3 095
aslaajs o (K) jlstel il oo Jo8 alsyo (o313l dw olus
2yl 38 ol i J Gl dl 555
(")

\
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(al., 2015
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Table 6- Parameters and indexes of different vulnerability components

syl sl
Indicator

Parameter

&
Study

O85 B e 3 slpl =l
A- Exposure component

Osle =)
1- Mean
CHJWE RUEWS
2- Coefficient of variation (CV)

Ady Juad (S5l ggeme
Total season rainfall

(Murthy et al., 2015)

Jlusas -y
3- Drought frequency

B- Sensitivity component
e 3,Skes
Crop yield

Spdlls cudyls sl -z
C- Adaptive capacity component
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Table 7- Vulnerability, exposure, adaptive capacity and sensitivity categorization (Murthy et al., 2015)
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Table 8- Weight and rate for drought severity for DHI (Dabanli, 2018; Khoshnazar et al., 2021)
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Figure 3- Weight and rating scores based on normal cumulative probability distribution of SPI (Dabanli, 2018)
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Table 9- Validation of observed monthly precipitation values of synoptic stations in North and Razavi provinces with ERA5
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Figure 4- Sensitivity index, exposure index and adaptive capacity index of the Razavi Khorasan and North Khorasan
Provinces during the years 2009-2010 to 2017-2018
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Table 10- Sensitivity index, exposure index and adaptive capacity index of the Razavi Khorasan and North Khorasan
provinces in a period of 9 years
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Table 11- Drought hazard index of the Razavi Khorasan and North Khorasan provinces
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Introduction

Waterlogging is a complex environmental stress limiting crop productivity and yield stability. Waterlogging
in crop plants remains a serious barrier to crop production around the globe in high-rainfall areas with heavy
rainfall or poor drainage. Waterlogging duration and the growth stage at which it occurs can significantly
influence the physiological, biochemical, and yield-related traits of safflower (Carthamus tinctorius L.).
However, the impact of waterlogging stress at different developmental stages on photosynthetic processes and
antioxidant defense mechanisms in safflower under field conditions remains poorly understood. This study
aimed to identify the most sensitive growth stage to waterlogging stress in order to enhance our understanding of
the complex mechanisms underlying waterlogging tolerance in safflower.

Materials and Methods

In order to study the influence of waterlogging duration at vegetative and reproductive stages on the yield,
photosynthetic characteristics, and antioxidant activity of safflower, a field experiment was carried out during
2020-2021 growing season in a split-plot arrangement in randomized complete blocks design using three
replicates per treatment. The research farm was located at Shahid Chamran University of Ahvaz, Iran. The plants
were grown in the field to ensure the environmental conditions found in waterlogged and flooded soils. Three
waterlogging treatments were applied to plants as main plots: Well-drained controls irrigated weekly, mild stress
(waterlogged for 24 h) and severe stress (waterlogged for 48 h). Waterlogging treatments were implemented at
stem elongation (vegetative stage), and full branching (reproductive stage) as sub plots. Seeds originated from
the Seed and Plant Improvement Institute, Karaj, Iran. Before and after the end of waterlogging period,
waterlogging treatments were watered with sufficient water (80% field capacity) until the end of the experiment.
The data for stomatal conductance, photosynthetic rate, chlorophyll index, catalase, peroxidase and superoxide
dismutase enzyme activities, biological yield, oil content, and seed and oil yield was recorded. Gas exchange
characters were measured after waterlogging stress and then after 7 days of recovery.
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Results and Discussion

