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y. Eco-regression
v. Environmental index (EI)
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Fig. 1. The 33-year yield trends of rainfed and irrigated chickpea, bean and lentil and pulses of Iran

9 ég_éd r:'..il.(bég)' AT L§‘)—’ ouc)l.@l ﬁ@)l A gy pAE
=5 Blaigy Caley do (azsSie 9 5h Oml SekS (e
‘) J}.»am 99 u_:| 6‘)_> VLY ).._m.: g.,\_wL».A 6)LwoéLn| Juo
Loy Jeuffroy & Ney, 1997) cuils ;o ool Jdo g oo
635 i an T g s 5, Shoe g ol gy s 2, b 2LS
(Mohamadi et al., 2008) 5,5 » I 3 o oalp b o
4 g Sl il LS (ude g 0958 M 5y Lugd K5 (s
e Sy g o sloles s 5l (6 iy il Ll
«Ahmadi et al., 2015) o, L8l ;55 5 b o, Juad gloo
L gg-dg0 ol adl S oo 25 0y Jad o ) Sl Ll
sl oyl g gy g S LT BB 09290 (glrodls 5l oolail
JEPPOR  JCH [ iy a1 00 S Slalllas wiejls
60, ee Gl Pl g jaiS Shga IS g S (godes bl

144

53,5 5-LSOIVA ‘51 3955 8 Shoc alllas 5,90 0,90 b o

0,59 LS +IVO) (652l Jade 1 995 0 Shoc g Sl o LS
lmg) AVl o Sloe () JSK2) el aidly ol 381 (Jlw jo LS
2 S LS FIEY g YVAY YONY i jas ol Luae g ol gm0
0 e 8, Slae Ol s Wigy Lol cazils 2ol3dl Jlo o LS
e il 0 Slae ) L 3 JL5So 3 0 5L 15 5 i
G Slge 5 0, Slae il Lo e 4y el 00l 4l
OV IS dgm (b 4o )LiSe j0 0,55 LS VITY) 5zl
o Slasl b ez JB DS T o 5 0555 5,Shos L
50,8 )0 6,55 LS VVIFA 5 VAT S L o pay) il
e 9 3955 s S sl (Wiloais sols ioled dlael ¢ Jlws
50 ,LSe 0 0,55 LS YOIVA o YF/FY (i ja) 0o (slogd b o
doalllas 550 0,50 (o 10 AR o Ll AT Ll D929 55 (L
Sl iy 5 Slae 0, Sl o b anslio 5 Loy



VAF-YIF amino IFAQ Jlo (Y65l 110598 Jlo /3 391 lgad S 9 3 /.. ig) b 35! )y 9 (sgilanas

1400 - _
Chickpea A
1200 - A
‘..“M ............... TV— Ak T
1000 { “& S aks
H-:; y=1.1643x - 512.71
< 800 1 R2=0.0185
()]
< 600 -
E 400 | afgey aftce, — . 42%%%, o0 — .
= ....' ..
G 200 y=0.0933x +272.73
S R2= 0.0005
()]
© 0 : .
b
o 1500 - .
i Lentil
c 1250 -
g A “AAAMA‘A‘AA ........
] YV
E 1000 ~‘."',‘;‘,""‘ Kandd s _ 6 7342x - 8229
I R>=0.5086
= 750 -
'3
= 500 { Cogeqe 897 o
S qeS-T- —@. . 240, *
< ®gqee® (T
b 250 - y=-1.5153x +2531.9
2=0.0792
0 : , , .

e Rainfed

A Irrigated

2500 -
Bean
2000 1y —21343x - 27758 “‘A& ________ e
1500 RIZ06428  aho Lastee
; i AA ® C I £
0960 % ¢ge, °
1000 4 .‘9’.’ ( '.
..‘-.-‘-6 v =23.482x -31199
2=0.75
500 - R2=10.7594
800 -
]
.I- " m
600 { -~ wm Sy ~ ~ T~
'.._..
400 4 ¥ =0.9479x - 679.12
Pulses 2=0.0248
200 -
0 T

m Pulses

O‘}?J ubg.a.? JSS@]—SM.‘) Qv 9 l""S“ S gd é).il.n.c Alw Y'Y wgy 1 dJlw O S i u.a.fal.a-o—" J&.«:
Fig. 2. The 5-year simple moving average of 33 years-yield trend of rainfed and irrigated chickpea, bean and
lentil and pulses of Iran

b oVgame 5o azred s Shge> o Shoe do )1 (555
Fischer et al., 2002; ) sg-i a>lg0 g 5w SLS =
(Heinemann et al., 2017
o0londl 3 lae Jlaie 0 Slos ousilowdl lhao ,ud
Wslllae 8 )50 Al YY 0,50 b 0wl o, Slee s

o, VY 00 9956 gl Ol s (b Conl 009y e jlows
3o, OMY o1 0556 (gl 9 (Ao, YYIY B /Y 5l slasals)
S Slas o5 DL oaimsjlis a5 35 (duo,0 0/ B VO 5D
Yo Oyl cods Sl 3l ans a5l ey (b 0 9950
0 4 S (oo 1Y aVL) ol 0450 5 ,Slae snilaldls
3048 Sy o B A ] iy (as o /YY aYL)
G eSS Ol oanl jo ol 0950 0,Sles iy, oyl aslol &0
Sl e (Y JS0) cadls voles 0 0950 4y S |
VIV 5D sy £FY oo slogd o Slos cond oailandl 4Vl
g Jol SLS o 052 L aS Cnl 009 (o y0 FOIY b

NG IPRWISCOR SWESRIEY ) FARPY WYY

Yo loosls S povie s (3 b wiilen

= e 0, Slos Dl poss oS ol lis 5 SOlg> o Sles
5 =l il s pd sl 9, Shos Slds 0, 5 e
M‘oéyubpg}sw5~05@‘ 05.7.:)‘).».“.:.»
o=l 3= srie) yeS (Yl jo LS o r:)f9l.5 VIOY) 2o
Al gl BB gy g 0090 s Loy o, Slee aYL
Cslc\.la.&i}lqﬁilmojil&c sobod a5 a0 a5 4y Lol ez
lay Srals loosee axlllas 0,90 dolal ;O VWAY JLo o 045
< )Ja.i L Lu.....s‘)sl u.s‘ UOBJGLL:\.DA J.de.: (Y J&w) ..\j‘o.);
Al Coxndg ol 59, ol Jele 5L Ol sy a8 o)
cade cl) a4y Dby 3 Shoe Sllags 5l o3k mow 4251
5 oolhels el )y Oldes cowlinl cilS 7,6 ¢ sl
Do g0 03ld Cod Jgmazms Joold Cupas IS sbay
59 L dwy el 4 Lol (Karim Mojni et al., 2004)

3 Ol 9 guz gloales ol s Jdo o et Ol yusts



VAF-YIF amino IFAQ Jlo (Y65l 110598 Jlo /3 391 lgad S 9 3 /.. ig) b 35! )y 9 (sgilanas

20 1 Chickpea °

60 -

50 -
y=0.2312x - 303.5
40 + R2=0.0241
30 A b

20 A
10 41 22 []

o ——

8
70 -
60 -
50 -
40 -
309 @ °
20 -
10 -

[ ]
oy —0.2514x +365.42
R2=0.0252

50 -
70 -
60
50 -
40 -
30 - ° °

20 - Py b ] )
10 4 _._._ ..... .

