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Introduction

Given that successive droughts, particularly recent ones, have impacted most regions of Iran, drought stress is
recognized as one of the major challenges for crop production in the country's arid and semi-arid regions. Beans grow in
a wide range of areas that are subject to seasonal droughts and wide fluctuations in soil moisture in different years.
Nevertheless, drought stress causes a significant decrease in bean seed yield, and the amount of yield decrease is
different depending on the time, stress intensity and studied genotype. Due to environmental conditions in areas where
bean cultivation is common, water deficit may occur more than once during the crop growth cycle. In addition, when a
dry period (two to three weeks) occurs, especially during flowering, yield reduction will be significant. Drought-
adapted cultivars in beans require less water for irrigation and thus help conserve water resources. Despite the desire of
farmers to maximize the use of irrigation to increase production in dry and semi-arid conditions, even in the absence of
water restrictions, excessive irrigation is not logical; therefore, in such a situation, the efficiency of water consumption
in the farm should be optimized. Deficit irrigation is an optimization strategy that purposefully allows the plant to
tolerate some degree of deficit irrigation and reduced yield. Several studies show that lack of irrigation causes a
significant decrease in the number of seeds, seed weight, number of fertile pods, number of seeds in pod, seed yield,
biological yield and harvest index. Of the two main components of seed yield (seed number and seed weight), seed
number shows higher sensitivity to water deficit. In this regard, in this research, it has been tried to evaluate the effects
of drought stress on yield and yield components in 16 genotypes and cultivars of chiti beans and determine the
genotypes with optimal yield under water limitation conditions.

Materials and Methods

In order to investigate the effects of deficit irrigation on some phenological and yield traits of chiti beans, 14 promising
chiti bean genotypes obtained from breeding programs along with Sadri and Kosha control cultivars, in two consecutive
crop years from 2022 to 2023, at Kheirabad Zanjan Research Station, in two conditions normal irrigation (irrigation
cycle of 5 days) and deficit irrigation (irrigation cycle of 9 days) were investigated. The experiment was performed at
both conditions and in both years, as basic of complete randomized blocks design with 3 replications. Combined
variance analysis and mean comparisons were performed and simple correlation coefficients between traits and
stepwise regression analysis of traits affecting grain yield in both irrigation conditions were calculated.

Results and Discussion

Variance analysis showed that there was a significant difference between the 5 and 9 day irrigation cycles in the number
of plants per plot and the number of pods per plant at the 1% level, and in the plant height and yield at the 5% level.
There was significant difference between genotypes in terms of all the studied traits (except the number of plants in
plot) at the probability level of 1%. Irrigation cycle of 9 days decreased plant height, seed yield and its components
including number of pods per plant, number of seeds per pod and 100 seed weight. G8, G10, G14 and G15 genotypes
had the highest and G13 and G2 genotypes had the lowest seed yield. Correlation analysis showed that in irrigation
cycles of 5 and 9 days, there is the highest relationship between seed yield and the number of pods per plant. On the
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other hand, in the 5-day irrigation cycle, the number of pods per plant, the number of seeds per pod, and the 100 seed
weight, and in the 9-day irrigation cycle, only the number of pods per plant were included in the regression model and
had the greatest impact on seed yield.

Conclusions

The number of pods per plant, the number of seeds per pod and the 100 seed are considered the most important
components affecting seed yield and by justifying the large amount of changes in seed yield, they can be used as
important traits to improve bean yield in breeding programs in different conditions. Therefore, G8 genotype with the
highest number of pods per plant and high weight of 100 seeds can be introduced as a favorable genotype for cultivation
in dry conditions.

Keywords: Bean, Correlation analysis, Irrigation cycle, Regression analysis
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Table 1- Chiti bean genotypes studied under normal and low irrigation conditions

- S ey Lo
Code Genotype Genotype origin
Gl KS21500 e Dlindod olRisl 5l 0ud 4

Prepared from Khomein National Research Station
‘yao> uLa..J:z.t FES I L "‘ )‘ 00l Al

G2 KS21538 . . .
Prepared from Khomein National Research Station
G3 KS21565 Grod Slaios ol Slent g
Prepared from Khomein National Research Station
G4 KS21563 Gro> Slaios ol lent g
Prepared from Khomein National Research Station
G5 KS21597 Gro> Slaios ol lent g
Prepared from Khomein National Research Station
G6 KS21600 Geod o oSl s hld
Prepared from Khomein National Research Station
G7 KS21601 Geod o oSl st hld
Prepared from Khomein National Research Station
G8 KS21606 oed S ALl et a8
Prepared from Khomein National Research Station
G9 KS21607 Gro> Slaiod ol Slend g
Prepared from Khomein National Research Station
G10 KS21492 Geod o oSl s ald
Prepared from Khomein National Research Station
G11 KS21255 Geod o oSl sl
Prepared from Khomein National Research Station
G12 KS21184 Geod o oSl s ald
Prepared from Khomein National Research Station
G13 TAYLOR Gro> Slaiod ol lend g
Prepared from Khomein National Research Station
G14 KS21495 Gro> it ol Slend g
Prepared from Khomein National Research Station
G15  Sadri (Check) ol e
Zanjan
G16 Kosha (Check) ol e
Zanjan
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Table 2- Specifications of the soil of the field where the experiment was carried out

oy e e oS (1) owigdh i ol F5 sty R ERLIV/ FUMRY-Y o 33
BSF oy L) e
L T A S A SO o e o el (o g1 oty o) £l
T ) Organic Neutralizing ) .
EXture  Clay  Silt  Sand  carbon substances (%) Saturated Electrical Saturation
(%) (%) (%) mud reaction  conduction (dS.m™) percentage
SIY 50 46 34 o054 47 7.4 0.61 46

loam
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Table 3- Temperature and rainfall during the two years of the experiment during the growth period

JL D909y Sl sl 5 Py 313 5o 390 4
Years April May June July August September
[ 2021-2022 8.8 12.5 28.6 16.5 235 18.9
Temperature ~ 2022-2023 9.9 13.7 29.9 16.9 25.4 21.7
Sy 2021-2022 14.2 30.9 3.1 0 134 0]
Rain 2022-2023 36.5 53.3 15.7 1.8 13.2 0.1

b3l lp ediyl g b, Fmax sbaggesl g 1)) Jlo 99 59 55kel cilisio sloyg0 58 Siubojl sallas il ylg —F Jgu
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Table 4- Variance of experimental errors in different irrigation cycle in two crop years and Fnax Hartley and Bartlett's
tests to evaluate the uniformity of variances

i O+ G 39, G 39, s, aigrolaay O olaay ailo olawy Yoo 0339
Sol H9e - . . - .
Irrigation Juw X A VRO Vv, &gy S8 e gy e "f’“" als
Cycles Years Daysto50% Daysto Plant Plantper Podper Seedper  Yield  100-seed
flowering maturity  height plot Plant pod weight
e ekl 2021-2022 0.92 244 86.82 429.15 1.08 0.28 375629.4 5.73
5 )S)IC 2022-2023 0.77 22.91 90.94 316.93 1.17 0.168  216975.8 4.56
S5y & okl yss  2021-2022 0.73 36.06 4501  362.17 1.76 024 2907939  5.29
9-DIC 2022-2023 1.2 43.24 51.7 275.68 1.47 0.22 282658.4 3.42
Fbile oste 18.89™ 1.89 2.01 1.55 1.37 1.67 1.73 1.67
Frmax Hartley
bl cws " x -
1.64 3.55 2.59 7.68 5.19 2.08 8.31 15.88

Bartlets test

39, % 5 kel 99 9-DIC .34, z= &kl 459 5-DIC
5-DIC: 5-day Irrigation Cycle, 9-DIC: 9-day Irrigation Cycle

oy iy g oy Syl jo o gme cud St g
*and *: significant at the level of 1% and 5%, respectively
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Table 5- Combined analysis of variance for chiti bean genotypes studied traits in different irrigation regimes during
experimental years

Olaypo (Slae
Means of squares

oy

é~ b )5) v
N axy® . . . L ol Voo o039
P oad &L‘o ‘5.}‘.-" M).b U }5) éw)| 4:’9'? Sl o LSle )\3 als |
) . . J ; als
S.0Vv of eaos Oy Ay S p e ails J)i-j.‘).: 100
Days to Plant  Plant per % Seed yield i
Days to maturit height lot Pod per Seed seed
50% y g P plant P weight
flowering pod
_“”L;’*' )9 1 97.75 1131.02  3579.4* 23320.1" 344 276  21808618.1" 545.4
Irrigation cycle
\‘('JL" 1 128.4 5440™ 10.55 800.33 8.76 3.26 32927078.9™ 561.7
ear
Jlox 6)L.:—.’] 499
Irrigation cycle 1 0.13 36.75 112.6 6.75 1055  0.63 608963.4 75.25
x year
Y glas
8 0.88 53.48 94.6 708.26 3.71 0.068 586888.45 3.56
Errorl
S 15 219.93" 5051 9630  1629.07 4354 212  2468597.4"  207.4™
Genotype
299 X i)
ol 15 0.62 9.63 8831 398.12 2.08 0.055 111804.4 2.01
Genotype x
irrigation cycle
Jbo x sl 15 39.02™ 141 242.3™ 2620.2™ 11.63 0.33 883364.6" 22.6™
Genotype x year
298 X i)
Jlox s,LT
Genotype x 15 0.907 22.07 29.66 1944 4.89 0.13 883364.6 3.73
irrigation cycle
x year
Y sl
120 0.96 314 143.57 346.16 3.802 0.23 291514.4 5.31
Error2
el 2.12 5.56 19.06 8.67 2042 934 215 55
CV (%)

Lo iy 5 S e 58 o gime i a T
" and *: significant at the level of 1% and 5%, respectively
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Table 6- Mean comparisons of studied traits of

chiti beans genotypes under different irrigation cycles

Qo 0 B b g, G 9, sl agolaxy  OME dlawy Wil olaai 0, Slec Voo 039
Solel 590 N O )y &g G, 50 Age o SMUE o ails ails
Irrigation cycles  pDayst050%  Days to Plant  Plantper  Podper  Seed per Seed 100-seed
flowering maturity  height plot plant pod yield weight
e slel e 45.08 2 98260  67.2¢8 22552 10.88 2 5242 285143  43.61%
5-DIC
3958 Skl 593 46.952 101112 58.86 0 202.7° 8.21b Ha 2177.4° 40.24 2

9-DIC

59,8 Sl 599 9D

IC 55, &= kel 450 5-DIC

5-DIC: 5-day Irrigation Cycle, 9-DIC: 9-day Irrigation Cycle
KRG PR CES INVPIIE 1 Sy 11 JVVS{ IV I [V SUR I PCSp I NI TVS IRV CORI
In each column, the numbers with common letters do not have a significant difference at the 1% level based on LSD test
5-DIC: 5-day Irrigation Cycle, 9-DIC: 9-day Irrigation Cycle
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Table 7- Comparison of means of the crop years in chiti bean cultivars on the investigated traits

B+ G 39, G 39, El,l  wgolaw Ol 4l sluw . .
JL 2SS wo 0 O )y &g OS50 Agr 3o W o o Sdlos dI‘(.;O‘“ 9”
Years Days to 50% Days to Plant ~ Plantper  Podper  Seed per Yield We_?grr?tm
flowering maturity height plot plant pod
2022-2023 46.72 106 2 63.112 21652 9.76 2 5252 292852 43.632
2021-2022 4532 95.4°b 62.64 2 21178 9.322 4992 2100.3° 40.22 8

&,l5 (5,0 sime S wo 0 S s 43 LSD (9031 bl S e gy (sl s olael gt yo 0 %
* In each column, the numbers with common letters do not have a significant difference at the 1% level based on LSD test

Mendham & ) auas o )5 15t cos |, G o ails slaws
3, Shos e s3] 51 BMe jo asls sl .(Salisbury, 1995
Ty e oo S S D ygods a5 Sl Lugd yo &ls
ol 5k 51 (Salehi, 2015) o .5 oo 8 5 e 56 cow
oanlive (5 o ge WS 5 axlllas 5,50 Jlo 90y o
locaissy ;o BMe o dils dlawd oy yidon (Y Jgaz) auid
Cgiy 4o e o wls slass oy S 3 G5 4 G16 G1 G2

(A Jg9z) s csaline G

aild & Sloc
olis asls 0, Sles Ciho lm S o il 450 s
Lacessss s edle wsrlal sboy99 (o a5 (B Jgo2) was o0
O 0950 Dl 500 Bl 1ol vemg o Jixe S
e vy o) DS 0 i sl o LIl i
simloy] 0zl 1o 10 Sgmge dig Sl (055 LS (HOg

GO 0 &l dlaxs
Sl e glis M yo ails sl a5l g Lol 98 g0 yw
alo olass ¢ ases calizee bayll (0 (F Jeu) wid caslie
33 o0 Sgeime Slige 5 5 Shae s32 o FLil I 5
ded )0 038 SlaJolw ol (rene T S= 3 R
Koocheki & Banayane Avval, ) ¢l ol Lo 185 b laess
ool oy falS corge (St (25 59 (Jlocnll (1994
w0 adgi ladals 5l solaws )] Cdlaie g oo oS o Sis
slojless ;o (asld cul o5 WS iz o 39,5 o Lais
7ol cod i B o wils slaws aS wes o plas ol
@l ol ol iz 5B )lleS 5 ablis wais
Ghasemi Golezani et al., ) (Cicer arietinum L.) sg53 ,o
odd b,35 5.0 (Boutraa & Sanders, 2001) Lsol 4 (1997
slaes (rals el S wald (i Sl (e adl ool
oloul 3o b 5l caore la s 0gd 35 AL (o &ls
Loails 53,5 3 lp p3Y (S 3imagid Slge el 53 Cudgame



W iy barg! Gidsomel (Slcend 35 5 (5T b i yo Sliuo 39, 31 (kTS il sl 9 (5 pmds

O ot gldled (o i Silo el ls o Sles
Seis ool yil-8l (Gebeyehu, 2006) ool o yialS

Jas wlgicn pthae s Lol byl o plalS o oy
st Slowl b 45 3L ] plgo 35 5 5 s s G5
(Bl yd 98 5l oy 4z o esliiul Cuz 9ol )5 (S5l
Bayat et al., ) 53 oo 00l Sz oole 0oy ioli8l cely
Loz oad Jows o Shoe (oSl oy 4vslia (2010b
G15 5 G14 G10 G8 slacwigy as ols lis sw,pm 9)5e
S $ls G2 5 G13 slsadshs 5 i—ian sl
o, Slos slialas dze L (Ve Joaz) asog ails o Slae
o=l aS 05 o aeie YU adls o Shae L slacased)
039 839U g g )0 e olaws (p Jdn sl locaso
3 Lngd o5 it boaiysy 540 4y S ¥l als V-
PP SIS S Y U W-E X B D U NP -

Rosales-Serna et al., ) os,ls ;50 S0 L g0l slacsglas
50 YL o3l cl (1 San (S 4y pglas o8,1.(2004
ol ansls laasly Cowas o] JWs! g (6 piwgid olge adgs
Logd o3, ko> 59, iulosl ,o (Samper & Adams, 1985)
g cils p sl s o, Slae « oS 4S5 0d asin
o=l as adl g aes o S 1 Sy ced Ol (glgie
Rosales-Serna et al., ) cous LSS 3,1 dan o ials
Ceoglin jo (g0l (isi) gl i) cren ;o (2002

(Abebe et al., 1998) ol ouls i)135 Loyl o Siz 4

&l Ver 39
9 039 )lo e gy Sl et a8 ols Glas (il lggS 4 s
(A Jaaz) S o —ixe (G l595) (oSS e
Eels 59, a0 ylanl yo 4 ol s Sle (sloanslis
O pS TYEV) ol aslo Ver 5 50 lo cme e alS
d)lt-.’] 090 0 p S ToIVY blie )0 59) &t d)L:-.’] 9o bl
ol Lagl 5o ails 5 o apee syl 5l ails Voo 39 .o,y &
5 b 53l o g 09 e J55S (S5 O jp0as oS
S8 sl cow b Sas s (Salehi, 2015) o5 o 13
a3 ,> slap il cdld als dadisy, o 5L ax,o ool
3L Olimean 1) 005, Slgo adsi ()i Wilg5 o ey olS
i jobas ol cpl 5l g (Pessarakli, 2001) sas ials
05 (So5edgn 78 duatie b b wils Ve v (455 halS Cxge
g asls Ve 59 LaalS (ol ulo (Sylspur et al., 2006)
SelS 5 olS (g @i 4 Gl e 1) (St 5 e
sleasils el ouay g (Salehi, 2015) (g yuwgis cs b
T U_" 30 4_~J| sl Jos_:).a)_..os )9 l) °‘A"55)'>

Voo s 9 a0, Slee ol Wlao 5l Sy 0 siule]
U 2o iy o 8 Jamiliy srogdle (Kool
ooy alomil Slalllas 550Ks )3 55 (w51,5) &5 5o gy olass
Voo g 00 Lyl SiST 00 (65155 )0 et a5 wes e (LA
olass .Sl (Faraji et al., 2010) cewl 5o o ,Slas g ails
g Sl heS g (e A5 a3 o0 LS DS 50 g
LG12 a5 VY LGI5 slacaiss) a ol iy o,S (o
a0 5l ol b el gl o, S wsly o ais 14T
cLa s, 5 (ANOVA) lgsT sais slésl Jos a8 uilylasS
ol ol gl sl dngn sl piie lp (S S
ol il ,lgeS as o (A Jeaz) ol oolazwl asils o Slee
oS e wisis 5 Jlw eslel 550 DI pogdle a5 ol
Sl I3 (e 3, Shos Sdo S pe 4525 53 55 (Su)l5sS)
s gyl jeo as ol i Sl slraslio (1 Jguz)
5954 )l 593 50 45 (s i 3 Shoe ol ey o,
iy vgzgasly o0, Slas 0 a0 Ve dga> 0 ialS
LS s S (p,F LS YYVA/OY Llie ,o YVAY/YO)
oF s s Lals lsr a3 Sy o5ll 4o
33 ol )lid g S e bwgte A nS ol
St 5l elsl o ool (1alS 0500 LS glacdly
ol ol o3l 5 Jyame 03y Sy 0950 zgo 45 o
9 Bl ab) gai g 0y S ol JLoo 4 g a8l rals
lge adgi oS s slbasly jlade ol o5 Sl 0 Sy
5 50 o5 cilise slaisy ay ol JEl g (gyiwgd
Lyl & 0 (Hu et al., 2013) ool ials o ) Slae colys
(i) So3lsn 58 (slaanl b s el Jsas oS
Gl g smgid Slge cEle alS 358 o0 o5 oLS Wy
Sg—eS 5 Sl o S A olpew 4 islg (99,0 2,
slacddle 51 g i olass (5,9,LL 5 OME slaws yuals Ol
(Wakrimetal., 2005) cusls anlgs Jlis a1, ouls JSCas
iy 0,90 5L joaS wll cpl Wl oo s Jls! s
acy 039y Olgs JUH 08 (o Zwd BB Ol 0908 Jiloa,
pas 05l oo 4l 0, Slos il a4y jonie g aidly, alS ails
O sad keleS sla s o ol was pals b asls JuSias
(Bayatet al., 2010a) cewl oas i 138 55,500 sl iwgh
calizes plasl (o 0055 5 Slge pugend (S 03le ddgi pogdle
Chaves et al., ) cuwl pgo s goladl o Slas Jla 5l LS
Al 0, Shee o5 LuleS Ll s jo a8 o) o i 4y (2003
8 o RIS 5ty BB b Siiglsn 0 Shes 4 apes
Olidod gl 0gb oo Sy p (asls als 4 s ol )l
 Seid 6 NS 5l a4 el osls las cilisee
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0dds )38 50 500 e fawsd gl ol wul go ialS
wlgi o £990 ol cde (Karimzadeh et al., 2017) ol
sk 5 S Gl g sasy b, Jole Jsb elS
i 5 A0l 8 5 0,38 Jobo o obisS sl oS Wl
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039 SRS
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Table 8- Comparison of means between chiti bean genotypes in terms of studied traits

