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Extended abstract

Introduction

Due to the increase in world population and the need for food using traditional agricultural methods
does not meet the needs of society. The Food and Agriculture Organization (FAO) predicts that by 2050,
60 percent more food production will be needed to feed the world's 9 billion population. This has
concerned agroecologists to sustainable agriculture and encouraged them to do more research and
design new sustainable agricultural systems. Therefore, the aim of this study was to examine different
mixed cropping systems of cereals and evaluation of different drought tolerance indices using a mixture
of winter cereals, wheat, barley and triticale and their response to end-of-season water stress in hot and
dry ecological conditions.

Materials and methods

In order to investigate the grain yield and drought tolerance indices of mixed culture of different cereal
genotypes to water stress in hot and dry ecological conditions, an experiment was conducted as split plot
design based on a randomized complete block design with three replicates during 2017-2018 cropping
year in College of Agriculture and Natural Resources of Darab, Shiraz University. In this experiment,
the first factor was irrigation regime in two levels of normal irrigation and water stress and the second
factor was ten cropping systems of genotypes (tall barley line EB-95-97, dwarf barley line EB-95-97,
dwarf bread wheat line S-92-19, tall bread wheat cultivar Khalil and a cultivar of Triticale called Juanilo)
which were grown as double and pure row culture. Double mixed crops included of: dwarf barley- tall
barley (one row of dwarf barley + one row of tall barley), dwarf barley - triticale (one row of dwarf barley
+ one row of triticale), tall barley - triticale (one row of tall barley + one row of triticale), dwarf wheat -
triticale (one row of dwarf wheat + one row of triticale) and tall wheat - triticale (one row of tall wheat +
one row of triticale) in a 50:50 planting ratio and their pure cultivation.

Results and discussion
The results of this experiment showed that the highest grain yield was obtained in tall wheat-triticale
mixed culture with 9472 kg hat under normal irrigation and the lowest grain yield was achieved in pure
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dwarf barley with 3934 kg ha under water stress condition. The results of correlation analysis of
drought indices showed that positive and significant correlations were observed between STI
(r=0.858"), GMP (r=0.747") and MP(r=0.801") with grain yield under water stress conditions. Alos,
positive correlation coefficients were observed between STI (r=0.884"), GMP (r=0.922") and MP
(r=0.932") with grain yield under normal irrigation conditions. The highest SIIG index in this
investigation was observed for dwarf barley-tall barley cropping system which had the minimum yield
difference in normal and water stress conditions. 3D-graph of cropping systems using SIIG index
indicated that cropping systems of pure tall wheat, pure dwarf wheat and tall barley+triticale mixture
demonestraed the highest grain yield both in normal and water stress conditions.

Conclusion

Tall wheat+Triticale mixed culture wheat cultivation system under normal irrigation conditions showed
a 16% increase in yield compared to the tall wheat pure cultivation system, while it did not show a
significant difference with the Triticale pure cultivation system. Some of the mixed cropping systems
such as tall wheat + triticale mixed cropping systems produced higher yields that their pure cultivation
systems. Alos, it was concluded that STI, GMP, MP and SIIG were the best drought stress indices to
evaluate different cropping systems.
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Table 1. Genotypes and their characteristics based on the report of Darab Agricultural Research Center

ETIN Al 53 iy, olasi
LewY 908, Climate ) EYW,l No. of rows per
Cultivars and lines adaptation Maturity Height spike
bl 9 e5 0895 ] A 99
Tall barley EB-95-97 Warm Early Tall Two rows
obsSly o= £5 0239 oSy Ao 9o
Dwarf barley EB-95-97 Warm Early Dwarf  Two rows
3l o pacs o sy st
Dwarf bread wheat S-92-19 Warm Early Dwarf -
Jels by o6 puss 5 oo L axbly
Tall bread wheat Khalil Warm Relatively late  Tall -
skl IS5 Jotas o bt il
Triticale Juanilo Moderate Ripening Tall -

