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Table 1. List of weed species in studied farm and some their characteristics

el ole pb oslgils (W2,9) (Slgl 3 o SN S e
Persian name Scientific name Family Relative frequency (%) Lifecycle  Photosynthetic pathway
o Soxy Convolvulus arvensis L. Convolvulaceae 2.9 perennial Cs
o9zl Amaranthus Spp. Amaranthaceae 15 Annual Cy
obew 32,20 Solanum nigrum L. Solanaceae 32.3 Annual Cs
43,5 Portulaca oleracea L. Portulaceae 2.1 Annual CAM

o fdel Chenopodium album L. Chenopodiaceae 29 Annual Cs
By y9m Echinochloha crus-gali L. Poaceae 25 Annual Cy
s>y 0ol Fumaria Spp. Papaveraceae 1.7 Annual Cs
&8 cale Phalaris minor L. Poaceae 4.2 Annual Cs
aucds dle Polygonum aviculare L. Polygonaceae 8.6 Annual Cs
(g S Hibiscus trionum L. Malvaceae 1.2 Annual Cs
Salls Sonchus asper L. Asteraceae 0.5 Annual Cs

Annual :JL.S, Perennial :dluazs «Grass -5, L, Broadleaf 5,50,

32EBle 31 (650 paiges Alo o duw 53§ slacile oF15 1 GilojT slaslos 15T (Wlaryo (paSilio) (il g 325 - Jgur
Table 2. Analysis of variance (mean squares) the effect of treatments on weed density in three sampling stages

spgladide o515
63T azyo Weed density
¥ 2aleo DE
Source of variation Slo 3o 39 W led w395 VY lead 3l 395 FA
13 DAT 23 DAT 48 DAT
Replication
P . 2 181 0.93 0.71
5ss
Treatment
o 9 1.27 0.65 **0.34
Error
s 18 0.09 0.13 0.05
Total 29
N
CV (%
%) 6.83 8.88 5.55

(20 y0) Sl s o

DAT: days after treatment

*and ** are significant at 5% and 1%, respectively
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Table 3. Mean comparisons the effect of treatments on weed density in three sampling periods

(& 0550 30 &igy) jppide oS,

Weed density (Plant.m?)
B
Treatment o 3 3950 sla 3 39 VY et 31 g 335 FA

13 DAT 23 DAT 48 DAT

o b Pyridate 45.33 be 52.00 bcde 76.00 e

wo9:ls” Clethodim 200.43 a 87.10 ab 145.13 a

S s Sethoxidim 144.00 a 80.00 abcd 109.33 ab

Jete w98 o5 olle Haloxyfop-Methyl 12533 a 66.66 abcd 85.33 bed
m29eS IS Cycloxydim 165.33 a 96.00 abc 60.00 bcde

woglS +cun b Pyridate+ Clethodim 81.33b 44.46 de 85.33 be
oS gt +Eu0 b Pyridate+ Sethoxidim 33.33¢ 45.33 cde 59.80 cde

Pyridate+ Haloxyfop- Methyl

4 s }ﬂi_%g y 77.33b 29.33¢ 56.00 de

29SS +2us U Pyridate+ Cycloxidim 41.33 bc 49.33 de 56.00 de
sadile g 90 Weed interference 21793 a 129.33 a 62.66 bcd

ol 0o )30 Jloizl a9 Jfo e BN pue Silo aline Bgy gt ;o 0
Means of each column that do not share a letter are significantly different at 5% level of probability.
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Table 4. Analysis of variance (mean squares) the effect of treatments on weed biomass in three sampling stages

IpEeile 036 a5

Source of variation DF Weed biomass
i gl OB aZ50 e 51 3950 e 3l m 35YY slewi 3 o 3, FA
13 DAT 23 DAT 48 DAT
Replication ) 005 386 0.10
pRS ' ' '
Treatment
s 9 3.02%* 31.68** 0.88%*
Phass
Error
s 18 0.20 4.6 0.04
Total 29
N
CV (%)
11.1 22.1 4.7

(3,0) Sl s o
DAT: days after treatment

(5hp) slosd 5l oy slojs, (DAT
Aoy0 ) 500,00 Jloiol mhaw 10 (610 gae Ty A e g %
*and ** are significant at 5% and 1% respectively.
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Table 5. Mean comparisons the effect of treatments on weed biomass in three sampling rounds

(050 2 p55) j poide 0395 ot 3
Weed biomass (g.m?)

Jlos
Treatment . P .
Sl 51 o 3950Y Sless 3 39,5VY Sl 5 g 39, FA

13 DAT 23 DAT 48 DAT

<ow 2l Pyridate 33.49d 58.18 b 65.64 d

mogals Clethodim 141.04 ab 156.12 a 24140 a
oS 52w Sethoxidim 142.52 ab 156.00 a 166.89 ab
Jete 98 5 slls Haloxyfop-Methyl 98.85 bc 159.76 a 114.01 bc
m29eS sl5 Cycloxydim 94.38 bc 182.69 a 198.94 a

w05l +eun b Pyridate+ Clethodim 39.85cd 46.52 b 73.89d
oS g +2u s b Pyridate+ Sethoxidim 9.40e 43.33b 60.69d

Pyridate+ Haloxyfop- Methyl
. 30.01d 50.62 b 70.96 d
e 28 S olla + o by

S oS +cu s b Pyridate+ Cycloxidim 38.06d 42.29b 89.58 cd

sadile g g0 Weed interference 267.69 a 167.79 a 228.22 a

el 32,30 Jlatiz] grlas jo lo pme BB pae Sl ailive Bgyo cygim ;o )0
Means of each column that do not share a letter are significantly different at 5% level of probability.
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Table 6. Mean comparisons the effect of treatments on chickpea biomass and seed yield
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Treatment

(HUS 50 p,54LS) 39505 ailo o ,Slos
Chickpea seed yield (Kg.h™)
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2000 de 304 cd
3933a 803 a
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Means of each column that do not share a letter are significantly different at 5% level of probability.
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Introduction

Chickpea is the second important legume crops and because of high protein level (18-30 percent), has a
key role in human diet. Chickpea is a weak competitor and one of the most sensitive legumes to weed
interference because of its slow growth at the seedling stage, low height and slow canopy closer. Growing
chickpea in weedy condition can suffer yield reduction up to 40 to 90 percent and weed management is one
of the most important agronomy management in chickpea cultivation. Among weed control methods,
chemical control is the most important method. Today only a few herbicides are registered for broadleaf
weed control of chickpea and most of them are preemergence. Pyridate is one of the important herbicides
registered as a post herbicide for broadleaf weed control in chickpea. However chickpea weeds contains a
wide range of broadleaf and grasses. Grassy weeds are the weed flora of chickpea farms and pyridate cannot
control them. In Iran we don’t have any dual purpose herbicide to control broad spectrum of weeds. Framers
use common graminicides like haloxyfop-methyl and sethoxidim and also broadleaf herbicides specially
pyridite in chickpea farms and there is no information on the possibility of simultaneous use of graminicide
herbicides and pyridate using the herbicide mixing approach. The aim of this study was to investigate the
possibility of combination of pyridate herbicide with haloxyfop-methyl, cycloxidim, clethodim and
sethoxidim graminicides for weed control in chickpea cultivations.

Materials and Methods

The experiment was conducted as completely randomized block design with three replications at
Research Farm of Ferdowsi University of Mashhad, Iran, during 2015. The investigated treatments including
application of pyridate, clethodim, sethoxidim, haloxy-fop methyl and cycloxidim alone and application of
pyridate with mentioned graminicides in recommended doses with full season hand weeding and full season
weed interference as control treatments. The experiment was performed under rainfed condition and
chickpea planting density was 40 plant m. Herbicides were applied at the two to four leaf stages of weeds.
For controlling of Helliotis sp., Indoxacarb (Avant) pesticide were sprayed at recommended dose in poding
stage. For evaluating the effect of treatments on weeds density and biomass, in three periods (13, 23 and 48
days after herbicides spraying) sampling was done from 0.5 m area and weed density and weed biomass
recorded. At the end of growing season and when chickpea was matured, 40 chickpea plant were harvested
randomly in each plot and after drying for 48 hours exposed to sunlight, chickpea biomass and seed yield
were measured. After normality test, data statistical analysis were performed by SAS Ver 9.1 and means
were compared by Dunkan test at 5% probability level.

Results and Discussion
Results indicated that herbicides combination reduced weed density and weed biomass in all sampling
periods and also increased seed yield and biomass of chickpea. Because of broadleaf weed dominance in the
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Yy


mailto:@um.ac.ir
http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 13, No. 1, June 2022, p. 11-23 (Original Research Article)

studied farm, application of pyridate was not significant difference with herbicide combination and
graminicides showed the weakest weed control measure between treatments. Best weed density and weed
biomass control during the growing season were observed in combination of pyridate plus haloxy-fop
methyl. Among the treatments, combination of clethodim+ pyridate and cycloxydim+ pyridate had higher
chickpea seed yield (945 kg.ha) and chickpea biomass (3700 kg.hat), respectively. The effect of herbicides
on weed density and weed biomass was more effective at first sampling period than next sampling periods. It
seems this is because of the mode of action of applied herbicides. Pyridate is a contact herbicide and others
are systemic with no activity in the soil and to end of the growing season, herbicide efficacy become weak
and not effective. None of the herbicides were harmful to chickpea either they applied alone or in
combination together.

Conclusion

So, with considering the dominant weed flora in chickpea farms, we can choose the best option of
herbicide application method for weed control in chickpea farms. If broadleaf weeds are dominant in the
farm, we can use pyridate alone, if the farm is dominated with grassy weeds, we can use haloxy-fop methyl.
So, in the farm that considered the grasses and broadleaf weeds, we can use pyridate combination with any
graminicides, but between combinations, the best yield and weed control achieved in the pyridate plus
haloxy-fop methyl combination.

Keywords: Chemical weed control: Clethodim: Haloxy-fop Methyl: Sethoxidim

Yy



Iranian Journal of Pulses Research

Homepage: https://ijpr.um.ac.ir ol olge ..slbuibsja
Vol. 13, No. 1, June 2022, p. 24-36 1P+ Jol dous 15, )Lols VY (0,90) Jluw

Original Research; DOI: 10.22067/ijpr.v13i1.83891

OIS iz 9 4L 41 Yt g i juu Do g 51 od g Saed ) il
3l g o5 9 yailg> w48 b (Lens culinaris Medik.)

gy o £oi YF-Y'5 Amio

O S Shrz o Ll US55 Lo T ollis el Tyl gren (53T M s
sjamnt@gmail.com ¢ w oo can 5 olKils usly) (g 558 (Ggaiiils -

Parsa@um.ac.ir tuguive cwgs y8 olRiils « LS pole ouSid g}y <55 alins ouSidlS (555l gasig 51 09,5 HLuiiiils - Y
Nezami@UM.aC.IT toguieo swigd 59 olSiils ( BALS pole 0uSLidg 5y «(6y9lins ouSLiild (559095 9,51 05,5 Sliw! - ¥
tavakolafshari@um.ac.ir coguice owgs y8 olKisld (g5 59Lins 0uSLiils (659195 9,51 09,8 Slw! —F
jafarnabati@ferdowsi.um.ac.ir «ugive cwes s ol&isls ( 2L pole ouSidgyy Hbobuwl -0
HEY TBY
VENF) callie T el YA/ AN E 15l VYR YITY 16,50 DTN VY- sl o
Wl & gl 0gadi
5 b Sleogas 2 lad 5 Siamly 56 N F) (Gl 5 ) )8l IS5 o palli op Ly o 1658

Oyl Slg Glagiags b 5 o5 (als> a3 L (Lens culinaris Medic.) wae gy 90 azmals ) il
YE-Y2 ()WY

ol

B o Joy S gy (olejl o pur (15 SIS 1alS Sl alises slajless Sl s )5-"%'*“4.
Jdlse 00,8 Lol VA8 Lo 45 aquies (ovgo b oSl o oad S Lylyd 4o S5 ez b ol SLlS b
(i Sl (Sl e desl sl s (58) Sl (G5l 5 b)) eie sl Jolds Galos]
3 omm iy g (0,5 il a2 )0 10 5 )+ ) Lo g (Siaalyygpi 5 ObIs bl Jslro g9, 0lilgms
lod g anl i ;o (YF/F) o duo o o piden ol Jaiie Les Jlosl cgz o) SEUT 4 5 caS lalS o Kool
Ol L Kol 9,002 5 (55, 0lilsm Lo 50 e lajlasd (e o el Cewsay bl o8, 0 ol 5 tilo 4z 0 =ty
sbes ol (oled )3 bluy sl 5o ;0,08 .l Gl b s S e 85 Ule 4z o Ve w2y 5l Les
5 (FIAY) 3,08 (i 8l Glalidl jauc ;08 Les ol BIL Gadsy 99 0 )0 5 99 (o9l e 5l i
L iy 99 o o 0 ol Lo s (gl Jslons b Sipasly po 91,8 5l 425010 (slos 5 bl i
5o (59, 0lg 5 Bl Lili8l Sy slaey Les (il381 b g 90 s j0 .l Lioli8l asgy elas )l Les aulidl
Jodore b Sipasl g 0,8 ciles az 10 V0 (slos bl coigis 10 (L) Sy olass o i 00,8 Sy sl als
e slad 5 OIS sl e b Siamsly 3 el F10F) ay s iy s ol 0bls S s
SRl el Sl (o) 990 Sloogas jiie ;0 Sl rmraeal b Sl (IS jobar wd Jol> ol S gile ax o
20,5 o8 dwog o (n amilin plgiedr g ab uae jd p omb sles

Sicosl 55008 ¢80 508 €30 Juoy0 (higus tlo s i g0l (gldo5lg

SbSB g slails ol e Lk s el Slises ales doddio
(Singh & Saxena, 1993) g5 w0 cuiS suilol> oz 5L 6lo S 5 s Lol auie wiliges

L yio glis)l 5hg o0 ail) g Cmgalop ¢ e RO PP SR B KRV X NP K S TH KU BRRCCONS
b sles »«-Mi‘ S JoB Lo gl Sl 655 YO - o cilisee sladsy ly 4o Slses S (SaXena, 1993)
9 bl o o, (Bl 4z ;3 VO-VO (uoe 0y Cux ol 8 S iz 59 sl s as 0 Vo-Te o0gu e
o=l 2PlS awg caz o5 (Gle ax 0 Ve B YL slales 5 Lens culinaris Medic) _soe (Qayyum etal., 2012)

Jozito olS ] iy (Zyai et al., 2012) coul p3¥ oLS
Iy =yalem ol S il azjo Ve 5 sles Jg sl Loy @

jafarnabati@um.ac.ir : J ghuwo odoums g5 *
YY


http://dx.doi.org/10.22067/ijpr.v8i2.48451
mailto:sjamnt@gmail.com
mailto:nezami@um.ac.ir

VE-Y'S amino NF+) Jlo 165l MY (0,30) o /03 391 ©lgad B 9 39 /...Lod 9 Sicnonyp il 11,100 g (5,5

Naguib, ) i valss 35,00 oSy ials cel a5 suls
(2019

e slojlond LS (s Baa b 3l i
9 Ot Sanmdy 2 oml e SIS alS Sl
Sl 5% ol Hled (ncmlie QLT 5 azalS 0,
3alsz B L pedee 5955 99 )3 Loy SIS 2alS
Al ploul wglats

L 59, g 3l

Lyl b o agie swga,d ol il jo a e o0l
LS b B 55 Jou 55T ialejT &gy cons S
Lo led a0 3 L1 YAF Jlw 0 1S5 e L Bolas
Sl (G25ILS 5 by eie iy 99 Jols Galos]
walld plpeay Sl pae Jold maw i o
o o a5 ke Ve cdale b (CroH2206) Sy o]
S ol jan e ol Jed=e (Azarnia et al., 2016)
Gslidomns Olgmadex o850 o 2l So s i e
—d 0 p S e 000 il (KNOg) pu—wly ol s
<9,y (Eskandari & Alizade Amaraei, 2014)
Abutalebian & ) ;o 1o 6,5 Lo Vo v+ cdale (ZNSOy)
Ghassemi-) &, 3,0 9 (Mohagheghi, 2015
5V B Jold mlaw 4w ,0 Lo 9 (Golezani et al., 2008
Aiog ol 5 ile 4z 010

S oae Feoolaw doyles Jlesl 5 Gialejl sl g
Vo) los jo jad 5 Sl jles jo sl Solad & 504
(Ghassemi-Golezani & Dalil, 2011) ol, 5 _ils a> 0
Ll b )0 9 59,5 08,8 cole jgliw ) olfws J21s 5
0,55 Lol 5l e o ools 18 el V2 o 4y (SOLL
L e 9 @5 Ladodons 5l 90n (Gels V7) Sivenl
S8 celo Y oo 4 olBiglejl laore jo JulS o Sis
e S g Jodoee L ede laml aslol jo ool ools
Bl Seaedd A idd iy Gae 4 dwo, S (NaCLO)
4w e 9 (Mehdi Nejad Moghadam et al., 2018)
oolal 5930 o1 5 e ciad ools gty jlagie T L A ye
e il VY el b sla oS jo jds sae Ve sl a4y oal
G a5 SB 5 S5 S wanls) S SB- 545l
ey Lalals sl e ad ) S8l 4 5 cnS (il
Bae.ad S 80l 5 luaz 010 9 Ve B slales
30 Senl Al g azalS ol dgugs doles pl Sl
(e 3o yd Ghaloil )9 Jo-bo o 09 ojmly oot
3 g oslasl A 5,08 g ad e duo,0 B0 Sy

Yo

Johansen et ) oS oo oS 1, iug, &5, ¢ aslal ;50 4

U‘)_" o JBL.\_..A RAY 4.9;‘ res °)L€f. INAY (al, 1994
Sy Gjgo )3 ude diltuns) SS9 o0 sled 4
4 Glas e ol ades 5lols HLlse o)lps S as Cos
51 gomien g 0 lgr oiS 51 YL L Joles 5 Shoe oyl
HYsb Slej ok ,o 55,5laS laosles g e Ll s
SO gals g Gbla ol slaplls b i 6,550
5SS 5 e dnwgs oy ciS 3 ) 6 Fels (S
el o el glacsls b padgats 0 3V 5 ol adss
2 ialosl (Sharifi et al., 2000) 5,5 o,Lal &Y game
0ol s oo ojmly ceiS o Slas a5 Canl ool olis 48 s
Sakar ) ol o,lpy giew <t 5l i ooy Ve O
Sl a5 ols yLis i sla gy (et al., 1998
3 i oy Y wiliee) g 03l colS jo (ae wig glas )
L ﬁjfﬁ_lj \f/\?) e oJSJ.o.c dwso&: o)Lgch;:;S
Mousavi & Ahmadi, ) o—s Jol> o5l s ;5 ((iSa
ol glas 2ls Lolsan o3l 4o coiS Ygons (2009
b s=hs olels )90t 5 o) el ol slales
Jyams 5l g B Ol el a5 aims o 13 30 cou
S O5le s dy oz o Yj_.o.xA @l olals o o
=5 slles) (S35 9 (o5 il a0 VO U jao sbales)
Ao e lid 1) (Jelate sla iaSTy (81,5 sl ax )0 jae
GalS g asiew o U (Sanghera et al., 2011)
Davey ) ozl co 5l 05l (glojw 51 50 Lo yds s dspo
Sakar et al., ) 0,5 oola il jady Jiaile> Sentn sl
(1998
x_:d.> o)’l?‘ );\.3 aQ L)T ) FLIN 6&5) );\.3 &.».Q.")J
adyl slacdled b ogi o ools ool JyuS &ypo 4 ol
23,5 (o0 S S ol azain; goys sl Lo S g9,0 (Sailse
33 o dgdes ools als adgl Jlade 4y Coghy e
Sl eler gey> g Siwler S Glpies Oloy cnl GralS
ooyl55 (Toselli & Casenave, 2002) sges gy |, S
Phaseolus vulgaris ) Lug) jsi0 Siasly a5 Cowl oas
60 AllE il S s (0 e oy 38l el (L
Majda et ) el ool )59, Canis Lial38l g (2,5 S
Gossypium ) 4y ,90 Sl pg,a—n @l 2019
Sl 5T sl 5T cdled ol58l eels (hirsutum L.