O U 39, G 39, ag el agolaxy M olawi alddlawy &ils o, Sles Yoo 0339
P eSS ae) gy Glegile) @S, wigps B, (aFeks) (e aile
Genotype  pays to 50% Days to Plant height Plantper  Pod per  Seedper  Seedyield  100-seed
flowering maturity (cm) plot plant pod (kg) weight (g)
Gl 40.58 ™ 93.33 de 39.929 206.17 9" 7.25°¢ 5.67%® 2458.1 41.83%®
G2 41.75fF 95.58 ¢ 37.339 200.50 7.08°¢ 5.832 2084.3 bd 4310 %®
G3 43,92 df 99.25 ¢ 40.92 9 219.834 10.25% 5.17 ¢ 2526.5 34,04 ¢
G4 44,08 9 98.58 ¢ 41,929 2135 ¢f 11.25® 5.00 d 2520.7 d 34,42
G5 45,75 o 95.50 ¢ 63.0°¢f 231.67° 8.42b¢ 5.50 2716.0 & 43.67%®
G6 40.58 96.58 ¢ 44,92 f9 21117 10.00 5.08 ¢ 2509.6 4354 %®
G7 50.92 « 105.50 & 50.83 & 205.75 9" 11.50 ® 5,25 be 270118 34,29
G8 46.67 o 99.25 ¢ 57.42 €9 224.83° 12,502 5.17 ¢® 337252 45,58 2
G9 44.42 9 92.75¢ 43.759 220.75 o 10.17 % 4.08f 2427.4 44,58 ®
G10 45,92 af 107.33 % 55.58 & 218.42 % 11.17 % 4.75¢ 3042.0% 42.80®
Gl1 52.332 113.67 % 110.58 201.75h 7.67°¢ 492¢ 223480 46.32 2
G12 51.83® 113.42 % 124502 193581 8.42 be 5.00 d 2022.9 < 4376 ®
G13 40.42f 98.25 ¢ 36.339 209.25 7.33°¢ 483¢ 152764 45.03 2
Gl4 51.25 % 101.42 be 95.67 b¢ 218.17 % 10.08 &° 5.25 bee 2851.8 % 43.48®
G15 49.17 104.25 % 96.83 be 240.332 12,332 4.83¢ 3048.2® 39.10 be
G16 46.67 & 96.33 ¢ 66.58 210.17 9 7.33°¢ 5.68 2186.9 45.332

2,5 (gl sire B aoj0 G mhaws ;0 LSD (yg03] by 5 e By > slls (slanSilie g 0 )0 %
* In each column, the numbers with common letters do not have a significant difference at the 1% level based on LSD test
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Table 9- Covariance analysis of grain yield and 100 seed weight in irrigation
cycles and studied years in studied traits genotypes.

Olry o (S5 keo
a4z yo
i 2alo o Means of squares
SO.V. ‘5;3 5 ,Sdos PRI
Yield 100-seed weight
sikalig 1 21808618.13" 545.4
Irrigation cycle
Ju 1 32927078.76™ 561.7
Year
) JL_”“**' )9 1 608963.38 75.25
Irrigation cycle xyear
g 8 586888.45 3.56
Errorl
=) 15 2468597.39" 207.39"
Genotype
okl 299X sl 15 111804.44 2.01
Genotypex irrigation cycle
Jbo x sl 15 883364.58™ 22.58"
Genotypexyear
X T X ol g
Josilal sge x sy 15 88635.87 3.72
Genotypex irrigation cycle xyear
“elysS 1 3032450.5™ 9.51
Covariate
¥ sl 119 268481 5.28
Error2
Sl 18.6 6.71
CV (%)

Ny iy 9SG e j0 Mo sre b 5*5
*and *: significant at the level of 1 and 5 percent, respectively

*:

3, Slas Ly adily o, Slee  Siwcon (Azizi et al., 2001)
Slasd g digr o aily slasd (e )59 «BME dlows « 5609
Ll o0l 5,155 (Amini, 1998) ol lawgs M o ails
S 9 S (Ko (Vigna radiata L) ile jo
Slasi g ;o B dlawi « 23 S U 59, b ails o Sles 4
Kumar et ) cewl oals (5,155 cuilo p asli g a5g 4o ailo
Olao Lggd 1o a5 8§ aml olgs o0 o0l ol @, 2002
Ol 4l Ve
oasliy ;o ailys oo g alils aig o Slos (putd ;0 sog

(Liebman et al., 1995) axil axg5 5,90 o1 >

O399 e 0 wls slass gy o e dlaws

*k

OF 5 5 9 (Smnod & jx
OLES 3o (nl )3 (gmyz 990 Dlho ( (Srod (o)
Slao L g, 4 g g olel 99 99 2 )0 wis gl )l as ol
Oy L5 59y dlasi g (235 0,0 B0 LS ) Sl
Bl Gl a3 Sl 3 ) s 5 Ste (Ko
5550w bl s 90 8 o 5 Al 9 Shes (rizen
Shasi b ss o Sy mhaw )3 )l sre 5 Ste (Kiwen
(solwl 590 90 ;2 10 Ko Bk loly lid gy o M
adlo Voo 59 g B jo adils slass L g o BME ol
2l (V) Jeaz) ol plis Jlo e pud stie  Swen
ol cgylhas gogum U 50 500 o ioghy mli b Jol>
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Table 10- Average comparison between chiti bean genotypes in terms of traits of weight of 100
seeds and grain yield (corrected average)

ey ailo o ySlos (p,5) &1d Ve 439
Genotype Grain yield (kg.h?) 100-grain weight (g)
Gl 2529.] abed* 41.7®
G2 2153.85 b« 4298 ®
G3 2480.75 34.12¢
G4 2529.03 cd 34.4¢
G5 2569.15 ¢ 43,93 ®
G6 2537.88 @« 4349 ®
G7 2775.66 abc 34.16 @
G8 3284.032 45.73 8
G9 2373.84 @ 4467 ®
G10 3008.36 42.86 %
Gl1 2343.51 b« 46.12 @
G12 2201.45 < 43.44 %
G13 1572.26 9 44,9548
Gl4 2820.32 abe 4353 ®
G15 2828.27 ® 39.49 be
G16 2223.76 b« 45278

&5,05 (5,0 sime S ao 0 S mhans 40 LSD (031 bl 5 yiiie g slils slo Silis g o 40 s
* In each column, the numbers with common letters do not have a significant difference at the 1%
level based on LSD test

3954 g e Srlel slo)ygd 50 oundh (6 S 03Il Wlio g 0,Shos (o (Swod 35 1) Jgu
Table 11- Correlation coefficients between yield and traits measured in irrigation cycles of 5 and 9 days

S0 B+ b 9, G 39, gLyl O olawi il olow 0,Slos

wlao byl NG O ) A Agey0 M o YK
Traits Conditions  paysto50% Daysto Plant  Podper  Seed per  Seed
flowering maturity height plant pod yield
235 2o 00 b, 5-DIC -
Days to 50% flowering 9-DIC -
i, B 35, 5-DIC 0.77" -
Days to maturity 9-DIC 0.74™ -
wigr 6l 5-DIC 0.84" 075" -
Plant height 9-DIC 0.82" 0.76™ -
g5 B Slass 5-DIC 0.29 013  -0.03 -
Pod per plant 9-DIC 0.26 014 001 -
AME o &ls slaas 5-DIC -0.16 -0.23 -0.14 -0.44 -
Seed per pod 9-DIC 0.07 -0.21 -0.08 -0.4 -
als o ,Slos 5-DIC 0.27 0.03 0.08 0.72™ 0.01 -
Seed yield 9-DIC 0.31 0.03 0.06 0.83" -0.12 -
I 5-DIC 0.02 0.03 0.31 -0.52" -0.07 -0.03
100 Seedweight 9-DIC -0.02 -0.05 0.24 -0.375 -0.05 -0.17

39, 4 5 kel 90 9-DIC .3, z &kl 459 5-DIC
5-DIC: 5-day Irrigation Cycle, 9-DIC: 9-day Irrigation Cycle
o,y g o,y Ko mhaw )0l Jixe ol ey - 5**
*“and *: significant at the level of 1% and 5%, respectively

*:
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A 3d s wdw Log) 10 .0 Jouz) o)l aily o Sae
o=y L 5g, ol Slas a5 ol las pBauplS g S,
Slaxs « AL oy paily Job ails Saww; U g, olaws «(3Dle
Iy 55U oy ol aiiy ) Job gl Voo 5g i jo ails
=, > (Safapour et al., 2009) a_ils asils o Slas 5
ol sle 58LS 55 S 50,8 L) 5SS 5| g5 Y-
aS ad odnlive g )5 ) 450 pll b calizee Slas Ll
BME o dild dlusd g aigy Ho BME dluws il Ve v y5e Slawo
50,5 azgi |y aigy ST aily o, Sloe Sl s 5l a0 AYY
Rahimi Chegeni et al.,) ascils o)1 5 1) pudiacs 1 oy Sden
2 Seislsdyee Dlie e badly) oy 50 (2017

sleolaiwl b s g 50,8 et Lug) calites slocudgss
O o ‘é_.c)& GL‘Z"@L" 5 e slass ‘PK@PK u?*-“’)f)
csbol a8l yo L slass g 093 o, Slos Ol s j0 Jhe s3>
S8 gom glaa s, o B o dild dluss gails Voo 59
(Azizi et al., 2001) sxcls

§f oo, Shos o oo LS5 elim| il SLSE Cga

e by =l )0 )5 eoliiul plBaelS g5, s,
e plgpean Slie plo g b it Glgieds lo o Slae
295 39 3 )0 Oy S ) A ol ad)S Ll o Jis
2 Dlas g odg o giae g ,S ) S a8 ol lis ()L
S slp okl 598 99 s il 3 ails s Shee s,
P29 KPS Pam Sy Joo 00l 3l s (sla it
Lo pite (o 45 900 5 podas g e (VIF) (bl
590, aS ol lias mlas o o g g st ed (JRs
Sl gy ,0 e slaws Blaw (VY Jgo) 59, z s,ke!
5003 )1y Sgaw)S ) Joo yo il Voo
095 ) et a2z b K00 B jlastes o e
A ;0 BLE slawd i a5 Cdl o g ce cad o laslil
30 o Jolie joculaily o Sloe 5 e 30 o oo sllo
3y 4 53 BIE slaws o o5 19, &6 (slal 590
JUpp KT )*-’L—’ 90 Slao g el o Jxe g 00l Joe

L))5 9 JM.C )é 4.3‘0

395 2 Skl 598 58 Jius pite plgiedy Glio ;K0 g diunly pitio (ylghcds dild 3 Slos (5l pBaplS (ygum )5, - 1Y Jgu
Table 12- Results of stepwise regression for grain yield, as dependent variable, and other traits as independent variable in
5 days irrigation cycles

o @ale o1 a0 ©lay yo (uKilso ol o (et g
S.0.V df Means of squares R? Adjust
RQW ; J 3 904883.41™ 0.707
egression
ol 2l 12 69190.57
Residual
Jue 4 ouds g ilio 9w Sy s b i O lusliwl (ygamw ) 5 < 8 bl o9 Jole

Attributes entered into the model ~ Regression coefficient

Standardized regression Variance inflation

coefficient factor
ol s 5580.3+1891.5
- -+ - -
Constant T '
Wy 5> DU slasd 280.71"+46.01 1.197 1.97
Number of pods per plant
DI ails st 599.8"+18.9 0.557 1.445
Number of seeds per pods
AoV O 51.21"+19.8 0.459 161

100-seed weight

oy gy g doy SO Jleisl mdan j0 s sme ol ey g T
** and *: Significant at the probability level of 1% and 5%, respectively



V¥ ol o o) 8l 18 A« 3 ligas gl siudg 3y 4 mii ¥

395 4 Sokal 590 30 Jiitws it (ylgisds Sliwo 5590 g dimly it (ylgasds ild 3 ySlos Gy pEaElE (ygum 5, -1 Jou
Table 13- Results of stepwise regression for grain yield, as dependent variable, and other traits as independent
variable in 9 days irrigation cycles

S gl o3l a0 @l po (puSilio TRV TEE JUvoss UNper
S.0.V df Means of squares R? Adjust
O3 ) 1 2017348.62** 0.67
Regression
oaslatle 14 63479.9
Residual
Jote & s o,y ©liw Ogm ) b ooy &bl (g )55 < b oilly oy Jole
Attributes eﬁtered into the model Regression Standardized regression Variance inflation
coefficient coefficient factor
ol lag
A 521.69+300.38 -
Constant
Syt 2 D Sl 280.71"+35.78 0.833 1

Number of pods per plant

oy gy 9 S Jloil s (o o e o gay g
** and *: Significant at the probability level of 1 and 5%, respectively

ol il ity asls o Shas o 1y il iy 5 e
Lyl o ol o adle 0, Sae 1y S50 szl o Sage Slao
S92ge Ot 5l 60laj i 4P b g Wod oo Dgmmne
3 Lagd asls o, Slae 09— slym alys co ails o Sae jo
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S8l 4 5 Sl sl

&l Sl

e 5 L asil ool tagsy £yl Jol alie
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Introduction

Mixed cropping is one of the components of sustainable agriculture, if done correctly and the appropriate plant
species are selected, it increases yield, improves economic efficiency, preserves natural resources, increases
the efficiency of resource use in organic farming and it can be useful in pest, diseases and weeds control.
Mixed cropping of oilseeds and legumes is a type of mixed cropping systems that increases the performance
of the mixed components, reduces the need for nitrogen fertilizer compared to pure cultivation, increases the
efficiency of the consumption of nutrients and water, and causes disruption of specific host diseases. According
to the fact that the two plants, bean and sesame have an acceptable time of simultaneous cultivation, therefore
it seems that the Mixed cropping of these two plants can achieve the benefits of a mixed cultivation system
and increase the productivity of production in the management of weeds. Based on the conducted research, the
mixture of oilseeds and legumes increases the performance of the components of the mixture, and on the other
hand, due to the potential of nitrogen biofixation in legumes, it reduces the need for nitrogen fertilizer
compared to their pure cultivation and significantly suppresses facilitate weeding. The present study was
conducted in order to investigate the weed control methods on yield and land equation ratio under the influence
of mixed cropping bean and sesame.

Materials and Methods

This experiment was conducted as a 6x3 factorial in the form of a randomized complete block design with
three replications during 2019-2020 in a farm of Hossein Abad village at Shirvan- Iran. The treatments
included different ratios of sesame: bean at 6 levels (100:0, 25:100, 50:100, 75:100, 100:100 and 0:100) at the
optimum bean and sesame density (40 pl. m™) and weed control methods in three levels including the use of
trifluralin herbicide (960 a.i ha™) mixed with the soil surface two weeks before planting, and hand weeding 35
and 55 days after planting (DAP). Irrigation was done by drip irrigation every week until seed filling stage.
When the sesame seeds were at the physiological ripening stage and the pods of the bean plant were yellow,
harvesting was done from an area of one square meter on 24 September. After drying the harvested plants in
the open air, their biomass and seed yield were measured and the land equation ratio (LER) was determined.

Results and Discussion

The results showed that in all bean and sesame mixed cropping ratios, especially the 75:100 ratio, hand
weeding treatments had a higher LER compared to the trifluralin herbicide application treatment. The highest
bean grain yield (336.16 g.m™) and biomass (953.68 g.m) and the highest sesame grain yield (252.68 g.m?)
and biomass (average 860.88 g.m™) were observed in pure bean sesame cultivation + use of trifluralin.
However, in all bean and sesame mixed cropping treatments, LER was higher than monoculture treatments.
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The highest LER (1.80) was observed in the hand weeding treatment 55 days after planting in the 75:100
(sesame:bean) mixed cropping ratio. Therefore, the aforementioned treatment can be useful and recommended
in weed management as well as increasing yield and biomass in bean and sesame mixed cropping systems.

Conclusions

According to the results of this research, mixed cropping of sesame and beans with a ratio of 75:100
(sesame:bean) + 55 DAP can be useful and recommended in this mixed cropping system and it’s weed
management in Shirvan-Iran conditions. However, in pure cultivation of beans and sesame, the use of trifluralin
has better results.

Keywords: Biomass, Manual weeding, Pre-plant herbicide, Relative yield, Seed yield, Trifluralin
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Table 1- Analysis of variance of bean and sesame grain yield and biomass affected by the experimental treatments
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Fig. 2- Mean comparison of bean seed yield obtained from the interaction of mixed cropping ratio and weed control methods
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Fig. 3- Mean comparison of bean biomass obtained from the interaction of mixed cropping ratio and weed control methods
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Fig. 4- Mean comparison of sesame seed yield obtained from the interaction of mixed cropping ratio and weed control
methods
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Fig. 5- Mean comparison of sesame biomass obtained from the effect of the interaction of mixed cropping ratio and weed
control methods
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Table2- Analysis of variance of traits related to mixed cropping indices of bean and sesame under different ratios of mixed
cropping and weed control methods
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*and **: significant at the 5% and 1% probability levels, respectively. ns: non significant
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Fig. 6- Effect of mixed cropping ratios of bean and sesame on relative yield of bean
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Introduction

beans Phaseolus vulgaris Linnaeus, is one of the most important legumes cultivated in many countries around the world.
According to statistics published by the Ministry of Agriculture, the cultivated area of beans in Iran is 91798 ha with an
average yield of 2307 kg.ha. In Markazi province, the cultivated area of beans is 13401 ha with an average yield of 2786
kg.hal, making it one of the major bean-growing regions in the country. The bean pod borer, scientifically known as
Helicoverpa armigera Hufn. (Lep.Noctuidae), is one of the important pests.

