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Introduction

Salinity stress is one of the most vital abiotic stresses which limits the production of crops. In recent decades, the
area under chickpea cultivation in Iran has tripled, but unfortunately, its yield has decreased from 610 to 500 Kg per
hectare. The main reason for this reduction is the allocation of marginal lands under rain-fed conditions to chickpea
cultivation. However, environmental stresses are the most critical factors of yield loss that can decrease chickpeas
production significantly. The growth of chickpea is susceptible to salinity, and salinity stress affects their yield by
affecting plant growth and symbiotic bacteria. Considering the current extent of salt-affected lands in Iran and in order
to maintain and increase the area under chickpea cultivation, it is necessary to select the salt-tolerant genotypes.
Therefore, this study was carried out to determining the salinity tolerance threshold of Kabuli -type chickpea genotypes.

Materials and Methods

The experiment was a split-plot randomized complete block design (RCBD) with three replicates at the research
greenhouse of the faculty of agriculture of Ferdowsi University of Mashhad, Iran, in 2020. Chickpea germplasm,
including 70 Kabuli type chickpea genotypes, were provided from the Mashhad chickpea collection at the Research
Center for Plant Science, Ferdowsi University of Mashhad. Two weeks after seed planting, the salinity treatments
included 12 and 16 dS.m sodium chloride and 0.5 dS.m™* (tap water) as control was applied. The recirculating nutrient
system was applied, the nutrient solution was replaced weekly, and the salinity of nutrient solution was adjusted daily,
but no acidity adjustments were made in the Hoagland solution. The plant height was measured before and after four
weeks of applying salinity stress, and then the difference in plant height was calculated. Four weeks after salinity
application, survival percentage, leaves survival, plant height, leaf electrolyte leakage, osmotic potential, shoot dry
weight, and Na to K ratio were measured. Salinity tolerance indexes, including stress tolerance (TOL), mean
productivity (MP), stress susceptibility index (SSI), geometric mean productivity (GMP), and stress tolerance index
(STI), were calculated based on the shoot dry weight and separately for 12 and 16 dS.m™ compared to the control
treatment. Data were analyzed using Minitab 16 software, and the mean comparison was performed by Duncan
Multiple Range Test (DMRT) at a 5% probability level. Interrelationship among different traits was calculated using
Pearson's correlation analysis. STATISTICA 8.0 and SPSS 27 soft wares also performed a cluster analysis (based on
Euclidean distance) and principal component analysis (PCA).

Results and Discussion

The results showed that for the salinity levels of 12 and 16 dS.m, 65 and 28 genotypes had a survival between 76
-100%, respectively. With the decrease in the survival percentage in 16 dS.m™, the average percentage of leaf survival
also decreased. With increased salinity levels from 12 to 16 dS.m%, electrolyte leakage in the survival range of 76 -100,
51 -75, and 26 -50% increased by 8, 25, and 12%, respectively. With increased salinity levels from 12 to 16 dS.m?, in
survival ranges of 0 -25, 26 -50, 51 -75, and 76 -100%, shoot dry weight decreased by 15, 11, 36, and 14%. With
increased salinity levels from 12 to 16 dS.m, the shoot Na to K ratio in the survival range of 26-50% did not change,
and in the survival range of 0 -25, 51 -75 and 76 -100%, it increased two and nine times and 22% respectively. The
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highest average shoot Na to K ratio was also observed within the survival range of 0 -25%. In 12 and 16 dS.m, two
genotypes, MCC1467 and MCC1394, were superior to other genotypes in most studied traits. The genotypes of the
third cluster had a higher relative advantage for salinity tolerance.

Conclusions

In general, the results showed the diversity between chickpea genotypes under salinity stress. In 12 and 16 dS.m!
salinity, MCC1467 and MCC1394 were superior to other genotypes in most studied traits. In saline conditions plant
survival had a positive and strong correlation with leaf survival. In the saline condition, genotypes that can maintain
their normal physiological function can maintain and expand more leaf area, which ultimately leads to more biomass
production. The genotypes of the third cluster had a more advantage for salinity tolerance. Due to this study being
conducted in greenhouse conditions, it is recommended to check the salinity tolerance of superior genotypes in field
conditions.

Keywords: Electrolyte leakage, K, Na, Shoot dry weight, Survival



Iranian Journal of Pulses Research
Vol. 14, No. 2, December 2023, pp. 181-208
Original Research

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

g https://doi.org/10.22067/ijpr.2023.80535.1050

i J yiS Jasl g 53 (gleodlS als o 10 (M i 3959 (SLcaigij (S gm0 A Jood Egid

Y A

ol ol O S5 jhe g yaiuo 4,0
VRV IYE il o
VECY/YINY opdy ol

Sy o dlg> voxo

ouS>

Sob ol B jo 00l 3 sl S O jg0n 0558 Slacaiel 69t 4 Jerd (T4 Sas L asllls )

(\# dS.m?g\Y) T 99 50 (5590 ad >l VWA Jlo 5o agiin g8 olBadls jo )80 an b Bolay JulS
As S s e s slacs S 0 se v cuigs Ve g ol slacs,S e ey o) <0 dSmT sali g o IS
oye oo V-V e s abe sli jlacwisy YA 3P0 i g V2 dSimT g VY (g5l j0 a8 ol jlas il
ez VP dSmT s VY 5l 608 (il L cdl jzals 58 S gl s e A dSmT o s ao s zels b ey
VY 5 Y0 A ol seedes ol iy eioyd Y520+ 5 OV-VO oLy (cloarals 5 aoys V51 =+ gl aels 4o Loy 2SI
5010 YF-0+ o -V0 cliy claaiols 1o iS55 VF ST 4y VY 5l oy Lialsil bl iylsl ao
aials ;o NaKT A8 dSM as 1Y 51 g0 ialsl b il (zals aoys VE Y8 01 10 ol5eeds duoys Vo —VF
YV 5 il ¥ g sy doyo VA1 o g DNV oY 0 oLy cloarals ;5 5 Codlai gy doyd Y9-0+ (cliy
59 0 oamlin oy -VO sl als o olee plail by 4 o Cond (12 keo (e 28L Gl ws o
Log lbeaisry plo 5l 5, axdllas 5 50 Slaw yiiw ;0 MCC1394 § MCCL467 g5 90 V7 dS.m™ g VY (5,08
S 4 a4z g L iogs 510,65 2 (6598 4 Jooti (oo (555 5| sy 0525 5l Jol> pomw 095 (slacaiss

Oolpl Sl s yings
YAV-Y oA .o VEY 093 Ao o bylows V€ o

Ry e gol

20,5 o8 Aoy 4s)ha Lulyh 0 5 p Socaiel (y9h 4 oS (o) 2 (GRR9R Rl o9

ol geilanaST (25 b JU )5S sladisS adgi Jdoay
.(Ghosh et al., 2020) <.

ool sl 0g 5 ;o (Cicer arietinum L.) o4 5u
Lo g ol 00 S ] dlwgay a5 conl (slasls
Tan et ) sowo g0 JoSii |, 0950 ails S 5l oo ,0 Ve dga>
ol oeg,S 5l 0g50 &ild o 3 O L £+ 50> .(al., 2021
ooy Lo b ol olae sl b glail slls g oals JSCis
(Kaur etal., 2021) cewl bpgs g (uiSd ooy 51w

Ve v Gl jo 0e58 S e YoV Jlo o
aw YN0 Jlo ;o aS 04 o5 OOFFFY 0y e L LS
O OVYYEYY as ades e 9 LS YAD. » + & S
e Y A Jlo o a5 el Jb o cpl el rals
o 0y Olie 5 Bl Gl 8l LS BV 4 cis
g S e (ol pl o (FAO, 2018) aww, oy #FIYAS
5 o7 Ll asle il alse il Cons 2555 0 Slae
) e Gl ol Sy (IS slaclw 5 )15 LS dsa
5 = o)l pelais] Jdoas Wilgs oo o)l !y 0950 cuiS

dodilo
Wad ey (b Sl S 5l (o Jokoe laSies
39 Joloee dlge ol 5l cpre Coes 5l 31,8 Sl Gl 5l
5 Logblo 595 oS 09 e S (b 495 Sl S
ol § 9IS o il Cos Baes Sasacs bl
3= 6y i (Dagar et al., 2019) Wy oo olox!
Ay a8 conl Sisdaas g S 3blie ;o o slo i
= Hlgz 5l pin elbloylae SO S colos joi
] Jily LS + /Y 090> (s el HLid g yie o puies)
g dopyg 9> Sl e ge2S G5k 5l Wl oe 6598 (A8
9 9=d)y 2t polie ol pue (pizmen g (S22 5
el (5555 i el megdle il )L"—f)*-’l‘ Ol 5

09)_§ sl 9 )L:Jl_.wl ‘J_.J})‘ HL»:)K dMl) Ay -y 9 Y

) gt e usg b oISl ¢ 55,5LS oISl ¢ 559)5iSg,S]
(jafarnabati@um.ac.ir t gtane 0 g} — %)


https://ijpr.um.ac.ir/
https://doi.org/10.22067/ijpr.2023.80535.1050
https://orcid.org/0000-0003-0483-7003
https://orcid.org/0000-0001-9490-6935
https://orcid.org/0000-0001-7356-7276
mailto:jafarnabati@um.ac.ir

VEoY 030 houd oF §yled IF ol oyl pl Sligus slo i g}y 41 pid VAF

50 5 a8 e S |y (Gigny92 il (555 @l 2020
paS ol o,y JF olaw pals g 20 5 )0
aem o S 1y 0555 oS a8 5 o5 o Shae ol
.(Farooq et al., 2017)
lacais) GisS «sed A5 b ablis slaol, 5l So
2 9 ol)l oS 4 A bl (6)9h 4 Jexie
i) 0555 EiS e a3l 5 L jslaiea; ol
3biedny (65— ST A Cad 3550 Slacadsi el
9) 3l cel 6970 Sopd a4 Jome lacsiy (S
3 P slecais) Sleaie ol Baa U iaghy oyl

S plogl (g9l S bl o

b9 9 9lge
3L oS LSl b o el
Slidos aslds (o )15 aw 10 0ado > s S O jsoa
LY Jlo jo ogien gwgo 8 olKiils (55,0l ouSiisls
Sloge jd SO 51 LS 0950 gy Ve slass ol
W s Mo (o908 oSl (Bl pole cuSiing)y
S92 slacaisy 5 ol O, S lpean 6 00 oo
oBiolol jo ba)dy laol ol a8 3 Jlai o )8 O )5 lgicay
S a olo,d1 gLl jo g Wil Jlodilex e g o
Lo g YOZY 55, b jo aldS sbos lawgin s Jiiio
EF—ae j55 4555 g g 09— o (il az 2 VAEY b
(dwlo jo CiS) Siqgyuud Lyl o o cas auid ool
90 Sl 5l as glasilsog, awle 5l jodaie ol a ol |,
S Olgieay 390 00 4 HelS 5 03,5 j90e (5o she
D295 ol 50 Sdgg uue Sl piew ol oolall cuiS
O Az 10 00 5 993 (55w gl TexFe asmx VoA Lol
7o 5hg o eolaial & e sl A pa 0 ah S Gud)
CiS e gl i aloliey ouds jloaslez )30 )+ o9l
1) Jo—ore o Lo plo—ul 4 g0 bba_alS 0l
robis el pslateany wiard g lal (e gy s j o
Colaa L ailSee olad Jadoe 31 elS 5Ls 0,50 olae
Hoagland & ) o eolawl ye o o) (oo 99 (S xS
o Lloaslem sle ) dn JLaul 5l o azan ¢ .(Arnon, 1950
o) (o3 V7 9 Y e 99 )3 (698 (A «SeiS Lanme
el Jlesl ot O /0 ol 5 pudew 0 IS e o
@l Joloo 5 39 di s anlllane ol 0 4355 s
R L dtin 1 90, oo (80,5 oglite jebdy fius o

S el Hlai 5550 (6550 mhaw bl p alSee Joloe

3 e b i (b (nl b ialdl 9556 ciS o3l o
534S abbioe Jpamme odias als Jeloe o Spge alex
e gladale 5 SBT oy g5 ¢ St 15 leo 0
olals 5l ogss (Kanuni, 2016) aib o Loyl oy Spge
goleS ) ;ul—*b S5 5 g Sl (5598 4 ol
Amini ) 5,35 o 50 o1 0, Slae s o jon slags S
o 31 asllae g4 ol L (Dehaghi & Dadkhah, 2012
J=B g5 3l oS ol aS cwlools i 055 0 (5,00
Nabati et al., ) ceol 5,65 5 (5,98 4 Jazs jo glala>de
09 &5 (2018; Nasiri et al., 2021; Nabati et al., 2022a
Jolse 5l romgis Slaalb S5, fals 5 3555 S )0 maow
S (5555 G Jlie 55 3555 oS 6yl (Lo
Job alS g 0950 azmalS ah) 5o Pl o (559
O Ll b )3 1 09t o0 oS (il Az aBle g azads
bl L acslie ;o )5 5 muaw yae sbaon aed )5
Farhoudi & Dong, ) sl oo (ial33l ol s 35 (e
(2015

St 5 stz B slacd iy o3l sleans o
Gla iy an azg by ool); baiss 1o 690 4 Jox
So9=b dm Jod p Fhe Slho 5 SChole e 9 Sujgled )90
oL Joos ylie ate) ;0 SleMbl Lol cwl a28,8 &jg0
OS2 51 6k -l Sgamme (5,50 i 4 3559
S (G523 S50 & Jood bl jo Dbl a5 s
o 9 2Lt sla Sy sl hasss
Dharamvir et ) wib oo Jolow gl ;o dalllas 3l sool,
Sial33l 5gis LS s S 5 Sad 5925 .(@l., 2018
S5 il il y3 S (e ke oS
e rod Sebl alS (] CBlite 5 (el Jiliy a8
e 595 YUy crizmen 09 o0 ady; sladsle sl o]
U055 R 2 9 (S5 Caw & e S sl slaSlas
Gl g pedS g e pely @i el (S Jobs
o Sl ow, » (Nabati et al., 2018) 55 )3 oo paow cidale
aS ol Gltd (LS 02 (giiwgid sl Shis 2 659
Sl Sgldie (6595 S 4 3955 olS lacassi STy
.(Nasiri et al., 2023)

5 ol i ialidl dsas S s Sas VL clale
Iy S G lals o S a3l i Jlade Laas
o Jles! 3,k 51 9 (Analin et al., 2020) &S co Juozs
Chenarani ) sl oo ol Joko slo,lsle a5 guslos]
o] Bilg5 o S slacygr Jolwiyg,s g (et al., 2014
Analin et ) oS 51y ol caodbs, IS 5 (5,058 5o 0 (505

Sl e Bl 3l




VAD oud J 8 by 50 glazals alo o 5 (S o 0956 Saoaioi] )90 &1 Joodd £955 ¢y, 50 g (5 ydo

30 i gy S oole adgi 1YS dadlolas ol o aS

O bl b o el S ool adgi (YP (i bl
Lyls o by ads Sas oole 0dgs (S5l :YP (25
55 il adS Sas oole agi (5 Sles :YS § (A5 (50

Al oo s Lyl

L Lol ly (51550 5 Lavosls (g5 Loy g
A dn o0 (glaie> 4 g Minitabl6 |l33le 5 5l eolazul
ol &y ol plul STATISTICA 4 SPSS27 (sla 5816 53
g 0 pitin iz il ylg a5 5l ol ploxl (guineg S oo
=y yoked e iored L0l ooliiul asid Bl 4y jes
eSile dslio dalllas 8,50 Slao Lld 5l leog S cglas
O3 51 oolaiwl b laosls (puSKilie dulie .o ploxil oo ,S
oy mimy Jleixl s 10 (LSD) Sl pxe ooglis J8las>
)5 plex

o sbesles )0 9558 Slacdss sl o )d (o)

Lioas ay ol8 Lacuig) aes wald jo as ol lid (5,98
ol 9meyd (o) () Jyoz) dsog L aopo V- -
S5 ey rmromd VY (8558 5 5l o loaissy
Ve e el PO) leaiess 5l oo 0 AY glay aS ol
YO sl (useiy 99) beuie) 5l dus,o dw g 09y oy VF
OO e oy (pias j owd VY (6,90 AT 50 aiiils doyo ¢
eon (dlY JS8) Wogr woyo Ve sl s o5
VP s i il e Lacisis (8 0o
Locassiy 5l ame,o e sliy 4 olo (las ey (ionj o
gy 5l oo, FA g 0g s, 0 V-V o 0 ((uiei5 YA)
VF (e Ly aiidle duoys =Y ld (usei; YY)
Sogy oy Ve gl Gl iy Vo ey eten g

(AN JS8) axd) o 5 IS ssbots 95 ke

Jlosh 3l s 5 3t G5 Jlasl §1 5 4533 i)
adg glay,l WS w5 g o poilool 6,90 25
o s st 25 Jlesl 5l Gy 4t ez b (555 o5l
sbiedn oS L ao)s g aSg SLE s s (5 S ol
Sairam & ) Lacods xSl ceis Jolds Slao 5 s
s1(Voet et al,, 2001) (el J—ils o (Tyagi, 2004
S (5 S aiges abanagt SIS S o S0ls

aSg olaws b)leds G4k 51 (SUY) (lals liy wo o
Jlssl J o o Jlez 5 (A) (5595 5 Jlosl 5| 5 o0
) dolae) ol dewlxe (B) (5,940 i
SU% =—— (V) aolaso

VPN v 09,5 ez an LagaSss i woys ulul 5
s gandinb @) duoy0 +-Y0 5 VP -0+ VO-0)

S IS olaws g (A) owile Bb Sy olows caigdy 2 0

5100

ool 0 (LS%) S sl ws o g Wi (oyled g B)
Al dwle Vo adoles
LS% = (V) doles
e b el 6eb 5 Jlesl 5l o atie Sl
FA Hlals Sis (59 5 Cudls 3 bdiey w9 2905 o
T R e S
S_i5 diged oS oo YO+ 5l aslial Ly i (56,0505l
oS Ly als (sloalosi] pesly 5 paomes ooy L]
(Tandon, 1995) o e (UK-JenWay) jiogidq.ds
Slooasls ) (o3h, sloddslas  oolisial b (rian
Sy slade bl 2 698 4 Jeou (e (2l Al
2 sl e Dygon 5 (lse plal S (59) 0055
4 S fio g oo V7 9 VY (25 sl Lo 515
oo L () alolas
Lisgie (550 40 ASLE (F) alolas
O Ay Sl a3l Q) dlolee
SSI® =(1-Y/Yp)/(1-Y</Yp)

9082 (swiid (5 Ske Ll «(F) dlolee
GMP4 :(YPXYS)OASK

Ax 100

TOL' =Y, - Y.
MP2 =(Y+Y4)/2

O s Jood ezl (V) aolee
STI® =(YpxYo)/(Yp)?