The mild and severe waterlogging stress treatments at both vegetative and reproductive stages led to a
significant reduction in stomatal conductance (24 and 35%, respectively), photosynthetic rate (49 and 60%,
respectively), chlorophyll index (14 and 44%, respectively), biological yield (21 and 27%, respectively), seed
(34 and 39%, respectively) and oil yield (16 and 32%, respectively) but increased catalase (7 and 51%,
respectively), peroxidase (7 and 35%, respectively) and superoxide dismutase (9 and 17%, respectively) enzyme
activities compared to well-drained controls. After 7 days of recovery, gas exchange measurements were
recovered in mild and severe waterlogging stress treatments. Plant growth stage and stress duration played an
important role in the response to waterlogging stress. In severe stress treatment, the activity of antioxidant
enzymes; catalase, peroxidase and superoxide dismutase at the reproductive stage was higher than the vegetative
stage (26, 17 and 9%, respectively). However, there was no significant difference between growth stages in
terms of all traits except for catalase, peroxidase and superoxide dismutase activity. The mild and severe
waterlogging stress at both growth stages led to a significant reduction in seed yield by 34 and 39%, and oil yield
by 16 and 32% respectively, compared to control. In contrast to the results of antioxidant enzyme activities, the
maximum decrease in seed yield was found when waterlogging occurred in severe stress treatment at the
reproductive stage. The reduction was 43%, when compared to the control.

Conclusion

The results highlighted that waterlogging during the reproductive stage of oilseed safflower resulted in higher
yield loss than during the vegetative stage and these findings emphasized that the impacts of waterlogging stress
on oilseed crops are important and the management practices of safflower fields especially in the Khuzestan
region must be strengthened during the winter season.
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Table 4- Correlation coefficient between yield traits, photosynthetic characteristics, and antioxidant activity of sufflower under

waterlogging stress
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Figure 2- Effect of waterlogging stress at vegetative and reproductive stages on catalase activity of safflower
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Means followed by the same letters using Tukey's test at 5% probability level did not differ significantly
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Figure 3- Effect of waterlogging stress at vegetative and reproductive stages on peroxidase activity of safflower
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Means followed by the same letters using Tukey's test at 5% probability level did not differ significantly.
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Figure 4- Effect of waterlogging stress at vegetative and reproductive stages on seed yield of safflower
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Introduction

Wheat (Triticum aestivum L.) is a widely cultivated crop across diverse soil types, and enhancing its yield, both
quantitatively and qualitatively per unit area is a key agricultural priority in the country. Micro elements play a key role
in improving the quality performance of products and even human health. Foliar spraying in arid and semi-arid areas,
which affects the osmatic pressure of absorption and activity of these elements, is of special importance. t is essential to
develop high-yielding cultivars with enhanced micronutrient uptake efficiency and strong tolerance to various stresses.
Recently, Aseman and Paya dryland wheat cultivars have replaced other cultivars in Golestan province due to their
higher yield, but there is no specific information about the agricultural characteristics of these cultivars, including their
reaction to zinc and iron micronutrient fertilizers in the grain. Therefore, this study investigated the effects of zinc and
iron fertilization, along with optimal foliar application timing, on the quantitative and qualitative traits of Aseman and
Paya wheat cultivars under the climatic conditions of Gonbadkavous.

Materials and Methods

This study was conducted as factorial design based on randomized complete block design (RCBD) with three
replications. The first factor was the foliar application of micronutrients at three levels (no micronutrient
application or pure water, foliar application of 4%o zinc chelate, and 6%o iron chelate) and the second factor was
the timing of foliar applications at three levels (application at the tillering stage, stem elongation stage, and grain
filling stage). The third factor consisted of wheat cultivars (Aseman and Paya). In total therefor 18 treatments
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were applied in each replication. Chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids were measured
using the Arnon method one week after the implementation of all treatments. The Kjeldahl method was used to
measure the protein content of the grain, and grain yield, grain concentrations of iron and zinc, and harvest index
were calculated.