Materials and Methods

To address the damage caused by this pest to bean crops, a project was conducted to study changes in the population of
adult insects and larvae over two years (2022 and 2023). In each of the two study areas (Milajerd and Khomein), two
infected farms (approximately one hectare each) were selected (a total of 4 farms), and 3 delta traps were placed in each
farmin a triangular pattern and 100 meters apart. To eliminate edge effects for trap installation, traps were placed 5 meters
inside the field and then installed. Traps were placed at a height equal to the tallest part of the plant using wooden stakes.
This height was maintained throughout the experiment. Traps were installed before flowering and collected prior to crop
harvest. Insects caught in pheromone traps were collected and counted weekly. To monitor larvae, two additional infested
farms (each approximately one hectare and different from the farms where traps were installed) were selected. From each
farm, 30 plants were randomly chosen during mid-flowering, and the number of larvae was counted every two weeks
until harvest. To assess the extent of damage, 30 plants were selected from each farm after crop maturation and before
harvest. For each plant, all healthy and damaged pods were identified, and the number of holes per pod, the damaged
seeds in each pod, and the total seeds per pod due to pest activity were counted. Finally, the percentage of infection was
estimated.

Results and Discussion

The findings from the pheromone trap study showed that, over the two-year period, Khomein county had a higher pest
population than Milajerd. In the first year in Khomein county, the peak population was observed on Mordad 1 (July 23)
in all three traps across both fields. In the second year, on the seventh of Mordad (July 29), the peak population of night
moths occurred in Khomein county. In Milajerd county, the peak of moth capture happened in the first and second years
on the sixteenth of Mordad (August 7) and the eleventh of Mordad (August 2) respectively. Examination of larval
populations indicated that the peak of larval (First and second instar larvae) populations also occurred two weeks after
the peak of night moth capture. Since local red and white bean varieties are more cultivated in Khomein and Milajerd
counties respectively, the contamination level of red beans in Khomein compared to white beans in Milajerd has been
higher. Therefore, to prevent pest spread, it is recommended that in areas with high contamination, cultivation of local
white bean varieties should be prioritized over local red bean varieties. The investigation of the distribution and damage
level of bean pod borer in important bean-growing areas of Markazi province over two years in five bean-growing regions
(Arak, Khomain, Shazand, Milajerd, and Khondab) showed that Khomain and Khondab had the highest and lowest
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infestation rates, respectively. Red pods showed more sensitivity to this pest compared to green and white pods. In this
study, the highest population of bean pod borer larvae was recorded in the mid-flowering stage (Ashtari et al., 2022). The
results of this research align with findings on the sensitivity of red bean pods and the timing of bean pod borer population
emergence. Studies have shown that the optimal timing for chemical control of chickpea pod borers is when the maximum
number of small larvae appears, typically coinciding with the mid-flowering and early pod formation stages (Shafaghi et
al., 2022).

Conclusions

Considering that the largest population of bean pod borer larvae was about two weeks after the peak of the flight, therefore,
it is recommended that if the population of this pest is high and there is a need for chemical control, it should be done
about two weeks after the peak of the flight. Also, in order to reduce the percentage of pollution, it is recommended that
if possible, farmers prioritize the cultivation of white beans over Chiti and red beans.

Keywords: Control time, Markazi province, Peak flight
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Fig. 1- Moths caught in Khomein (left) and Milajerd (right) cities in 2022
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Table 1- Results of compound analysis of variance of the
year in the attraction strength of the traps in Khomein city

i e RS &
S.0.V df Trap
Ju 1 15.50™
Year
S5 x J_u _ 20 48.57™
Year x replication
Slews 2 4.85™
Treatment
Jlow x Jls 2 6.28"
Year x treatment
U 40 0.24
Erorr
Oy g o - 11.32
CV

Qo0 S5 g oo g Jliol mhaw o Iy Sse Ay FFgF Iy Jee .2 1NS
ns: non-significant; * and **: Significant at 5% and 1% probability levels, respectively

e lw o 53 bali i 508 53 Jlo 8 0 4525 (ko Slulio gulis -F Jgu
Table 2- Results of mean comparison of compound of the year in the attraction strength of the traps in Khomein city

3 S, 0 leuls 4 99 o loud aly A 0 ylouds ali

Row Trapl Trap2 Trap3

o 4.45° 3.79" 4.70°
Khomein

18 o0 G mhas 48 (g,l0 sire BB ind Laseiie Dglite By, b 4 ol Sl el (1Sl 5w ,0 (6l sdelinsay soe #
* The number obtained for each column is equal mean. means in a columns followed by different letters are significantly different at
1%



£y .. Helicoverpa armigera (Lepidoptera:Noctuidag) ,lgshé o pcul S oyt § Curos Ol gk oy g9 (G yiold]

Sol G dr (5,5 e BB a0y i 9 Szl
(F 5 ¥ Jslax)

Sogdl pSile Hebas S o lo b sy ie ( IS jgbas
T
99 0 los 450 ;0 g duo g 90 0 Lo ali S o lad acy e 4o
D309 1095 1 (6 iy i D508 51 G o)les Al

bali oo a8 ;0 Jlow oS po il ,lg 4 3o gl
8 2o (L e 50

Oy Sl 50 2 M L 4 )3 (o 2 3590 s 99 e
3 g o saalte (5l sine B3 loals Ld
SR e g () bajles G o0 SG s )3 (5l gine
O Jolaz) wo S ealive Jlo 3 las 9 Jlo yo 155 Jlite
(%4

Eol30 (et Al )0 JLow &8 yo (il ylg @ 3o S
oS Lyl 50
Syge slodlo G s Jlo 5o jles blie J1:8 o los als
(a)l},a) Loy i o liin 6)“5&5""“’ e e
Flie 3ol canlin vy zy mhaw jo (5,18 Jxe OS]
Dol g o> So gl ) 58 Sl yo 1SS

O (g,150) b jlos g o w190 0yl Al
S a0 gyl e AU Lol ol camlin (gl gine
ssnlie Sl ;5 jless  Jlo o LS5 lite Sl s ds o
IRV

3,90 sl o (6l sire O taw 0 )lols a5
S a5 ()150) 1 los o Ll ot osaliio )
S esia Jlo yo jles g Jlo 5o 158 Jlie Sl g ws s

oS (3l el 53 &)l 50 ot s lo 53 Jlw 5 po 4 5205 gl - Y Jgu
Table 3- Results of compound analysis of the year in comparison between farms in Khomein city

Olay o (ko
KA JOUES P SEPY sol3T a0 Mean of squares
SOV df S o louds Ay 99 o0 ylowy ali 4w o ylouls &l
Trapl Trap2 Trap3
Ju 1 0.09m™ 12.02" 46.02"
Year
Sk 41“’ ] 20 33.59™ 27.53™ 36.98™
Year x replication
. 12.02™
et 1 7.36" 0.57m
Treatment
o x Jlo 1 3.27™ 24.75™ 2.75"
Year x treatment
Uas-
20 1.22 0.96 0.44
Erorr
R e - 24.78 25.80 14.04
CV

Qo )0 S g g Jlesol e jo o pire ol Ay i g 8 o e e INS
ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively

oS lw 0 53 €550 (A llo 5o Jlo 8 50 4 5205 (il Sl lio gl -F Jguar
Table 4- Results of mean comparison of compound of the year in the in comparison between farms in Khomein city

@.‘5) ‘S" °)L°‘& o 99 0)‘-0-:4 aly duw O)Lo.;) aly
Row Trapl Trap?2 Trap3
S a0 4.04° 3.90° 5,23
Field 1
50' ae e 4.86° 3,68 418
Field 2

5,18 duo 0 gty S mhans [0 (6o e BB (iad ez Sglite By b aS e Kilie .l Silie gt o (gl sdeliasady sac
* The number obtained for each column is equal mean. means in a columns followed by different letters are significantly different at
1% and 5%



1P+ F Jol dows o) 5 Lo N7 al> oyl | Wlgus sl gy 4 yis FF

83200 (gl e 50 ali i a5 Jlw o8 po 4505 @l -0 Jguo

Table 5- Results of compound analysis of the year in the attraction
strength of the traps in Milajerd city

O kS’ 2 &5 a0 Al
S0V df Trap
Ju 1 3.41m
Year
1,55 x [l ok
A “J . 20 35.18
Year x replication
et 2 2.12"
Treatment
et x Lo 2 3.49™
Year x treatment
= 40 0.25
Erorr
S b - 15.02
CV

Aoy S g g Jleim mhaw 5o s e ol S KR F s e 5.2 NS
ns: non-significant; * and **: significant at 5% and 1% probability levels, respectively

820 iyl 50 Al Caar ©jud 58 Jlw oS po 4 jani (ale Wl lio gl -7 Jgur
Table 6- Results of mean comparison of compound of the year in the attraction strength of the traps in Milajerd city

LJZJJ)) L.SJG)LDM‘UA 9»)0)'.0-&4.15 Mc)wéb’

Row Trapl Trap2 Trap3
27 3.20° 3.70° 3.14°
Milajerd

5510 doyd iy 9 S zehaes 50 (6)lo gime M (o asie Wiglite g b aS ol il el uKile (g o (gl sonliasods socsk
* The number obtained for each column is equal mean. means in a columns followed by different letters are significantly different at
1% and 5%
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Table 7- Results of compound analysis of the year in comparison between farms in Milajred city

Olry o (ko
Ol gudS @ &ol3T a0 Mean of squares
SOV df S o lous Ay 99 o0 ylowy ali 4w o ylouls &l
Trapl Trap2 Trap3
Ju 1 16.57m 2,75 1.45M
Year
Sk 41“’ ] 20 22.65™ 26.74™ 21.98™
Year x replication
o 1 6.57" 0.20m™ 32.82™
Treatment
o x Jlo 1 1.11m 19.11™ 9.09"
Year x treatment
L= 20 0.59 0.60 1.40
Erorr
R e - 23.99 21.08 37.79
CV

Qo0 S g g Jlesol daw (o o cire ol i g s lo giee e INS
ns: non-significant; * and **: significant at 5% and 1% probability levels, respectively

832 0 (b ped 58 (e dumnsllo 53 Jlwo 8 0 4 3205 (0l Sl lio gl —A Jour
Table 8- Results of mean comparison of compound of the year comparison between farms in Milajred city

@.‘5) ‘S" °)L°‘& o 99 0)!-0-:4 aly duw G)Lo.;) aly
Row Trapl Trap2 Trap3
~5~'3 A,y 3.592 3772 4,000
Field 1
90' 4,50 2.82b 3 648 2 97b
Field 2

5,10 o0 gty S mhans [0 (6l e WS (iad s Sgliie gy b aS e Sl el uKilie (gt 8 (gl sdeliausds sae
* The number obtained for each column is equal mean. means in a columns followed by different letters are significantly
different at 1% and 5%



Vo F ol Roud o) 6,lacs I o oyl 1l Sl o}y 4y FF

3,2 M0 9 (rod GG Lw el )0 ali Cder a8 )0 (e S po 4 jad i -3 Jgur
Table 9- Results of compound analysis of the location in the attraction strength of the traps in Khomein and Milajred cities

Slaypo (ulse
Mean of squares
Oyt Zaio &35 a0 S 0 lods ali 99 0 Lol a5 dow 0 Loy a5
S.0vV df Trapl Trap2 Trap3
Q&f 1 3.84" 1.45" 84.57m
Location
1S5 x5 ok ke .
_”SJ o 20 35.40 34.37 36.39
Location x replication
e
1 1.84m 0.82" 0.20"
Treatment
et x OlSe 1 5.11™ 23.27 5.11™
Location x treatment
Uas
20 0.58 1.04 0.31
Erorr
T e - 18.47 24.72 12.81
CVv

Qo )0 S g i Jledol daw (o o pixe o iy i g s o giee 18 INS
ns: Non-significant; * and **: Significant at 5% and 1% probability levels, respectively

0520 g (e (Lo Liw poeils 30 LAl Cdor @508 )0 (e S o 4 3 (Sl Ol lio i - Ve Jgu

Table 10- Results of mean comparison of compound of the location in the attraction strength of the traps in Khomein and
Milajred cities

LJZJJ)) Q.SJ o)l.o.& aly 99 G)Lo.nfé aly MO)LO.:J aly
Row Trapl Trap2 Trap3
3o 5 e SGo)led £l 4322 4.27° 4.27°
Fields 1 (Khomein and Milajerd)
02 g (e 99 0)led £)l5e 3.912 4.00 4.412

Field 2 (Khomein and Milajerd)

ol (1Silee g 50 (6l odslcinsd sue
* The number obtained for each column is equal mean.
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Table 11- Results of compound analysis of the location in the attraction strength of the
traps in Khomein and Milajred cities

Slaypo (ulae
Mean of squares
Oyt Zaio Gl amye Soosledali go oyl Al dw o led als
S.0.vV df Trapl Trap2 Trap3
le‘f 1 40.09™ 0.36™ 1.45"
Location
Ax e 20 20.84™ 19.64™ 22577
Location x replication
e
1 2.27™ 0.097s 3.27™
Treatment
5 x oS " - .
)LM © 1 9.09 20.45 48.09
Location x treatment
g 20 1.23 0.52 1.53
Erorr
S b - 31.30 21.49 35.36
CcVv

Qo )0 S g i Jlesol daw (o o pire ol iy i g o gee € INS
ns: non-significant; * and **: significant at 5% and 1% probability levels, respectively

3,20 9 (o G GLw el 53 Lali i 008 )0 (e S po 4 28 (uSSlee Sl lio gl VY Joua

Table 12- Results of mean comparison of compound of the location in the attraction strength of the traps in Khomein and
Milajred cities

@, S 0)le ali 99 0lous Al s 03lons A5
Row Trapl Trap2 Trap3
3o 5 e SGo)led £l 3.31° 3.412 3.23
Fields 1 (Khomein and Milajerd)
S g e 93 0)led )50 3.772 3.322 3.77%

Field 2 (Khomein and Milajerd)
5510 deo 0 iy 9 S a5 ()l sime B (i asine Dglite g b aS ol Sl el (1Sl g B (gl odeliunsds dae #
* The number obtained for each column is equal mean. means in a columns followed by different letters are significantly different at
1% and 5%
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Fig. 3- Changes in the population of larvae in two farms (numbers one and two) in the years 2022 and 2023 in Khomein city
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Fig. 4- Changes in the population of larvae in two farms (numbers one and two) in the years 2022 and 2023 in Milajard city
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Table 13- Results of compound analysis of agronomic traits in two year of project implementation in Khomein city

Olay o (2Slae
Mean of squares
Sl B olaxs Flyguw dlaxs oaglT il slaws JS sl KWK
4> 40 - e sy 2 e T
Ol gdS 2o ' l)T oM 04! S 2 59, S y» 0 &l SSodl SP0 pos
S.0OV &2l Number Number of ~ Number of Number of Number Percentage  Grade
df infected hole oneach  seed infection of
of pod . of seed . .
pod pod in each pod infection
;JL“ 1 703.12™ 0.008" 0.002" 0.002" 28.45™ 0.01 0.14m
ear
v S ﬁbt_ 58 9.12" 0.02" 0.02 0.02 0.58™ 0.29" 0.60™
ear x replication
- ’L:'” " 1 15.67™ 0.22™ 0.24™ 0.24™ 0.68™ 2.20™ 2.90
reatmen
v ’L‘”"th Jtl‘” ) 1 48.61" 0.02" 0.03" 0.03™ 1.40" 0.01m 0.29™
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Introduction

Sustainable production is essential for ensuring food security of a growing population. Despite having a high potential
for paddy fields in the northern provinces of Iran, unfortunately, most of these paddy fields are planted only once a year
and farmers suffer from seasonal unemployment after rice harvesting until the next year. Second crop is one of the ways
to increase land productivity and paddy farmers' income which in turn, prevents their migration. The second crop is a type
of multiple cropping where the first crop is harvested before planting the second crop. Faba bean (Vicia faba L.) is an
annual legume with a high protein content. Faba bean is considered an important food legume crop in Iran, especially in
the northern provinces. Cultivation of faba bean as a second crop in paddy fields can help sustainable production. Efficient
access to the optimum level of nutrient elements in the soil is very important for plant growth and development. The
application of nitrogen, phosphorus and potassium fertilizers is one of the most appropriate methods to increase crop
production. Determining the optimum levels of chemical fertilizers plays an important role in increasing the yield and
sustainable production of faba bean. Therefore, the purpose of this experiment was to investigate morphological traits,
yield and yield components of faba bean under different levels of nitrogen, phosphorus and potassium fertilizers in paddy
fields.

Materials and Methods

In order to investigate the effects of different levels of nitrogen, phosphorus and potassium fertilizers on morphological
traits, yield and yield components of faba bean in paddy fields, a factorial arrangement based on randomized complete
block design with three replications was conducted in two consecutive seasons at the research fields of Rice Research
Institute of Iran in Rasht. Experimental treatments were three levels of nitrogen (46, 69 and 92 kg.ha™ from urea fertilizer
source), two levels of phosphorus (48 and 96 kg.ha* from triple super phosphate source) and three levels of potassium
(50, 75 and 100 kg.ha from potassium sulfate source). A treatment without fertilizer usage was considered for an
independentcomparison. For measuring the yield and yield components of faba bean, ten plants in each plot were selected
randomly after removing marginal effects and the traits were measured. The protein content of samples was determined
by the Kejeldahl method. After measurement of the sample total nitrogen by applying factor 6.25, the seed protein content
was measured. Data was analyzed using SAS 9.1 and mean comparisons were done by least significant difference (LSD)
test at the 5% probability level.