VE-Y'S amino NF+) Jlo 165l MY (0,30) o /03 391 ©lgad B 9 39 /...Lod 9 Sicnonyp il 11,100 g (5,5

Q‘;.:.? ‘) Jj\oa)f t;’a ‘) MMS)‘ S8 °“\":’r‘7'~’.‘)i JYRVRLY @Lc)
N5 (g eSSyl A (hedlS jede (Hg wasled
Iy yade cpl 0,08 a8 wilalyy Siasl s slolans il oo
Oialidl cely 0450 jai Sieul g ad oo 54—
oud dold jed du Cad oy (pl ol (gas 0T VIY
u_a‘ 5o 6)‘\5‘-?2“ usL‘u R DH9e Wé) 99 Gy Lol c!
Mansoori & Aboutalebian, ) el ailas o4 Cibo
95 50l (ol p canlie byl e o158l L (2013
acbue Loyl s (e dlS ieiy (gl Lol el adly jzalS bl
A Comad bl coigif ate slod K00 O)le 4y el ouls
SIS 4 e Bl sy 5 wbise 5l sl
A ah gl W85 Ojg0 (S GRS Lo ede )
50l9z Sy 9 02,0 5l (Ll ) s bl o
pL8 1 i sly (Moradi et al., 2013) sg jls )55 55 5 5YL
Wil oo Dyl Les 4y (Cicer arietinum L) sgss calize
bod 5l msisos 5 o2 edle 4 Cund Olo)l 03, &S5 5b
O & S (6555 sles jo g il o0 10555 2 (55 Al
219095 1 (6 i (At 220l g W o0 dllg 03 A
Oyeo ialae;l yo (Torabi & Soltani, 2013) ol
L «(Pisum sativum L.) 55,8 55 56 535 (59, 48,5
Fove JoSd5 Ll L L jods ol Sl a5 ols lis
Omly sled 53 jedn (Siailer S g ao s alS el
o, 5 il a0 V0 sloo 4y e (01,5 il 4z 0 a)
VY los an s ol 5 6l 4z 10 V0 leo [0 walls jedy
S0 ,92 1 (6 =S =3ailgr ey 5l 0,8 Sl 4o

(Yusefi Tanha et al., 2015) sib o

I o I 30 Be i
Sy B0 e Sl g bes ioaiey S
2 Les g gy ST Jouz) g o gme uae (0B
wles bl b bl Cudgsy o as ols las o w Sy
5 = slobes 4 Cos ol o3 8l T il 450 V0
G595 50 9 9oy AV 5 0% i 4 ol S (Bl az e )
(F Jsi) il il ao s 8 5 VP i hslllS
lod bl gy am b e (abiew o) (i ion
oled 5 bl iy (F Jsaz) o9 ol 5 (il a4z )0V 0
93y A Camd (01,5 il a0 Ve sleo jay) bl
OLid a8 09 18,55 5 6L (adsen S ) S5llS

v$

OO s Ao )3 B0 s S (6l 000 5 5L Al
A oolazwl (V) doles

Es =}~ i (V) dolxs

i=1p,

€y M);m ey w5 4N g DI SRS
Slass g ol 59, dy Gy B 55, Slaws calyy) ooy 5o
(Kamkar et al., 2012) aiib oo oods s leds slajg,

A oslaiwl (V) dolee 5l s duo 0 dwlze Cpo

(V) dolzs

e dez,e = 2 1/N X 100

el Caws 4 (F) dolas 51,00 @08
) dolro

2D paEs (ol 3o (e i) 4zl S Jobo (5 SLal) ¢ ¢

RENTE P EPURPERIRIRI TS
2005 S Ay Jsb 5 5 ol iy gl | eSiles

5 oLl SAS 9.4 15 8ls 5 lags aools Jdox g 4300
ao s iy Jloiol o 3 LSD (5051 L o Silee dglise

W8S S0

FUSIRVESYS
g Lajless (oolos 5l as ol plas il g a5 gl
OV J392) 95 o ime (b5 2oys o] (iiSan
4 ols Glis Sl 5 oS3 gobaw jo Lo ST a0 A
5o Ll Jolate ol )l o, 5 sl axj0 Ve 5 iy slos o
il e o e P< 0.01) a0 S Jloisl mlaus
KU TR CE TR Uk g+ IV EE SR WA JP DX SSR | g PREES)
Sl Cessdy Sl e 5 bl Gesi S 5 ) b
e 3 Sl ol 3 iy S iy Sl L 45
G595 50 (V Jsoz) ol (g0 mine gl 5935
3815 e & oo Sl el by Sl sl
(Y Jg9z) 59 10,95 1 (6 5YL o s oy 5l a0 AF/F
3o (ml Gl oyt 88 (lo 4z 3 Ve sles o
(V' Jgaz) ol ol Sl G 9 by Gudgif oS 5
s Sl by Sirsmal g SollS i 3
S0,62 1 6 YL o e duo 0 5l ds 0 FYTY vals Lo
ol F gils a0 Ve iy sl les ol L (Y Jaax) 09
H oy (i Gl alS 5 Los g abacles Jo
Sy oo B Ay el 0al S alllas 9550 j5dy n Sl
Aol ailys e g9 099 51093 12 6 5VL )08 5l bL) Hed



VE-Y'S amino NF+) Jlo 165l MY (0,30) o /03 391 ©lgad B 9 39 /...Lod 9 Sicnonyp il 11,100 g (5,5

L Sl 50 o an Gli8l i eS g it
(W28 ) 9, 0la— 5 (=l VNV0) S ppzr ol
b ade g ot Sl sasmolis a5 (V JSCS) ol cvalice
Hel b Sl o Jloel il go (355 gy
CiICer ) 0536 b 3o )d 5 Sy 0 (5 ld —ixo
Sobas |y 90 1o g Cwl atils acy e bl o (@rietinum L.
3 o5 da Gl ol g Sl ools (ali 8l (g5 B
Sl 009 a0 TV o ¥ lo,dy ol jus Qo )0 g s yuw

(Mansoori & Abutalebian, 2013)

AV &8 5l LS an Cad bl gl sas e
&&)_w ‘UT EBLE) oo)f ‘M u».a‘)B‘ L;’L.we.u LgLQu“*S‘ﬁ
(Kujawski et al., 2003) coul a8l zol33l 55 Sjails>
Ol o Sy Sinesl 9 Gy (iSen
el gla by g LacaS 5 4 cowd bl coigsy a5 ol
i 48 (6 jadoay ol s S iiSTy Siesl
3O JS) ad odsline aald Laud )0 ol Sy
U g Gadiiw Sepa (595 Culgiy 10 K00 (So
8l ol vals [l a4 Cond Sl s, los  olod

o Y8 byl pd 3 (was i g3 93 (s Gilio 1 Siuoaly g Lod F1 15T 4z 50 (ila po uSilio i @il -V Jgur
Table 1. Source of variance, mean square and degree freedom, effect of temperature and priming on emergence
characteristics of two lentil genotypes under control conditions
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S 0.V &ol3! Germination 0 oTE Seed Plant Leaves Root
T df % 50% Ger;mnatlon vigor height No. length
rate
Genotype w5 1 13082™ 0.000016" 2609™ 34.5™ 6.79" 33.6™
Temperature Ls 2 1726™ 0.000029™ 51.9" 5.27" 32,77 5.27"
Priming S, 5 2057 0.000015™ 487 23.8™ 5.10" 12.6™
Temperaturex Genotype - - - - -
2 1941 0.000014 20.0 44.6 8.05 0.38™
Loox gl
Priming~ Genotype - . " -
_ o 5 1791 0.0000081 1.15 2.53" 4.63 3.00™
Sl X edgi
PrimingxTemperature - - - - - .
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Sipoulyox oo
Temperaturex Priming
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Sionlypx Loox cudgiy
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ms, ™ and ": Non significant and significant at 1% and 5%, respectively
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Table 2. Source of variance, probability level and degree freedom of the slicing temperature of
genotypex priming on the percentage of emergence

I JOVES ¥ VI T 83T azy0 Temperature (°C)ls
S.0.V 5 10 15
Genotype s 12963™ 732" 3272"
Priming e, 2086™ 385"  1125™
Priming xGenotype el xowisss 1305™ 1220 147"
Errort.s 114 121 151
OV pis > 0 329 537 489
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ms, ™ and *: Non significant and significant at 1% and 5%, respectively
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Table 3. The slicing effete of temperature on genotypex priming in the percentage of emergence

Sogosl i 5 Temperature('C) Lo
Priming Genotype 5 10
S ] Calposh  _sss 450 34.4%
Gibberellic acid Robat LL, 64.4%" 10.0¢
obls sl Jslwe  Calposh  isdls 26,97 10.0%
Dayan seed solution ~ Robat Ll, 36.6 8.75%
s ylidyms Calposh s 3.75° 22.5%
Zinc sulfate Robat Ll, 11.3¢ 8.75%
eyl Calposh (s 12.5% 2,501
Potassium nitrate Robat bl, 68.12 40.0°
Sirorl g yd Calposh  _sls 5.00° 17.5%
Hydro priming Robat L, 40.0% 37.5%
ool Calposh  _sslls 2.50° 12.5%
Control Robat LL, 72.5° 41.3

25,0 LSD (4051 oleol Sl g NS woys iy Jlois| mhas )5 Cas jo 58 alie By > ()ls slaSile*
* The means of the same characters in each attribute in the 5% probability level are not significantly different from the LSD test.

o] yiuS Lyl )0 (s 93] 99y g gL, g b o j3 B Cep 1 Lod g g F1-F Jgu
Table 4. Effect of genotype and temperature on 50% germination rate and plant height of two lentil genotypes under
control conditions

Lo ) R G gl
Temperature (°C) Genotype 50% Germination rater  Plant height (cm)
5 b, Robat 0.0032% 0.48¢
ss Calposh 0.0025¢ 0.30¢
10 L, Robat 0.0028° 1.39¢
osdls Calposh 0.0032¢% 1.81°
15 L, Robat 0.0051* 8.59°
wss Calposh 0.0034° 5.41°

35,05 LSD (49031 (bl &l sire B ao sz il mhhw )0 Cdo 0 alie By gl sla Sl
* The means of the same characters in each attribute in the 5% probability level are not significantly different from the LSD test.

3,5 il 4250 V0 slas 5 blo jd hgnl b Sl
Sl Staslyy il slayla (O Jsoz) o Jol>
Hloml e &S sba )l oo 55k Dlogas  (Jolie
53 ald 4 Cond Sl slojles 5l (B k(o 9590
DBl oo IS5 n St G e Syl S slales
Slend 1055 (5SSl led 51 S0 (S
YT IR PRI NP e5 JY NEVE R N
A Comd (01 )F gilwaz 0 Ve glos s3> ay) @B slales
P I BTSN3 2 L EUC O SR I RV U TRY
Medicago ) adlwcSs asug Sy jgin 51 aalllas
Sonte el ek Kl yy a5 ols lias s (scutellata L.
slobes jo Siaslex co s adan 5l Siaile> Dlisgas
33,5 o nLb 4330 4 Capmd (1,5 (Bl 42,9 ) el

(Yaran Pour & Porfalahi, 2017)
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Fig. 1. Effect of different levels of slicing priming and genotype based on the temperature
on 50% Germination rate of lentil seed

ol J 508 Lol s 53 (e G935 99y (e uw Olio 2 Lod g Sl 510 Joua
Table 5. Effect of priming and temperature on seed emergence characteristics of two lentil genotypes under control

conditions
Soaoslyy oo o s S 3 B s yaw &g gl Ay Job
Priming Temperature('C) 50% Germination rate  Plant height (cm)  Root length (cm)
o 5 0.0039%¢ 0.97%9 2,764
DwomTies 10 0.0033¢¢ 2.68¢ 1.57¢
Gibberellic acid 15 0.0048% 9.21° 1.51¢
o 5 0.0035°* 0.46% 4.042
Ol iyl Jsbne 10 0.0023¢f 0.95%¢ 3.03%¢
Dayan seed solution 15 0.0060° 916° 3,14
m 5 0.0011" 0.229 1.08
S 10 0.0029% 1.158¢ 1.54¢f
Zinc Sulfate 15 0.0021¢f 2500 0.95!
s 5 0.00425¢ 0.26¢ 3.19®
A 10 0.0023¢f 0.84¢9 1.35¢
Potassium Nitrate 15 0.0053% 7.6°0 3.058¢
_ 5 0.0021% 0.16¢ 2.84p4
Sl 10 0.0034¢°* 1.84¢f 2.390¢
Hydro priming 15 0.0031¢ 6.31° 1.69
L 5 0.0023% 0.27¢ 1.95%
| 10 0.0036% 2.16% 2350
Contro 15 0.0042"¢ 227" 2,340

35,05 LSD (49031 (bl &I sire B ao s iy il mhhw )0 Cdo 0 alie By gl sla Sl
* The means of the same characters in each attribute in the 5% probability level are not significantly different from the LSD test.

Jlazml s 55 99 ol Jilice @l ol 5 il a0 10 JROET
(FJgo=) Sl o () Jgaz) asiils [ a8 g (gl s

5 Ve sl o aS ol plas Lo Lulul 5 Kccsslyy xouds3

Y4



VE-Y'S amino NF+) Jlo 165l MY (0,30) o /03 391 ©lgad B 9 39 /...Lod 9 Sicnonyp il 11,100 g (5,5

23 yad pr Lod ulesl yp Kicons |y x i 955 I 1 (200 Jloiorl e § (3131 422 )0 i @ilia = Jgurr
Table 6. Source of variance, probability level and degree freedom of the slicing effects of genotypex priming based on
the temperature on the seed vigor

S.0.vV

ol a>,0  Temperature (°C)leo

Genotype )
Priming Sl
Priming xGenotype il pxewisss
Error W

df 5 10 15
1 038" 0.05™ 66.47
5 030" 0577 1027
5 0.04™ 0927 1867
36 0.04 0.11 0.33

Sl yass i 20,0 CV%

75.3 75.2 27.2

Qo gy g doys S Jleisl maw (3 gls Sae g ()l S pas S 4t

* ** g

ms,**and ": Non significant and significant at 1% and 5%, respectively
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Sty Sy el 5 S35l Geiels cuS 5 51,0 )08
il el sald g eigi ued 40 Caai 45 ol
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Table 7. Effect of slicing genotype and priming based on the temperature on seed vigor of
two lentil genotypes under control conditions

Kogosl NN Temperature('C) Lo
Priming Genotype 10 15
LU be ab
Gibberellic acid <.J,s Robat v 025 4.40
Calposh  _isls 1.39° 1.65%
Dayan seed Solution ;bls (sl Jslme Robat £ 0.15* 4.91°
Us
SEE Calposh  uiss  0.12° 1.92°
LU be ef
Zinc sulfate gy ,c s Robat - 0.21 0.67
Calposh  _isldls 0.33% 0.15¢
. . Robat L, 0.47% 3.59°
Potassium nitrate ..tool s
Calposh  _isls 0.05¢ 0.95%
Lo Robat b, 0.61° 2.22¢
Hydro priming e, g 000
Calposh  _islS 0.28% 0.13f
Ll a b
Control sals Robat ) 1.12 3.88
Calposh  ssls 0.26% 0.77¢f

35,15 LSD (5051 olasl 1 515 ctre M ao jo iy Jlosio] o )3 o ya 50 alie gy syl (sla o Sile™
* The means of the same characters in each attribute in the 5% probability level are not significantly different from the LSD test.
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Table 8. Source of variance, probability level and degree freedom of the slicing effects of
genotypex priming based on the temperature on the leaf number

Ol gty 29lio &ol31 a>,0  Temperature (°C) Los
S.0.V df 5 10 15
Genotype s 1 1.33™ 1.30™ 202"
Priming !, 2.00™ 0.84™ 850"
Priming xGenotype <! ,xoussss 5 093" 4727 450"
Errort.s 36 0.55 1.05 1.09
kS gy 20y CV% 497 606 347

a0y o Jlisl maw 1o g)ls sre g )0 G pas S S A g

** s

" and **: Non significant and significant at 1% , respectively
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Table 9. Effect of slicing genotype and priming based on the temperature on leaf number of
two lentil genotypes under control conditions

Sisos gy i 93 Temperature(°C) s

Priming Genotype 10 15
SIS a ab

Gibberellic acid ) ,.zap Calposh 25 3.13 313
Robat L, 0.58% 4.00°
. - Calposh 355 2.00%¢ 3.962

Dayan seed solution -Lls el

Y Sl pobat L, 092 4310
. Iposh ses 1,882 1.19¢

Zinc Sulfate 5, lis Calposh 5! 8 9
Robat L, 1.44b 1.80%
s Jls d a

Potassium Nitrate ..ol Calposh 5 0.19 4.13
Robat Lb, 2.25%® 377
w oIS abc C

Hydro priming e vs e Calposh gl 2.04 0.94
i Robat LL, 1.63b 3.90°
w oIS abc C

Control ssls Calposh gl 1.92 0.88
Robat LL, 2.36% 4232

35,05 LSD (49031 bl &l sire B ao s gy il mhhw )0 Cdo 0 alie By gl sla Sl
* The means of the same characters in each attribute in the 5% probability level are not significantly different from the LSD test.
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(Ghazian Tafreshy et al., 2016)
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Introduction

Beans, due to their significant nutritional and crop characteristics, have a high rank in agricultural
systems of the world. These plants, by fixing air nitrogen, can increase the amount of nitrogen in the soil.
Beans have a long history of cultivation in Iran, and some believe that some of them, such as lentil (Lense
culinaris Medik) and chickpea (Cicer arietinum L.), have been domesticated in this country. The lentils are
cold and long day and can be cultivated from 0 to 3500 m above sea level, the temperature suitable for
growing lentils is 15-25 °C. Spring cultivation of lentils although common in Iran, winter cultivation of
lentils has advantages over spring cultivation if successful. Previous research showed that the average plant
height of lentils in autumn and winter was 43% higher than spring planting and the highest yield of lentils
(1486 kg.ha') was obtained from autumn planting. Autumn cultivation is usually accompanied by a low
temperature challenge. Low temperatures often affect the growth and productivity of crops, causing
significant crop losses. Delay in emergence and decrease in germination percentage of seeds occur due to
autumn cold, so priming can be used for seed germination. The purpose of this study was the effects of
different priming treatments on reducing cold stress effects on emergence and growth of two lentil
genotypes.