S lojl gyl Jomo S (rleands Slaoguas 5l (B ¥ Jgu
Table 2. Some chemical properties of the soil at the experimental site

o pdiged Gas 8 o3 o . _
Depth of Al | Total ] Rnd P t1}) o o®!
sampling Acidity  nitrogen Potassium  Phosphorus  Manganese  Zinc Copper _ Iron

cm % mg kg!
0-15 7.25 0.14 134.5 27.5 3.85 1.36 1.50 4.15
15-30 7.35 0.15 135 28 1.85 1.66 1.90 6.19

Salesl syl Jomo S (S 58 Sluoguas I (B ¥ Jguz
Table 3. Some physical properties of the soil at the test site

3 gLl cugb,
6)'0)’“9‘” @’“‘c G" oslo Lfi")“g‘ w““b u.».blﬁ (S 5] U":‘ s Saturated
Depth of sampling  Organic matter Electrical conductivity Clay Sand Silt moisture
cm % %
0-15 0.05 7.26 17.78 40.08 39.17 22
15-30 0.04 7.25 17.76 40.06 39.18 23
ool 5 (V JS8) oy plais] 0gs a4 (LSe 1o 0,54l Gy g g ls
il puiS balke cdS gt Gimbeyl ol @l Wi o Klac

S i & S Jlogt ] il o S5
oy las o Slee iol¥l as e V2 Wbl pasS s
Sl Al el e s L &S o
(YP) Loyl i jo ails 0 Slos yolin olas lid 1) gl sine
Suoglie 23l sloasls 5 (YS) Luls o ails 5 Shes

St g i blE il 5 Sle aunlie & azgi L
PSS AFVY (5 Silo b Jlo i (o)l fulpds o Sy 5
0 obgSh o> alll cuiS yioren Wl cdalie LS o

YAYF oSl b 1 ailo o Shoe o yieS ol a5 Laly
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(O Jgoz) a oonlis FOSY/+ O Jlaie b olisSTy 5> Lalls
Lyl o oSkee Lolol y daid 1) o5l YT _asls
! » (Lin et al.,1986) &S o ganiadsl ol i
Gl Lalyd 50 50 50 Yo o Slhee b placaiy pulal
Sio-se Mardeh et ) oS o5 asein |, o] 23 pas
s ialej] cpl 0 YT msls wlal  .(al., 2006
15 NA0) g,V o Shas asls Al 5 Lalls cots
5 CIVE) 55 YT asls e o 2eS 0g i dagme
(O Jsoz) as osalics oligSly g2 Lol cuiS

sl 00T (O Jgoz) o anlllaos 50 slacaisiy (Sis &
0 b yme (Fernandez, 1992) 50l 3 lawgs GMP
ol i polie pglie (slacassss (el cnl el
o Jlesl b gdos pl gl 4 ax g b sylo 1) asls
e b Sy 5 Al Sl s (2l Sl oy (S
955 Ol ;LS )3 0 SLS YOVY /A (e 4 GMP
Mo b obgShy g2 (alls CulS w9 (A 4 pylia
g asls opl 5l LSa e p,SeLS FOVA/FR
(B Jgaz) wols olaisl 593 4 |) Gudgsl (n ol
AL bl spelie s MP (23 Lo 6l Grioron
sAlls cuS s MP asls o i 0d Jol> GMP

OO Normal irrigation B Water stress
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(LS o 5,5 9ls) dils o Shos
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[¢]
o

Cultivation systems

. :.5‘519 S

S o Bgyo 51)10 G crSilio ilisie OE Al 3, Khos p S Ui b idd Jole Jolixe 1) S
Al i 1) Jlaso| glans 50 LSD (39051 ool 2 (5510 x0 SMS (g1

9> V¥ wilbgaroligflsn F il b pusS 8 olgSl puiSF Wl i F il g2 Y wligSh g )
A 7 +aslily posS e Al 5 +eligsly pusS A Al i+ aslily g2 A (Al olissly

