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Table 2. Analysis of variance for effect of plant density and planting patterns on plant height and
yield characteristics of mung bean
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height per plant per plant weight yield yield index
per pod
"_‘&S. 2 401.2 8.3 55 177.4 321 178.3 226.4 39.3
Replication
cunls 5ol
Planting 2 119.5" 321.4™ 89.2™ 2988.2™ 7445 18569™ 33572.5™ 643.2"
pattern (P)
Sy o5y . - - - . - - .
Plant density 2 117.3 308.5 76.4 2583.5 692.4 15927.2 29768.2 31.5
(®)
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DxP
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CV (%)

ns, *, **: not significant and significant at 5% and 1%, respectively
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Table 3. Effect of plant density and planting patterns on plant height and yield components of mung bean
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Means followed by the same letter in each column are not significantly different in probability level of 5% by Duncan test.
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Introduction

Mung bean (Vigna radiata L.) as one of the most important beans, has 20-25% protein and is a protein
supplier that is needed by humans and plays an important role in this regard. Increasing yield per unit area is
one of the most important factors for increasing production. Planting pattern and plant density per unit area
are two important factors affecting the growth and yield of plants. Therefore, the aim of this study was to
evaluate the effect of these parameters on growth and yield characteristics of mung bean under Baghmalek
weather conditions.

Materials & Methods

In order to evaluate the effect of plant density and planting pattern on growth and yield characteristics of
mung bean under Baghmalek weather conditions, an experiment was carried out as factorial in a randomized
complete block design. The studied factors includ, planting density in three levels of 20, 28 and 36 seeds per
square meter, and the second factor include, hand scattering of seeds (control), between row distances of 15
cm and 30 cm. In hand scattering of seeds (control) (traditional) and row planting, the seeds were cultivated
manually and uniformly in different amounts according to the plant densities. Field preparation included
plowing, disks and leveling. After preparation of the field, nitrogen and phosphate fertilizers were mixed
with the disk machine at a depth of 15 cm. Nitrogen from the source of urea (46%) was 80 kg nitrogen per
hectare, 50% before planting, 25% in stem elongation and 25% in flowering stage and phosphorus fertilizer
from the source of triple superphosphate at a rate of 100 kg/ha P (48%) was used. Statistical analysis was
performed using SAS 9.2 and comparing of the means was based on Duncan method at 5% probability level.

Results & Discussion

The results showed that planting pattern with 30 cm spacing compared to hand scattering of seeds
improved yield, number of seeds per plant, seeds per pod, pods per plant, 1000-grain weight and plant
height. The maximum plant height as 81 cm was obtained from a row planting pattern with a spacing of 30
cm and 28 plants per square meter and the minimum height with an average of 65 cm from density 36 plants
per square meter. The maximum grain yield with 2317 kg/ha was obtained from row pattern with 30 cm
distance and density of 36 seed per square meter. The minimum grain yield with 1027 kg/ha belonged to
hand scattering of seeds and density of 20 seed per square meter. Increasing of 1000-grain weight and
number of plants per unit area was the main cause for increasing of grain yield. In other words, the reason for
increasing yields in more densities can be attributed to the greater number of plants per unit area and 1000-
grain weight. The highest biological yield as 5784 kg/ha was observed from the row planting pattern with a
row spacing of 30 cm and a density of 36 plants per square meter, and the lowest biological yield was 3174
kg/ha and a density of 20 plants per square meter. The increase in biological yield at 36 plants per square
meter was higher than the density of 20 and 28 plants per square meter due to increase in plant number and
also increase in dry matter production per unit area. The maximum percentage of harvest index with an
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average of 40% was belonged to the interaction of row planting pattern with a distance of 30 cm and density
of 28 and 36 plants per square meter.

Conclusion

In general, the results of the experiment showed that in all three planting patterns, the lowest height,
number of pods per plant, seeds per pod and seeds per plant were obtained at 36 plants per square meter. The
maximum grain yield was obtained at 36 plant density per square meter and the row planting pattern with a
distance of 30 cm by 2317.5 kg/ha and the lowest was obtained by 1027.5 kg/ha at a density of 20 plants per
square meter and hand scattering of seeds (control). Therefore, this combination of planting pattern and plant
density in region can be suggested for optimal use of environmental conditions and maximum grain yield.

Keywords: Biological yield, Grain yield, Number of seeds per plant, Plant height
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Pl g )l 19 i b (30l s, ogloe
=) Szlogd et 08, (Lbpiarlog Jold oslitul 59
=5, LB 5 Sl 08 el i3l 68) 5o ,8lag) (D0
91 Gt (59 g Ny

=l I B U oSG e 4 coolainl 0,90 (s
Slbee 5 L 5 VW0 Coigusl o 09 il Cos iale)]
WS oot 5 (Sopb Sleogad i pliie a1 iutS
5 planl (6 il Yo Bos U ST 5l ool b (g lo pasgad
O Jgoz) ad Jlo )l S olSitlojl 4y iged

' Super Dominus® Seminis™

Yy

slaass 51 (S b pow oged ol (Lepse et al., 2018)
g SuigleST eai GRaliE L oS Conl sl (6555LaS e
alS ol 5 555 e Ggmen (ol ) SIS ool
29550 slac b 6l )| daglom ply )0 s ndps]
slaally Sl jlil g o¥game 8, Sloe 35-gp S
Amiri et al., 2016; Wang et al., ) s5-& o 55,0La8
slooolys 5l eslawl ST, g (5 90 0 (g 4o (2016
Loy (Zea mays L.) &,s by I oS jo calize
Gossypium hirsutum ) «_, 5 (Phaseolus vulgaris)
5 Sran iz glag s as os (3155 5 b3l (L
A S )3 by Lo St ) (59555 9 <l 98 590
3 g cuils gl sme g azgs B Liolidl loaseS alls cans
@bl eaiss bolre ciS slojlord olod 1o 500 (g9
Srlp S g 0 Al ciS Sl a5 Brae g O3
S oS 28l Gl bole ciS slajlacs )0 53 (e
(Rafe’ee, 2016) coul alls ciS » byl S 55
3 Loyl o (aLS Slacntsn me gke Sl
OOl Jds 4 luges 0l s Sl ppee (BLS e
5 2 G0l 059 (Seielam St (2l 9 Vb Sy
L s on b 5l Slage> 0)lo (s S ()
225 Lo 25,008 (39550 oS i (slapenilS g S
S el 1) 093 jsloe lalS g 093 5L
;I «(Rafiiolhossaini et al., 2016; Piroozi et al., 2014)
308 ol sand, bt slaces 5 baaisS cuils g, ol
CeiS sl o955 slofag oGl 5 (65 )5LaS (slapims
5 &2 4 e g e (25 QLS nlo b begd byl
SLadsS o5y dam (ol SladeS B pae 4 b SRalS
52358 Jsmol an olis Glaal (o oS 39 43555
Ziyaee slaauil ool o)) slopimms Copie ;o ok
5 axlogl 5 @5 bgle cuis a5 ols Las et al, (2015)
=2, VY o WY byl o julag) 9 05 (e
OIS e S gh (ml h ey (Sl S
Seblog 9058 bylde )0 () 62l S &5 W55
Phaseolus) ¢ ,>usLogl 5 Loy belske 4 (Phaseolus sp.)
CiS )0 a5 WS dosi g Sl alS as s YO o V) (SP.
LU g ez byl sladiss Sl 4y il bylse
9 0k yalls laseS ol8lea (slasS (e Sul) sbml 5l e
S Sles g aly Gialidl a0 g s jleolaiwl 59
sl sl o 0 l) belbe slaasss
O5med ol (3 Slaw rilad Jdody Slg>
2 el lmd S s 5 £l 5 gl 0 o sy
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Table 1. Soil physical and chemical characteristics of field (0-30 cm depth)

cal SpSeglan Pl S oS S oisrs oot BB jhed e yeed BB ety
Textu’re EC oSy Organic carbon Total N Available P Available K
(ds.m™) pH (%) (%) (mg Kg™) (mg Kg')
s £y 171 7.68 0.68 0.068 473 355
Silty loam

O y90dy jwlog) Glacddle cuils yog (LS axly jo o,
9 B ady B 5l ey jlye g 0l Jad Jsb 50 polae
5 5l eslacils 5l Bis 5l s daasls jos a5l LS
Cilop U lojed jewlog cudls p o 31 ol sl &S
s plosl e 0l Vo o b 50 Jad Ll o slasls slalag)
)| oolaz ! L_J (LERbean) L.J9J lej" ‘51‘)} U"A) 6).»‘): M
(Esfahani et al., 2017) o5 4wl V aolas
LERbean = Yl / YS (\) AJQL&A
o)_ﬂg.c Ys 9 Jajb'u Q.i;f)a LusJ aJSlo.cY| ‘O] 59 as
A8 a8, s byl catS (slales 51 oS s iy il
5 (29,5 Slawlie 9) Laosls Jdoi g 4325 sl bk o
5 MS Excel 2016 5 SAS v.9.2 sla,l58le 5 5l b S pun
(DMRT) Sls slaaloais an)’] 3 oSl Gluglas (ol y
aS ol Jdo an aih sl ul ooy miy Jlois! mhaw o
olaidl o Slae g ailo) + ¢ 59 i 4o dilo sl sl sl
@l glalag) (als S jles ez Jolds jland Coii
9992 S e )3 b lagl byl cuiS Jles oz g jomw g
s slagd slajloss & Lo ondis Sojluil slaasls pla
Al cis e Jold [l id) ccils plais! gl
Gl L lagl byl coss Jlas bz 5 slals slalag
A plogl Al o & jgod basls ol )bl a5

Slasy joany a S ols (lis ools il lg 4y 5205 gl
o o Le s o g)lo e BB ( il> slaasls
B sl ¢ Lol azls Job Jolds aslllas 5,50 slo L
039 0yl 39 M 58 (B jo ails ol Wiy o
Wl e g cd gy il i g 4o ails slaws e IS
Elol cilo y azli 5 goladl o Slos w0dgicuns ) o Slos
(Yb gaY Jgaz) cubls dg9>g Log)

vf

51 oolainl b cuslS s ad 9 (e (3lwoolel Slidos
O 45 08 planl @ poges S jlgd 5 5l0l0 S 1 algls
GO, g bags o yme il VYo lais, ol ;)
b 5 5o G 250 b o, 05 ol s 5,900
O alold izmen 5 j5lne &5 98 (o Alold g olml e 4w
9 2 Sl ol aid Sl ) e g0 5 S e el
ey silwoslel I Logd alises gl g syl oLS
AL ela b gl S o515 s bl s e
byl slojloss ;0 a5 05 aayeyie j3 aie VA L)
Ls eyl o) (g9, CudS @) 90 51 (SO ool
Ve @S1,) ol eols plais] yie cile Yo (o) (g9, alold
Guan by g il 51 ey Abolidy oyl ooudsl (ayoyie 4 g2
ot 395 4w Skl regd (Sl azal S 79,5 )0 Joed
039y S D yp0d 53kl 190 T 5l Gy 5 0b el 225 ]
299> B golS ot b 5 et 5,0 slocile (g 03,
Joad Job )0 ol plonl (fuws & g0y Bl g 59, 0
= 3l b i azlse g ilon 5 ol e bas 50 0
2 ol (6,50 pgens b 5 (S dle 4ig8
lals sLalug) sl dslllas 8,50 Lo psL s
laasld slaw Jobds (58 5 ez log) (hbipialag)
5o als olasy a g ;o e olawy ( Lol a5l Job ¢ ol
@ly2 el U5 (59) 0)laslh (59 g j3 SUE (59 B
@ls 039 (2lon pladl S ()39) ol JS (59 (e Slois
Jad LL jo aS ogs ailol e v 159 g digy 0 wlo dlaw g 4o
S ALaBOLe ot 5, s Ssodiad Sy | o 5
GSojlasl absg eads Gl JBolal & jgod 4 dig mty
g slail> 31 Bds 5l s slasls slalug) e w0l
sbos o cgyeyie )l whw jlLaase JS (09ei piS
WA Sl o Celln VY G 4y ol 5 il 4,000
cdo b alBiile;l Jlizms (5950, 5l eolawl Ly s
ol 5 Syl o Slae Calti 3 5 Wad (i85 )
Sl oy n 990 Slaaslh ad dlowe Slls p (als
o, Slos g aslol e v g cadgy yo adily slaes Jold sl
Jad by oas by o3l BME (59 Egasme) (sl
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Table 2a. ANOVA for the characteristics of different types of bean in sole culture and replacement intercropping with

cucumber
©la yo (Kb
oo a0 Mean of squares
‘ G Slaws Job Slas Slas 039 039 55
Oyt 3l . . - N Ny T N Ny L. e o
SOV df s sbasly ol a5l Ay o S UL Ho ails Agy yo e [y el Plant
Number of sub- Stem Number of pods Number of seeds Pods weight Shrub weight
branches length per plant per pod per plant weight
Sk 2 0.321™ 356.04" 0.82" 0.4 84.01* 73.94" 250.53™
Block
Ao 5 0.134" 14639.27** 606.57** 34.58** 624.18** 322347**  344106.6**
Treatment
Uas-
£ 10 0.229 367.64 10.1 0.66 13.22 1891.6 1832.53
rror
CV (%) 10.1 13.57 9.97 13.24 10.35 11.76 10.57

sl 2 )0 Ky g iy Jlox mhaes 40 ls Sre g o sime nf sl 4 ol ey s o ¥ NS
ns, * and ** means ‘not significant’ and significant at probability levels of 5 and 1 percent, respectively.

gl o b Gialeg] (sla ot ot 3 ool a5 g
cenS glalas o Jodo o iy LQQT Ol 1 as clls
VAT/PY 9 YO/OY s say) Lbpialog) bslow g ol
Ol le)led plo b 3d 900 b aS od cud (o il
slolog 51 S5 e jo Jol a3l Job .cils g )lo e
L syl gme OS] 508 9 guzlug) bl § ol cots
(ol o ools ioled Wools 4. 55le)

oS 4> 511 Lol aslis Job g iils soas Ll slox

50 Lol el Gglain Lug) alies slaaiss (o il slaasls
by (bbptzlag o )l gine IS Gilesl ol
odaline bglie CuiS ax ¢ alls cliS 0 4z e ,8lugl g
a sl o Koocheki et al, (2014) (¢ Jgoz) ais
alaalw g Lug) w0s56 olS aw 58 S slo ol v,
leasls slaws a5 Wo ) 3,155 203Kl bl ciS o
Slolosd 5 5 sy p Oy LA Sl Se e o

Sl Sl TSI | Gl 5 sl oS o
Byls glgtan gt cpl sloadl b as aily K080 b

)l b (o300 belio S g (Al kS 50 Lugd glgil Wlao (uilylg 4 52 YD Jgur
Table 2b. ANOVA for the characteristics of bean ecotypes in sole culture and replacement intercropping with

cucumber
Slay o (12Nileo
Ol yadi’ 2o Mean of squares
SOV Aigy y0 il dlawy Aigr 0 &l 39 4ildYee 39 0dg s j O S los  solaidl o Sloe clilo g Ll
Number of seeds per plant  Seed weight per plant  100-Seed weight Biomass yield Economic yield Harvest index
Sk 2 @ @) @ Q) &)
Block 397.01™ 30.48™ 6.66" 639442.5™ 36960™ 16.92"
Lo 7 5 7 5
Tre)atr;went 933(3.)6** 37€E.24** 165(.7)1** (5) 59861724 (7) 30583112 15(.6)7*
s (14) (10) (14) (10) (14) (10)
Error 401 181 3.62 165806.2 19909.7 31
CV (%) 11.11 13.04 5.83 9.77 14.95 5.64

s Sl i g g0l5T a0 il 3l slael

el 220 S5 g vy iy ekl mhaw )0 o gixe g Mo gire pub (Sline 4y Sy ik g s

Numbers into parentheses are df of SOV.
ns, * and ** means ‘not significant” and significant at probability levels of 5% and 1%, respectively.