Material and Methods

The experiment was conducted as a factorial based on completely randomized design with four
replications under controlled conditions in 2017 at Ferdowsi University of Mashhad. Factors consisted of
lentil genotypes (Robat and Calposh), priming (6 levels of control, Gibberellic acid (C19H200s), Potassium

nitrate (KNQO3), Zinc sulphate (ZnSQs), seed priming Dayan and hydropriming) and temperature (5, 10 and
15°C). To test and apply treatments, 40 seeds were randomly selected for each treatment. After the end of the
priming period (16 h), the seeds were removed from the solution and then placed in the laboratory for 24 h
until complete drying. The prepared seeds were 10 seeds in pots of 11 cm diameter light soil and transferred
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to the growth chamber. Then the studied properties were measured. Data were analyzed using SAS 9.4
software and the means were compared with LSD at 5% probability level.

Results and Discussion

The highest emergence percentage (72.5%) was found in Robat in control and 5°C. Seed vigor in Robat
genotype at 15 °C was higher than Calposh genotype, and in both genotypes (with the exception of Calposh
genotype the priming primer with zinc sulphate and hydro-priming), the seed vigor increased with
temperature. The highest seed vigor (4.91) was found in Robat in 15°C and priming by seed priming Dayan.
The highest plant height was observed in priming by gibberellic acid and 15°C. In both genotypes, leaf
number per plant was increased as temperature increased and was decreased when treated by ZnSO4 and
Hydropriming in Calposh. The highest leaf number per plant (4 leaves) was found in Robat in 15°C and
priming by seed priming Dayan. The highest root length (4.04 cm) was observed in seed priming Dayan and
15°C. The interaction of temperature and priming on root length showed that at 5 °C all priming treatments
(with the exception of sulfate priming) compared to the control, at 10 °C priming with Dayan seed solution,
potassium nitrate and 15 °C hydropriming. Dayan seed solution and potassium nitrate had more root length
than control. Seedlings Robat appear to have higher seed vigor and can compensate for the time elapsed
before priming, but seedlings Calposh that are less potent, priming treatments have been able to improve
seed vigor.

Conclusion

The results of this study showed that the Robat genotype in terms of seed vigor and other emergence
characteristics was better than Calposh genotype. As the Robat genotype has higher vigor, so different
priming treatments could not have a positive effect. Priming with gibberellic acid and potassium nitrate had
the greatest effect in reducing the effects of low temperature (5 °C) on the emergence characteristics of lentil
seed. In general, priming with gibberellic acid seeds for autumn or early spring cultivation can be
recommended.

Keywords: Cold stress: Legumes: Percentage of germination: Seed vigor and Hydro priming

Ys



Iranian Journal of Pulses Research

Homepage: https://ijpr.um.ac.ir

Vol. 13, No. 1, June 2022, p. 37-54

Original Research; DOI: 10.22067/ijpr.v13i1.2103-1004

ol gl ol sy
gy o £9i « FY-OF Ao

O yShos g iy (5 sl (513 SSM_ICTOPZ Juwo 5343, 9 24 50! 54
ol »! 40 (Phaseolus vulgaris L.) e

f@b&' ,_,.».an 9 V@Ua.lw ,_,.».«d| ‘*LS.L’»J"} W')‘?' {’M‘_g..\.o:u a5 loww

fPpP@gau.ac.ir <5 5 crmb @l 9 (55)3LaS pole oliils (ALS dudgi ouSlils cielyy (5 (559l Ay (55 (Ggaiuilo -
e.zeinali@gau.ac.ir <55 aub aslo g 65,9Lis polke olKidls ( ALS augi ousisls caely 09,8 Hluiils -¥
afshin.soltani@gau.ac.ir <5 )5 saub asbv 9 65,9Lis pole olKisls ( ALS augs ousSiild wasly 09,5 Sbuw! ~Y
ben_torabi@yah00.com 5,5 xub aslo 9 53,9l pole oliils ( 2LS ugi ousiils sy 0g,5 HLuiils - F

.Lbé’)b

VE N F) sallie T Lasil eV Fe oo VIYY sy VEe o 0 ¢ g, S5k A FRANYYY sdl

o 4 gloryl og2x
&3l 5, SSM_ICIop2 Joce b)) g obymel,b A FV ool g el bllalo ol ( L wom (gdamme
YV-0F :(ONY ylpl Olbss sl iags .ol »l e (Phaseolus vulgaris L.) Loy o,Slee 5 o,

PRV

SiS1as g JBlas sled) ;S haw owlidlga Lol 5l oolaiwl b Logl o,Slae g o, Jol o (g5l Joe jglaie

)8 S50 VWA Jlo jo (85 Ll molin g (65,5LiS pole olRiils o (glasdllas (S5, olie g (b jlads
ar byrye loJus s 3l oolininl Ly (S5 calpd (e 5 (85 S S wlgn 5 T Jalse S5l o
)l s wlms 05l Gl og j9aS llh 0 S e Slieks s Ol Lally, (SiS oole w358 9 a5 (539098
0olitnl b Joo (a9 951 W pial b lasnl .o ooliiw] jgiS calises bl ;o saiplsl sla siulo;l sloesls 51 Jow
L obysehl 5o (Saw, U 59, cadoanlic g oadgiluans polie auslio ol o)l Jaws soosly (g mw S
&l Jse byl 501 g CV RMSE  jolie (pummen ols lid 1) oolatul 5,50 slo el b twsjo /AT g a0V -
59023 ) cgaye o 0 S OF cos g ails o Shee slp g IVF g a0 0 Ao, AL plp s f & (Sam) B )
s Sl omlin I3l Glgreas SSM_ICIOP2 Jow 51 o)lgs oo conl plio 0903 anli 1) Joe (s 5luduns &ds o IVY
292550 Ly @)l S pde Ssrte Sz 0 Dglte (o e g e Laulph 0 @l i 5 o)) Slapiann

Dgad oolazwl

ool 15500928 cailo o Slos ¢5 1 mhas 5,05 5 sl 1godS (gldo3lg

Phaseolus vulgaris ) Jsese slogl als (Salehi, 2015)
Ao, 0F LS00 g gy o, YO LS Y lls (L.
Jbo o 6lay5-i5 50 ohg 4 lalie (n Spge 5l g Slyaeg S
sla,3aS o ,o (Majnoon Hosseini, 2008) el axwgs
@logd odee GBaSadss 455 5 oouly olnl oz cplen]
sy yl59 el 3—bb (Singh, 1999) wi o S 9—oro
JLw o «Ministry of Agriculture, 2016) ;,5lzas
ol adsi o LS VVFORY Lugl ceiS o5 e oyl 45 VY0
Soltani et al., )35 -k .l oogs 5 YYYV-0
5 5 Gambe A WL e L ol 55 (2020D)

vy

doddo
13 Sl Lol byan o8l s 9 Conax O3,
Godfray et ) oS o ssagi 1y olde cosal 5 00l ol38l
A5 Al Bl sl ¥l e bl oS 25y
ol 4 aly og>g eanl ams o> B 50 a5 0,Lle VIV
Sl Log) gl 4 Blae ol plas o lgz 5o (soladl 51 4

samamoh1367@gmail.com :Jgiume oddums 95 *


http://dx.doi.org/10.22067/ijpr.v8i2.48451
mailto:e.zeinali@gau.ac.ir
mailto:afshin.soltani@gau.ac.ir
mailto:ben_torabi@yahoo.com

FY-OF amivo 1P Jlo 16l Y (0599) Jlw /o)1 30 U g SBGIBYH /... 2l 51 9 (b yiolyb 1], Ko 3 koo

4 )l0 092y (el Slag b ;S0 4 a5l
Pl S e e b sl i BB 5 o BB o]
Sinclair et al., ) wig— solaiwl (5,5 puoad ,o Slotin
W Sl bl S-S5 51 oslaal b i ol » 2020
;GYGA Van lttersum et al., ) o1 s 90,40 3 5, Skas
SSML_ICrop2 so_s jisle;l solw (sjlwacs Jow (2013
Joas o= (Soltani et al., 20200) w_i o tas o0l &l 0
Olalejl 0028 5l 4y ¢ LS (sladisS 5| rrwy b (o
il 5 Slee (Soltani et al., 2020a) ool suis <ol 4
Ll 6l Al el ST 5k s (YW) o 5 (YD) (]
solitwl U oyl o b g oly) olals Lol slaassS (]
Sl 00 (g 5lwan s cBdge L SSM_ICrop2 Jos ;|
99,9 wledbl ay Jos ol (Soltani et al., 2020b)
Nehbandani et al., ) s ls ;L5 Ll wytws L g0
&l g cewl ool SSM_ICrop2 Joo b eyl (2020
5 slayully sl 4 Jpame 3 Shoe g 08 (55lwand
Soltani et ) s ls ;L5 (Jpame ;2 slp al,b YV iSTos)
.@l., 2020a; Nehbandani et al., 2020
IAgNEXUS Jos 5l —isu e 4 ICrop2 Jos
s Jow plo 4 cows SSMICIOP2 Jow ples axg .col
Joe ool (Soltani et al., 2016) el o] 041 o9 3940
b G55 (e i 5 (53,518 pale olStils 4o
Jome o=l jo il onds asle 5 2k ()Kan 5 glale
Ll -t litlsa slaosls slus r Jomily o Slos lade
Pebs dmlxe (2L SLa el 9 S pae 05 (S
«$59ds8 J>l e o3lwans oUls SSM_iICrop2 Joe
9 0 Ses J5i5 oSt oole @j98 «Sp S 9 ShS
plodl ailygy ygo 4 1) (gilwand g o)lo | S Ol aislge
Foo g9y (b J>10 SSM_ICIOp2 Jow ams o
oSy by g90h daals ady 5o (L dadils pad
o=l e (Soltani, 2009) uS o (oo |y (S, s
Sy Cnl bos Sl (oals Sl (0B 9 (B S (Je
Oeezs Led g oalbzdl jo il 3l b laie 4 S oole

5ty b wolly; ol SLs Ol aijlse 5 055 00 035
5 By S o s Ol 2l Sl i Ges il
(Soltani et al., 2016) wgis o (g 3lwdmds 25
s edae @bl s (Glell Seass Jlaged o) s
sl g bools .ol 23ly slos ;Slas 4y bogy o slaosls a4
LQQTJ Olg oo adhain S (a8ly o Slos (pedd jglaie 4 a5
Sladllae 51 oaisyglaez sloosls 5l s le 5,5 solazul

YA

b8l LU 5l ol adlase jo 6,518
5 Loyl jLzd 5l ool solazdl slags ;26 092 5 ailn ysl>
5 728 CbsS Bras slates sboacky » 2bs)l sleyeas
Dol b oogy oo Hlatl g el a8l oS VeV Lo 5l iz
Srb sl gyt phalS ool 9 (nl Gras dags 20
0 albie ol Brae gt 5 ol e Cusgaze Koo
o fde A2y (Slaw> (g Mg )0 liS09S Cax
Gl s cetsS Srae ol e 4 288 w35, L
L) )9iS @lid coel Laa cq o Logl ohog 4 Sy wdgs
Los) oslty 3,50es 5 05, (ot sctllin 35 s 425
2 it 8 Wl oo lanmo g (g e hlie Loyl 5
Al axsls ool o Jeame ! Adgl dgup g drwgd

Ol ) a5 Cl Jloan] Cunsg S il o Slas
ol 52 o (Semdom Cadgame SeSad (e Jyae
S5k g lse sles (s> (s wile Jpus s
dmlne b 4 Glgi e 1) ity 3 Sos aiS 0 0
G5 ool ol )slaS Lawgs sadiced o Shes i 05
g odi S sdobesl g )l5e 0 sanlawsody o Sles s
5 ceslyy laasin oylal ot saiiSogame Jolss g
2009 ) <l; Ll sladae abews 4 5 Slos (gloared
Sl e Jae (Van Ittersum et al., 2013 «t al., Lobell
4 09 4 Wiad (¢ S peeal Slaby; drug Sl (omlie
Ll La b 5l (grmmy il 2551 Sl a5 s
WS e el 8 1) (o el slog )l b ol o (oo 3]
(—=ly; sl A5 s bas (Sinclair et al., 2020)
5 e il m Jeld ileainr ln gonte sl
o= e &S5 (Zhang et al., 2019) s el )5 o poe
e b (Sa3slse5eb ol Sy Sl o3l bn Jos o5
o Py bl 5 bo)l5as 4 SaoS )l whde 50 )
(Sinclair et al., 2020) was

@l 1y glosms Slall ol s olals sla e
Jusd Slaindy Gloptcs b g anwgd laaolyy jo oolitu
Alld 892y (Slaiiase Wb LY sl alils s S paeal o
el g (2l i aals an Loy e Jae a5 0L
S 63959 o9l ay Sl wnl Joe Vel oad asd 5l s
952 )30 (=l ol Llls (o5 (525)5 slo el (i)
505 L ywd BB sl Ygare (505 1S ppoal 1) el
a3, 0 0lie w51 L3 aosly 4 olowws gl 2UgS ol
@ bl Glel jaase e ol 3l gly Jow ol 5l solaiwl X g
Lol e ozl 4 oyl e e 5 o5 (oo



FY-OF amivo 1P Jlo 16l Y (0599) Jlw /o)1 30 U g SBGIBYH /... 2l 51 9 (b yiolyb 1], Ko 3 koo

P ey S s byuye Loyl )l g ol i8S
iloads ools ylis £ Jgum

J=B O Jacie HCrop2 Joamo ) yo SLs of aijlge
> ol g 4 g Aoy Bae Sl Cow olS sl s
B ey Gl ol Jad Job o as, a5 cul S
S Ol a53lge Slwlxe plssl gl ICIOP2 Jow p 5 50
G358 Y G il ool aid (8 a5 0 4V es O s 4 S
5 sl 4 ol a5 pgs Y Sy 5 e ile Yo culies L
a¥ Gos il "ol gl S5 Ges bl g Con
S92 FSlas 4 b5 anb oo il ady; 0d) 9,5 L pgo
85,1350 yie BV (padin loj 3 S Ges o
agleo axly o slil 4y qadien als o 5l e ol 0al
G 1 9d o0 Cgmine (BLS slayelly e o5 (6 )luds
i)l s LB ol Gee 09h o0 03938l s
Gos cddia) B985 Gos «Syelgtd al> o ulul p Wil o
S5y sl S0 99290 (bt 5 (Suid Else b g S
Jo ,o (Soltani & Sinclair, 2011) 545 pues a iy,
iz e U oo p sl ol (55 45 05 00 58
L) oS-l Ll & b o slo el )y w0105 Lagl 5o (55
iloads ools L ¥ Jga o

slado ool ain i Siis 00l g 395 9 vy
o 0 A ol i oole adgi dwle (2LS gilwans
o3le (plron sladsisn ;o aties 6551 4 und o> 555
Ly St ool as Joe 45 995 o okl ey Kt
=i RUE) 7,55 51 ool GJ)LY e 00l g,
o>l SLEINT) 59, 50 50 oaiscdl ;0 PAR jlade 0ed o
098 ool PAR (61, K) )58 (ca9al 0 5 S s
(Sinclair, 2006) s o dule Joo ;0 & oY = T —

g Ay £g0 3l loyen yo aily w10 Slee Sl

sloolawl b g sl o 3t (TSG) ,ds ai, LG b (BSG)
5 Loasls 0l Ce pu (5le Jow (Jamieson et al., 1998)
ol 00 lwar—s (Soltani & Sinclair, 2012)

Leagd o Shoe oS5 5 SCas oole adgs @y b je slo el
el 0dls ool LES Y Jauz j0

2- Effective extraction depth
3- Radiation use efficiency

YA

Oeized g ol slaloslw slaosls 5l oolaiul ¢ Slawe
Van Ittersum ) slo lsale pglas g 590 51 Grow 51 eolasul
S ookl L YU e Uy slosjluans (et al., 2013
S dgp g O cheS L (609,9 slwvosls 4 wosz )l
S e 9 2l qlie 5 S 55 ) el 5 (g ke
B30 peb s o)y Joe So g gl 380 b,
(Soltani et al., 2020C) a5 s ;L5 il sas el Ly
SSM_ICrop2 Jos b el )l caslllas ol 5l Baa ol ol
sl o, Shoe 5 0l (ilwand sl Joe cnl b3 s