Results and Discussion

The results showed that the two cultivars Aseman and Paya had significant differences in grain yield and
harvest index, number of spikelets, and the amount of chlorophyll and carotenoids. The foliar treatment (iron,
zinc and no foliar application) caused a significant increase in the concentration of iron and zinc in the grain
compared to the control, but it did not affect the grain performance, harvest index, grain protein percentage and
chlorophyll pigments. The interaction effect of cultivar treatments foliar spraying time showed that the highest
value of grain performance was obtained with the application of micronutrient elements in the stemming stage of
the Paya cultivar with an average of 730 kg ha*. Basically, wheat nutrition in drylands is more complicated than
in irrigated lands. Because in such conditions, the management of nutrients should be adjusted based on the
expected moisture regime in the region.The amount of production in drylands is primarily influenced by weather
conditions, especially rainfall, that is, in the conditions of applying proper agricultural management and choosing
the right variety for the region, the optimal production will depend on the existence of favorable environmental
conditions, as well as the cultivars adapted to the lands and regions.

Conclusion

Foliar application of zinc and iron, as a management strategy to improve the nutritional status of wheat under
dry conditions, significantly increased the concentration of zinc and iron in the grain by 55% and 100%,
respectively. However, under the prevailing drought conditions of the study area, this treatment did not result in
a significant increase in grain yield, harvest index, or grain protein content. This shows that other factors such as
water stress, inappropriate crop management and genetic characteristics of the variety play a more decisive role
in wheat yield. Choosing the right cultivar that is compatible with environmental conditions is one of the factors
that can help improve wheat yield. In this research, Paya variety with an average yield of 675 kg ha* showed
better performance than Aseman variety with an average yield of 616 kg ha*. Also, the effect of variety x time
of foliar spraying also had an effect on the yield and the best yield was observed in Paya cultivar with foliar
spraying at the stemming stage with an average yield of 729 kg ha. This agricultural method can be used as a
short-term solution to reduce nutritional problems caused by the lack of these elements and improve food
security indicators.
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Table 1- Long-term meteorological statistics of Gonbad Kavous synoptic meteorological station(1992-2022)
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Table 5- The results of comparison of the average interaction effects of cultivars at the time of foliar application on grain

yield
o s ldslone ol &l 3 Slas
Cultivar Time foliar application  Grain yield (kg ha')

Aseman el Tillering g; 4> 658.6 b*
Aseman ;]  Shoot elongation a4l 559.2d
Aseman e Grain filing «ls a5, 631c

Paya Ll Tillering 5; 4o 671.4b

Paya Ll Shoot elongation a4l 7294 a

Paya Ll Grain filing «ls 05, 625.6

B b i (gl gxe iglis LSD (905l duoyd iy praws 5> S yiiio gy (sl sl Silo
*Means with common letters do not show significant differences at the 5% level of the LSD test.
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Table 6- Short-term meteorological statistics of Gonbad Kavous synoptic meteorological station 2022-2023
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Air temperature (°C) Relative humidity (%0) E e Number of days with
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R TR W a5 B = 5 & i
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1401 e 18 315 24.7 36 83 60 12.3 129.8 6 0
2022 September
1401 ol 9.9 225 16.2 44 91 67 425 66.9 7 0
2022 October
1401 N 6.5 16.6 11.6 55 90 72 27.2 50.1 6 0
2022 November
1401 @8 0.9 13.9 7.4 40 86 63 8 30.4 6 10
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Introduction

Recent alterations in climate patterns have resulted in a reduction of precipitation. This shift not only
contributes to drought conditions but also increases the salinity levels of both water and soil utilized for
agricultural purposes. To mitigate the impact of this phenomenon on food security, it is essential to consider
strategies that involve the utilization of alternative plants and compounds, such as Brassinosteroids (BRs), which
can enhance the resilience of plant products to salinity stress. Quinoa (Chenopodium quinoa Willd.) is a plant
with high production potential, which can be used as a good candidate to replace salt-sensitive cereal due to its
richness in nutrients needed by humans and livestock. Due to the consecutive droughts in the Iran and as a result
the lack of water resources and then the salinity of water and soil resources, the production of some traditional
agricultural and horticultural plants has faced many limitations. This has caused a decrease in the quantity and
quality of agricultural products in these regions. In the meantime, the drying up of Lake Urmia, which was
considered the largest salt lake in the world, has faced additional tension in West Azerbaijan province. For this
reason, the introduction of planting pattern of new plants with high yield potential, which have good agricultural
performance in dry and salty conditions, and the production product, is of high quality is on the agenda.