5o Lol gy oo caalie o bogLore S jo 498 il o
G20 4o Cold) ol lbg e ciiS slapllaipg )b

et 5 b5 sl oy LS e o
Gl By ol g sl el gl sas s Jalse
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Luo sl bolse citS (gaiedgum oaipaylis a5 Cuwl 00l
Syl dgge doms 10 g iy laplail adgr G o
cenS 50 o,Lye s 6,500 apolive 4l ol o Shas
45 525 A el oah (5155 ol de; Ly 0930 boloe
0456 Lalls ceiS lawd j0 ddg o AL olowd o S
slaiagh o uzen (Asadi et al., 2016) sl cuvsa
sols oLz Moradi et al, (2016) _iagis aex 5l 5,500
S slalos jo Lag gy jo DG sluas a5 cewl o
loaisl .ol oog Ll ciS o less 5l jieS Lglis
3 M85 e el 3l Jdoan 8 ol Sty
SIS gy 505 L arlogl by e cotS slalos
56 L aS s &3 5 (Cucurbita pepo L. var. Styriaca)
slacddle slass (cualogd Ho,L sla S slass  onials
w51 S e sy o 515 4yl iy b ol 38 55
S5 &1 s sl (sladisS Sl rizmen 5 LS
9 oby Gl g (6laisS i <ol Sl cge oS 0l
Liu et) 00,55 bl caS o ;508 sloaisS b 4595 o, Slos
al., 2018; Moradi et al, 2016; Hossein Pour et al.,
6, Skae Gloals cwypaaS Sos Liulejl 40 (2016
aS ol ool lis g oad aiSloy bkt culS o wae
SiS slajless )0 asg jo L (59 g olass (S ek
Khalaf, ) oo jiis @ls cis 5l 4> b olS ol bglsa

(2015

95 ob) sl asld alS cozge 45 35-d o0 Copde
sla g sleaail (Liu et al, 2018) 555 o,Sles
Leagd lis )l Gl 8l o)y 1) adlllae (pl (slaasdly 5 (6,500
Nasrollahzadeh Asl et ) oS o ol bolse caaS o
o=l 5 @l., 2012a; Nasrollahzadeh Asl et al., 2012b
Do e ;505 asss 5l Ly oolitl )55 sl ilB) 1)
Slojless ;5 sy W) S5 G g o sl e Ol

Al oo bgle cis

ol Slao Sl duslie (ML (359 9 AilS Slawy

by Lre ciS jlowd )0 digy ,0 OME olawd o iy aS olo
i8S L aS (30e 00/F) ael anvsdy jow LS b 50 ,3Lagl
ezl by le ciS riman o (sas YAIY) o] Lalls
oS (Y Jgorm) Crilas (g s sine S (sas YEIY)
Al caS an 55 (00 VOIA) a0 e slass
AL cas Les L as cools plasl Lheizlag)
S Lo jlos s eizas 5 (o0 YY) bz logd
slolog bgloe ciS dajlog oled jo.clils (g)ls goe
byl Al ClS @ Cond g 0 AN linn ol calize
sloadl g jlo gme m2 4 Cond AT (il a5 cils
Hossein Pour et al, (2016) Ly aiw; ol jo polive
S5 L bgliee ctS gl lows ;o jebgd Cilises a1 sl
sore sLugl sl Noorbakhsh et al, (2015) L 4
ooyl55 (Sesamum indicum) oS Ly by lse oisS jo

sl b (23Rl bl ks g (alls Clls 5o gl glgil wlao (50 -F Jgux
Table 3. Characteristics of different types of bean in sole culture and replacement intercropping with cucumber

Basls olusy ol 45Ls Jsb g il oyy  cadloy a5 la
Wl . ) g )0 M olowi digy o Aild Slua _
T = e S Number of pods Number of seeds (e 5) (w2,9)
reatments Number of Stem length per plant per plant Seeds weight per ~ Harvest index
sub-branches (cm) plant (g) (%)
Lboi-ly SC 512a 25953 a 158 194.3 be 4233¢ 27.97 be
B'acp'z:yed IC 47a 194.67b 22¢ 2463 a 48.66 bc 32.3ab
fa o) SC 447a 90.2¢c 248¢c 94.4d 40.55¢ 30.71 abc
Pinto bean IC 48a 97.33¢c 34.3b 160.5¢ 56.87 b 2747c
L SC 473 a 108.67 ¢ 38.7b 121.1d 45.3 be 338la
syl
Kidney bean IC 46a 97 ¢ 55.4 a 245.1a 97.27 a 32.88 ab
esbass) SC - - - 217.8 ab - -
Green bean IC - - - 1619¢c¢ - -

ol bglive oS 5 Ll S sline 4 o s IC 5 SC

(DMRT p=<0.05) w,ls5 duo s gty Jloiol gebans 55 (5 o sime IS wlie By > syl slael wols g ,2 30

SC and IC mean ‘Sole culture’ and ‘Intercropping’, respectively.

In every data column, the numbers that share letters, have not significant difference at probability level of five percent (DMRT p<0.05).
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cosS LS a5 ws,S 5,55 Piroozi et al, (2014)

by e ciS slo)led b awlic ;o Joero slugl Lol
Slacsd oy oS g digr ;0 BME dlawy (i &3 L ol oyl
e o ally gate 0 ALe Slas .cuils |, @ o &lo
Az Sl as coul Slhge adls o0 ,Slee )0 ppo oozl
b Lol sl oo (e lagis bl s (S35 Jilio
s (Rafiiolhossaini et al., 2016) o—»s jzals
iy g SelsST Jolas slonl L alilys oo bglies
Ol ymodle gogd SaS ST L aunlie )0 () owloo
slod Jhals g Cugh; e Lad> 0 lacile 7S oo
Slaasss 1 asme sl b 5l g 998 S 5 58
Nakhzari et ) 555 o] (6,135 51 51 mile b g 2alSs bl
al., 2016; Lamei Harvani, 2013; Eskandari &
S Sy oo Ll 4l Lo (Alizadeh-Amraei, 2015

0L 09 cmge bglie ciS slajles jo ol Ll
o=l e Lagl el sac b g aig ,o ails g BME slows sla
Dgh Al ciS slajled 4 ol o les
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Black-eyed pea| Pinto bean Kidney bean

900 1 wy = Shrub weight
750 1] [ [ ®Plant weigh C
> leel &5 y
@ 600 1A A o 2 3
2 ook S 2 BS - &
© - ST Do T3 2,
g 300 - Boobg a3 =
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Black-eyed pea| Pinto bean Kidney bean

Treatments

aSlo olass o iy @ ,o AME slaws asli S,
Hbp—iarlag) byl 5 palls lacss o e o
s Koo L aS ad aud (e V4 /¥ g Vo /P s pa)
Sl S Lol plw L Lol casilas (g )lo goe
by e g s cciS glm jaslo ool polbe .ccils
sl 5 iy 33 B KI5 VIA L il ot ity izl
=2 L g,lo e Sl a S 59 aigy jo Be FIF 4 ¥/
as' Asadi et al, (2017) _zags zbs (VA o) sl
258 3,Skee lizl 5 0 Shae byl casS 3l s
(o v s el Lugl chlison oI5, 5 e
30 Ly asly slacey iy aS ol lid wWdgy Al
iS55 ol 3 o 5 kbt log) by L ciS Lo
i slaa il b aline a5 ael Cassdy oS (pl 2>
oliize cpl S8y lanils wo b gl gme OIS (ol
la,los ;o e yo asl slaey oy ieS a5 35,5 5,15
el Cavody s g guzlog) alise

Pods weight per plant (g)

Black-eyed pea| Pinto bean Kidney bean

10000 1 b D

Biomass yield (Kg ha™)

Black-eyed pea| Pinto bean | Kidney bean
Treatments

(bpialogl (D) edgican j 0 ,Sdoc g (C) digy IS g 0 L Ll 39 «(B) aige 50 BME (439 «(A) ML Ho &ild slaws —) o

(IC) w3 b bgloo Culs 3 (SC) (alls CldS 50 30,8lag) 9 Sz log)
(DMRT p<0.05) w o s o iy Jloio! zxbaws 53 (5,1 sime M| oS jin By > syl (slopuSilis 51 (5o 5o
Fig. 1. Number of seeds per pod (A), pods weight per plant (B), shrub and plant weight (C) and biomass yield (D) of

black-eyed pea, pinto bean and kidney bean in sole culture (SC) and intercropping with cucumber (IC)
Every mean series that share letters, have not significant difference on probability level of five percent (DMRT p<0.05).



YY-YD damiio YRR Jlo Y5l )V (o550) Jlu | 3 91 g GBGBYH /.. sl s li Sl ol g ol

A5 40 dsls sluad idigy yo Aild (439 9 Aigy Ho Aild Slaw
5 Serbad (hbp—ialy byl ciS sla e o
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Gelirgd 95500 Lol czsls (lalS ol palls ciS sla Lo
Al dlass (s a5 (GlsS 4w odlive weSae (s,
aS ol el Al e Jles 0 (Wg 0wl YIVIA) &g o
OS] (a5g ;0 asls V2V/A) oS ol bl ctS Lo b
53,18 (5,55035 B ran jwlog a5 b1 5l cusls (g by xe
g solatul wiwd )b ol slaals weils a5 o
s 055 oo pladl (T S 5 o) sloalls 5l (g8
Lyl (slasils g9 a (slp Lo (S (39) 552 0 &ls (59
S oS e 0 55l 08 5 iz il ol
ol 0550 50 g o adily olaai b aslice (guig, w2 oo
by Lo oS slo,los g Ciils 0429 jud digy 0 ails 39
) Syt €55 50 4ld 39 Sl sre 525 4 balag) 5l plaS e
Lak et al, sa_de 4y .o ils 043 Lalls iS4 cuus
039 9 dloai wls dSg 4o 4l )39 9 Slaas a5 Ll 51 (2013)
Wl e o asily (59 g olaal uioren g dSe 0 DLe
cge L Ho alls slasy g aTg ;o LS dlawy Ol s
o aS 00 oo digy ;0 Alld (3 g Slawd 0 pgmen Sl
Ol |y 4 po &l (59 9 Sl slagazlls )0 aliwe o,
Nasrollahzadeh a3 5l Jol> s ols Cans ol cpl
&S o 9l 1y 5] sleazil, Asl et al, (2012a)

Sl lo o (5o e WS a > STialoYer 59
339 5} (ool 4S5 il 0y 5 o (ol S 51 ioles] Calise
O G smme S ol Log) calizee glgil (o ails oglae
Ryl 9 ezl (Hbpizlagd by g alls cas
Nasrollah Zadeh Asl et al, (VA JS o) ocis conliw
5 Al ciS o )less 5l SO e w48 ails Sl ¢ isles]
SIS e—ixe BT asilo) + ¢ 59 Lo 5l Loyl by I
Liag ol oo (5,0 il 1) sl l Jds i s oaline
S oo )3 bgline cunS 15b Cow o Wio S ol cuy) )
e i g (eolaaidl o pSlos 00 g G § 0 pSlos
oAl S Jled dn 00giCann ) o, Sles (p SYL 1elo
L oS (LSa 4o 0,55k VYIAYIE) o, bsse bzl
30 0,5 sLS FYYO/F) jus Ls L olS pl bolo i Lo
Gl me IS islos] slojless plo uizen g (LS
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YA

Sl Ay, Aigr ;0 M ()59 Sk aS ol lis ol

i o olwl ol cdils der jo e sl a4 S
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o=l Al ceiS L g s pime BB a5 cils plais]
Lyl 5 Al SLacsS (i 5 (o5 TYI) oS
byl a8 (izen (VB JS0) 2u8ls 5058 5 (Suzlogl
a3 DVD s e el el ol b )
O Lol s jalls criS a Cand B ;0 BME (59
alia Ly 395 o sine bslie 5 alls iS5 5a dlay)
O digs ;0 e i b anolie g 4y jo Be olaws s
Lglsn 3 (ol G2 ey 5 sinn ST &5 iy o Sl &
n 9o paxld 93 ;2 58 Saxlad o (Ldbeialay
oanl e 30,8l ugl 0550 10yl pl Lol ccanl 00,5 lay el
CeiS o e WS g i olaad 45 (glaigS 4 s
S AT ;0 L 05 Gali Sl e 50 y8lag) by e
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wele izmen il (g)l0 cxe oS byl ple
byl S slojless jo w5 S (339 9 o)l ld (39 slo
Ry 9 Sezrlad (Adpialogd olS 4w o4 by e
JSL8) cils lalS o Lalls e b gl ine oDz
0, Shas oo LSis aSg S 159 9 oyl 55 .(VC
OlnSs Ll i 50 09, 0 HUaml el pls ol oL o9 ey
ol 55 0955y 5, Sl s LS ST
) it adipy JS 5 o)l ls (5 iyt o5 i ceony
3 ade 5 59 9 0, (59 Sialidl s o aslasils
peilassd 15 IS CES 4 e gl i sl o
Dgo d gl bl jlaws a5 09 s, YYVIT o YVHIY s e
5oy VA 5 VWS Ly trlog) (gl oo ol
Khalaf slaazsl, g 0o VA 5 VAMD _azlus) sl
ol slaasil oS unl 5o uas oS 5,50, (2016)
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Fig. 2. 100-seed weight (A) and economic yield (B) of black-eyed pea, pinto bean, kidney bean and green bean in sole

culture (SC) and intercropping with cucumber (I1C)
The means that share letters, have not significant difference on probability level of five percent (DMRT p<0.05).
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Introduction

It has been predicted that the population of the world will reach up to 9 billion people until middle of
current century so to meet the demands for food, it is necessary to supply more by developing sustainable
agriculture and ecological intensification of food production to avoid disadvantages of conventional
agriculture. Intercropping is one of the sustainable agriculture strategies that has been proven that causes
more use of available resources by intercropped species. It is one of the key strategies of sustainable
agriculture because of its efficiency in using of the resources like nitrogen, light and water and improving
vulnerability of crops against diseases and pests. Pulses are very valuable for agroecosystems and human
health, because of many advantages like high protein content and nutritional values and symbiotic fixation of
nitrogen. So, an experiment was conducted in order to study of yield characteristics of black-eyed pea (BEP),
the pinto bean (PB), kidney bean (KB) and green bean (GB) as bean ecotypes affected by intercropping with
cucumber and partial land equivalent ratio (LER) of the beans.

Materials & Methods

The experiment was held during growing season 2015-16 in the experimental field of Ferdowsi
University of Mashhad based on a randomized complete block design (RCBD) with six and eight treatments
(for different studied indices) and three replications. Treatments included sole culture of BEP, PB, KB and
GB and their 1:1 ratio in replacement intercropping with cucumber. The plots had five 120-cm sized width
and 6x3 meter dimensions. The gaps between the plots and the blocks were one and two meters,
respectively. The studied indices included the number of sub-branches per plant, stem length, number and
weight of seeds per pod, numbers and weights of pods and seeds per plant, shrub and plant [dry] weights,
100-seed weight, biological and economic yields and harvest index for seeds of grain bean ecotypes
(including BEP, PB and KB), and for GB, studied indices included the number of seeds per plant, 100-seed
weight and economic yield (total weight of harvested green pods per ha). Partial LER of the studied plants
was calculated and finally statistical analysis of data and drawing the figures done using SAS v.9.2 and MS
Excel 2016 respectively. Duncan’s multiple range test (DMRT) also used for comparing the means at
probability level of %5.

Results & Discussion

The results showed that except the number of sub-branches per plant, there were significant differences
between the treatments for all other studied indices. The highest stem length was recorded in sole culture of
BEP that was significantly different compared with other treatments but there was no significant difference
between sole culture and intercropping treatments of PB and KB. Competition for interception of light may
cause this result for BEP. Number and weight of seeds per pod and numbers and weights of pods and seeds
per plant were higher in intercropping treatments of the plants in comparison of their sole culture. Many
other studies like results of Noorbakhsh et al, (2015) and Khalaf (2016) support our findings. 100-seed

weight was different between the plants but no significant difference was observed between intercropping

“Corresponding Author: asadi@um.ac.ir
¥


mailto:mj.mostafavi@mail.um.ac.ir
mailto:hooshmand.mina@mail.um.ac.ir
http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 11, No. 2, 2020, p. 22-35 (Research Article)

and sole culture of each plant. It seems that 100-seed weight is a genetic property that not be affected by
intercropping. The biological and economic yield of the bean ecotypes were significantly higher in their sole
culture compared with their intercropping due to lower plant density in intercropping but by considering the
results of partial LER calculation, it concludes that intercropping was more useful for all studied plants. The
highest value of partial LER (0.69) was calculated in GB and the lowest one was recorded to KB. The
economic part of GB was its green pods, so its partial LER was higher than another studied plants in
comparison of other plants that their seeds form their economic yield. Similar to 100-seed weight, the harvest
index was statistically different between the bean ecotypes but it was similar between sole culture and
intercropping treatments of each plant because of parallel trends of variations of biological and economic
yields of the plants.

Conclusion

Based on the results, intercropping of BEP, PB, KB and GB with cucumber is benefit for ecological
intensification of production of the studied pulses. So, it can be suggested as an efficient strategy for
sustainable development of food production.

Keywords: Ecological intensification, Green bean, Interspecies competition, Sustainable production,
Synergy
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Table 1. The average monthly temperature and rainfall crop year for the 2016 and 2017 growing seasons compared to the
average of the period 1987 to 2017 at Urmia region
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Long term 1987-2017
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Table 2. Selected properties of the soil at site before experiment

Soil Silt Clay Sand K P N (" |_“|) E"C (dS/r;1)
texture (%) Mg/kg (%) P
= 6_"1 33 31 390 7.2 0.092 8 0.52
Clay silty
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Table 3. Effect of supplementary irrigation and rainfed on some traits of vetch (Maragheh cultivar) under
agroforestry system

Suzme UGl ol a0
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Irrigation Number of pods per plant (2yere 52 07) Efficiency of DMR*  Forage protein (%0)
Amount of DMR* (g/m?)
o Rainfed 453b 80.0a 17.68 a 22.94 a
kS5 (s LT Supplementary irrigation 5.63a 62.5Db 12.25b 20.67 b
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Means with same letters in each column are not significantly different based on Duncan’s multiple range test P<0.05.