Sg Olpl el lul 8 55 (Jgene

gy 9 Slgo

SSM_ICrop2 Jos ;l axlllas ! 4o 15 jwdumid Joo
Soltani Lawgs o] JolS 7, a5 o eolazl L ylgie
Joe sl sais 00ls 45 & Sinclair (2012)
S8 oolitwl 5550 Log) sl ol 5o SL3 SSM_iCrop2
45018 (63959 S S @ S L2l sl Joe el 428,55
Sl 0als (2,8 Jow ol jo lewl oads oolo lid V Jga o
W8T 5 0,105 092>9 (50508 e ,olie LLsd jlas
g so JySS oS 5k 4 5 5 mslacale 5 b Lo

dd sladae ;o Sis osle et 9 odss 1559lge8
J=lre angle) oy 40 obj 9> b (25 plalS s5be
Soltani & Sinclair, 2012; Sinclair ) sgs oo euass goi
€975 (yd s Sl 0 SSM_ICIop2 Jo (et al., 1991
Laasls (ol n 5o 0Ll dadils (adn S5 £9,0 (aulS
Olals S oo (g ) (o) 9 S Gad g £9,0
3l gatuie polie a5l Jolhe cnl 51 S 52 4 oy 10
slo b Glee 4 polie cpl a5 wijls ez Sles axlg
S2led e silwdse ez ICTOP2. e 5 53955
20 g (g S8 s STy ¢ Je g oo Dgmine LS
ol s SO sleslawl L wlys, slos (koo 45 oLS
55 Las! (5350558 4 Doy sl el )y oS (oo o Tl
iloads ools i & Jgu

L Sy mbhw 4 by e sladnlxe 1Sy o Ol sk
el (Williams et al., 1989) EPIC Joo b el s,
,Lsa (Soltani et al., 2005) SBEET Jos jo 45 o

1- dent-link



FV-OF amio IF+) Jlu 365l IF (6599) Jlo /ool 31 b g SBGB 3 /.. 3,1 5 o2l yioly t03]y 50 g saso

SSML_ICrop2 Jue 3Ls 9590 (53959 W yolyly -V Jgux
Table 1. Required parameters inputs for running the SSM_iCrop2 model

ool u>lg
parameter Unit
ol by, 08,5 oo 5lel iy e oy o1 )0 aS sadiojlle i sles oy
Water relations Fraction of tuHAR for beginning root growth (frBRG)
Sgd so hbyie diyy hes Ay Gl )0 4 sadojlley sles o>y
Fraction of tuHAR for termination root growth (frTRG)
Srab,; g0 b (Gialez plie ) laady ) asl Ges Sk
Initial depth of roots at emergence or beginning leaf growth (iDEPORT) mm
SB 5l ol gl e Gos Sl Sk
Maximum effective depth of water extraction from soil (MEED) mm
35 S ey ISl 5k
Transpiration efficiency coefficient (TEC) kPa
oy sl FTSW wlad
FTSW threshold when biomass production starts to decline (WSSG)
S 5 g 503 gl FTSW wiles]
FTSW threshold when leaf area development starts to decline (WSSL)
S3slgid goi Sy (sl ol 35S 25 POl gy ke
A coefficient that specifies acceleration or retardation in development in response to water deficit -
(WSSD)
eolslsn Sl ailysy sloos 2Slas o )5 sle ax o
Meteorology data Maximum temperature (TMAX) °C
alye, sles Jolos RS gt P ey
°C

Minimum temperature (TMIN)

gy oy

P& re p Joise

P 9
Solar radiation (SRAD) MJ m2 gt
alig, S5k Fegke
Daily precipitation (RAIN) mm
S oleds! ldli> o FESN
Spatial data Latitude (Latitude) degree (0)
Sl p S oS ligs il Joe 2 JsessSes
Atmosphere CO, concentration (CO,) pmol mol*
o )Lid SgeS alons cupo
Vapor pressure deficit calculation coefficient (VPDF) i
[PRYUUES ARV RS gt pEsy
Temperature change (tchng) °C
S Sl R IRow. o ) yie
Soil data Land slope (SLOPE) mm!
S e oo ~
Precipitation coefficient of variation (pchng)
SE es Fohe
Soil depth (SOLDEP) mm
SE ool
Soil albedo (SALB) )
S piSa 5isle .
Soil drainage factor (DRAINF)
e 255,551 _
Surface drainage factor (SDRAINF)
B ST gs Al o S e o ke Fashes 58 fa e
Soil water after release of gravitational water (DUL) mm mm-*
S ol gl ol Faiskes 8 yailes
Lowest level of soil water (LL) mm mm*
gl o Sk o Foshes 53 o e
Soil water at saturation (SAT) mm mm-?
oL ay; slp oy BB S O g oz Facen 53 ya e
mm mm-*

Volumetric soil water content available for extraction by crop roots (EXTR)

£.



FY-OF amivo 1P Jlo 16l Y (0599) Jlw /o)1 30 U g SBGIBYH /... 2l 51 9 (b yiolyb 1], Ko 3 koo

S ot o)led

Curve number (CN)

=y oo oledlbl
Management operations

cols )b 39

Planting date (PDOY)

day

data

S O (g3loand q ) £5,8 9

Start of soil water simulation date (SimDoy) day

CblS b sl g g9, 3%

Start of searching for planting date (FPDoy) day

il gl g S Jsbo 39

Duration of searching for planting (SearchDur) day

6ol aibiw mlass
Irrigation threshold level (IRGLVL) i

ol 0l 090 anils s 39

Termination of plant growth date (StopDoy) day
O gl il Foskes

Minimum water height (mnWH) mm
ol gl sl o s

Maximum water height (mxWH) mm
Sl £3,5 55 S adyl Fode

Initial soil water at start of simulation (ISW) mm

oSl 59 et bl 5 (et o ke m b s
shls i solatwl ol aslllae jo 4 S HC27 S5 ools
15l S 4 bgs e Slise al (6,20skSY - adg

el 00 @)Y Jsaz 50 ol 5 Lug) saiSas blie

20l (o BB (s 2 9 Joo 2T b oo b5
4o bype slayiel)l il g (oaBly polie g osdigsluarnd
1) s (Sl e 5 Gl 5l 5555
oarls pSlas) coilyy asli 5 (S ym mhw asls
g yol> g 3l Jols glaosls jleslarul b as (cils
S sl adsi 9 0y @ by laosly) 1,508 slatales]
S 45 lm bl caia 5T (o )l 5 SYlis
polde 5 Jow Jawgy o g jlwand polae o ez g LS
3 Joae LS L 0 OBl wio,S sl |, bl
sloosls 5l glacgomms 3l oolainl b Loyl god g ol (Smion
2 2yl jo solaiwl 050 slaosls 5l Jiuwe ioles]
8,5 )8 2l 950 558 50 Lagd CiS Lo o BbLee
VYA--AWYAY 65,0liS &yl5e Lol bl (F Jgoz)
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)l g Jlooylez (Olimjos (Lo w635 0 ol )
AV AT O DD Y L s 4 pledol 5 G555 ol 3]
Ol a8 0 Loyl adg 2o y0 ) faeome P a0 Y 5 F
Olpl yo Logd adei g e Lol 3ble g ools plais! sg>
O JSs) s

A

=y Copae Sledbol: (—ely5 Co po—o slaosls

b 5 S oshy e 25l 5 ok jlis 0
YUz j0 09250 Ylan 3l aS 59 g,lul 5 gilwans
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00095 Jsmame o5 b3 sl cilyy (S, U
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(Soltani, 2009; Amir & Sinclair, 1991) Lug s » SSM_iCrop2 Juw ;o sbs— ol Lulgy a3 bgs o gl ol yby —¥ Jgu
Table 2. Water-plant relationships parameters in SSM_iCrop2 model for bean (Soltani, 2009; Amir & Sinclair, 1991)

Fobhl Jlade
Parameter Value
Sl £9y0 b (e al>pe 53 ady; gl Bee 200
Initial depth of roots at emergence (iDEPOR, mm)
adyy 05 £9,5 ly (2les 92y 0.04

Temperature unit for growth of roots start (tuBRG, °C)

Aoy ab, a8gs gl s,_Lw >y

0.55
Temperature unit for growth of roots stop (tuTRG, °C)
Sl Ol zlysul fse es yiSla> 1000
Effective depth of water extraction from soil (MEED, mm)
6% @bl ey 5
Transpiration efficiency coefficient (TEC, Pa)
a6l FTSW sitead 03
FTSW threshold when dry matter production starts to decline (WSSG) '
5 s 503 sl FTSW il 04

FTSW threshold when leaf area development starts to decline (WSSL)
3l gad oy sl Ol 09eaS (5 3ol eyl
A coefficient that specifies acceleration or retardation in development in response to water deficit (WSSD)
FTSW: Fraction transportable soil water

(Koo & Dimes, 2013) IFPRI cuisls g zebaw ool (wlw!l 0 ol 50 Lugd suicSuudsd Gble jo LI sl -F Jgus
Table 3. Dominant soils in bean producing areas in Iran based on harvest area selection IFPRI (Koo & Dimes, 2013)

Soil code Soc SOLDEP SALB CN DRAINF SAT DUL LL
HC16-Clay MF060 0.7-1.2 600 0.05 85 0.2 0.458 0.405 0.233
HC19-Clay LF060 0-0.7 600 0.05 85 0.2 0.458 0.405 0.233
HC22-Loam HF060 >1.2 600 0.10 75 0.5 0.41 0.307 0.180
HC25-Loam MF060 0.7-1.2 600 0.10 75 0.5 0.41 0.307 0.180
HC28Loam LF060 0-0.7 600 0.10 75 0.5 0.41 0.307 0.180

bl Cll> 0 S Ol oz S SAT ¢ iSa; 4556 DRAINF ¢S5 i o,leis CN ¢S5 5501 SALB « 515 3as SOLDEP S JT - 5 :Soc
ol 0o 3 S Ol e S iLL s Sy YL o 0 S Ol e S DUL

ol oosd =YY (e Ul £ Gos (oS ieilol (o, =V e Ul £ Ges dhwgie (g5ulol (o, =V # ((IFPRI) -HarvestChoice HC27) S slaus
Fals B+ 5oe 65 Skl o) YA 120 il B Gos i (55 boln s gag) YD tia BluF e e 3l
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g Lone Bl 8 vl i cu s CV o] o a5 3 oo Jamigi 00l (glmools by LB Solalllae

(¥ alal SYolse wlalp (CV) &l s o 1o ao,0 3 (RMSE)
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Table 4. Experiments used for parameterization and evaluation of SSM_iCrop2 model for bean in Iran

ol | cndgn
Jbeg Joe i ol &l (Latitude) =
Province, Location and Year Treatments Reference .
(Longitude) Jgb
Experiments used for model parameterization Jow b yolyly 1y ool 5590 s inlo T
VWAASYYAY (STl 555 e R CERETUR WA ) Ken 5 plio 34.07
Arak, Markazi, 2008-2009 Genotype, Drought stress Safapour et al, 2012 49.78
IR ITAR W5LS (55 e sacale S8 sla ss, IAF (e 5 (5 o> 33.55
Shazand, Markazi, 2010-2011 Weed control methods Hydari et al, 2015 49.24
VWAPSYYAD (e o555 5o R CE L I WA o Kes 5 gol 33.39
Khomain, Markazi, 2006-2007 Genotype, Drought stress Assady et al, 2011 50.04
VWWAY-AYAY s, ool oS o515 cnss) VAT (o)) San 5 50 Solo 35.24
Rey, Tehran, 2002-2003 Genotype, Plant density Sadeghipour et al, 2005 52.36
AWAFAYAY cailoo o 3,5 olul,d] lS o ,b iy WWAY o) Sen 5 ol 37.45
Miane, East Azarbaijan, 2004-2005 Genotype, Planting date Salehi et al, 2008 477
WWASSVYVA s, ol ASle 5 g e S (;Mr:.‘w;éf ??ﬁ“ﬁ o 35.24
Rey, Tehran, 1999-2001 Genotype, Weeding and herbicide adeghipur atariknaligh,
2002 52.36
VAPSATAY copop 5 olni Poms) e WAl Gt s ol e 36.2
Khoramdare, Zanjan, 2005-2007 Genotype, Rhizobium Mehrpoyan & Shirani rad, 2011 49.92
TATITAT 0t sl s Jlm’l?;". Sl sl IARIERULSL PRI 32.3
Shahrekord, Chaharmahalvabakhtiari, Genotype, Low irrigation Karimzadeh et al,2017
2013-2014 yPe, 9 ' 50.8
Experiments used for model evaluation Joo b3l 5y ool 5590 s lo3T
VWAASYYAY 5,005 ¢yl ) lS o ,b iy W o Kes 5 Sle>, 33.24
Aligudarz, Lorestan , 2008-2009 Genotype, Planting date Rahmani et al, 2012 49.42
MM AT L i S U N 0595 955 el WWAY ) Sen g plodl oiile o 29.57
Shiraz, Fars, 2011-2012 Genotype, Nitrogen fertilizer Mirhashemi Aghdam et al, 2014 526
VWWAASVYAY oz S o551 Ol 5900 g VYAV ) San 5 (g8 35.78
Karaj, Alborz, 2008-2010 Genotype, Water deficit Ghanbari et al, 2014 50.83
VATV FAY (STl s 5S e okl cogss L TAPRANL SV [PR IS 34.07
Arak, Markazi, 2013-2014 Genotype, Irrigation Mohajerani et al, 2016 49.78
VWARIYAA @05 30ed e )iz g Jlomoslozr S GRS el VA0 ol e 5 (sonia 323
Shahrekord,, Chaharmahalvabakhtiari Genotype, Drought stress Jamshidi et al, 2016 50.8
VWAV-VYAS w0, p,5 ool s Tls “’;; Tls Cd‘): %I;Ty;t' VWAL (o) Ken 5 Gbgs e 36.2
. X enotype, Planting date, Planting
Khoramdare, Zanjan, 2007-2008 method Mehrpouyan et al, 2010 49.92
VWWAASYYAY (ol ooyl calS g b oaiss WA e 5 lae (5,03 36.67
Zanjan, Zanjan, 2008-2009 Genotype, Planting date Ghanbari Motlag et al, 2012 4853
AYARNTAY oS 5,0 O 05eS s VWAF (5,03 35.78
Karaj, Alborz, 2008-2010 Genotype, Water deficit Ghanbari, 2015 50.83
WA laen ooloen I RYWA RN 7 WA (6 o § (sl 34.87
Hamedan, Hamedan, 2011-2012 Genotype , Water deficit Omidi & Sepehri, 2015 '
VWAF-AYAD Gy o 5 ooloub 3 oS oS15 cagi WA oo Kan 5 S 38.12
Tabriz, East Azarbaijan, 2006-2007 Genotype, Plant density Parvizi et al, 2011 46.23
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Fig. 1. Major regions of bean production in the country according to the Ministry of Agriculture figures (2001-2016)
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A 00 g e (S LS g, polie s G
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(Noorhosseini et al., 2018)
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Table 5. Phenology parameters in SSM_iCrop2 model for bean in Iran

Falyly Jlade &b
Parameter Value References
5o3 syl gloo 8 (V) s 5 Slales
Base temperature for development (TBD, °C) Soltani & Sinclair (2012)
505 6l Jsl wslhae sles 30 (V) S 5 Sl
Lower optimum temperature for development (TP1D, °C) Soltani & Sinclair (2012)
503 sl poo wsllae sles 35 (V) S 5 (Sl
Upper optimum temperature for development (TP2D, °C) Soltani & Sinclair (2012)
g0 gy s (sloo 45 V) s g Gl
Ceiling temperature for development (TCD, °C) Soltani & Sinclair (2012)
=iy sl ol 2 1300-2200 F Uy
Temperature unit for harvest index (tuHAR, °C) Table 4
O sl (ales 9>l 56-99 F s
Temperature unit for emergence (tUEMR, °C) Table 4
alo oy g9, 6l 2les axlg 715-1265 ¥ Jgu
Temperature unit for beginning seed growth occurs (tuBSG, °C) Table 4
als o,y bl lp sles a>lg 12592228 ¥ Jgo
Temperature unit for termination seed growth occurs (tuTSG, °C) Table 4
LS 2 oM £955 sln led 9l 715-1265 f Jgs=
Temperature unit for maturity that leaves start senescence (tuBLS, °C) Table 4

b 55,5 canldl Lyl 5 55 igus oionnlive s 4 oo i
oS FAL lp e 4 SSM-iLegume Jos ;i eolaiwl
SSM- Jue YL 8o olgS < [A+ 5 00,0 VO cpupo o 4o
il o by asly o, Sloe o ey sl ,— iLegume
als o, Slee (55Lwas ,o (Nehbandani et al., 2016)
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Soltani & Sinclair, .(Noorhosseini et al., 2018)
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(s L ecals s axly (V) s g (S5 aigS SO
ol s ol ol (F) g oS Sy mhaw iSTas (V)
(ogdlas Loyl o o ciilopy s Sl L) ccslsy
&l Sl e a5 s g a4 aly S0 sl el

by Col 4565 S 40 D9 g0 plB )| den

oS5 (F) el chn b Stz onle mazs (F) el 8
el ccza U ol lals, 0) 5 el aw Ly o, Shee
o, Shas g 0, (g3lwans o (Soltani et al., 2020a)
Soltani et al, Lwg a5 ol ol Lol 2L g ol olals
aS el YV 51 el acw ba38 o alsul (2020a)

095° AL o oS (sln i o3, 4 atly slo sl

Ol 50 Lug! 615 SSMLICIop2 Juw jo Sy g (a5l Ol yunti 43 gy o (sl piolyy % Jgur
Table 6. Parameters related to the changes in leaf area in SSM_iCrop2 model for bean in Iran

ool slado &b
Parameter Value  References
Sy aw el iSTas ws 30 U culs jl ples axly 001 ¥ Joux
Temperature unit from sowing to 5% of maximum LAI (x1) ' Table 4
O 0o )3 (g S s (23l 0.15 ¥ Jsa
Relative LAl at emergence (y1) Table 4
Sy phw m3ls gl 0s )00 b el 5l obs axly 050 ¥ Jsox
Temperature unit from sowing to 95% of maximum LAI (x2) ' Table 4
Al iy £9,0 53 (oond Sy praw sl 0.95 ¥ Jsox
Relative LAl at beginning seed growth occurs (y2) Table 4
Sy gl sy gSlas 2.395 AR
Maximum leaf area index (LAIMX) ' Table 4
SR G Sy e 1 F Jsor
Leaf senescence rate coefficient (SRATE) Table 4
S5 S e sy sless! Alial [emly sloo 8 VWAA (Glale
Low temperature/freezing threshold for leaf death (°C) FrzTh Soltani, (2009)
FrzTh ,; o5 il a2 3 12 10 S Sye olie 001 VWAA (llals
Leaf death rate per °C below FrzTh (cm? °C "Y)FrzLDR ' Soltani, (2009)
Sp Sy sly e oles ailiw] 37 VWAA (Gllales
Heat threshold temperature for leaf death (°C) HeatTH Soltani, (2009)
HeatTh ;| 5L ol 5 il az )0 ,8 10 S5 Fpe e 01 VWAA o Sllales