Lentil °

y=0.1356x - 173.7
R2=10.0072

Absolute relative residuals of yield (%)

80 -
70 -
60 -
50
40
30 - n
20 - n o]

10

Pulses

y=-0.0319x +55.239
R2=0.0015

Year

Chickpea
- A
v =10.3029x - 405.13
1 R2=0.0613
| A
A X K .
A AL Y TR A ay
B [PPSR L fe i A
Lok, %atat 4 an, M
Bean
| y=0.1194x - 154.44
- R2=0.0337
| A
i N . e
1 A A .................... .‘“MA‘AA
Ay - A
A—‘,A—A,—A-,A—JAA‘-,‘—,—,—‘—‘
i Lentil
- A
A

4 y=-0.0314x +55.345
R*=0.0006

e Rainfed A Irrigated  m Pulses

Ol Slig U 9 (ol 5 w0 oo 9 Lugl 2956 3 Slas (oo oilandly gllao jud alls Y'Y g, Y S0
Fig. 3. The 33-year trend of relative residuals of rainfed and irrigated chickpea, bean and lentil and pulses of Iran

LS o g; (ol Loy 5 Gl 4 5 @20 log) o Slee
Gl 0, Slos dallas 5,50 Sloj 0,90 by 5 el 00y
A )0 5 oo (oo oilondl o slugd b analie 5o (o]
G,y Slole (VSCE) cwl ails (g 506S 0 ,Slee @S

dga> Ll » ‘b_ﬂ ool o Slose gl &g,y cpl Ll

Sl a8 o yidon S o @ (Gl o yo VY
YAY IV o] Ol mass aials aS oyl 38,5 ks o b <9
Sl aS S et oo il 0390 yiaS 138 3956 5l (Ao



YAF-YIF amino IFAQ Jlo (¥6 Lo 11 (0599 Jlo /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

il s cils asdlas 050 Slgas plo b anslas jo
Slod 5l it w20 Slarg!) 0,8kos (tali¥l axs yo 5 Jlogs]
Sl as awo oo lid Jgame 90 cpl duslie 5 el 004y
ol 009y o S o] slugd o,Slee

Ao,y Ay, 4> ST HCV) Ol pudi b duo 0
39 (amoys V) el L oo (slng) Sl i
Jyame opl 0, Slee Olss oo s dals Ll (0 &)
5 i (9o, YOIV oSl L wro o YASY B #/2 )
S skons Gy yeis oy 05 anlllas 9,50 Sliges S0
oy 5l 4 s 0 Slos jlas Bl il 0,5, 5 ool
o GrSosll iz glalo b s Sl sbao,ss dalae
Sblugs slins a3 3, Shos iy Sl oo ol S
Ray et al., ) cul o Slae i SLI o 4 10 g i
2o rSles SLS (o it w3 sley!) nlnle (2015
] @l axdllae 350 Sligas oy

9 3 Gl 1) (pasuie Wiy imas Slog Sl o0
)9 093 (b 53 Jgmazme (il 0, Shee LS Wbl (0l 5
7B pmd 3550 (6l Al b el 00gy s o axdllas
aS 0g (Jlw ;o do )0 + /2 V7 Joleo aoys o/ F Lo by
3wl asdlas oy50 0590 by ol ogcal saimslis
s Gl s a o 0555 5 Shes L S 53
Jolas oo s Y Jlw Sz o) Lol o ,Shee &l s
Gl 009 malS 4y g pglow jabas (Jlo ;o doys /- VA
Sga> L5 pd wae 0, Sloe Ol poss o0 (O JS)
ol 4Bl malS T 51 e g 009 ial38l 4 g, VWAL Jle
4S Gl Ay el 035y sSan 2l e (8l s, ol Lol
AYYE Jlw sgaz Lo, Slee Ol s o o udlS 5l o
s L ol il el by el aals a5l s,
2 5 Slige |5 0, Shee Ol pois oo S jsboay b onis
Jew)lez ) doye /¥ Joles ai¥le o] SL5 o 4
ce—s Reckling et al, (2015) .ol il5-8l (o ys <110
paS «Secale cereale L.) jlogls Al VY o Slos aslllas
«(Zeamays L.) o5l o,5 (Triticum aestivum L.)
Lupinus ) ;s «(Avena sativa L.)o,l g Yy
L (Pisum sativum L.) 54 55 ¢ (@ngustifolius L.
Slge a5 wis )5 5,138 o Slae Ol i (o 5l oolal
L aslio o 1) (6758 0, Shoe SLS (S5 30956 5 Gmd))
Sllug Slige o, Shoe S e bay azils bl Lo
Ll 510 Shoe 0b5 (6305055 w00 55 41 5 3l (0L
Reckling et al., ) el,; co pow cans 5l 236 olse g ol

Y.

v

Sl U gyl ablie SUlgs ol ol g ol dg0mme Sbgas
Lo, los s SBT . 3,b 5l 5 ams o 2l |, T ol
2 rpeledle o2l 4 byl S Cuglie 5 xin aLS
bt sladixr izren g ol)5 QLS plo b awlic
sms g il |, Slige 3 Slae Sblugi o] Suslse e
(Reckling et al., 2015; Tao et al., 2008)

2 oide 0y Slae o 00l Ol s aals
0,3 DAY (ol i 5 (2o, s YYIY B +/F ) oo,V /A
S ol 5l SLe aS crwl 039 (0o, DT B /Y 5D
(s 09ledly (ol wsyy bl ge ae 0 Sdee (0l
= (Bmoyo VY YL yioly 3) po eae o, Slee
iy ol Lol el 5 Slase Sl o (2al58] soims oLis
olis a5 Cal oog (o ys =+ [+ ¥) ol Ly &l e sl
aslllas 8,50 0,90 o 0 ol was a5l ogdle was 0
SN S (695 A gy Wy e Al OlS o 0 Ses
YL coslis e byl pd 4y Olgs (V) JS5) col
g Mt s 55 (Fon) Lo S 4 S I )l
@9 42 j9= 5 DY gama (nl Cuglie gie (pl 2 epdle
Jole yo 4 cos a5 slacwglis g, ol 5l tailoais oluls
aerban by )35 wigd oo sbml o Sles lag S e
oplyplo (Parsa & Bagheri, 2008) sy o dgaxe ol
O B9 T pae ool a4y bgy o ildasd 5 iuS g aslol
Sloge 3, Soe Ol Sgny jolate ) allain glacuglic 5
5 b ;5T Sle 5 &y (eas 5 9550 s 00 LB & (59,2
Tsesli S0k 5| (S58 0 dex ol (rizean
Oied g sl (pl US4 a2 o 9 Sl Ll
3 celiol (2500 ahan) 50 ofagt (2l comlinl Sy pote
Sy5des yo oluj Sllag dassS rizren 9 25,8 pyo
Taheri et al., 2011; Parsa ) oS o obxl &Y game oyl
(& Bagheri, 2008