1- Stress tolerance

2- Mean productivity

3- Stress susceptibility index

4- Geometric mean productivity
5- Stress tolerance index



VoY pgo fous oF §)lod IF alor oyl pl Sligus o id gy & 5t VAS

0.5dSm-1 ®12dSm-1 ™16 dSm-1 0.5dSm-1 ®12dSm-1 m16dSm-1
25 4
B 20
20 A
E
S 15
= 15 14 14
= 12
=2
= 10 10 10 11
= 10
=
<
o
54
0 0 0
0
0-25 26-50 51-75 76-100 0-25 26-50 51-75 76-100
Survival range (%) Survival range (%)

Szl G Jloel 51 g arin jlez W gldaials )0 9955 (0) digr gL5,] bawgio g (AI) o 3 Slo ) JS&
Fig. 1- Number and plant height of chickpea genotypes in survival ranges after four weeks salinity

SHU 095 sLacai el yo Wy wo o w59 i 1) Jeua
Table 1- Effect of salinity stress on survival percentage in chickpea genotypes

- 0.5 12 16 . 0.5 12 16
o (o y1 (0s 3 (ow9) T (%0 y2 (01 3 (ow9)
Genotype (ds.m) Genotype (ds.m)
MCC1303 100 100 14.7 MCC1526 100 78.0 13.3
MCC1311 100 90.0 80.0 MCC1529 100 100 4.67
MCC1312 100 100 57.0 MCC1545 100 100 19.3
MCC1314 100 100 100 MCC1551 100 100 90.0
MCC1320 100 100 100 MCC1553 100 100 100
MCC1348 100 100 100 MCC1557 100 100 13.3
MCC1354 100 100 0.00 MCC1558 100 100 13.3
MCC1356 100 100 14.7 MCC1567 100 100 30.0
MCC1357 100 100 100 MCC1578 100 100 100
MCC1358 100 100 14.7 MCC1580 100 100 4.33
MCC1372 100 100 3.33 MCC1584 100 100 100
MCC1381 100 100 3.33 MCC1585 100 100 100
MCC1390 100 100 0.00 MCC1587 100 100 100
MCC1394 100 83.0 5.67 MCC1606 100 100 100
MCC1395 100 100 60.0 MCC1613 100 100 3.33
MCC1431 100 100 70.0 MCC1625 100 100 3.67
MCC1447 100 100 100 MCC1626 100 100 100
MCC1449 100 100 3.33 MCC1631 100 100 13.3
MCC1451 100 100 3.33 MCC1636 100 100 100
MCC1452 100 90.0 19.3 MCC1639 100 58.3 17.0
MCC1458 100 100 3.33 MCC1641 100 90.0 16.7
MCC1465 100 89.0 70.0 MCC1646 100 100 89.0
MCC1466 100 100 3.67 MCC1692 100 100 100
MCC1467 100 90.0 80.0 MCC1730 100 100 100
MCC1473 100 89.0 3.33 MCC1760 100 100 4.67
MCC1478 100 100 50.0 MCC1782 100 100 100
MCC1484 100 100 13.3 MCC1808 100 100 100
MCC1489 100 26.7 4.67 MCC1828 100 80.0 80.0
MCC1501 100 13.3 0.00 MCC1834 100 100 90.0
MCC1512 100 100 13.3 MCC1865 100 100 80.0
MCC1514 100 19.3 0.00 MCC1966 100 100 100
MCC1515 100 100 50.0 MCC2122 100 100 89.0
MCC1516 100 333 333 MCC2166 100 100 11.0
MCC1518 100 100 90.0 MCC2168 100 90.0 80.0
MCC1525 100 100 13.3 MCC2190 100 100 3.33
Ol @il s g agls iyl i 95 X (539 s Ol gy L SDoos
S.O.V. Replication Salinity Error a Genotype Salinity x genotype  Error C.V (%)
5°'a' f“?"’ 2 2 4 69 138 414 5.918 3.093
Sl yo (ke
Mean of 582** 165017** 286 2535** 1926** 22.7
squares

Soys S Jloil grlas o ls sime § do s mty Jlein pmlans )3 jlo ciae oy gty Jlain gl )0 o cixe yub o s s g NS (s ime Sglis JBla LSD cagtia 53 Gl 095 (508t MCC
MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ** and *: Non significant and significant at 1% and 5%, respectively.
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Table 2- Effect of salinity stress on plant height (cm) in chickpea genotypes

0.5 12 16 05 12 16

w55 o o w55 o s

Genotype Sl NS e SR Genotype S B NS L SR
(dS.m™) (dS.m™)
MCC1303 21.0 11.2 10.3 MCC1526 23.3 17.0 3.80
MCC1311 19.7 155 12.3 MCC1529 19.8 125 12.2
MCC1312 145 12.0 9.30 MCC1545 12.7 11.7 8.7
MCC1314 17.0 11.8 10.3 MCC1551 17.2 13.8 12.7
MCC1320 25.2 147 14.3 MCC1553 17.3 125 7.00
MCC1348 16.0 13.8 8.20 MCC1557 21.0 14.8 15.0
MCC1354 20.8 14.3 10.2 MCC1558 22.2 135 10.7
MCC1356 17.8 16.7 14.0 MCC1567 15.7 9.70 13.0
MCC1357 175 9.30 10.7 MCC1578 20.5 15.3 133
MCC1358 23.7 15.5 12.3 MCC1580 18.3 11.3 10.3
MCC1372 19.0 11.0 9.30 MCC1584 17.0 147 10.0
MCC1381 16.2 14.0 11.2 MCC1585 24.2 13.8 12.3
MCC1390 16.7 133 9.50 MCC1587 14.3 14.0 10.0
MCC139%4 233 16.8 8.20 MCC1606 19.0 135 11.7
MCC1395 24.2 17.8 9.70 MCC1613 24.7 13.0 10.3
MCC1431 253 19.2 13.0 MCC1625 20.3 14.2 8.70
MCC1447 27.7 15.3 10.0 MCC1626 21.7 13.7 8.70
MCC1449 18.7 12.3 9.70 MCC1631 215 11.8 9.00
MCC1451 17.3 11.0 8.00 MCC1636 19.2 12.7 12.3
MCC1452 185 12.7 11.3 MCC1639 175 15.1 11.7
MCC1458 17.3 11.7 11.3 MCC1641 19.3 11.8 9.70
MCC1465 25.2 12.3 8.70 MCC1646 18.3 14.8 14.8
MCC1466 295 23.2 185 MCC1692 18.7 12.7 8.00
MCC1467 25.7 18.3 14.3 MCC1730 14.8 13.7 10.3
MCC1473 19.0 12.3 12.7 MCC1760 225 14.3 12.0
MCC1478 18.0 13.8 13.7 MCC1782 16.3 10.0 12.0
MCC1484 225 143 8.50 MCC1808 233 13.2 13.2
MCC1489 15.3 113 6.80 MCC1828 18.0 12.0 12.3
MCC1501 155 9.70 7.00 MCC1834 16.8 12.8 10.3
MCC1512 22.0 13.0 10.0 MCC1865 213 12.2 8.70
MCC1514 19.3 11.0 3.50 MCC1966 15.3 13.7 8.70
MCC1515 345 20.7 17.8 MCC2122 23.2 133 9.70
MCC1516 20.8 133 13.0 MCC2166 24.7 14.0 8.00
MCC1518 20.3 14.7 9.00 MCC2168 215 12.2 13.0
MCC1525 20.3 12.3 10.7 MCC2190 26.0 19.8 135
Ol 2o NS g agls cuig) T SRR s Syl g LSDoss

S.O.V. Replication ~ Salinity = Errora Genotype Salinity x genotype Error C.V (%) '

@"d' :?” 2 2 4 69 138 414 17.917 2.95
Slarye el 7.64" 4834.54™  22.89 55.83" 14.34™ 7.13

Mean of squares

oy

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ™ and *: Non significant and significant at 1% and 5%, respectively.
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Fig. 2- A plant height (A) and leaf survival percentage (B) of chickpea genotypes in survival ranges, after four weeks
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Table 3- Effect of salinity stress on A plant height in chickpea genotypes

05 12 16 05 12 16
w555 R w5 T
Genotype 0 32 02y (o Genotype 0 3 s o
(ds.m?) (ds.m™)

MCC1303 15.67 483 567 MCC1526 16.17 12.33 3.00
MCC1311 14.67 717 5.67 MCC1529 13.17 5.00 2.83
MCC1312 8.00 6.67 2.67 MCC1545 6.50 6.00 2,67
MCC1314 13.67 6.50 417 MCC1551 733 5.67 3.00
MCC1320 15.00 8.67 5.50 MCC1553 10.50 5.67 0.17
MCC1348 7.83 6.33 167 MCC1557 15.83 9.83 750
MCC1354 8.00 3.17 0.33 MCC1558 11.50 5.00 3.00
MCC1356 6.83 233 217 MCC1567 9.83 317 583
MCC1357 7.33 2.17 167 MCC1578 9.83 467 3.50
MCC1358 15.17 6.00 517 MCC1580 7.50 167 0.33
MCC1372 7.67 2.83 133 MCC1584 8.83 6.33 3.83
MCC1381 8.33 5.67 2.83 MCC1585 15.00 5.83 567
MCC1390 13.83 7.17 550 MCC1587 8.17 7.67 5.00
MCC1394 16.33 14.27 5.67 MCC1606 9.83 5.67 3.67
MCC1395 21.33 14.00 6.83 MCC1613 17.17 6.33 433
MCC1431 14.17 9.50 517 MCC1625 11.83 5.83 4.83
MCC1447 19.50 7.83 133 MCC1626 16.83 8.50 550
MCC1449 9.17 467 0.33 MCC1631 14.33 417 167
MCC1451 6.83 250 0.33 MCC1636 14.00 5.83 517
MCC1452 9.33 2.00 167 MCC1639 15.00 10.40 5.83
MCC1458 8.00 050 150 MCC1641 14.67 5.83 467
MCC1465 19.50 9.17 2.50 MCC1646 14.83 9.17 8.00
MCC1466 20.83 1267 9.67 MCC1692 13.00 8.17 3.00
MCC1467 15.83 9.67 8.17 MCC1730 8.33 5.67 2.83
MCC1473 9.17 3.83 267 MCC1760 17.67 5.67 317
MCC1478 13.83 9.33 6.33 MCC1782 7.67 217 2.83
MCC1484 14.83 7.33 250 MCC1808 14.50 7.83 567
MCC1489 7.33 8.67 1.83 MCC1828 11.00 9.83 450
MCC1501 583 3.17 0.33 MCC1834 8.17 5.33 3.33
MCC1512 10.00 2.00 067 MCC1865 15.00 483 167
MCC1514 12.33 6.50 2.00 MCC1966 8.00 717 3.33
MCC1515 19.17 10.67 250 MCC2122 16.33 7.83 3.83
MCC1516 15.00 7.33 2.00 MCC2166 17.67 10.00 3.67
MCC1518 13.33 9.00 150 MCC2168 13.50 433 583
MCC1525 7.50 233 150 MCC2190 2217 11.17 5.83

oS iln A Gt Asks s s s Shedees

S.O.V. Replication ~ Salinity Errora  Genotype Salinity x genotype Error CV (%) '

‘95; f’” 2 2 4 69 138 414 33.478 2.967

Sl =Ss 15.4m 4302 234 66.4" 135" 6.35

Mean of squares

o yd S Jlezol prdans 50 o e 5 duo s gty Jleil grlans 50 ls e caoyd gy Jlexol o )0 o ey Sy s g 3 1S (o e Sglas JBlas LSD wagiis )3y SOL 5556 (y5enSls MCC
MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ™ and *: non-significant and significant at 1% and 5%, respectively.
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Table 4- Effect of salinity stress on leaf survival percentage in chickpea genotypes

0.5 12 16 0.5 12 16
kD] o023 (o) D) 3 el ) (o)
Genotype (0 5 Genotype (%0
(ds.m™) (ds.m)
MCC1303 100 57.3 42.0 MCC1526 100 75.0 48.0
MCC1311 100 64.0 57.3 MCC1529 100 72.3 18.3
MCC1312 100 75.7 63.0 MCC1545 100 71.0 39.0
MCC1314 100 69.7 63.0 MCC1551 100 83.0 86.3
MCC1320 100 70.7 65.7 MCC1553 100 68.3 64.3
MCC1348 100 85.7 68.0 MCC1557 100 70.3 36.0
MCC1354 100 77.0 0.00 MCC1558 100 82.7 52.7
MCC1356 100 67.0 42.7 MCC1567 100 56.3 64.0
MCC1357 100 90.7 85.0 MCC1578 100 97.3 89.0
MCC1358 100 68.7 52.3 MCC1580 100 72.0 18.0
MCC1372 100 1.7 22.3 MCC1584 100 95.7 85.0
MCC1381 100 61.7 18.3 MCC1585 100 76.3 75.0
MCC1390 100 60.3 0.00 MCC1587 100 89.3 70.0
MCC1394 100 69.0 23.0 MCC1606 100 81.3 77.0
MCC1395 100 66.3 57.7 MCC1613 100 67.0 25.0
MCC1431 100 93.0 63.3 MCC1625 100 69.7 19.0
MCC1447 100 78.7 68.3 MCC1626 100 82.7 67.0
MCC1449 100 60.0 27.3 MCC1631 100 57.7 44.7
MCC1451 100 65.7 24.3 MCC1636 100 75.0 72.7
MCC1452 100 71.0 45.0 MCC1639 100 68.6 59.3
MCC1458 100 65.3 21.7 MCC1641 100 64.0 60.7
MCC1465 100 66.0 63.0 MCC1646 100 71.0 73.3
MCC1466 100 73.0 19.7 MCC1692 100 717 61.7
MCC1467 100 77.3 90.3 MCC1730 100 85.3 68.7
MCC1473 100 65.3 25.0 MCC1760 100 62.0 20.7
MCC1478 100 64.0 64.7 MCC1782 100 82.3 73.7
MCC1484 100 74.3 39.0 MCC1808 100 82.0 82.0
MCC1489 100 50.3 22.3 MCC1828 100 75.3 67.3
MCC1501 100 49.3 0.00 MCC1834 100 66.3 71.0
MCC1512 100 78.0 44.7 MCC1865 100 63.3 66.3
MCC1514 100 38.7 0.00 MCC1966 100 93.3 80.3
MCC1515 100 73.0 70.0 MCC2122 100 81.3 717
MCC1516 100 39.7 35.7 MCC2166 100 67.7 22.3
MCC1518 100 73.7 63.0 MCC2168 100 59.0 61.3
MCC1525 100 71.3 48.0 MCC2190 100 58.7 21.0
. . .. a |n|ty X o 0.05
S.0.V. Replication Salinity Error a Genotype genotype Error CV (%)
‘95; f” 2 2 4 69 138 414 20.038 3.145
e e Geile 6453 131541 3730 1074™ 560™ 219