Fig. 1. Interaction of stress and cropping systems on grain yield of different cereals. means with the same

letters have no significant differences based on LSD test at 1% probability level.
1: Dwarf barley, 2: Tall barley, 3: Triticale, 4: Dwarf wheat, 5: Tall wheat, 6: Dwarf barley+Tall barley,
7: Tall barley+ Triticale, 8: Tall barley+ Triticale, 9: Dwarf wheat+ Triticale, 10: Tall wheat+ Triticale.

o polie slocado) i3S 5o basls ple o cod
(Beshagh et al., 2018) S o Jos ;55950 S
<l o STI MPYT GMP slo jasls 0,18

Ol s Slides ple o (A A5 4 Jele o8|
Talebi et al., 2009; Askar et al., 2011; ) el oo
GMP sl asls yulwl,, (Mohammadi et al., 2011
g Al Lalld ciS g Glg e ST MP.YI
ety iy 4 1y bl sz Al S i
O5) G5 ) ae e onl & el g pslie Glacds

Sy 5 Al S o dalllas ol ol ol

Sl QLSe 45 0 55kS 1Y) STI _asls lais b
oS IVAY jlade L olisSL g2 bolie CoiS pinw
5 958 Sl sy el el cnl ) Se s
350 PS5l G sl el IS luld o 0 Shee
1, STI ezl 5 solicusl 3,530 o Simgly (O Jsoz)
Peighambri) wlos )" 3,00 o Lli o 5t oylsicas
oo el wsiiee lid=e 51 29,5 (et al., 2017
adls o, Slos Ly ol YLy (e oo @ (1 4
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Table 4. Analysis of variance Analysis of variance Effect of stress factor and Cultivation systems on yield and yield
components of different cereals

30 &ils o Slos 30 &l o Slos Joxi sl
i e oz G Jupbulpd oSl pls G
S.0.vV Df YS YP YI STI
A 2 147017337 1526317.420 0.0014" 0.0017"
Replication
il A 1 3545015923 36721184.15™ 0.0126™ 0.0295"
Water Stress(WS)
whol & stk 2 235706.44 278213.19 0.0003 0.0007
Main plot error
M W *ok *k EEd ok
9 5932708.38 6015714.76 0.0075 0.0381
Cultivation systems(CS)
S s x 2l A 9 5117052.07" 5163150.67" 0.0014** 0.0031°*
WS x CS
L
36 158216.92 162330.20 0.0002 0.0005
Error
CV(%) Ol i g - 7.5 5.1 1.4 3.1
Table 4. Continued alol.f Jous
4y L. 6290 4 L oSl a3l Sl 2L
i gl ol TOL Luwgito (5390 54 (Wi oW &
S.0.V Df MP GMP SSI
S, 1495013 14752341 1480390.57™ 0.00117
Replication
s 20427082 36072538  42036122.46™ 0.0490**
Water Stress (WS)
sholesgles 166250 248900 265107.35 0.0015
Main plot error
w W *k Kk *k
9 4105782 6006267 417562.61m 0.0186
Cultivation systems (CS)
Gl e x 2l S 38136425 5134060"  4156395.14" 0.0027%"
WS x CS
128
36 137092 1612687 1830697.82 0.0003
Error
CV(%) Oyl s - 18.2 20.2 21.89 1.82

Aoy gy 5 G Jlodol e )8 le pe a8 g s S GO A NS g e ok
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.

W oShee g i poe bld 5 omb oSlee s MP GMP | aslia o SSI 5 TOL (slaasls
Colgs,s (Fernandez, 1992) aiie ol s Lyls o sl asls ulul s wgSxe 4, slls YI STI
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S8l ieS b dwsS ooy &S ol i TOL jasls
ool o395 (n e Slgreds (25 Ll 50 0 Sles
Ac- stirling 5 28,5 1,8 ) a3, ;0 9 2wl TOL a5l
@l o Slae S 0 YL L 5 05 Gadsil o sl
DL oS Bl 1y o e o 25 Ll
Ghasemi et al., ) ols plais! 0s5 4 1, 0 a3, 4 0b