Leaf death rate per °C above HeatTh (cm?°C 1) HtLDR

Soltani, (2009)

Lo 558 (wlide 59 9 (o9 9 (o) ok slaglis 392
dUTSG dUBLS Julis cuisls p b cils 5l oo oy el )b
LAIMX ;wl, (0 Jgo—) tUHAR g tUEMR tuBSG
plain S0 5l 095 4 0l 0,90 Job g 0 Sles Ll
G x5 085 4 alisly (sl yial )l oS olows
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Table 7. Parameters of dry matter production and yield formation in SSM_iCrop2 model for bean in Iran

Fobil Sladio &b
Parameter Value References
Szd oole adgi lp b sles 5 (Vo) S 5 Slales
Base temperature for dry matter production (TBRUE, °C) Soltani & Sinclair (2012)
Sz osle g sl wslhae slos Bl 25 V) s 5 Glals
Lower optimum temperature for dry matter production (TP1RUE, °C) Soltani & Sinclair (2012)
Szs oole adgs sl gl slos STlas 37 (YY) S 5 sllale
Upper optimum temperature for dry matter production (TP2RUE, °C) Soltani & Sinclair (2012)
S oole adgi gl i sles 5 (VV) IS 5 Sl
Ceiling temperature for dry matter production (TCRUE, °C) Soltani & Sinclair (2012)
PAR (gl o350l s 065 (VoY) IS g Sl
Extinction coefficient for PAR (KPAR) Soltani & Sinclair (2012)
Ay oglhas byl i cos il ) ool 118 2 (Vo) S 5 Slales
Radiation use efficiency under optimal growth conditions (IRUE, g MJ%) Soltani & Sinclair (2012)
ciloy pasls as (il cudledls y el iSlas 0.25-05 F Jsor
The slope of linear increase in harvest index/maximum harvest index (HImax, g g* d%) ' ' Table 4
als Cagl) slgia 12 Lo sln <l
Grain moisture content (MC, %, dwb) Fixed for bean
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——
500 a "’.’_, //',, 5 120 C\!= 13% ’, /,z L
o a0 CV=20% o0 E|mom O <
L — 0.84 = g0 | RMSE=14 day ﬁ
E 350 , KO = =29
3 500 |RMSE=62g8” oK) P = <
= 250 ¥ QTR0 g 60
g g - =
= 200 <> & 2 3
< 150 &K O 0 =
E 100 £
E 50| “ o 30 60 9 120 150
w 0

0 50 100 150200250300350400450 500
Observed yield (g.m2)

observed days to maturity

bl 33 SSM_ICrop2 Ju 3l ssliiu! b Lug) suiionnline ply 53 souds g 3lwdumds (0) Souay b 39, 9 (@) il o Ko —Y S

‘_g!b)-kobb J° oolaswl )90 ‘SLQQQL;
ROW R R h}wh}.wlowoobdw@b#lgt;,\ﬂm)b‘)'j)duw)oi\o 5‘5)51“’":6‘)-3‘—\'0)01\" db‘bjb

Fig. 2. Simulated versus observed grain yield (a) and days to maturity (b) by SSM_iCrop2 model based on data used in

model parameterization
The +20% for yield and +10% for days to maturity discrepancy lines are indicated by dashed lines. Solid line is 1:1 line.
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Introduction

Common bean (Phaseolus vulgaris L.) with 20-25% protein and 50-56% carbohydrate content, has a
crucial role in supplying the required proteins and maintenance of food security of the community. Among
the Asian countries, China, Iran, Japan and Turkey are the major producers of common bean. According to
the figures provided by the Ministry of Agriculture, cultivation area and production of bean in Iran in 2016
were 114593 ha and 222705 tones, respectively. In recent years, due to the increase in the population and in
order to rapidly meet the demand for more food as well as decision making at micro and macro-levels,
simulation of crop growth and yield using the models has gained attention due to rapid preparation of the
results, lowering the execution costs and the possibility of simulation under various climatic and
management conditions. In order to model the growth stages and yield of bean using the figures of Iranian
meteorology organization (minimum and maximum temperatures, radiation and rainfall), a study was
conducted at Gorgan University of Agricultural Sciences and Natural Resources. The simple SSM_iCrop2
model was used for this study. This model has been tested and proved for a wide range of plant species. This
model requires easily available and limited input information. The aim of this study was to parameterize and
evaluate the SSM_iCrop2 model for simulation of growth and yield of common bean in order to investigate
the effect of climatic, soil and crop management factors as well as determination of genetic coefficients
under Iran conditions using the sub-models associated with phenology, dry matter production and
distribution and the changes in leaf area.

Materials and Methods

SSM_iCrop2 model was used as the base of this study. Observed and simulated yield and days to
maturity values were compared for parameterization and evaluation of the model. For this purpose, a series
of experimental data (data associated with the growth and production of bean and reports from the published
and unpublished papers) in major bean cultivation areas of the country were used. First, parameters related to
phenology, leaf area, dry matter production, yield formation and water relations were estimated. Then, the
model was evaluated using a series of data which were independent from the experimental data used for
parameterization. Crop management inputs were also entered according to the experiment reports. For
statistical analysis and investigation of model precision in comparison of the data recorded in the previous
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studies with the data simulated by the model, correlation coefficient (r), root mean square error (RMSE) and
coefficient of variation (CV) were calculated and 1:1 diagram was also drawn.

Results and Discussion

In parameterization of SSM_iCrop2 model for bean, the comparison of observed and simulated days to
maturity with RMSE, CV and r values of respectively 14 days, 13 percent and 0.76 and comparison of
observed and simulated grain yield with RMSE, CV and r values of 62 g m?, 20 percent and 0.84 indicated
the accuracy of the used parameters. Furthermore, in the evaluation stage, RMSE, CV and r values for days
to maturity were 8 days, 8 percent and 0.74 and for grain yield were 53 g m?2, 19 percent and 0.77,
respectively, which confirms the precision of the model simulation. The model simulated the
evapotranspiration of been in a good manner. The values for RMSE, CV and r for the comparison of the
observed and simulated evapotranspiration were 63 mm, 11 percent and 0.85, respectively. Application of
SSM_iCrop2 model is simple and acceptably precise simulation is possible with minimal parameters and
inputs. This model was able to simulate the growth period and yield of bean cultivars in a good manner
despite high variations using thermal unit parameters form sowing to harvest, maximum leaf area and
maximum harvest index.

Conclusion

Growth and yield of bean was successfully simulated using SSM_iCrop2 model using minimal and
available parameters despite different growth habits and high phenotypic and genotypic variations among the
cultivars. The results of the model evaluation performed using RMSE, r and CV showed that this model is
able to simulate maturity time and grain yield of bean sown in various dates under Iran climatic conditions
with a high precision. Thus, due to suitable precision of SSM_iCrop2 model in simulation of bean phenology
and yield, it may be used as a suitable tool for investigation of crop systems and interpretation of results
under various environmental and management conditions for planning and improving the management of
bean fields in the country.

Keywords: Bean: Evapotranspiration: Grain yield: Leaf area: Phenology
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Table 1. Meteorological data of the Tohan region of Jiroft city during bean growth periods
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Table 2. Chemical and physical characteristics of experiment soil
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(%) (ppm) (ppm) (%) (ds.m™)
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Table 3. Average of consumed water amount per Irrigation frequency
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Table S. Analysis of variance of the effect of drought stress and nano fertilizer treatments on yield components of bean

Mean of Squares wls yo (il

oI5l azy0

S e Degrees of aslh Job £ 3 GBas L olass ag 50 SO olaws SME 5 Al Sloss
Source of variation freedom kol Number of Number of pods per Number of seeds per
Stem height branches plant pod
Bi)fk 2 25.008"* 3.210"* 3.128"¢ 0.550"*
S 2 805.812" 4.154" 4520" 8.554"
Drought stress
stel el 4 10.345 0.265 0.911 3.890
Main error
PHERON S . - *
L 2 482.101 1.133 2.212 6.817"*
Nano fertilizer
JJLM A 4 141.419™ 1.051" 1.996" 4551"*
Interaction effect
e el
Sub error 12 7.901 0.187 0.870 4.346
(1) &y gy
Coefficient of variation - 8.546 7.129 6.556 10.818

*0)

™" Significant at 5%, 1% levels, respectively; ": Non-significant
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Table 6. Analysis of variance of the effect of drought stress and nano fertilizer treatments on yield and protein content of

bean
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weight yield content
<
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i 2 8.22* 4123845.10°  19330644.27 * 19.77 ™ 198.21 ™
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L
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Sub error
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Coefficient of variation - 11.80 9.83 8.10 12.44 9.31

(%)

* ok,

: Significant at 5%, 1% levels, respectively; "*: Non-significant
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Fig. 1. Mean comparison for interaction of drought stress and nano fertilizer on stem height of bean plant
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S;: No stress, S,: Stress in vegetative growth stages, Ss: Stress in reproductive growth stages; Ni: 0, Ny: 5, N3: 10 kg.ha nano-iron chelate fertilizer
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Fig. 2. Mean comparison for interaction of drought stress and nano fertilizer on number of branches per bean plant
u.(b] Q)*Sylm; )L:S.a:)c f)fsl.:f\ . :N3 & N o« N ‘wl)d..q) dJ.'>)4).> sy :Sg ‘;5‘::“»‘»5)“\‘3) Ab).n)b oS S, GRS 9 :S1
S;: No stress, S,: Stress in vegetative growth stages, Ss: Stress in reproductive growth stages; Ni: 0, Ny: 5, N3: 10 kg.ha* nano-iron chelate fertilizer
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Fig. 3. Mean comparison for interaction of drought stress and nano fertilizer on number of pods per bean plant
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Fig. 4. Mean comparison for effect of drought stress treatments on number of seeds per pod of bean plant
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Fig. 5. Mean comparison for interaction of drought stress and nano fertilizer on 100 seeds weight of bean plant
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Fig. 6. Mean comparison for interaction of drought stress and nano fertilizer on seed yield of bean plant
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S;: No stress, S,: Stress in vegetative growth stages, Ss: Stress in reproductive growth stages; Ni: 0, Ny: 5, N3: 10 kg.ha* nano-iron chelate fertilizer
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Fig. 7. Mean comparison for interaction of drought stress and nano fertilizer on biological yield of bean plant
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S;: No stress, S,: Stress in vegetative growth stages, Ss: Stress in reproductive growth stages; Ni: 0, Ny: 5, Na: 10 kg.ha™ nano-iron chelate fertilizer
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Fig. 9. Mean comparison of interaction effect of drought stress and nano fertilizer on seed protein yield of bean plant
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S;: No stress, S,: Stress in vegetative growth stages, Ss: Stress in reproductive growth stages; Ni: 0, Ny: 5, N3: 10 kg.ha* nano-iron chelate fertilizer
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Introduction

Bean (Phaseolus vulgaris L.) is the second most important legume plant after soybean, accounting for a
major share of the diet of more than 300 million people worldwide. However, bean cultivation is always
faced with several limitations, among these production limited factors, drought stress is the most important
factor and has a considerable effect in reducing the production of this crop. One of the harmful effects of
drought stress is disturbing the nutritional balance in the plant, so that due to drought stress, the mobility of
nutrients in the soil is reduced and the absorption and transfer of substances to the plant is impaired. Studies
show that nano-iron chelate fertilizer has a moderating effect against changes in drought, salinity, acidity and
temperature and leads to improved plant growth. Hence, the present study was conducted to investigate of
the role of nano fertilizer on increasing drought resistance of bean in Jiroft region.

Materials and Methods

A split-plot layout based on a randomized complete block design with three replications conducted in a
farm located in Tohan village of Jiroft city during 2015-2016. The main factor was the drought stress with
three levels included: no stress, stress in vegetative growth stages and stress in reproductive growth stages.
Sub-factor consisted of different amounts of nano-iron chelate fertilizer at three levels of 0, 5 and 10 kg.ha™.
In this study, stem height, number of branches per plant, number of pods per plant, number of seed per pod,
100 seeds weight, seed yield, biological yield, seed protein content and protein yield traits were measured.
The obtained data were exposed to analysis of variance (ANOVA). Means comparison was done using
Duncan's multiple range test using SAS software. Correlation coefficients between traits were calculated
with SAS software.

Results and Discussion

According to the results, no stress treatment and application of 10 kg.ha? of iron nano-chelate fertilizer
led to the highest value of stem height, number of branches per plant, number of pods per plant, 100 seeds
weight, seed yield, biological yield, seed protein content and protein yield. However, for the above traits, no
statistically significant difference was observed between 10 and 5 kg.ha? of fertilizer in no stress condition.
Also, the occurrence of stress in both stages of vegetative and reproductive growth reduced the studied traits,
so that the lowest value of stem height, number of branches and number of pods per plant were obtained
from the occurrence of stress in vegetative growth stage, and the lowest amounts of number of seed per pod,
100 seeds weight, seed yield, biological yield and seed protein yield were obtained from the occurrence of
stress in the reproductive growth stage. Among the studied traits, only the percentage of seed protein with
stress treatments showed a significant increase that this increase was greater in stress in the reproductive
growth stage. It should also be noted that the application of 10 and 5 kg.ha* of iron nano-chelate fertilizer,
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respectively, in comparison with the treatment without fertilizer, in the occurrence of stress in both stages of
plant growth moderates the effects of stress for all traits except seed protein percentage.

Conclusion

The results of this study showed that stress occurrence at any stage of growth reduces the growth and
yield of the bean plant. This reduction will be more on the seed and biological yield of the plant if occurrence
of stress is in the reproductive stages of the plant. Application of nano-chelate fertilizers in each one of the
conditions without stress, stress in vegetative growth stage and stress in reproductive growth stage in
comparison with not using this type of fertilizer will have a positive effect on growth characteristics and
plant yield. There was no statistically significant difference between the application of 10 and 5 kg.ha™ of
iron nano-chelate fertilizer for seed and biological yield of bean in each one of the no stress and stress
conditions.
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Table 1. Physical and chemical characteristics of experimental field soil

Sepslealas g el Fd oS Al cdl
EC (mmol) N (%) K(ppm) P(ppm) OC (%) pH Texture
0.5 0.152 310 15.25 1.25 7.50 =09
Loam clay
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Table 2. Studied lentil genotypes

gl pb Geigi) oslodd gl el g oyl

Genotype name  Genotype number  Genotype name  Genotype number
FLIP2011-13L 10 PercozR-4605 1
FLIP2010-90L 11 FLIP-51L 2
FLIP2011-13L 12 FLIP96-46L 3
FLIP2007-133L 13 FLIP2010-81 L 4
FLIP2009-52L 14 FLIP2010-88L 5
ILL754*ILL 15 FLIP2011-17L 6
ILL6434*ILL 16 FLIP2010-40L 7
Kimia 17 FLIP2010-50L 8
Gachsaran 18 FLIP2010-70L 9

e Gaaisi) 5 (£l) Glie (Ol po (12ile) (wilylg 525 - T Jgaar
Table 3. Analysis of variance (mean squares) of agronomic traits in lentil genotypes

5 abio Rl g gl =55 45l slaws B 5, Sy U 39, Wg yd Sy olaxd
SOV &l Plant Number of Days to Days to Number of leaves per
. df Height branches flowering maturity plant
<
’_’SJ . 2 22.88™ 14.42™ 48.22™ 6.01™ 1.85™
Replication
w5 17 3239.40" 102,04 3.09" 3.79™ 39.38"
Genotype
el sl 34 2114 5.75 5.20 4.39 8.73
Error
Sl o
(203) - 9.94 3.98 1.85 1.45 9.01
CV (%)

S g e NS 100 0 5 wuo oy Sl ghaw )0 o Je (ol Sy s g %

*and **: Significant at 5% and 1% probability levels, respectively; ns: Non significant

Yo
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Continue of Table 3.