Mean of squares
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MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ** and *: Non significant and significant at 1% and 5%, respectively.
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Fig. 3- Electrolyte leakage (A) and shoot dry weight (B) of chickpea genotypes in survival ranges, after four weeks
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Table 5- Effect of salinity stress on electrolyte leakage in chickpea genotypes

05 12 16 05 12 16
)
LT D] L G 95 P e (owd)
Genotype el Genotype (5o
(o (ds.m?)
(dS.m™
MCC1303 28.0 54.0 42.3 MCC1526 29.3 333 81.7
MCC1311 18.0 64.7 46.0 MCC1529 41.0 477 30.0
MCC1312 16.7 29.3 65.0 MCC1545 12.3 47.0 72.0
MCC1314 453 41.0 77.0 MCC1551 18.0 56.0 71.3
MCC1320 19.0 453 68.3 MCC1553 12.3 40.3 61.7
MCC1348 15.0 32.0 69.3 MCC1557 25.7 50.0 58.0
MCC1354 12.3 56.7 3.67 MCC1558 46.0 62.7 713
MCC1356 19.3 54.3 34.7 MCC1567 9.33 51.7 49.7
MCC1357 10.3 63.7 66.0 MCC1578 55.7 48.0 44.0
MCC1358 40.3 68.0 68.0 MCC1580 19.3 76.7 78.3
MCC1372 10.0 56.7 48.3 MCC1584 14.0 39.3 48.3
MCC1381 14.0 48.7 453 MCC1585 29.3 55.7 46.7
MCC1390 17.7 46.3 40.3 MCC1587 12.3 52.7 70.3
MCC139%4 36.0 66.3 47.3 MCC1606 53.0 54.7 76.3
MCC1395 38.0 68.0 76.7 MCC1613 35.0 51.3 50.7
MCC1431 26.0 56.3 71.0 MCC1625 15.3 50.0 76.3
MCC1447 20.7 41.3 30.0 MCC1626 17.3 38.3 72.7
MCC1449 30.0 51.3 323 MCC1631 38.3 30.7 41.0
MCC1451 18.0 52.3 46.7 MCC1636 22.7 59.7 41.0
MCC1452 133 343 43.7 MCC1639 12.7 41.0 69.7
MCC1458 15.0 65.3 7.7 MCC1641 41.0 46.7 67.7
MCC1465 18.0 35.0 54.0 MCC1646 23.0 55.7 75.7
MCC1466 28.7 56.0 41.7 MCC1692 16.7 40.0 73.7
MCC1467 443 41.7 54.7 MCC1730 8.67 55.0 46.7
MCC1473 12.3 54.3 43.0 MCC1760 56.3 58.0 74.3
MCC1478 21.3 56.0 55.7 MCC1782 18.7 56.7 66.7
MCC1484 8.33 9.33 65.0 MCC1808 8.33 23.7 24.7
MCC1489 11.3 25.0 50.3 MCC1828 25.7 38.0 44.7
MCC1501 13.0 40.3 27.7 MCC1834 52.7 62.3 56.0
MCC1512 16.7 42.7 64.3 MCC1865 43.7 343 57.0
MCC1514 16.7 63.0 7.00 MCC1966 20.3 26.3 42.7
MCC1515 37.0 51.7 65.7 MCC2122 16.0 34.3 68.3
MCC1516 22.7 65.0 60.7 MCC2166 23.0 76.7 39.3
MCC1518 12.7 22.7 453 MCC2168 17.0 50.3 51.3
MCC1525 14.3 23.0 56.3 MCC2190 15.3 44.3 49.7
Ol 2bo NS Sog aglas 93 L ST s b o 05 LSDoos
S.O.V. Replication Salinity Errora Genotype Salinityxgenotype Error CV (%) ’
@')('j f” 2 2 4 69 138 414 44.169 2.932
Slazpe (eSle
Mean of 1401* 57255** 538 808** 539** 347
squares
S oz gl ol gine 5 sy iy Jlool el ol gias ko) gy Jlatol gulans ) s e yud o ey s 5 % NS oo Sglis JBlas LSD wage ,3 UL 2555 (Sl :MCC
.M)J

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ", ™ and *: Non significant and significant at 1% and 5%, respectively.
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Table 6- Effect of salinity stress on shoot dry weight and salt resistance indexes of chickpea genotypes

2055 il plil SiS (459
T (4595 TOL GM TOL GM STI

MP12 SS112 STI12 MP16 SSI116
Genotype Shoot dry weight (g.plant?) 2 P12 16 P16 16
0.5 12 16

MCC1303 0.338 0.217 0.199 0.12 0.28 0.12 0.27 0.42 0.14 0.27 0.19 0.26 0.40
MCC1311 0.417 0.316 0.193 0.10 0.37 0.08 0.36 0.76 0.22 0.31 0.25 0.28 0.47
MCC1312 0.176 0.220 0.151 0.04 0.20 0.07 0.20 0.22 0.03 0.16 0.07 016 0.16
MCC1314 0.352 0.217 0.217 0.13 0.29 0.13 0.28 0.44 0.14 0.28 0.18 0.28 0.45
MCC1320 0.476 0.253 0.225 0.22 0.37 0.16 0.35 0.69 0.25 0.35 0.25 033 0.63
MCC1348 0.366 0.342 0.231 0.02 0.35 0.02 0.35 0.72 0.14 0.30 0.17 029 0.50
MCC1354 0.538 0.256 0.090 0.28 0.40 0.18 0.37 0.79 0.45 031 0.39 022 029
MCC1356 0.320 0.180 0.261 0.14 0.25 0.15 0.24 0.33 0.06 0.29 0.09 029 049
MCC1357 0.441 0.298 0.243 0.14 0.37 0.11 0.36 0.76 0.20 0.34 0.21 033 0.63
MCC1358 0.487 0.305 0.238 0.18 0.40 0.13 0.39 0.86 0.25 0.36 0.24 034 0.68
MCC1372 0.432 0.336 0.176 0.10 0.38 0.08 0.38 0.84 0.26 0.30 0.28 0.28 0.45
MCC1381 0.206 0.326 0.236 0.12 0.27 0.13 0.26 0.39 0.03 0.22 0.06 022 0.29
MCC1390 0.246 0.229 0.268 0.02 0.24 0.02 0.24 0.32 0.02 0.26 0.04 026 0.39
MCC1394 0.511 0.208 0.110 0.30 0.36 0.21 0.33 0.61 0.40 031 0.37 024 033
MCC1395 0.242 0.178 0.174 0.06 0.21 0.09 0.21 0.25 0.07 0.21 0.13 021 0.25
MCC1431 0.350 0.323 0.191 0.03 0.34 0.03 0.34 0.65 0.16 0.27 0.21 0.26 0.39
MCC1447 0.427 0.347 0.173 0.08 0.39 0.07 0.39 0.85 0.25 0.30 0.28 0.27 0.44
MCC1449 0.397 0.185 0.125 0.21 0.29 0.19 0.27 0.42 0.27 0.26 0.32 022 0.29
MCC1451 0.555 0.326 0.160 0.23 0.44 0.14 0.43 1.04 0.40 0.36 0.33 030 0.53
MCC1452 0.466 0.258 0.179 0.21 0.36 0.16 0.35 0.69 0.29 0.32 0.29 029 049
MCC1458 0.499 0.192 0.242 0.31 0.35 0.21 0.31 0.55 0.26 0.37 0.24 035 071
MCC1465 0.401 0.235 0.219 0.17 0.32 0.14 0.31 0.54 0.18 031 0.21 030 0.52
MCC1466 0.469 0.320 0.190 0.15 0.40 0.11 0.39 0.86 0.28 0.33 0.28 030 0.53
MCC1467 0.650 0.388 0.420 0.26 0.52 0.14 0.50 1.45 0.23 0.54 0.17 052 161
MCC1473 0.555 0.360 0.240 0.20 0.46 0.12 0.45 1.15 0.32 0.40 0.27 037 0.79
MCC1478 0.302 0.212 0.286 0.09 0.26 0.10 0.25 0.37 0.02 0.29 0.03 029 051
MCC1484 0.532 0.300 0.188 0.23 0.42 0.15 0.40 0.92 0.34 0.36 0.30 032 059
MCC1489 0.346 0.302 0.136 0.04 0.32 0.05 0.32 0.60 0.21 0.24 0.28 022 0.28
MCC1501 0.236 0.170 0.089 0.07 0.20 0.10 0.20 0.23 0.15 0.16 0.29 015 0.12
MCC1512 0.447 0.241 0.156 0.21 0.34 0.16 0.33 0.62 0.29 0.30 0.31 026 041
MCC1514 0.392 0.287 0.107 0.11 0.34 0.09 0.34 0.65 0.29 0.25 0.34 021 0.25
MCC1515 0.652 0.319 0.292 0.33 0.49 0.18 0.46 1.20 0.36 0.47 0.26 044 112
MCC1516 0.302 0.242 0.214 0.06 0.27 0.07 0.27 0.42 0.09 0.26 0.14 025 0.38
MCC1518 0.403 0.287 0.091 0.12 0.35 0.10 0.34 0.67 0.31 0.25 0.36 019 0.22
MCC1525 0.462 0.267 0.220 0.20 0.36 0.15 0.35 0.71 0.24 0.34 0.25 032 0.60
MCC1526 0.433 0.268 0.208 0.17 0.35 0.13 0.34 0.67 0.23 0.32 0.24 030 0.53
MCC1529 0.350 0.311 0.221 0.04 0.33 0.04 0.33 0.63 0.13 0.29 0.17 0.28 0.46
MCC1545 0.264 0.266 0.201 0.00 0.27 0.00 0.27 0.40 0.06 0.23 0.11 023 031
MCC1551 0.406 0.413 0.253 0.01 0.41 0.01 0.41 0.96 0.15 0.33 0.18 032 0.60
MCC1553 0.391 0.354 0.197 0.04 0.37 0.03 0.37 0.80 0.19 0.29 0.23 0.28 0.45
MCC1557 0.301 0.331 0.335 0.03 0.32 0.03 0.32 0.57 0.03 0.32 0.05 032 0.60
MCC1558 0.552 0.269 0.342 0.28 0.41 0.18 0.39 0.86 0.21 0.45 0.18 044 111
MCC1567 0.543 0.232 0.192 0.31 0.39 0.20 0.36 0.72 0.35 0.37 0.30 032 061
MCC1578 0.468 0.287 0.366 0.18 0.38 0.13 0.37 0.77 0.10 0.42 0.10 041 1.01
MCC1580 0.524 0.185 0.212 0.34 0.36 0.23 0.31 0.56 0.31 0.37 0.28 0.33 0.66
MCC1584 0.354 0.386 0.202 0.03 0.37 0.03 0.37 0.79 0.15 0.28 0.20 027 042
MCC1585 0.395 0.471 0.244 0.08 0.43 0.06 0.43 1.07 0.15 0.32 0.18 031 057
MCC1587 0.201 0.287 0.201 0.09 0.24 0.10 0.24 0.33 0.00 0.20 0.00 020 0.24
MCC1606 0.388 0.313 0.300 0.08 0.35 0.07 0.35 0.70 0.09 0.34 0.11 0.34 0.69
MCC1613 0.498 0.186 0.166 0.31 0.34 0.22 0.31 0.53 0.33 0.33 031 029 0.49
MCC1625 0.362 0.304 0.240 0.06 0.33 0.06 0.33 0.63 0.12 0.30 0.16 029 051
MCC1626 0.412 0.278 0.195 0.13 0.35 0.11 0.34 0.66 0.22 0.30 0.25 0.28 047
MCC1631 0.554 0.221 0.257 0.33 0.39 021 0.35 0.71 0.30 0.41 0.25 038 084
MCC1636 0.410 0.348 0.306 0.06 0.38 0.05 0.38 0.82 0.11 0.36 0.12 035 0.74
MCC1639 0.307 0.250 0.254 0.06 0.28 0.06 0.28 0.44 0.05 0.28 0.08 0.28 0.46
MCC1641 0.335 0.184 0.266 0.15 0.26 0.16 0.25 0.35 0.07 0.30 0.10 030 0.3
MCC1646 0.352 0.315 0.272 0.04 0.33 0.04 0.33 0.64 0.08 0.31 0.11 031 0.56
MCC1692 0.380 0.237 0.203 0.14 0.31 0.13 0.30 0.52 0.18 0.29 0.22 0.28 0.46
MCC1730 0.420 0.386 0.274 0.03 0.40 0.03 0.40 0.93 0.15 0.35 0.16 0.34 0.68
MCC1760 0.263 0.167 0.206 0.10 0.22 0.13 0.21 0.25 0.06 0.24 0.10 023 0.32
MCC1782 0.355 0.165 0.259 0.19 0.26 0.19 0.24 0.34 0.10 0.31 0.13 030 0.54
MCC1808 0.732 0.343 0.246 0.39 0.54 0.19 0.50 144 0.49 0.49 0.31 042 1.06
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Table 6- Effect of salinity stress on shoot dry weight and salt resistance indexes of chickpea genotypes, Continued

£55) 2lew plail SiS (3359

9 (4391 5 Tlo?_'- MP12  SSI12 Efg STI12 TIOGL MP16  SSI16 gi\g SlTs'
Genotype  shoot dry weight (g.plant™)
0.5 12 16
MCC1828 0.494 0.276 0.296 0.22 0.39 0.15 0.37 0.79 0.20 0.40 0.19 0.38 0.86
MCC1834 0.377 0.281 0.296 0.10 0.33 0.09 0.33 0.61 0.08 0.34 0.10 0.33 0.66
MCC1865 0.475 0.198 0.244 0.28 0.34 0.20 0.31 0.54 0.23 0.36 0.23 0.34 0.68
MCC1966 0.403 0.441 0.196 0.04 0.42 0.03 0.42 1.02 0.21 0.30 0.24 0.28 0.47
MCC2122 0.332 0.249 0.239 0.08 0.29 0.09 0.29 0.47 0.09 0.29 0.13 0.28 047
MCC2166 0.474 0.273 0.099 0.20 0.37 0.15 0.36 0.74 0.38 0.29 0.37 022 0.28
MCC2168 0.463 0.269 0.288 0.19 0.37 0.15 0.35 0.72 0.17 0.38 0.18 037 0.79
MCC2190 0.401 0.283 0.177 0.12 0.34 0.10 0.34 0.65 0.22 0.29 0.26 0.27 0.42
Ol s’ oo S Sib agls s i g s ClmEFeerd g
S.0.V. Replication Salinity ~ Errora  Genotype  Salinityx genotype  Error CV (%) Doos
ol ez 2 2 4 69 138 414 33,011 2.96
d.f 9
Sl Sk 0.071** 2.01** 0.038 0.028** 0.017** 0.01

Mean of squares

S Jloz! mhas o o cire g o iy Jleil gl 1o o cire who s iy Jleil a0 o cxe b o ey s g 3 NS lo xe Dol JBlas (LSD gt 3 Sib 9556 gl :MCC

2,0

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ** and *: Non significant and significant at 1% and 5%, respectively.
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Fig. 4- Osmotic potential (A) and Na.Kratio (B) of chickpea genotypes in survival ranges, after four weeks salinity
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Table 7- Effect of salinity stress on absolute osmotic potential (MPa) in chickpea genotypes

05 12 16 05 12 16

e S e e ST e BB Nt Sl
Genotype (ds.m ) Genotype (ds.m)
MCC1303 1.46 3.95 3.79 MCC1526 1.55 3.69 5.81
MCC1311 1.23 2.56 463 MCC1529 1.34 3.11 1.99
MCC1312 1.50 2.64 3.55 MCC1545 1.74 347 428
MCC1314 1.43 3.12 5.60 MCC1551 1.42 3.01 3.16
MCC1320 2.68 3.28 5.28 MCC1553 1.41 2.26 3.94
MCC1348 1.67 1.92 5.38 MCC1557 1.46 2.68 5.31
MCC1354 1.38 463 0.00 MCC1558 1.56 2.61 2.56
MCC1356 1.64 5.35 2.69 MCC1567 1.74 4.37 423
MCC1357 1.38 2.77 3.78 MCC1578 1.58 2.45 2.71
MCC1358 1.38 2.79 408 MCC1580 1.70 3.46 1.23
MCC1372 1.36 3.88 1.36 MCC1584 1.41 1.94 425
MCC1381 157 6.78 2.73 MCC1585 1.55 2.66 497
MCC1390 2.46 6.88 0.00 MCC1587 1.43 2.19 454
MCC1394 1.28 5.56 1.58 MCC1606 1.55 2.34 2.84
MCC1395 1.58 4.04 6.29 MCC1613 1.42 3.87 2.18
MCC1431 1.65 2.82 4.49 MCC1625 1.37 2.95 471
MCC1447 1.26 2.52 7.09 MCC1626 1.26 3.05 473
MCC1449 1.44 3.49 1.99 MCC1631 1.50 5.34 3.65
MCC1451 1.30 2.48 1.82 MCC1636 1.46 3.11 3.00
MCC1452 1.45 3.16 3.14 MCC1639 1.30 2.99 6.08
MCC1458 1.53 3.86 2.56 MCC1641 1.40 3.34 433
MCC1465 1.14 3.08 5.48 MCC1646 1.59 4.61 3.82
MCC1466 1.50 5.05 3.00 MCC1692 1.44 2.28 3.59
MCC1467 1.45 2.56 3.11 MCC1730 1.69 2.40 456
MCC1473 1.36 353 2.17 MCC1760 1.36 2.37 2.12
MCC1478 1.58 3.70 3.11 MCC1782 1.71 2.68 2.86
MCC1484 1.37 2.84 4.26 MCC1808 1.28 2.49 457
MCC1489 1.60 2.53 2.22 MCC1828 1.40 3.63 407
MCC1501 1.40 2.86 0.00 MCC1834 1.49 3.28 461
MCC1512 1.50 3.47 2.39 MCC1865 1.48 3.85 436
MCC1514 1.74 3.15 0.00 MCC1966 1.40 2.02 3.39
MCC1515 1.69 2.31 7.07 MCC2122 1.63 3.07 455
MCC1516 1.61 1.88 2.29 MCC2166 1.41 3.03 1.99
MCC1518 1.32 3.05 5.92 MCC2168 1.56 4.61 3.74
MCC1525 1.49 2.57 412 MCC2190 1.35 3.72 1.69