*DMR: Dry Matter Remobilization
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Table 4. Effect of year on some traits of vetch (Maragheh cultivar) under agroforestry system

Jw gy jo B olasy Aigy 50 &l dlawy (2woy0) duzxo JU! i (&2 30y 3o p,5) dild 5 ySlos
Year Number of pods per plant  Number of seed per plant Contribution of DMR* (%) Seed yield (g/m?)
(2016) yvao 4.88b 12.83 b 8.87a 101.02b
(2017) yras 5.28a 14.40 a 7.68 b 113.30 a
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Means with same letters in each column are not significantly different based on Duncan’s multiple range test P<0.05.

*DMR: Dry Matter Remobilization
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Table 5. Effect of biofertilizers on some traits of vetch (Maragheh cultivar) under agroforestry system

Suzme JU! 50 Sz JUsl 1,18 i g3 w030
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B_" ; N)'I' Number of pods per (@00 5 0%) » (a22) “gle )
lofertilizer plant Amount of DMR Efficiency of DMR* Forage protein
(gim?) (%) (%)
J,s Control 4.67c 7722 a 1754 a 19.48d
15,55 Mycorrhiza 4.97 bc 69.92 bed 14.61 de 22.06 abc
SLes 5l Azotobacter 471c 73.95 ab 15.73 bc 21.25 be
skeslises Thiobacillus 4.70c 73.40 abc 16.28 b 20.67 cd
Myecorrhiza + Azotobacter
S Lgs )+ 15 ys5ce 553a 65.71d 12.83 f 2348 a
Myecorrhiza + Thiobacillus
s + Iy o5 5.42a 68.22 cd 13.74 ef 22.64 ab
Azotobacter + Thiobacillus
kb + Sl 5.23ab 72.22 abc 14.88 cd 22.56 ab
Myecorrhiza + Azotobacter + Thiobacillus
Y 540a 69.36 bcd 14.07 de 22.32 abc
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Means with same letters in each column are not significantly different based on Duncan’s multiple range test P<0.05.

*DMR: Dry Matter Remobilization
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Table 6. Interaction between irrigation and biofertilizer on some traits of vetch (Maragheh cultivar) under
agroforestry system
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(p55) 4iloVeee 39 ) (Sa 55 pyFol) o) Oyl jighs’
100 seed 22> SR 50 75k e Colonization
weight (g) Contribution of Seed yield Relative humidity (%)
DMR* (%) (kg/ha) content (%)
331k 16.29 a 5551 50.58 f 17.74 e
36.1 hi 11.48c¢ 673.6 hi 53.45 efd 37.61d
345 jk 1436 b 597.6i 51.85f 19.37e
35.11j 13.85hb 600.5i 51.98 ef 18.70 e
37.8 efg 8.76 e 857.9 fg 56.43 cde 46.94 be
37.3fgh 9.34 de 815.1fg 56.43 cde 46.27 be
36.3 ghi 11.03 cd 755.7 gh 53.85 efd 20.34¢e
36.6 ghi 9.78 cde 791.7 gh 53.58 efd 41.37cd
38.5 def 7.11°f 936.8 ef 57.03 cd 1894 e
39.9¢cd 4.40 hi 1439.4 ¢ 58.50 ¢ 49.51b
39.3 cde 4.97 gh 1304.6 d 57.97 cd 2094 e
38.9 cdef 6.47 fg 977e 57.90 cd 19.64 e
44.7 a 3.05i 1873.2a 69.50 a 63.45a
43.1b 3.53 hi 1744.7 b 65.70 ab 53.51Db
403 ¢ 4.21 hi 15245¢ 58.77 ¢ 2476 e
42b 3.69 hi 1677.8 b 64.90 b 52.18 b
ol s 595 Aigy 50 aild oluxy
. . - Number of
Irrigation Biofertilizer
seed per plant
J,=s Control 8.37i
152,55 Mycorrhiza 9.31 hi
SLgs 5l Azotobacter 8.63i
. B eskesliss Thiobacilluss 854
© % Sbesjl + 1,95 Mycorrhiza + Azotobacter 11.31 fg
owskewlisss + 152,55 Mycorrhiza + Thiobacillus 10.90 fg
gkl + SLgs;) AzOtobacter + Thiobacillus 10.36 gh
ooskewbos + 3Sbeisl+ 15,950 Mycorrhiza + Azotobacter + Thiobacillus 10.81 fg
o (J,s) Control 12.15 ef
§ 132,55 Mycorrhiza 18.06 ¢
fg? SLss 5| Azotobacter 16.54d
CE 3 wskesbss Thiobacillus 1281e
G 3 Sbgsl+ 15,95 Mycorrhiza + Azotobacter 2094 a
= ) oskelisss + 15,55 Mycorrhiza + Thiobacillus 20.25 ab
e skelisss + Slgs5) Azotobacter + Thiobacillus 18.87 bc
> gkl + 3SLgssl + 152,95 Mycorrhiza + Azotobacter + Thiobacillus 19.97 ab
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Means with same letters in each column are not significantly different based on Duncan’s multiple range test P<0.05.

*DMR: Dry Matter Remobilization
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Introduction

Vetch is one of the legume family that is widely cultivated as a cover crop, reduce erosion, and increase
soil fertility. Drought stress that occurs during the reproductive growth period, adversely affects yield and
yield components. Supplementary irrigation can be efficient technique to cope with the limited water
availability and to stabilize the crop yields. Biological fertilizers such as mycorrhizal fungi, Azotobacter and
Thiobacillus spp play an important role in sustainable agriculture. The mycorrhizal symbiosis with plants

causes changes in plant water relations and thus improve drought resistance or tolerance in the host plant.
Azotobacter has the potentiality to produce different types of amino acids, plant growth hormones, antifungal
antibiotics, and siderophore and has a unique ability of atmospheric nitrogen fixation in the soil. The
application of sulfur coupled with Thiobacillus spp renders alkali soils fit for cultivation of crops. The
formation of sulphuric acid by Thiobacillus spp in soil increases the level of soluble P, K, Ca, Mg, Al and
Mn ion. Therefore, this study was conducted to determine the effect of biofertilizers treatment on yield and
some quality traits of Vetch (Vicia sativa) under Agroforestry system.

Materials and Methods

This factorial experiment was performed as a complete randomized block design with three replications
at Urmia University in two years (2016 and 2017). Experimental treatments included once supplemental
irrigation and dry farming as the first factor and application of biofertilizers at eight levels {Control (non-
application of fertilizer), Mycorrhizal fungus (Rhizophagus intraradices), Azotobacter, Thiobacillus spp,
Azotobacter + Mycorrhiza (R. intraradices), Thiobacillus spp + Mycorrhiza (R. intraradices), Azotobacter +
Thiobacillus spp, Azotobacter + Thiobacillus spp + Mycorrhizal fungus (R. intraradices)} were the second
factor. Supplementary irrigation treatment was applied at the flowering stage (10%) for two years. Vetch
plants were harvested on 25-27th of June in two years. At harvest, from each treatment ten plants were taken
randomly and plant height, pod per plant, seed per plant, 100 grain weight, were recorded. Whole plot was
harvested for determination of seed yield. The analysis of variance for the two-year data was performed
using GLM procedure (SAS 9.1.3, SAS Institute Inc., Cary, NC, USA) as combined over years. The effects
of irrigation regimes, the application of biofertilizers and interactions of these two factors were analyzed
using analysis of variance (ANOVA) and means were compared using Duncan's Multiple Range Test
(DMRT) (P<0.05).

Results and Discussion

The results showed that supplementary irrigation increased the number of pods per plant and forage
calcium content. But the highest rate and efficiency of photosynthetic materials remobilization and forage
protein content were obtained in farming condition. Also, the number of pods per plant, the percentage of
calcium and protein content of forage increased significantly due to the application of biological fertilizers.
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Thus, the combined application of mycorrhizal + Azotobacter treatment increased the number of pods per
plant, and protein content of forage by 15.55% and 18.88%, respectively, as compared to the Control. While

the highest rate and efficiency of photosynthetic materials remobilization were obtained in non-biofertilizer
treatment (control). Supplementary irrigated vetch plants under combined application of mycorrhiza and
Azotobacter, due to the having maximum amount of root colonization (63.45%) and relative water content
(69.50%), had the highest number of seeds per plant (204.94) and 100 seed weight (4.47 g), which resulted in
maximum seed yield (187.32 g/m?). Generally, the results of the experiment showed that in rainfed
conditions, the amount of remobilization of photosynthetic materials increased. Subsequently, in this
situation, the efficiency of the remobilization and also the remobilization share in grain filling increased,
which probably reduced the filling time of the seeds. Thus, increase in the filling speed of the seeds, can
partly compensate for the reduction of the material's transfer time to the seed. In the absence of water stress,
more material is transferred to the seeds and the final weight of the seeds increases, and consequently the
final yield of the seeds increases.

Conclusion

Application of dual inoculation of mycorrhiza and Azotobacter could improve the uptake of yield and
yield components in vetch under Agroforestry system. Therefore, according to the findings of this research,
the combined use of biological fertilizers to increase yield and maintain long-term production in an
agroforestry system under rain-fed conditions can be desirable for sustainable agriculture.

Keywords: Azotobacter, Efficiency of remobilization, Mycorrhiza, Sustainable agriculture, Thiobacillus spp
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Table 1. Analysis of variance (mean square) germination and early growth of cowpea under phytohormones priming

Jsb Jsb

Source of R Gl e amblS 50y apelS SUS o) e il TP SEIPSy
P i @il &ol3T Germination Seedling Seedling dry T Emergence
variation . X Radicl Pl | . .
df rate fresh weight weight adicle umule uniformity
length length
Time ok 1 2.808" 0.219% 0.211™ 617.17™ 2.372™ 1.426%
Concentration cdale 6 0.238* 3.856™ 0.26* 4937.8* 38.969* 0.033™
T=C cbale x oyl 6 0.333 1.274* 0.13* 548.83* 8.25" 0.054*
Error s 28 0.156 0.745 0.017 199.887 3.895 0.001
CH JUUES U
%CV S 14.59 11.58 8.75 25.78 18.99 3.74
(22,0)

ns and x: Non significant and significant at 5% probability level, respectively

Uit .l gen Chakrabarti & Mukherji (2002)
Wiy o yman SIF ande o Bl 0l sleoaiiS e e
09,0 0y leosiiS e bal 1o ks Jodo & Cewl (S
5 y39m (ojyasls> ,o ax 31 .(Kranner et al., 2010) sl
S35 &l e B b )le [y azaiy; g azadle Job
ool goalls alises glo lows b oy 45,5 94k Lol citls
1) sede sl g (Sjails Wilg oo (yiSluygabose aSepl 5
598 3l Jmol slpazal s e oS aisn o9
Glgmzme aas Jdo 4y cl (S Hlaie Ol L oo led s
el galin 5 Sl ST T o Jlad o ialydl il O
&=y J—=Jo (Kranner et al., 2010) o_il ool juieg S
Loy Yzl Jlaie ST 5o jsdy Goiles el &l i
L',-’L*-“-*—“s-*-’ ‘-“)"-“-” PR PL’F;‘ L ‘\-L”.‘) o )LQ-'-’ gf‘ )-" L

sl 0090 )l ol b dslie o

azaie) g9y S8

elale s by aSen 1 5 0l sloajles ]
e woys mi Jleiol mha )8 azady; 79,5 (SE19S
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o o Fr PPM 5 Ve Clile b oy gyl e
el VY b Y PPM s e olyan 4 el £
SoyS (i eS A8 F 8 G ol 0 (5995 et
0,9% b ST 3090 A slajle yo s SIS,
celw £, laie O wald as Cad a5 ol cvalin celwf
Gtz 50 (Y Jgaz) ols lis |y (g 0 FANY ials
2 SSly =S o 5 s Eisvand & Azarnia  (2013)
Sl VW Sl o g e 095 )90 (Gjals>
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cble iiSen 5l S 59 G ies &5 S Cp
VIAY Jlase 4 celw VY loy Soe b ST 2+ ppm
57 lagle) b vals slo,les b aS sol cuvoas p,5 Lo
ol gyle omire WS celw VY 57 (slwo,go b
by azals Sas g 5 s Rl RYs 51 (Y se)
Gk ol sl e 5 0y o SRl e 50590
00l S8 (S gl 5 ST (9090 Sllad g pw 5L
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Table 2. Interaction effects of phytohormone priming and soaking time on seed germination and early seedling growth
traits of Vigna unguiculata L.

ik
. . 2l e aifan o azelS 5 39 o o J’% TP FIPS
o) L cdals Si8lgx cs pw s ) axals doaiy, 4z bl ( \
. e . o o
0PI (celw) (5 yo o5 o) Gayl 3 S';’;;T:': (p 55 o) (o ko) (0 ko) E )
Hormone i i inati g . . mergence
eedlin adicle umule ; ;
Duration  Concentration Germination fresh S dI_ g Radicl Pl | uniformity
(hrs) (ppm) rate (Seed/day) weight (mg)  dry weight length length (%)
(mg) (mm) (mm)
J‘Jg; 2! 6 20 8.33° 11.4680cde 1,752 27.17¢ 5.7¢f 0.88°
3
40 8.33° 10.87% 1.6 30.93¢¢ 6.67¢ 0.83°
60 8.33° 12.52% 1.86% 20.93f 3.69M 0.78¢
12 20 8.33" 11,3 abede 1, 73bcde 32.33¢de 9.67¢ 0.86°
40 6.86° 9.42f 1.48¢ 33.7¢ 12.5% 0.694
60 6.25% 11.9820cd 1.7680cd 28.37¢% 7.87% 0.634
fAA‘ 6 20 5.83¢ 10.27¢ 1.54¢% 32.43¢e 5.9¢ 0.67¢
40 4.73¢ 17 38bcde 1.65a0cde 19.43f 3.4“‘. 0.57¢
60 5ef 10.98¢e 1.6% 19.07° 3.43" 0.66°
12 20 5.83¢ 17.7bcde 1.630cde 18.33f 2.5 0.67¢
40 5.83¢ 12,378 1.838c 41,8 11.50¢ 0.684
60 5.83¢ 12.642 1.872 36.67% 8.97¢ 0.61%
C;trol 6 _ 12.52 11.26%0cde 1.64abcde 43.972 14.072 0.97¢
12 _ 6.25% 12,1720 1.79%c 35.37° 5.07" 0.62%
LSD=(0.05) 0.829 9.42 0.024 5.737 2.235 0.304

The same letters in each column indicate insignificant difference at the P<0.05 level.
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Table 3. Analysis of variance (mean square) yield, component yield, biological yield and harvest index of
Vigna unguiculata L. under phytohormones priming

a0 G oluss 4o Slasy &13Ver 39 S Slos S Slos ™
N Jg9 9o a8lw Slowy 3L H k1 S
Sou_rce_: of JUENTH &3l ;5-.' J o -U: Sy s «.mc-)a 10(_) 4:|.>- &),J,» 15 3
variation ranch.plant Pod plant Grain grain Grain Biological Harvest
df p pod! weight yield yield Index
Block Sl 2 3.76 ™ 250.87 ™ 0.06 ™ 5,77 90.74 ™ 125.74" 90.02 ™
Time ol 1 19.02 ™ 53.15 ™ 0.004™  21.05  247.78™ 395.6™ 449.4 ™
Concentration cdale 6 2.45 15.25% 0.052" 4.45 110.37 120.71 129.5
X ‘Lo'
TxC HL: 6 3.41 " 40.12" 0.048* 5.43™ 18.38 ™ 41.17™ 117.4™
Error s 26 16.4 218 0.018 18.2 22.98 134.83 57.6
%CV T 10.14 7.23 9.14 8.12 9.36 9.87 8.27
(1) &l yupss

Ao )0 Sy g do S my e )0l e o5l e pas ol 4y XX g X NS

ns, x and xx: Non significant and significant at 5% and 1% probability levels, respectively
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Table 4. Main effect of phytohormone priming on yield and yield components of cowpea
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Treatment Branch. pI;nf'l Seed. 100 grain S i:i e1d Biological yield I?ldeexs
lant! od? weight eea yie kg. hat
p p ght (9) (kg. ha') (kg ) (%)
Sy 0lGA3
(ppm)
20 7.3%® 25.28 10.48% 22.6a 2899.6% 6644 42 5%
40 6.2 23.78 9.85P 21.5b 2397.23¢ 5780%¢ 39.32c
60 4.8¢ 26.52 9.25b¢ 21b 1732.4% 4840b° 35.3%
SeSTAA
(ppm)
20 6.8% 15.5° 9.12b¢ 21.06b 1662.4° 46600° 34.12b¢
40 78b 14.1° 8.73b¢ 20.64c 1258.8° 4096° 28.8°
60 6.23b¢ 19.3% 8.18" 20.8¢c 1522¢ 4396° 35bc
salzControl 8.22 25.32 11.68? 235a 3309.67 69922 47.22
LSD (0.05) 1.32 4.24 1.2 0.9 897.6 1468 9.15

ol oy iy g 59 Io sre WS pus oaues Lis (g 8 )0 S ik g >

The same letters in each column indicate insignificant difference at the P<0.05 level.
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Table 5. Person correlation coefficient among components yield of cowpea
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9290 d,w »° 100 grain weight  Harvest Index  Biological yield Grain yield
Pod plant!  Grain pod*!
Pod plant! g e O ol 1
Grain pod e s ails olaws -0.01™ 1
100 grain weight ailsY e+ 59 -0.001m™ 0.16™ 1
Harvest Index canls y asls 0.23m 0.18"m 0.45" 1
Biological yield s 0 ,Shas 0.45 0.27™ 0.46* 0.59+ 1
Grain yield als o ,Shoe 0.38~ 0.25" 0.45~ 0.85~ 0.93~ 1
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Introduction

Cowpea (Leguminosae: Papilionoidae) represents the main food legume and a versatile crop in tropical
region. It is drought tolerant and could perform better growth in warm climates. It is most popular in the
semi-arid regions of the tropics where other food legumes are available. This crop has been described as the
major source of dietary protein in tropical and subtropical regions of the world especially where animal
protein consumptions are low. Efforts made to maximize yield, is largely hampered by adverse effect of
abiotic stress such as salinity and drought. These effects cause a huge loss due to low yield and failure of the
crop to establish in some cases. Alternative approach towards efficient and cost effective means of
production of cowpea in the tropical regions is very desirable. Pre-sowing hardening seed treatment is an
easy, low cost and low risk technique and also an alternative approach recently used to overcome the effect
of abiotic stresses in agricultural production. Increased germination rate and uniformity have been attributed
to metabolic repair during imbibition, buildup of germination enhancing metabolites, osmotic adjustment,
and, for seeds that are not redried after treatment, a simple reduction in imbibition lag time. The beneficial
effects of priming have also been demonstrated for many field crops such as wheat, sugar beet, maize,
soybean and sunflower. The main objective was to assess the physiological effect of Indole 3acetic acid
(IAA) and gibberellic acid (GA3) on germination and seedling growth of cowpea.