o, Shae |5 Sl 5l Glogus ai¥ls o Sloe Juolas
Ogre 5 (0 Shae ai¥lw (Jlogil) aslllas 5,50 0,95
azg bgon it )l oo Sloe (s oilecBly 3llae ;08
5 87Shos Ve Jogil (s G5y (s i &
St S S alaly LS ol e addllae 3550 o JLo
4 by o gull fozmen (T JSD) conl alils 592 l.aJ O
lag) o) Shos Jogil wig oY JS2) S e (05l i
S 0 Shoe Gl¥ &5 Az 50 5 VL crd o 5 (]

y. Didymella rabiei
y. Fusarum oxysporum



YAF-YIF amino IFAQ Jlo (¥6 Lo 11 (0599 Jlo /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

o, Slae OlS rals )0 cadaislid sdwe Yo 51 S

2 rgaran dys 5 ol 4o Slas sad (Sly g
«(Baghdadi, 2005) ¢l i, J—ad Sl Lo,
S 1) (6505 DS 0 DY gaze o5 59,00 Wl (nl e
s od el G Lol sansl ansls o] &Y game 4
5 CIFV) pmd 055 5l it ((IAP) (ol 0558 (g S
L oulpls 09 (FIVA) oo o 5l s (¢/AY) Gﬂ e
So oy Shee (O )55 b ot ke aSpl 4 a4z
eyl 50 455 ol sSEly (e (a3l 5 455
= «De Vitaetal., 2010) aas oo oylis 1y Joe Lol

31y i 0 Slee S5 o @l uie g 2950 45 S ol
larsls 393 0 coiS b duglic o asdllas 3,90 sla Lo

ols jals Jsle o, 5ere (2015; Ray et al., 2015
Al ol o Sl o, Sles
Ot OS5 B b 1 gmianS g (i o
AL plgedn) (o) 990 Shge> AVle (oond 0 Slee
Syge Slagez 5l plaS ya (oond 3 Slas 5 (0 Shes aons
4y b Gl 5l Sl a5 (7 JS2) o9 oo aalllas
Hlogzg 4 Lol jliccul )5 88 Slso solad o Slae
3 b g oiei L g e 5 (ool)s oS e Bl
O i 0 Shoe Sl pis alewgay (SOol 5 el 5 Dliios
s Glie labaze b lale jo Gudgis by (8l); okS
5 om0 slogl !l «(Lopez-Cruz et al., 2018) o5l o
O 5 VPR s e bas slaced oVl lls a5 ]

able Slgas olod o jo 1) 0 Sles op FOLS o Moy

1000 - ° e
1 Chickpea Bean
288 kp ty =5.385x - 7424.9}
LLRC0me LA SN S s ‘A
400 ~ M -y =25.051x - 34538 A&% A
4 4 2—-0Nn2 . .;«" """
200 A AD | _R*=03579 LI I
0 L 9@ ) e @ == _-‘ .f'.:
.’2\ Py = @ o AEe ‘!..
-200 A 200, 7R A
_ 400 4 =8y N
e -600 'y =0.7577x - 1044.8 ® @ @ o
< 300 4 L R:=00106 | ty =21.705x - 29912}
o S Le=rr= R*= 05367
< 0004 b e
= 1000 - -
IS 1 Chickpea - Pulses
S 800 kp fy=5385x - 742491
= 600 A : R2=0.0869 A 1 y=0.0545x - 75.194
= 400 4 e N 1 R2= 4E-05
< 200 1 .. . -
0 oo —.—.'—'r.-—'m.-'r—.—'rll L e |
200 = | u (L gty u
-400 1
-600 I 1
-800 - L. RTo0106_ | 1
-1000 - J
e e é e e e e e e e e e e e e e
By By Ty B Tk kg Mo B e Ty Y h h T
Year Year
e Rainfed Alrrigated  m Pulses

Olnl Slga> JS 9 (T 9 023 (wie 9 Lugl 095 0 )Khoe Al YT g 50 3 ,5dee Jlogil -F S
Fig. 4. The 33-year yield trends of yield anomaly of rainfed and irrigated chickpea, bean and lentil and
pulses of Iran

Y-y



Coefficient of variation of yield (%)

YAF-YIF amino IFAQ Jlo (¥6 Lo 11 (0599 Jlo /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

50

40

30

20

10

40

30

20

10

40

30

20

10

50

40

30

20

10

Chickpea
vy =0.06606x - 78.254
1 R2=0.0185
1 @
. S o
] e °
[ )
Bean
| °
®
1 ®
e o
b y=0.0275x - 12.544
¢ Py 2=0.0007
[ ]
Lentil
4 y=-0.0315x%* + 87.093x - 60112
2=0.34
T @ @
[ Se—
i 0 ..... °
o
d °
| Pulses
J y=0.1564x - 207.07
2=0.12006
n
n
L — I — .
] ] .

Chickpea

y=0.3163x - 423.62
R2=10.2123

y =-0.0266x +45.365

R*=10.003

Lentil

y =0.0544%? - 149.67x + 102963

2=0.4994

e Rainfed

A Irrigated

m Pulses

Olnl Slga> JS 9 (ol 9 020 wie g Lug 09565 Al YT 5 ,Shoe (CV) Ol puadi g b -0 JSCib
Fig. 5. Coefficient of variation of the yield of rainfed and irrigated chickpea, bean and lentil and
pulses of Iran

Yof



YAF-YIF amino IFAQ Jlo (¥6 Lo 11 (0599 Jlo /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

2 -
Chickpea Chickpea
1.6 1 i
*
A /A *
12 - aAd Ay A : o, P
Aty A PR
oy IA_A- A ‘3
0.8 A A A 1 & &
04 1 y=0.4192x +0.5808 1 y=0.8682x +0.1318
0 T T T
2 -
Bean A A Bean
1.6 -
A
o - *2*
2 12 o Y
2 gf“ Oz‘g;{”
S 08 A N fo
> A ARQ ’ *
@ ASA y = 1.491x - 0.491
0.4 - R2=0.9295 y=1.3031x - 0.3031
2=10.7495
0 T T T
2 1 _
Lentil
1.6 E
A
A
1.2 A R A A 1 4 4y09®
e T A +#0%
o &
0.8 - 7A A . I
L 4
A, o
041 y=0.2814x +0.7186 1 ¥ =0.8455x +0.1545
R2=0.149 R?=10.4719
0 T T T T T T 1
0 05 1 15 0 0.5 1 15 2

Environmental Index

Environmental Index

MO)&L&.GS(le)@)é‘seisw%égl{wmwo&w)ww"uw@‘)—;J&u:)

i Jlo YY (b )0 o 5 w0 i 9 Lugd 0950
Fig. 6. Relation between environmental index (relative mean of yearly yield of all pulses) and
relative yield of rainfed and irrigated chickpea, bean and lentil over the past 33 years

Sy Shos e (soilo—s (lgean a5 Cnl a g slaoslys
5 wsllasls i ags 0w a8 b o 1) o] Slbs>
(Sloga celyy o ol 5 5 sla e lgls 5l e s solasul
&l sl pl5,) 51 onliias] cssllash CotlS gl 5 ST
S e slahy) 55 LS an ;o hnd ailaie ;o
osliiulan 2o s (plosd 5 SH) jpslacile
o slassS 5 SHET lyieas a3 (slassS Jie) assS
RSl ol S S s Jlade a5 Jalyd s
5 3, Ses (L slonl Jslse o pSten 51 (el p Sk

Y.