Results and Discussion

The orthogonal analysis results revealed that the fertilizer treatment had a significant effect on all measured traits of faba
bean. The results of variance analysis showed that nitrogen fertilizer had significant effects on all studied traits of faba
bean except seeds per pod. The application of phosphorus fertilizer significantly affected branch number, pods per plant,
seeds per plant, protein content, pod yield, biological yield, grain yield and protein yield. Among nitrogen levels, the
highest plant height, branch number, pods per plant, seeds per plant, 100-seed weight, pod yield, biological yield, grain
yield and protein yield were obtained by applying 92 kg.ha. The yield and yield components of faba bean were improved
with increasing rate of phosphorus fertilizer, and the highest pods per plant (18.8), seeds per pod (4.6), seeds per plant
(46.5), grain yield (3996.9 kg.ha'), pod yield (13385 kg.ha''), biological yield (34442 kg.ha'), and protein yield (1233.2
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kg.ha') were obtained due to addition of 96 kg.ha*. The pods per plant, seeds per pod,lpod yield, grain yield and protein
yield were significantly increased with increasing rates of potassium up to 100 kg.ha™.

Conclusions

According to the results and due to large areas of paddy fields in northern provinces of Iran, use of the areas for faba bean
cultivation after rice harvesting can be a helpful solution for sustainable rice production, achieving self-sufficiency and
ensuring food security. Overall, the results suggest that applying nitrogen (92 kg.ha?), phosphorus (96 kg.ha'), and
potassium (100 kg.ha?) fertilizers is recommended to achieve maximum yield and sustainable production of faba beans
as a second crop in the paddy fields of Guilan province.

Keywords: Nitrogen, Phosphorus, Pod yield, Rice, Second crop
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Table 2- Meteorological information for experimental site during the growth period of faba bean
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Table 3- Variance analysis of the effects of nitrogen, phosphorus and potassium fertilizers on faba bean measured traits
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N > aig glay ails Ve 439
Lw . . oy .
¥ <ol Plant s gy e td 100-seed
SOV df height Branch Pods per Seeds per Seeds per weight
number plant pod plant
o t‘:L‘"“" | 1 249.2™ 430" 29.91 3.54™ 1572™ 2140.8™
rthogonal
y JLZY) 1 3810.4™ 19.3" 30.3™ 33.67" 1060.3™ 233818~
ear
1.5 % Jle
”j F;J 2 318.8 0.1 0.82 0.34 40 30.75
N'tojj]y(N) 2 558.2™ 5.06™ 1257 0.32 448.8™ 465.56™
itrogen
o f;*“a . 1 103.8™ 0.73" 13.80™ 061" 515.7" 58.2
osphorus
; t‘“’_“h’v © 2 130.9" 0.35™ 10.19 0.18™ 334.8™ 140.4
otassium
s N “’Fj”* 2 5.81" 0.31% 1.39™ 0.04™ 12.38™ 130.9™
el X (559 70
N 4 26.09™ 0.03" 0.76™ 0.16™ 11.88™ 89.71
ol X ya0d .
o 2 29.2m 0.58™ 0.72" 0.12" 34.33" 276.7
Lo X ad X i
‘“‘“ N’? Pt 4 14.86" 0.05™ 0.88™ 0.01™ 20.9™ 18.31"
“”:” NJ 2 29.93™ 0.59™ 3.42" 0.10™ 159.8™ 105.0™
aud x e
’“: PJ 1 80.95™ 0.001 161" 0.32 4.3 59.41"
Lo x Jle
‘WY" KJ 2 54.18™ 0.08™ 0.61" 0.006™ 2.97% 14.32
bd X 459y X Jlw
- YU)’ilﬁ o J 2 19.84" 0.04™ 5.42% 0.08™ 138.36" 270.2"
X X
Ly x o355 % Jbo
. ¢ ”@”T‘( J 4 10,94 0.14™ 0.37™ 0.13™ 5.60™ 126.8™
X X
Ly x ,eed x| Jle
MY ;M . J 2 3.01" 0.29" 1,510 0.18" 56.15" 23.74"
X X
Lo X joud X 59 o X Jlw
e Y’“; ;’”f J 4 23.59" 0.04" 1,150 0.20" 18.42% 14,47
X X X
Uas
c 64 32.42 0.19™ 1.22 0.15 30.40 61.77
rror
(“’”Cf/"(’;’; e ; 7.47 10.34 11.24 8.52 12.45 6.62
(1)

Qo0 S 9wy ity Jleiml e )0 Jls giee ol g s g g lo Jxe juE NS
ns, * and **: Non-significant and significant at 5% and 1% probability levels, respectively
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Table 4- Mean comparison of plant traits of faba bean in nitrogen, phosphorus and potassium treatments
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S (o Hlw) e ag o SUE o ag 0 ()
Treatments Plant height Branch Pods per  Seedsper Seedsper  100-seed
(cm) number plant pod plant Weight (9)
JLw
Year
| Jls
‘_'b J 125.2¢" 4.62 16.32 4.0 41.1b 104.1°
First year
ps> Jbo 122.3b 3.8° 15.1° 5.12 47.42 133.52
Second year
o leio
Orthogonal
2 o9 110,60 3.4 11.10 3.8 27.5 99.40
Non fertilizer
e 127.3 4.22 17.82 4.5 44,32 118.72
Fertilizer application
(LS 53 0,5 9ls) (359 5
Nitrogen (kg.ha?)
46 122.2¢ 3.92¢ 15.2p 4.42 40.4b 115.2°
69 126.3° 4.18° 18.92 4.62 45.32 118.6°
92 133.72 4.66% 19.42 4.62 47.28 122.42
(LS 50 p 5 slS) Hiund
Phosphorus (kg.ha?)
48 119.82 4,22 15.50 4.5° 42.1° 118.02
96 122.32 4.32 18.82 4.62 46.5% 119.52
(LS )5 0,5 9ls) iy
Potassium (kg.ha™)
50 120.3° 4,22 14.3¢ 452 41.4° 116.72
75 121.7%® 4.42 16.4° 4.62 44.1° 120.62
100 123.12 4.22 17.92 4.62 47.42 118.92
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Fig. 1- Interaction effect of phosphorus and potassium on 100-seed weight of faba bean
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Different alphabet in each column indicates significant difference at p<0.05 based on LSD Test
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Table 5- Variance analysis of the effects of nitrogen, phosphorus and potassium fertilizers on faba bean measured traits
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Table 6- Mean comparison of plant traits of faba bean in nitrogen, phosphorus and potassium treatments
e B o Sles Sjglem o Slas ails 8 Slos Cn ol oeign oS des
oo OS2 )0 p5els)  (USB jo 0, 5sls)  (HUS )0 0,5 5lS) (2,9) (LS yo 0,5 ols)
Treatments Pod yield Biological yield Grain yield Protein Protein yield
(kg.hah) (kg.hah) (kg.hah content (%) (kg.ha'h)
JL
Year
‘_'bl Ju 127982 354562 3726.72 29.882 1122.42
First year
P> Ju 131362 351462 3921.18 30.272 1193.02
Second year
Jwolzo
Orthogonal
25 o9 9433 23595 2293.0° 27.09° 625.9°
Non fertilizer
555 o5
Fertilizer 12966° 35300° 3823.9% 30.07 1157.78
application
(LS )5 0,5 9ls) (359 50
Nitrogen (kg.ha?)
46 11828° 32087° 3391.7¢ 28.08° 952.2¢
69 127730 34320° 3770.5° 30.04° 1133.3°
92 14299° 414952 4309.42 32.102 1387.78
(LS 50 p 5 slS) Hiuwd
Phosphorus (kg.ha?)
48 125490 31130° 3650.9° 29.52b 1082.3°
96 13385? 344422 3996.92 30.632 1233.28
(LS )5 0,5 9l) iy
Potassium (kg.ha™)
50 12284b 32570P 3612.6° 29.51b 1070.1°
75 12718° 353502 3715.6° 29.85° 1112.5°
100 13898? 363442 4143.42 30.862 1290.6°

35,105 (6 lo e igles o yd iy Jleil o ;0 LSD (yge3T (wlool s i S piiin gy slls a5 oo Kileo g o 0
* Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test
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Introduction

Chickpeas, with 37.8 % of the total production of pulses, ranked first in Iran and produced 168142.5 t.ha* in 439872 ha
of area harvested. The largest area under cultivation of chickpea is located in Kermanshah, Kurdistan and Lorestan
provinces in Iran. Various strategies for weed management can be used in autumn-sown chickpea, including application
of interrow cultivator, crop management (crop rotations) and application of herbicides. Herbicide can be considered as
one of the effective measures to reduce weed damage in chickpea. Like other pulses, chickpea is more likely damaged by
post (post emergence) herbicides than PRE (pre emergence) herbicides. This indicates the limitations of herbicides,
especially post-emergence herbicides for broadleaf weeds in chickpeas. Ccurrently, only few herbicidesare recommended
for chickpeain Iran. Farmers in Iran prefer to manage weeds, by hand weeding or using cultivator between rows, due to
potential risk of herbicide damages, high cost involved in herbicide applications, and limited herbicide options for
selective weed control. Considering the wide range of weed species in chickpeas in different regions of Iran, autumn-
sown requires herbicides that provide a broader spectrum of weed control. Furthermore, the preventing of weed resistance
to herbicides makes it necessary to increase the diversity of herbicides. In this regard, the purpose of this study was to
compare new PRE-herbicide (flumioxazin) with different rates as IBS, PRE, and early-post with previously used
herbicides, in terms of weed control and subsequently increase grain yield of chickpea.

Materials and Methods

This experiment was carried out in Kermanshah, West Azerbaijan and Hamadan during crop year 2021-2022, Iran. The
experiment was laid out in a randomized complete block design (RCBD) with 12 treatments and four replicates.
Treatments included pre-emergence (PRE) application of novagap (aclonifen 600 SC) at 1, 2, 3 and 4 I.ha™, oxyfluorfen
(SC 24%) at 0.7 .ha't, clean sheet (flumioxazin, WP 50%) at100 g.ha', post-emergence (POST) application of aclonifen
at1,1.5,2and 2.5 1.ha?, PRE application of oxyfluorfenat 0.7 I.ha-*+POST application of aclonifenat 1.5 I.ha"* and hand
weeding. 30 days after post-emergence spraying, density and dry weight of weeds per plot were determined and compared
with untreated control. At harvesting, grain yield, plant height and dry weight of chickpea was measured per unit area.
Variance analysis of chickpea data was also done through SAS software, and then the averages were compared based on
Duncan's test (p<0.05).

Results and Discussion
At kermanshah visual evaluation results showed that the highest reduction in weeds (87 to 90%) was observed in PRE
application of aclonifen at 2, 3 and 4 I.ha* and flumioxazin without any significant difference. In addition, PRE
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application of aclonifen 2 I.ha" had a very good efficiency (91-100%) in reducing the density and dry weight of weeds of
R. rugosum, C. album and C. orientalis. Also, C. intybus and C. oxycantha were controlled by this treatment with a lower
percentage (72-81%). The highest grain yields of chickpea in Kermanshah (590.5 to 609 kg.ha™) was observed in the
PRE aclonifen at 2 and 3 I. ha! that had no significant difference with hand weeding. At Hamadan, the highest weed
control efficiency (95%) found in aclonifen at 2, 3 and 4 I.ha'%, flumioxazin, oxyflourfen and oxyfluorfen + aclonifen.
The results in Hamedan showed that flumioxazin, post aclonifen 2.5 1.ha"* and PRE aclonifen 2, 3 and 4 I.ha?, oxyfluorfen
and oxyfluorfen + aclonifen favorably reduced the density of D. Sophia, Alyssum spp. and total weeds. In the visual
evaluation, the highest efficiency belonged to aclonifen at 4 l.ha, followed by PRE aclonifen at 2 and 3 I. ha?,
flumioxazin and oxyfluorfen + aclonifen. At Hamedan, PRE aclonifenat 2 I. ha! and flumioxazin had the highest grain
yield of chickpea with 309 and 322 kg.ha?, respectively, and there was no statistically significant difference with each
other and hand weeding treatment. At West Azerbayjan, the highest weed control (84 to 86%) belonged to a PRE
application of aclonifen at 3 and 4 I.ha* and POST application of aclonifen at 2.5 I.ha™! that there was no significant
difference between them. At West Azerbayjan, after hand weeding, aclonifen 3 I. ha! and flumioxazin had the highest
grain yield of chickpea with 1251 and 1254 kg.hal, respectively.

Conclusions
According to the results, aclonifen is recommended as a pre-emergence applicationat 2 to 3 .ha™ and flumioxazin at 100
g.ha* for the control of broadleaf weeds in rainfed autumn- sown chickpea.

Keywords: Aclonifen, Density, Flumioxazin, Grain yield, Herbicide, Oxyfluorfen
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Table 1- Treatments applied in autumn-sown chickpea at three locations in 2021-2022
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9o pb @l el Timing (s o (tse  Formulation and Mode of action
c Commercial Rate Rate herbicide rate in
ommon name name (gaihal) (g.l%hat) active ingredient
600 o
R o . . . y Inhibition of solanesyl
. & & *
“’M’S ! ke i 1810200*0ar’1 q L2, 2 and 600 SC diphosphate synthase
Aclonifen Novagap PRE 2400 (SDPS)
- o . 600, 900 Inhibition of solanesyl
: | | : U .
“’M’S ks i 1200 and in%jszé 600SC diphosphate synthase
Aclonifen Novagap POST 1500 ‘ (SDPS)
. ) Inhibition of
RS sl = ol5 I 50 100 EC 50% protoporphyrinogen
Flumioxazin Clean sheet PRE oxidase (PPO)
ISNT ¢ Inhibition of
et s I 168 0.7 EC 24% protoporphyrinogen
Oxyfluorfen Goal PRE oxidase (PPO)
- et R + syt
sl aSteiislsT 5+ LSy
Oxyfluorfen + Goal + R0 168 + 900 0.7+15 EC 50% + 600 SC PPO + SDPS
Aclonifen Novagap PRE + POST
PRE + POST
=S (w9 ) ; ; ;

Hand weeding

odbdog slojge *
* Recommended doses

Grobdle (5 kz b aloyo 10) (ag)om G2 slaile 5 o5 Siallsz 5l L8 5 <t 5l ) (shassoim ™
PRE (pre-emergence), POST (post-emergence) **
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Table 2- Climate, geographical coordinates, characteristics and soil organic matter percentage at three experimental

chickpea locations

ol | 30 elas ! o . : i
5 3 o 51 g5 ) : Pt Jsb (1) ST slge
o g liis (y%0) b 3o ok S Ll o Ldl i Organic pH
Location Research Altitute above  Climate Soil Lo”n B itude L;l £itudé Matherials
station sea level (m) texture g (%)
sble S Sale 1365 Semi-  Giclay 34°1621°N  46'50'15"E 0.73 77
Kermanshah Mahidasht dry
s E QL’H[%)‘.’T ST o 5 i
e Semi- Loam opnroqn ° 10747
West_ Khoramabad 1520 drycold silt clay 37 52°21"N 44 49°47"E 0.77 7.5
Azerbayjan
Sloes LBLST Semi- Sandy o m g ooy A
© On 1750 35 21'35'N 48 72°45'E 0.4 7
Hamedan Ekbatan drycold  loam
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Slo Sl 000 Bda d e dw (s Gy b
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Table 3- Time table for field operations and application dates of herbicides at different experimental locations

acyj0 50 Olles olisle s 2t olmlyd Olo
Field operation Kermanshah West Azerbayjan Hamedan
3956 S V. IVIVY VEe - JAIYY VEe Y
Chickpea sowing 14 Dec 2021 13 Nov 2021 21 Nov 2021
sy GRS ile Ve VIVY VEe - IAIYS IARRIAY
Pre-emergence herbicide 15 Dec 2021 17 Nov 2021 25 Nov 2021
AAERVATARY
gom oiSale 11 Apr 2022 VEONN - VEVYIY
Post-emergence herbicide VEAYIYY 30 Mar 2022 22 Apr 2022
11 Apr 2022
Ve
Jeeylogd oS gla jiSale 9 Apr 2022 VEVVA VEANY
Haloxyfop R Methyl VEAYIYY 28 Mar 2022 20 Apr 2022
11 Apr 2022
secledle s)ls pdiges VEAV/YIYY VEVN Y VEVYIY
Weed sampling 12 May 2022 30 Apr 2022 22 May 2022
cbls ARERVATIA AAERVAANY IAERNAAR
Harvest 26 June 2022 8 July 2022 1 July 2022
(S )5 p,55LS) ,4 o515
Seed density (kg.ha?) 80 85 80
3, Jole Surw e
Cultivar Adel Saeed Mansour

1- European Weed Research Council
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Table 4- Average density of weed species per square meter across the three locations (2021-
2022 growing season)

b ile S

(&0 %0 5o &) jy» e o515
Weed density (Plant.m?)

Weed species

oliiile )5 @f olml 3l Olaes

Kermanshah  West Azerbayjan Hamedan

Acroptilon repens (L.) DC.
Alyssum spp.
TSy
Carthamus oxycantha M.Bieb.
pass 5
Centaurea cyanus L.

