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EXTENDED ABSTRACT

Introduction: Nowadays, conservation agriculture in dryland areas has gained great
importance due to its potential to minimize climate hazards, reduce soil erosion, improve soil
quality and increase available moisture. Few studies have been reported on genotype x tillage
interaction for chickpea yield in dryland areas. The aim of this study was to evaluate the
efficiency of the models used in stability analysis, including different AMMI indices, a
combination of the two AMMI and BLUP methods, WAASB and WAASBY indices, and also
to draw different diagrams to better understand the interaction of genotype X tillage
(environment) and identify high-yielding chickpea genotypes adapted to the climatic conditions
of rainfed regions in different tillage systems.

Material and methods: Sixteen chickpea genotypes were evaluated under three tillage systems
including conventional tillage with complete residue removal (CT), reduced tillage (ploughing
with a chisel plough into the remaining vegetation cover at a depth of 10 to 15 cm of soil - RT),
and no-till with vegetation remaining on the soil surface (CA) in farmer's fields in Delfan
county, Lorestan province, during two cropping years (2019-2020). Statistical analyses were
performed to determine the stability of genotypes in different tillage systems using the Metan
and GGE multi-environmental experiment analysis packages in R software. AMMI statistical
parameters as well as AMMI statistical-based parameters including ASV, SIPC, EV, ZA, SSI,
WAASB, and WAASBY were used on the genotype x environment (tillage) interaction matrix
obtained from the best linear unbiased prediction (BLUP).

Results and discussion: The results of the likelihood ratio test showed that the effect of
genotype and genotype X tillage interaction was significant on grain yield. Therefore, the
unbiased best linear prediction (BLUP) analysis was considered appropriate for these data.
Based on the AMMI Stability Value Index (ASV), genotypes 10, 4, 9, 14 and 12 had more
stable yield. The simultaneous selection index (SSIASV) based on ASV identified genotypes
9,4, 13, 10 and 6 as superior genotypes in terms of grain yield and yield stability. The AMMI2
biplot diagram based on the first two principal components identified genotypes 11, 2 and 6 as
genotypes with yield stability. Considering that not all principal components contribute to the
AMMI2 biplot calculation and only the first-two principal components are used, accounting for
18.47 and 25.26 percent of the genotype X tillage (environment) interaction, the WAASBY
genotypic stability index was used, which allows simultaneous interpretation based on average
yield and yield stability in a two-dimensional graph. Based on the WAASBY index based on
BLUP analysis, genotypes 4, 5, 6, 8,9, 11, and 15 were identified as high-yielding with stable
yield. The results of the mosaic plot showed that the contribution of genotype and genotype x
tillage (environment) interaction was 38.5 and 62.94 percent of the total variation, respectively.

Conclusion: Overall, it seems that using the WAASBY chart with variable weighting from 0
to 100 for the WAASB index and average grain yield can lead to more reliable results from
stability analysis using analyses such as factor analysis, BLUP, and AMMI in identifying
selected genotypes. Considering that the mixed model and all components were used in
calculating the WAASBY index, it seems that this index is superior to other indices.
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Table 2- Evaluation of significance of factors by LRT (2) and estimation of variance components by REML in durum wheat genotypes
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Fig. 1- Pre-analysis of GEI. a) Mosaic plot for indication of PCs contribution in G+GE; b) Eigenvalues of the BLUP_GEI matrix

5 gl R By e sy /YN g ¢/FAD
@ 50 laoms by 10 (23935 Gl m (S
o2 o 95 lpad o po 0 HIOVY 5 DOV o5
Ol pdd 8 90 ol S pizmen g 0londl Ol s
G 91 2oy +IVEY 5 VEIOY FIA0 L ol i 5 &
Sl 09 plp & i Fl p s x Cuigif (iSen

SUls b o el la Jaw 5l oolaiul ¢ gn i <8 2ol

@l Gl 5o b 5l (g ks o gl 4 azgi L
IR ‘Gmw ‘_;Lmu:l:..;.Lo)’—‘ 59 (_go\‘)‘.'szt.g ‘_ngboLSﬁ
locis) drog dacaiss) Coys i3S lr (o
Olivoto ef ) el pips s 1M (slodasme lulit 5
) S s iy 31 1OV Gl 5