I

g il glalow ;o (Fus)b Sllvy (A5 jsbay

a0 Sllwg o Sas,b (ST egou 5 lase Ol s
3 o B Cugby 99005 g (SL g585 pas 5 Ol
Wl s elyy ol la Sy 5l a5 ab) Jad l i
Sl Gl g SVL o Selyj adgh S ) 45 29800 el
Al ;S (o slacel)j 4 cond adg sylal 5 0 Shes
o, Sdee yiio wld Ll «Hamzei & Seyedi, 2013)
sBas 90 5l gt |y ol 5o ol A Cad w2 Shga
elials oolitul 5 ey o pae ;o WS sl )5 (o) 2



YAF-YIF amino IFAQ Jlo (¥6 Lo 11 (0599 Jlo /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

Loodls (Jgmms)F) bax ok 4 azgi L atdl .ol &V same
(A JS8) Cenlosgy 3555 5l FOl o il e 4y oo 9 Slos
Sl 00 5l yidin (ol SV gamme o Sloe aS pl @ axg5 b
0399 (b 15 (=l e 5 9558 St a5 () JS)
Ol oV JS8) el 4l oS g jsbay aslllas 550
) s oie 9 9958 SiS ) haw ali- 8l ogdlea
Jg—aze 99 (ml SLS 4z g LB 8l BYs 51 (S plgee
IS laccwlow gl ol ol cias 5y Gl cadls
5 Bl i Copde Sy 50 grml il 00iS Jgens
AL ag ez (5 alye an 095 oS il
Slaal ¢ obwg, 28 dadjeiws maw ol ( Al
Amjadi) o,ls Ky ;525 OIS lacaslow 5 ¢yguml 550
Slp e NS 4l 555G &S 1> 51 (& Chizari, 2006
A el Bl S92y Sl adgs RSl cole>
aagi by Sloge S e ol 8148 any e
il jd SYgame (ol sl (55,588 (G gaml S
5 S et do Olsee S50 JoVe el waly
S8 4 09 ol slaga) g 033beS &lpe (528 Lolais
Joneidi et al., 2014; Beheshti et ) ;,5La5 &Y gams
5yShos sl Sl 5 5,8kes Sllugi 0,5 o L5l @l., 2011
ol csS @ h,5laS e pas (ol J¥s 5l (S Sy
Von) cool o]l e ;) maw (2alS 4l )0 g SY game
5 9955 ol S5 o owlpls «Richthofen et al., 2006
Plasl gla ay of)lis Lsgi e crge o Goae
i8S o ]y ol Jgame 90 (pl iS4 093 o slas;
s plazl Ko oY saxe

YL et 5 ol 50 (2l 9556 s 3555 B
CiS g e Ol ply el aLBls (5508 5 Shos ouilendly
a5 Gl o] Cwoty olSn Jgaze o Slos i LS aS
Gl sa ooy plas! ol as gy ciS ) abw
el Al yp 0955 SiS ; haw A pl 4 425 L (A SE)
3955 8, Shoe SLS alS (Y JS8) 005 g (5 et
Ogin s (7 50 Gl JSis) cowl sal a1 o]
—>3, Ly a5 Nassiri Mahallati & Koocheki (2014)
e o Shee DL g S 5 e Gl (e alal) bt
gh Rl L as cl (Sl wisg 03,5 oy 1) Ol
Sl e S goame 5 O)0 i 92 paiS S 5
el 00,5 o iol38l oyl o ,Sles

Y.

&

Parsa & ) axiws Sbg> ol ccel); o ol ols rals
oo Caelys gl o,y 5l eolal (a50 (Bagheri, 2008
003bpS 4> ST aS —aiid g slrosg b aS el Dlgs
390 3l (So3lsST Lulpd & Ll i fo soF 3 Shae 5 o
51 gloasdol als )l Ly —as ls 6,55 595 IS ¢ cozS
LS 5iiS 3 ,0e pl6,1 b anolie 13 45 aited ag sloosss
Cenglio 5 Vb 5 ,Slos gl g posllas T (ol el 5o
Shobeyri ) osjls S o poe g Jawme slo i ply jo

et al., 2015; Xiao et al., 2008; Jeuffroy & Ney,
oddie 4 dwl, ed 40 (1997; Dwivedi et al., 2016
(tlyy slediss goliia i1, Calderini & Slafer (1999)
5 Ol P Bl s logine Hob 4 (25 plalS wa
UL.\.) UJ‘J‘L"’ 9 Sl 00 )»_M s le.bc..)}: Oy o
03,5 oy Sals o Slos 390 sl 2l (L2 j0 0 Sles
b 0 olge ClS p ) adaw 9 0 Sloe WLS alal,y
UL_J}.\.?' ij.)) Cﬁ.‘a‘» u.))......u.) oo Sy90 LYY 0,99
Oty 9 Sl 3 Logl 5 (e 0958 0 oS e o
o § 3958 SuiS )y e o ol plis Glpl Slge S5
o9y @l oo g 29598 CuiS 5 whaw g (Rl b o o
Yl MQ 05?.:.3 WSJJ) GE.»J as 6)5.'044 S| 0092 d&ls
HLSe \YA0/Y aYlw (ol 0556 g Lialidl LS OYYE/Y
m}/u)_uw%oquw.ff)chwaw\w;lm u@lf
S YEYIA a¥lw (ool wae g ialydl LS YYYY/E
i ) phw Cod dlu e (Y S0) cnl 4l tals
Ol a8 Gl 00,5 o byl 5 ol 4 a0 i g 0930
o dazgl L (A S ol ooy (ulp /0 a¥le ol380)
35Shos 52l Gialidl Sisanily W5, ogad 5 (L3 b
Ao () USCD) pms oe 0 Sles ialS aig, (58,5 ks o L
e i § ol 995 S el S sy e M
RO PR LQQT o ,Slae OLS Sgugs
Gllas ;08 cud (wie 9 0958 SuiS )y gelan Sl L
0, Sles Bl 20Uyl sl p sals Glgreds o Slas oailedl
o=l o Slee 0l pals gl 4y a5 il yiol3dl Jgame



YAF-YIF amino IFAQ Jlo (¥6 Lo 11 (0599 Jlo /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