JT ‘): g yo JS olaws gy yo A oluwi SBUE 5o ailo olaws gy o Aild dlaws aildYee 39 Sl s
o3l Number of Number of pods  Number of seeds  Number of seeds 100 Seed .
SOV . Seed yield
df flowers per plant per plant per pod per plant weight
’l_’g . 2 14.24 0.01™ 10.77m 0.22™ 0.35™ 7424
Replication
%) 17 102.04™ 2.07" 3.15™ 0.96" 0.55™ 1856715™
Genotype
el sl 34 5.75 2.25 12.16 3.63 0.21 121364
Error
Ol g
(%23 - 3.98 8.77 15.74 12.34 9.71 37.44
CV (%)

S sire pne NS tao )0y g do oy Jloiol mhaw )8 lo gixe ol gy s

*and **: Significant at 5% and 1% probability levels, respectively; ns: Non significant

39— Sloce nle (g o9 Ve I sl 2l L
51 s Ssmy 6yl sine YS! (gLl Lo 51 o
oSila b ILLBABAMILL sy iy o 4ils ol o
2ae VYIYY Kk L Flip2010-88L 5435 4 sae VV/£F
A0 adle slass Sl (9 5ieS g i lils il S
e a5 ol plds asg o JS sl o Sle ()
L Flip 2011-13 L sgif 5 soe V- /55 L Flip96-56L

il |y Sl o 568 5 o s oo S dae O)

L Flip2011-13 | 5455 sy gl )| caao Ll )
elas, | b HLL6A34*N 5455 5 ymte 6lw YV ko
el (e g i SIS i 4 e gl VPP
=, sloasli olass bLlad 510 Jga) wivgs aig glas )|
5 00 VY XL L Percoz-4605 slacs43 7
Oy =ieS g i iden w4 dae O/YY L Flip 2007-132 L
(0 Jgoz) ails 1) 65 0e o (Sl
A slaw Cio Glp ke dslio bl yien
LosS 08, a5 bogs o O olows oy yiion a5 olo ylis aigy o

oo SLwigi (£ Olao (ule duslio -0 Jgux

Table 5. Comparison of mean agronomic traits of lentil genotypes

T ] (o iilw) "ai gy £ a5 =55 a5l olasy LRSS TS) Sy U 39, gy Sy dlax
Genotype Plant height (cm) Number of branches  Days to flowering  Days to maturity  Number of leaves per plant
Precoz-4605 24.000%f 9.33% 31.66" 124.33% 142.66%
Flip-51L 24.332cd 7.00¢°df 37.00% 124.33% 142.66%
Flip96-56L 26.33% 7.66 36.00% 121.66° 142.66%
Flip 2010-8Li 27.33bcde 5.66 30.66%% 121.66° 143.66%
Flip2010-88L 26.66" 5.77% 31.66" 121.66° 143.33%
Flip2011-17L 26.00% 9.00% 31.330 121.33* 142.33%
Flip2010-40L 24.000%f 6.66%f 26.00° 122.66° 143.00?
Flip 2010-50 L 28.00z2bcde 7.00¢f 27.00% 124.00° 145.66°
Flip 2010-70 L 36.66% 8.332bc 27.00% 123.007 143.00°
Flip 2011-13 L 28.332cd 6.66%f 36.66% 123.33° 143.33¢%
Flip 2010-90 L 30.66%° 8.00%0d 37.662 123.33° 145.002
Flip2011-13 i 32.007 8.00%0d 26.33¢ 122.33% 144.33%
Flip 2007-132 L 31.66% 5.33¢9 31.330 122.66° 145.332
Flip 2009-52 L 24.33% 6.33°M 35.33%¢ 123.33° 144.002
ILL754*ILL 26.66" 8.0020¢d 35.66% 123.33° 144.002
ILL6434*ILL 19.66° 9.00% 34.00%° 122.66° 145.66°
Kimia 23.66% 6.66%f 33.330 124.002 144.332
Gachsaran 24.66¢ 6.66%f 33.66%° 124.66° 143.63%

5,05 (gl sire BB woys iy Lot gl o (LSD) o sime B JBlas yz03T bl s eygias o 50 S ie g > sl oSl *
* Means followed by the same letters in each column are not significantly different according to least significant difference (LSD) test (p<0.05)
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Continue of Table 5.
ails o Sloc
e #di g yo J5 oluwy agy yo ML Slaay ML 50 aild Slay gy yo aild oluws (p55) aloYee 439 LSa /5 oleS)
Ge?nnof) e Number of flowers Number of pods Number of seeds Number of seeds 10_0 seed G . P”_"l”s
yp per plant per plant per pod per plant weight (g) Grain yield
(kg/ ha)
Precoz-4605 66.33 8.66% 1.332 15.66%* 4 53bedef 820.8%d
Flip-51L 67.33® 7.33° 1.307 16.63% 4 50¢df 1211.7%¢
Flip96-56L 70.66° 7.33° 1.20° 14,66 4,76 655.8%
Flip 2010-8Li 60.00°" 7.00° 1.522 14.00° 4, 73bcde 901,73
Flip2010-88L 58.33%" 7.66% 1.46% 12.33¢ 5.26% 882,50
Flip2011-17L 63.33% 7.33° 6.432 16.66% 3.80 1231.8%
Flip2010-40L 59.00%" 8.00%° 1.46% 17.33% 4.26%f 900.07d
Flip 2010-50 L 60.00°f" 7.33° 1.56% 15,332 4,932bed 1245.8%
Flip 2010-70 L 48.66' 7.33° 1.56% 15.66%¢ 4,968 554.24
Flip 2011-13 L 51.00' 7.33° 1.76 16.66% 4,605 755,80
Flip 2010-90 L 50.33 7.33° 1.56% 15.66%° 4.16¢ 1463.3°
Flip2011-13 i 61.66°9 9.00% 1.36 16.33® 5.038%¢ 104423
Flip 2007-132 L 59.33" 8.66% 6.532 15.00%¢ 5,032 112520
Flip 2009-52 L 62.66° 7.66% 1.46° 13.00 4,830 720.00°
ILL754*ILL 62.00%f 8.00% 1432 14.66%° 4,53 500.09
ILL6434*ILL 60.00¢f9n 8.33% 1.80° 17.66° 5.66° 830.8
Kimia 57.33" 10.00? 5.00? 16.33% 5,028 970,87
Gachsaran 65.66 9.33® 1.36% 14.66% 4 5bedef 850.00

55 (g o sime BN aoyd gty Jleis | laws j0 (LSD) jlo sime s JBlax 05T ol 1 eiygi 12 50 5 i By gl slopuSilea ©
* Means followed by the same letters in each column are not significantly different according to least significant difference (LSD) test (p<0.05)
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Table 6. Statistics characterization measurements of lentil genotypes

las (0)0) Ol i Cy o (Slio SSlas Jlos Hlzo Bl il
Variables CV (%) mean Maximum Minimum Standard deviation
Ut 2 S st 58.12 32.72 37.66 26.00 3.64
Number of leaves per plant
g 2 S ot 17.84 7.99 10.00 7.00 0.83
Number of pods per plant
D 2 o olass 39.43 227 6.53 1.20 1.84
Number of seeds per pod
s s s
©t 0 48 S 30.18 15.44 17.66 12.33 1.40
Number of seeds per plant
A 2 5 Sl 1.37 60.20 70.66 48.66 5.83
Number of flowers per plant
e 2l sl 145 61.22 72.66 49.66 5.83
Number of branches
(Raile) S5 €5, 70.25 26.94 33.00 19.66 383
Plant Height (cm)
2 B sy 21.79 122.99 124.66 12.33 1.01
Days to flowering
oy U sy 24.11 143.95 145.66 121.33 1.12
Days to maturity
() o) 03 40.09 472 5.66 142.33 0.04
100 seed weight (g)
LSa/ 0,5 H|
(ol F5L5) b 2,851 78.65 930.13  1432.00 554.20 248.85
Grain yield (kg/ha)
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Table 7. Correlation of measured traits of lentil genotypes

Slao

. X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

Variables

X1 1

X2 0.194" 1

X3 0.097™ 0.319" 1

X4 0.211" 0.086" -0.210" 1

X5 0.116" 0.185" 0.200" 0.155" 1

X6 0.118™ 0.113™ 0.073™ 0.132" 0.155" 1

X7 0.126" 0.122" -0.370" 0.061™ 0.109™ 0.120" 1

X8 0.042 0.204" -0.042m 0.021™ 0.114" 0.361" 0.036™ 1

X9 0.213" 0.416™ -0.181" 0.110" -0.146" 0.052™ 0.045™ 0.119" 1

X10 0.080™ 0.297" 0.107™ 0.162™ 0.090™ 0.093™ 0.188" -0.018™ 0.556" 1

X11 0.211" 0.086™ 0.335" 0.234" 0.610™ 0.062™ 0.281" 0.017™ -0.089™ 0.314" 1

G 55, X9 (25U 59, X8 (ais gl XT e 8 a3l olaws X6 gy jo J5 olaai X5 g o ails slows X4 (3 (o ails slows X3 waigs ,0 B slaws X2 g 0 5y olaws X1

ails o Slas X1L wailo) + + 39 :X10 « Sow,

g e NS 0 1308y 5 o oy Jloiol mhaws j5 s s e 5 ™ g

X1: number of leaves per plant, X2: number of pods per plant, X3: number of seeds per pod, X4: number of seeds per plant, X5: number of flowers per plant,
X6: number of branches, X7: plant height, X8: days to flowering, X9: days to maturity, X10: 100- seed weight, X11: grain yield
*and **: Significant at 5% and 1% probability levels, respectively. ns: non significant
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Table 8. Principal component analysis for 18 lentil genotypes on their characters

wlao Y adlio Y adlgo Y adlje f adlio O addjo
Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Ly 10 S ol

0.025 -0.016 -0.331 -0.557 -0.159
Number of leaves per plant
S 2 Bl Slass 0,029 0.489 10,430 1.001 0.036
Number of pods per plant
D 2 oo slass 0.094 0.104 0.500 0.163 0.347
Number of seeds per pod
S o b ol 0.104 0.014 0.455 0.309 0.322
Number of seeds per plant
U 2 5 ol -0.565 0.042 0.084 0.130 0.187
Number of flowers per plant
e L sl -0.575 -0.062 0.084 0.135 0.178
Number of branches
Gasils) g glis )|
. 0.310 0.315 -0.056 0.136 0.505
Plant Height (cm)
P U ss 0.029 0.346 0.152 -0.586 0.475
Days to flowering
o B 5”_ 0.457 -0.316 0.027 0.136 0.201
Days to maturity
(P €2+ s 0.144 -0.545 0,139 0.392 0.006
100 seed weight (g/m?)
(LSalp,5olS) ails 5 Shoe
0.118 0.362 0.434 0.000 0.397
Grain yield (kg/ha)
oy ke 273 1.86 176 132 0.95
Eigenvalues
.&L‘Ub .NM 0.249 0.170 0.160 0.120 0.087
Relative variance (%)
e e 0.249 0.419 0579 0.699 0.786

Cumulative variance (%)
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Fig. 1. Byplot diagram of 18 lentil genotypes based on principal component analysis of 11 studied traits
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Table 9. Factor analysis for 18 lentil genotypes on their characters

Slawo ) adl3o Y adao Y adao ¥ adzo
Variables Factor 1 Factor 2 Factor 3 Factor 4
U g S ol 0.082 0.042 0,119 0.557
Number of leaves per plant
92 B st 0078 0179 -0.265 0.216
Number of pods per plant
D 2 ol olass 0.047 0.054 0.119 0.955
Number of seeds per pod
g 2 o olass 0.111 0.081 0071 0.085
Number of seeds per plant
i ¢ s
g JF ol -0.980 0.044 -0.022 -0.026
Number of flowers per plant
5 sl slss
2 T S -0.890 0.054 -0.032 -0.062
Number of branches
5o £lis )|
©r &S 0.240 0.056 0.064 0.008
Plant height
= B sy -0.030 0.023 -0.951 0122
Days to flowering
ey s 0.453 -0.463 -0.122 0.039
Days to maturity
aloye e 039
0.060 -0.950 -0.330 -0.061
100 seed weight
4 0,5 0.025 0.145 0033 0.173
Grain yield
ol e 2.1 118 103 101

Relative variance (%)

M



YY-AF amio AF ) Jlw 18 Loy IY (0550) Sl [ 9 31 Sbgud> S D /..o Sl (S £33 £0y] )0 g 000)5 3 3¢

(V JS=8) goog ;5 ol olowl 0,57 ool jloxie
Jol 09,5 S o0 )18 09,5 iy ,0 adlllas 990 udgif) A
¢ol,LwzS g Flip-51 L Precoz-4605 slacsges Jolss
Flip 2009-52 Flip 96-46 L clacssi ol pgs 05,5
Flip 2010-88L 4 Flip 2010-81L JLL754*ILL L
Jols o)z 09,8 Flip 2011-17L s Jolis pgus 09,5
Flip Flip 2011-13L Flip 2010-50L slacss;
9 Flip 2010-40L 4 ILL6434*ILL .5 2007-133L
Flip 2011- Flip 2010-70 L slacwssi Jolis pomis 05,5
(Y S5y axsly e Flip 2010-90 L 4 13L
ages 490 b, L Vojdani & Moallemi (1993)
48 00,5 (S 05 Sk SISl (pag uoe
)1 ladigas (S5 g9 b (5t abal) (ool ganadl

Sl cao VY 55, o, o Kohkan et al, (2010)
Lo ot it Lo | 092 ol Jsle g o2¥ VY
0y Slae Sliio Lol a5 laools &l i drgi duo,s¥A/VA
Wlg 4o sl olaiel ig o BOME slows gy ,0 asLs sl
3903 (I8l (So5eled Jole ol 4o g )0 Al (39
ol 2 ey saneg S ln me sl by, 5l S
Ao (o el gladigs a5l eolan ) calize Slaws
29550353 Slmogas L dyone SlS 09,5 i slasiys
oS Ll jlacs olold alind o295 o g Al
s Sl B gl oy 551 G 0 50 ez se lacass
wloglite sloog )5 50 95290 SoGaie) 4 Cand (5
Slacss) 4 a2 b Gl o0 655590 4 5l Sjge o
Sl 09,5 5o sln Slas (2Sle ()] 5 Ao slaog S
SSE g g Ggmed 2looda 5l i 659000

Dendrogram
Ward Linkage; Euclidean Distance
-46.54
E 2.314
=
2
E
(7}
51.154
100.00 —+—— —t ——t—tr—
S ES LD DD S DS S DD e NS S
PP G TS (@Y S
FSE TP E S LD S ES DS
& 9 ® TR R KR AENESIENS
Observations

e G 9 VA ladgs el g a3 5l Jeolo pl )59 5080 Y S

Fig. 2. Dendrogram obtained from cluster analysis of 18 lentil genotypes

S e Gl e 4 wae olS Al glacadsi (S
58 yiS Olllas Lol Buca Loalexil co (Sl ol oyl
Cosl b JWl 5 0o po Dlao olulil (lals 5 (Mol
Slao g YL g0 b ool e cwl LS L:::QT
O ol i odaline dslllas 8,90 slacadsd) jo 25yl 9,90
3, Sdoe L Flip 2010-90 L 5455 andllas 9,50 slocases
G g s 10 Slae o i LS j0 0 5L VEYY/Y

AY

S 5 4o
9 SIPFSg s )3 (s Slalllas 3T 4 90 5
Ol 5o Bl Jlw vz o g bty (slaysiS )3 ST
5 gy i ude oS L alal, o Lol i 5 ol
gl o Ll joiS )0 Cl 4855 &0 (oral>
slay) g (k) plad (LS calid pae Joa (S5
e oS 59y (st H9 ) (el slaasl p coglhas
£33 31 o ledlbl jgtate oyl A el 435,55 &g



YY-AS amio IFo) Jlu 6 keis AT (0,99 Sl 9l 1 Lgud S I /..o Shos Suiif £955 ¢3], 0 g 031553 3¢

slocaisy Ol Jlogai o (ol slaaalie a4y 4y jo
s Sos s Slyica Flip 2011-13 L, Flip 2010-90 L
L cie calpo s Jsl adlie 90 5 wiad (00 oo
d)Lc )O d_;‘.b .)LA_:J 9 4_>3.a éLQ;)‘ ‘Q;A.;_w) l_u )'5) g.)La..a
JUSCIEVS1 JRVFCH SRV ROVEAREESPRURPULI ISR

Oniored (SBld 059 4 g gy (nl 4 (g oe 9 Shee
5o adls slaws clol e v 5g caigr o ails slass sls ylis gl
S, Slee Ly o dlayly a5 wingy Slaw jl asg glay | 4 B
3 ol oS edlal Jlaias aol a5 (6 9k wazils als
|y Sl Ol e gl Jole 4501 42 a2 g5 b S
ol 0,58 m ele onl o oS Slao S o 4z g
ot g (S, U 9, g gl a4 Gl oo eijlo | (Sole
o Lonigis oy ol (gl 5 0,5 o Ll B2 o ails

10.

11.
12.
13.

14.

15.

16.
17.

&L
Aghaei, M., Shahab, J., Zeynali, M., and Talei, H.A. 2004. Genetic diversity of population of lentil and
its relation to geographical distribution. Journal of Agronomy Science 6(4): 402-414. (In Persian).
Anjam, M.S., Ali, A, Igbal, S.M., and Haggani, A.M. 2005. Evaluation and correlation of
economically important traits in exotic germplasms of lentil. International Journal of Agriculture and
Biology 7(6): 959-961.
Asgar, M., Yazdan-Sepas, A., and Amini, A. 2010. Evaluation of genotypes of winter wheat under
drought stress and normal irrigation after the flowering stage. Seed and Plant Improvement Journal 3:
313-329. (In Persian).
Assady, B., Dorri, H.R., and Ghadiri, A. 2011. Evaluation of chitti bean genotypes to drought stress
using stress tolerance indices. Seed and Plant Journal 27(4): 615-630. (In Persian).
Bagheri, A., Goldani, M., and Hasanzade, M. 1997. Lentil Plantation and Improvement. Jahad-
Daneshgahi, Mashhad Publication, Mashhad, Iran. (In Persian).
Behera, T.K., Singh, A.K., and Staub, E.G. 2008. Comparative analysis of genetic diversity in Indian
bitter gourd (Momordica charantia L.) using RAPD and ISSR markers for developing crop
improvement strategies. Scientia Horticultura 115: 209-217.

Henrico, S.B., Claudio, G.P., Pinto, R., and Destro, D. 2004. Path analysis under multicollineararity in
soybean. Brazilian Archives of Biology and Technology 47: 669-676.

Igbal, S., Mahmood, T., Anwar, A.M., and Sarwar, M., 2003. Path coefficient analysis in different
genotypes of soybean. Pakistan Journal of Biological Science 6(12): 1085-1087.

Keneni, G., Bekele, E., Assefa, F., Imtiaz, M., Debele, T., Dagne, K., and Getu, E. 2013. Phenotypic
diversity for symbio-agronomic characters in Ethiopian chickpea (Cicer aretinum L.) germplasm
accession. African Journal of Biotechnology 63: 12634-12651.

Kohkan, H., Mohammadi, A., Alishah, O., and Hezarjaribi, E. 2010. Study on genetic and phenotype
diversity and factor analysis for morphological and phonological traits in pure lines Soybean, Tehran.
(In Persian).

Kumar, A., Singh, D.P., and Singh, B.B. 1995. Association analysis in lentil. Journal Pulse Research
8(1): 20-29.

Kumar, S., Rajendran, K, Kumar, J., Aladdin, H., and Michael, B. 2015. Current knowledge in lentil
genomics and its application for crop improvement. Frontiers in Plant Science 6: 1-13.

Mishra, S.K., Sharma, B., and Sharma, S.K. 2007. Genetics and cytogenetic of Lentil. In: S.S. Yadav,
S.K. Mishra, B. Sharma and S.K. Sharma (Eds.). Lentil: An Ancient Crop for Modern Times, p. 187-
208.

Narjesi, V., Zeinali Khangah, H., and Zali, A.A. 2008. Evaluation of genetic diversity for agronomic,
morphological and phenological traits in Soybean. Journal of Science and Technology of Agriculture
and Natural Resources 41: 227-235. (In Persian).