O reets iln S ed Ak waips cwgixssd e SheSeed L SDoce

S.0V. Replication ~ Salinity Errora Genotype Salinity x genotype  Error CV () }

5*')(; f” 2 2 4 69 138 414 49.678 3.167
Shasye oefiles 40.3** 257%* 36.2 2.74% 4.20%* 1.9

Mean of squares

S Jloil mhaw 58 o g 5 do s iy ool mha 5o o pe oo iy el mdaw (0l gixe 8 oy

2,0

# 1S o gime Sglas J8las L SD wgtie 130 SGb 5556 y5nSIS MCC

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ** and *: Non significant and significant at 1% and 5%, respectively.
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Table 8- Effect of salinity stress on Na.K™ in chickpea genotypes

0.5 12 16 0.5 12 16

S 20y (o § w5 PO g3 e g
Genotype (ds.m?) Genotype (ds.m™)
MCC1303 0.050 1.36 1.02 MCC1526 0.090 0.993 2.13
MCC1311 0.073 0.657 0.967 MCC1529 0.110 1.03 1.79
MCC1312 0.103 0.767 1.30 MCC1545 0.127 0.797 2.03
MCC1314 0.137 0.883 1.40 MCC1551 0.233 0.783 0.600
MCC1320 0.377 0.703 1.05 MCC1553 0.093 0.443 1.08
MCC1348 0.080 0.343 0.900 MCC1557 0.110 0.843 1.04
MCC1354 0.130 0.820 161 MCC1558 0.083 1.27 0.800
MCC1356 0.047 0.697 0.603 MCC1567 0.563 0.587 0.683
MCC1357 0.163 1.05 0.930 MCC1578 0.160 0.417 0.683
MCC1358 0.080 0.913 0.940 MCC1580 0.093 0.580 1.48
MCC1372 0.193 0.700 0.987 MCC1584 0.093 0.167 0.707
MCC1381 0.113 0.897 1.74 MCC1585 0.067 0.660 1.28
MCC1390 0.193 1.15 1.73 MCC1587 0.367 0.370 0.907
MCC1394 0.120 1.19 0.120 MCC1606 0.070 0.357 0.733
MCC1395 0.097 0.990 143 MCC1613 0.110 1.13 141
MCC1431 0.160 0.243 1.23 MCC1625 0.073 0.673 1.32
MCC1447 0.090 0.333 1.10 MCC1626 0.077 0.677 1.04
MCC1449 0.260 1.14 121 MCC1631 0.080 0.863 1.23
MCC1451 0.187 0.513 1.39 MCC1636 0.167 0.860 0.693
MCC1452 0.070 0.623 1.07 MCC1639 0.097 0.580 1.75
MCC1458 0.087 0.877 1.13 MCC1641 0.107 0.853 1.83
MCC1465 0.223 0.813 0.887 MCC1646 0.093 0.627 0.657
MCC1466 0.093 1.38 0.977 MCC1692 0.077 0.420 1.01
MCC1467 0.460 0.577 0.773 MCC1730 0.117 0.760 1.40
MCC1473 0.153 0.703 1.18 MCC1760 0.093 0.493 1.32
MCC1478 0.087 1.56 0.777 MCC1782 0.103 0.427 0.867
MCC1484 0.060 0.480 1.98 MCC1808 0.810 2.37 0.880
MCC1489 0.167 0.823 1.16 MCC1828 0.140 0.953 0.707
MCC1501 0.220 1.14 1.49 MCC1834 0.097 0.967 1.15
MCC1512 0.220 0.773 0.863 MCC1865 0.077 0.750 1.20
MCC1514 0.083 1.34 2.15 MCC1966 0.303 0.240 1.06
MCC1515 0.137 0.497 0.857 MCC2122 0.083 0.707 1.27
MCC1516 0.290 1.01 1.35 MCC2166 0.080 0.657 2.30
MCC1518 0.073 0.673 0.840 MCC2168 0.070 117 0.827
MCC1525 0.213 0.677 0.743 MCC2190 0.090 0.980 1.45

Ol st 23lio IS Sag aglks  Guig) Gl gl X (5 98 s Sl 08 LSDoos

S.0.V. Replication Salinity Errora Genotype Salinity x genotype  Error CV (%) '

“5°')(; ‘:fﬁ 2 2 4 69 138 414 40.786 2.937
Slas o 5 Skeo
Mean of 0.315% 55.0%* 0152  0.338** 0.308** 0.082
squares

S Jloiml o )3 o g g auo )0 gy Jloix mhans 10 o poe o ys iy Sl mhaw (o I8 xS gy

o )o

# NS o re oglis JSlas L SD wagie j3 il 056 505Ul :MCC

MCC: Mashhad Chickpea Collection, LSD: Last significant difference, ™, ™ and *: Non significant and significant at 1% and 5%, respectively.
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Table 9- Coefficient of correlations of measured traits of chickpea genotypes in control
o lad olie L 2. 3. 4. 5. 6. 7. 8
NO. Parameter
1. L“ 1
Survival
Sy &L“")l 0.00" 1
Plant height
@y glis | Bl 0.00% 079" 1
APlant height
4. ks ‘5L§" 0.00" 0.00™  0.00™ 1
Leaf survival
el s 000" 033" 032 000% 1
Electrolyte leakage
S5 ot R
6. ©R S 059 0.00™ 0.46 0.11™ 0.00™ 0.07™ 1
Dry weight
Lt
S &“"L” 0.00" -0.06™ -0.09" 0.00" -0.04™ -0.13™ 1
Osmotic potential
8. Na.K* 0.00 -0.02 -0.10™ 0.00® -0.18" 0.33" 0.12® 1

o0 S Jloiol mhass )0 jls e g s e gy Jlaksl mhaw 5o lo dre oy iy Skl mhaw (o Jlo Sre i oS Sy s g 3 NS

ns **
’

W=t (i )0 lwgie (5 9042 (2> (TOLL2)
i (255l (2Pt (MPL2) ;e 1 e o
(CMP12) ;s p uionsowd VT (6598 (A5 50 (5 90 ¢
ooty WY (6 )9d A )8 (A 4 Jeod a3 Ls
V7 65 i 50 gt (5 900 2> LS (STIN2) s
i Sl (AP LS (MP16) ;e 1y (e s s
(CMP16) jis p mdoajowd V7 (559 (A5 50 (5 900
ey VP60t A )8 A 4 Jeod el
A e S oS 5l oo iy oy (STILE)
ooy VP69t A ) Jeod (el ey
S5 GRS )3 S 4 Sl aLh 5 (TOLLE) e

oSy Qoﬁi Cewddy 6l (SSI16) yo 3 o jgw VF
A oolaiwl Glaize olliws jo 5 bewiss) olwlis g
«MCC1782 <MCC1646 <MCC1587 L a5

«MCC1356 «MCC1557 <«MCC1478 <«MCC2122
«<MCC1314 <«MCC1639 <«MCC1692 <«MCC1431
«<MCC1312 <«MCC1625 <«MCC1465 <«MCC1641

)_E»' )’l MCC1390 3 MCC1760 <MCC1545 <MCC1395
Bas easline §p slacaisls Glgieas pg0 9 Jol lafale

(O Js)

and *: Non significant and significant at 1% and 5%, respectively.

VP ot (i 5o lwgte (5590 )2 oL
i 5Sle AL (MPLE) e 1y o j o
5 GMPIB) o pr (uionjoms VP (598 (55 55 5 900
o VGt RS0 S Jead el
5l iy VUA oga ago ale 56 o 4 L (STIIB) yio
Sl aey gl vs)s Jold oS 55 4y |y Sl
O )0 Jeod el el 4 i Cad g cute L L
Comslu a3l 9 (TOLLB) jo p (uiasjswd VP (5,50
L (SSI16) ;oo j (o g V& (590 RS 40 i 4
Iy Olmass 5l oo )0 VYO Sgas po Jsle 09 o2 )L
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G G5 59 A5 4 ol (a3l 5 (el Jily
Pl dole oy aie JL L (SSI2) e ionj o VY
las | Bl aS o S a1y Ol s 5l as )0 /) sg0-
) uls Jule ol 5 1) 53 s (i b b &5y
O
Sl (i 45 093 5 Jol Jsle g0 Olas S
Wig Siis )9 Jold o S azei 1) Laosls il lg
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Table 11- Factor analysis for chickpea genotypes

olio Vailge  Vailge  Yadlje  Failge O ale
Traits Factorl Factor2 Factor3 Factor4 Factor5
ey -0.316 0.707 0.201 0.050 0.448
Survival percentage
Sl -0.397 0.728 0.211 0.109 0.347
Leaf survival percentage
Gy ) 0457 0188  -0519  -0511  0.009
Plant height
g iy} S 0108 0265  -0.541  -0.704  -0.007
APlant height
Sels S 0.016 0429  -0520 0283  -0.149
Electrolyte leakage
Syl doily 0066 0428  -0431  -0301  0.368
Osmotic Potential
S5 03 0956  0.159 0131  -0009  -0.182
Dry weight
oy & s S 0168  -0494  -0214  -0260  -0.456
Na.K?
e e T e e 0600  -0515  -0447 0319 0218
TOL 12dS.m*
P et o3 VT by (550 0 2L 0941 -0121 0248 0152  -0.025
MP 12 dS.m
P s o3 WV G Sl (a2l 0343 -0513  -0564 0422 0296
SSI 12 dS.m*
Fer o e Vo e ke 22 00 5040 0337 -0225 0,066
GMP 12 dS.m'
PP oy e VG 4 oot el 0903 0032 0323 0223  -0.098
STI12 dS.m
P e o3 VP Jed 22l 0609 0709 0038 0134 0281
TOL 16 dS.m™
" o lawg o W)
ot ity 2 VP Lo 9000 22 -0.950 0.039 -0.150 0.190 -0.140
MP 16 dS.m"
P ey o3 VP A Sl 22 0366  -0.770 0148  -0.209  0.342
SSI16 ds.m™
P e o3 P ogo st i oSlee 220 060 0979 L0471 0251 -0.241
GMP 16 dS.m*
P2 e VP A oo a2 0856 0253  -0173 0247  -0.267
STI 16 dS.m™
3 )L)JLe
, 7.297 3556 2.069 1635 1214
Eigenvalue
e 2y 405 60.3 718 80.9 87.6

Cumulative (%)
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Fig. 5- Distribution of chickpea genotypes on the basis of the first and the second components
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Fig. 6- Classifying dendrogram in chickpea genotype based on studied traits
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Table 12- Analysis variance (mean of squares) of multi variables based on unbalanced completely
randomized design (CRD) Wilks' Lambda in chickpea genotypes

Jole ST 4y fosed s g Sl sl Jloso! s
Function d.f Wilks' Lambda Chi-square Probability level
1 45 0.030 210 0.001
2 28 0.260 80.1 0.001
3 13 0.682 22.8 0.045

0958 sLrcaig uieg S Come sl padd @b @l -1 Jgus
Table 13- The results of discriminant function for clustering validity of chickpea genotypes

09,5 »0 Lygac

09,5 . &gz
Group Group membership Total
1 2 3 4
1 3 0 0 0 3
Egome 2 0 2 0 0 2
Total 3 0 0 31 1 32
4 0 0 0 33 33
1 100 0 0 0 100
RV 2 0 10 0 0 100
Percent 3 0 0 96.9 31 100
4 0 0 0 100 100

Sl 00l Pl;u' Tto Oy0d Lb‘_gd...; 05; )l RS AP
98.6% of original grouped cases correctly classified
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Fig. 7- Cluster grouping of chickpea genotypes based on significant canonical variable under controlled conditions
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Table 14- Standardized canonical discriminant function coefficients measured groups in chickpea genotypes

Olao Sl b i
Treats Canonical varieties
1 2 3
& 1.13* -0.113 0.022
Survival
Sl -0.063* 0.021 -0.007
Leaf survival
o £l
R aad) -0.152 0.807* -0.052
Plant height
5 ] S 0.263 -0.594% 0.170
Delta plant height
el S e -0.242 0.789* 0.216
Electrolyte leakage
el Jeily -0.147 0.724* 0.318
Osmotic potential
SO 0.441 -0.057 -0.294%
Dry weight
reel ; f":::’ S 0.067* -0.151 -0.224
a.K"
P oot @ Y Jes 22l -151 -0.827% 5.20
TOL12 dS.m*
Pt ey o 1T Lo g0t a2l 0773 206 5.63*
MP12 dS.m'*
e L e A e 145 -0.121% -3.37
SSI12 dS.m*
Fo gy omiery 3 VY (650 00 (it (5 Sile el _1.27% -0.224 -2.16
GMP12 dS.m*
ot ey o 1T 5 & Jood el 0.305* 11 7.38
STI12 dS.m
R i o e 0.321* 4758 472
TOL16 dS.m*
o et 5 VP R Sl 2 -0.34% -2.966 4.08
SS116 dS.m'
o5eg olade 7.80 1.622 0.466
Eigen value
(o 2y 78.9 16.4 4.70
Cumulative %
A (Fomren 0.94%* 0.79%* 0.56*

Canonical correlation

Sl e 5 Lo 2 (s o o0mliie (Sawan 5L P
*: Largest absolute correlation between each variable and any discriminant function
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Table 15- Analysis of variance (mean of squares) based on measured groups in chickpea genotypes

wlio Wog,S (e Wog 5 (5959 Jloso| gl
Traits Between groups Within groups Probability level
ERHETSS 3 66 _
d.f
[V o -
: 16857 2572 0.000
Survival
Sx gsL'fe 5173™ 3064™ 0.000
Leaf survival
g ?.Uf")‘ 119" 310™ 0.000
Plant height
Sy glis,| S 62.9" 446" 0.033
Delta plant height
- - ‘ w - x
=55 1003 5204 0.008
Electrolyte leakage
syl oy 581" 15.2* 0.000
Osmotic potential
S 0o 0.022" 0.190" 0.061
Dry weight
ey 4y 2o S 0.484™ 2.09™ 0.003
Na.K?
Fo gt ety 53 VY Jos (el 0.054™ 0.615™ 0.134
TOL12 dS.m™*
Fo gy mier) o VY agie (650 00 a3 0.012"™ 0.322" 0.480
MP12 dS.m*
Ao ey o2 WV Sseste siis (Siles 25 0.017 0.224" 0.181
SSI12 dS.m™t
St ety o VY 55 & Jood el 0.013™ 0.292" 0.420
GMP12 dS.m™*
o e oo VY Jod a3l 0.202" 4.45m 0.399
STI12 dS.m*
S g ey o VF Ly 5550 540 2>Ls 0.039™ 0.842" 0.384
TOL16 dS.m™
Pt ey o0 VP AT ) Camles a3 Lo 0.031™ 0.280™ 0.070
MP16 dS.m*
S g oy (503 VP 6590 4 i 5eSile 3L 0.052" 0.539" 0.103
SSI16 dS.m™
Ao oy oo VP A Jeod 22l 0.042" 0.255" 0.018
GMP16 dS.m™*
o ey 53 VP Jed pamli 0.459" 3.749" 0.053
STI16 dS.m*

o) s Jlaio mha o o sine g o) gy Jleisl o jo s e wao o gy Jlaisl s j3 o cime pé s g4y g S
Ns « and **: No significant at probability level of 5% and probability level of 1%, respectively
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Table 16- Cluster analysis in chickpea genotypes