900 : : S , . . 70
Chickpea A
730 1 P A o  v-53247x-68453[ ©0
[ ] L ] 2_
600 | A A oo Do o % R =01026 | 50
BA- e o o %o _ _.. -
................ _..—e— @ P s 40
450 R ® ©
NS AAE“'-A ® o0 30
300 A e
o0 o AYVANY F 20
= o0 o AR
< 150 - y=-1.2052x + 1811.5 AAA&M A 10 °
< R?=0.6956 AT >
3 0 r . . r r . 0 2
S =}
= 12 . . . . . . 200 =
= . L 175 =
< 10 { Bean 3 Py
e A o%e y=12515% -1630.7 | 150 S
© s{ o L R2= 0.2835 s
2 —-..e .A Iy A L 125 5]
L ] T B A @ AAA ADAA AR fsf}zﬁ .... D
E ................................ AA """ - De .A AA s o
§ 4 MAA A ° e® o ' .‘-l..,‘_. s 3
[ R e —~
B2 R o’ y=-0.1371x +103g9 ® X
IS R2=0.2473 of 25 5
=y 0 e, =
£ 300 : : : : : : 35 S
Lentil )
< 1 L 30
20 A A AA. ° °, | v-222ux-2m
o R2=01073 | 25
200 1 A% a0 *0%ee _
-------------- A® e T TR 20
150 - Y AA o
a0t BRLITA T A ®eq I5
o & A N AN TS
A SN T [ 10
° v =-0.3638% + 515.5 AAAAA A
301 20,3047 AP s
..... . 5
0 T T T T T T 0
1600 : : : : ) :
< 1400 { Pulses .
=
o _
S 1200 . .
3 1000 - " s g "
X "om um mgEl  _ .. —
~ ] = — . — -
p 8004 _ .. _.. a o
e 600 - ¥ =5.9983x - 7426.5 [ ] ]
© mE 2=0.05
o 400 { mm® R*=0.0587
2
& 200 -
=
= 0 : . . . . ,
>
. z z Ve 7 7z 7 7
@) % s 2, B %, R g, By,
Year

Ol (M) Slgas JS 9 (A) T 9 (9) 030 w9 Lugl 3950 e g3 e &l yuais oo Y'Y Wiy -V STl
(W)l V e b pl (o pd (G55 ol 2 0 Xz b b ol (plpl 5 St ) mlaw polie)
Fig. 7. The 33-year trend of cultivated area of rainfed (®) and irrigated (A) chickpea, bean and lentil and pulses (m)

of Iran
(The values of cultivated area and therefore, the slopes of each regression line or x have a coefficient equal to 1000)

Y-y



VAF-YIF amino IFAQ Jlo (Y65l 110598 Jlo /3 391 lgad S 9 3 /.. ig) b 35! )y 9 (sgilanas

70 -
60 4 Chickpea b
°
50 - e
S 40 %
s o(i' eso
- e o
2 30 %%
o >
g o o °®
2 20 - ., v = 1.4868x - 2023
= 7 2—
3 10 paet R2=0.9039
° ™
S -
5 :
2 70 ; '
= Lentil
5 60
2o
£ 50,
o y = 0.5098x - 690.58
5 40 R?=0.761
2 30 4
@
S
@ 20 .o
< ® .- 89 "9
= aegto, fes e** %0 "0
10 q"
o L 659 o : :
/“’)'70 B /Jd’o Uy /":'90

1.
Bean
0.8
06 - y=-0.0027x + 3.7989
R?=0.4134
04
021 qo
— 0y @ ([ {
o - . o540
o l® e ."—'"..- §99%500% 0 q0qq,
7 7 7 7 7 7 % 4
o, Ve B B Y M g, Yoy

Year

ob.‘{‘)o Q¥ 9 LM,J «Sg ‘S:Tdawaé u.w.f):)cda.ww}am dlw Y'Y wigy—A JS
Fig. 8. The 33-year trend of the ratio of rainfed/irrigated cultivated area of chickpea, bean and lentil in Iran

s00lodly 3llae 08 oy slg) S 1 . El ou jieS
Sl ooy)':.,oS ‘).MM...: W,S).») C5.|a.m L) @T ébﬁj oj&l.g:.
Sl CiS 55 e Gaalidl Wy, azgi bl ple (3 JSS)
J_A‘j.c (V Ji..u) S 009 Oguf 4 g L)I Q)ﬁl.o.c \_:Lu s‘_;;‘
9 &)yldS DY gamme o Sloe g Sl ) mhaw » 50 NS
 ode wdg lade p 08,56 Lol e pitie asecs o
5 =<y olelS pl )| o (goladl oyl i a4y ¢ s8I olge
slas s 5l oolaiwl «ol &l colas coolainl o500 £
KU PU I SISO PR Y- TNt PESP S ST WA SRR E
Zare Abyaneh & Bayat ) coul aioly 35 &Y g ame
Jslse ool (K a5 (Varkeshi, 2014; Kanooni, 2016
9 el ,ad oy I Cod e 18 b il jgboay
gyl o Sl S gl W5 0 )18 Of slasaly
slocgogaoe alax 51 LYo a, YAV L5VARY o
ol g (0l g Slg o, See M Jio (55,5LaS
g adl yualS oo 0 P sgas hb 4y by e slacuogas

Log)l 65,0l slaimo; IS 5l o 0 VIV @ ao o YIV 5
(Reckling et al., 2015) coul ooums,

Y.

A

WVl @5 Slog S 5 gl (o g 3955 S

WY T elg) 5 2alS Jlo o ,ESa VIV e 4
ooty OV USC8) ol 00,5 Iy tal3dl LS 1YY/
adl als s b Logd o &) ped SutS 5 e s
opdle o3 s (A JSE) Cansl odpmsy +/+VF 4y +[-FA 5l
SiS p gl palS 4o g BB g, caimsplis &Sl
CiS 2l clS ar g JB ks 5l (Sl el @ sy
Al ciS L (Jgamme Log oCowd 5 Jgazme (nl w0
Jsmame oyl ppd S sl SLis ol Loy g ol
polas uals el gad jaiS 5l gogae bl o Gocls
(S (ol DS (7 JS2) w5 slogd 9 Mo LS
5 (Amiri & Eslamian, 2010) )l ) o B8l ol 5 Sas
odes bV 5l ol auli 1) Lagd oo <ot Sl (038, 0]
Tao et al, (2008) .csls Jyame cpl ciS mhw 2als
g GalS 3 1) 5 Gblie )0 caS 6ol s
Tob 5o o3 Slogd o 5o DY game iS5
9y polde 3y Sloe oailenBly Gllasjud SYL CuiS 55
@4z b alple (A JS8) conl atils (58" O3 cnlnle
565 o1 0 8kes Sl (Jpame nl St )l 20l s,



YAF-YIF amino IFAQ Jlo (¥6 Lo 11 (0599 Jlo /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