Narouie Rad, M.R., Aghaie, M.J., Fanaie, H.R., and Ghasemie, M. 2008. The study of genetic variation
of some morphological and phonologic characters in lentil germplasms of warm and dry regions.
Pajouhesh-va-Sazandegi 21(1): 173-179. (In Persian).

Pezeshkpour, P., and Afkar, S. 2019. Assessment of variability of lentil genotypes for agronomic traits
using multivariate analyses. Journal of Crop Breeding 11(3): 142-151. (In Persian).

Salehi, M., Hagh Nazari, A., Shekari, F., and Balsyny, H. 2007. Investigation the relationships between
different traits in lentil (Lens culinaris Medik). Journal of Science and Technology of Agriculture and
Natural Resources 41: 214-205. (In Persian).

AY


https://www.ncbi.nlm.nih.gov/pubmed/?term=Hamwieh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25755659
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baum%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25755659

18.

19.

20.
21.

22.

23.
24.

25.

YY-AS amio IFo) Jlu 6 keis AT (0,99 Sl 9l 1 Lgud S I /..o Shos Suiif £955 ¢3], 0 g 031553 3¢

Saman, S.M., Mozafari, J., Vaezi, Sh., Abbasi Moghaddam, A., and Mostafaie, H. 2012. Genetic
diversity of pod and seed characteristics in lentil germplasm of Iran. Iranian Journal of Crop Sciences
14(2): 171-182. (In Persian).

Singh, B., Ambawatia, B., Maharaj, G.A., and Singh, M. 1994. Stress studies in lentil (Lens esculanta
Moench). 1V. Effect of removal of water stress on recovery of germination percentage in lentil.
Legume Research 17(1): 8-12.

Sultana, T., Ghafoor, A., and Ashraf, M. 2005. Genetic divergence in lentil genotypes for botanical
descriptors in relation with geographic origin. Pakistan Journal of Botany 37(1): 61-69.

Talebi, R., Naji, A.M., and Fayaz, F. 2008. Geographical patterns of genetic diversity in cultivated
chickpea (Cicer arietinum L.) characterized by Amplified Fragment Length Polymorphism. Plant Soil
Environment 54: 447-452.

Tyagi, S.D., and Hafiz Khan, M. 2011. Correlation, path-coefficient and genetic diversity in lentil
(Lens culinaris Medik) under rainfed conditions. International Research Journal of Plant Science 2(7):
191-200.

Vojdani, P., and Moallemi, M. 1993. Variation and correlation of some traits with some lentils and
climatic regions. Plant Seed Journal 9(1): 9-1. (In Persian).

Yunesi Hamze Khanlu, A., 1zadi, A., Piruli, D.N., Halajian, B.M.T., and Majdabadi, A. 2010. Study of
relationship between some agro-morphological traits with yield in M7 generation of soybean mutant
lines irradiated by gamma ray. Journal of Crop Breeding 2(5): 30-46. (In Persian).

Zahedi, F., Nabati, D., Mohammadi, M., and Karimzadeh, R.A. 2016. Path analysis to study morpho-
physiological traits, yield and traits related to yield of lentil genotypes under rain-fed condition. Journal
of Plant Production 39(2): 71-80. (In Persian).

AY



Iranian Journal of Pulses Research
Homepage: https://ijpr.um.ac.ir
Vol. 13, No. 1, June 2022, p. 73-86 (Original Research Article)

O

Genetic diversity of yield and yield components in few
lentil (Lens culinaris Medikus) genotypes using

multivariate statistical methods
Azizizadeh', Zeinab; Tahmasebi?*, Zahra; and Mirzaei3, Amir

1. MSc., Plant Breeding, Employee of Agricultural, Jahad organization, Ilam Agricultural, Jahad Organization, Karzan Center,
Sirvan city; z.azizizada@gmail.com
2. Associate Professor, Plant Breeding (Biometrical Genetics), Agronomy and Plant Breeding Department, Faculty of
Agriculture, llam University; z.tahmasebi@ilam.ac.ir
3. Assistant Professor, Agronomy (Ecology), Crop and Horticultural Science Research Department, llam Agricultural and
Natural Resources Research and Education Center, AREEO, llam; amir.mirzaei53@gmail.com

Received: 9 Julg 2021; Revised: 20 September 2021
Accepted: 20 December 2021; Available Online: 22 June 2022

o ) How to cite this article: ) )
Azizizadeh, Z., Tahmasebi, Z., and Mirzaei, A. 2022. Genetic diversity of yield and yield
components in few lentil (Lens culinaris Medikus) genotypes using multivariate statistical

methods. Iranian Journal of Pulses Research 13(1): 73-86. (In Persian with English
Summary). DOI: 10.22067/ijpr.v13i1.2103-1003

Introduction

Due to the increasing need for agricultural products and the limited water and soil resources for growing
crops, it is necessary to study genetic resources, and on the other hand, genetic materials are resources that
are considered valuable for plant breeding specialists who try to collect and maintain and evaluate these
materials. Iran is one of the main centers of genetic diversity in the world. Identifying the morphological
traits is the first step in classifying and describing the pattern of each plant, and several scientists have
attempted to classify and measure the phenomenological diversity of specimen collections of various
legumes, including lentils. Since Iran is one of the centers of lentil diversity in the world, it is predicted that a
great diversity will be found among the native populations of this plant.

Materials and Methods

In order to evaluate the efficiency of multivariate statistical methods in identifying the most important
traits affecting grain yield and genetic pattern in lentil genotypes in Ilam province, an experiment as
randomized complete block design with three replications using 18 lentil genotypes (two local cultivars) in
Sarablah Agricultural Research Station per year was implemented in 2018-2019. Selected traits included the
number of leaves of a plant, the number of seeds in a pod, the number of seeds of a plant, the number of
flowers on a plant, the number of lateral shoot, flowering and maturity dates, the estimated weight of 100
seeds and final grain yield.

Results and Discussion
Based on the variance analysis, all traits showed meaningful differences until the experiment day except

the number of seeds in a pod and the number of pods of a plant. The genotype named 11 (Flip 2010-90L) and

genotype named 15 (ILL 754* ILL) showed the highest and the lowest grain yield, respectively which were
1432.3 and 500 g.m™. The estimated weight of 100 seeds (r= 0.314) and the number of pods showed the
highest positive correlation with grain yield. The basic derivatives of the analysis showed the amount of
more than one. The validation amount of total variance was 69.9%. Furthermore, the first and second agents
showed the most amount of total variance, which was 3.39%. The six positive traits were the amount of
seeds in a pod, the amount of seeds in an herb, the length of the plant, the estimated weight of hundred seeds
and the functionality of the plant. In addition, the second positive agents included the number of seeds in a
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pod, the number of leaves in an herb, the length of the plant and the number of lateral shoots. This study was
employed in order to determination of the excellent genotypes regarding the studied traits. Another aim of
this research was the enhancement of the availability to the lentil sources. In this study, a wide variety of
seed traits such as 100-seed weight and phenological traits such as flowering date, number of seeds per pod,
number of leaves per plant and plant height which can be used in breeding programs were recorded.
According to statistical analysis, it was found that the studied genotypes have good diversity in terms of
grain yield. Number of seeds per plant, 100-seed weight, plant height are some of the traits that showed a
positive relationship with seed yield. Since the first factor justifies the most changes, the traits that have the
largest factor coefficients in this factor can be plant height, day to maturity and number of seeds per pod and
can be selected to select the best genotypes and lines of these traits used. According to the results of the
analysis of the main components, the first two components have the traits of day to maturity, plant height and
number of seeds per pod, which can be considered as desirable traits in lentils; which is necessary to confirm
the results of the repeat test.

Conclusion
The statistical analysis indicated the agreeable variance based on the seed functionality among the
selected genotypes.

Keywords: Cluster analysis: Correlation: Genotype: Morphological traits
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Table 1. Results of compound analysis yield and its components of two years of project implementation in tests of spraying
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ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 2. Results of mean comparison of compound analysis yield and its components of two years of project implementation
in tests of spraying

sla,yl ailoYee 39 _
pB,! e W yo A dlaws e o ails sluws N (LS jo p,59lS) o ,Shos ool
Cultivar (’fw"’" ) Pod plant Seed pod (g . Yield (kg/h) Score
Height (cm) 100 Seed weight (g)
)
> 34.75e ad 3.02c 39.5b 1377c 3.34a
Akhtar
=t 81.82a 22.25a 3.8a 31.5¢c 2775.3a 2.25d
Yaghut
RESN
39d 10.75d 3.5ab 46a 2302.8b 2.87b
Derakhshan
N
- 76.12b 19.5b 377a 31c 2735.3a 2.57¢
Dadfar
C:ji 65.12¢ 10.12d 3.24bc 30.25¢ 2110b 2.0le
& 36.12de 17.5¢ 3.55ab 46a 2660.1a 2.47¢
Ofogh

Bl ls gme BB cilonys F asine Diglite By, L aS oila 1 Siks

* The number obtained for each column is equal mean. Means in a columns followed by different letters are significantly different.
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Table 3. Results of compound analysis yield and its components of two years of project implementation in tests of without
spraying
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ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 4. Results of mean comparison of compound analysis yield and its components of two years of project implementation
in tests of without spraying
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* The number obtained for each column is equal mean. Means in a columns followed by different letters are significantly different.
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Fig. 1. Population dynamics of different stages of Thrips tabaci in the first year
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Fig. 2. Population dynamics of different stages of Thrips tabaci in the second year
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Table 5. Results of compound population dynamics of different stages of Thrips tabaci in two year
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ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Table 6. Comparison of mean of compound analysis of different stages of
onion thrips population dynamics in two years
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* The number obtained for each column is equal mean.
Means in a columns followed by different letters are significantly different.
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Introduction

Legumes are a rich source of protein and dietary fiber. A good combination of legume protein with
whole grains can eliminate malnutrition and amino acid deficiency in humans. Beans are one of the most
important crops that are used in the nutrition of the people of the world and are very important due to their
high nutritional value and relatively easy storage. Thrips is one of the pests that reduces bean yield. The
different developmental stages of Thrips tabaci, by settling on underside of the bean leaves and feeding on
the plant sap, cause silvery leaf spots which the black feces of the pest are visible inside them. These signs of
damage indicate the presence of Thrips tabaci. This pest is active in bean fields in all season and cause
damage. Onion thrips is the most well-known thrips in the world and causes significant damage to onion,
cotton, lettuce, tomato and few other plants. It also carries some viral diseases.

Materials and Methods

Phaseolus vulgaris is one of the most important legumes cultivated in most countries of the world. This
crop is attacked by various pests including onion thrips. This study was conducted in two years in field
condition by planting cultivars Yaghut, Goli, Dadfar, Derakhshan, Ofogh and Akhtar (control) in a
randomized complete block design with four replications in two experiments with spraying and non-spraying
treatments, at Arak. To assess population changes, sampling was weekly done from the beginning to the end
of the growing season. For sampling, five plants were randomly selected from each plot and scored based on
the amount of damage and contaminated leaf area. Yield and yield components were also calculated. The
results of this study were analyzed using SAS 9.1 statistical software and the means were compared by
Tukey test in 1% and 5%.

Results and Discussion

In this study, Yaghoot and Dadfar cultivars had the highest yields with 2775.3 and 2735.3 kg/ha,
respectively. On the other hand, Goli cultivar had a lower damage scale and a lower yield reduction
percentage compared to other cultivars, but its yield (2110 kg/ha) was lower than other cultivars except the
control. The two-year results of this study showed that the highest population of thrips in different stages of
nymphs and adults were observed in Akhtar (7.01 and 2.15) and Derakhshan (5.93 and 1.65) cultivars.
Population densities of onion thrips on seven cultivars and one soybean genotype were examined by
Sedaratian et al. (2010). The results showed that the highest and the lowest population of thrips was observed
on (Dpx and KS-3494 genotype) and on (L17 and Taller) respectively. This is not consistent with the results
of the present study due to differences in the crop types studied. Kalafchi et al., (2002) examined the
resistance of cultivars based on census of onion thrips population and evaluation of crop agronomic
characteristics. These researchers evaluated nine onion varieties for damage. Red Azarshahr cultivar with the
highest number of thrips and the highest damage to other cultivars was sensitive, and Sefid-Qom cultivar
with the lowest number of thrips, was less contaminated. The results of this study are different from the
results of recent studies due to differences in employed product and cultivars. The bean plant growth type
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has a significant effect on the resistance of the cultivars to the two spotted mite. Generalizing this result to
the onion thrips needs to more researches. Compounds such as phytic acid, lectin and trypsin inhibitors can
affect the biology of the onion thrips. This is similar to the results of the present study due to differences in
populations studied as well as differences in yield and damage scale.

Conclusion
Based on the results of this study, Yaghut due to higher yield and Goli cultivars due to less damage scale
priority for cultivation in the area.

Keywords: Loss assessment: Population changes: Thrips tabaci, Tolerance, Red Bean
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Table 1. Soil Physical and chemical properties of the experimental site at a depth of 0 to 30 cm

89 ] S ol SS9 S o lan
oo . . B
_ plke) eSS S L . s 3 ) R e o
5 ko) o T FeTHe st
_ » » » (o 33) - (5o (Moyd)  (woyd) (wwoy) ?
(S okeS 2 - - - 2 (wey)  (pH) : sand sil cl texture
(psSeks  (pSels (eSS N (w4 Electrical an it ay
Cu ) om. vty (%) 6 (%)
(mg.kg™) Zn K P (%) conductlylty
(mgkg") (mgkg") (mgkg") (dS.m7)
e )
0.22 0.92 253.06 13 0.21 223 7.28 1.36 13 42 45 Silty )
(Clay
o3l 50 ooliswl 9 90 Cadgsy luoguas —Y Jgus
Table 2. Properties of zeolite used in this experiment
. P205 K20 Na20 CaO Fe203 Sio2
0, 0, 0, 0, -1
MnO (%) TiO2 (%) (%) (%) (%) MgO (%) (%) (%) Al203 (%) (%) CEC (cmol.kg?) pH
0.026 0.19 0.012 33 1.6 0.68 2.9 1.31 10.6 68 160 75

o bojl o solaiwl 090 (£ g0 095 Wluogas -V Jous
Table 3. Properties of poultry manure used in this experiment

K (%)

P (%)

N(%) pH

2.1 1.3

4.1 7.1

sy ;o 0 LeaSg al old g ;e il B e (e
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30 @ Lo by IS Cbile e (5ol b alovil olS
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5 s sLessS ilwie Sz LS 3 0 Sl Y7
(Mahmoudi & Hakimian, 2003) 5,5 esliiw! cudgs;
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Lo pan ails o Slas fuizmed 9 B 5 0 ,Slae (B
50 wosly sl u_wl);ﬂ g, P4 3 Ps P, sl Jlasl
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Job xSlas as ol flis 5o b jles uSen p ol
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S US oKiws 5l eslaiuwl b (Bremner, 1996) Jlals
g,y 4o ,awd eclale (Foss 2300 Kjeltec Analyzer)
oo 3l eslawl L Jones et al., 1991) s,
{Shimadzu UV 3100, Tokyo, Japan) jieg:ds xSl
L (Waling, 1989) e wals i by, au pewly olale
Jenway PFP7, Sherwood ) yiegiseds olSiws i oolatwl
clale 4 (Scientific, Cambridge, United Kingdom
ol @i (s tegidy il gy b 3y e yolie
Varian ) il iz olfiws 5l eolarw! b (Emami, 1996)
el cussas (Spectra AA-10, Mulgrave, Australia

a5ees SAS 5816 5 5l ool b (g lel slosls coles 4o
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Table 4. Variance analysis of morphological traits, yield components and grain yield of green bean

slowd oS slayl e Job 4ild)ee 439 e o Slos ails o ,Slos
Treatment Plant height Pod length  100-seed weight  Fresh pod yield  Seed yield
Ero 35S sk sk % sk sk
Poultry manure (P)
“"-Jf) sk sk ns sk sk
Zeolite (2)
e d ns * ns ns Ns
PxZ
Ol s g
(02%) SlyeedS 2 4.23 143 5.63 6.23 6.33
C.V (%)

o yd Sy g oy gy Jleil gl (8 s dire g o sime nf i 4y XK g F NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 5. Mean comparison of morphological traits, yield components and grain yield of green bean

s ol gli G Job aloYee 39 SME 0 ,Slose &1s 8 Shos
Tre)atment (o il (asile) (5 (2250 30 3> p,5) (&30 50 33 p,5)

Plant height (cm)  Pod length (cm)  100- seed weight (g)  Fresh pod yield (g.m?)  Seed yield (g.m?)