Material and Methods

This experiment was carried out at the Seed Testing Laboratory, Department of Seed Science &
Technology, at the Shoushtar University in Iran, with an objective to determine the rate of seed germination
and seedling growth which influenced by various concentrations of growth regulators in cowpea (Vigna
sinensis L.). Seeds of cowpea were obtained from the International Institute of Agriculture (IITA), Safiabad
Research Station., Ahvaz, Iran. Before the start of experiment, seeds were surface sterilized in 1% sodium
hypochlorite solution for 3 min, then rinsed with sterilized water and air-dried. Moisture content of seed was
determined by using oven at 103 C for 12 hrs and was found 12% as recommended value. Different
concentrations of the growth substances prepared in the laboratory were transferred from the reagent bottles
into 50mls conical flasks which were clearly labelled according to the concentration of the growth substances
to be used in the soaking treatment. The seeds were soaked in the various concentrations of 20, 40 and 60
ppm of GA3 and IAA with a separate control set. These were soaked for 6 or 12 hours in the above
concentrations and only double distilled water for the control set. The seeds were sown on moist filter papers
in 9cm well labelled petri dishes.

Results and Discussion

Emergence rate, root shoot lengths, seedling biomass are all important contributors of seed vigor. Higher
emergence rate is the main foundation, which ensures an improvement of overall seedling performance. Seed
germination rate varied significantly among the duration and hormone treatment (P<0.05). The results
showed significant increase in the rate of germination for seeds presoaked in the distilled water when
compared with various hormones concentrations. Maximum increase of up to about 25 and 71% in compare
to presoaked GA; and IAA was observed. The soaking period of 12 hrs decreased the germination rate and
uniformity emergence significantly in respect to 6 hrs treatment. Substantial variation on germination and
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other aspects were found between treatments. The seeds treated with GAs showed better performance, in
compare with IAA treatments. In comparison, concentrations of GA; did not show any difference in respect

of all measured traits which meant the higher concentration was as good as the lower concentration.
Germination rate under the treatments of IAA at all concentrations recorded maximum by 12 hrs soaking. It
was observed that for germination enhancement, distilled water was best suited, but in case of plumule
length and uniformity emergence, did not show any significant effect with GA3. When the two hormones
were compared, gibberellic acid (GAs) was observed more effective and responsive to the regulation of
radicle and plumule elongation.

Conclusion

The findings of this study revealed that cowpea germination and early seedling growth were promoted
by pre-sowing hardening treatments in distilled water. The lower concentration of hormones (20 ppm) was
found to be more effective in inducing germination rate, total dry weight and uniformity emergence.
Generally, treatment of water priming for 6 hours in the laboratory and in the field was the superior treatment
in terms of the predominant criteria measured in bean; therefore, it is presented as the best combination of
treatment in this study.
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Table 2. Mean of squares for the effect of experimental treatments on some traits of rainfed chickpea
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S1F2B2 2727def 54.62a 29.80bc 8.067bc 55.55abc
S1F3B:1 2457efg 45.75ab 27.07bcd 6.933cd 54.74ab
S1F3B2 2857cde 54.85a 28.27bc 7.933bc 58.74ab
SoF1B: 2353fgh 47.37ab 19.40e 7.133cd 52.68hcd
SoF1B2 2637defg 47.63ab 27.40bcd 8.2bc 53.18hcd
S2oF2B1 3070bcd 42.06b 24.73cde 9.7abc 56.27ab
S2oF2B2 3450b 44.36b 32.07ab 10.27ab 58.21ab
S2F3B: 3250bc 41.35b 29.47hc 8.667bc 59.38ab
S2F3B2 3887a 41.74b 37.87a 11.30a 60.88a
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Means within each column with a letter in common are not significantly different at a=0.0. S1: no use of superabsorbent, S,: superabsorbent application at 80 kg/ha, F1:no
use of iron nano-chelate , F2: 1/1000 foliar application of iron nano-chelate, F3: 2/1000 foliar application of iron nano-chelate, B1: no use of biofertilizer, Bz: application of

phosphate Barvar-2 biofertilizer
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Fig. 1. Mean comparison results of the interaction effects of applicatoion of superabsorbent, biological fertilizer and

foliar application of iron nano chelate on grain yield of dry land chickpea

(Means having same letter are not significantly different at a=0.0. S;: no use of superabsorbent, S,: superabsorbent application at 80 kg/ha, F1:no use
of iron nano-chelate, F,: 1/1000 foliar application of iron nano-chelate, Fs: 2/1000 foliar application of iron nano-chelate, B1: no use of biofertilizer,
B,: application of phosphate Barvar-2 biofertilizer)
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Superabsorbent and Iron Nano-Chelate Treatments
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Fig. 2. The interaction effects of applicatoion of superabsorbent, biological fertilizer and foliar application of iron nano

chelate on grain protein percent of dry land chickpea
Means having same letter are not significantly different at =0.0. S;: no use of superabsorbent, S,: superabsorbent application at 80 kg/ha, F1:no use
of iron nano-chelate, F,: 1/1000 foliar application of iron nano-chelate, F3: 2/1000 foliar application of iron nano-chelate, B;: no use of biofertilizer,
B,: application of phosphate Barvar-2 biofertilizer
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Fig. 3. Comparison of application and non-application of superabsorbent in soil moisture content at 15 cm depth
(1: 21 May, 2: 29" May, 3: 08 June, 4: 20 June, 5: 02 July 2016)
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Fig. 4. Comparison of application and non-application of superabsorbent in soil moisture content at 25 cm depth
(1: 21 May, 2: 29" May, 3: 08 June, 4: 20 June, 5: 02 July 2016)
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Introduction

Pulses have great contribution in human nutrition and agriculture due to having high protein content
(nearly 2-fold more than cereals) and ability to biological nitrogen fixation. Pulses cultivation in dry lands
requires some management issues like using superabsorbent and best nutrition managements in dry farming
conditions. Superabsorbent are materials that absorb and hold water several times more than their weight,
therefore they could increase plant available water and consequently could increase plant water potential.
Due to importance of polymers in improving soil water holding capacity, present study was conducted with
the aim of study the effect of phosphate Barvar-2 biofertilizer, iron nano-chelate and superabsorbent on
gualitative and quantitative yield of chickpea (Cicer arientinum L.) under dry farming conditions.

Material and Methods

Present study was conducted during 2015-2016 cropping year in a land located in Pole-Hero village,
Khorram Abad town. The aim of this study was to evaluate the effect of phosphate Barvar-2 biofertilizer,
iron nano-chelate and superabsorbent on qualitative and quantitative yield of chickpea (Cicer arietinum L.)
under dry farming conditions. The study was conducted as factorial based on completely randomized design
with three factors and three replications. The first factor was superabsorbent at two levels including S1
(without application) and S2 (80 kg/ha), the second factor was iron nano-chelate in three levels including F1
(foliar application of distilled water), F2 (1/1000) and F3 (2/1000) and third factor was phosphate Barvar-2
in two levels including B1 (non-application) and B2 (100 g/ha). At the end of growth season traits including
sheath per plant, grain per plant, 100-grain weight were measured. Biological yield and grain yield, harvest
index and grain protein percent (using NIR device) were measured, as well. Data were analyzed using
MSTAT-C and mean comparisons were conducted via Duncan multiple range test and graphs were plotted
using Excel software.

Results and Discussion

Results of mean comparisons of the triple effects of treatments showed that there were significant
differences between treatments in terms of grain yield and yield components, leaf chlorophyll index, grain
protein yield (excluding harvest index and 100-grain weight). Superabsorbent via maintaining soil moisture
and preventing nitrogen leaching, iron nano-chelate via providing iron required for nitrogen metabolism and
phosphate Barvar-2 through affecting nitrogen fixation caused increase in grain protein and chickpea
chlorophyll index. It can also be stated that co-application of superabsorbent and foliar application of iron
nano-chelate and phosphate Barvar-2 through alleviating the decrease in soil moisture and keeping soil water
and providing sufficient nutrients by increasing secondary branches and spikes number per plant and grain
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number per plant could increase grain yield. The highest and lowest grain yield obtained in S2F3B2 and
S1F1B1 treatments by 1623 and 950 kg/ha, respectively. According to the results, S2F2B2, S2F3B2,
S1F3B2 and S1F2B2 had no significant difference in terms of grain yield and the highest and lowest grain
yield by 1623 and 950 kg/ha obtained in S2F3B2 (superabsorbent, iron nano-chelate foliar application
2/1000 and phosphate Barvar-2) and S1F1B1 (control), respectively. Results showed that highest grain
protein content by 21.86 percent was related to S2F3B2 (superabsorbent, iron nano-chelate foliar application
2/1000 and phosphate Barvar-2) and the lowest content was in S1IF1B1 by 19.36 percent. The role of
combined application of treatments in the study could be attributed to increase in water availability in soil
and consequently higher water holding capacity in plant tissues, especially leaf tissues. This causes increase
in plant photosynthetic ability and consequently grain protein yield which is a function of grain yield.

Conclusion

Foliar application of iron nan-chelate and also phosphate Barvar-2 biofertilizer and superabsorbent
significantly affected qualitative and quantitative traits of chickpea such as grain yield, biological yield, leaf
chlorophyll and grain protein content and highest levels of studied treatments (S2F2B2) resulted to highest
amounts of studied traits. It could be said that application of treatments, in addition to alleviating drought
stress and reducing application of chemical phosphorous fertilizers, resulted to increase in qualitative and
guantitative traits and decreasing environmental pollution and increase in some nutrients concentration in
soil.

Keywords: Chickpea, Grain yield, Polymer, Pulses, Water stress
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Fig. 2. Interaction between irrigation conditions and hormone spraying on the catalase activity
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 3. Interaction between irrigation conditions and hormone spraying on the guaiacol peroxidase activity
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05
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Fig. 4. Interaction between irrigation conditions and hormone spraying on the ascorbate peroxidase activity
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Table 1. Analysis of variance of physiological parameters and seed yield in bean by application of different
concentrations of Epibrassinolide under optimal irrigation and drought stress conditions

Olay po (u&ileo
MS
' s . A”)é ‘ .
U’“S“O Vb'“ sl JosLls OlygSwl  anSlpge ol g g e lgizme
DF ME sty sy 56 gromsd ST a Judg s b Judg,ls ‘JS;LJ’I’U aguigyls Al 98l
Catalase Guaiacol Ascorbate Superoxide Nitrate Chlorophyll  Chlorophyll cont%tr?t of Carotenoid Seed yield
peroxidase peroxidase dismutase reductase a content b content content
chlorophyll
)‘_’S . 2 0.00002 0.16" 0.21" 403066.52" 0.98" 0.68" 0.06" 1.16™ 0.06" 384286.77™
Replication
‘_S)L"f‘ 1 0.0006™ 6.73" 3.38" 1186463.81" 24.91" 0.07" 0.0003" 0.08" 0.02" 29224641.05"
Irrigation
kel s> 2 0.000003 0.11 0.17 57423.56 5.88 0.15 0.009 0.21 0.04 522929.00
Errorl
55 1 0.00003™ 2.40™ 0.04" 2438.32™ 0.80" 0.08" 0.00009" 0.08" 0.004" 2810849.76™
Genotype
0098 3 0.0004™ 0.62" 1.08™ 832400.19™ 17.02™ 0.46™ 0.05™ 0.80™ 0.09™ 111184891
Hormone
. w” 5% b 1 0.00002® 0.08" 0.39" 102164.98™ 0.32m 1.49™ 0.11™ 2.42™ 0.19™ 85488042
Irrigation*Genotype
_Qif’ Sk 3 0.00004"™ 0.20" 0.24" 13462.63™ 2.43 0.30" 0.03" 0.49" 0.03 103955.50™
Irrigation*Hormone
e anisd 3 0.00005™ 0.10" 0.04"s 126869.39™ 0.62" 0.16" 0.02"s 0.28" 0.04" 112591.72"™
Genotype*Hormone
D909 X el 0.000008
Irigation*Genotype™ 3 s 0.07" 0.08" 88290.73" 1.74m 0.06" 0.008" 0.10" 0.006" 43080.59"
Hormone
I sl 28 0.00003 0.09 0.19 126419.05 3.15 0.09 0.009 0.13 0.01 139151.25
Error2
(80 )) Sl 2
24.93 24.62 27.72 27.22 25.37 28.07 29.33 26.18 25.15 19.95

%) CV

el 0o y8 S g g ezl s (o ls pixe Dglas 9929 o sixe Dglal 9929 pae odims lid oS Sa FF 9 F NS
ns, * and ** indicate no significant difference and significant difference at the probability level of 5% and 1%, respectively.
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Table 2. Mean comparisons of physiological parameters and seed yield in bean by application of different
concentrations of Epibrassinolide under optimal irrigation and drought stress conditions

S a0 of v X . ; B S .
Sl 3 1“" a Jedg ks Glgimo D g ls slgame I JB9 5 lgimo Wisia,l5 elaine s s.S
3l 4 el 50 g i Jgog,5n0) (5 039 #5525 ko) (Fo39ps neSks) (5039 e » e e . ’ )
(Jolomo (siig 0 0,5 o 52 Chlorophyll a Chlorophyll b Total content of F ois 7 2 e 57ue) OS2 75
T OTIIA A s phy phy Carotenoid content Seed yield
Nitrate reductase content content chlorophyll (mg/g FW) (kg/h)
(umol NO,/mg Pr hr) (mg/g FW) (mg/g FW) (mg/g FW)
Sl Ll
Irrigation conditions
7.72a 1.10a 0.321a 1.42a 0.49% 2650.0a
6.28a 1.02a 0.316a 1.33a 0.44a 1089.4b
s
Genotypes
6.87a 1.10a 0.320a 1.42a 0.45a 1627.7b
7.13a 1.02a 0.317a 1.33a 0.47a 2111.7a
(HV909,50) adsivwl ol alizes slacdale
Different concentrations of Epibrassinolide (LM)
5.36b 0.77b 0.23b 1.00b 0.34b 1415.9b
6.88a 1.19a 0.37a 1.56a 0.52a 2068.2a
7.95a 1.17a 0.35a 1.52a 0.50a 2001.7a
7.82a 1.10a 0.32a 1.42a 0.49 1993.0a
el STy JoSLE bS5 5 ygSusl 35 g3 a3 g
P55 ko 52 53 alids 53 ;Y 509 ,50) P55 o 52 5 alids 53 ;Y g09,50) £ 55 heo 52 53 Al 53 ;Y 509 ,50) P o Jladio 10 w31 ualg)
(Jgkmo (90 (Jekmo (9 (Johomo (g (Jokmo (90
Catalase Guaiacol peroxidase Ascorbate peroxidase Superoxide dismutase
(umol/mg Pr min) (umol/mg Pr min) (umol/mg Pr min) (U/mg Pr)
uS)lﬂ%T Lyl
Irrigation conditions
&’B‘UGA g_S)L:-.‘Pl
Optimal 0.018b 0.88b 131b 1148.79b
irrigation
S A 0.025a 1.62a 1.84a 1463.23a
Drought stress
dsis
Genotypes
COS16 0.022a 1.47a 1.6la 1298.9a
Kusha 0.021a 1.03b 1.55a 1313.1a
(HV909,50) i sivl ool alizes slacdale
Different concentrations of Epibrassinolide (M)
0 0.014b 0.92b 1.23c 929.4b
2 0.022a 1.33a 1.45bc 1332.8a
4 0.024a 1.42a 191a 1434.2a
6 0.026a 1.34a 1.72ab 1527.6a

W K0S bl e gl ws po ety Jleis ] mlas )0 (SUls (slaselsais st)'] ool alie By > b sl Kilee

Mean values sharing similar letter(s) in a parameter, are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 5. Interaction between irrigation conditions and hormone spraying on the superoxide dismutase activity
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 6. Interaction between irrigation conditions and genotypes on the chlorophyll a content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 7. Interaction between irrigation conditions and genotypes on the chlorophyll b content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 8. Interaction between irrigation conditions and genotypes on the total content of chlorophyll
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 9. Interaction between irrigation conditions and genotypes on the carotenoid content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 10. Interaction between irrigation conditions and hormone spraying on the chlorophyll a content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 11. Interaction between irrigation conditions and hormone spraying on the chlorophyll b content
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Fig. 13. Interaction between irrigation conditions and genotypes on the seed yield
Mean values sharing similar letter(s) are not significantly different according to Duncan’s multiple range tests at p<0.05.
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Introduction

Drought is one of the most important environmental stresses and is one of the most common causes of
plant growth retardation and yields, and usually decreases the productivity of plants along with other
environmental stresses, including salinity and heat. One of the reasons that environmental stresses such as
drought, reduces growth and plant photosynthesis ability, is a disturbance in the balance between the
production of free oxygen radicals and the protective mechanisms that remedy these radicals which results in
the accumulation of reactive oxygen species (ROS), induction of oxidative stress, damage to proteins,
membrane lipids, and other cellular components. Under adverse environmental conditions, the role of
antioxidant defense system in protecting cellular membranes and other growing organs against oxidative
damage seems to be very important. Brassinosteroids (BRs) comprise a group of steroidal hormones that
have been implicated in a wide range of physiological responses in plants, including stem elongation, growth
of pollen tubes, ethylene biosynthesis, proton pump activation, the regulation of gene expression, activation
of enzymes, response to different stresses, nucleic acid and protein synthesis, and photosynthesis. In
addition, BRs can protect against damage from stresses such as drought, salinity, and high temperature by
activating various mechanisms in plants and increasing the activity of enzymatic antioxidants such as
catalase, superoxide dismutase, peroxidase, and glutathione reductase. The purpose of this study was to
investigate the possibility of increasing the activity of some antioxidant enzymes, nitrate reductase,
photosynthetic pigments, and finally, the seed yield of common beans with the use of Epibrassinolide under
drought stress conditions.