Yoy ¥ Y 09,8 YogS Fog,S Egozxo
sl Group 1 Group 2 Group 3 Group 4 Total
Traits i) ol
Genotype number
3 3 32 33 70
& -
'_M’° 40.5%+3.06 85.0°+2.36 95.9%+7.13 68.9°45.51 80.5+16.8
Survival (%)
S &
7S ;M’° 51.2°45.80 77.8°+4.48 82.3%+6.78 67.5°+6.96 73.9£10.9
Leaf survival (%)
S slas )|
=5 &5 111540225 2084502  14.6°+1.84  152°42.37  14.9+2.49
Plant height (cm)
W gl )| BB

. 5.33+1.99 12.4°42.32 7.56"°+2.06 7.40°+3.07 7.53+2.72
Delta plant height (cm)

ooy mSIl cutd as o
Electrolyte leakage (%)

28.3°+1.09 56.2°+6.68 41.7°+8.67 43.0+9.4 42.2+9.48

‘5_’ i _L”" 1.72°40.354  3.83°+0.198  2.85°+0.422 2.73"+0.542 2.77+0.552
Osmotic Potential (MP)

SEZ 539
Dry weight (g.plant?)
ol 4 o S

0.229°+0.056  0.310°+0.158  0.315°+0.059  0.297*+0.04  0.303%0.055

0.953%0.235 0.670°+0.240  0.625°+0.186  0.757%+0.163  0.703+0.193

Na.k*

P ety @3 WV Jood a2l 007240031  0.198%0.19  0.124°+0.088 0.169%+0.103  0.145+0.098
Tol12 dS.m™

Pt e o3 VT g (5590 0 a3 0.289%40.075 0.348%4+0.195 0.3530.07 0.341%0.061  0.345:0.07
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7o ety o3 VS eekin 0Fle 25 e 075 033240175 0.3450.069  0.32740057  0.334+0.066
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P ety o3 VA 4 oo el 049240228 0.723+0.671 071340281 06330213  0.666+0.26
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PR e o3 VP Jed 22 021440070 021440206 0.168%0.095 02160126 0.193+0.113
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P ey o3 VP b g0 2L 0.218+0.048  0.34040.187 0.323%40.071  0.316*+0.052  0.315+0.067
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7R o) L;“T’Tl‘;df N Jozs 2l 0.217%+0.082 0.685%+0.616 05880274 0.510%+0.179 0.538+0.247

.m-
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* Means with the same latter are significntly differences.
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Introduction

Chickpea (Cicer arietinum L.) is considered as one of the rich sources of plant protein in human diet and an
important factor in soil fertility which has of special position in the crop rotation programs. In Iran, chickpea is grown
in spring and autumn. Ascochyta blight is currently considered as the most important limiting factor of winter
cultivation of chickpea in Iran. Identifying sources of resistance to Ascochyta blight by performing screening tests using
artificial inoculation is one of the common methods in plant breeding. The cost and risks of spreading the diversity of
pathogenic fungi due to the use of infected plots are among the limitations of alternative studies. Providing a reliable in
vitro screening method besides speeding up the breeding programs can overcome many of these limitations.

Materials and Methods

Two chickpea seed samples were selected in the presented study which were including; MCC133 and ILC1929,
respectively, as resistant and susceptible lines to Ascochyta blight. The seed samples were provided by the seed bank of
the Research Center for Plant Sciences of Ferdowsi University of Mashhad, Iran. The fungal isolates called PI
(Pathotype No. 1), related to Ascochyta rabiei with strain number of FUM 1001 was obtained from the Microorganisms
Collection of Ferdowsi University of Mashhad (WDCM 1207), Iran. The germinated chickpea seeds were planted in
pots containing equal proportions of leached sterilized coco peat and perlite. The pots were kept in a growth chamber at
2442 °C and 16:8 h light/dark photoperiod and fertilized weekly by ZISTA nutritional plant solution up to 5 leaves.
Three leaves were detached from each seedling and placed under sterile conditions in test tubes. The durability and
growth potential of surface and endogenous infections on chickpea leaves detached from the seedlings grown in
greenhouse condition were investigated after surface disinfection and culture under in vitro condition without nutrient
medium. Moreover, the severity and rate of disease symptoms development as a result of applying two inoculation
methods were compared on detached leaves separated from susceptible cultivar. In addition, the possibility of
differentiation of resistant and susceptible genotypes was investigated in response to a virulent pathotype. In the final
stage, the possibility of differentiation of different fungal pathotypes was evaluated based on pathogenicity on resistant
cultivar.

Results and Discussion

Our daily visual observation showed that, no signs of fungal growth or symptoms of infection related to
saprophytes were observed on detached leaves inside the test tube until the tenth day. The leaves were completely fresh
until the tenth day and there were no symptoms of wilting on them. On the tenth day, a number of leaf samples had
slightly reduced their greenness, but were perfectly healthy. The results showed that using this method the detached
leaves can be stored safely in the test tube for at least 10 days. In addition, the method of preparing the leaves has
prevented any surface infection. The results of pathogenicity test showed a clear difference between the disease
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symptoms in the two inoculation methods. Symptoms of the disease were visible on the leaves of susceptible cultivars
in the immersion method from the third day in the form of very small spots resulting from the destruction of the
cuticular layer on the leaf surface. These symptoms were strengthened on the fifth day. Disease development was
increased rapidly in the whole leaf and the wounds were quite visible on the eighth day. In the drip method, no visible
symptoms were visible until the eighth day, and on the tenth day, the wounds were observed at the site of inoculation.
The results indicate that the immersion method induces quicker symptom development on leaflets, with a more rapid
and widespread effect across the entire leaf. Additionally, owing to the limited survival period of detached leaves, this
method facilitates faster symptom manifestation within a relatively shorter timeframe. Thus, inoculation by immersion
method has a higher efficiency in the occurrence of Ascochyta blight disease symptoms. The disease symptoms
observed on the leaves are due to the activity of a wide range of compounds produced by the fungus, including plant
tissue degrading enzymes, toxins and fungal metabolites that are toxic to the plant. Investigation on gene expression
pattern of A. rabiei in the early hours of plant infection has shown an increase in the expression of different gene
families which can cause symptoms on the plant by destroying the cuticle of the leaf surface and cell wall in the early
stages of infection.

Conclusions

Taken together, these results showed that the invented method of testing the pathogenicity inside the test tube is
well able to distinguish resistant and sensitive cultivars from each other. Accordingly, this method can be used in
selection studies and evaluation of resistance of chickpea samples against infection with A. rabiei isolates.

Keywords: Ascochyta blight of chickpea, Differentiation of resistance level, In vitro selection, Quantitative damage
degree
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Fig. 2- The process of Ascochyta blight disease symptoms development on the leaves of the susceptible chickpea
cultivar ILC1929 using two inoculation methods; drop inoculation (In-1) and immersion method (In-2) by Ascochyta
rabiei pathotype | (PI) spore suspension at time intervals of one to 10 days after inoculation (dail-10)
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Fig. 3- The process of Ascochyta blight disease symptoms development on the leaves of the resistant chickpea cultivar
MCC133 at time intervals of one to 10 days after inoculation (dail-10) using immersion method in Ascochyta rabiei
pathotype I (PI) spore suspension
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susceptible ILC1929 pea plants
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Introduction

Drought is one of the most important non-living stresses that has an adverse effect on crop production and their
quality and leads to osmotic, ionic, and nutritional limitations as well as growth delay, metabolic disorders and
oxidative stress in plants. Iran has a dry and semi-arid climate and the occurrence of drought stress during the growth
period of plants is inevitable. Presently, the production of legumes in the country is mostly under rainfed conditions and
drought stress is one of the main factors reducing the yield of legumes. Mung bean is a small grain of valuable legume.
Evaluation of the performance of different cultivars is considered a starting point in identifying drought-resistant
cultivars. Cycocel is one of the most important growth retarders for tampering with growth and performance. Therefore,
the present study was conducted to investigate the effect of foliar application of cycocel on quantitative traits of mung
bean (Vigna radiata) genotypes under water deficit conditions.

Materials and Methods

In order to investigate the effect of foliar application with cycocel and water requirements on quantitative traits of
mung bean (Vigna radiata) genotypes, experiental desing of split-split plot based on a randomized complete block
design with three replications in research farm of the Ferdowsi University of Mashhad. Experimental factors included 3
levels of drought (non-stress, mild stress, and severe stress), 3 levels of cycocel foliar spraying (0, 400, and 800 mg/L),
and 2 levels of mung bean cultivars (Hendi landrace and Zarbakhsh). Statistical analysis was performed using SAS 9.4
and comparing the means was based on the LSD method at a 5% probability level.

Results and Discussion

The experimental results showed that the effect of drought stress, cycocel, genotype, and the interaction of drought
stress and cycocel as well as drought stress and genotype on the number of pods per plant were significant. The results
showed that drought stress reduced the number of pods in the plant and cycocel increased it. The number of pods in the
plant of the Hendi landrace genotype decreased more than that of the Zarbakhsh genotype due to drought stress. Also,
drought stress, cycocel, genotype, and the interaction of drought stress and cycocel as well as drought stress and
genotype on the number of seeds in the pod, were significant. The results showed that cycocel increased the number of
seeds per pod, while drought stress decreased the number of pods per plant. It was also found that at all levels of
drought stress, the Zarbakhsh genotype had more seeds in pods than the Hendi landrace genotype. Drought stress,
cycocel, genotype, and the interaction of drought stress and cycocel as well as drought stress and genotype had a
significant effect on the 1000-seed weight. The results showed that the 1000-seed weight increased due to the
application of cycocel, while drought stress decreased this trait. In addition, it was observed that the 1000-seed weight
of the Hendi landrace genotype decreased more than the Zarbakhsh genotype due to drought stress. Drought stress,
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cycocel, genotype, and interaction between drought stress and cycocel had a significant effect on grain yield. The
results showed that the grain yield in the Zarbakhsh genotype was significantly higher than in the Hendi landrace
genotype. It was also observed that drought stress decreased and the application of cycocel increased grain yield.
Drought stress, cycocel, and genotype had a significant effect on biological performance. Drought stress caused a
significant decrease in biological yield. The use of cycocel increased the biological performance and increasing the
concentration of this substance increased the biological performance. The results of variance analysis of data showed
that the effect of drought stress, cycocel, genotype, and the interaction of drought stress and cycocel, drought stress and
genotype as well as cycocel and genotype on harvest index were significant. In addition, it was observed that the harvest
index of the Hendi landrace genotype decreased more than the Zarbakhsh genotype due to drought stress.

Conclusions

According to the results of this study in the presence of drought stress, it showed a decrease in yield and its
components. Among the studied mung bean cultivars, the Zarbakhsh cultivar showed superiority in tolerance to water
shortage conditions compared to other cultivars. The use of cycocel reduced the negative effects of drought stress on the
plant. It appeared that the use of cycocel under drought stress conditions improved the plant better plants performance.

Keywords: 1000-seed weight, Beans, Chloroquat chloride, Drought, Number of pods per plant
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Table 1- Physical and chemical properties of soil
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Table 2- Monthly average minimum and maximum temperature, relative humidity and rainfall during mung bean
growing period in 1991 to 2021
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|
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July
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Table 3- Variance analysis of yield and yield components for mung bean genotypes at different levels of drought stress
and foliar application of cycocel

Slay o (pafilee
Oy @i Gol3T a0 - — m— . - Mean of squares.
SOV df “"a” "’5:)‘ Sl :“: » “‘E SN s Ve o3 “"°S°)S:“‘ o °{'<'LI“° catls y sl
poa number per seed numper per . . eel lologica .
plant pod 1000-seed weight yield yield Harvest index
" 2 4.8 0.02" 0.7 1164™ 5235 0.68"
Block
S 2 5561.9" 26.4™ 487.2  3594284.9™ 6361957.5™  799.3"
Drought (D)
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Error (A)
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DxCxG
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Error
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CV (%)
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ns, *, ** ***: not significant and significant at 5% and 1% and 0.1%, respectively.
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Table 4- Number of pods per plant, number of seeds per pod and 1000-seed weight in the interactions of drought stress
and cycocel (top) and drought stress and mung bean genotype (bottom)

Agy yo ML olawy
pod number per plant

GME o dils olasy
Grain number per pod

(py5) &ilo Vere (39
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S S G ) G» o)) GB W)
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CWRY.75 125.0¢c 1315b 8.43¢c 8.94b 525¢c 53.8b
CWR 1446 a 145.7 a 10.04 a 10.10a 57.7a 58.0 a
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* For each trait, means with a common letter do not show a significant difference at the 5% probability level using the least significant difference (LSD) test.

= Sk T

aw oyl 0,8 poe an cacs L alo Ve v v 5 JgSole

0 3, LS i ygim jled o

0,8 5 JralS el Sas s aS ol csslive (yuioren
dod ;o A4S ggzaids tad aily o ,Slas ol Cely JussSo L
e 4ile 3 Slae o flaS g (p oy (S 5 golaw
S pace g JwsSole i o S e A e slayles o
58 (G i 5o () JSL8) il ol JuusSl
o & o |y il 5 Skt oSl ) 59 o5 oo o
b aed (0 azen 0l il il oo 0 VF T o8
3 oS A I b Sl 3,05 (S 5
TV Ol oyl poce Loyl d ay s ails o Sloe il Cely
roSol 0,5 pae e (A5 jled 0 b Al il ae s
el i oS le Ae e 5 er Glacile b T8
oﬁ)lfﬁxsolﬁf@”l.gw)a\H)amLi‘:lngS.‘o)oa&
SaplS oo ,0 Ve g VY YE Cu b dils o Slae (JwsSole
S g drwsSale 008 pas b anad (A jled po il
o1y asls o, Slee it 0 o8 o Aee g Fer clale bl
oﬁ)L_fr:..x_csoL_:fé_ﬂ)'L_gM)a\H)amL_.;‘:lngS.o

(Y JSo) ols zals 0o )0 YO 5 FY B s pa (JwsSole

o § S ySdos
5 sl ((Sis 25 Guib)ly 4528 @bl Gulal
(V' Jgoz) s dls gy 0 ,8ee 1 6 )locre Sl sl
Dl s 5, She (6 lo ine LS el (Ko A
ot S @pe e p )5 FOAYID 5l (fnys o Shoe a5 g5y

(Sl i mhaw faed )0 pizren Ll ]38l ds o
Wb el o e, S Lo A clale b JugSile 0 )8
S yd Caiad () 0 5 pae Ll a4 cas alo Ve e 5
5 dwsSalo 0,8 pace (odle i Lo po il Gl
el ;o o p, S beher 5 Fe e Glackile L lo,)ls
5,8 pae g ol ol 5o ao o Ve o) vals b avslie ,o 0
Go ) dw g g Wi o Fas Al Voo e g (JsSole
5 J—wgSolu 0,5 )LS pae 3 cagad 15 jleud ol elS
Ve s 8 S e Are 5 ¥ee L T, 5
ﬁa_cjot_:fs_ﬂ)‘t_ﬁjw)a\~~)¢mLi,lgw.L&o).>l)4.ilo
ol el S oo Ve g VW OTY o e (JwsSolo 0 )18
St 5 G0 aie Gy ails Ve e 059 (F Jgu)

Voo Oig a5 sy il GralS ) el ) e
o Somad i g el (5 sla Lo 3 (aia gl il
58l GEalS oo )0 VY 9l an (S gae jleS
o S [y o Ve e e (59 (( SAS AE 55 (i) o)
Do i Lo )d S ggmiar oy alS 5 e e
VO el 3 Lol )0 5 Ced ey cnl ald Ve e (5

(F Jgaz) olo lis mels ws o

aild & Sloc
O S e 9 9] cmgSal o St i
adls asls o, Slee 1 (g)lo e 31 gl 5 S



YYA o ilo (slaigi 0 Shos b b o (o8 Sl S 329 2 JuwgSal (bl Jgloms 51 ol 80m g oy (Ul

sl 9 0,5 A 5T oo o it M G a5 gepnste 5 05 TEAFIA & 25
99 Cyam DS ol i mls omen (O Jsuz) S, 3, Shos ilial el JuwsSolo 0,015 (0 Jgoz) <dl Julas
A4S (59704 Do o xe P o, Shae (a5 5l 50 Sl ‘b;ksl...a Aee as ¥eoosloole ol cdale iol58l 4 0 Jg-aney
oly poliaisl g5 4y (g ey (fuwm )y o Shos (idn,); el 45 (5970 Wh Sy 0y Shas ulp 8l crge 5 2 o

(0 Jgu) poe )l 3 gyeyie o )5 YYVYIY Sl () o Shee

a ooy ppS FY BNV o ¥AY /Y 4y JwsSola 0 LS

2M_%‘§%4ﬂum Lo 3500
2 N N . :
"IN TN | AN
510 ?\\\ /§ so0-

Genotype
(e2) Jwgolu g (Sobs (3 JaSiod 2 g (Cwly) Golo sl ghf 5o dils o ,Sos - S
Fig. 1- Grain yield in mung bean genotypes (right) and the interaction of drought stress and cycocel (left)
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In each section, the averages with a common letter do not show a significant difference at the 5% probability level using the
least significant difference (LSD) test.
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Table 5- Biological yield (g.m) of mung bean at different levels of drought stress (right), cycocel (middle) and different genotypes

(left)

S oy 5 as (i 2 o5 o) JrgSols oy 0 5o g S 3 S os
Drought Biological yield Cycocel (mg.I?h) Biological yield Genotype Biological yield
CWR/50 3386.8 c* 0 37233¢ Hendi 38736b
CWRY/.75 3889.0b 400 3930.3b Zarbakhsh 40326 a

CWR 4583.5a 800 4205.7 a
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* In each factor, means with a common letter do not show a significant difference at the 5% probability level using the least significant difference (LSD) test.
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Table 6- Harvest index (%) in interactions of drought stress and cycocel (top), drought
stress and genotype (middle) and cycocel and genotype (bottom)
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Drought Cycocel (mg.I")
0 400 800
CWR/50 19.6i* 245h 26.2¢g
CWRY.75 28.4f 30.8¢e 32.2d
CWR 339¢c 36.5b 40.5a
(S ol Gp o))
Drought Hendi Zarbakhsh
CWR/50 22.0e 24.8d
CWR/.75 29.2¢ 31.7b
CWR 36.8a 37.1a
sy e o))
Cycocel (mg.I"h Hendi Zarbakhsh
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800 31.9b 34.0a
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* In each section, the averages with a common letter do not show a significant difference at the 5%
probability level using the least significant difference (LSD) test.
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Introduction

Weeds are one of the most problematic factors in chickpea production systems and chemical control of weeds is
limited in Iran because of registered selective herbicides for this crop are not available for farmers. In this situation,
optimizing of herbicide application (especially soil-applied herbicides) is one way that can help farmers to combat with
weeds. Incorporated By Sowing (IBS) is one of the best way for optimizing of non-selective soil herbicides application
in crops. The purpose of this experiment is to investigate the possibility application of non-selective soil-applied
herbicides in directed planting of chickpea via IBS.