3% FONW
Chenopodium album L.
iy
Cichorium intybus L.
oS
Conringia orientalis (L.) Dumort.
JUALE
Descurainia sophia (L.) Webbh.ex Prantl.
Rapistrum rugosum (L.) All.
sesladle Koo glaass
Other weeds species”

- 18.7(1.8) -

) ; 11.2(0.6)
12.2(1) - )

- 21.5(1.2) -
15.2 (1.5) - -
18.3(2.1) - -

26 (2.4) 16.5(1.9) -

- - 15.6 (0.9)

7.5 (0.56) - )

7(0.9) 5.9 (0.6) 6.3 (0.4)

55
Total

67.9 62.6 33.1

i e S 2, 5t oS e 3 8y 2 ) S 515 Sl b sl sl dasisS L
w2t Olel,dT 0 bl s g Gloed 10 05 dedes § 0455 woliile S 5o A

" Other species: Weed species with average densities lower than five plant. m? which included
Galium tricornutum Dandy., Lamium amplexicaule L., Polygonum aviculare L. in Kermanshah,
Astragalus hamosus L.) and lambsquarters (Chenopodium album L.) in Hamedan. Cephalaria
syriaca (L.) Roemer & Schult in West Azerbayjan. **Standard errors of densities shown in
parenthesis.
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Table 5 - Mean squares of weed density reduction and rating scale (% control) (EWRC) compared to the untreated
control, and chickpea phytotoxicity (%) at Kermanshah

(1) o515
Density (%0) b3
. 4'?)'3 E W £ > (/) . éLf
o gl o E e 5 y S E . %2 ] Sgpols
S.0.v &3 _13 £3 3 §_§ 3 E’Tg Y €3 \\i £ 2 u T (. Jy5) Phytog/oxwlty
f 55 %23 X .8 13 SE . % S 2 Rating scale (%0)
@ = g O o O 83 (% control)
)I)SJ 3 5.48™ 30.26™ 10.96 " 29.41m 26.14" 5.36" 31.06M™ 1.71m
Replication
)L‘“‘ 10  89452™  701.29™ 83596  500.16™  712.31™ 31497"  537.95" 472.27™
Herbicide
> 30 16.4 42.44 12.25 20.6 27.49 614.97 8.56 4.96
Error
e
Ol s - 4.95 8.21 4.18 6.86 6.93 2.88 3.86 15.18
CV (%)

Qo) S g by iy Jleisl mha 5o o dixe g o cire Dglad g9 pue o Ay e g %
ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively
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Table 6- Response of weed density (% reduction compared to the untreated control) to herbicides application, four weeks
after spraying herbicides at Kermanshah

Lh)Ln..J OL‘“} )"‘J/f’)f) O‘)‘t“’ Go.l.w 34 dolw o).gu’;’:gf ‘si.wlf G.b,«ia)lf Js
Treatm;ents LT (s o Rapistrum  Chenopodium Conringia Cichorium  Carthamus Total
Timing Rate (g.Ihal)  rugosum album orientalis intybus oxycantha
Ad;“’f ' 6;;;’“ 1 67° 67.5¢ 65.5¢ 45.25f 515°  59.35'
cloniren
Adl““’f ' s 2 100° 92.5% 100° 729 78°° 88.5°
cloniren
Cae '| 5 B
Adr’”’f 6‘;;;‘“ 3 1002 1002 100¢ 74.75® 81.5 91.82
cloniren
Ad;“’f ! SF;E‘“ 4 1002 1002 1002 78.25° 84.25P 91.95%
cloniren
AU;‘“"f ! 6‘2;”;"‘? 1 60¢ 65.5¢ 63.75¢ 53.75¢ 71.25¢ 62.8°
cloniren 0S
AU;‘“"f ! 6‘2;”;” 1.5 71.7%¢ 66.25° 75¢ 60 de 77bc 70¢
cloniren 0S
AU;‘“"f ! 6‘2;”;” 2 780 72.5% 80.75"° 70.75 84 77.2¢
cloniren 0S
AU;“’L: ! @‘;”‘tf‘* 2.5 780 80 85b 75 91.5 81.9°
cloniren 0Ss
O S guagld 29 ) a be a a a a
. g 100 97.5 85 100 78.25 90.75 90.3
umioxazin
. a a l B -
O&);:s&’“f ‘f;;’;*“ 0.7 69.25¢ 68.25¢ 69.5¢ 55.25 ¢ 54,5 63g35
Xytiuorten
* u"*‘}U] 9 oM
R T 0.7+15 78P 74,750 80.5 64.5% 67.5¢ 73¢
Oxyfiuorfen PRE +
+ Aclonifen Post

(0= /20 SSlo) wlad (g lo cme BB oS e B> S po JBlas a5 olo i Sls (g 2 y0
* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)

*PRE ((s25)0), POSE ((s29,00)
*PRE (pre-emergence), Post (post-emergence)

oLiile S 53 395 gy LAl g 4ils 5, Khos Silas o (uSilso -V Jgor
Table 7— Mean squaures of grain yield and plant height of chickpea at Kermanshah

JUVEL I HITH sol5T a0 als o ,Slos S (339 el
S.0.vV df Grain yield Dry weight Height
)‘?ﬁ . 3 416.83™ 34.95" 2.25™
Replication
s . . -
T 11 13949.69 3600.36 38.53
Herbicide
= 33 455.19 60.7 1.18
Error
St . 3.99 5.75 2.33
CV (%)

Qo3 S g oy iy Jleisl e 5o e e g o pxe gl 0gzg pas (o Ty sk g
ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively
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Table 8- Response of grain yield, yield traits, phytotoxicity (%) of chickpea and EWRC rating scale used to herbicides
effects on weed control (% reduction compared to the untreated control) to herbicides application at Kermanshah

_ ‘ ‘U‘Q S sl c ‘—1&5055 LS?L’.)’)‘
. S Ry § : 2
o os oy BEOER s R0 el D ) s
) o= @“bw-“‘ ()LS.Q )é)"'.‘." ()LIS.Q (é’}“’)““’ ()“"’cs"’l"") (J).MS Phytotoxicity
Treatments Timi Rate . Dry . Rating (%)
iming (g.ILha't) Grain yield ; Height (cm)
g.I". (kg.ha!) weight scale (%
g- (g.m? control)
G5t | ot 1 528.7° 11565 45¢ 57.5¢ o'
Aclonifen PRE
Lo " B &
OAslS i 2 593.5% 170.85° 502 87.5% of
Aclonifen PRE
Cat ] o B
o5l S 3 590.5% 167.42 49.25% 88? of
Aclonifen PRE
sl S 4 49425% 1496 49 90? 21,250
Aclonifen PRE
U’“’K S 1 516.5¢ 126.9¢ 44.75¢ 61.25¢ 11.25¢
Aclonifen Post
Al o 1.5 457 5 111.72% 43.5% 68.75° 15¢
Aclonifen Post
S st 2 47525¢  106.75% 42° 77,5 225
Aclonifen Post
Al o 2.5 480.5% 96.45f 420 78.75 27.5
Aclonifen Post
Ot eesls 0 100 609? 17362 49.75¢ 872 of
Flumioxazin PRE
et s 0.7 571.2° 130.95¢ 48 66.25¢ of
Oxyfluorfen PRE
Dol ST+ HadglST  * R
Oxyfiuorfen + T 0.7+1.5 475 101.82¢f 47.25°¢ 70¢ 18.25¢
Aclonifen PRE + Post
2 O - - 6182 1735 50° - -

Hand weeding

(0= 20 SSle) 5l (g,lo gime BT (S fiee By S p0 PBlas a5 ol Sikeo ¢y 2 0 %
* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)

*PRE (s9,08) POSE (o g,00)
*PRE (pre-emergence), Post (post-emergence)

Lg)LJ o st IS A58 S5 4y (o0 byt oo (loed ) v gacale o1,
(A Jgaz) o)l 5925 (P<0.01) RUPSRSN SR s PP P UL ST SRS NN IR U
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Table 9- Mean squares of weed density control (%) and rating scale (% control) (EWRC scale) compared to the
untreated control, and chickpea phytotoxicity (%) at Hamedan

(1) o515 1) ooz b)) N
yatd 2alo &35 az 40 Density (%) (J s F(’h) $IFe
e - otoxici
S0V df iS5 dogutd Js Rating scale (% yt(%) ty
Descurania sophia  Alyssum spp. Total control)
J_’S . 3 109.9m 61.25" 15.1" 0.56" 3.59m
Replication
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Table 10- Response of weed density control (% reduction compared to the untreated control) to herbicides application,
four weeks after post-emergence herbicides at Hamedan
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L Lo JP EPOWIRN Py a s Density (%)
Treatments Timing sy r:]h '25 ) JURX S dogud Js
Rate (g."-ha”) Descurania sophia Alyssum spp. Total
sl st 1 *29,57¢ 48.67° 62.97
Aclonifen PRE*
sl he 2 83 90.25%  89.37a
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ChuiglS] 9 ) 3 86.65% g4ab 93.972
Aclonifen PRE
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* Means followed Py the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)
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*PRE (pre-emergence), Post (post-emergence)
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Table 11- Mean squaures of grain yield and plant height of chickpea at Hamedan
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ns* and **: Non significant and significant at 5% and 1% probability levels, respectively
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Table 12- Response of grain yield, yield traits, phytotoxicity (%) of chickpea and EWRC rating scale used to herbicides
effects on weed control (% reduction compared to the untreated control) to herbicides application at Hamedan
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* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)
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Table 13- Mean squares of weed density control (%6), Rating scale (% control) (EWRC scale) and chickpea phytotoxicity

at West Azerbayjan
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S gbe oy o8 oy (J s (1) 5gmelss
(OS] [ o QY . ici
SOV df Centaurea Conringia Acroptilon S Rating scale (% Phiytotoxicity (%)
nring! P Total control)
cyanus orientalis repens
R )Il/&)t 3 2.81m 15.37" 113" 10.58™ 3.21™ 0.006 "
eplication
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Herbicide
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E 30 10.6 12.6 3.03 1.69 1.61 0.007
rror
Oy - 4.82 5.1 2.66 1.79 1.85 7.44

CV (%)
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Table 14- Response of density of weeds (% reduction compared to the untreated control) to herbicides application, four
weeks after Post-emergence herbicide at West
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* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)
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Table 15— Mean squaures of grain yield and plant height at West Azerbayjan
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CV (%)
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ns, * and **: Non significant and significant at 5% and 1% probability levels, respectively
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Table 16- Response of grain yield, yield traits and phytotoxicity (%) in chickpea and weed control efficiency compared to
the untreated control (visual weed injury assessment due to herbicide application (EWRC)) at west azerbaijan
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* Means followed by the different letters are significantly different according to Duncan’s Multiple Range Test (p< 0.05)
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Table 17- Descriptive evaluation of herbicides™ effectiveness
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Introduction

Cowpea is among the most important plants of the legume family, being a good source of protein, fiber, and essential
nutrients. Cowpeas are also cost-effective and have high nutritional value. It has been shown that priming seeds with zinc
can improve seedling vigor, growth, and overall plant performance. Priming seeds with ZnSO4 has been found to increase
plant tolerance to environmental stress such as drought and water deficiency. Overall, it has been well-documented that
priming seeds with zinc can be a promising practice for improving crop productivity under environmental stresses.
Considering the simplicity of this technique and the widespread use of priming seeds with nutrients, this experiment was
conductedto investigate the effect of priming seeds with zinc sulfate on some physiological traits, improvement in drought
tolerance, and seed yield of two cowpea varieties.

Materials and Methods

The present study was conducted to investigate the effect of seed priming with zinc sulfate on the plant growth and yield
performance of two differentvarieties of cowpea (Vigna unguiculataL.) under two differentsoil water content conditions.
The experiment was carried out as a pot experiment in 2022 at the greenhouse of the Faculty of Agriculture, Ilam
University. Treatments were replicated four times. The three main factors included the irrigation level (irrigation at 70%
or 50% of the field capacity), the cowpea genotype (local and Mashhad), and the priming of seeds with zinc sulfate
(hydropriming, prime level 1, prime level 2). Seeds were primed in either 0.14% or 0.28% zinc solution. ZnSQO4.7H,0
was used as the source of zinc. After surface sterilization, seeds were soaked in a solution with different concentrations
of zinc sulfate (0.14% or 0.28%) for 5 hours at a ratio of 1:3 distilled seed to solution (w.v1). 20 seeds were planted in
each pot. Plants at the 4-5 leaf stage were subjected to well-watered and water-stressed conditions. At the 50% flowering
stage, leaf samples were randomly taken from 5 plants in each pot, and various plant growth and physiological
characteristics such as fresh and dry weight, plant height, leaf surface area and weight, as well as the rates of
photosynthesis and transpiration, leaf relative humidity, and leakage rate were measured.

Results and Discussion

The results of the analysis of variance of the present study showed that the effect of water deficiency on some growth,
physiological and biochemical traits such as leaf area and weight, photosynthesis rate, transpiration intensity, electrolyte
leakage, water ratio per thousand seed weight, and harvest index was significant. Treatments affected by seed priming
with zinc showed better growth performance under stress conditions than control treatments (no priming). Additionally,
the effect of the variety on traits such as photosynthesis rate, and harvest index was significant. The highest leaf weight
(7.10 g) was observed in the irrigation treatment with 70% of field capacity (FC), Mashhad variety, and prime level 2,
while the lowest leaf weight (2.11 g) was recorded in the irrigation treatment with 50% of crop capacity, local variety,
and hydropriming. The Mashhad cultivar exhibited a higher photosynthesis rate (4.99 uMol CO,.m2.S!) than the local
cultivar (4.65 uMolCO2.m2.S™%). The application of 70% FC led to a two-fold increase in the rate of photosynthesis (6.07
uMol CO..m2.S1) compared to irrigation with 50% of FC (3.56 uMol CO..m2.51). The highest and lowest transpiration
rates were observed under the conditions of no stress in the Mashhad cultivar (160.1 mmol H,O.m2.S%) and under the
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conditions of stress in the local cultivar (0.72 mmol H,0.m2.S1), respectively. Under low irrigation, the lowest (46%)
and highest (49%) percentage of electrolyte leakage were obtained in priming level 2 and hydropriming, respectively.
Regarding the traits related to yield, the highest number of pods per plant (8.22) was obtained in the Mashhad variety
under well-irrigation conditions (70% FC), and the lowest amount (5.56) was obtained in the local variety with 50% FC.
Under well-watered conditions (70% FC), the Mashhad variety had an 18% superiority in the number of seeds per plant
compared to the local variety. The highest amount of seed yield in the pot was obtained under well-watered conditions
and priming with 0.28% zinc solution resulting in a 28% increase compared to 50% FC and hydroprime. The use of the
Mashhad cultivar under well-watered conditions led to the production of the highest harvest index (53.85%), while
applying water deficit reduced the harvest index to 39.71%.

Conclusions
Drought stress and water deficiency are the most significant constraints contributing to reduced bean yields in arid and
semi-arid regions. The findings of the present study indicate that water deficit stress can significantly decline plant yield,
but seed priming with zinc could mitigate the negative effects of water stress, particularly on the plant's physiological
traits. Priming seeds with zinc resulted in improved photosynthesis and subsequently increased seed yield compared to
control seeds

Keywords: Electrolyte leakage, Harvest index, Micronutrients, Transpiration
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Table 1- Some of the physical and chemical properties of the experimental soil
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PP (ppm) (ppm) (ppm)
7.98 >0.5 150 19 26 0.5 9 1.46 0-30
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Table 2- Analysis of variance results of the effect of cultivar, seed prime and water deficit stress on some
characteristics of cowpea

la o (puSSleo
Mean of squares

i 23lio oIl 4z 50 Sy SS9 Sy gl
S.oVv df Weight of leaf Leaf area
S5k 3 1.48" 0.44"°
Block
A 1 43.2" 70.76™
Drought stress
) 1 12.3" 1.287™
Cultivar
el 2 22.3" 168™
Prime
|y x o8
R 2 2.7" 0.111"
Cultivar x prime
R R a
TR 1 0.8" 0.235"
Cultivar x drought stress
e A5 |
ST 2 3.78™ 3.293"
Prime x drought stress
3, x WESIRL |
X ST 2 0.2" 0.004"
Prime x drought stress x cultivar
e 14 0.28 0.642
Error
ol - 12 7.12
CV (%)
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** *and ns: significant at 1%, 5% and non-significant probability levels, respectively
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Table 3- Means comparison of effects of water deficit stress, seed priming and different cultivars of cowpea on
some quantitative traits
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Treatment 100-grain Number of Number of (s &y 3 Harvest index
weight (g)  seeds per pod  pods per plant photosynthesis rate (%)
(uMol CO,.m2.5%)
kel zotaw
Irrigation levels
i bl weps Ve 11 ns 7.20 ns 8.87 ns 6.07a 51.45 ns
70% field capacity
=y bl woy 0 10 ns 5.47 s 5.66 ns 3.56b 37.28ns
50% field capacity
~)
Cultivar
e 12.1ns 6.51ns 6.99 ns 4.99a 46.78 s
Mashhad
d 8.9 ns 6.16 ns 6.54 ns 465hb 41.95 ns
Indigenous
2 Syl
Seed priming
ot 10.21¢ 5.98 ¢ 6.56 b 435¢ 41.53¢
Hydro priming
\ b ey 10.55b 6.03b 6.78a 4.73b 44.63 b
Priming 1
¥ ghe by 10.86 a 6.72a 6.95a 5.39a 46.94 a
Priming2
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* Means in each column followed by similar letter(s) are not significantly different at 5% probability
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m70% FC
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14 - b
12 - C 50% FC
d
| I | I I

Hydropriming  ZnS04(0.14%) ZnS04(0.28%)
Prime x stress
b bugd g 50 Sy g 1y il 9 28 G Joliio 11 S
Fig. 1- The interaction of water deficit stress and seed prime on the Leaf Area per plant in cowpea
il oo duo 0 gt ghaws ;0 LSD ygel bl jls sine B 03l catis 5 i By S JBlas gl a5 olagygie
Columns with the same letter(s) are not significantly different at p<0.05 probability level
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Fig. 2- The interaction of water deficit stress and seed prime on the Weight of leaf per plant in cowpea
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Table 4- Analysis of variance results of the effect of cultivar, zinc priming and water deficit stress on some
Physiological characteristics of cowpea
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** *and ns: significant at 1%, 5% and non-significant probability levels, respectively.
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Table 5. Analysis of variance results of the effect of cultivar, zinc priming and water deficit stress on yield
characteristics of cowpea
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** *and ns: significant at 1%, 5% and non-significant probability levels, respectively
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Introduction

Chickpea (Cicer arietinum L.), with an average production of 439 kg.ha, is one of the most important pulses
that holds a special place in rain-fed conservation farming systems in Kermanshah, Kordestan and Lorestan
provinces of Iran. Recently, it covers 6.9% of the cultivated land area for agricultural products and accounts
for 5.3% of the total rain-fed crop production, placing it fourth in rank. High distance between global mean of
grain yield (1038 kg.ha*) and Iran (439 kg.ha) is significant and weeds are the most important limiting factors
in chickpea production systems in Iran, and due to the limited registered herbicides, increasing row spacing
and using non-selective herbicides by shielded sprayers is one of the other ways for application of these
herbicides in chickpea farming. Optimizing chickpea row-spacing and the application possibility of non-
selective herbicides in chickpea was our objective in this experiment.

Materials and Methods

In order to study planting pattern and chemical control effects on weed population and yield of rain-fed
chickpea farming, two experiments conducted. Field experiments were conducted in East Azerbaijan and
Hamadan provinces and greenhouse experiment was in Alborz province of Iran in 2021-2022. The field and
greenhouse experiments were conducted as completely randomized block design and a completely randomized
design with four replications, respectively. In field experiment, two intra-rows spacing of chickpea (35 and 53
cm) and seven herbicides (including: imazethapyr (Pursuit® SL 10%) at a rate of 100 ml.ai ha™, imazethapyr
(Pursuit® SL 10%), at a rate of 100 ml.ai.ha™* +cytogate (at a rate of 2%), oxyfluorfen (Goal® EC 24%), at a rate
of 168 ml.ai.ha™, phenmedipham + desmedipham +ethofumesat (Betanal progress OF®. EC 27.4%), in two rates: 160
and 300 ml.ai.ha™, protected application of imazethapyr (Pursuit® SL 10%), at a rate of 100 ml.ai.ha™*+ paraquat
(Gramoxone® SL 20%), at a rate of 600 ml.ai.ha™, protected application of paraquat (Gramoxone® SL 20%),
at a rate of 600 ml.ai.ha™, pyridate ((Lentagran® EC 60%), at a rate of 1200 ml.ai.ha™* and control were evaluated.
In green house experiment, different doses of Phenmedipham+ Desmedipham+ Ethofumesat (Betanal progress OF® in
411, 548, 685 and 822 ml.ai.ha™*) and its application time (2, 4, 6 and 8 leaf stages) were tested. Weed dry weight,
visual evaluation and chickpea grain yield were evaluated 30 days after treatments and in the end of experiment and data
were analyzed by Sas, Mstatc and Sigmaplot software and means were compared by Duncan.