180 - 400 -

°
160 - Chickpea Chickpea
140 { y=0.0092x +53.02 ® 300 -
R2=0.0012 y=-2.0237x + 184.52
120 A : ° A 21—
. ° N R2=0.0813
100 o A 24 A
200 1 A AA
80 1 ® :'o -~..
60 T e e e —— o — .-. . — A _“"‘ . .A
[ b 100 A A =~
40 [ ] PY A A \A"'-- A
A .
20 & o, % AL A A
o A Vs
0 —e —e— . 0 . . . — AL .
0 200 400 600 800 1000 0 10 20 30 40 50 60 70
1000 - o 450 -
Bean a0 { Bean A
800 - |
° 301 y-12062x 451200 A A
60, ® @ y =-21.643x + 342,61 3007 T006 A
R?=0.0652 250 A RS _
o 200 - Py St
@ 400 A ° A AT
g |oses : N
< | T~ 100 - ~ A
S 200 L I P A A
> "‘ b T~ 50 - A A
> 0 0%k . ¢ . 0 : A R .
= 0 2 4 6 8 10 12 0 40 80 120 160
kS
E 200 - . e 450 -
2 Lentil 400 - A
8 160 | . 350 { Lentil 4
[]
=0.1512x +30.354 _
= o VT 300 ¥ =22273x + 85.163
S 120 A =0.0435
2 ° 250 4 A 2=0.025
< . 200 A
80 4 ) ® AA‘ A
i 150 4 A A —
® o ._. —_ A -
- [ ] A I
0] eo— 770 °® 100 - =\ '*A AA A
o L ° 50 Ay
0 o o % W . 0 — A : .
0 50 100 150 200 250 300 0 10 20 30 40
150 + - Cultivated area (x 1000 ha)
125 Pulses ] E g
LI m
J [ | n
100 -
L
75 1 m.._ .. .. ...
¥ =-0.0019x +69.706 ) i
50 A R2=0.0001 - e Rainfed A Irrigated  m Pulses
|
| | L} u
25 A S m Chm
0 "

0 200 400 600 00 1000 1200 1400
Cultivated area (x 1000 ha)
S 2 j gl 1 (oml plgiear ol pl ©lgas JS 9 (2 g 020 (wae 9 gl g5 0 ,Soc ouilondly gllao 08 -1 Jsis
Fig. 9. Absolute residual of the yield of rainfed and irrigated chickpea, bean and lentil and pulses of Iran as
the function of the cultivated area

Y-q



YAF-YIF amino IFA Jlo (Y6 ylocs 11 (0599 Jlo /3 391 ©lgad S 9 3 /.9, 35! 1), Ko 9 (sgilama

g a8l Ol k5 5l o Sps il ol plo 2008
b il Gaeaids sla s ,anlp yo ol Il a5l
35S orosl ] iy 5 Sk S Sy 5 S5

el 1o )95 4

& 35 Al

S5 Ol gl 53 (65,5l SYgaze 8 Slee LS
3 =l loa s o ol ad 3 18 o Bl ol s S0
OIS sloaslp 3529 pae LS 50 @Bl 1oss 55 ol
i 4 | Lol 0, Shee Sl wloges 5, Shoe ol
ol lis Jueghs ol sloaisl .ol ools ialS 42 e5 JB
oy i HE 535 Slige 3 Shas Siall S sbots o5
! az) eas g 0950 0 Slae a¥le Sguge W, Liwl,y ol o
Slge oy Slee . Cowl 009 Loy 5l yiaS il 4y (oo 4z 5
Olpd oo g alils ool llug asds JLYY b o
Joe gl ol s il o0 2l L5 LT o,Skee
S 0 Shes plnl Sy (ooled 15 GgmitaShg- i
ails 1y 0, Sae LS o 35S Lo ooy ool 5o a5 wilaiils
i 030 e 3, Sloe Ol (o o aS pl 02 g L]
= Gl 039 pasacd o] Gl LmelS &g, g ol (was )
S ois 0, See Ol Gl i Shg- Jid Jow ulul
ol 009y iy Sl b 55 5 ol Geoe 4 S

99955 9 (RlS 4 9, o (i g 3958 CuiS )
S g jlade Sl o3 gl a5 (ol (eoe
sy 5 27U Jyame (il @ S L aalie 5 0o slay!
Loy oosSre (l sloas! sl gy ol Lol ooy (o228 ]
Sien L o sl 5 ol 9550 3 Skt i o5 0l 4 a5
T Olds W, «2lls ke abasl ) loy| oS s 5 o
Seo Lol o, Slae Gl 0o gz D> o byl cas
5 ) Slangd e 095 S s b 0 Slee LS ala
5y Shos Sl o il g ogSae 0 9 (2 uos
=S DY gams pl S ) e a5 ael Cawoay aylpl g0
LS rge gl et o Gl l s el 00y
Ll oo byl o Slee LS

slacwlow (pgas (ipgi (ol slaaidl 4 >y b
a0 oode Slaaghy A rS Cux 50 She g 4zl
3, Slos DL 39 5 > JalS (Olg> yax a8, adgs
gt e ) sle> 5 (mg i Sl rizmen 5 o]
Sl hdSS izred g Shge> g slaplliipg o poe
ey 5 2 5555 o a5 ol i

A

4S5 (olm! ) Seiddos 5 S slapldl o Ll
i e O genld Sl i b il o Shee Slilugs
5895 9 Lat )b G 5 (Sl la FasSTn o) o0 i
Sl ady Jelse Koo 4 consd 1) g pmad STl lade
OliytesS Joles st yo 4 (Xiao et al., 2008) s ,Sles
Slage> St 4 355 (55,L85 Sl olal ln
A5k asls

S Jolss 3l (S St ) s I3l S jsbas
6obmas Sl 45l ool g ol 0, Shee @l 2yl
Nassiri Mahallati & Koocheki ) sleaassl g=on
S5 S 5 s el Uil ioss 3155 55 (2014
0dS o—l Sy Sloe S5 dgup cge (¥ S0) el Slgus
a5, Shee Sllug Sl IS jobas (A JS3) el
o baclie )0 (5,68 0, Sloe OLS as jo gyl
Zander et al., ) as)ls oM pgasas g <l Hlals
0y Shas &L ) » zls (2016; Cernay et al., 2015
ooslagdl bs, dny i lies glaysiS o 45 1508 4l P
WS 5 s 38 oS ol s i el (gens S,
oySdes Wld a0 g Gl Gge )5, ol o
sl a5 (Rondanini et al., 2012) ol axdly zol33l
Nassiri
a4 s ol JJs 4y Mahallati & Koocheki (2014)
72 SHn bbb o &S ) ahe g Ol alal, o))
L sy oo 8)ls Slbne 15 035, 5 03305 (o201 30
Ol (S anlp o e Sk Gadosilis g Jras
Ol 03 ey )9 el dn am g LS e g ol
3 g i 1093 1 (005 555 5l Olnl Shge (ragh
o Lei5 1) )9aS Slhge> CuiS ) haw 9 9 Shos w20 A
5 gl 0555 (S (oo il 5o addllas 950 (Lol Jpame
Ao o JSid eae

Lz olal ) 5 oo Koocheki et al, (2006)
b a5 WS S Glal solys SV game 50 g4
@ o el ol g ale (o5 £98 59aST (o) slapllas
8 ey 515 4 Gl pls gd o0 ol DS 28l e
2 shol St ) (S Sl 3 Shos o5 Sl 58 ol
Celodgy (olyj plals b L aswlic )5 Lagl ades
e (Kanooni, 2016; Koocheki et al., 2015)
ol 5 (e olse 51 G5U 35 a5 1 5 Shes Slilugs
s i Segp s sdas V5 I lyiin el o0
Jeole o lsl 5 a S o1 50,5 slaald Sl coiS 5
Tao et al., ) cewl o, Shee ;o i Sllwg ol a5 o

odie dyy Sl bl sloadl L a8lis



10.
11.
12.
13.
14.