Material and Methods

Application possibility of non-selective herbicides in directed sowing of chickpea was evaluated in Ardabil and
Zanjan in 2020. The treatments were arranged in a strip plot experiment with randomized complete block design and 3
replications. The vertical factor was herbicide application (including: trifluralin, metribuzin, pendimethalin,
imazethapyr, and their combination with (phenmedipham+desmedipham+ethofumesate), and also oxyfluorfen and
weedy and weed free controls. Horizontal factor was incorporated by sowing (IBS) methods (including: incorporate by
seed planter and cultivator+seed planter). Seed germination of chickpea, weed density and biomass and chickpea grain
yield were evaluated 30 days after herbicide application and in the end of chickpea growth.

Results and Discussion

IBS methods did not have a significant impact on weed and chickpea density and biomass. Therefore, the use of a
cultivator before seed planting is only recommended when the seedbed is inadequately prepared or if pre-planting weed
control has not been effectively executed. In contrast, herbicides had significant effects on weeds population and
chickpea in experimental locations. In Ardabil, pendimetalin and pendimetalin + (phenmedipham + desmedipham +
ethofumesate) were the only treatments that had low efficacy on weeds (with 48.9 and 51.7 % weed biomass reduction
respectively) and other treatments had no significant difference in 30 days after herbicides application. In the end of
growing season, the highest weeds biomass reduction (in compared with control) were recorded in trifluralin,
metribuzin and imazethapyr in combination with (phenmedipham + desmedipham + ethofumesate) and oxyfluorfen
(with 84, 83, 80 and 70 of control (%) respectively). In Zanjan, single application of trifluralin and metribuzin and their
combination with (phenmedipham + desmedipham + ethofumesate) and combination of imazethapyr with
(phenmedipham + desmedipham + ethofumesate) had the highest weed control with 79, 71, 78.6 and 75.5 %
respectively. In contrast with Ardabil, the lowest weed control efficacy was recorded in oxyfluorfen plots (22.4%).
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Grain yield of chickpea was also high in trifluralin + (phenmedipham + desmedipham + ethofumesate) and was low in
imazethapyr in Zanjan and Ardabil.

Conclusions
Application of soil herbicides (including: Metribuzin and Trifluralin) in chickpea is possible only if, farmers use
them just before sowing and incorporate the herbicides into the seedbed during the sowing process.

Keywords: Conservation agriculture, Imazethapyr, Oxyfluorfen, Pendimetalin, Trifluralin
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S35 (3535 ool aiil e aBlie (T & 9559
ol (R39S e igyom B yas (Mousavi, 2010)
Veisi et al., ) laise sla ) p 100,55 8,l5 9556 &
slocile J5S 15 s e @5 4T Hes (2019 ab
Wb 155 FelilaS ol 5 mlsleal ccan i 5l S 550
2855 518 90 3590 55 jsms e 4 9535 ol
9 )5 )Lid B rae S gla S dle (ogas 3
S o byl ) Fale o Lol ddlie 9o by iScale coddM>
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VA 50 L oo e rdliesay 5 ol ys-Los 5 =)
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S e s jslaieds 1 o3l sl ylod' (25
i3 (39 9 oS nl e )0 0955 1 stules] sl e
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ol 9 J=5 bl ol o (Kleemann et al., 2015)
ogeg e 50 ale 5e ]S 55 (Gill & Bowran, 1990)
I, (Triticum aestivum) sa__5 ,s (Bromus rigidus)
3 e L plojea BWST (Sg,4 5 (n g e Laws
sy B50,8 G155 ol g yomm 208 b s lie
i asine o (Kleemann & Gill, 2008) (LS 4 oyleds
Wl L plejee DS (Sg5d0 (jamcs e 0 )5 &5
S 30 ol Ghgyimmy B mas 4 Cod 6 3VL QIS
Hordeum vulgare ) o= cly; ;o (B. rigidus) wges,
5 SBla (55)laS pllss )0 (lls i 3 08 00 (L
Sl (68,150 00 alez 5l a5 b lojpen LS g4
(Rainbow & Derpsch, 2011) i ,8 59 0, bawss a5
Boutsalis et al., ) o,l,LSe 5 (udludg o 0,55 5
2z Sl ey S8 LSl 0s3 ()15 50 (2014
—cade loslawl L (T. aestivum) sais ;o (Lolium sp.)
o+ 2 s n (edleliS g (ol yslis 5 sla S
09 Seelyy oSBT L plajen LS oy e 5 55k
ol 5 e 58L5 (g nl o 5,8 o)Ll oy
i (T @estivum) pos s , o iSdile g0 4 s
LagtSiide 4o cuaglia o pae sln 1) Gogy cnl lap)] 09
G5 (Lo S ide 51 (6 gy cinb 5,15 oISl Jlsa)
23S ooy 58 azpliz 48 Siagai plyie Ll wis S )
Oyl Jloiol sl anils Swl mSaale oYL slajo
o=l 95 3e d)lye an azgi bl oo LialEl o5 olS @
Sae S glagiSile 0 )l GG pslaieas (aloj]
s S L oloyen LMW g, 5l eolaiul b ogsu o ol
S e dw li8l ¥ DS Y B O I RSOV RO J
S Sl glaiSale 9 )5 (giloding Goyb 5l 9%
o=l g byl Grae Sl g 00 & lus 950 4y (gole >

B,la5 0ezg caely )

L b9y 9 dlge
5 59laS hjeel 9 wlinios 35 0 po Gialaesl ol
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Table 1- Use of herbicides as experimental treatments, their dose and application times.

S ale & pao gloj (LS 50 o5 ok yid) S pan 33 (LSS y0 p Seles 1 d) 0550 00l
Herbicide Application time Dose (I.kgt.ha™) a.i (Lkg™.ha?)
oWy
Treflgn“ S i 15 0.72
olisles 5 Preplant
(Trifluralin, EC 48%)
955
Sencor® Bl 0.3 0.21
(R)98 F Preplant
(Metribuzin, WP 70%)
el
Estamp- S e 35 115
Odliegany Preplant
(Pendimetalin, EC 33%)
Sy
Pursuit® Sl 1 01
265k Preplant
(Imazethapyr, SL 10%)
S e JUles + 385
0, ® ® El ool B
(EC 27.4%) Treflan + Betanjoll Progress of B Gt eBlS 15+1.6 0.72+0.27
(g5h oot )+ ol yolé 6 5 Preplant+post
Trifluralin + (Phen + Des+Etho)”
o ST Jole + 555
0, ® ® uls cusls
(EC 27.4%) Sencor ' + Betanal Progress of et O 03+16 0.2140.27
($h oot 53) + 2 59m8 yo Preplant+post
Metribuzin+(Phen+Des+Etho)
o315 bl + ol
9 ° 0l pepreals
(EC 27.4%) Estamp fBetanaI Progress of ot = 3416 0.33+0.27
(514 o+ o8 + pliagany Preplant+post
Pendimetalin+(Phen+Des+Etho)
Sl ST Jbls + culg
0, H® ® S o B
(EC 27.4%) Pursuit +.Betanal Progress of S ot S e 1416 0.1+0.27
(g5l + oo+ 53 + bl Preplant+post
Imazethapyr + (Phen + Des+Etho)
F
Goal® SHsace 07 0.24
Ob o8 ST Preemerge
(Oxyfluorfen, EC 24%)
JAS pas vals ) ~ )
Weedy control
Onzg Sals

Hand weeding

* Phenmedipham + Desmedipham + Ethofumesat
Cosegdil + plissaws + plidegyd

b e sladile Si3 (059 9 0515 (Brae slaaSile
slosliiwl by g ol oy90 il )0 5 (edhp 5l o 35, ¥
oislasl slaools .ol (g So3lail myeyin < [OX /D JolS
2 LSD (igyan b Sils 5 4526 MStat-C l38le 5 Lawsgs

A duolie By iy 5 S Jleixl xaw

Joe 51 ol ol jo ealds s sladigs plas ¢jalaie (ppay

Doty g Jie (gl 4 SES ()59 e S g e adsb
poss g 228,518 0l F Gl ax 0 VO sles o el YT
O pgbiedn Wad (e 10 ) e il vy
Sl b3 90 ;0 05250 slaase plad ez wils o Sles
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50 sdile p GaloT syl 3T
Sl talejl gl 50 5750 5y0 sladhle oy Fage
—o3ld il lg 35wl oals &LI Y Jguz o 1> 3blie
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Table 2- Dominant weeds in Ardabil and Zanjan

ol
Zanjan
ke pb Gw)lé Y oolgils J.\U 4 >
Scientific name Percian name Family Life cycle
. . . . _ b
Scariola orientalis (Boiss.) Salls Asteraceae . ?°
Biennial
. .. oSS
Polygonum aviculare L. AL s cale Polygonaceae -
Annual
. . . S
Galium tricornutum Stokes thewe Rubiaceae -
Annual
. . S
Cerastium sp. E o alls Caryophyllaceae -
Annual
oSS
Bromus tectorum L. sile g, Poaceae -
Annual
e e aluSs
Centaurea depressa M.B. P 5 Asteraceae B
Annual
. . _ AluSs
Gypsophila paniculata L. Cowgd &5 Caryophyllaceae -
Annual
L. . Al
Chondrilla juncea L. O9 8 Asteraceae “\“}
Perennial
Acroptilon repens (L.) DC. asl Asteraceae “\“}
Perennial
Jumo)!
Ardabil
Acroptilon repens (L.) DC. asl Asteraceae “\"
Perennial
. alwos
Convolvulus arvensis S Convolvulaceae “\0
Perennial
: ) . ) . oSS
Geranium spp. iy Slared Geraniaceae -
Annual
. . oSS
Fumaria sp. o Solis Fumariaceae -
Annual
. <. . alloa
Tragopogon major Sl Asteraceae e

Perennial
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Table 3- Mean of square of experimental treatment effects on weed dry matter at early
season (30 days after herbicide application) and at the end of the growing season

R Juad sl Juab bl
et 2l ;‘ g Early of season End of season
sOV. ¢ L Juol ol Juol ol
) Ardabil Zanjan Ardabil Zanjan
R )|‘th 2 23.3™ 950.1 ™ 1637.4 ™ 164 ™
eplication
-l l . .
JGI)BL; 1 1254.1 ™ 5620.2 219.4 ™ 6432.7
EUb 2 234 141.9 62.1 307.1
rror
ngu.l; 8 1155.8 ™ 2148 ™ 979.7™ 1828.7™
erbicide
Uas-
E 16 165.6 292.07 142.3 73
rror
B A X LWes| ok
E‘; ‘““H b_“_‘; 144.7 ™ 378 ™ 91.2m 185.4
x Herbicide
EU& 16 174.7 397.4 107.8 425
rror
Ol s i
é‘\‘/" (0/)’” 15.4 315 15.1 14
()

do )0 Sy g iy Jloiol e jo jlo e s Sy s
*and **: are significant in 5 and 1%, respectively.

e (B TigidUuS) Lwgsgp 5,0 cile il 5w SB
s S

olid Jmad glaml jo islesl slaools . Slee anslin
(oedlyedi o i sla i Sale 0,5 ilais g0 2 5 aS old
—ot L leisade ol S s mUilel c s e
039 GRLS 8,0 G iy o gl + plise orplis e
Jooz) cadls Jlss a1y 0555 celj 50 5 slacale Sas
— S| pScale (o)l 50 odal Cowsdy azs SIS, (F
sloacide 58 50 @Y 2B 5l ploni; adlate ;o 09)5l0
g adlate 93 ;8 ;0 55 llegany (2B 5 35 5005 5
5t el 30 slacdle JS o

2o sladile (55,5515 s Oglite 3l Lo

iy (3lmelel CuhS 4y gy iy g ol adlate 90
St S ylouy adlaie ;o 45 6 sbds g ddlaie g0 pl 4o
9156055 s oo Slle ol 5 5l s s3oosls
Sldes opl plol 5,5 wal3 5,0 sladile p b Saale 36
i 5] S el S L o iSile g LIS Cg o
L Lapl i led 5 S o bagl e i daisale
9 oS Slaom) 2 50 092 d8le> S50 550 lacile 4y,
sl as abls o 5 (Kleemann & Gill, 2008) Ls
oS iblis b aglie 5 (IBS) cosls b lejnd o550 e
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Table 4- Means comparison of experimental treatments effects on weed dry matter (% decrease compared with
weedy control) at the early (30 days after sprayer) and end of the growing season

Jad slol Juad bl
SSdle sl oy Early of season End of season

Herbicide treatments =3 Juo,! ol Jo)!
Zanjan Ardabil Zanjan Ardabil

Q:.Jbslécsﬂ
Trifluralin
oN
(Treflan®, EC 48%)
Ry
Metribuzin
95
(Sencor®, WP 70%)
Ollegan
Pendimetalin
ol
(Estamp® , EC 33%)
265k

79.3%* 90.62 58 P 69.6 bed

71.3 ¢ 921 60.6 65.1 <

48.9°¢ 68.9° 45.3 « 44.2°

Imazethapyr 65.6 2 96.9 2 38.5% 62.7
Sy

(Pursuit®, SL 10%)
CLERO IR
Trifluralin + (Phen+Des+Etho)”
ST o 1 bl 36 5
(EC 27.4%) Treflan®+Betanal Progress of®
(CLREROLNSIN
Metribuzin+(Phen+Des+Etho)
ST o813 bl g5
(EC 27.4%) Sencor® + Betanal Progress of®
(95"'&‘”05)*&‘:”:“’(5%
Pendimetalin+(Phen+Des+Etho)
&l T 51 Jbbirr caslind
(EC 27.4%) Estamp® +Betanal Progress of®
(g5h oot 3 5 b5 e
Imazethapyr+(Phen+Des+Etho)
S T 51y bl g
(EC 27.4%) Pursuit® +Betanal Progress of®
NI
Oxyfluorfen 22.4¢ 95.92 6.4° 70 &
5
(Goal®, EC 24%)