Materials & Methods

A split factorial experiment was conducted based on randomized complete block design with three
replications at the research farm of Faculty of Agriculture, the University of Zanjan during the 2016-2017
cropping season. In this experiment, two irrigation conditions included optimal irrigation and drought stress
were applied to main plots and two common bean genotypes including Kusha cultivar and COS16 genotype,
and four levels of brassinosteroid including of no-application (control), two, four, and six uM were allocated
to subplots as factorial. Drought stress was applied at the flowering stage, and common bean plants were
sprayed with brassinosteroid (Epibrassinolide) simultaneously with drought stress. In this study, the activity
of catalase, guaiacol peroxidase, ascorbate peroxidase, and superoxide dismutase, nitrate reductase,
chlorophyll and carotenoid contents, and seed yield were studied.

Results & Discussion
The results showed that drought stress increased the activity of catalase, guaiacol peroxidase, ascorbate
peroxidase, and superoxide dismutase by 38.89%, 84.09%, 40.46%, and 27.37% in contrast with the optimal
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irrigation, respectively. The highest activity of catalase, guaiacol peroxidase, ascorbate peroxidase, and
superoxide dismutase were obtained using different concentrations of Epibrassinolide under drought stress
conditions. The application of 2, 4, and 6 uM of Epibrassinolide in drought stress conditions increased by
73.33%, 86.67%, and 113.33% in the catalase activity, increased by 56.36%, 71.82%, and 62.73% in the
guaiacol peroxidase activity, increased by 12.82%, 46.15%, and 13.46% in the ascorbate peroxidase activity,
and increased by 29.15%, 41.49%, and 47.11% in the superoxide dismutase activity in comparison with non-
application of this hormone. It has been reported that the use of BRs significantly improves plant drought
tolerance and reduces the accumulation of reactive oxygen species by increasing the activity of antioxidant
enzymes. It has been reported that the application of BRs increased the antioxidant enzymes activity in
maize, tomato, mustard, soybean, and barley. Also, nitrate reductase activity increased by using of
Epibrassinolide, which can enhance plant tolerance to environmental stress. The highest activity of nitrate
reductase was obtained by application of 4 puM of Epibrassinolide, which did not show any significant
difference with other concentrations. Improvement in the activity of nitrate reductase can be attributed to the
effect of BRs on translation or transcription of nitrate reductase, or nitrate absorption at the membrane
surface. In optimal irrigation conditions, the use of different concentrations of Epibrassinolide has a slight
increase in the contents of chlorophyll a, b, and total, and the use of 4 uM of this hormone resulted in the
highest increase in the above traits compared to non-application of the hormone. However, under drought
stress conditions, this increase was significant, and the use of 2 uM of this hormone resulted in the highest
increase in the above traits compared to non-application of the hormone. In other words, the use of
Epibrassinolide in drought stress conditions caused a higher increase in chlorophyll a, b, and total contents
relative to optimal irrigation conditions. Application of Epibrassinolide increased the seed yield in both
common bean genotypes by increasing the activity of antioxidant enzymes, nitrate reductase, and chlorophyll
and carotenoid contents. The highest seed yield was obtained by application of 2 uM of Epibrassinolide with
an average of 2068.2 kg/ha. Among the studied genotypes, the Kusha cultivar in optimal irrigation
conditions (with an average of 3025.45 kg/ha) had the highest seed yield and the COS16 genotype in drought
stress conditions (with an average of 980.89 kg/ha) had the lowest seed yield.

Conclusion

In general, the use of Epibrassinolide can be suggested as a solution to increase drought stress tolerance
and enhance the growth and seed yield of common beans under optimal irrigation and drought stress
conditions. In addition, the achievement of comprehensive information on the positive effects of
Epibrassinolide requires a study of this hormone in different weather conditions and with other different bean
genotypes.

Keywords: Ascorbate peroxidase, Chlorophyll and carotenoid contents, Irrigation, Seed yield, Superoxide
dismutase
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Table 1. Results of variance analysis of bush infestation percent of different bean cultivars to two-spotted spider mite
during sampling dates in 2015
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Table 2. Comparison of the main effects (cultivar and date) on plant infestation to two-spotted spider mite during 2015
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Means followed by the same letter are not significantly different at the 5% level using Duncan’s multiple ranges comparison of means test.
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Table 3. Comparison of the mean of interaction effect of cultivar and date on plant infestation percent to two-spotted
spider mite during 2015

&b 94/07/10 94/07/05 96/06/31
date 2015.10.02 2015.09.027 2015.09.22
o) Sz glasE ool baig wuoys  jlxe glasE cogll ATy dwoys  Hlxe glasE 0ogll sladaig wuoyo
cultivar Mean#SE Mean#SE Mean+SE
Sadri 5.5+0.86 bcd 4.75+0.85 cde 2.75+0.62 fghi
Shekufa 3+0.40 fghi 1.5+0.28 ijkim 0.5+0.28 Im
Akhtar 3.5+0.5 efgh 1.25+0.25 hijk 1.5%+/6 ijklm
Line 31169 2.5+0.28 ghij 2+0.40 hijkl 0.5+0.28 Im
Dorsa 0+0 m 0+0 m 0+0 m
Khomein native 5.75+1.10bc 4.25+0.85 cdef 2.5+0.86 ghij
Darakhshan 9+1.08 a 6.5+0.64 b 4+0.57 defg
Kusha 1+0.40 jkim 0.75+0.47kIm 0+0 m
Pak 1.75+0.75 ijkim 2.25+0.75 hijk 0.75+0.75 kim
Line 21191 0.25+0.25 m 0.25+0.25 m 0+0m

(P<0.05) cesl o7 ra s pac saimopylis (5w ,2 50 alie g,
Means followed by the same letter are not significantly different at the 5% level using Duncan’s multiple ranges comparison of means test.
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Table 4. Results of variance analysis of plants infestation percent of different bean cultivar to two-spotted spider mite
during sampling dates in 2016

O i 2o @303l 4z Wl po (ke F
SV Df MS
s 3 0.022 0.27m
Replication
w{) 9 5.496 67.98 ™
Cultivar
(bl slaz) )| STl 27 0.081 1.23
Cultivar*Replication
Sl pigad 7,6 3 5.376 8157
Date
wS#Eb 18 0.240 3.65™
Date*cultivar
)'ﬁ*é_ﬁ)h_ 6 0.013 0.19m
Date*Replication
s 54 0.066
Error
85 slla> 119
Total Erorr
(ol ©,8) Olyss oo 17.65

Coefficient of variation
(582 ©55) Sleadd 2 15.93
Coefficient of variation
Aoy S5 g o0 gy Jleil s 58 (6510 e w10 g pae Silo i 5 4 ek g % NS
ns, * and **: Non significant, significant at P< 0.05 and P< 0.01, respectively.
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Table 5. Comparison of the main effects (cultivar and date) on plant infestation to two-spotted spider mite during 2016

(&,b) (hol 55356 (uRilo dunnlio
Mean comparison of the main factor (date)

(8) £ 55 59551 (5SS lao duany Lo

Mean comparison of the sub factor (cultivar)

é;_.)b" s st oa,ﬁ dia sy ﬂ,ﬁ) S st oo,ﬂ sbdaia woje
Date MeanzSE Cultivar Mean+SE
95.06.31 1.5+0.27¢ Sadri 4.08+0.49b
95.07.05 2.37+0.42b Shekufa 1.91+0.52d
95.07.10 4.17+0.50a Akhtar 3.16+0.63c
Line 31169 2.08+0.54d
Dorsa 0.00+0.00f
Khomein native 4.41+0.41b
Darakhshan 8.25+0.75a
Kusha 0.83+0.29%¢
Pak 1.83+0.32d
Line 21191 0.25+0.13ef

(P<0.05) il Sl pxe BB pas oasmsylis (giw ;o ;0 aline By~

Means followed by the same letter are not significantly different at the 5% level using Duncan’s multiple ranges comparison of means test.
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Table 6. Comparison of the mean of interaction effect of cultivar and date on plant infestation to two-spotted spider
mite during 2016

&b 95.07.10 95.07.05 95.06.31
date 2016.10.01 2016.09.26 2016.09.21
|°.§) sbo ‘_théi oa,ﬂ ‘_QLae\.T,.g doyd e él.ha'i eé,.l‘l‘ ‘5Ub459g oy e ‘5Ua5i eé,.l‘l‘ ‘5Ub4.79.g oy
cultivar MeanSE MeanSE MeanzSE
Sadri 4.25+0.85 def 5.5+0.64 cd 2.5+0.28 gh
Shekufa 0.75+0.47 jkl 4.25+0.25 def 0.75+0.25 jki
Akhtar 2+0.40 ghij 6+0.40c 1.5+ 0.28 hijk
Line 31169 1+0.40 ijki 4.5+0.28 def 0.75+0.25 jkI
Dorsa 0+0.1 0+0.1 0+0.1
Khomein native 440.40 ef 6+0.40 ¢ 3.25+0.47 fg
Darakhshan 8.75+- /Yo b 10.70+0.80 a 5.25+0.47 cde
Kusha 0.75047 jki 1.5+0.64 hijk 0.25+0.25 ki
Pak 2.25+0.47ghi 5+0.5 gh 0.75+0.25 jkI
Line 21191 0+0.1 0.75+0.25 jki 0+0.1

(P<0.05) ol lo gimo GBS pace oniao ) lis (ygiw ;o 50 alive By >

Means followed by the same letter are not significantly different at the 5% level using Duncan’s multiple ranges comparison of means test.
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Table 7. Analysis of variance of effect of cultivar and treatment spraying against two-spotted spider mite on bean yield

in 2015
Ol kS G T Az ) Oluge gezme Wl il
S.V Df SS MS
)‘)SJ 3 0.1178 0.0393 s
Replication
e 1 0.9921 0.9921™
Spraying
(hol slb2) (S 21,55 3 0.0296 0.0099
Spraying*Replication
) 9 1.8028 0.2003"
Cultivar
e 9 0.1907 0.0212™
Spraying*cultivar
o> 54 0.2390 0.0044
Error
& sl 79 33721 0.0427
Total Error
(ol ©,5) Olyuss oy 6.06
Coefficient of variation
(&)3 u)S) u‘)“” ““")‘4 4.06

Coefficient of variation

B0 S5 g o0 gy Jlei | mha 58 (6510 e w510 pme pae Silo i 5 4 ek g % NS
ns, * and **: Non significant, significant at P< 0.05 and P< 0.01, respectively.
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Table 8. Mean comparison of the interaction effect of cultivar and treatment spraying against two spotted-spider mite
on bean yield in 2015

) o b olpow (g0
cultivar By spraying Non spraying
Sadri 1.66+0.036 cdef ~ 1.36+0.022 hi
Shekufa 1.77+0.031 bcd 1.46+0.04 gh
Akhtar 1.7240.059 cd 1.51+0.11efg
Line 31169 2.09+0.046 a 1.940.018 b
Dorsa 1.77+0.029 bcd  1.65+0.021cdef

Khomein native ~ 1.62+0.014def 1.33+0.024 hi
Darakhshan 1.67+0.051cde 1.25+0.051 i

Kusha 1.7540.027bcd  1.62+0.022 def
Pak 1.6740.024 cde 1.5 +0.013 fg
Line 21191 1.84+0.003 bc 1.740.024cd

(P<0.05) el Jls sime B pac odimd lis (gt o 50 alie By >
Means followed by the same letter are not significantly different at the 5% level using Tukey’s HSD comparison of means test.

WABJLs Lugl 0,5das 5 (lasdyd 45 ande (olpoms loud 9 03 1 il )lg 4525 b - Jgux
Table 9. Analysis of variance of effect of cultivar and treatment spraying against two-spotted spider mite on bean yield

in 2016
Ol gt 2o il 4y Olupe ggeme Ol (il
Y Df ss MS
%S 3 0.2177 0.0726 1
Replication
Sl 1 0.7810 0.7810"
Spraying
(bol sla2) (S 21,55 3 0.0783 0.0261
Spraying*Replication
~% 9 15378 0.1709™
Cultivar
G 9 0.2131 0.0237"
Spraying*cultivar
= 54 0.2619 0.0049
Error
I sl 79 3.0897 0.0391
Total Error
(ol &) i o 6.06
Coefficient of variation
(4 G,8) Sy gy 4.06

Coefficient of variation

By SG g s e gy ekl mhaw 53 (650 sire s )lo sire i S0l s 5 4y ik g % NS
ns, * and **: Non significant, significant at P< 0.05 and P< 0.01, respectively.