Materials and Methods

In order to investigate the effect of 24-epibrassinolide and cauliflower (Brassica oleracea var. botrytis)
extract on some biochemical characteristics and related to the forage quality of Quinoa cultivars at salinity
levels, a factorial experiment in the form of a completely randomized design (CRD) with four replications in the
greenhouse of the Faculty of Agriculture of Azad University of Mahabad in the spring and summer of the year
1401 was done. The investigated factors included the tolerant (Titikaka) and semi-sensitive (Sajma) Quinoa
cultivars to salinity, the use of stress-modulating substances (at three levels, without application, application of
24-epibrasinolide and application of cauliflower extract), and the salinity levels (2 levels, without salinity and 15
dS m™) of irrigation water. After sampling, morphological, biochemical and fodder quality characteristics were
measured.
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Results and Discussion

The results showed that spraying with 24-epibrassinolide and cauliflower extract increased total chlorophyll,
carotenoid, relative content of leaf water, proline, phenol, soluble carbohydrates, and forage quality
characteristics (digestible dry matter, crude protein, ash, water-soluble carbohydrates), and decreased hydrogen
peroxide (H.0,) and negative attributes associated with forage quality (insoluble fibers in acid detergent,
insoluble fiber in neutral detergent and fiber). The use of two anti-stress solutions, especially 24-epibrassinolide,
significantly improved oxidative damage caused by salinity stress by reducing hydrogen peroxide and increasing
the activity of non-enzymatic antioxidants.

Conclusion

In this study, morphological characteristics (root length, plant height and dry weights of roots, shoots and
seeds), total chlorophyll, carotenoid, relative content of leaf water and digestible dry matter of forage decreased
under salt stress. While the amount of proline, phenol, soluble carbohydrates, hydrogen peroxide and
characteristics related to forage quality (crude protein, insoluble fibers in acidic detergent, insoluble fibers in
neutral detergent, percentage of ash, water-soluble carbohydrates and crude fiber) increased. Foliar application
of 24-epibrassinolide and cauliflower extract enhanced morphological traits, total chlorophyll, carotenoids,
relative leaf water content, proline, phenols, and leaf soluble carbohydrates. It also improved forage quality by
increasing the percentage of digestible dry matter, crude protein, ash content, and water-soluble carbohydrates,
while reducing hydrogen peroxide levels and undesirable forage quality traits such as acid detergent fiber (ADF),
neutral detergent fiber (NDF), and overall fiber content. According to the results, the use of two anti-stress
solutions, especially 24-epibrasinolide, significantly improved the oxidative damage caused by salt stress by
reducing hydrogen peroxide and increasing the activity of non-enzymatic antioxidants. Titikaka was more
resistant to the negative effects of salinity stress on morphological and biochemical characteristics than Sajma,
and Sajma under foliar spraying of cauliflower extract and Titikaka under foliar spraying of 24-epibrassinolide
showed a better response to saline conditions. Therefore, in order to improve the growth and quality of fodder
and reduce the negative effects of salinity stress, foliar spraying with 24-epibrassinolide and cauliflower extract
can be recommended in both Titikaka and Sajma cultivars.

Keywords: Carotenoide, Fiber, Hydrogen peroxide, Phenol, Plant height, Proline, Salinity
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Table 1- Physicochemical properties of soil
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1- Ash

2- Digestible dry-matter: DMD

3- Crude protein: CP

4- Crude Fiber: CF

5- Water-soluble carbohydrates: WSC

6- Acid detergent Insoluble fiber: ADF
7- Neutral detergent fiber: NDF

8- Near-InfraRed Spectroscopy: NIRS
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Table 2- Variance analysis results of the effect of salinity and foliar application of 24-epibrasinolide and cauliflower extract
on the morphological characteristics of sensitive and tolerant quinoa cultivars to salinity.