725%® 90.1% 66.4 2 84.22

78.6 2 925¢ 514° 83.2%®

51.7 ¢ 55.7 P 43.5¢ 59.5¢

775° 872 48.4 < 79.6 ¢

5,05 (5 bl gl LSD 5051 ool 2 5 0 p3 0 Jlozol gbans 50 o5 e By S5 Bl b oo Silos «ygim o 50
*In each column, means with the same letter had no significant difference(p<0.05).
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38 Gialysl ialesT ol s ool ioren ol s S
S S5t orsn LS 5 55d 90 4y Sy I e
(o n o=l g0 el e Ve sgas e e slacale
Ao ¥ alex I Grlejl dilaie S5 plsn 5 f Ll
ad plonl (Ll Laas g S o) o2 4 J8las L) oblas>
oz 5l SB L 2SGile JolS LS gn g S Cusb, oo
B yae SL gla iSiile olLS aS axts 69,15
Jlio olgicds axms o 51,3 50 cou ) 5y sladale J 08
ghw 33 B Casb) Geels by e 25U e
LG LW S e man 5 il 5o Soe b g S
— O B (o ed 4 Cnl (5590 S L LS
Olltesay 45 0,8 Sjge Sloj b S Gle cnl (g,
Sy ohle Los oln! bawgs (LBl 3l s 55, 2 350
18 sl opl a5 (Sheikhi Gorjan et al., 2021) 545 S
ehS gz ol 5l g ais Gols gy 9 Jws )l adlaie g0
plw d Ca g adlaie g0 ool yo dlieguy WSale
9= omly aghales] ple @l uizen 5 Glalejl sla)les
US55 oy ol o cails cdillas (& Wilson, 2005
s Salsola iberica Sennen & Pau L) ;,» slacale
5 ol ga lwgs (Setaria viridis (L.) Beauv.
Sy dmg b ol T Gl bl Sl S s bl
Cdz 5o Wilgl e Cgb 0925 S o iSale pl oS
sl ylzs ool 5o lagi,b oy il 85T T e
3 5 ol A Camud ashaie ol o (Sl el e oS
(shee F10 Jlio j0 +/F) 09 eI o (LBbps 5 0590
—oy @bl e wlgiee pol (nl &5 (SW)L sl 5o 5]
Omrlis 5 o3med (omsyt 53 bl Bl ke i b
S5,k b g (Saib plads 5o (Lyon & Wilson, 2005)
J3o (Bl o o) dn (b i e VY51 S la
ot 53 5y slacile J5S 55 pulliaisiy Gutly oS
b 3l dmr glagy 0 (Sl )3 059, G 5Ll
Cilgs (nd (Ao Yo) 1 Jladie 09 YU & jg0 4o i
Lyon) sjle el 3 1, dbe g oL ials ol di;
Sldes plaw amibis g ol 5l 9 (& Wilson, 2005
o=l oS Ol b i S (o0 )1 (hie ;56 Cou 25
2 S5k £33y L plajon b agh elass IS4 pSile

90 w5 5 0 )LS by 090 (bl Ho g adlate g0 5a 0
JUk + (28l 51 3 &0 Gall 5 liis 15 piSiile
JUss 1) JuS oo (Giagsom Sppoa) Bl Te STy
Sllas plosl pg3d 5 cvanl 5l Glts ol ol a8 cils
352 sladile gan glaca b 508 ol (LSS Lohpw
2 Lt pialajl sl o s po (F Jgaz) ol as 50
a8 s plil (63,551 Slias (3,58 ST )5 slos 5
Loy So,id a iSale onl Vb Comlas Jdoas ol
bl ool (Atri et al., 2005) col S (5,55 o2 &
P (S35 g5 Blie ST s)losne pae 4 azgi b g
3 SL eodyels ST caSaile sla,loss Is sine Sglis
ol 3l g 0agr T LIS 5 (IBS) (63,551 e 5L pus
iy IBS L 5 IBS o jpoa 1, b iSile oyl olgi oo g
9,5 oolaiwl ,g5l9.dsS ol pon
50 AT 15,5 olpem 4 5 g8llsS 0 )18 (ol pogdle
gz ol g csl e sladale SaS 59 2 )l
o=l il Bis LB bas e relS cys 0 Oldes ol
L Lo iSale LMsl g asul 15,35 0,5 s o olul
sloml s cnslS slacys, s, 5l oosll S by L 5 S
o CaldS edls Lok (g9, 50 25 dle 1 )le 6
3950 sladide Cunes  alise gla iSuile L5k s
48,5 )18 oy p S50 b R liie bawgd d95 el 5
<L, (Mousavi, 2010) g5wge bl ol jo .l
w515 LS )3 (rjsms e S ide Glagyie 008
9 mbileal crdlyodd 55l it | oSG 550 lacile
9 SS9 )8 oy ) 52 0,5 IS rlbecs
4 Ggycie Ol eSS slales bl (stagsm
Ui S (dltesay 9 s Uleal (iag )y odle
Sy goeye A Pl Sl o lllguy ()
—dale 08 aoys Blasacs 5,eslacale i ool
deoyd Ve ) S Glliegay 0 p)lS e 50 550 o
Shafaghi et al., ) ol,LSee 5 aad (5,155 0 .4l 558
e J30S 50 Giises e 9 Gelbean 2 55 (2021
) 55 9t B YLy 5 ol i iy 3555 5 sl
L g (C.arvensis) Sow j,e wale J S ol o o,l58
5 (Chenopodium album) o, sacle ooy Jl,elé s 5 S cale
5 o8yeds ST i Sale lowg (G. aparine) #, S o
wstlas (2550 e Lt (G SPP.) (siog Slaned J 08
50 0,55 «Mousavi, 2021) sgwge 5,155 50 0l 5,155
el czge allyg s 5 iSle 5l LS e VD
adlio (0 0950 ccly) 0 5, slacale gawo,0 YO vq0
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Rl Sz Bl anlie s 3525 pg3) 4 4z L
2 ae)ie SLe Gl SS9 8581 S ale LS
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3955 31 e lojl o ylos 3G

5o ombajl slmosls il lg an son gulas ulw! o
- e 6558 aSale 5 (55,5515 (slalos «Jo | adlase
50 oyl Lel caldlas 0950 iz (39 9 o Jew sy ko
I8 Saile o Jlosine 3l cou ol adlaie 3 o
(B Jgoz) w35

S5 Hless 59 9958 (A Jew w3l ddlate )
9 99 e (2 1eS 5o (o yd FOIN 1 Silo L) (58518 oS
Ls Lajlasd plo jo Cdo (nl 5 28,5 518 C (g)lel 09,5 5o
(F Jsoz) 28,5 15D ga g lel 09,5 g0 j0 Sail adus
e o 5 sladile Sz (g alesl slojles G o
o5 VEIE ilan ) e i 53 ollincsity )8
£S5 YYIO (5eSiloo 1) 5bjlasl 1) jlad 1 5 (mayeyie yo
05,5 59 30 Jloend 93 g Hlake (S o (e e 5o
55 ool b iS5Gl clalogs b Ul az 8 4138 I3ee (g Lo]
(F Jouz) aalas jlo pxe BB Lo

ols lis Jewo,ladlate (o Waools il ylg 4y 320 gl
s 5 Shas s oine b ESle 5 (63,9515 35 45
e @l Brmo (o adlaie )3 130 cpl Lol caiidls o950
dglio aet ell 0 (O Jgoz) 0B I3 gime 2S5 ile
Bro a5 b jo s Jsyl 5o s950 ails o Shae o Sles
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Table 5- Mean of squares of experimental treatments effects on Chickpea germination, dry matter and grain yield

Jus )l obs;
5 sl axyd Ardabil Zanjan
S.OV. Bl s Sis gyl oShes o ot SRS 0 &l 0,5 hos
df Germination  Dry matter Grain yield Germination Dry Grain yield
matter
| S5
R )I';Jt' 2 60.6 ™ 129" 1297.1™ 11215™ 2374.3™ 12661.6 ™
eplication
Ll
“:: 1 121 16.25™ 25149 453.7 ™ 327.1m™ 91150.8 ™
Uas
E 2 40.9 24.48 494.1 445.6 42 6641.6
rror
H“’“g“d; 9 30.3™ 424 226676.5™ 814.3" 1027.2™ 398445.8™
erbicide
Uas-
E 18 31.2 21.2 30538.5 3117 203.6 48451.7
rror
iSiile X Lz
I‘E‘; “ H b'){'j 11 38"™ 23527.6 ™ 73.3™ 185.7 ™ 15396.3 ™
erbicide
Uas-
E 18 18.2 12.9 22123.1 237 269.4 9229.8
rror,
3 s
é:/”((y)’o - 204 30.3 19.2 213 34.8 20.5
0

o) iy 9 S Jlisl a0l gire s Sy g
** and *: Significant at 1 and 5 percentage, respectively.
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Table 6- Means comparison of experimental treatments effects on Chickpea
germination and dry matter in Zanjan

he . ShS (459
ol by )lous (A0 y8) (yild Juoww ( i )
Herbicide treatments Germination (%) G nf

Dry matter (g.m?)

ol sl 5
Trifluralin
oM
(Treflan®, EC 48%)
g r-e
Metribuzin
995
(Sencor®, WP 70%)
Ollegany
Pendimetalin
el
(Estamp®, EC 33%)
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* In each column, means with the same letter have no significant difference (p<0.05).
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Introduction

Common pea is an annual crop of the legominosae family with the capability of biological nitrogen fixation, and as
such it has an important role in increasing productivity of field soil and is commonly used in crop rotation programs.
This crop has high nutritional value due to high concentrations of the essential amino acids lysine and tryptophan.
Sustainability, in terms of obtaining maximum crop productivity from a system while maintaining conservation of its
resources, is one of the most important components of an agricultural system. There is a close relationship between
agriculture and energy, so that energy has a direct effect on the efficiency of crop production. Agricultural systems need
to be evaluated in terms of input and output energy, so that based on that, the amount of energy consumed for product
production per unit area can be determined. In essence, assessing the sustainability of production in agricultural systems
involves considering the balance between energy input and output. Consequently, the identification and effective
management of input energy become pivotal factors in enhancing the overall energy efficiency of a production system.
The current research was carried out to evaluate energy consumption and production in a common pea dry land farming
system to reach the best possible improvement of energy balance.

Materials and Methods

Evaluation of the energy balance of a common pea dry land farming system and the effect of a complementary
irrigation on total energy efficiency was determined from values for energy inputs and outputs including seed, pesticide
(liquid herbicide), human labor (men and women), machinery, diesel fuel and grain yield per unit area. Energy inputs
were determined from questionnaires completed by farmers. Farmers were asked to provide the information on their
cultivation system including technical specifications for type of machinery used, including motor capacity, total land
area, planting and harvesting method, crop yield per unit area, number of workers, amount of seed, amounts of fertilizer
and pesticides. Energy efficiency of the system was evaluated by calculating the energy ratio and net output energy.

Results and Discussion

Results showed that the highest energy input belonged to diesel fuel, followed by seed. Distances between the
input of diesel fuel and other inputs were high, where 87% (12724 MJ.ha!) of total consumed energy was allocated to
diesel fuel. Grain yield of the common pea production system with and without complementary irrigation were 863
Kg.ha! and 645 Kg.ha?, produced by consuming 14488 MJ.ha and 14679 MJ.ha, respectively. In other words,
complementary irrigation resulted in more input energy and grain yield. In the current research, complementary
irrigation caused a considerable improvement in grain yield that resulted in higher output energy. Complementary
irrigation increased input energy from 14589 MJ.ha? to 14679 MJ.ha! (60 MJ.ha'was added) (Figure 2), but
evaluations of energy ratio and net output energy revealed the positive effect of complementary irrigation on energy
efficiency.
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Conclusions

The dry land farming system for common peas exhibited low energy efficiency, primarily attributed to diminished grain
production. Notably, diesel fuel consumption represented the highest energy input. While some essential production
activities inevitably lead to increased input energy, it is recognized that managing inputs may not always guarantee
improved energy efficiency. However, the experiment demonstrated that introducing complementary irrigation during
the flowering stage of common peas resulted in an enhanced energy efficiency for the system.

Keywords: Energy ration, Input energy, Net energy, Output energy, Production sustainability
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Table 1- Energy equivalent of input and output of irrigated wheat production system
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Table 2- Input and output energy of dryland chickpea production system
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Fig. 1- The contribution of different inputs in the amount of energy input to the common pea dry land farming system
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Fig. 2- Grain yield of common pea under two cultivation systems. DFW: dry land farming system without
complementary irrigation; DF: dry land farming system with complementary irrigation
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Fig. 3- Input (A) and output (B) energies of the two common pea cropping systems. DFW: dry land farming system
without complementary irrigation; DF: dry land farming system with complementary irrigation
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Fig. 4- Energy ratio of the two common pea cropping systems. DFW: dry land farming system without complementary
irrigation; DF: dry land farming system with complementary irrigation
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Fig. 5- Net output energy of the two common pea cropping systems. DFW: dry land farming system without
complementary irrigation; DF: dry land farming system with complementary irrigation
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Introduction

The practice of growing two or more crops simultaneously in the same field is called intercropping and it is a
common feature in traditional farming of small landholders. It provides farmers with a variety of returns from land and
labor, often increases the efficiency with which scarce resources are used, and reduces the failure risk of a single crop
that is susceptible to environmental and economic fluctuation. There is another important way that without incurring
additional costs and use of water and fertilizer could result in higher production. This approach is increasing agricultural
production per unit area by growing more than one crop in a year. Intercropping will be successful when competition
for sources is less than competition within a species. Plants in the mixture can be chosen in a way that a species benefits
from environmental changes caused by other species in mixed cultures directly. Intercropping inhibits the growth and
development of weeds and leads to increased production. Since the system will reduce pesticide use, environmental
pollution will be also less proportionally. The objective of the present study was to study some traits of chickpea (plant
height, number of pods per plant, number of seeds per plant, number of seeds per plant, 100-seed weight, and plant
yield,) under application of nitrogen and planting pattern of chickpea and quinoa.

Materials and Methods

In order to study the effect of nitrogen and intercropping ratios of chickpea and quinoa on some traits of chickpeas,
a factorial experiment based on randomized complete Block design (RCBD) was conducted with three replications at
Gonbad Kavous University farm during the 2020-2021 growing season. Nitrogen factor was included three levels of
non-application and application of 25 and 50 kg N/ha and the treatments of planting pattern were included 9 levels of
sole cropping of chickpea, 67 % chickpea + 33 % quinoa, 50% chickpea + 50% quinoa, 33% chickpea + 67% quinoa,
100% chickpea + 33% quinoa, 100% chickpea + 50 % quinoa, 100% chickpea + 67% quinoa, 100% chickpea + 100%
quinoa and sole cropping of quinoa. In sole cropping, the distance between the plants on the row for chickpea and
quinoa was 10 cm. The operation of harvesting the entire plot was done by removing the border rows and half a meter
from both sides of the middle rows. For analysis variance of data software of SAS Ver.9.1.3 was used and treatment
mean differences were separated by the least significant difference (LSD) test at the 0.05 probability level.

Results and Discussion

The results of analysis variance showed that planting pattern and nitrogen had a significant effect on plant height,
number of pods per plant, number of seeds per pod, number of seeds per plant, 100-seed weight, and plant yield
chickpea and also plant height, number of seeds per plant, 1000-seed weight, and plant yield quinoa. Plant height in
additive intercropping was more than in replacement intercropping but the number of pods per plant, number of seeds
per pod, number of seeds per plant, 100-seed weight, seed weight per plant, and pods weight per plant in replacement
treatments and sole cropping of chickpea was more than additive treatments. Nitrogen application increased all traits.
Plant yield of quinoa in replacement intercropping of 33% quinoa instead of chickpea was greater than other treatments.

1, 2 and 3- Ph.D. Student, Assistant Professor and Associate Professor, Department of Plant Production, Faculty of
Agriculture and Natural Resources, University of Gonbad Kavous, Gonbad Kavous, Iran, respectively.
* Corresponding Author: raftari.elham@gonbad.ac.ir

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
EY

any medium or format, as long as you give appropriate credit to the original author(s) and the source.



https://ijpr.um.ac.ir/
https://doi.org/10.22067/ijpr.2023.84081.1064
https://orcid.org/0009-0001-3217-9493
https://orcid.org/0000-0003-2282-6973
https://orcid.org/0000-0002-6358-9065
https://orcid.org/0000-0003-2832-4413
https://doi.org/10.22067/ijpr.2023.84081.1064
mailto:nakhzari@gonbad.ac.ir
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

VEoY 030 houd oF §yled IF ol oyl pl g clo b gy 4 pid YFF

However, the plant yield of chickpea in sole cropping of chickpea and replacement intercropping of 33% quinoa instead
of chickpeas with 14.11 and 13.26 respectively, which was greater than other treatments.

Conclusions

Plant height in additive intercropping treatments was more than in replacement intercropping but the number of
pods per plant, number of seeds per pod, number of seeds per plant, 100-seed weight, plant yield, and plant dry weight
in replacement treatments and sole cropping of chickpea was more than additive treatments.