Loyl csd S @ Sk p s p3dlyg Gl g Jae o

VEB oo o) o)l T 05 s slarme pole aslila

q



=3935 slacaisil (5ylk g 0,8as (65,555 50 uis JiSen n b))

o Shoe YL a5 cul ] Kl a5 g oo eols lis
& 05V gdsy 4 e BLUP ) b ol i i

A slo Cigs o S5 (Sl 1 ylian ead S i

aS cwl 1S ol5a g9y G san S 5l S «(BLUP)
ol Gy g AMMI (g, 4 (gylnl 4
JS 50 (Olivoto et al., 2019 a) sg plosl by oo i

BLUP g, b ails o,Slas 00l cou i sl xSl ¥

4 a4 a4 a 4 a4
NN Dk NO 2 WA 2w D WO
1 | | | 1 1 | | | 1 | | | 1 | 1

s
2 <
=
=
= P
@ L
()
e ® ~Above
® Below
T T — T T
1100 1200 1300 1400 1500

GY

(BLUP) (b s 1l (ot siot (ot yidet 42 52 9955 (60 535 00 i iy, 41 0 5o —Y JSL
Fig. 2- Predicted seed yield (BLUP) plot for lentil genotypes

BLUP 5 AMMI 435 .coul balagmo 5l (glos i
Jelgs 51 s yd Syo oy5] s 4 sl ote sl !
A be )3 gy GRSenn gl e e
Gl sl atls b lacaiss gyl cwss w)cnl)]
@ligee ( S81,5 sla )l b o 9 00 00w AMMI
Sk b slacsss BLUP s AMMI sla b, (5:40
AMMI Gilies glaasls 5 o ololis o Ske
2 oisy ganail 5 gileseS Sl ASV gzmes
bl eolil dap] wls oSlae (gl Lol
LAY oV F A F 0. glacaisss ASV g luly asls
Sl (asls wsg ooy (o )lwk omb slao o
A A lacais ASV ulul ; (SSIASY) flejen
als o Sles 5 gluly Bl e Glacasgs 7o)
e lacss SIPC jasls bl 505 Slolis

AL Gelal ing baceisis cnlal 1Y 50T A

OSeny SIAMMI il jly 4y mls ulsl
== (w‘ 0JS 43|)‘ C"L"’) S99 )“)o‘;"" Ja».?m 5o wy)
G5 GSed A gi )0 cage G gl (Lol adlse
Yoo Egosme )0 ‘_,’l.al Lngd.éJ}c O‘i‘ il s 59
axg |y laowe o Cuig) GiSenn Ol 5l as e
b o Gy GkiSeny e SIS s
£35S 9 Sus Slae 00,uS A i ol Lid
Sl @b ol 5 sladls 5 salejl slag e
Slply e j0 Cuighy (iiSen g (SU Sl s s
Tamang et al., 2022; ) ailosls 155 0450 ails o Slae
d9>g (Sellami et al., 2021; Danyali et al., 2012
Gl pasis 4 5ls daswe j0 i) JiSen
Jlo 5 e iz 50 b)) bl 1) lacadgis o Slas
Oedie Jaze (0 Cuig (S p GLals ams oo lis
cib o o Sles oIl VL L plageisl S

VEB oo o) o)l T 05 s slarme pole aslila

\ .



OhlSen g 59505

Sy o8l a3 Gudsy Sen Gl
wilo oo (Bl by jgmme 5l (g5t Slaad )0 Jazes ;5 Gl
o 50 oot i BT ol sladilie > a5 psboa,
3o oplpls (Olivoto ef al., 2019 a) &\l lo i
Al oolatwl glaJus 5l bosls (s,lul asid gl aslol
5 sl 2E b ol o badlge sles o] o aS
ol adse ply yo ails 5 Slee) AMMI ol £45 My L
2 &l 4 sl o 5l olRsegs 5l gslass a5 (s
Karimizadeh et al., 2022;) &los,S ocolatwl oy
@ &ls o Slos ¢ 88l 92w o (Pezeshkpour et al., 2021
(§O508 j57e ) 5 i S eried Ol b 95l lsie
B e )0 gy Sen sl (ol adlie (ol
9 (G b Cote) (SHn polio al » g Wgdioe o3l
shol adlie gl (Slasee Tae 5 o 4 Su339) (S8
L s Wl aiam (sl Lodaona b Loy i 4
Moged mls @y azg b Lol saigd oo 43S L5 5o Gl
ol 5o j5me (i 3 5 (o) UKD (Selise
€55 5l Vb o Lo 55 iy Slasye ggome 1
sy olnb (b)) &5 Sy oo Sl 4wl 1) S
5 4t G b oyan Wi ol e jyma ol b
FUSS il plaebl ol mls & plgies gl
Sl oads plsl WAASBY  jiolie b bacasssy ololl
S8kee (0les p (e lejer AT Jlne (9 45
O dnle o g casl (WAASB) (5 laub asls g ails
odls WAASB ali g ails o,Sles 4y Jgliie slogyjs
28l 000wl 23055 51 loged (pl Ho el ol
(WAASB) g, lal ols 5 als o Slae azll g0
S 8kes 5 ks a4 (it S0 GLaSy S0l oS 0 ool
GRS S Al 90 LSy Sl 5 lagadgs alls
A lacaio; 80:00 (B39 elol 2 Cenl CSg S
Sake cpyidon Bl LYY g VF AY £ AN AYF
YU wls o,8les lilo g Sl slocuiss; WAASBY