Results and Discussion
Dominant weeds in two locations were Alyssum spp., Descurainia sophia, Acroptilon repens, Galium aparin,
Polygonum aviculare, Astragalus sp., Euphorbia spp., Fumaria parviflora, Poa spp., Gypsophila spp., Allium
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spp., Falcaria vulgaris and Geranium spp. Field results indicated that all herbicides had the same effect on the
weed dry weight and chickpea grain yield at both planting row distance. Therefore, the distance between
chickpea planting rows can be increased up to 53 cm for the use of shielded sprayers. In terms of herbicide
efficacy in the Hamadan and Maragheh regions, protected application of Imazethapyr + Paraquat was found
to be the best treatment for weed control. This treatment resulted in an average weed dry weight of 1.7 grams
per square meter in Hamadan and 7.3 grams per square meter in Maragheh. With this treatment, weed dry
weight was reduced by approximately 94.4% and 69.9% compared to the control, respectively. Chickpea grain
yield was highest with Imazethapyr + Cytogate and Pyridate, resulting in an increase of approximately 83%
and 75.4%, respectively, compared to the control in Maragheh region. In Hamadan region, Oxyfluorfen
showed an increase in chickpea grain yield up to 122.7%, Pyridate up to 125.4%, and Imazethapyr + Paraquat
up to 111.7% compared to the control. Betanal progress OF® (at a rate of 3 I.ha™) also exhibited good weed
control but like Imazetapyr, is not recommended for use due to its damage on chickpea growth and grain yield.
Additionally, Paraquat has been removed from the registered list in Iran; therefore, it is not recommended for
application on chickpeas either.

Conclusions

For improved weed control in chickpea, it is recommended to increase row spacing to 53 cm and use a protected
application of non-selective herbicides (such as Imazethapyr). However, it is important to note that Paraquat
has been removed from the list of registered herbicides in Iran and cannot be recommended for weed control
in chickpea. Instead, other approved non-selective herbicides can be recommended, provided they are applied
using a shielded sprayer. Additionally, Betanal progress OF® is also caused damage to chickpea in both field
and greenhouse conditions and it do not recommend.

Keywords: Cultural control, Integrated control, Protected sprayer, Pulses
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Table 1- Soil characteristics of experimental fields in Hamadan and Maragheh

oo cél (aoy0) JT ool FUTIVON U L VRS
Location Texture Organic matherial (%) pH Calcium (%)
ety 0.2 8.5 30
Hamadan  Sand-clay
| B
o s 11 7.4 5.2
Maragheh  Lome-clay
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Table 2- The experimental treatments in two regions of Hamadan and Maragheh

o los (o 3w) 'Sl (5 jlos oslo s o) 22,8 o)
No. Planting row Herbicides' treatments (LS 30 0,540 Application time
spacing (cm) Rate (ml ai.ha™)
(SL10% g ) lisled b olejen b J
1 35 Imazethapvr (Pursﬁit oL 10%) 100 Immediately before or simultaneously
Py 0 with planting
5 35 oS gt (SL 10% Cgus ) 5sle] 100 spacile oy adol oo 50 9 (Aagyom
Imazethapyr (Pursuit SL 10%) + Cytogate Post and early growth stages of weeds
3 %5 (EC 24% S) 5,5l ST 168 eoslS 5l an alolsdl
Oxyfluorfen (Goal EC 24%) Immediately after planting
I ST JBE) s jogigihpline oot pliso s
4 35 (EC 27.4% 160+100 2955 (5 fagtiles Vo £l 50 9 gy
Phenmedipham + Desmedipham + Post and at 10 cm of ChiCkpea helght
Ethofumesat (Betanal Progress OF. EC 27.4%)
I ST JBE) s pogigibpline oot plisco s
Phenmedipham + Desmedipham + Post and at 10 cm of chickpea height
Ethofumesat (Betanal Progress OF. EC 27.4%)
(SL 10% cagms ) lisled el plepeal 43
6 53 Imazethapvr (Pursﬁit L 10%) 100 Immediately before or simultaneously
Py 0 with planting
Imazethapyr (Pursuit SL 10%) + Cytogate Post and early growth stages of weeds
g 53 (EC 24% S) 3,5l oS 168 ORIV IE N
Oxyfluorfen (Goal EC 24% ) Immediately after planting
I o S JU) ol + plivota oot pliscia 3
Phenmedipham + Desmedipham + Post and at 10 cm of chickpea height
Ethofumesat (Betanal Progress OF. EC 27.4%)
oS JU) S paghsil + plisonn oot plisasd
Phenmedipham + Desmedipham + Post and at 10 cm of chickpea height
Ethofumesat (Betanal Progress OF. EC 27.4%)
SIS + (SL 10% Cagn ) bl VI bl sl 2B
‘ ¢ SIS sl % o
1 53 GL 200/.0 055U 100+600 Pre plant fo)r imazethapyr and at 10
Imazethapyr (Pursuit SL 10%) + Paraquat - -
(Gramoxone SL 20%) cm of chickpea height
for paraquat
1 53 (SL 20% 55l ) "TsST L 600 0955 (6 ya il Vo gl o
Paraquat (Gramoxone SL 20%) at 10 cm of chickpea height
13 35 (EC 60% ) Sty loy 1200 speladle S ke b go al> e o
Pyridate (Lentagran EC 60%) 2-4 weed leaf stage
14 35 sale g vals ] Jab ples
Weed free control Whole season

b aid)S 10 0 0o 93 Glimeds abge slajlesd 3 CeS g Brae Jladle ((ASale (9908 5 (6)l8 (sogee oL oS 4 )
o9 cilS Glacis, o 48 g cddiblis & ygots SlgST L G yae Y
1- Common and trade name and formulation of herbicides respectively. The amount of Cytogate used in the respective treatments
was 2%.
2- Application of paraquat was done in a protected manner and between planting rows.
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Table 3- Dominant weeds of experimental field in Hamadan and Maragheh

cudle
oolgils woke ol g LI H Dominance
Family Scientific name Persian name Olon aslyo
Hamadan  Maragheh
Brassicaceae Alyssum spp. dogad - +++
Brassicaceae Descurainia sophia L. Shy> S +++ -
Asteraceae Acroptilon repens (L.) DC. al - ++
Rubiaceae Galium aparin L. the = - ++
Polygonaceae Polygonum aviculare L. o Cas cale + +++
Fabaceae Astragalus sp. o8 +++ -
Euphorbiaceae Euphorbia spp. O9d 3 - +
Fumariaceae Fumaria parviflora Lam. 0,5 ol + ++
Poaceae Poa spp. Sl ooz - +
Caryophyllaceae Gypsophila spp. Cowgd &5 - +
Liliaceae Allium spp. >y e - ++
Apiaceae Falcaria vulgaris Bernh. &bk - ++
Geraniaceae Geranium spp. g (Slreds - +++

il oo dilaie (o 5 acale oanlin pac g YU dawgio (of Codlé od Sy gt o
+,++,+++ and —: are low, medium, high dominance and Absence of weeds in location
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Table 4- Mean effects of experimental treatments on total weed dry weight (g.m-?and reduction % in Comparison to control,
30 days after spraying) in Hamadan and Maragheh

& pao o Sl (339
i slno) Koy alold Dry weight
sl P oo eoke (e b ol e
Treatments Row Hamadan Maragheh
(s spacing . e ool Cams . SRR { R P PRGN lA
Rate (cm) 3o I3 N GrpeppS
o 2 o (compared to 2 "0 (compared
(ml aiha™) (8-m™) the control) (8-m™) to the control)
Imazethapyr 100 35 16.9 e* 85b 34.9 ef 66.1 ab
Imazethapyr 100 53 18.2¢e 84.7b 42.9 def 58.4 a-e
Imazethapyr + Cytogate 100 35 19e 84.5b 51.6 c-f 49 a-e
Imazethapyr + Cytogate 100 53 18.7e 84.7b 39.7 def 61.3 abc
Oxyfluorfen 168 35 30.3d 746¢C 68 bc 34.4 def
Oxyfluorfen 168 53 29.3d 75.9¢ 42.5 def 59 a-d
Phen.Des.Etho (1.6)* 160 + 100 35 40.6¢ 66.1d 68.8 bc 20.3f
Phen.Des.Etho (1.6) 160 + 100 53 44.4 0 64.3d 82.2 ab 33.7 ef
Phen.Des.Etho (3) 300 + 100 35 18.7e 85.5b 35.6 ef 64.3 ab
Phen.Des.Etho (3) 300 + 100 53 18.2¢e 84.8b 59.1 b-e 42.7 b-f
Imazethapyr + Paraquat 100 + 600 53 7.1f 94.4a 30.7f 69.9a
Paraquat 600 53 179e 84.9b 63.5 bed 39.1c-f
Pyridate 1200 35 176 84.9b 43.3 def 57.9 a-e
Control (weed infested) - 35 1214 a - 1043a -

3,5l e Dgles oy gy Jleisl haw 48 5 Sl ygej] ubel s St B> G 0 Plas a5 Sla Sl (gt Ha 40
Al oo (5,5 oole oy 50 A e sl jlens 0 oS giiw Bran o
Sl Cu o8l + playde yod + playde )3 Cadss ¢l a3
In each column, means with the same letter have no significant difference (Duncan, p<0.05).
The amount of Cytogate used in the respective treatments was 2%.

Phenmedipham + Desmedipham + Ethofumesat (1.6 and 3 L.ha!)
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alols o> «(Najafi et al, 2023, Mohammed et al., 2020)
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Table 5- Visual evaluation of treatments on weeds and chickpea

" L,
S pao lado cpd) abold Vi;:jvjq;';ion
Slows sdlo pid ) (e B 30 ile yes,
Treatments (LS 43 0,550 Spi‘(’:‘i"r’]g Weeds Chickpea
Rate (ml ai.ha?) (cm) Olsen s Olses a0
Hamadan Maragheh Hamadan  Maragheh
Imazethapyr 100 35 85 7 50 45
Imazethapyr 100 53 85 70 50 66
Imazethapyr + Cytogate 100 35 85 70 25 22
Imazethapyr + Cytogate 100 53 85 85 25 15
Oxyfluorfen 168 35 75 70 0 0
Oxyfluorfen 168 53 75 75 0 0
Phen.Des.Etho (1.6)* 160 + 100 35 65 70 5 15
Phen.Des.Etho (1.6) 160 + 100 53 65 58 5 8
Phen.Des.Etho (3) 300 + 100 35 85 85 40 33
Phen.Des.Etho (3) 300 + 100 53 85 77 40 42
Imazethapyr + Paraquat 100 + 600 53 95 90 65 70
Paraquat 600 53 85 75 15 23
Pyridate 1200 35 85 80 0 0
Al ee (5,0 osle duoyd 90 dbbgy e (sl la j0 G gl Bras jlade
Sl g agheil + pliso oo + plizacsd chiee g3l u30s9
The amount of Cytogate used in the respective treatments was 2%.
Phenmedipham + Desmedipham +Ethofumesat (1.6 and 3 L.ha%)
Jeloas Ll als 5pailodile comaz bl 3l 3955 43l o ,Slos

Sgs i Plazs 0 olS b o ails o Slae gz 4 Ol
Mousavi et al., ) ,(Sen § (gg—wgo 5,55 Lz oyl
5 Sl i 0 p,lS a8 g sbay sl 3y (2010
Al ol ptalasl ol 5o smlisbanl (gt
D975 5O Wad (§i—wolS Jododr 5 5,0 ladile a0y
Sl ez 0l 0w ol adls 5 Sles alS cpse
bsloo 5 (njlonw (Bluegd (cdug) i «Cud (29,0
blod 4 —aSale lajlos (o p ein g n + G jler—
I8 Sl il 5 3555 (5, (559molsS I Jilas
VEIST ) )50 5 (cung -idg j pcale sladisS (59, comlio
3 Gy leiScale 4 woadies o (et al., 2019
O o Lol i g e sla S ile I i 055 el
2 6L @D 5l ol 5 Ggiom sleisale
°9—’° @ 0ol (ST O )ls el 1o )93 e slacile oo
2wl 5o (Yousefietal., 2006) o))\ Kan § soavgs (5,155 50
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Table 6- Treatment effects on chickpea grain yield (increase (%) in comparison to infested control) in Hamadan
and Maragheh

G0, dlold (1) @15 5 ,Shos
Sl (e g5lw) Grain yield (%)
Treatments Row spacing Oloe agl o
(cm) Hamadan Maragheh
Mazethapyr 35 51.8d 34.7 ef
Imazethapyr 53 47.8d 35.8 f
Imazethapyr + Cytogate 35 88.3¢ 42.4 de
Imazethapyr + Cytogate 53 91.9 be 44.8 de
Oxyfluorfen 35 122.7b 65.7 cde
Oxyfluorfen 53 115.8b 71 bc
Phen.Des.Etho (1.6)! 35 9l.4c 42.5 ef
Phen.Des.Etho (1.6) 53 84.9c 48.7 de
Phen.Des.Etho (3) 35 45.9d 26.7 f
Phen.Des.Etho (3) 53 88.7¢ 22.9f
Imazethapyr + Paraquat 53 111.7b 83b
Paraquat 53 71.8¢ 61.2 cde
Pyridate 35 1254 h 75.4 bc
Control 35 192 a 120.4 a

5,105l ime Sigldd duoyd gy Jledisl s 40 5 Sl (yge;T Lulsl p coiied S yie By S jo JBlas oS sla Sl (gt p2 40
Al go (5,1 ool 2o ys 90 abbgs e (sl las J0 CoS gl Bras jlade

Sl s jogdgil + playe yuo + pliyde )3 adses ¢l oy
In each column, means with the same letter have no significant difference (Duncan, p<0.05).
The amount of Cytogate used in the respective treatments was 2%.

Phenmedipham + Desmedipham + Ethofumesat (1.6 and 3 L.ha™)
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Table 7- Effect of dose and application time of Phenmedipham + Desmedipham + Ethofumesat (Betanal progress OF
27.4%) on chickpea dry weight reduction compared with control and visual damage assessment of chickpea

g% Wby al> yo (LS 2 il ) Side 8 )15 Hlado (1) Sis 59 () ooz 2L
Leaf stage of chickpea Herbicide dose (ml ai.ha') Dry weight (%) Visual damage (%)
2 411 20.8¢e 7.5fg
548 30.1 cde 10 efg
685 67.6a 325b
822 67.0a 46.2a
4 411 24.1de 8.7 fg
548 54.4 ab 16.2 defg
685 28.0 cde 6.29
822 64.2a 30 be
6 411 53.3ab 27.5 bed
548 55.7 ab 18.7 cdef
685 35.4 cde 26.2 bed
822 54.1ab 31.2b
8 411 33.2 cde 6.29
548 33.8 cde 0g
685 40.5 bcd 21.2 bede
822 44.3 bc 13.7 efg

5,105l e Sigldd duoyo iy Jledal gl 50 5 SSIS yge3T el p coitans S ytie By S yo PBlas oS ole i Silos (gt pa y0 %
* In each column, means with the same letter have no significant difference (Duncan, p<0.05).
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Fig. 1- Effects of different doses of Phenmedipham + Desmedipham +Ethofumesate on height and canopy structure of chickpea
Jheel (g5 o0ls 5l S o I ¥ g VIO Y VO lojee ol yias o)1 51 ey g 2l o 25 ale (yg0s sals cly oo 51 GlalS (dgl o IS oled 5o

Ll 00

In each figure, the first pot (from right) is control , and others are herbicide treatments
(at 1.5, 2, 2.5, 3 L.ha* respectively).
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Introduction

To identify and introduce cultivars with high yield and stability, evaluating the genotype-by-environment interaction in
multi-environment trials is of paramountimportance. One of the most significant challengesfor lentil breeders is selecting
genotypes with high yield across diverse environments. Assessing genotypes in different environments can lead to the
identification of genotype(s) with high yield potential and yield stability. Genotypes exhibiting lower responses to
environmental effects typically have lower genotype x environment interactions and are desirable selections for breeders,
especially if they demonstrate higher yield potential compared to control. Various univariate and multivariate methods
exist for evaluating genotype-environment interactions. This study evaluated the grain yield stability of advanced lentil
genotypes in tropical climates using two methods: univariate (non-parametric statistics) and multivariate (additive main
effects and multiplicative interaction, AMMI).

Materials and Methods

Fifteen selected genotypes along with two check cultivars, Gachsaran and Sephar, were evaluated in a randomized
complete block design with three replications across eight environments (four warm and semi-warm regions: Gachsaran,
Khorramabad, Moghan, and Ilam over two years). Each experimental plot consisted of four rows, 6 meters long, with a
plant density of 200 plants per square meter. Grain yield was measured after harvest. To analyze the data, after ensuring
the homogeneity of error variances across environments using Bartlett's test, a combined analysis of variance was
performed for the eight studied environments. The METAN package in the Rver4.3.2 statistical software was used for
AMMI analysis, calculation of non-parametric statistics, and plotting AMMI1 and AMMI2 biplots.