2016

(Guttieri et al., 2001) wes lii 1) 5,508 o5 YL
(Sio-se mardeh et al., 2006) | ,Sos 5 05 50 dusg s
Gl oals il SST asls a8 azals Ll
Nl RS kbl e (Sasa Ceglie pB) i3S
SSI asls cwl sals ()18 Jcpll cwl  Sas
S plogaisi s (S 4 Joxe lacalsi; Wlg oo
Majidi et) wS pleite oo 5l 0 jls ool o Slae Jouslsy
ooboly bewiey gands, w,p S5 o .@l, 2011

Joxi gl asli g @i o 9 Jboy bl pd 5o calisio WS CulS (gL o 00l (6 38 03101 sl S Ll (Kl .8 Joua

IRV NWE )

Table 5. Mean of measured indices of different grain cultivation systems under normal and water stress

conditions and drought tolerance indices

Pl o Slos  Ho ils o Slos a Joxi ol
G lld el oS els G
Treatment sled YS YP YI STI
dwarf barley oligSh 9= 3934 5192 0.747 0.382
tall barley $Lb g 4722 5533 0.897 0.489
Triticale Al 6295 9110 1.195 1.073
dwarf wheat oligSL puss 5810 7473 1.103 0.812
tall wheat asbly puss 6280 8128 1.193 0.955
dwarf barley-+tall barley Ll g2+0lgSh o> 5656 6154 1.074 0.651
dwarf barley+ Triticale A i+oligShy o 4116 6948 0.782 0.535
tall barley+ Triticale Ay 5 +asdily 9> 5916 7762 1.123 0.859
dwarf wheat+ Triticale oy 5 +olgSL pusS 5153 7341 0.979 0.708
tall wheat+ Triticale Aoy y+asdsly puss 4777 9472 0.907 0.846
Table 5. Continued alsl.d Jeus
S P Sle pILE Gl 5L
Jod s ls b g G290 (D o A
Treatment Slesd TOL MP GMP SSI
dwarf barley olgSL o= 1258 4563 4519 0.866
tall barley $lb o> 811 5128 5111 0.524
Triticale A ¥ 2815 7703 7573 1.105
dwarf wheat oligSL puss 1663 6642 6589 0.795
tall wheat bl puss 1848 7204 7144 0.813
dwarf barley-+tall barley Ll g2+0lgSh o> 498 5905 5348 0.289
dwarf barley+ Triticale A i+oligShy o 2832 5532 5900 1.457
tall barley+ Triticale Ay 7+l o> 1846 6839 6776 0.850
dwarf wheat+ Triticale =~ sy 5 +olgSL pusS 2188 6247 6150 1.065
tall wheat+ Triticale A ol paS 4695 7125 6727 1.772
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e (Samsad (y3 yidions Gizmad (P< 0.01) 0 oomlice
@< 0.01) sl @=+/AYY**) YP s MP 1y Jlo_ixs s
MP,STI, slaasls L GMP 5Ly o (¢ Jsiz)
L STI jasls YT 5 STI Lasls L MP _asls Y1
oo Stnan TOL (a5l U SST asls YT asls
Fernandez, ) ;ail,8 (F Jgaz) o oaslice (g lo e g
TOL o als (n (Kowod @l 4 4295 L (1992
5ls STI o5 5,5 ke YP 5 YS L STI MP SSI
SIS o g 2l bl s 0 0 Sles L3l clis
MP claasls a5 55 o] 5 (Sl ctmghy b .col
0, 8es b o sine g e Sien JJo 4y STT .GMP
A Oy SIS e 5 IS Lulyd 93 e )
1o 4 S pslie pBl e 5 Sl sl b as L