..)uoy

8§ A Glacaigs wils o Sles g laeuisiy lejer ool
Wl glelil gy slocaigs lae 4 A g Ve AY
bowiss mip A g Ve F AV A slacuiys SSIZA
AL S s 4 ASV LAY Jsaz) o5 olubis
ol sl 9555 Jlly slaceisis olobd sl sde
Pezeshkpour et al., 2021; Pouresmael et al.,) <l
99 5 (o5 5 a5 SSI (slee Ll .(2018; Fikre ez al., 2018
2oly a3l S 5o iy S o Skae 5 (sl Jons
oolaul g a2 oo S 1) (gl asls s wlwl »
Ol a8 canl Casdly pl @ atily o psll ol 5l
Farshadfar, ) o5 lai 1) o Slee oy Y0 o)lgen o)
adlio 90 wo o 145 £9.040 ol (285 Jlai 0 L2008
Lon 3 o555 Seis IS 510,98 3] i Jsl Lo
i)l Slp el il Wlgi oo Ol WS 4z g |,
4o Lol «(Crossa, 1990) ail lasre jo Cuighh [uiSean
5lao,0 VYIFY ol Lol adlge g0 aSST L ubios oyl
oagd Lol s S Az 1) laoe 0 Cdel) LiiSen
g 4dlie 90 cnl b p Ll lacoiel (i3S 45 958 o
Qg so ails 0 Slos (imen ¢ adie plo 5l Jlaicd o
VP gl dged sl 09 poie (S j3b (6 S S &
SSI jlas” Slej gy Jlull AMMI ozl ziy 0y oS
IS Ol 4wl eolaiul o Ly I SO e 6l
F o slacaigy ( blae o o aslil coin slacased
Oloie 4 e50gud Sl AMMI (glo il )l oll paS™ A g
o 4l o) T SST slajasls 4 axgi b 5 5 gl
Gl azgi a5 Sloj aS canl ool bl Liwly ol o
G oS Jgl ol adlse g0 b Laoes 0 i iSon
Loogd blosl mls s o cl p3Y il lavwgis

VEB oo o) o)l T 05 s slarme pole aslila

AR



=3935 slacaisil (5ylk g 0,8as (65,555 50 uis JiSen n b))

W ko0

10

5

N

Genotypes

[
[}

50
VWAASBY

® spove @ Below

4 a9 b 3955 cuigif 1P (sl (V) (WAASB) 8 Shos (a5l 9 (WAASB) 5,lauly (5359 cmiilioo 31 oo 3yl o polio - ¥ o

Gl 90, doc (gl Bl onlaid ,)§ 1S 45 39
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Fig. 4- Heatmap shows the genotype ranking depending on the number of principal component axes used for estimating the WAASB
index and ranks of chickpea genotypes considering different weights for stability and yielding. The most-left ranks were obtained
only based on considering the stability. The most right-ranks were obtained based on considering the grain yield. Between the
extremes, the ranks were obtained based on different weights for stability and yielding. The four clusters represent four classes of
genotypes: (1) poorly productive and unstable genotypes (green color); (2) productive but unstable genotypes (red color); (3) stable
but poorly productive genotypes (blue color) and (4) highly productive and stable genotypes (black color).
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Table 3- Stability indices, rank of genotypes and simultaneous selection index (SSI) for chickpea genotypes