Oolas Loyl gy, 4 eSSl s 4 leyo e 5 b,y LS o Sz a3l 0, Slee (1l du o
] S5 Py el by oS (LAl 90 9 (tlon oS

20 Lagd Alizo o)1 0 )Sos (4l 3m0 b 8 po 413205 -V -0 Jﬁjﬁ O 5 913 o3 (2 Jyuz) 5

T s 3 Sle laStes -5 5
10 547 Jlgio Jlw 30 33 (Silows 590 9 (blpoww lou 50 e M?u L;ot;—g%)“ . ﬁil saui)..
ol GilesT slassls oS e 4326 ) Jgaz @illas U”'““S““”f"’ s Sy
Yl |4 g0 fo_cine &l 5 i Sl 145 ol oS ol 90,8 cdaline YIVAY Y g Loy o8, 0 50
Lo L Sos Cao
Hles by 5 B sz sl p3ssoleSy 5l (AU
05 30 Jlo Sl eizman gy Lo g0 (b e la s
3590 slond 4y plB | LSy wly odsaoylis aS 090 o siee
el syl Jlo g0 b axlllas

30 80, Shee e ploons S8 L g 09 yiden olas o
6“3[45.‘1 fu)‘s Sgm )bu;;m 6,,.,[_,_0_“, 9% 9 ww o

VoY



Q-1+ A aiio IFAQ Sl (Y6 ylacs 11 (0590 o /3 391 ©bgad S 9 3 /... caogliio (1 3 1), K0 g (ol

B Jlo 5 Lugh 0,Shae 1 (514 90 43S arle (cbloanw slos g o8y Joliie 53100 Shac (aSilso dunmliio -1 Jgur
Table 10. Mean comparison of the interaction effect of cultivar and treatment spraying against two-spotted spider mite

on bean yield in 2016

~) ol b o (59
Cultivar By spraying Non spraying
Sadri 1.484+0.0009 cdef ~ 1.227+0.017 ghi
Shekufa 1.587+0.023 bcd 1.421+0.031 def
Akhtar 1.54+ 0.023 bed 1.321+0.033fgh
Line 31169 1.867+0.032 a 1.68+0.039 b
Dorsa 1.587+0.046 bcd 1.507+0.05 cde
Khomein native  1.447+0.023 cdef 1.176£0.037 hi
Darakhshan 1.493% 0.072 cde 1.049+ 0.024 i
Kusha 1.563+£0.051 bcd  1.459+0.115 cdef
Pak 1.493%0.034 cde 1.338+0.059 efg
Line 21191 1.61+0.035bc 1.518+0.084 bcd

(P<0.05) <ol Sl gime B pae oaimoLis Hetw ;o 40 alie By >
Means followed by the same letter are not significantly different at the 5% level using Tukey’s HSD comparison of means test.
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Table 11. Combined analysis of cultivar and treatment spraying effect against two-spotted spider mite on bean yield

during 2015-16

Ol ki’ 2o ol 4y Olupe ggame  Olupe (il
S.V Df SS MS
Jus 1 117 017 ™
year
Jbo 090 155 6 0.34 0.06™
Replication
e 1 177 177"
Spraying
=l # Sl 1 0.01 0.01m™
Spraying*year
kel sl 6 0.11 0.02
Main Error
) 9 331 037
Cultivar
sl 9 0.03 0.0031"
year*cultivar
A 9 0.38 0.04"
Spraying*year
3% o0l gt Jlo 9 0.02 0.0022"
Spraying*year*cultivar
L 108 0.2390 0.0046
Error
F sl 159 0.50 0.05
Total Error
(uJ“" ‘;’)5) ‘-")‘—‘-‘4 2 7.63
Coefficient of variation
(£ ©)5) Ol po 4.38

Coefficient of variation

Ao d S g duo 0 gty Jlei| s 58 (6510 e w510 pe pae Sile i 5 4 ek g % NS
ns, * and **: Non significant, significant at P< 0.05 and P< 0.01, respectively.
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Modarres Najaf Abadi, ) ses o olis 595 51 p5,1 ple
50 S 4 Logl 4 Jg) 00 ¢ 5l iy Coglie anlllas (2011
» CIAT) Sl Sladxs auwge ,o (T. desertorum)
(BATA17, oY o> Lassas ols olas glac,je bl i
(Flexner et wog pglie 45 o\l 4 BAT82, BATI3)
al., 1995)
S 4 plaelS Zuglie ulge (n St 5l (o i)
259> &5“""—*-’94) Rl do Soad Lojo 08 alloe ()6
gl e ols (Lai 353 5l (6 it Cnglie ales
L a5 ol . Modarres Najaf Abadi (2011) .=
P8 as ol plas btz slongd gy i (o) 2
$1aSTgs 3,5 S 0 4y S (55t oo Spdsliag)
Modarres) g.iss oles Guizmed 05,00 a1 il 4y Cos
A Cams S o8, a5 0,5 asiw (Najaf Abadi, 2011
(0 8yme Lusyo o8, ol &0 AR Lo ,0 45) G11867 Y
Ly o8y oyl Gz (o 0l Lis (6 i Csglie
350 Slogais) )’L“’ 5 S by @ S | Suaglite (i
G20y (60 aons ol a S ol flas 0g5 51 isles]
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LS izen 9 09 )l ol (p iy Il plas o
o Comd 555 Sl wlide sl 25Ty e (v
SJL= ,o (Tahmasebi et al., 2010) wilesss 21191 Y
Lsyo 08, 31 aw 21191 Y ws asine pol> §udss jo a5
i 995 e 50 glaSge 5,l A A Ceglie oy i Mo

20 5T Jlo o solosine b 4 calizes o)l Sl 5 0
e Jolie 151 e tomen 09 Sglite aoys Sy el
"5 gl )3 00l S8 Jle 90 58 50 5 08 9 ead SAlews
ez a8 o, Slae (1Sl anlin 1 09y o siae oo
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(Tahmasebi et al, ! o gooxie Sladlas (b5 oLS
2010; Mohayseni et al, 2005; Mohammadi et al
2010; Tahmasebi, 2013; Modarres Najaf Abadi,
Polis, 1973; Aydemir & Torus, ) ;L= ,o 32011)

1992; Flexner et al, 1995; Bynum et al, 2004a,
2004b; Shanks et al, 1995; Labanowska, 2007;

(Khan et al, 2003; Karban, 1987; Xu et al, 2004
el olalhe ol o kil s ool a8 5 slol
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(Mohammadi et uss,S 3,m0 (5,6 S 4 bjee (05
Frats pgas j5 ool )y o al, 2010)
L slasdgs (5,0 ass (s 4 Lagd (wles 5 polie caloi
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Introduction

Two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is one of the most important
damaging pests to bean farms. In order to reduce these damages, farmers are forced to spray their fields
several times. One of the best methods to reduce pest damages is using of resistant cultivars. In addition to
tolerance to the pests and reduction of spraying and consequently reduction of environmental pollutions, this
method can also have benenefit of higher yield. In this research, bean cultivars resistance to two- spotted
spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) in field conditions evaluated.

Materials and Methods

In order to study and evaluate resistance of eight cultivars (including: Sadri, Shokufa, Akhtar, Khomein,
Dorsa, Kusha, Darakhshan and Pak) and two lines (21191 and 31169) of bean to two-spotted spider mite
during two successive farming years of 2015 and 2016. An experiment was conducted in the form of split

plots design in time, in National Research Bean Center of Khomein city. This experiment was performed by
observational method with leaves’, stems’, pods’ and bushes infestation to two-spotted spider mite and
comparing them with the control and the evaluation of their yields. The statistical population included 10
genotypes of bean. This experiment was carried out in four replications in a field with a size of 23 x 26 m in
a split plot arrangement based on a randomized complete block design. Ten genotypes were tested against
two-spotted spider mite on leaf, stem, pods, plant, and their grain yield by spray treatment. In each plot, 30
samples were prepared. The data were analyzed by SAS software. The comparison of the mean of infestation
of the cultivars and the sampling time by Duncan's test and the comparison of the mean yield by Tukey HSD
test was performed.

Results and Discussion

Infestation in the stems of bean began in two consecutive years on 12 August every year and peaked on
the 22 of August. The highest amount of stem infestation in two years was related to Darakhshan cultivar and
Dorsa and Line 21191 had the least infestation in this regard. Infestation in pods of beans began in year 2015
on 26th of August and in 2016 year on the 21st of August. But in two consecutive years, the peak of pod
infestation was on 16th of September. Darakhshan, Sadri, Khomein cultivars were identified as susceptible
cultivars to the mite and the cultivars Dorsa, Kusha and Line 21191 as more resistant cultivars in this regard.
Beginning of infestation in bushes in both years was 20 September and the peak of them occurred on 30
September. Results showed that the amount of infestation of experimental cultivars and lines to two-spotted
spider mite was significantly different. These differences were related to the beginning of infestation and
yield. Means comparison showed that Darakhshan, Akhtar and Khomein were sensitive to the pest but line
21191 and Kusha cultivar as chiti bean cultivars, Dorsa as a White bean cultivar, and line 31169 as a Red
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bean have more resistance to two-spotted spider mite and have acceptable yield in comparison with other
experimental cultivars. The combined analysis of the data two yearly showed that the effect of year on the
grain yield was significant, which was probably due to the uneven atmospheric rainfall, exposure to light, or
under the influence of environmental stresses over two years. Also, the interaction of year and cultivar was
not significant that it is showed the same response of the cultivars to the pest in the two years of the
experiment.

Conclusion

In general, the results of the present study showed that Dorsa, Kusha and line of 21191, as compared to
Darakhshan, Chiti of Khomein, showed more resistance to the populations of two-spotted spider mite in field
conditions that the most important causes of these results cases such as genotype, vegetation type and date of
mite infestation can be attributed. Therefore, in order to prevent continuous spraying in bean fields and to
obtain optimum vyield, it is recommended that the line 21191 (introduced in 2016 as Ghaffar cultivar) and
Dorsa and Kusha cultivars to be used. Also, Dorsa cultivar as white bean cultivar, line 21191 (Ghaffar
cultivar) as chiti’s bean, and line 31169 (which was introduced as Yaghut cultivar in 2016) as a red bean,
resistant cultivars to two-spotted spider mite was designated in this study. So this research can be very
helpful and efficient for improving yield and reducing the use of pesticides in the bean fields.

Keywords: Bean, Cultivar, Resistance, Two-spotted spider mite, Yield
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Coloa Cogaz o Fe slos yo ol S st colan C
N P e R PO I Y |

9] s §lgizxo

sl Bian & Jiang (2009) g, 5l esla ol L
== aJoles )l oolaiul Lu 9 LSJ"f°)“'\“ \(RWC) uT w
1230 ,5 Al Jo )0 >
™)

RWC (%)= (FW-DW/TW-DW)x100

039 TW 5 Sy St (355 DW oS 5 055 FW

Qb o oS wlel > y0 Sy

OHg R g

P15 50 595w w2 olS Gy i sl
by yogli OV o Jsb )0 Jslne @i Jlade (305
Hlade g ol saile> (UV-1100) je0less Joo yiegids xSl
Bates et ) s slccwsds 8 lailinl o jleslatul b opdg
.(@l., 1973
)

Prolin (umol g* FW)=

[pgprolin . Toloen(ml) } sample(g)

ml 1155(ug/mol)| 5

reelS’ 9 ey ot (Ao

by alol> sl Jsloe iz slaie ol sl
clile o oulys JENWAY PFP 7) jag b, 18
lalad (o9 Ghg) 4 peadS 5 el (auon slassS
23,5 yaexs COMING oo gladads iy g5 olKiws Lawgs
sob 4 ol gl eslanl b 0l o Sl cdale
0d S dia, 9.5 50 ol ke g od s alBlos
(Chapman & Pratt., 1961) a5 acul=e
Wools (g kel Julexi g 41 525

sl Mstat-C l331s 5 5l eolatwl b baosls (g kel 452
50 SSls aials o yge;] 5l b Sile dunlie (gl g 0
o osliiwl (P[4 0) 9o ,s 0 slhs Jlaisl pmla
DA gy EXCB 13810 5 alsg 4 abogy o slojloges

1. Relative Water Content (RWC)
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I a0 o laools il ls a5 5l Jol> s
9 el 5 (5 )50 GRSa o) (55 45 olo Ll
Gl 3l 08 g S (5,00 (IS rize
s (V) Jslaz) P<e/01) cisls 0450 oS Sy mhan
aald 4 Comd (5,58 zokaw plad ;0 I mhaw a5 oy lis
= o) = VY 99 (5 50 0 .clly (ghlo pime alS
S92 gobw pled 0 Lo o w03, 90 12 ) e
15 Sai ccble sl Uy il 2als g s sixe & ypo;
Sgs oo Sl oS ;o So5¢lgn ud i Lo ey Jaxe
2 il e Lid sl 5l 6,85l jo Lol Jele 055 oS
Wdboe (Jobo i 9 08 5l Canilos 5 (2LS o sl
2 S b ol bl 5 ko e 5 05, 2815
6o U5 andS (Neeta Patil, 2012) 545 o oLS
L poonnlS” Sl 51 o0liciol ol olS o5 s el alS
Sy @bl ;o s’ cdale ol o o Jldl Lo
a2 oo i8S ol Ce i ga> B g oads olS
.(Arshi et al., 2005)

L) o Jlogine 556 035 5 ()98 o5 ol i i
b bl 0l 1 () Jgaz) (P<e/+ 1) sl 0950 olS
oS glas,l o xe (alS o VY JIF dS/IM 5,50
o= oS sl )l aglay Luly ol jo aiul vals 4y e
23 395 s ae ey ieny (w0 VY 9 (5,98 Zslan
elas,l o mre ialS 4 e A-VYAS/M (5,08 (o o,
ity 2S5y o 5] (855 2t 28l 4 o o5
oS 5L 0590 sl g ol G wile oS- Jglono (s 5ol
= b i o 4 olde polie Jolss pas 09 o
i 3l by (B0 geS g Sheml pela sl aog
Sl Lo an 1) e dlol g olS als; il lals o
aS cwl SLs ol bl mbs .(Kaya et al., 2006)
o o2 93 )0 g (S ‘1")3‘,6%*.-&% 5 el 3G
eltd g 55 5l il Ly pdS Yozl 0g: 55 3, 5|
Juasl sl mle g pdass Jagl i ol o 1y olge Jlisil 5 i
s3> 534S Cel 15 (SUo Lo 2 w0950 paos
12318 5 Lncomnd JST o b g 5 5, anlS
Al e S90S ) Soled o g 4Bl dgng (53Hwyid
(Chenetal., 2001)

B Al po )0 3955 9 9 2 U1 SC59d98 50 Sl il lg 4 5T - Jau
Table 1. Analyze of variance of morphological traits of Jam and Pirooz cultivars in flowering stage

A gox0 =
o a0 aBlw S (439 S p Sl (439 Ay y SnB 39 ) b Eses oliS elas Sy
Ol s’ 2olo _ L _
Source of variance lf Shoot dry Leaf dry Root dry Plant ol
df weight weight weight Total root height Leaf area
length
S5 4 el el il il e
NaCl 8626.02 30330.71 79262.38 17995316.47 85.75 2620292.03
oS 1 ns ns ns ns ns ns
CaS0, 257.92 991.45 393.73 422877.422877 0.13 15855.94
eedS 5 (5550 4 * ns ns o ns s
NaClx CaSO, 883.013 1821.19 2993.57 1368841.18 1.33 92532.09
5, 1 * #* sk ns T3 EE
Cultivar 2298.97 7240.21 17363.81 108947.74 55.58 217550.92
©) 9 &9 4 ns ns ns ns ns ns
NaCl x Cultivar 827.32 651.14 2691.79 261233.04 9.43 35671.89
03 3 S 1 ns ns ns ns ns ns
CaS0,x Cultivar 200.2 7.42 1257.67 10785.13 16.8 8194.71
AN 4 ns ns ns * ns
NaClx CaSO,x 401.98 2050.25 3186.25 470723.82 2.07 161009.34
Cultivar
Error (s 40 335.99 1269.4 1783.21 168026.06 6.51 23450.63

*, **and ns: significant difference in 0.05, 0.01 and non significant, respectively

Y

IS sine iglds Sgzg pae g /0 ) 5 /00 Jlaixl mhaw ,0 (5 ls sxe o ey NS o FF K
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Table 2. Mean comparisons of morphological traits of Jam and Pirooz cultivars in flowering stage

S SS9

Al ) SiS 039 ade Jeb Egee

oS sl 5
9 T ol S . Shoot dry Leaf dry Root dry ® = W)l S c:'m
andS w5y . ] . Plant oS
NaCl A weight weight weight Total root heigh
(dS/m) CaSO0, Cultivar ) |ength €lg t Leaf area
2

(mM) @/p) (mmip) cm) (mm?/p)

0 J 0.15a 0.23a 0.291a 5193 a 24.08 a 1932 a

0 P 0.103a 0.164 a 0.177 a 4162 b 25.75a 1301 bc

5 J 0.115a 0.18a 0.226 a 3240 ¢ 255a 1221 b-d

P 0.0997 a 0.197 a 0.236 a 3455¢ 245a 1405 b

0 J 0.113 a 0.205 a 0.241a 2369 de 24 a 1010 de

3 P 0.0998 a 0.193 a 0.153 a 2159 e 25.17 a 1028 c-e

5 J 0.109 a 0.218a 0.17a 2903 cd 23.83 ab 1172 b-d

P 0.086 a 0.145a 0.107 a 2301 de 23.08 a-c 782.8 ef

0 J 0.069 a 0.119a 0.079a 1841 e-g 19 b-e 706.5 fg

6 P 0.065 a 0.105a 0.073 a 1793 e-h 23.58 a-c 575.6 f-h

5 J 0.093 a 0.177 a 0.113a 1747 e-h 21.58 a-d 806.3 ef

P 0.077 a 0.141a 0.059 a 1963 ef 21.5ad 573.4 f-h

0 J 0.056 a 0.086 a 0.054 a 1171 g-i 18.83 c-e 478.6 gh

9 P 0.049 a 0.084 a 0.05a 1322 f-i 21.42 a-d 397.3 hi

5 J 0.078 a 0.094 a 0.059 a 1028 hi 18.83 c-e 396.5 hi

P 0.052 a 0.091a 0.051a 1195 f-i 20.83 a-d 397.1 hi

0 J 0.033a 0.097 a 0.035a 540.3 i 15.83 ¢ 178.4 i

12 P 0.065 a 0.078 a 0.032a 1118 g-i 20.75 a-d 284.4 hi
5 J 0.065 a 0.105a 0.062 a 1223 f-i 16.83 de 429.9 g-i

P 0.065 a 0.094 a 0.052 a 934.9i 21a-d 382.8 hi

L5, (5,0 cixe B3 P<0.05 (sl Jlazo! ahaws ;0 il S yidie By S Bl (gt 50,0 a5 sla . Sile
Means within each column with a letters in common are not significantly different at (P<0.05).