Py 41.3d 10.7e 32.5¢ 1340e 120e

P, 43.0c 10.9d 32.9bc 1450d 130d

Ps 44.3c 11.2¢c 33.4abc 1540c 140c

P4 46.4b 11.6b 34.1ab 1710b 160b

Ps 48.1a 11.9a 34.7a 1840a 170a

Z; 43.5¢c 10.5e 32.6ab 1380c 130e

Z; 44.0bc 10.8d 33.1ab 1460d 130d

Z3 44.6bc 11.2c 33.6ab 1570c 140c

Z4 45.0ab 11.5b 33.9ab 1650b 150b

Zs 46.0a 12.1a 34.3a 1800a 170a

25,5 LD 5051 Loleol 1 duo o gty Jlatol grlans 45 (5o sime (g5le] GBS cygias j2 10 5 e g 6l glouSilee
The means within a column with the same letter are not significantly different by LSD test at p <0.05.
Ls « oty Ly g5y L3 widgsy Lo «dgiy B pas pos Ly ot Syt o o 555 P5 et 0 355 Py (g5t 0 955 P3 £ yo 555 P2 (£ j0 355 5 pan pas Py

Ot stEd8)

P1: no poultry manure, P,: poultry manure, Ps: poultry manure + zinc, P4: poultry manure + copper, Ps: poultry manure + zinc + copper, Z;: no use of
zeolite, Z,: zeolite, Zs: zeolite + zinc, Z4: zeolite + copper, Zs: zeolite + zinc + copper

14 - a
12 pabad® pab® o bEE’_ NE
EER
< 81 NI NE NI N
M N R RN R
: ]
.
P1 P2 P3 P4 3

W71 872 OZ3 OZ4 OZ5

owlngd e Jgb pould S Calgi) 9 (£ 0 095 (RS ) S
Zs oot el Lo vSo el 3 3 Suds Lo w2y Span pas L et Sy ptist o 355 P et 0 355 Pyt 50 955 Paif g0 055 Po i 50 055 e s P)
ot SIS
Fig. 1. Interaction effects of enriched PxZ on pod length of green bean

P1: no poultry manure, P,: poultry manure, Ps: poultry manure + zinc, P,: poultry manure + copper, Ps: poultry manure + zinc + copper, Z;: no use of
zeolite, Z,: zeolite, Zs: zeolite + zinc, Z4: zeolite + copper, Zs: zeolite + zinc + copper

oo yi,|38 ladse Jawgs Lugd dils 5 Slae 5 0 ,Sloe (sl
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4 slo oy (Aslani & Souri, 2018) el oays 5 valls
395 B e aS ol ylis j o, Kidgh ple Lawgs ol fes
S Sdhee Cled 5o g AlaY e v 59 )] Al g (£ 50
oty 955 By pue b el Lyl b alio 4 Lygl il
359 o8l uYs 5l.dasim & Mhanna, 2014) s 5
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5 £ 0 995 lowd 90 ;2 Bras aS ol lis s oyl
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55 Jdo)lS lile b alaulger (69, 5 e 0008
adls 5, Slos g 0,Slas glial Sgupe 4 yoxie iwgsd ol
o edEs G,k sy, sae (Lietal, 2007) ws 5 o
g0 oS )0 (g e il 5 (Sl 8 slavn] B
Lack) 05,5 oo julog) ails o Slae iol38l g o) 10 a0 e
Alhroutetal., ) <, 555 ,ls 2xe <l 5 (et al., 2016
Sg—pe - (Turkmen & Kutuk, 2017) cJs; 4 (2016
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oL o, Slae uolidl a5 auzdl o ol Sawgys 51 (6,500 09,5
039 Soidnd 1alS Jdo an Sudgsy 0 )5 L el
Gholamhoseini et al., ) cwl 009 codgiy B yan 5l S
(2009

6555 sbalows 51 S o sile b a5 ol las A
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Sgs o 4ld 5, Slae 39y 9 oS glay )| iol38l o Jolow
(Kumar et al., 2009)
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ol aagy sl .(Javanmard & Asadi Danalo, 2017)
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Table 6. Variance analysis of photosynthetic pigments of green bean

Sows adudels D dgls U5 Judoyls  abgidg,ls OilbwgisT
Treatment Chla Chlb Chla+b Carotenoid  Anthocianin
Ere S sk sk sk sk sk

Poultry manure (P)
<lghs

sk sk sk sk sk
Zeolite (2)
ekl ns ns ns ns ok
PxZ
[CH OO TR
(409%) St o2 2.40 3.97 2.77 3.70 1.35
CV (%)

o yd S g doys gy Jleil gl (8 s dire g Io gime puf i 4y XK g F NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 7. Mean comparison of photosynthetic pigments of green bean

a Judg,ls b Judg,ls IS Judg,ls agiigyls CilbgisT
Sled (5 039ps 2 deeasSe) (5 oisesS #dsassm) (5 0igess 2 dsesSse) (5039 ps 5 JeeesSee) (5 0igpsS 2 Jaog ySom)

Treatments Chl a Chlb Chl a+b Carotenoid Anthocianin

(pmol/g FW) (pmol/g FW) (pmol/g FW) (pmol/g FW) (pmol/g FW)
P, 7.3d 2.2d 9.5e 1.1e 6.4e
P, 7.6d 2.2¢c 9.8d 1.1d 6.7d
P3 7.7¢c 2.3c 10.1c 1.2¢c 6.9¢c
P4 8.1b 2.4b 10.6b 1.3b 7.2b
Ps 8.3a 2.5a 10.9a l4a 7.5a
Zy 7.5¢ 2.2d 9.7d 1.1le 6.6e
Z 7.6¢ 2.3cd 9.9d 1.2d 6.7d
Z3 7.8¢ 2.3bc 10.1c 1.2c 6.9c
Zy 7.9b 2.4bc 10.4b 1.3b 7.1b
Zs 8.3a 2.5a 10.8a l4a 7.4a

5,15 LSD 5051 obol 1 duo o iy Jloiorl grans 58 (5 o sime (6,le] B cygis j2 30 S e g > (6l (sla . Silea
The means within a column with the same letter are not significantly different by LSD test at p <0.05.
Ls « ety Ly g5y L3 widgsy Lo« B pas pos Ly ot Syt o 555 P5 et 50 355 Py (g5t E 0 955 P £ o 555 P2 £ y0 355 5 pan pas Py

oS sl

P1: no poultry manure, P,: poultry manure, Ps: poultry manure + zinc, P,: poultry manure + copper, Ps: poultry manure + zinc + copper, Z;: no use of
zeolite, Z,: zeolite, Zs: zeolite + zinc, Z4: zeolite + copper, Zs: zeolite + zinc + copper

oyl (Baek et al., 2012) wil oo 550 5 55, 5l s
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Sl 000 5 el 58 L Raagh ple @l )3 e 008
(Yadav et al., 2016)
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SLs 53 ol i 5 i 53 gl Juloar g
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Syt ala s 4y Culgi; b a0 (Porkashef et al., 2015
Syt 9 AS i Gl crge ol lawgi (395 ol
33,5 o (2l)y DY gpazme ade Al Coles 50 g Fmgid
(Lijaetal., 2014)

= Sdgy OISl ey 0 b 5o Nozari et al, (2013)
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o
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.(Bakhshandeh et al., 2016)

\ .

ol s 3 gy ol ST Sl daglie gl
G5 09 5 2 JoeaSee AT) @ Jdo IS clale (o iy &S
5 295 G5 03 25 = JsessSen YIO) D by 15
Jo29,5 V) 039595 (5 039 255 52 Joe9,Se V2 IA)
L (5 039 205 2 JsessSes VIT) Guiliwsil s (5 0039 255 5
Z1 e b aals Lyl b cov g sl Cavoas Zs jless 8,8
VeIV g VAUD A ) +IF A5 sgai> s hs 9 i
Y Jaaz) ol plad mels ws o

Gl 5STam 45 8l i 5 o legs (iiSany b
PsZ3 PsZ, PsZ1 PaZs 6L_m)Lo.33 JL_Q.cl [ u.gL_.wj,J
(¥ JS5) as Jol> PsZs 5 P5Z4

L (20 995 9 Sdshy 55l 8 a5 3l (Las A
cbale Gly8lan yovie 6)lotna sl 4 (3ien polic
ol B me L vl b annlie jo (giiwgd slaaless,
S0 095 13 59) 5 e S99 NS (£ 355 5 Sl
s Las a5 oS 5o Jds)ls lie (I3l G ge
Sy o Hli 4 sl caslle Saikachout et al, (2015)
A o (S 4 o b (50 055 b Cdgly (g5l e
S bn)lF el 69, b (50 055 b cudsy il
g 7iSie 5 (s 159y il polie 45 el o
= oS )0 9dgiin)lS g puilewstl (Jed IS (liee a8
S imgth SBAISSS ) 1o 2 e 3B 0 () 53 5 90,5



Q21T asivo NP Jlo 16 )locs Y (6599) Sl /)1 30 Slgu> GBI /... clgi) & pao T 1], Ka g 031 j0koxo

9 A a
a a_
E? : cc N cbcbcbctf bcabbcbcE abababa—b_ ]
e 1 BN - N | \[E
i N NI N
+ AN NI NI
NI N N
é 3 A % : § o :;:
N § R § -
=21 BN NI N
= \ . \ o \ -
1 BN
§ é | ___:3: ___:3: l
P1 P2 P3 P4 P5
7] @72 O7Z3 @Z4 0OZ5

rwligd (ilowgil g ouls S8 Calgi) 9 (o€ po 395 SRy T S
s oty La w595t Cels L3 ool 5y Lo ey Bran pas L ot Sy y 955 P8 it (50 355 Paisy by 055 Pa e o 055 P (b yo 355 B pmn pas Py

Ot s
Fig. 2. Interaction effects of enriched PxZ on anthocyanin of green bean
P1: no poultry manure, P,: poultry manure, Ps: poultry manure + zinc, P,: poultry manure + copper, Ps: poultry manure + zinc + copper, Z;: no use of
zeolite, Z,: zeolite, Z3: zeolite + zinc, Z4: zeolite + copper, Zs: zeolite + zinc + copper
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laSloe b oo e paliy 5 jid (s bl oS
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rwlg) Oy o188 jolie i il ylg 4525 A Jgur
Table 8. Variance analysis of nutrients uptake in green bean pods

slowd 09y d by e g3y ool P
Treatments N P K Cu Zn Fe Mn
Gé"’ °95 o3k sk sk ET3 ET3 EX3 EX3
Poultry manure (P)
olss sk ok sk 3k 3k sk sk
Zeolite (2)
Inrciraked ns ns ns ns ns ns Ns
PxZ
Ol s o
(o) S w0y 331 227 244 188 316 182 3.04
C.V (%)

o yd Sy g doye gy Jleil gl (8 s dire g o sime nf i 4y XK g * NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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rwlag) B0 (188 polic iz (1Sl dmslio -1 Jgua
Table 9. Mean comparison of nutrients uptake in green bean pods

R s " e 9 oo P
Sosi on e 25 Ghen) 2 o5 ko) 25 ) 25 )
Treatments (x2,2) (x252) (%252) 5 5 5 s

N (%) P (%) K (%) (pySoks (pSoks (pSoks (p S ok

Cu (%) Zn (%) Fe (%) Mn (%)
P, 2.3e 0.3e 3.3c 20.6e 28.3d 73.5d 59.4c
P, 2.5d 0.4d 3.6d 21.4d 29.0c 74.7c 60.7bc
P 2.7¢c 0.4c 3.8c 22.0c 29.6¢ 75.7¢c 61.6b
P, 3.1b 0.4b 4.1b 23.0b 30.7b 77.4b 63.4a
Ps 3.4a 0.4a 4.4a 23.8a 31.5a 78.8a 64.8a
Z, 2.4e 0.3e 3.5e 21.0e 28.7d 74.1d 60.1d
Z, 2.6d 0.4d 3.6d 21.5d 29.2cd 75.0cd 60.9cd
Z3 2.8c 0.4c 3.8¢c 22.1c 29.8bc 75.9bc 61.9bc
Z, 3.0b 0.4b 4.0b 22.6b 30.3b 76.8b 62.8b
Zs 3.3a 0.4a 4.3a 23.5a 31.2a 78.3a 64.2a

5,15 LSD 5051 bl 1 duo o iy Jloiorl grans 58 (5 o sime (bl B cygis j2 30 S ite g (6l (sla o Silee
The means within a column with the same letter are not significantly different by LSD test at p <0.05.
Ls « oty Ly g5y L3 widgsy Lo« B pas pos Ly st Syt o o 555 P5 et £y 355 Py (g5t 0 955 P3 £ yo 555 P2 £ y0 355 B pan pas Py

Ot stEds)

P1: no poultry manure, P,: poultry manure, Ps: poultry manure + zinc, P,: poultry manure + copper, Ps: poultry manure + zinc + copper, Z;: no use of
zeolite, Z,: zeolite, Zs: zeolite + zinc, Z4: zeolite + copper, Zs: zeolite + zinc + copper

3 ehie polie Las g Sugby iVl obnl 4 e S
(Agooshi et al., 2015) ws,5 b g oS i, Jae

6 5 A

e (0 355 5 gy Bpmae oS ol plis gl
5 6 5gtd sladilaSs ) wils 5 Slae 10 Slac (slizl il
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£ 355 9 Sudgiy o)l Ll p Cou 550 Dlas (e
Slojlos ab Jol> e 5 59, e, pole bond 22
i )3 6y SIS e b ol (S8 (£0 095 9 ool
Ot (s 9550 Olao Hlai 5l (g9, b oad d slajlacs b
S LS A selag) oS Cote uly 4 azgi b cnlply il
Ol 0 )L sy o Sl 4 cond 8 Sodghy g (Epe slasgS
9y gl sLasgS Bras ol ed Wl oo laogS
Sl g pllo adsi Lol jen ol S 0 Slas g Cuzr (ol
A8l (55)5leS DY game

1y 2 yShae 1 ol NS 3t Jalse o ote alor

obis L g SI Cusb) p cogsy Cude SIS Gl o
ol oliaa=e (Mottaghi et al., 2014) 545 o Lal Slie
Slogas 1 7315 Gy codgsy 3L a8 il
Slwl ose 5 Ge Jobs cod )b PH ks S Gleard
53,5 oo Mt jolie ygp Gl 4 e 531 GlacS
o 5,55 (Motesharezadeh & Asgari Lajayer, 2013)
Cbile il 8l cezge cdgy B o col o I (S
Ozbahce et ) uo 3 Lusg! 1o (e 5 S35 wpowsly (035555
YU Sesls Jols e s J s au e Jg; @l 2015
Slye 5 2l yolie g wiz carge o] bt Glaisls
(Gholamhoseini et al., 2013) 55,5 . S5 ;I I
4 e SB Sesl Jols cod )b (il abauly 4 colss;
33,5 0 (59 5 e 2l B ann S polie Dl Gl
ol ol 5l ol s b a5 (Abdoli et al., 2008)
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Introduction

Among legumes, green bean (Phaseolus vulgaris L.) has the highest area under cultivation. This legume
also has a very high economic value. Today, the application of natural soil amendments such as zeolite to
prevent the loss of nitrogen fertilizers has been considered. The zeolite application can reduce the use of
chemical fertilizers, increase the soil water holding capacity and also prevent environmental pollution by
improving the soil physicochemical characteristics. Addition of poultry manures to the soil also increases
soil fertility, decomposition of organic matter and carbon dioxide production in the plant canopy, which
ultimately leads to increased grain yield. The aim of this study was to evaluate the effects of fortified zeolite
and poultry manure on yield components, yield, photosynthetic pigments and nutrient concentrations in
green bean plant.

Material and Methods

To study the effect of zeolite and poultry manure enriched with zinc and copper on yield components,
yield, photosynthetic pigments and nutrient concentrations in green bean (Phaseolus vulgaris L.), a field
experiment was conducted as a factorial based on a randomized complete block design (RCBD) with three
replications at the research field of the Islamic Azad University of Amol in 2017. The treatments of this
research consisted of five levels of Zeolite (Z1: control or non-use of Zeolite, Z,: application of zeolite alone,
Zs: fortified zeolite with zinc, Z,: fortified zeolite with copper and Zs: fortified zeolite with zinc + copper)
and five levels of poultry manure (P:: control or non-use of poultry manure, P2: application of poultry
manure alone, Ps: fortified poultry manure with zinc, P4 fortified poultry manure with copper and Ps:
fortified poultry manure with zinc + copper). In this experiment, poultry manure and zeolite were used at
rates of 1.5 and 1 t.h%, respectively. Nitrogen, Phosphorus and Potassium fertilizers were applied uniformly
in all plots based on the results of soil analysis. At harvest, the yield components, seed yield and nutrient
concentrations in the plant were recorded. The concentration of photosynthetic pigments was also measured
at the flowering stage. The data were analyzed using SAS software and the means were compared using the
least significant difference (LSD) test at the 5% probability level.
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Results & Discussion

The results showed that the differences between different levels of poultry manure were significant in
yield components, seed yield, photosynthetic pigments and nutrient concentrations in the plant. The effect of
zeolite was significant on all tested traits except for 100-seed weight. The interaction between different
levels of poultry manure and zeolite was significant on pod length and anthocyanin. The application of
fortified poultry manure and zeolite with zinc and copper increased the evaluated parameters compared to
individual application of poultry manure or zeolite and control. The interaction between poultry manure and
zeolite revealed that the maximum pod length was obtained by applying PiZs, P2Zs, PsZs, PsZs and PsZs
treatments. The maximum anthocyanin concentration was also obtained by applying PsZs, PsZi, PsZ,, PsZs,
PsZs and PsZs treatments. The results of the mean comparison of data for poultry manure showed that the
highest seed yield (174 g.m?) was obtained by application of fortified poultry manure with zinc + copper,
which increased by about 27% compared to the control. Under zeolite application, the maximum seed yield
(171 g.m2) was achieved by application of fortified zeolite with zinc + copper, which increased by about
23.3% compared to the control.

Conclusion

In general, the copper-enriched zeolite and poultry manure treatments showed better impacts than zinc-
enriched treatments in terms of studied traits. Application of zeolite and poultry manure increased the yield
attributes, seed vyield, photosynthetic pigments and nutrient concentration compared to the control, but the
highest amount of these traits was obtained under the application of fortified zeolite and poultry manure with
zinc and copper. Therefore, the application of fortified poultry manure and zeolite while reducing the amount
of chemical fertilizers, can improve the seed yield of green bean.

Keywords: Nutrient uptake: Photosynthetic pigments: Poultry manure: Yield: Zeolite
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Evaluation the efficacy of Pyridate combination with some graminicide = Maghsoudi, Arash; Izadi Darbandi,
for weed control in chickpea (Cicer arietinum L.) Ebrahim; and Nezami, Ahmad

» Effect of priming and temperature on emergence and establishment of  Azari, Seyyed Jalal; Parsa,
two lentil (Lens culinaris Medik.) genotypes featuring low and high seed vigor ~ Mahdi; Nezami, Ahmad; Tavakol
Afshari, Reza; and Nabati, Jafar

» Parameterization and evaluation of SSM_iCrop2 model to simulate the =~ Mohammadi, Samaneh; Zeinali,
growth and yield of bean (Phaseolus vulgaris L.) in Iran Ebrahim; Soltani, Afshin; and
Torabi, Beniamin

* The effect of iron nano-chelate fertilizer on yield, yield components and ~ Ghasemi, Sahar; Piri, Issa;
seed protein content of bean (Phaseolus vulgaris L.) under drought stress  and Tavassoli, Abolfazl

* Genetic diversity of yield and yield components in few lentil (Lens culinaris  Azizizadeh, Zeinab; Tahmasebi,
Medikus) genotypes using multivariate statistical methods Zahra; and Mirzaei, Amir

» Assessing the damage of onion thrips (Thrips tabaci) on six cultivars of  Ashtari, Sedighe
red bean under field conditions

 Effect of zeolite and poultry manure enriched with zinc and copper on ~ Mohammadzadeh, Mahyar;
agronomical and physiological traits of green bean (Phaseolus vulgaris L.)  Niknejad, Yousof; Fallah-Amoli,
Hormoz; Barari, Davood;
and Baghbanian, Seyed Meysam