) ©la e ube
) JUVES o I+ &3l as > Mean of squares
S.0.vV df gy Job g glbT ] ddin, S 139 0 lud Ll SUEA (45 &l SWid (439
RLt PHt RDW SDW GDW
S5 1 16.51%* 101.62** 6.45%* 40.02%* 3.43%*
Salinity
"’9_) 1 0.12™ 1.64" 0.26** 28.97** 121.7%*
Cultivar
_““@J’l,’“’ ) 2 35.36%* 66.04%* 2.15%* 13.76%* 3.33**
Foliar application
N
.p?) d»‘d. 1 2.57™ 15.06* 0.54** 3.23** 1.47**
Salinity x cultivar
.xb X X
st st 2 0.52 3.47 0.99% 0.471™ 0.317*
Foliar application x salinity
3l X o5
oty 2 3.78" 12.42%* 0.06™ 2.00%* 1.51%*
Cultivar x foliar application
BbJgloe X 18y X (55
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application
lojl olas
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Error
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Lo S gy Jlnl sk )3 )i 5 et cSa g

* ns

", * and ** non-significant and significant at 5 and 1% probability levels, respectively
RLt: root length, PHt: plant height, RDW: root weight, SDW: shoot weight, GDW: grain weight
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Figure 2- Mean comparison of root length (a) and plant height (b) in interaction effect of salinity x cultivar x foliar
application
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Figure 2- Mean comparison of root dry weight in the effect of salinity x cultivar (a) and salinity x foliar application (b),
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Different letters indicate a significant difference at the 5% probability level (Error Bars = £SD).
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Table 3- Variance analysis results of the effect of salinity and foliar application of 24-epibrasinolide and cauliflower extract on the
biochemical of sensitive and tolerant quinoa cultivars to salinity.
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Table 4- Variance analysis results of the effect of salinity and foliar application of 24-epibrasinolide and cauliflower extract on
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DMD: digestible dry-matter, CPr: crude protein of forage, WSC: water-soluble carbohydrates of forage, CFF: crude fiber of forage, Ash: forage ash percentage, ADF: acid
detergent Insoluble fiber of the forage, NDF: neutral detergent fiber
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Introduction

Sesame, with the scientific name Sesamum indicum L., is a member of the Pedaliaceae family. It is one of the
oldest and most popular oilseeds known in the world and has the highest oil and seed protein content among
oilseed plants. This plant is typically cultivated as a drought-resistant plant in arid and semi-arid regions,
however, there have been reports of a significant effect of deficit irrigation on sesame yield and a decrease in the
number of capsules per plant, number of seeds per plant, thousand-seed weight, grain yield, and biological yield
under drought stress compared to full irrigation. Plants are constantly exposed to various stresses, and drought
stress is the most important factor limiting crop yield in many parts of the world. Given that most of Iran's oil
needs are imported and the limited water resources, the development of water-resistant oilseed crops is essential.
The application of micronutrients through foliar application can improve plant growth under stress conditions.
Among the micronutrients, Fe is particularly important for many metabolic activities in plants; therefore, plants
require sufficient amounts of this element to continue their growth. Fe deficiency causes a significant reduction
in the yield and quality of the crop. Salicylic acid is a plant regulator that is effective in increasing plant
tolerance to stresses such as drought and plays a fundamental role in regulating plant physiological processes.
Increased germination, induction of flowering, improved growth and development, increased yield and fruit
yield, inhibition of ethylene synthesis, and effects on plant activities including stomatal opening and closing,
water relations, membrane stability, nutrient absorption, and activation of disease resistance factors are some of
the cases attributed to the use of salicylic acid. Given Iran's arid and semi-arid climate, and the importance of
sesame as a valuable crop in tropical and subtropical regions with wide applications in the food and cosmetic
industries, this study aimed to investigate the effects of foliar application of iron (Fe) and salicylic acid on the
growth and yield of sesame under deficit irrigation conditions. Despite the significance of ecological approaches,
limited research has addressed drought stress mitigation in sesame cultivation using such inputs.