J: Jam; P: Pirooz

Gorai et al., ) a_asu o 950 5555 plp 01y olS Jos
(2010

sa—c o e ol S cwlaalie il g LT

(Vg Vdghaz) ols lis (5,98 gshaw ples jo 1) sefdy IS
o0 plonil slaalol & bayye gl b gillae Jol> gl
&, (Yeo et al., 1990) 55 paS 5 70 LS (3,
i) SLabisls als' g g 9dg (i3l o
Sl 098 o0 Jed9)IS Fitmsge yrae 53 (Ol 9 Jud9)lS

25 Ll )5 g IS (e 1S s Db IS 2t
 olazel (Parvaiz & Satyawati, 2008) coul ooy (5,90

Sl 35 SLbislS 5T codled o g o 4S5 el oyl
oelS akuly ool o aboe IR s 4 eeligls o
S e 4 Vlainl (6,98 5 o JealS o e
Neeta ) a_il o S mhaw ;o Judg S HaboasSTy o Sy
ey kS 4 S olaws g zlaw zels (Patil, 2012
(Baietal, 2011) 05l co i baiy jiiwgd
S Slgoe pogmat 50 Slaslive (ke aslis
Ol o lgime (5550 il L aS 0g o] 51 Sl O]
oeals dals & Cas S /MY JIF 5,08 zokaw 0 Sy
55 8 3 4 Sl ol ange pol Gialesl (F Jgaz) il
ol ok 5 6590 site D1 Sgatp 53 el 3G 3

Y

U comi oL lonion 9 Sajels jud Olio o)y
Ca?* g Na* el
(59 S o g 08 (55— 4S5 ol L ol
0555 oS (slasyg, Cuglie p (50 sxe )-*-’L’ 05 9 pedS
Ceoglie iolaejl ol jo ol lis bosls (Y Jeaz) cdls
2 39 05y )0 9 8,90 Tokaw pled ;0 p2 08, )0 (sla)s,
Gl e I yg0dss 3ol & Cas PEVYAS/M gl
S5 ok Jlie ;0 5o5m 08 & Camd 02 o8 0 yiden
@lasssy Ceglie Szl gt Sl oS 0 )15
Sl sy aS cl o1 5l (St Lo cwy p (F Jgaz) il
0 Fgid (i SRR g glaig,) Culas GialS & b
o, Skee g ai, zals &85 o (Parida et al., 2004) s4s
JUAS! jo s 31 30 00lel e (55 i Lyl o ol
o an b el als daass ) 4 (5imgid glaos 1,8
o 55 a3l s, IS i o i
Sehoim glalad 5 (il Jdgie o ol (s050e daugs
edsre Coglin ptey Gl O 4zt a5 wb e R0l
STy sl o 050 (il il o0 CO2 2955 6l
Aie L g yidon (595 et 4 a5 oads oSl 5U5S]
loiz) Collad o9t b ol 0550 00 (i Fwgnd il
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099581 b &S b oo (205 SOSs 05 Ol Oliee 555 i3
Sl 0 &8 b sl Sl yo b e pendS
oz 3 (ST (sladid ) S 4 aticly S0 JSCas
(Yeetal, 2013) oS o La) ago (iS55 4s
Lo =T ol ) ol (i s ay oS 51 otz
53 9515 e a4 bgape S SIS 0l g lanas
S92 aSly o olS 9y Ce o LS Sl (05
.(Sadeghi Lotfabadi et al., 2010)

g diny 5 S peelS Gliee 5590 (1PN L
=3 VY (555 ;0 S oS lme 2BL oS o e
= oeied W T sl po ata; 0 e i)
Oialosl @L., (F 90 Joloz) o9 )b‘S;M dald 4 S e
035 55 (6398 (siie ST (G39e po peedS Sl aSols les
sloml Jdoan made 015 abbige 5o o) 5l Sodn o2
JLaslslaig ;) ggz gl Jols 4y pundS aiile, jo JISC2
ol ol A5 0 e Cenilon eBls 4y Ay s ) penedS
6olome d muendS L Jlaml 5 iie 36 Jdoas Yz
Lié ay JLail gl maos lagyss 5505 oo ploxil gz o]
Og= Vb chile jea> plplo WS (oo CUl) mendS 090 L
Sbidlre (5550 cellaels St SH Jobe WS oo S
@ pobie 5l ()l ©iz 358 o 3959 5l o 5 wiled
ool L alpls 055 o0 50 T Lol ol wiils
(Bush, 1995) s 0 awls 55 oyl Gis ol Lds

YL gobw 5l i (o p (ebenjomd 751 S20S5) (5598
Ol Gz Gl alS L 598 i Lalyd 50 09) 5598
5 950 oo Sl oLS i 10 Kol g, 4 ol Lawgs
Cha-umetal., ) ool o 2ol os 4 Sy ol lgime
158 Lt Uy S a8 el T 51 S o155 (2011
Sl g ey sebay a3l Colled 5 Loyt it
2 ol 38 13T (558 A Lot plalS 50 (el oalais
ol JLss 4 ol o lgizme (ol o oS o8l
9 00=d (Jobow 0)l52d 5 Jomgiomw 13 S92 g0 i (DG,
(Gholipoor et al., 2004) sas o 2alS |, 00,lg &)Lz
oinlesl opl yo Calises Zolaw ;o osls 1 Sile dulis
B s G il e slas gl el als
Gl 5 i s (65 (F Jsiz) sl 4 i
) Jobo slid (S )l 5 0ad baetis p 5 o] S 5
(69— 4 e SlbEe3gSIE 3 aas e 8 L5t cou
A adsl al lye 4 5 4Bl e Ssr NS0k
o=l 5o 0t (olewdly slad S ratilr (698 15
o vy 990 ;B 0 S Sldgs 5l ool ul oLl
Bl Gl ol e 08, 50 45wl clae gl Gl
S50 Toba dod ;5 Sl osliial gy jlo stne ES)L"T
15 ool G el 0 sl gl il csly Boes
Sl o)l Jolw oylgs ol g sl g lanl 5)l,3,
SYols 505 g lagyg 6 dydeii 9 JUSH polais )3 S

s (Marschner, 1986) ¢l sa_s lilo)lsss g

SRS Al p0 10 9955 9 9 2 U1 ST S8l jud Sluo il ylg 4 s - Y Jgu
Table 3. Analyze of variance of physiological traits of Jam and Pirooz cultivars in flowering stage

Ol i’ @alio oI5l 4z 50 433 Caoglite Judg s o0e T (o glgizmo Lind (5l Al
Source of variance df Stomatal Resistance Spad number Relative water content Membrane stability
S) 9..4 4 BT e e B
NaCl 2569.39 218.75 6.3 30776996
foedS” 1 ns ns ns
CaSO0, 6.34 9.84 17 4225258.6
M‘“JS 9 ‘5)5.‘5 4 * * ns B
NaClx CaSO, 53.55 24.31 0.2 549974.3
3 1 *x ns ns ns
Cultivar 1106.82 0.43 0.2 4950.4
©55 5 So9d 4 * ns ns ns
NaCl x Cultivar 54.8 13.92 0.2 69868.1
03, 5 pedS 1 ns ns ns P
CaSO,x Cultivar 59.4 15.71 03 437418.8
wé) 9 w—*—wls PREE™ 4 *x ns ns S
NaClx CaSO,x Cultivar 246.85 15.3 02 161291.7
Error s> 40 15.85 9.04 1 58021.5

*, ** and ns: significant difference in 0.05, 0.01 and non significant, respectively

o sine Sglis Sgzg pac g /o) g /00 Jlaisl mhaw 10 (gl sime i 54 NS FF K
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Table 4. Mean comparison of physiological traits of Jam and Pirooz cultivar in flowering stage

Sogd Tehw el Z gl ) &33) ceaglio Lo by lSous ST oo (lgizxe i o fnl il
(50 3 guiogjgmd)  (Y30isk0) ~) Stomatal S Relative water U
- . pad number Membrane stability
NaCl CaS0, Cultivar resistance (Mg g FW) content (%)
( dS/m) (mM) (sem™) (%)

0 J 17.55ij 18.68 a 61.84 ab 54.72 a
0 P 16.38 ] 10.48 b 63.73 ab 61.43a
5 J 24.92 gh 9.7 bc 61.47 ab 72.75a

P 13.05] 116b 66.76 a 69 a
0 J 24.25 g-i 6.43 b-h 48.46 ab 442a
3 P 20.17 h-j 9.1b-d 56.55 ab 44.69 a
5 J 38.25 de 7.48 b-g 60.39 ab 49.44 a
P 20.07 h-j 10.43 b 85.77 ab 44.25 a
0 J 45cd 3.97 c-h 47.77 ab 328a
6 P 32.73 ef 4.63 c-h 49.57 ab 34.41a
5 J 45.75 bc 7.67 b-f 56.83 ab 3757a
P 30.98 fg 8.47 b-e 51.13 ab 385a
0 J 52.17 ab 1.9 f-h 46.57 b 28.67 a
9 P 52.45 ab 2.07 f-h 4741 ab 29.57a
5 J 57.25a 3.57d-h 48.19 ab 3352a
P 38.33de 3.15e-h 49.63 ab 33.25a
0 J 59.19a 1.3h 44.42b 2144 a
12 P 434 cd 1.73 gh 44.48b 21.18a
5 J 45.17 cd 2.8 e-h 46.06 b 23.65a
P 56 a 3.53d-h 45.39b 24.32a

2555 gl sixe S P<0.05 gllas Jloz| rhas jo waiyls S e B S Bl oy o 40 a5 ol Sk
Means within each column with a letters in common are not significantly different at (P<0.05).

5 el @3 Gl co e D3 el L S
o3 iyl o aiyy o 1) KINET lisfen
(Renault & Affifi., 2009) 554 oo o

Olie 2als 2 dS/IM (5,50 40 a5 ol oylis mls
(Y Jgaz) 092 lo ire 08 99 52 50 udS 98> 10 o
adls (Saiolyy achale o as ol asie (bl S o
lacdl J1s 4 mdw g2 959 5l Caniles 40 5008 (5)LlS
oL Jsbos & aies 355 T3 L amts 5o il god oL
SOS ... (Etehadnia et al., 2010) 55, o oy 5l G52
9 S g aiy) Jlail a0 1) bty 9 midw g2 JobsS
RS 0S (oo meat | Bl @ s Sl e g0 JUE 5
o9 S bwgi |y (Jowgion pendS Sllag 5592
ol ol a5 S0 20 mendS 4y Jate sy
Qiuetal., ) el ((ys95,5 [ opymw LisS ui3,2) SOS2
SOS1 (5,5 JLab g aly i b e L5 SOS, (2002
L, SOS1 Ll oS oty (lowdly Leg Na*/H* 5,50 5T
oLyt Joowi & a5l )l 4 o 0 o0 S
(Quintero et al., 2002) .S o S5 (5,58 4

1O

f‘*""‘“L‘" Q‘}t“’ xr 6)“56'“’“’ )""L‘ r‘>§) 9 r"*‘“lf u“&“”ﬁ

G 8l L as ols las mls (P10 0) cuils Sy
Tobw 0 ralS ulas eodl jralS $ el ol
(Y Jsoz) 09 ,lo e dalls 4 cos A1 YAS/M (5,05
&9y ad_wam‘ 6@6&))3 ) m,\.ciwo:b C.:L..: L» CJLJ U"‘
y9— slala = o (Panah & Sorooshzadeh, 2005
HU & )\.\_nlaw u.u.al_T ol_zf L;l_ﬁd._m.’) L;‘)_’ p.»_..uLu
4 a5 was e olis b o, s (Schmidhalter, 2005
Na* O K"y Na+6LmQ9,;lj JLasl S e J86 Lo
Sudhire & ) asS' o <o) K b Joko (49,0 40 (35 sl 0
G 0w (9 (59 i bl s o (Murthy., 2004
GalS (5 ey 1 Olien 5 005 b @5 & 5 K2
=) 99 5% peelS Slilgs Jles 0 g 18 S 9>
L oS o 05 lo cmme ol ol as” il o3l
o slad s Coge i 9 ol (0,5 0gu e
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Table 5. Analyze of variance of biochemical traits and Mineral Nutrients of Jam and Pirooz cultivars in flowering stage

Oy ol az)° Aoy mow Sy Al yoanliy S el oyl Speeeds  aduyoden Spodn
Source 0 f vériance &3 Root Leaf Root Leaf Root Leaf Root Leaf
df Sodium Sodium Potassium Potassium Calcium Calcium Prolin Prolin
™ 4 L2 e * #* #* ns e s
NaCl 26.05 08.09 0.59 0.51 1.61 0.27 24.28 586.2
oS 1 ns ns ns ns ns ns
CasSo, 8.88 0.69 0.16 0.009 0.06 0.22 28 1.15
edS g (590 4 ns ns £ sk ns ns ns £
NaClx CaSO, 113 0.59 1.13 0.84 0.28 0.04 0.85 132.96
[‘,5 3 1 ns £ ns ns £ ns e EEY
Cultivar 8.33 423 0.24 0.07 2.47 0 12.94 575.67
#3555 Ssd 4 #* ns ns ns ns ns ns ns
055 9 pedlS 1 ns ns ns o ns ns ns
CaSO,x Cultivar 0.47 1.05 131 0.96 0.91 0.23 0.77 80.53
w53 el 5 )58 4 ns s ns ns ns ns ns
NaClx CaSO,x 0.75 3.31 0.16 0.395 0.17 0.18 0.37 1376
Cultivar
Error Uss 40 142 0.64 0.38 0.16 0.57 0.12 0.67 28.98

*k *

Jo g Dglas 39>y pac g o0 ) g0/ 0 izl a0 (g ls Sre i 5 NS g
*, ** and ns: significant difference in 0.05, 0.01 and non significant, respectively

(GBS Al 10 )0 9955 33w 9 2 L)) (Fume Ol ) g (2 lonign Olho (5SSl Ay lilo -7 Jgux
Table 6. Mean comparison of biochemical traits and Mineral Ingredients
of Jam and Pirooz cultivar in flowering stage

ol Tobw S s’ Al sl Sremly  adojewly Spedw adyymow Srodan  alaoen
Sas fndS” P Leaf Root Leaf Root Leaf Root Leaf Root
NaCl CaSO, Cultivar Calcium Calcium Potassium Potassium Sodium Sodium prolin prolin
(dS/m) (mM) (mg/100g DW ) (pmol g FW)
0 J 152a 2.38ab 25a-e 2.05a-c 2.14 de 3.67 g-i 9.67 c-e 1.4 cd
0 P 169a 1.83ab 297a 1.87 a-c 112e 3.57 hi 7.45 c-e 0.25cd
5 J 158a 2.45 ab 1.77 ef 1.35bc 139e 4.32 e-i 1.39c-e 0.87d
P 156 a 2.11ab 2.34 a-e 1.53 be 2.14 de 3.13i 3.53¢e 0.74d
0 J 1.09a 2.84a 2.34 a-e 1.62 bc 342cd 5.36 c-f 13.52 c-e 0.79d
3 P 152a 19ab 2.85a-c 1.8 a-c 5.07 ab 5.001 d-h 11.15c-e 1.64 cd
5 J 1.73a 2.48 ab 2.05 d-f 1.82 a-c 5.1ab 4,08 f-i 17.37 bc 10.1d
P 126a 2.48 ab 2.36a-e 1.35bc 4.73 a-c 4,59 d-i 8.7 c-e 1.23 cd
0 J 1l4la 2.12ab 212 c-f 1.53 bc 4.61 a-c 7.05ab 8.37c-e 1.31cd
6 P 1.195a 1.76 ab 2.22 a-e 1.77 a-c 5.41ab 5.3¢c-g 13.07 c-e 1.79 cd
5 J 15a 2.42 ab 2.81a-d 2.33ab 5.41ab 5.82 b-e 14.5 b-d 1.22 cd
P 159a 1.87ab 2.29a-e 1.94 a-c 5.35ab 4.23 e-i 9.95c-e 1.63 cd
0 J 1.18a 1.21b 1.86 ef 1.53 bc 5.001 ab 7.26 ab 27.33a 1.95cd
9 P 13a 1.25b 1.93 ef 1.73 ac 6.13a 5.31c-g 14.69 bd 2.26 cd
5 J 156a 2.002 ab 2.92ab 1.96 a-c 3.38cd 5.99 b-d 17.35bc 1.85cd
P 145a 1.28b 2.15b-e 1.84 a-c 4,54 bc 4.97 d-h 6.66 de 1.77 cd
0 J 114a 1.84 ab 135f 1.21bc 5.72 ab 8.48 a 30.76 a 2.82¢
12 P 1.09a 1.89ab 1.89 ef 1.59 bc 5.72 ab 8.29a 28.45a 421a
5 J 12a 2.59ab 255a-e 255a 4.75 a-c 6.87 a-c 24.01 ab 229cd
P 1.25a 1.9 ab 1.93 ef 1.94 a-c 5.51 ab 6.98 ab 23.89 ab 3.38b

5,5 (5,0 cixe B3 P<0.05 sl Jlazo zmhas ;0 il S pidie By S iz (i 52 0 a5 sla o Sile
Means within each column with a letters in common are not significantly different at (P<0.05).
J: Jam; P: Pirooz

s gmo dy S 08, O Sl (Sl £9-250 952 Odon Ol «6rpt Bl L oS ol plis s
Oly=e an (g 48 Cul (5 S Lo 2Bl o0 S5 golaw )3 Ao (pdyn Rl AT il Ll s,
50 o] g lonnSTy malS Coge by 5l eoisS Ik o=l (B Jgoz) 09 ,lo e vl 4 s -1 YAS/M
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Introduction

Chickpea is one of the most important sources of protein in human diet. The significance of salinity
resistant genotypes for growth and development has been recognized in saline environments. Recognition of
salin resistant genotypes is an important and economical goal to improve chickpea performance in saline
soils. Under salinity stress, destruct chloroplast structure and decreases photosynthetic pigments. Osmotic
regulations induced by changes in nitrogen metabolisms in via formation of prolin. Prolin, as a osmosis
regulator between cytoplasm and vacoel, by preventing denaturation of protein structures, protects cellular
structure against free radicals. Calcium is an essential element to improvement of injurey of salinity stress in
plant. Calcium is substitute other cations in plasma membrane. Plasma membrane is strongly sensitive to
salinity stress specialy while the the calcium concentration is low. Studies show that the ion accumulation
site in saline tolerant plants is vacuoles. Due to ameliorative role of calcium in saline stress, the present study
was conducted to investigate the response of common chickpea cultivars to different concentrations of Na*
and Ca?* ions in flowering stage.