Results and Discussion

The results of the combined analysis of variance for grain yield (based on the AMMI model) showed that the effects of
environment, genotype and the interaction of genotype x environment were significant at the statistical probability level
of 1%. Considering the significance of the genotype x environment interaction, it is possible to perform stability analyze
on data in order to interpretthis interaction. Stability analysis using the non-parametric TOP statistic, identified genotypes
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12 and 10 as the most stable genotypes. The Kang statistic also ranked genotypes 12 and 13 as the best genotypes. Among
the non-parametric statistics, TOP and Kang placed high-yielding genotypes at the top of the yield stability rankings,
whereas the rankings based on Thennarasu , Nassar and Huehn statistics favored genotypes with lower mean yields.
According to the Thennarasu statistic, genotypes 5, 6, and 2 were identified as the most stable, but all three had low mean
yields. Similarly, genotypes with high yield stability based on the Nassar and Huehn statistics, had low mean yields. By
calculating the SIIG statistic and considering all non-parametric statistics, genotype 12 was found to have the best
combination of yield and yield stability. In addition to this genotype, genotypes 13, 1, and 11 could also be considered
desirable, considering both yield and stability. One of the most widely used multivariate methods for stability analysis is
the additive main effects and multiplicative interaction (AMMI) model. The results of the combined analysis of variance
for grain yield based on the AMMI model showed that the first three principal components of the genotype x environment
interaction were significant, explaining approximately 40.4%, 26.5%, and 19.8% (a total of 86.7% for the first three
components and 67.1% for the first two components) of the genotype x environment interaction, respectively. The
AMMI1 biplot, considering mean grain yield and the value of the first principal component, identified genotypes 10, 11,
and 12 as superior genotypes. The AMMI2 biplot, considering the values of the first and second principal components,
also identified genotype 12 as the most stable in terms of grain yield. The two check cultivars, Gachsaran and Sephar,
showed lower yield stability than the superior genotypes based on both biplots. Genotypes positioned at the center of the
biplot exhibit general stability and are recommended for cultivation across most of the investigated environments. In
contrast, genotypes located farther from the center and closer to specific environments demonstrate stability exclusive to
those environments. In this regard, genotype 3 exhibited specific adaptation to environment 4, while genotypes 13 and 14
showed specific adaptation to environments 2 and 1, respectively.

Conclusions
Based on the obtained results, genotype 12 stands out as the best performer in terms of both high yield and stability.
Therefore, it can be considered a promising candidate for release as a new cultivar in warm and semi-warm regions.

Keywords: Adaptation, Lens culinaris , Stable genotype, SIIG Statistic, Tropical and semi tropical climate
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Table 1- Name/pedigree and origin of dry lentil lines (genotypes)

T RSl
number Origin Name/pedigree number Origin Name/pedigree
2009S 96501-5-X2007S61-
Gl ICARDA 2009S 96575-1 G10 ICARDA ILL5883xILL 6458
G2 ICARDA 08S 40111-01 G11 ICARDA ILL 4605-2
08S 41205-13-X2005S140-
G3 ICARDA ILL 5988 G12 ICARDA ILL5883 x ILL7620
G4 ICARDA ILL 4605-1 G13 ICARDA 2009S 96101-4
X2012S-154-X2012S-154-
G5 ICARDA ILL 6183 G14 ICARDA ILL6002XIL WL 118
X2012S-102-X2012S-102-
G6 ICARDA ILL 590 G15 ICARDA (1LL7986 X ILWL
74)X(ILL4605 X ILL5677)
2009S 96505-2-X2007S67-
G7 ICARDA ILL6434 x ILL8199 Gachsaran IRAN Gachsaran
2009S 96518-1-X2007S107-
G8 ICARDA ILL7940 x ILL5883 Sepehr IRAN Sepehr
G9 ICARDA 2009S 96501-1-X2007S61-

ILL5883 x ILL6458

w955 0 5 Ty o a) el 8 o534 50 ST

B0 e, 5o SI o lal jlis sl Slee Jai 5l g0 4, LAY
s, o G5 5 i glao Lol plw i 5l 5 il
5 Sesloasi, L) 5 Ve sy bS5 o lio
slao,bol 51 Sy ged (bl 5 0 Shae (uSke Bl 5l e
W, 18 erlie laas ) 55 00l 813

58, Skee oluly 1) locais) o ol cpl s S8 0 el
a3 o 18 ol g dagie (TOP) YL ass 4w )5 (sl
oy slineds coisiy S TOP ol jlake (050 YL
WY laaipis TOP ojlel ol 0l so sl ol 0092
ol it ol 2t lacaiesy G )lak Glyeen Ve
S8 eass) o 3VL po 5 o Sles S0l Ll 5l Lacassds
o 3)lg0 51 (6 by o a5 Cl ool (158 anil
o)lel 4y g 9,Shos (eSileo S5 5l sl ) Glee oo
slo jiegie ,o (Abdulahi et al., 2007) s,ls 3429 TOP
Sy lowbis ;3 TOP o Lol (35 f5o 4 iy
Namdari ) cewl oaus o ,Lsl wae YU ,l0L L g Jgamxe
(etal., 2022b
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Table 2 -Climatic conditions at experimental stations during 2019-2020 and 2020-2021 cropping seasons

- . Lo buwgio Lo ZSlas Lo JSlos>
e e e Sl
uu-:“-"‘-’ ol Jle (neeleo) Juad (81,5 5lw) (81,5 silw) (815 5lw)
Experimental Year Rai Season Averageof  Maximumof  Minimum of
ainfall
station (mm) temperature  temperature  temperature
Q) Q) Q)
Autumn 20.17 27.8 13.6
1398-99 .
2019-2020 435.5 Winter 12.63 15.7 1
Ohless Spring 20.85 24.1 17.6
Gachsaran Autumn 20.27 26.3 145
1399-1400 .
2020-2021 591.5 Winter 13.27 15.2 11.5
Spring 23.9 26.7 21.1
1398-99 Autumn 14.53 22.9 1.7
) 2019-2020 524 er?ter 7.8 114 5.6
obl o5 Spring 15.9 18.8 13
Khoramabad 1399-1400 Autumn 15.13 21.6 9
2020-2021 305 er}ter 8.3 10 6.7
Spring 19 221 15.9
1398-99 Autumn 16.13 24.8 9.4
2019-2020 603.6 Wir?ter 8.43 11.8 6.4
& Spring 17.1 20.2 14
Illam 1399-1400 Autumn 16.47 22.7 10
2020-2021. 302 quter 9.43 11.8 7.5
Spring 19.75 23.5 16
1398.99 Autumn 12.73 19.1 7
2019-2020 160.2 er?ter 7.53 10.2 6.1
Ol Spring 14.1 17.1 11.1
Moghan 1399-1400 Autumn 12.83 18.5 6.2
2020-2021 203 er?ter 5.3 6 4.6
Spring 16.7 19.7 13.7
ke $SPring. e ; Winter ;L Autumn
G612 - - _
G5
G6 High YLD
G8
69
G7
G3
Sepehr
G10
GI13
Gl
Gl4
Gl1
615 Low YLD
Gachsman -

bazo 53 coigi e OlFT (2l )5 Hlages -) S
Fig. 1- The genotype-by-environment interactions heat map
e E gy G
G: Genotype, E: Environment
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Fig. 2- Two-dimensional distribution diagram of lentil genotypes based on seed yield and SIIG method
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Table 4- The combined analysis of variance for grain yield based on the AMMI model
Ol i 2l &35 a4 Slay o paSileo Qoo
S.0.vV d.f Mean of squares Percentage
ENV 7 10985517.08™
REP(ENV) 16 269469.81"
GEN 16 146351.01™
GENxENV 112 102881.2"
PC1 22 211772.06™ 40.4
PC2 20 152869.68™ 26.5
PC3 18 126724.83™ 19.8
PC4 16 45284.71 6.3
PC5 14 36755 4.5
PC6 12 12387.93 13
PC7 10 13748.83 1.2
Residuals 256
AMMI1 Biplot AMMI2 Biplot
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Fig. 3- AMML) Biplot showing the relationship between the first principal component (PC1) and grain yield (YLD kg.ha),
AMMI2) Biplot illustrating the interaction between genotype and environment for the grain yield of 17 lentil genotypes
across eight environments
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Introduction

Introducing improved bean cultivars with desirable characteristics such as high yield, large and marketable seeds, tolerant
to environmental stress, erect growth type and suitable for mechanized harvesting are most important improvement goals
in releasing new bean (Phaseolus vulgaris L.) cultivars. These characteristics are considered in the manual for the
implementation of the bean agronomic value test (VCU). The aim of current research is to evaluate the agricultural value,
yield and other important agricultural characteristics of a pinto bean cultivar (Negin) applying for commercialization in
the most important bean growing climates in Iran.

Materials and Methods

In this experiment, candidate pinto been cultivar (Negin) along with 4 control cultivars (Sembol, Sepehr, Saleh and Kusha)
were studied in 3 locations (Khomein, Ardabil and Esfahan) based on complete randomized block design experiment in
4 replications during two crop seasons (2021-2022 and 2022-2023). Characteristics listed in the "Manual for the
implementation of the bean agronomic value test" include the number of days until flowering, the number of days until
physiological maturity, plant height, first pod height, pods number per plant, seeds number per pod, pod shedding, the
weight of 100 seeds, the yield of seeds fresh weight and water absorption capacity were recorded.

Results and Discussion

Results showed that flowering occurred significantly earlier in Negin candidate cultivar (42.3 days) than control cultivars.
Early flowering is considered as an important factor influencing yield of bean cultivars. This feature makes the flowering
process start earlier before the onset of environmental stresses such as drought and high temperature. Also, in early
flowering cultivars, the seed filling period will be longer. Seed ripening in Negin candidate cultivar occurred 5 days
earlier than determinate control cultivars (mean ripening period 82.1 days) and 12 days earlier than indeterminate control
cultivars (mean ripening period 89.5 days). Early ripening is not only an escape mechanism from end-season stresses
such as drought, but it is also important because enables the early production and bringing to the appropriate market price,
and for this reason many bean breeding programs in the world are focused on introducing of early cultivars. Among the
studied cultivars, the number of seeds per pod in Kusha cultivar was significantly higher than the other studied cultivars,
while this trait in Saleh, Sepehr and Negin cultivars was less than Kusha cultivar. In all 3 study locations, Sembol
determinate cultivar had the highest hundred seed weight (52.9 g) and after that the other determinate cultivars (Negin
and sepehr) had the highest hundred seed weight (48.9 g and 46.53 g respectively). Seed yield of determinate candidate
cultivar (4235.8 kg.ha) was significantly more than other determinate Sepehr and Sembol cultivars (4027.1 kg.ha* and
34463.8 kg.ha' respectively) and seed yield of Negin cultivar had not significant difference with seed yield of
indeterminate Saleh cultivar. In terms of performance, the Negin cultivar outperformed other determinate cultivars and
matched the performance level of one indeterminate cultivar. Among the studied cultivars, Sembol showed the highest
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water absorption capacity, followed by Kusha, Saleh, Sepehr, and Negin. Thus, the Negin candidate cultivar exhibited
the lowest water absorption capacity.

Conclusion

The Negin candidate cultivar has strong potential as a new germplasm for national bean production due to its erect growth
habit and ease of mechanical harvesting, early flowering and maturity, reduced water requirement (one to two times less),
good marketability, and ability to produce larger seeds.
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Table 1- Geographical coordinates, altitude above sea level and climatic zoning in studied areas
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Table 2- Meteorological statistics of the studied areas in the growth period of bean in 2021-2022 and 2022-2023
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Fig. 1- Mean comparison of flowering period length of bean cultivars in year x cultivar interaction
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Common letters in the columns indicate nonsignificant differences at the 5% probability level



VEoF Jal o ) 6 ks IF alx cyl ol g Uiy 49 pii 1OF

70

60 | [ b

40

30

Day to flowering

20

10

@ Isfahan mKhomein Ardabil

Kusha Negin Saleh

Sembol Sepehr

Cultivar

Ob% x 03, Jilite 5l gobw 53 (Fuz Lug) pL)l (235 059 Job (il dunn Lo Y JSCio
Fig. 2- Mean comparison of flowering period length of bean cultivars in location x cultivar interaction
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Common letters in the columns indicate nonsignificant differences at the 5% probability level
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Fig. 3- Mean comparison of ripening period length of bean cultivars in year x cultivar interaction
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Fig. 4- Mean comparison of ripening period length of bean cultivars in location x cultivar interaction
Sl do o iy Jloisl e 5o o e glas 9525 pas Kl loygin (0 S ine g >
Common letters in the columns indicate nonsignificant differences at the 5% probability level
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Fig. 5- Mean comparison of plant height of bean cultivars in locationxcultivarxyear interaction
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Fig. 6- Mean comparison of pod number of bean cultivars in locationxcultivar interaction
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Introduction

Common bean (Phaseolus vulgaris L.) is a vital legume, rich in protein and nutrients, that is significantly impacted by
the two-spotted spider mite (Tetranychus urticae), leading to substantial economic losses in agricultural fields. Given the
limitations of chemical control and its environmental consequences, the identification and utilization of resistant cultivars
represent a sustainable approach to pest management. Various studies have demonstrated that certain bean genotypes
possess morphological and physiological characteristics that effectively reduce mite populations. To date, a
comprehensive assessment of bean genotype resistance to T. urticae under the climatic conditions of Ilam province has
not been conducted. This research aims to evaluate the resistance of 25 bean genotypes to this pest under field conditions
in Ilam, with the goal of identifying resistant varieties for integration into breeding programs and sustainable agricultural
practices.

Materials and Methods

This research was conducted during the 2021-2022 growing season at the research farm of llam University to identify
resistant and high-yielding bean varieties against T. urticae. Twenty-five bean genotypes (10 cultivars and 15 lines),
including the susceptible cultivar "Akhtar," were obtained from the gene bank of Tehran University and planted in a
randomized complete block design (RCBD) with three replications. Following spring plowing, planting was carried out
in June 2021, and irrigation was performed using the flood irrigation method every 3 to 4 days. Symptoms of infestation
appeared during the flowering stage, and the extent of damage to the leaves was assessed using a five-point scale (0 = no
infestation, 4 = severe damage). Phenological traits (days to flowering and podding) and morphological traits (plant
height, pod length and width, number of seeds and pods) were measured, and the yield of each genotype was calculated
based on the total weight of the seeds.

Results and Discussion

The results of this research indicated that there was considerable genetic diversity for all of the traits that were
investigated. Based on the results of analysis of variance, the results of analysis of variance showed that there was a
significant difference between genotypes in terms of all traits at the 1% level. Genotypes "Goli" and "D81083" were
identified as the most resistant and had the highest yield (101.5 g per plant), while genotype "288" showed the most
susceptibility and the lowest yield (0.42 g per plant). Cultivar "Goli" had the highest number of pods (37.7 per plant), and
cultivar "323" had the lowest number of pods (2.67 per plant). Additionally, cultivar "Goli" had the highest number of
seeds per pod (5.1), and cultivar "Local Azna" had the lowest number of seeds per pod (1.8). In terms of plant height,
cultivar "1090" had the tallest plants at 122.7 cm, and cultivar "Khomein" had the shortest plants at 36.1 cm. The greatest
pod length (10.6 cm) was observed in cultivar "Derakhshan," and the shortest length (1.6 cm) in cultivar "79EMERSON."
A significant negative correlation between mite damage and yield (r = -0.78) indicated that increased damage leads to
lower yield. Cluster analysis divided the genotypes into four groups, with genotypes "Goli" and "D81083" in the resistant
group and genotypes "1090" and "288" in the susceptible group. These results confirm that the use of resistant genotypes
can help reduce pest damage and increase yield. Correlation analysis showed that the level of pest damage has a negative
and significant correlation with yield and its components (r=-0.78). Cluster analysis divided genotypes into four groups:
resistant, semi-resistant, semi-susceptible, and susceptible.
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Conclusions

High genetic diversity was observed in the studied cultivars and lines; cultivar 288 was the most sensitive, and cultivars
D81083 and Goli were the most resistant and high yielding. There was a positive correlation between the number of pods
and seeds per plant with seed yield. Cluster analysis divided the cultivars into four groups, with the fourth group including
the D81083 and Goli cultivars having the best performance and resistance.

Keywords: Cluster analysis, Damage rate, Pest, Resistance
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Table 1- 25 Tested beans genotypes with their genotypic code
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Omid Bakhsh Darakhshan
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Daneshkadeh
3 Ul sl 16 79EMERSON
Local Azna
4 Ks41128 17 257
5 o 18 1115
Talash
6 te 19 288
Ofogh
7 1158 20 Loy
Dorsa
8 7! 21 1090
Akhtar
9 e 22 256
Khomin
10 323 23 s
Naz
11 1157 24 o
Marmar
12 1170 25 o )
Goli
13 248
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Tabel 2- Characteristics of the soil of the experimental site in the crop year 2018-2019

S o o " o olon

Soil pattern H oS J P 097~ o S

(o) b (moy) iy (o) L ) e law) e
i C(%) P(ppm)  K(ppm) N (%) -

Sandy (%)  Clay (%) Silt (%) EC (mmol)
25 23.40 51.6 750  1.25 15.25 310 0.152 05
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Tabel 3- Meteorological data of the experimental site in the crop year 2018-2019

(Fhoglso) dilalo (Sl (1uSlso (315 (Hlw 42 50) Los (Slkse
Average monthly rainfall (mm) Average temperature (°C)
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Table 5- Mean comparison for different characteristics of common bean genotypes in mite infested condition

GO Jsb Y e 415 Slaxy Se glisl ML sluwy Al sluay “"JS-L“-‘/ lpwe L':'}S) G 59,
i3 ()--as-'l-n») ().-.nG-JLw) )TN ()-ﬁ-b‘suLw) aigr o aig yo P 30 pyS) s oj"\"‘"’) ‘5“‘);}5
Genotype  pod length  Pod width ngergi)?; gf Plant Height N;g;bsgrof ’\;gggige;e?f (d_"”" Damage S _ Day until
(cm) (cm) Pod (cm) olant olant (;';'_Ci) score Dalgoudntll flowering
(oalz) x5l
Akhtar ~ 85abcd* 08abc  35abc  516bcde 151efg 34.3cdef 26.03 cd 2 be 90bc 71b
(control)
S Sl
Omid 28e lab 29 abc 456 cde 6 hij 163ijkl  201de  233hbc 8lcde 64d
Bakhsh
sasiisls
Daneshkade 62 ¢d 08abc  29abc 55 bcde 23 bed 523b  1988de 233 bc 87c 67c
h

bl 554  o0gabc  18c  1063b  53hij 54m 2729  3ab  70efg  5ifg
Local Azna

Ks41128 72abcd 08 abc 28 abc 946 ¢ 20 de 42 cd 3455¢ 233 79cd 60d
oW 98 ab lab 36abc 494 bcde 118fgh 303fgh 2899 cd 2 bc T4ef 55f
Talash
01:59 ' h 9 abc 1ab 34 abc 498 bcde 181 def 409cde 1015a 133¢c 75e 48gh
0g
1158 76 abcd 1lab 4 abc 70.3 abcde 367ij 117 jkim  415¢g 3ab 82cd 62¢e
K‘;'" 88abcd 09abc  38abc 36le 204 cde 223 ghi 1462 ef 3ab 93ab 70ab
omin
323 6cd 09 abc 29 abc 40 cde 267 767 Im 132¢ 3ab T4ef 54f
1157 56 cd 06c 19¢ 90¢c 3.33ij 467m 042 g 3ab 93ab 70ab
1170 6.8 bcd 0.7 bc 25bc 76 d 3.33ij 6.67 Im 072¢g 3ab 94a 72a
248 6.7 bed 09 ahc 28 bc 74 abcde  178def 399 cdef 2828 cd 233 70efg 47ghi
OLas) 106 a lab 42b 37 de 6 hij 33m 092¢g 3ab 83d 56ef
Darakhshan
Black 1140 64 abcd 0.7 bc 44 ab 60 bcde 5.3 hij 21 hij 544 fg 3ab 92b 70ab
79E(')V'NERS 16f 1ab 2bc 80cd  103ghi 215ghij 959fg  3ab  70efg 411
257 68bcd 08abc  29abc 945¢ 155efg 317efg 2392de 267 76e 489
1115 73abcd 08abc 27abc 713 abcde 30b 338 def 2061de 2 bc 95a 43Kl
288
L 6.4 bcd 1la 2 be 78d 367i 933kim 045¢g 4a 82cd 72a
Pl
Dorsa 76 abcd 1la 25bc 797 d 7.67hij 193 ijk 6.53 fg 3ab 74ef 54f
1090 6 cd 1l1la 2 bc 1227 a 5.67hij 767 Im 151g 4a 74ef 54f
256 6.4 bed lab 25bc  658abcde 116fgh 308efgh 2044 de 2 bc 67fg 46ghi
N}U 86.1 cd 0.8 abc 3.1 abc 60 bcde 157 efg 23 ghi 6.33 fg 3ab 66h 57ef
az
7 65bcd 08abc  33abc 57 bede 273bc  443bc  2572cd 2 bc 72e 53f
Marmar
G‘—‘;l; ] 83abcd 08abc 5la 120 a 377a 104 a 4828 b 2 bc 92b 70ab
olli