Materials and Methods

In order to investigate the response of sesame to drought stress, and especially the effect of foliar spraying
with iron and salicylic acid, an experiment was conducted as a factorial split-plot based on a randomized
complete block design with three replications at the research farm of the Faculty of Agriculture, Gonabad

©2025 The author(s). This is an open access article distributed under Creative Commons
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University in 2020-2021. Three different irrigation levels (full irrigation, cut-off irrigation at the podding stage,
and cut-off irrigation at the flowering stage) were applied to the main plots and a factorial combination of foliar
spraying and non-foliar spraying of salicylic acid and Fe (iron) was applied to the subplots. At the end of the
growing season, with the beginning of the seed ripening stage and the drying of the plant's aerial parts, plants of
0.1 m from each experimental plot were randomly selected and traits such as plant height, shoot dry weight,
number of pods per plant, number of seeds per pod, number of seeds per plant, seed weight per plant, and 1,000-
seed weight were measured. To determine the seed yield, biological yield, and harvest index, after removing the
marginal effect, plants from the entire experimental plot were harvested and their total and seed weights were
determined. Data analysis of variance (ANOVA) and graphing were performed using Ver. SAS 9.4 and MS
Excel Ver. 11 and comparison of treatment means was performed using Duncan's multiple range test at a
probability level of 5%.

Results and Discussion

The maximum plant height was observed under the combined application of salicylic acid and Fe with full
irrigation (82.6 cm), while the minimum plant height was recorded in the treatment without salicylic acid and Fe
application under cut-off irrigation at the flowering stage (42.6 cm). The highest number of seeds per capsule
was obtained in the treatment with combined foliar application of salicylic acid and Fe under cut-off irrigation at
the podding stage (56.6), whereas the lowest value for this trait was observed in the absence of salicylic acid and
Fe application under cut-off irrigation at the flowering stage (22.7 seeds per capsule). Cut-off irrigation at the
podding and flowering stages led to a reduction in seed yield by 39% and 55%, respectively, compared to full
irrigation. Foliar application of iron increased seed yield by 18% compared to the non-application of Fe. The
treatment involving cut-off irrigation at the podding stage, combined foliar application of salicylic acid and Fe,
and separate foliar application of salicylic acid and Fe increased the harvest index by 16%, 7%, and 6%,
respectively, compared to the non-application of foliar treatments.

Conclusion

In general, it appears that foliar application of 1 mM salicylic acid and 5 in 1000 Fe mitigated the adverse
effects of cut-off irrigation at podding and flowering stages in sesame.

Keywords: Cut of irrigation, Harvest index, Micronutrients, Organic acid, Seed yield
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Table 3- Analysis of variance of some growth characteristics and yield in sesame effected by irrigation treatments and Fe and
salicylic acid spraying
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Table 4- Mean comparison of interaction effect of irrigation and salicylic acid spraying and Fe spraying on some quantitative
characteristics of sesame

g W5 oS 53 &> Sl
Plant height (cm)  Seed number per capsule
ool 82.66" 52.77%
Sl lis sl Fe
’ Salicylic acid ol pas 68.00% 48.50%
JolS ol Non Fe
Full irrigation ol 76.50% 39.220
Selradls Sl pas Fe
Non salicylic acid =~ ¢l pas 71.662b¢ 51.22a
Non Fe
o 72.44%¢ 49.77%
Sl sl Fe
) o Salicylic acid ol pae 63.66° 52 66
2S5 Al yo 3 (gll alad Non Fe
Cut-off irrigation at the flowering stage onl
7.33bc 660
Seliadls Sl pas Fe 67.33 3969
Non salicylic acid 2l pas 42.66¢ 22.77¢
Non Fe
&l abc a
e e 75.16 56.66
o Salicylic acid ool pas 72 66¢ 52.88
]S dl> yo )5 (gLl alab Non Fe
Cut-off irrigation at the podding stage o2l 71.50b¢ 50.772b
Siladls Sl pas Fe
Non salicylic acid ¢l pas 51.33¢ 39.22b
Non Fe