.(Naeemi et al., 2008) s Jad slosl

STI azlis a5 ol lad  Swwad oo o Juloigdy j20
5 (0=+IVEV®) «(r =/AOA™) 35 4 MP 5 GMP
wasls STI asls jumes sl olas YS Lyl
=+ AYY*®) (1= JAAF*) o5 5 4 MP a5l s GMP
L bisine 5 St (Kiamed (sls @=+/AYY#%)
5 okl (F Jguz) ailbie YP Lalps o o Slee
pB,l ow,y o 35 (Daneshian et al.,, 2006) .l,Son
GMP 5 STI Glagasls o 1) (e 9 Vb (Snron 9>
2L 5z e s 20T o Ll o als o Sles L,
lois bylyd e 5,Skee 4 MP TOL .GMP STI
3 e lgasls (ul a5 0385 (6 peS amis 9 Wages A5
Sfles wilgioe (SiS 4 Cwglie sbbasll ple

O ailes b3 o s lld o 1) lacusss
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Table 6. Correlation coefficients between drought tolerance indices and average yield of different grain
cultivation systems under normal and water stress conditions

S i

aild 0 Slos aild 0,5los (1uKilo oo oo sl ol

Lulph o lulphys pwae Gyeoe A de el wcewlee  wilo ]

ST Jy bl Gosere bwge o 8 Sdos o Josd JT e

YS YP GMP MP STI YI SSI TOL SIIG

YS 1 0.529m 0.747" 0.801" 0.858" 1.0** -0.316™  -0.091™ 0.667"
YP 1 0.922* 0.932" 0.884" 0.529" 0.624" 0.797  -0.266"
GMP 1 0.970™  0.963" 0.747" 0.380™ 0.551m 0.035m
MmP 1 0.990" 0.801" 0.305™ 0.523m 0.098™
STI 1 0.857" 0.208™ 0.426™ 0.202™
YI 1 -0.316™  -0.092™ 0.668"
SSI 1 0.957"  -0.899"
TOL 1 -0.787"

SIIG 1

Aoy ) 50 Jlaiml mlaw jo jlo sixe g 4l g Dgldd gz pae ol Sy

ns, * and**:non-significant and significant at 5% and 1%, respectively

S 4y Jerd ;550 slo el des jleslatnl b wilgs co
olasS plels (Sas 4 Jood Hhai 1) udsil on e
alllae (pl j0 Sl wiaw (e OB lp b,
SIIG sy 5l eoliul b aiilys oo ylikioes o onlicl

SIG) J] o) ceisgi; ol jaslis
Ll el ks 5 sboasls o

ua}L» ..\.S‘o.))f oolawl ;w? > oo )—Ia-’ }‘ L“W}’)
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sl 0 ool A Jgaz gillas STIG jaslé jl wcesS
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i A gV Jgaz molis el ol awlxe YT 4 SSI
SHG jlade (i b ailily 92 +0bsSy g2 gl cons
S e (2 polie (SiS a5k E VY
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1345 0y (-I¥+Y) Jaie b STIG _asls ke o yieS
DA Glped cinS Glapiaw plo b anlic
(A Jgoz) ol aslis  Sad i 4 ClS plg

polie slaasls oo jloslitul LT, bacadoh) (n Fomlie
2l o Solite Sleogas b ol byl )y ((Sos 4
Fr s SBlw)ee (ul jo S Sl lals
Zalietal., 2015) ol 5380 5 5 laebl B g o
5V Jgla= 0 oyl acwlxe J>1 10 (and Zali et al., 2016
oads Jloy polie ¥ Jgaz 10 el oad ools las A
Al 2SS laptunn g locs) 4 Jood glagasls
b jao (e padld (ol lade sl & azg b canl o0
Ss055 T STIG pyolie 4 288 slapinns sl S5
L lecwsyy (U oml) oopVb glatea el S o
Soo5 T SIIG jolie a5 laeuiss) g ciS (slopim
b bows) (ricdes 5l S plaea ol jho o
2lie Y Joaz 55 095 00 28,5 a5 0 CiS slaptces