X5 o0 gy gl 50 (50 ire gl (5 le] Llod I casius S i By, gl a5 slajle oSl
* Mean treatmeants that have common letters don’t have statistically significant differences at the percent level
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Introduction

Chickpea (Cicer arietinum L.), a key legume of the Fabaceae family, is cultivated as a winter or spring crop, primarily
under rainfed conditions, in western and northwestern of Iran. To position chickpea as a viable alternative in cereal-based
rotations and enhance its contribution to sustainable agriculture, agronomic practices—especially nutrient management—
must be thoroughly optimized and studied. Nitrogen (N), the most critical macronutrient for plant growth and yield
enhancement, is required in greater quantities than any other element. While chickpea fulfills much of its nitrogen demand
via biological nitrogen fixation (BNF), a minimal "starter" N dose is essential to ensure robust seedling establishment and
meet early growth requirements before effective rhizobial symbiosis is achieved. Precise determination of starter N for
rainfed chickpea is critical, as excessive application increases costs, risks environmental contamination, and suppresses
yields, whereas insufficient doses compromise productivity.

Materials and Methods

A randomized complete block design (RCBD) with three replications was employed during the 2022-2023 growing
season to evaluate the N requirements of rainfed chickpea (cv. Ana) under cold rainfed conditions in Bukan (autumn
sowing) and Maragheh (autumn and spring sowing). Treatments included five urea levels: 0, 25, 50, 75, and 100 kg ha™*.
Following reduced tillage (using a combination tillage implement), chickpea seeds were sown at 40 seeds m™2. Autumn
sowing occurred in October 2023, and spring sowing in late February 2024, using an ASKE 3-shank 11-row planter with
53—17 cm row spacing. Experimental plots measured 10 x 30 m. Urea was applied via subsurface banding (5—6 cm below
seeds) at sowing. Measured parameters included root traits (length, volume, dry weight, nodule weight), plant height,
100-seed weight, biological yield, grain yield, harvest index, and rainwater use efficiency.

Results and Discussion

Environmental effects significantly influenced root length, nodule weight, root volume, dry weight, plant height,
biological yield, grain yield, rainwater use efficiency (p < 0.01), and 100-seed weight (p < 0.05). Nitrogen levels
significantly affected all parameters (p < 0.01), except 100-seed weight (p < 0.05). Autumn-sown Bukan exhibited
superior root traits, plant height, and yields compared to Maragheh. Root length, volume, and dry weight declined with
increasing N, likely due to restricted root growth from urea banding at higher doses. Enhanced nodulation in Bukan may
reflect its soil’s native rhizobia populations, as Maragheh lacks prior legume cultivation. Elevated soil fertility and
favorable climatic conditions in Bukan further supported root development. Excessive mineral N inhibited rhizobial
symbiosis, reducing nodule weight. Plant height and 100-grain weight peaked at 50 kg ha™ N in Bukan (57 cm, 6 cm
above control). In autumn-sown Bukan, grain yield plateaued at 25 kg ha™' N, while Maragheh achieved maxima at 75
kg ha™ (autumn) and 50 kg ha™ (spring). The highest harvest index (48%) occurred at 50 kg ha™ N in spring-sown
Maragheh. Starter N bolstered early growth and photosynthetic capacity, enhancing yields. Moderate N optimized harvest
index by favoring grain over biomass allocation. Rainwater use efficiency (RUE) was higher in autumn-sown chickpea
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in Bukan compared to both autumn- and spring-sown crops in Maragheh. Furthermore, RUE initially increased with rising
nitrogen application rates but declined at elevated doses. Regression analysis of grain yield against urea application rates
revealed maximum achievable yields of 1535 and 940 kg ha™! for autumn-sown rainfed chickpea in Bukan and Maragheh,
respectively. To attain these yields, starter urea doses of 62 and 61 kg ha™ were required for Bukan and Maragheh. For
spring-sown chickpea in Maragheh, the peak grain yield was 835 kg ha™, achievable with a urea input of 43 kg ha™'. The
minimal urea requirements for maximizing net economic returns were 60 kg ha™ for autumn-sown chickpea in both
regions, whereas spring-sown systems in Maragheh required 42 kg ha™'. Simple correlation analyses between grain yield
and yield components demonstrated that grain yield showed the strongest positive correlations with biological yield, plant
height, and root dry weight, in descending order of magnitude. Similarly, rainwater use efficiency exhibited the highest
positive correlations with grain yield, biological yield, and plant height, respectively. The robust correlations between
grain yield and these traits suggest that these parameters likely exert direct influences on grain yield.

Conclusions

Excessive nitrogen fertilization leads to salinity, toxicity, and disruption of symbiotic relationships, offsetting potential
yield benefits. A minimal starter dose of 42 kg ha™" urea is sufficient for spring-sown chickpea, while 60 kg ha™ urea
maximizes economic returns in autumn-sown systems. Precision in N management is critical to balance productivity,
sustainability, and environmental stewardship in rainfed chickpea cultivation.

Keywords: Biological fixation, Nutritional requirement, Starter fertilizer
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Table 1- Some physical and chemical properties of the studied farm soils

JB s JB liy S olge i s Colan culils
SB diges odlasw! oolasw! 0 gy Organic PPN
i et el Available P Available K TNV C
Smll Texture pH B 3 (o) 2 g2 3 sw0)
samp’e (PSS 3 055 o) ) (o
(mg.kg™) (%) EC. (dS.m™)
|
o Clay 58 4 305 9 0.6 0.721
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Bukan loam
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TNV: Total neutralizing value
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Table 2- Mean temperature and precipitation data of Maragheh and Bukan regions during the 2023-2024 growing season
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Table 3- Combined analysis of variance of different nitrogen fertilizer effects on yield, yield components, and productivity

indices of rainfed chickpea in three environments
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Environment (Block)
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Error
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Table 3- Combined analysis of variance of different nitrogen fertilizer effects on yield, yield components, and productivity

indices of rainfed chickpea in three environments, continued
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* and **: Significant at 5 and 1% probability levels, respectively
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Table 4- Mean comparison of different nitrogen fertilizer effects on yield, yield components, and productivity indices of
rainfed chickpea in three environments
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# Means with different letters within a column are significantly different at p < 0.05 according to Duncan's multiple range test based

on combined analysis of data from three environments.
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Table 4- Mean comparison of different nitrogen fertilizer effects on yield, yield components, and productivity indices of
rainfed chickpea in three environments, continued
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Figure 1- Regression relationships between grain yield of rainfed chickpea and different levels of urea fertilizer in three
environments
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Figure 2 - Regression relationships between different levels of urea fertilizer and the benefits of their application and linear
relationship between different levels of urea fertilizer and the cost of its application
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Table 5- Correlations between yield and yield components of rainfed chickpea affected by different levels of urea fertilizer in
3 environments
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Root Root nod Plant Dry root Biological Grain Rain
length weight height weight yield yield productivity
Root length
o, °)§ 039 0.91** 1.00
Root nod weight
St 0.77** 0.68** 1.00
Plant height
S ke, 05 g ggn 0.90%* 0.88%* 1.00
Dry root weight
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Biological yield
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Grain yield
bl 90
Rain 0.85** 0.79** 0.93** 0.90** 0.99** 1.00** 1.00
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Introduction

Salinity stress is one of the limiting factors for plant growth and production in arid and semi-arid regions of the world.
The use of potassium silicate as the second most common element in soil is one of the strategies used to reduce the effects
of environmental stresses such as salinity. Considering the increasing challenge of water and soil salinity and its limiting
effects on the growth, development, and production of faba bean, the aim of this study was to investigate the effects of
potassium silicate on improving germination and growth indices, and to determine the tolerance threshold of faba bean
seeds to salinity stress.

Materials and Methods

A factorial experiment was conducted based on completely randomized design with four replications at the Laboratory
of llam University, Iran, in 2024. The experimental factors were included potassium silicate at four levels (0, 50, 100,
and 150 mg.I"%) and five levels of salinity stress (0, 1, 4, 8, and 10 dS.m™). The germination criterion was the protrugen
of a radicle length up to 2 mm. At the end of the experiment, germination indices (germination percentage, germination
rate, seed vigor index) and seedling growth (root and seedling dry weight and length) were measured.

Results and Discussion

The application of potassium silicate under non-salinity stress conditions (salinity of 0 and 1 dS.m*) had no significant
effect on the germination percentage of faba bean seeds; however, the germination percentage increased by 20.7, 23.8,
and 26.7 percent with the application of 150 mg.I of potassium silicate under salinity stress conditions of 4, 8, and 10
dS.m, respectively. The germination rate of faba bean seeds under non-salt stress conditions was not affected by
pretreatment with potassium silicate. The germination rate of faba bean seeds with application of 150 mg.l" of potassium
silicate under salinity stress conditions of 8 and 10 dS.m* was 23.9 and 26.7 percent higher than without its application,
respectively. Under non-salinity stress conditions, application of 100 mg I potassium silicate increased the vigor index
of faba bean seeds by 25.4% compared to the control. Under salinity stress conditions of 8 dS.m, application of 50 and
150 mg I* potassium silicate improved the vigor index of faba bean seeds by 73.7% and 79.0%, respectively. Salinity
stress at levels of 1, 4, 8, and 10 dS.m™ reduced the length of faba bean rootlets by 21.8, 39.7, 44.2, and 60.0%,
respectively, compared to the absence of salinity stress. The highest shoot dry weight (0.414 g.plant ™) was observed with
the application of 100 mg.I potassium silicate under non-salt stress conditions, which was 8.5% higher compared to the
control. Under 10 dS.m™ salt stress conditions, the application of 100 and 150 mg.l* potassium silicate improved the
shoot dry weight of faba bean by 86.5 and 66.5% compared to the control. The highest root dry weight (0.419 g.plant™)
was observed with the application of 100 mg.I" potassium silicate under no salt stress conditions, which was 11.5% higher
compared to control. Under 10 dS.m salt stress conditions, the application of 100 and 150 mg I** potassium silicate
improved the dry weight of faba bean root by 60.1 and 65.6% compared to the control. According to the Moss and
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Hoffman’s equation, the tolerance threshold to salinity stress in faba bean based on relative germination without the
application of potassium silicate was 0.52 and its decreasing slope was 5.48. The threshold of tolerance to salinity stress
in faba bean with the application of 50, 100, and 150 mg.I"t of potassium silicate was 0.62, 0.22, and 1.32 and its
decreasing slope was 5.5, 93.4, and 22.4, respectively. Based on the three-parameter sigmoid model, the salinity stress
that reduced bean seed germination by 50% by applying different amounts of 0, 50, 100, and 150 mg.I"! of potassium
silicate was 8.75, 9.41, 9.38, and 10.10 dS.m, respectively.

Conclusions

It can be concluded that the faba bean plant is sensitive to salinitySeed priming with potassium silicate at concentrations
of 100 and 150 mg.I™* effectively mitigates salt stress in faba bean and significantly enhances the plant's tolerance to
salinity.

Keywords: Germination percentage, Modeling, Saline water, Silicon
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Table 1- Analysis of variance for the effects of pretreatment with potassium silicate on faba bean seed germination indices
under salinity stress conditions

Olry o (uSSkeo
O yoniS galie axys Mean squares
RS 17 T
S.0V &) ($38lez we)d Sl Cepw (Sialgr ploj lwgie iy 4y s lh
df Germination L . . . .
Germination rate Mean germination time Vigor index
percentage
“;)a }IT nﬂ; 4 6783.1™ 0.5594™ 12.946™ 143.185™
S sl N - "
Potass"itnlmp;iald o 374.6 0.0309 0.183" 2.312
Sk el 5590 S5 113.1° 0.0093" 1171 2.949™
Salinityx potassium silicate
u..._\Le)T 6Uﬂ5
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, and ™ Significant at 5 and 1% probability levels, respectively, ™: non significant
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Fig. 1- Effects of pretreatment with potassium silicate on the germination percentage of faba bean seeds under salinity
stress conditions



V) ey sl aslh 5 (gailse @lio 1 Ol mamsliy b 50 Kiwaa 2 1 (55busoS () Kod 5 (> 4

S o by o L azmalsS ) 9 (Falgar slapaslh p Sldew mawly b )l g OI51-Y Jgu

Table 2- Effects of pretreatment with potassium silicate on germination and growth indices of faba bean seedlings under
salinity stress conditions
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* Means followed by the same letters are not significantly different according to Least Significant Difference (LSD) test
(p<0.05).
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Fig. 2- Effects of pretreatment with potassium silicate on the vigor index of faba bean seeds under salinity stress
conditions
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Table 3- Analysis of variance of effects of pretreatment with potassium silicate on faba bean seedling growth indices under
salinity stress conditions
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Fig. 3- Root length of faba bean seeds under salinity stress conditions
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Fig. 4- Correlation between germination indices and seedling growth
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Fig. 5- Effects of potassium silicate on relative germination of faba bean seeds under salinity stress based on the Maas
& Hoffman, 1977; equation
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Table 4- Parameters of the Maas & Hoffman, 1977; equation for relative germination of faba bean seeds to potassium
silicate under salinity stress

Sl by Je s alow] o>

. . Adj R? RMSE
Potassium silicate | ao
0 5.48"+ 0.32 0.52"+0.33 0.94 5.51
50 5.177+ 0.58 0.62"+ 0.62 0.81 10.02
100 493"+ 0.53 0.22"+ 0.62 0.82 9.10
150 4.22"+ 0.50 1.32°+ 0.61 0.78 8.74

Sogma e M a0 G gt Jloil a0 s e ol - ) "
*, and " Significant at 5 and 1% probability levels, respectively; ™: non significant
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Fig. 6- Germination process of faba bean seeds under the effects of pretreatment with potassium silicate and salinity
stress using different experimental models
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Table 5- Parameters of different models obtained for bean seed germination under the effects of pretreatment with
potassium silicate and salinity stress

ke Jow g9 Model Ymax+ SE Erate +SE = EC50+ SE Eo+ SE
Potassium
silicate
wles Joe Exponential decay ~ 89.337+ 2.49 0.077+0.01
0 Seed Jow Logistic model 84.987+ 1.97 2247+ 037 9.377+0.43
SxdseSew Jo  Sigmoidal model 92.76"+6.35  -3.507+0.78 8.757+0.57
58 Joe Gompertz model 97.297+ 9.26 -4.947+1.41 10.28™+ 0.41
sled Joo Exponential decay 93.947+ 4.27 0.077+0.01
50 St Joo Logistic model 88.797+ 3.83 2.53"+0.87 9.717+0.79
S99 Jas  Sigmoidal model 91.00™+ 6.35 -2.58"+0.97 9.417+0.54
558 Joe Gompertz model 92.36"+ 7.46 -3.24"+1.32 10.52™+ 0.50
wles Joe Exponential decay ~ 97.48™+ 3.84 0.06™+0.01
100 Seted Jow Logistic model 92.747+ 3.15 2.647+0.75 9.877+0.63
GoigeSw Joe  Sigmoidal model 100.327+10.26  -3.46"+1.35 9.387+0.79
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150 S Joo Logistic model 89.98"+ 2.54 3.79"+1.16 10.30"+0.52
$359e5s Jos  Sigmoidal model 91.36™+ 3.52 -2.16™+0.65 10.107+0.37
Pl Joe Gompertz model 92.18"+4.19  -2.687+0.89 11.037+ 0.50
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, and ™ Significant at 5 and 1% probability levels, respectively, ™: non significant
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Table 6- Evaluation of different models obtained for faba bean seed germination under the effects of pretreatment with
potassium silicate and salinity stress

“’m“" WL“ Je g9 Model Adj R RMSE AIC AlCc
Potassium silicate

b Je Exponential decay 0.89 6.67 -17.97 -17.27

0 S 2o Logistic model 0.93 5.29 -20.59 -19.09

CMSgeSaw Lo Sigmoidal model 0.93 5.14 -21.19 -19.69

5yl Jse Gompertz model 0.93 5.11 -21.30 -19.80

el Jso Exponential decay 0.73 11.46 -7.14 -6.43

50 St 2o Logistic model 0.77 10.61 -6.68 -5.18

EMS5eSw Jdo Sigmoidal model 0.78 10.21 -7.44 -5.94

FyelS e Gompertz model 0.79 10.06 -7.74 -6.24

s Jde Exponential decay 0.76 10.35 -9.18 -8.47

100 St Jdo Logistic model 0.83 8.80 -10.41 -8.91

S35 9o Jdo Sigmoidal model 0.81 9.23 -9.47 -7.97

5yl Jse Gompertz model 0.80 9.38 -9.14 -7.64

el Jro Exponential decay 0.68 10.84 -8.26 -7.55

150 S o Logistic model 0.83 7.86 -12.68 -11.18

CEMS9eSaw o Sigmoidal model 0.82 7.99 -12.34 -10.84

5yl Jse Gompertz model 0.82 8.07 -12.16 -10.66
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