B (o gime glds ;0S5 b o yd oy Jlein] grdaw )0 (Sydie B> S Bl (ghyly la (pSlee (ygi p2 40
* In each column, means with at least one similar letter are not significantly different at the 5% probability level
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Table 5- Mean comparison of effect of irrigation treatments, Fe and salicylic acid spraying on some quantitative
characteristics of sesame

dg SWiA 59 Qs 4 JomuS dlani JS 5 Slos
Plant dry weight (g)  Capsule number per plant  Total yield (kg.h')
d)‘ﬁi
Irrigation
S g, *
Jw. SO 64.162 60.082 6389.242
Full irrigation
S elye ] ot 28.83° 23.20° 4054.40P
Cut-off irrigation at the flowering stage
Pyt e 2 Sl s 40,58 29.45P 4745202
Cut-off irrigation at the podding stage
Skl les Sunt]
Salicylic acid
K
i 47722 42412 5368.32°
Application
K
PR P 41.33 32.75" 4757572
Non-application
o2l
Fe
K
R 48.88° 44.59° 5368.072
Application
K
R P 40.16° 30.57° 4757.832

Non-application

B (g5 gime glds J0S5 b e yd iy Jlein] prdaw )3 oS yde B S JBls () (b 1 Sle odlio il o gly g g o y0
* In each column and for each simple effect, means with at least one similar letter are not significantly different at the 5% probability

level
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Table 6- Mean comparison of interaction effect of irrigation and salicylic acid spraying (up part) and irrigation and Fe
spraying (down part) on some quantitative characteristics of sesame

Qg gle5 ) Qg SUS (459 il
Plant height Plant dry weight >
(cm) () Harvest
Index
el 2l 2,05 75.33a* 62.83a 28.30a
JS o Application of salicylic acid
Full irrigation el el 38 po
Non- application of salicylic 74.38ab 65.50a 28.08a
acid
) o Sl sl 25 68.05ab 32.66¢ 18.61e
235 Al g 3 o)l xlad Application of salicylic acid
Cut-off irrigation at the flowering Sibeadlos dl 533)l8 pae
stage Non- application of salicylic 55.00c 25.00c 17.33f
acid
o Sl 2l 28 73.91ab 47.66b 24.36¢
23S Als po )3 (gyll alad Application of salicylic acid
Cut-off irrigation at the podding Sebeadlis dusl 3,38 poe
stage Non- application of salicylic 61.41bc 33.50c 22.18d
acid
: o2l 228 79.58a 71.33a 28.70a
Jo ool Application of Fe
irrigati o 5,8
Fullirrigation A28 pue 69.83ab 57.00 27.68a
Non- application of Fe
I ol o)l
g 69.88ab 31.66df 18.45d
“n_’J“F d%’“’ Pl ok . Application of Fe
Cut-off irrigation at the flowering wal 50§ sis
stage O R° p 53.16¢ 26.00f 17.30e
Non- application of Fe
. . u.m’l Dﬁ)lf
73.33ab 43.66¢ 24.21b
“’M‘J’“‘s dfb" » e éjaﬁ_ Application of Fe
Cut-off irrigation at the podding R
stage OF R0 ¢ 62.00bc 37.50cd 22.33¢

Non- application of Fe

Bl (o gime glds }0S5 b cduoyd gy Jlain] o )3 oS pidie By S JBlis )y sl (1 Sbe (b g YU) Coannd b (gl g g b > %
* In each column and for each part (up and down), means with at least one similar letter are not significantly different at the 5%
probability level
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Figure 1- Interaction effect of irrigation and salicylic acid spraying on seed yield of sesame
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Means with at least one similar letter are not significantly different at the 5% probability level
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Figure 2- Interaction effect of irrigation and Fe spraying on seed yield of sesame
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Means with at least one similar letter are not significantly different at the 5% probability level
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