Keywords: Additive intercropping, Pod, Replacement intercropping, Seed weight
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Table 2- Mean of squares of planting pattern and nitrogen for plant height, number of pods per plant, number of
seeds per pod, number of seeds per plant, 100-seed weight , and plant yield of chickpea
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SO &l ant 100-seed I ield
O.V. df height Podsper  Seeds per Seeds per weight Plantyie
) plant pods plant
o
R |)J§Jt 2 6.973™ 29.90™ 0.0001"™ 19.27™ 86.58™ 0.789™
eplication
Cils ool - - - - - -
kK s 7 84.91 839.7 0.011 900.7 772.4 76.55
Planting pattern (P)
N_IO"””‘*(N) 2 174.4" 872.4™ 0.011" 972.7" 838.3" 81.30™
itrogen
s X S ea
U)aﬁ(; N)lS 55 14 6.131™ 12.84™ 0.0001™ 14.18™ 1.637™ 1.281™
X
Uas
E 46 23.94 37.74 0.003 43.80 237.1 3.187
rror
JCH OO ST
'(;M\;J(W)ﬁ 6.88 13.96 6.75 16.86 6.00 17.57
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ns, * and **: Non significant and significant at 5% and 1% probability levels, respectlvely
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Table 3- The mean comparison of nitrogen consumption plant height, number of pods per plant, number of seeds
per pod, number of seeds per plant, 100-seed weight, and plant yield of chickpea
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Traits e Aigy yo ML Slawi L 0 ailo dlawy Agy 50 &l dlawy (0,5) 413 Ver 339 (o5
e (’M"”_ ) Number of pods Number of seeds Number of seeds 100-seed Weight HS_)
e Plant height per plant per pods per plant -seed Weight (g) Plant yield
N (cm) (@)
0 68.16" 37.72¢ 0.857° 32.63¢ 251.7° 8.272°
25 71.65a 44,59 0.888% 39.99° 254.4%® 10.27°
50 73.47a 49.74% 0.899* 45.10° 263.1° 11.95%
LSD (%5) 2.84 3.57 0.03 3.84 8.95 1.04
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* Different alphabets in each column indicate significant differences at p<0.05 based on LSD.
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Table 4- The mean comparison of planting pattern on plant height , number of pods per plant, number of seeds per
pods, number of seeds per plant, 100- seed weight, and plant yield chickpea
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Traits o gy yo BIUL oluwy UL Ho Wil sluwy gy 0 Aild dluay _ _
(H""_ ) Number of pods Number of seeds Number of seeds () ('B;_)
plant h8|ght per plant per pods per plant 100-seed Plant y|e|d
Planting pattern (cm) weight (g) (9)
1 68.63> 56.38° 0.928° 52.35% 268.8% 14112
2 67.86™ 54.03% 0.917%® 49.80% 266.4%® 13.26%
3 66.52° 50.41% 0.897%¢ 45.35 262.6%¢ 11.95%
4 71.41%® 46.00% 0.8943%¢ 41.42% 257.9%¢ 10.71%
5 72.12% 43.59% 0.881°%¢ 38.44% 253.9% 9.740%
6 73.36% 38.66° 0.870° 33.85 251.3% 8.509¢f
7 74.19% 34.24% 0.845« 29.03% 248.5% 7.626'"
8 74.66% 28.839 0.821¢ 23.71¢ 241.8¢ 5.7499
LSD (%5) 4.64 5.83 0.06 23.71 14.61 1.69
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* Different alphabet in each column indicate significant difference at p<0.05 based on LSD.

1: Sole cropping of chickpea, 2: 33% quinoa instead of chickpea, 3: 50% quinoa instead of chickpea, 4: 67%quinoa instead of chickpea, 5: 100% chickpea
+ 33% quinoa, 6: 100% chickpea + 50% quinoa, 7:100% chickpea + 67% quinoa, 8: 100% chickpea + 100% quinoa
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Table 5- Mean of squares of planting pattern and nitrogen for plant height, number of seeds per plant, 1000-seed
weight, and plant yield
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S.0.V. d.f Plant height Number of seeds per plant 1000-seed weight Plant yield
)I’SJ 2 17.41"s* 56129 0.058"™ 1.167™
Replication
Wls s 7 55.73" 5185042 0.169™ 54.199™
Planting pattern (P)
Ol 2 1471 2961728™ 0591 55.06™
Nitrogen (N)
s X e 555 14 3.974" 27726 0.004™ 0.585"
PxN
Error
s 46 21.24 90314 0.045 1513
Ol aads
IR - 5.83 7.55 8.39 12.06
CV (%)
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* Different alphabets in each column indicate significant differences at p<0.05 based on LSD
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Table 6- The mean comparison of nitrogen consumption on plant height, number of seeds per plant, 1000-
seed plant, and of quinoa
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059 5% Plant height (cm) Number of seeds per plant 1000-seed weight (g) Plant yield (g)
N

0 76.49> 3585° 2.358° 8.524°

25 79.17% 4092° 2.568? 10.601°

50 81.442 4260° 2.665° 11.473°

LSD (%5) 2.68 174.6 0.123 0.123

IRV LSD (5051 ol 2 ooy e Jlil mha 5ol gxe S| saiasylis ygiw jo )0 Alie e By,
* Different alphabets in each column indicate significant differences at p<0.05 based on LSD.
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Table 7- The mean comparison of planting pattern on plant height, number of seeds per plant, 1000- seed
weight, and plant yield of quinoa
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clls g9l Plant height (cm) Number of seeds per plant 1000-seed weight (g) Plant yield (g)
Planting pattern

1 75.77% 49882 2.748% 13.79°

2 77.39¢ 4812%® 2.684% 12.96%®

3 77.70¢ 4655° 2.573%° 11.99°

4 78.80%¢ 3666° 2.497° 9.193%

5 78.42% 3640° 2.472% 9.027%

6 82.52% 33454 2.430% 8.172¢

7 82.97% 2868° 2.321¢ 6.688°

8 78.69%¢ 3858° 2.520° 9.765¢

LSD (%5) 4.37 285.2 0.20 1.17
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* Different alphabet in each column indicates significant difference at p<0.05 based on LSD.

1: 33% quinoa instead of chickpea, 2: 50% quinoa instead of chickpea, 3: 67%quinoa instead of chickpea, 4: 100% chickpea + 33% quinoa, 5:
100% chickpea + 50% quinoa, 6:100% chickpea + 67% quinoa, 7: 100% chickpea + 100% quinoa, 8: Sole cropping of quinoa
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Introduction

Dust storms are meteorological phenomena that usually occur in arid and semi-arid regions with an
annual rainfall of less than 200 to 250 mm when strong winds blow with a high speed. Dust particles affect
plants growth and development directly by depositing in shoot or indirectly by changing soil chemical
properties (Maletsika et al., 2015). The interference of weeds with the mungbean (Vigna radiate) plant is one
of the important factors limiting the production capacity of this crop, which leads to a decrease in yield and
an increase in production costs. The competition between crops and weeds becomes more complicated when
coincide with environmental stresses like soil dust. Compared to crops, weeds are more resistant to
environmental stresses and have a high capacity to absorb more water and nutrients. The aim of this research
was to evaluate the competitive balance between lambsquarters and mungbean under soil dust conditions in
order to manage production of this crop with lambsquarters under soil dust conditions.

Materials and Methods

The pot experiment was carried out in the research greenhouse of the Faculty of Agriculture of llam
University, Iran in spring of 2022. The experiment was conducted as a factorial based on a completely
randomized design with four replications. The treatments were included soil dust at two levels (0 and 60 g
dust.m? of air) and replacement planting pattern at five levels (mungbean monoculture, lambsquarters
monoculture, alternative intercropping of 75% mungbean + 25% lambsquarters, 50% mungbean + 50%
lambsquarters and 25% mungbean + 75% lambsquarters). Totally, four plants per pots were sown. The
measured traits were included physiological characteristics such as photosynthetic pigments, photosynthesis
rate, transpiration rate, leaf area, plant height, stem diameter, biological yield and grain yield components of
mungbean and inflorescence yield of lambsquarters.

Results and Discussion

The results showed that soil dust has no significant effect on the morpho-physiological characteristics of
lambsquarters weed, while it decreased the photosynthesis rate, leaf relative water content, leaf area, plant
height, number of pods per plant, biological yield and grain yield of mungbean by 26.1, 9.7, 10.6, 19.3, 14.8,
24 and 23.2%, respectively. The highest amount of chlorophyll in mungbean leaves (4.65 mg g fresh weight
of leaves) was obtained in the intercropping patterns of 75% mungbean + 25% lambsquarters and
monoculture of mungbean under no dust conditions. The highest photosynthesis rate, transpiration rate, leaf
area and number of pods in mungbean plant were observed in monoculture and planting pattern of 75%
mungbean + 25% lambsquarters. The highest seeds number per plant (10.4 and 10.1) was observed in
monoculture of mungbean and planting pattern of 75% mungbean + 25% lambsquarters under the no dust
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condition, which was 30.5 and 65.8 percent higher compared to dust treatment, respectively. The lowest seed
number per plant (3.3) was obtained in 25% mungbean + 75% lambsquarters. Under both dust and no dust
conditions in all plant patterns, the actual mungbean seed yield was lower than the expected yield and the
changes in curve of mungbean yield was concave; but the actual yield of lambsquarters was more than the
expected lambsquarters inflorescence yield, and the curve was convex suggesting a commensalism
relationship for lambsquarters and amensalism relationship for mungbean. The relative crowding coefficient
and the competition ratio under both conditions of dust and in different planting patterns were obtained for
lambsquarters weed, were greater than one, which indicates the superiority of lambsquarters competitive
ability compared to mungbean. The aggressivity index of lambsquarters under dusty conditions was higher
than under dust-free conditions, which shows that lambsquarters weed has more competitive capacity under
environmental stress conditions including soil dust. The results also showed that the mungbean plant has a
greater potential to absorb dust than the lambsquarters weed, which is due to the presence of trichome in
mungbean leaves surface. In general, in this experiment the lambsquarters dominated the mungbean plant in
competition for water and nutritional resources and had better growth compared to mungbean in different
planting patterns.

Conclusion

In the presence of dust, lambsquarters weed may have higher efficiency to use environmental resources
due to its higher adaptability compared to the mungbean and causes decreasing in the yield of crop plants
including mungbean. The interactive effect of dust and the interference from lambsquarters caused a
significant decrease in mungbean yield. Therefore, the management of lambsquarters under dusty conditions
is of important value.

Keywords: Competitive indices, Dust, Photosynthesis rate, Planting pattern, Relative yield
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1- Relative yield

2- RCC: Relative Crowding Coefficient
3- A: Aggresivity

4- CR: Competitive Ratio
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Table 1- Analysis of variance (mean of squares) of the effect of different planting patterns and dust on photosynthetic traits
in the leaves of mungbean and lambsquarters
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Table 2- The effect of dust on physiological traits in mungbean in different planting patterns
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* Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (P<0.05).
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Table 3- Effect of different planting patterns on physiological traits in mungbean and lambsquarters
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* Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (P<0.05).
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Table 4- Analysis of variance (mean of squares) of the effect of different planting patterns and soil dust on
physiological traits in mungbean and lambsquarters

b 0 33 dolow
s Mungbean Lambsquarters
&yt ol .|)T 295 SEUT 3155 dmaSTs0 Cle Cugby lie oy ST g0 il
a1y = . “
SOV. ‘Sd.f) &l43s; Sy i Sli3y gy 3G Sy e Cugb) Hlade
Intercellular CO, Relative water Intercellular CO, Relative water content
concentration content concentration
S 90,8 ok -
1 44046 477.89 300.3™ 287.79™
Dust
=i s 3 2868 7.41m 2361.5™ 377.67™
Planting pattern
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Dust x planting pattern
bl ks 24 73 60.10 1813 570.18
Error
(2 Sl g 2 - 1.84 10.23 2.47 28.07
C.V (%)
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"s, " and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 5- Effect of different planting patterns and soil dust on relative water content, leaf area and intercellular CO:
concentration and in mungbean and lambsquarters

ufalo 0y doduw
Mungbean Lambsquarters
SLgo,8 5 1 o g e Sy o 1439, 25 SEET 05 dmnSlis0 S o
Dust (o) (&0 yho g3iLs) (46 50 g1y0 550 51 CO2 Jposheo) (@270 o siilus)
Leaf area Intercellular CO, concentration Leaf area
RWC (%) (cm?) (mmol CO,.m?2s™) (cm?
S5 oo 79.60% 97.772 545,552 103.80°
No dust
S SL
"~ 2 o 71.87° 87.42° 541.212 96.952
With dust
Planting pattern
3L ON IR W e P W 75.88 112.76 ) }
100% Mungbean + 0% lambsquarters
epitel 22,0 Y0+ Alo oo VO 76.942 106.310 525.10 106.64%
75% Mungbean + 25% lambsquarters
epitelu 22 00 ¢ ple doy 01 74,612 77.210 535.9° 114.90°
50% Mungbean + 50% lambsquarters
epitel 2o, VO ¢ Blo 20,2 TO 75528 74,000 563.8° 96.77b¢
25% Mungbean + 75% lambsquarters
LSS EON IR VR R g DR W g ) _ 550 3 83.19¢

0% Mungbean + 100% lambsquarters
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* Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (P<0.05).
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Table 6- Analysis of variance (mean of squares) of the effect of different planting patterns and soil dust on
agronomic traits in mungbean and lambsquarters
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"s, ™ and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 7- Effect of different planting patterns and dust on agronomic traits in mungbean and lambsquarters

b ( H&..n) 0 53 dodows
S g0 Mungbean Lambsquarters
Dust (o iilo) g gl5,l (o sheo) dBlw ,ha3 Agr 5 OE Slaw a8l ylad
Plant height (cm) Stem diameter (mm)  Number of pods per plant Stem diameter (mm)
S5 os 10.87%* 2.08° 3.15° 242
No dust
S SL
2 ot 8.77° 1.812 2.680 2.442
With dust
cals g5l
Planting pattern
Sitel dops s Ao oy ) 10922 233 3,63 ;
100% Mungbean + 0% lambsquarters
o jdole a0 YO + il o3 YO 0.96° 1,98 3.17b 3,150
75% Mungbean + 25% lambsquarters
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50% Mungbean + 50% lambsquarters
Sritels 22,2 V0 + Al oy T 9.13° 1,68 2375 2.11b

25% Mungbean + 75% lambsquarters
[R N R W W IR WIS 1.98b
0% Mungbean + 100% lambsquarters
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* Means followed by the same letters in each column are not significantly different according to Duncan' s multiple range test (P<0.05).
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Table 8- Analysis of variance (mean of squares) of the effect of different planting patterns and soil dust on yield
and yield components in mungbean and lambsquarters
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s
(10y2) Sl e 2 - 16.13 11.47 10.36 8.53 7.81 11.64 14.92
C.V (%)
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" " and ™ are non-significant, significant at p<0.01 and p<0.05, respectively
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Fig. 1- The effect of soil dust on number of seed per plant in mungbean in different planting patterns (M:
mungbean and L: lambsquarters)
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Means followed by the same letters are not significantly different according to Duncan' s multiple range test (P<0.05).
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Fig. 2- Actual and expected biological yield of mungbean (M) and lambsquarters (L) in different replacement
planting patterns under conditions of without t (a) and with soil dust (b)
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Fig. 3- Actual and expected grain yield of mungbean (M) and inflorescence weight lambsquarters (L) in different replacement
planting patterns under conditions of without (a) and with soil dust (b)
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Fig. 4- The relative yield of mungbean (M) and lambsquarters (L) in different replacement planting patterns
under with and without soil dust conditions
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Table 9- The competitive indices of mungbean and lambsquarters in different replacement planting patterns under soil
dust conditions
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Table 10- Eigenvalues for the traits evaluated using principal component analysis
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Transpiration rate
= gl 0.852 0.138 0.034
Leaf area
$Wi9) 25 05 deeSlss ke -0.757 0.397 0.225
Intercellular CO, concentration
gt o Dl slass 0.790 -0.058 -0.085
Number of pods per plant
me)}f 0.386 0.777 -0.030
Carotenoid
oS 0.834 0.372 -0.059
Chlorophyll
S e Cugh Hlade 0.358 -0.694 0.315
Relative water content
b B2 0.686 -0.391 0.427
Stem diameter
Sy )] 0.614 -0.390 0.294
Plant height
by el 0.115 0.372 0.059
Harvest index
o3y olie 7.208 1.985 1.240
Eigenvalues
oy S 52.125 14.182 8.858
Percent of variance
o ol 52.125 66.307 75.165

Cumulative of variance (%)




Ya4 ..oyl pdids o (Vigna radiata) gile 1)) ol o coly b3l o) on g diggolis

Grain yield O

D.

; Pgtosyntheti: 1:33.6

-3

Fod 2
Numbe,eed

Transpiratio

PC
O g ¢

-qjﬁwc With Dust (100M:0L)M  No Dust (100M:0L)]

With Dust (75M:25L) @ No Dust (75M:25L)
With Dust (S0M:30L) e No Dust (SOM:30LF
With Dust (23M:75L) % No Dust (zfrx-r::f:'l_)-;k'

293 9 Jgl adlao 90 wlwl p S5 90,5 bl s Cmmi (gilo S Calizio oS! giiSTp -0 JSCi
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