Code Grain yield(kg/ha) ASV SIPC EV 7ZA WAASB rGY rASvV
Gl 1280 25.4 28.5 0.195 0.294 12.80 10 13
G2 1110 19.5 18.4 0.066 0.208 9.35 16 9
G3 1303 232 232 0.108 0.256 11.40 9 11
G4 1343 3.2 3.53 0.004 0.033 1.38 7 2
G5 1442 27.7 21.6 0.095 0.262 12.00 3 15
Go6 1470 22.1 20.6 0.082 0.234 10.50 2 10
G7 1137 26.1 15.9 0.071 0.209 9.82 15 14
G8 1381 12.7 14.4 0.064 0.140 5.95 6 7
G9 1539 6.48 4.65 0.005 0.058 2.67 1 3
G10 1277 1.51 1.63 0.001 0.017 0.76 11 1
Gl1 1382 23.2 16 0.059 0.202 9.36 5 12
G12 1257 8.75 10 0.029 0.098 4.20 12 5
G13 1389 9.37 9.86 0.039 0.089 3.68 4 6
G14 1233 8.24 9.28 0.021 0.095 4.14 13 4
Gl15 1307 342 23.6 0.129 0.298 13.80 8 16
Gl16 1201 16.7 12.3 0.033 0.152 7.02 14 8
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Table 3- (cont.)- Stability indices, rank of genotypes and simultaneous selection index (SSI) for chickpea genotypes

Code rSIPC rEV rZA rWAASB SSIASV SSISIPC SSIEV SSIZA SSIWAASB
Gl 16 16 15 15 23 26 26 25 25
G2 11 10 10 9 25 27 26 26 25
G3 14 14 13 13 20 23 23 22 22
G4 2 2 2 2 9 9 9 9 9
G5 13 13 14 14 18 16 16 17 17
G6 12 12 12 12 12 14 14 14 14
G7 9 11 11 11 29 24 26 26 26
G8 8 9 7 7 13 14 15 13 13
G9 3 3 3 3 4 4 4 4 4
G10 1 1 1 1 12 12 12 12 12
Gl1 10 8 9 10 17 15 13 14 15
G12 6 5 6 6 17 18 17 18 18
G13 5 7 4 4 10 9 11 8 8
Gl14 4 4 5 5 17 17 17 18 18
G15 15 15 16 16 24 23 23 24 24
G16 7 6 8 8 22 21 20 22 22

ol 51 oslid olSim ol iy 10l 00iiSel o el (ySo
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Sl G A, (Swer Guile Golil o ol
o ailge g0 walols s ulol 5 28,5 sl g sy
owblg 5l (s, YVIY o YOI o 5 ) auo 0 AFIA ol
S5l sl 2l ol 58,5 a1, ol sl i
shls ails o Slae b lojer Sbeil sl asls 5 ool
poie hls laall cnl cnlpli wivg (Are (Suren

e (55l (S 55lg) Lo

Ol sl b asls ool 5l esliiul plin jo a5 (5 500 4SS
Olejep il asls )l eolaiwl oS csl (pl 0,5 axgs
Ol & placs) lulid sln (SSD) gl )l e
ey JB byt 4wy VL als o Slee Ik g
slogazls jlplaSya L ASV L (sl sl 4, o5 el
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oiSa 5l oYU e ciloaids oolawl ASV ailxs o
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o0, sboasss olelis s AMMI 5 BLUP
plod (uizmen g halizee Jow 5l a8 (pl 4 axgi b ol
4 b oolatwl WAASBY sl acwlos o oadlse

23l el plo 5l 5y pasls (ol &S o) e Ll

85! 3wl
s Olpe b Gldis ojgp l g 5 dlis ol
0555 0 Slas g Al p (55,95 iz sl iy, )-'-’l’
Ol bl (559195 laollly jo €md Ll yo use
o)lads 5 Y-0-1AOY—+5+-AAY YA Ggmo o)leds b
@er 5 Ohisel lidzs plejle FYPeN o

20,5 oo 10,08 el aliwgipay a5 il o (55,9l0S

! Genotype +Genotype x Environment

2 Additive Main effect and Multiplicative
3 Linear mixed- effects models

4 Weighted average of absolute scores

3 Restricted maximum likelihood, REML
¢ Likelihood Ratio Test, LRT

7 Mean performance and stability, MPE

8 Screet test

° Mega- environment
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