S (s b e 935 (5l (Sl 4 Joond Lo oLl 0l Jlo i polie Y Jgur
Table 7. Normalized drought tolerance indices for genotypes or cropping systems

als o,5hac ails 8, Slac psls Pl Sile psls asls
st Wi iy lh aded Sl o ews Cesles
Treatment - -
Jielel @l ofdes B Joxi bawgie Si90% O &
YP YS YI STI TOL MP GMP SS

obigSl o>

dwarf barley 0.233 0.220 0.233 0.159 0.169 0.226 0.228 0.264
il o>

tall barley 0.280 0.235 0.280 0.203 0.109 0.254 0.258 0.159
Ay ¥

Triticale 0.373 0.387 0.373 0.446 0.380 0.382 0.383 0.337
oligsl puss

dwarf wheat 0.344 0317 0.344 0.338 0.224 0.330 0.333 0.242
wibl pus

tall wheat 0.372 0.345 0.372 0.397 0.249 0.358 0.361 0.247
Wbl 92+oligSly g

dwarf barley+tall barley  0.335 0.261 0.335 0.271 0.067 0.293 0.270 0.088
Aoy +oligsly g2

dwarf barley+ Triticale 0.244 0.295 0.244 0.222 0.382 0.275 0.298 0.444
Al y +oidly o2

tall barley+ Triticale 0.351 0.330 0.351 0.357 0.249 0.340 0.342 0.259
Al )7 +oligSly pusS

dwarf wheat+ Triticale 0.305 0.312 0.305 0.294 0.295 0.310 0.311 0.325
Ay yi+ bl puss

tall wheat+ Triticale 0.283 0.402 0.283 0.352 0.633 0.354 0.340 0.540

.Iaal).w )b 1ass LS’YL »))SLQ.C aS L_,;:L&bwy) ‘(A 05;)
slase 0 a5 Slacaigs (B og,d) wils i eu

leowisis a5 5,5 cauogs (Fernandez, 1992) ;4L 8
O3 9 2l Ll s lagls Slee a9 b lgs oo |,
99 52 50 &5 olacaisy 0,8 el 095 Jloz 4 2l il
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¥ US55 omdn Jlagai o SIIG Lasls 5 YS Luls
il 3 5 oligSTy i ikl oS el o ool i
90y 0 a5 Cul opl eaimolis A oS 0 K 5
LoVl o Shos 25 s 5 (Rl slarme Ll

o o9 bl 2l 50 0 ,Sles SIIG oLl 5l coliswl b S 4y Jooxd ClS g potummw (gomsduw 510905 .Y &
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Fig. 2. 3D graph of drought-tolerant cropping systems using SIIG index, yield under non-stress
conditions (YP), and yield under water stress conditions (YS)

5> 1GT il +0l g5l 4> 1G6 iy b puiF 1G5 (oSl puif:Gd (Al )7 1G3 il 92 G2 (olgSl 92 :G1
A )7+l poiF 1G10 Wy 5 +obigSh i (GO (o i+ aidily 9> 1G8 LISy ji+oligS

G1: Dwarf barley, G2: Tall barley, G3: Triticale, G4: Dwarf wheat, G5: Tall wheat, G6: Dwarf
barley+Tall barley, G7: Tall barley+ Triticale, G8: Tall barley+ Triticale, G9: Dwarf wheat+ Triticale,

G10: Tall wheat+ Triticale.
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Table 8. SIIG values and distance from ideal genotype or cropping systems (d*) and distance
from non-ideal genotype (d°) plus ranking of cropping systems.

Treatment Bl d* d SIIG Rating
dwarf barley gl > 0.494 0.540 0.522 8
tall barley bl g 0378 0.654 0.633 5
Triticale A s 0399 0.551 0.579 6
dwarf whea oligSy puss 0272 0.586 0.682 3
tall wheat abl piss 0.255 0.616 0.706 2
dwarf barley+tall barley abl g>+oligSL g 0.272 0.753 0.734 1
dwarf barley+ Triticale Ao i+oligSl 9> 0.583 0.299 0.339 9
tall barley+ Triticale Al 5+l ¢> 0.283 0.576 0.671 4
dwarf wheat+ Triticale Aoy 5 +oligSL puss 0398 0.460 0.536 7
tall wheat+ Triticale Ao il pos 0.743 0.322 0.303 10
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