15.

16.
17.

18.

19.

20.

21.

22.

YAF-YIF amino IFAQ Jlo (Y6 ylocs 11 (0599 o /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

&L
Ahmadi, M., Lashkari, H., Keykhosravi, Gh., and Azadi, M. 2015. Analysis of he extreme indices of
temperature in order to detection of climate change of great Khorasan. Journal of Geography 13(3): 53-
75. (In Persian).
Amiri, M.J., and Eslamian, S.S. 2010. Investigation of climate change in Iran. Journal of Environmental
Science and Technology 3(4): 208-216.
Bénézit, M., Biarnés, V., and Jeuffroy, M.H. 2017. Impact of climate and diseases on pea yields: what
perspectives with climate change? Oilseeds and fats, Crops and Lipids Sciences 24(1): 1-9.

Beheshti, A., Raiesi, F., and Golchin, A. 2011. The Effects of land use conversion from pasturelands to
croplands on soil microbiological and biochemical indicators. Journal of Water and Soil 25(3): 548-562.
(In Persian).

Calderini, D.F., and Slafer, G.A. 1999. Has yield stability changed with genetic improvement of wheat
yield? Euphytica 107: 51-59.

Cattivelli, L., Rizza, F., Badeck, F.W., Mazzucotelli, E., Mastrangelo, A.M., Francia, E., Mare, C.,
Tondelli, A., and Stanca, A.M. 2008. Drought tolerance improvement in crop plants: an integrated view
from breeding to genomic. Field Crops Research 15: 1-14

Cernay, C., Ben-Ari, T., Pelzer, E., Meynard, J.M., and Makowski, D. 2015. Estimating variability in
grain legume yields across Europe and the Americas. Scientific Reports 5: 1-11.

De Vita, P., Mastrangelo, A.M., Matteu, L., Mazzucotelli, E., Virzi, N., Palumbo, M., Lo Storto, M.,
Rizza, F., and Cattivelli, L. 2010. Genetic improvement effects on yield stability in durum wheat
genotypes grown in Italy. Field Crops Research 119: 68-77.

Duc, G., Agrama, H., Bao, S., Berger, J., Bourion, V., De Ron, A.M., Gowda, C.L.L., Mikic, A., Millot,
D., Singh, K.B., Tullu, A., Vandenberg, A., Vaz Patto, M.C., Warkentin, T.D., and Zong, X. 2015.
Breeding annual grain pulses for sustainable agriculture: new methods to approach complex traits and
target new cultivar ideotypes. Critical Reviews in Plant Sciences 34(1): 381-411.

Dwivedi, S.L., Ceccarelli, S., Blair, M.W., Upadhyaya, H.D., Are, A.K., and Ortiz, R. 2016. Landrace
germplasm for improving yield and abiotic stress adaptation. Trends in Plant Science 21(1): 31-42.
Food and Agriculture Organization (FAO). 2019a. Adaptation and Yield Stability. Available at website:
http://www.fao.org/3/y4391e/y4391e05.htm (Verified 1 October 2019).

Food and Agriculture Organization (FAQO). 2019b. Measures of Yield Stability and Reliability.
Available at website: http://www.fao.org/3/y4391e/y4391e0a.htm (Verified 1 October 2019).

Finlay, K.W., and Wilkinson, G.N. 1963. The analysis of adaptation in a plant-breeding programme.
Australian journal of agricultural research 14(6): 742-754.

Fischer, R.A., Santiveri, F., and Vidal, I.R., 2002. Crop rotation, tillage and crop residue management
for wheat and maize in the sub-humid tropical highlands I. Wheat and legume performance. Field Crops
Research 79: 107-122.

Heinemann, A.B., Ramirez-Villegas, J., Stone, L.F., and Didonet, A.D. 2017. Climate change
determined drought stress profiles in rainfed common bean production systems in Brazil. Agricultural
and Forest Meteorology 246: 64-77.

Jeuffroy, M.H., and Ney, B. 1997. Crop physiology and productivity. Field Crops Research 53: 3-16.
Karim Mojni, H., Alizadeh, H.M., Majnoon Hoseyni, N., and Peyghambari, S.A. 2004. Effect of
herbicides and handweeding in control of weed in winter seeding and spring sown lentil (Lens
culinaris). Journal of Iranian Agronomical Sciences 6(1): 68-79. (In Persian with English Summary).
Koocheki, A., and Nassiri Mahallati, M. 2016. Climate change effects on agricultural production of
Iran: Il. Predicting productivity of field crops and adaptation strategies. Iranian Journal of Field Crops
Research 14(1): 1-20. (In Persian).

Koocheki, A., Nassiri Mahallati, M., Najibnia, S., Lalehgani, B., and Porsa, H. 2015. Study of pulse
crops biodiversity in agroecosystems of Iran. Iranian Journal of Pulses Research 6(2): 19-30. (In Persian
with English Summary).

Lopez-Cruz, M., Crossa, J., Bonnett, D., Dreisigacker, S., Poland, J., Jannink, J.L., Singh, R.P.,
Autrique, E., and De los Campos, G. 2015. Increased prediction accuracy in wheat breeding trials using
a markerxenvironment interaction genomic selection model. G3 Journal 5(4): 569-582.

Ministry of Agriculture Jihad. 2018. Statistics and Other Publications. Avalible at Website:
http://www.maj.ir/Index.aspx?page_=form&lang=1&PagelD=11583&tempname=amar&sub=65&meth
odName=ShowModuleContent (verified 25 November 2018).

Nassiri Mahallati, M., and Koocheki, A. 2014. Evaluation of the long-term trend of yield stability in the
main cereals of the country. Journal of Agroecology 6(3): 607-621. (In Persian).

\RR



23.
24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

YAF-YIF amino IFAQ Jlo (¥6 Lo 11 (0599 Jlo /03 391 ©lgad S 9 38 /.9, 35! 1), Ko 9 (sgilana

Parsa, M., and Bagheri, A.R. 2008. Pulses. Jahad Daneshgahi Mashhad Press, Iran. (In Persian).

Ray, D.K., Gerber, J.S., MacDonald, G.K., and West, C.P. 2015. Climate variation explains a third of
global crop yield variability. Nature Communications 6: 1-9.

Reckling, M., Dorling, T.F., Stein-Bachinher, K., Bloch, R., and Bachnger, J. 2015. Yield stability of
grain legumes in an organically managed monitoring experiment. Aspects of Applied Biology 128: 57-
62.

Shobeyri, S.S., Mostafaei, H., Shahab, M.R., and Kamel, M. 2015. Adaptation and seed yield stability
of advanced lentil lines under cold rainfed conditions of Iran. Journal of Seedling and Sapling Breeding
31-1(3): 491-508. (In Persian).

Taheri, N., Fallahati Rastegar, M., Jafarpour, B., Bagheri, A.R., and Jahanbaghsh, V. 2011.
Investigation resistance genotypes of lentil against isolates of Fusarium wilt isolated from north and
Razavi Khorasan province. Journal of Plant Production 18(1): 105-118. (In Persian with English
Summary).

Tao, F., Yokozawa, M., Liu, J., and Zhang, Z. 2008. Climate—crop yield relationships at provincial
scales in China and the impacts of recent climate trends. Climate Research 38(1): 83-94.

Temesgena, T., Keneni, G., Sefera, T., and Jarso, M. 2018. Yield stability and relationships among
stability parameters in faba bean (Vicia faba L.) genotypes. The Crop Jounal (In Press).

Veron, S.R., Paruelo, J.M., and Slafer, G.A. 2004. Interannual variability of wheat yield in the
Argentine Pampas during the 20" century. Agriculture, Ecosystems and Environment 103: 177-190.
Von Richthofen, J.S., Pahl, H., Bouttet, D., Casta, P., Cartrysse, C., Charles, R., and Lafarga, A. 2006.
What do European farmers think about grain legumes? Grain Legumes 45: 14-15.

Zander, P., Amjath-Babu, T.S., Preissel, S., Reckling, M., Bues, A., Schlafke, N., Kuhlman, T.,
Bachinger, J., Uthes, S., Stoddard, F., and Murphy-Bokern, D. 2016. Grain legume decline and potential
recovery in European agriculture: a review. Agronomy for Sustainable Development 36(2): 26-46.

Zare Abyaneh, H., and Bayat Varkeshi, M. 2014. The long-term statistical study of three indices of
annual yield, production and cultivated area of seventeen crops of Khorasan Razavi. Iranian Journal of
Field Crops Research 12(3): 403-416. (In Persian with English Summary).

Y\Y



Iranian Journal of Pulses Research
Vol. 11, No. 2, 2020, p. 196-214 (Research Article)

Evaluation of the long-term trend and yield stability of pulse crops
in lran

Mostafavi'™, M.J., Hooshmand?!, M. & Nassiri Mahallati2, M.

1. PhD. Student of Agroecology, Agrotechnology Department, Faculty of Agriculture, Ferdowsi University of
Mashhad; mj.mostafavi@mail.um.ac.ir & hooshmand.mina@mail.um.ac.ir; respectively
2. Professor, Member of Agrotechnology Department, Faculty of Agriculture, Ferdowsi University of Mashhad;
mnassiri@um.ac.ir

Received: 18 December 2018
Accepted: 9 November 2019

DOI: 10.22067/ijpr.v11i2.77599

Introduction

Climate change is an undeniable fact, and today this phenomenon has become a global issue. Its effects
on crops yield and their stability facing increasing global climate change. Yield stability will be the most
serious challenge for maintaining agricultural production and food security. After the cereals, pulses are the
second most important source of food in Iran and the world, have great importance in agricultural systems
and human nutrition. The yield of pulses has more variation than other crops, so the study of the yield
stability of these crops can help the policy makers to develop the plans helping preservation and
enhancement of pulses yield. The aim of this study was to research the yield stability of pulse crops in Iran
for 33 years using different analytical methods.

Materials and Methods

All available statistics including the yield data on of chickpea, beans, and lentil data for the years 1983
to 2016, were collected from the published statistics by the Iranian ministry of agriculture. The residuals of
regression between yield and time of the yields and its trends calculated from linear, bi-lines and tri-lines
models which were selected based on the higher coefficient of determination (R?) and normality of the
residuals. Absolute values of the regression residuals were also used to calculate relative residuals of yields.
The coefficient of variation (CV) for yields of every 4-year period was calculated by dividing the standard
deviation by average. Mean yield of all pulses also were calculated as “Environment Index” to use in Finley-
Wilkinson model. The positive slope of the residuals of linear regression, CV and Finlay-Wilkinson model
means the increase of yield instability and slope of zero and the negative slope of the linear regression
indicates relative stability and increase of stability of the yield, respectively.

Results and Discussion

The increase in rainfed chickpea yield over the studied period was low and close to 0.75 kg ha y*. The
trend of rainfed lentil yield was negative with a slope of -0.61 kg ha y* and the highest amount of yield
increasement belonged to rainfed and irrigated bean by 25.17 and 21 kg ha y*- All the trends of residuals of
pulses were positive that means instability of pulses yields over the studied period. Irrigated chickpea and
rainfed lentil showed the highest CV trends and rainfed bean have had the highest range of values of CV. A
CV as a simple and widely used parameter can show the standard deviation of the yield over the different
environments and years, so higher values and positive trend of CV means higher fluctuations of yield level
and its lower stability. Yield stability of the rainfed bean was lower than others but the trend of yield stability
of irrigated chickpea and rainfed lentil is more than other pulses. Based on Finley-Wilkinson model, the
trend of stability of all pulses was low and negative. Yield stability of the irrigated and rainfed bean was the
lowest. Although due to the fact that rainfall is the major factor affecting the rainfed yield, it is expected that
the irrigated yields to be more stable than rainfed yields, in contrary to our expectations, based on the results
and the slope of the regression of the model, the yield of irrigated chickpea and lentil were more unstable
than rainfed yield. The cultivated area of rainfed chickpea and lentil and irrigated beans showed a positive
trend during the study period and inversely, the cultivated area of irrigated chickpea and lentil and rainfed
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bean were decreased. Absolute residuals of the yield as the indicator of stability (which has an inverse
relationship) as a function of cultivated area, increased in about all of the studied crops except irrigated
chickpea and rainfed bean. Most stable crops in the larger cultivated area were irrigated chickpea and rainfed
bean.

Conclusion

According to the results, the overall trends in the yield increasement of pulse crops in Iran are low. The
trend of chickpea and lentil has been much lower than rainfed and irrigated bean. On the other hand,
fluctuations in yield over the past decades are high and therefore the stability of the country's pulses is also
low. In Iran, it seems essential to development of new integrated and effective policies for the supporting
scientific researched in the order to introducing new varieties, reduction of yield gap of pulses crops and
improvement of their yield stability, and also education in order to improve the management of the pulse
crops agroecosystems, as well as mitigation of the effects of climate change.

Keywords: Coefficient of variation of yield, Finlay-Wilkinson model, Yield anomalies, Yield trend
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