Materials and Methods
In order to investigate the effect of calcium on amelioration of salinity damage, a factorial experiment as
completely randomized design with three replications was conducted by five sodium chloride (©, 3, 6, 9, 12

dS/my and two calcium sulfate levels (0 and 5 mM) in phytotron condition in Research Center for Plant

Sciences, Ferdowsi University of Mashhad. Each experimental unit was a pot with 2 liter that contain mix of
soil garden and silt. After 6 weeks plants were extracted and morphological traits such as plant height, leaf
area, root length, dry weight of shoot, leaf and root, root area and physiological traits such as SPAD number,
membrane stability, leaf relative water content, and biochemical traits such as Sodium, potassium and
calcium, proline were measured. Data analysis was performed by Mstat-C and used Duncan's multiple
domain test (P <0.05) to compare means.

Results and Discussion

The results showed that salinity significantly increased the sodium and proline contains of leaves and
roots. Na+ concentration in 9 dS/m salinity, significantly decreased in both cultivars. Also, salinity increased
the potassium content of leaf and calcium content of root and shoot. Leaves potassium content under 9-12
dS/ m salinity, calcium only under 12 dS/m salinity and root calcium content under 9 to 12 dS/m compared
to control significantly decreased. Studies have shown in high salinity concentrations, the caspary ring can
not inhibit the arrival of sodium ions into the tissues plant and ends with leaves through the unilateral flow of
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wood. In toxic contaminants of Na*, the glutamateligase enzyme activity increases to convert glutamine to
proline. In saline environments, application of calcium is required to synthesis of osmotic protection
compounds such as proline, to biochemical compatibility of plant. Salinity increases proline product and
decreases the synthesis of chlorophyll precursor. Also, chlorophyll content decreases due to increased
chlorophylase activity. The SPAD number and the membrane stability index significantly decreased at 6 to

12 dS/m salinity. In both cultivar, amilorateing effect of calcium under lower salinites (less than 6 dS/m) was
higher than the high levels of salinity. For Jam cultivars, the use of calcium sulfate significantly increased the
membrane stability index compared to control (no calcium application) in all salinity levels. In salt stress
conditions, the capacity of water absorption in plant decreases and gradually salt accumulates in plant
environment. Research has shown that salinity decreases the photosynthesis by reducing stomatal
conductance. In this way, salinity stress usally increase number and dimensions of stomata per leaf area. The

results of means comparison showed that plant height under 6-12 dS/m salinites, significantly decreased
compared to control. The cause of less plant growth in high concentrations of Na* is joint effects of osmotic
stress, ion toxicity and nutrient concentrations, which limits the amount of available water of the plant and
reduces root water absorption.

Conclusion

Salinity has a great effect on the growth of crops such as chickpea. High concentrations of Na* reduced
the growth of both chickpea cultivars (Jam and Pirooz) by increasing the permeability of the membrane.
Calcium treatment in lower salinity levels could improved the relative growth of the plants and it is belive
that calcium acts as a moderator salinity leveles.

Keywords: Calcium, Chickpea, Flowering stage, Salinity stress
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Fig. 1. Scatter diagrams of grain yield and plant height of dryland chickpea in data bank (A) and averaging data (B)
under cold winter areas of Iran
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Fig. 2. Scatter diagrams of grain yield and 100 seed weight of dryland chickpea in data bank (A) and averaging data
(B) under cold winter areas of Iran
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Fig. 3. Scatter diagrams of grain yield and day to flowering of dryland chickpea in data bank (A) and averaging data
(B) under cold winter areas of Iran
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Introduction

Pulses play an important role in human nutrition. Among the pulses, chickpea (Cicer arietinum L.) is the
valuable food in terms of carbohydrates and protein. Chickpea with more than 8 million tons per year ranks
third crop in the world. It is planting in 48 countries with more than 12.11 million hectares. The aim of any
breeding program working for unpredictable and rainfed environments is to develop varieties with high and
stable yields. Breeders take advantage of the selection for several traits to achieve maximum economic yield.
The selection of genotypes based on indices using yield components was used by breeders for a long time.
Breeders were believed that obtaining a linear function of traits or selection index could lead the selection of
genotypes with better genetic values but including economic weights in this function have been expressed by
many researchers. Simultaneous selection using characteristics with important and heritable economic values
is more effective. Crop yield is a function of multiple interrelated variables and cannot be defined only by a
single-variable equation. One of the most effective method is boundary lines that was introduced by Feiziasl
et al, (2003 and 2010) for the first time to determine the optimum levels of plant (dryland wheat)
characteristics and yield stability analysis. In this paper, “Boundary Lines” and averaging methods and PCA
are used to determine optimum levels for some traits of dryland chickpea in cold areas, Iran.

Materials and Methods

More than 8000 data for each trait were collected from national and international trials conducted in
Dryland Agricultural Research Institute (DARI) experimental stations in Maragheh, Kurdestan, Zanjan,
Uromieh and Ardabil from 1996- 2016. The traits were days to flowering, days to physiological maturity,
grain filling period, plant height, 100 seed weight and grain yield. The Excel software was used to develop a
scatter diagram showing the relationship between each trait with grain yield in each location. Two methods
were used to determine the optimum value for a given trait. One is based on the boundary lines method
where the maximum grain yield and the optimum value for the trait considered coincide with the crossing
point of the two boundary lines. “Boundary Lines” method was used to determine the maximum limit for
each trait. The scatter diagram is surrounded by two regression lines, one on the left and the other on the
right called boundary lines. Then Maximum yield was obtained at the intersection of both boundary lines.
The other approach, called averaging method, is based on subdividing the data into two groups: high and low
yielding groups.

Results and Discussion
The boundary lines method determined the optimum levels for days to flowering, days to physiological
maturity, grain filling duration, plant height and 100 seed weight which were 56.2 days for spring and 89.2
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days for autumn, 89.4 days for spring and 120.8 days for autumn, 33.1 days, 29.8 centimeters and 34.0
grams, respectively. By averaging of high yielding group method, optimum values for days to flowering,
days to physiological maturity, duration grain filling duration, plant height and 100 seed weight
characteristics were 75.6 days, 108.8 days, 37.7 days, 30.2 centimeters, and 26.0 grams, respectively. The
optimum values for plant height and 100 seed weight were almost the same in both methods while for other
traits optimum levels were so different. Principle component analysis (PCA) show that, the most important
traits to select high yielding chickpea varieties were days to flowering, days to physiological maturity, and
plant height. These methods could help breeders to determine the range of optimum value for traits
determining the adaptation of genotypes to a given environment. Boundary lines method is more reliable to
determine of characteristic’s optimum levels in comparison with the averaging method.

Conclusion

It can be concluded that, determining the optimum levels of some dryland chickpea characteristics were
closely equivalent in boundary lines and averaging methods while, for some characteristics, the estimated
optimum levels by these methods were so different. Because boundary lines method is considered the data
distribution process and gap data in databank, therefore, its estimations for the optimum levels of the
characteristics are more accurate and reliable than the averaging of the high yielding group.

Keywords: Boundary lines, Crop traits, Optimum level, Principle component analysis (PCA)
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Table 2. Mean square of measured traits in Kidney bean in response to water deficit and nitrogen
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Table 3. Means of leaf area index, total dry matter, seed number, seed yield and water use efficiency of Kidney bean to
interaction of irrigation and nitrogen fertilizer levels
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lso, Isoand lgo: Irrigation levels at 40, 50 and 60% of soil moisture depletion, respectively
In each column means with at least one similar letter, had no significant differences at the 5% level of probability.
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Fig. 1. The response of LAI (a), dry matter (b), pod number per plant (c), seed number per m2(d), seed yield (e) and
irrigation water use efficiency (f) in dry bean plants at various irrigation level to nitrogen application rates
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Introduction

Drought is the most important stress factor that affects agricultural production in the arid and semiarid
areas and reduce crop production. Iran is a country with a warm and dry climate that more than 85% of it
located in arid and semi-arid areas. Improving the water use efficiency through agronomic management is
one of the most effective and low cost approches for water management in the agricultural fields. The main
objective of this study was to investigate the growth and yield response of kidney bean to deficit irrigation
with the aim of increasing water use efficiency. In addition, the other objective of this study was to
determine the desired level of nitrogen fertilizer at each level of water stress that make improve water uses
efficiency.

Materials and Methods

In order to study the effect of irrigation and nitrogen fertilizer on yield and water use efficiency of
kidney bean, an experiment was conducted as a randomized complete block design with a split plot
arrangement of tratment in 2016 in Saveh, Iran. The deficit irrigation treatments as a main plot were
irrigation at 40% of soil moisture depletion (non-stress treatment), irrigation at 50% of soil moisture
deplation and at 60% of soil moisture deplation. The irrgation at 40% soil moisture depletion was considered
as an acceptable moisture discharge rate for achieving maximum vyield and other irrigation treatments
considered as deficit irrigation. Sub-plot was included nitrogen fertilizer application rate at 0 (control), 25,
50 and 100% of maximum nitrogen requirement of dry bean plant. The middle two rows of 60 cm length
were harvested for seed yield and LAI determination. At harvest time, a sub-sample of 10 plants were
sampled from each plot to determine the number of pods per plantand seeds per pod.Biomass was obtained
by drying plants at 70-C. After drying and threshing, grain yield was determined.

Results and Discussion

The results showed that drought stress under irrigation after 60% soil moisture depletion decreased leaf
area index, dry matter, seed number per unit area and finally kidney bean seed yield. However, mild stress
treatment (50% soil moisture deplation) had a significant decrease in seed number per unit area and seed
yield compared to optimal irrigation treatment. Furthermore, water use efficiency in Kidney bean was
increased at both levels of deficit irrigation compared to the full irrigation treatment. The results also showed
that growth and yield traits and water use efficiency of kidney bean improved with nitrogen fertilizer
application compare to no nitrogen application. The results also showed that the response of seed yield to
nitrogen fertilizer was dependent on the amount of applied irrigation water in different irrigation regimes. At
irrigation regime by 40% soil moisture depletion, seed yield of kidney bean increased by 11, 16 and 13%
with nitrogen application rates of 50, 100 and 200 kg ha, respectively. While, seed yield was increased by
9, 14 and 10% with nitrogen application rates of 50, 100 and 200 kg ha, respectively, when kidney bean
plants irrigated at 60% soil moisture depletion. The water use efficiency of kidney bean had no significant
differences between 100 and 200 kg N ha*. However, the N application rate less than 100 N ha* caused a
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significant reduction in water use efficiency of kidney bean plant. The regression analysis also showed that
the responses of seed yield and water use efficiency to nitrogen fertilizer application rate at all irrigation
levels were quadratic, and this quadratic response explaind 99 % of varion in these traits.

Conclusion

The results showed that the irrigation of kidney bean at 50% soil moisture depletion compared to irrigation
at 40% soil moisture depletion could increase water use efficiency without any significant reduction in seed
yield. The irrigation at 50% soil moisture depletion saved irrigation water about 270 m= ha™* compared to the
irrigation at 40% soil moisture depletion. We also concluded that the application of 50 % of maximum nitrogen
requirement for bean plant could produce maximum seed yield and water use efficiency in all irrigation
regimes.

Keywords: Gholi cultivar, Irrigation deficit, Leaf area index, Nutrition
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Table 3. Coefficients of principal component analysis for 20 chickpea genotypes under drought stress condition

wlis Jol 4l P90 4dlgo pow 4dlgo
Traits First com. Second com. Third com.
Relative water content s ol Slgime 0.097 -0.358 0.068
Sub-branche number 58 asls olass -0.113 0.436 -0.427
Main-branche number kol asls slass -0.339 0.134 -0.229
Seed number per plant Gy 0 &llo olass 0.398 0.028 -0.172
Pod number per plant Ggr 0 D olaws 0.420 0.060 0.001
Plant height g el 0.117 0.556 0.288
100-Seed weight FHAA R 0.095 0.433 0.534
Harvest index el y ey -0.295 -0.032 -0.015
Biomass 0395 Camma 3 0.426 0.065 -0.131
Grain yield als o Slee 0.404 0.051 -0.155
Days to physiologic maturity So5el5 58 (S, B 3, 0.141 -0.377 0.396
Days to 50% podding BIBME w3 B¢ b 3, -0.134 0.112 0.122
Days to 50% flowering RV WY P T -0.192 0.015 0.388
Eigen values oy polie 4.8523 2.0743 1.6477
Cumulative variance oS by 0.470 0.672 0.760
3
PH Hsw
4. SEN
2 * g
DTSO0P
E "1 wmen_ ¢ o 11 gy 6
S 17 DTS0F, PN
a 0
§ HI 2 SNCY o
L] 5 " 3
2 ’
g 16
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Fig. 1. Biplot graph of two-first principal components for 20 chickpea genotypes under drought stress condition
RWC, Relative water content (_gws J &lsiza); SBN, Sub-branche number (=58 a5Ls olaws); MBN, Main branche number (GJ.@I a5l oluss); SN, Seed

number per plant (ails slass a5gs ,3); PN, Pod number per plant (459, ,o Gé slaws); PH, Plant height (a54; ¢las,f); HSW, 100-Seed weight (als « + y54); HI,
Harvest index (cuils 5 jasL3); BY, Biomass (o545 ey 3); GY, Grain yield (ails s ,Slac); DTM, Days to physiologic maturity ((s59)g: 528 (59w, U 39,);
DT50P, Days to 50% podding ( s»s 8 ao,s O+ U j9,) ; DT50F, Days to 50% flowering ( s»al5 ooy 0+ U 39)).
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Table 4. Coefficients of factor analysis for 20 chickpea genotypes under drought stress condition

olie Jol adlge o adlgo pow adlgo

Traits First com. Second com. Third com.
Relative water content SV Ve 0.313 -0.478 -0.270
Sub-branche number SR RINRG, -0.016 0.868 0.027
Main branche number ol azli slass -0.621 0.533 -0.185
Seed number per plant g yo wls olass 0.901 -0.066 0.017
Pod number per plant gy yo B slaws 0.902 -0.193 0.210
Plant height &g glas )l 0.198 0.248 0.862
100-Seed weight &lo) -+ 59 0.040 -0.070 0.946
Harvest index cls p el -0.613 0.158 -0.150
Biomass 0395 Cann 0.948 -0.080 0.101
Grain yield als 5 ,Slee 0.912 -0.060 0.057
Days to physiologic maturity Sgdged (S, B s, 0.094 -0.800 0.015
Days to 50% podding RO ao ) 00 b g, -0.314 0.091 0.175
Days to 50% flowering PP SEVC SRV, R TP -0.551 -0.197 0.291
Eigen values o3y polie 45341 2.0971 1.9431
Cumulative variance (%) o5 il ly oo 0.449 0.63 0.759
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Fig. 2. Biplot graph of two-first principal factors for 20 chickpea genotypes under drought stress condition
RWC, Relative water content ( owws <! (slgim=s); SBN, Sub-branche number (s 45Ls slass); MBN, Main branche number ( Lol &L slass); SN, Seed

number per plant (ails slass 45gs ,3); PN, Pod number per plant (454, ,o G3é slass); PH, Plant height (a55; £las,f); HSW, 100-seed weight (als) « « y36); HI,

Harvest index (cuisls » azL3); BY, Biomass (0545w 3); GY, Grain yield (ails s ,Slas); DTM, Days to physiologic maturity (<G 5e)g: 58 (5w, U 39));

DT50P, Days to 50% podding ( ;23 8Me as,o 8« b 5g,) ; DT50F, Days to 50% flowering ( »al5 aus )y 0+ U 39)).
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Fig. 3. Clustering 20 chickpea genotypes according to 13 different traits under drought stress condition
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Table 5. Distance matrix among clusters of 20 chickpea genotypes under drought stress condition

Jol abgs P9 adg> o diigS
Cluster 1 Cluster 2 Cluster 3
| digs
Jl adg> 0 746 825
Cluster 1
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Cluster 2

S 9 P EPT
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Table 6. Results of discriminant function analysis for 20 chickpea genotypes under drought stress condition

ahgs B gl oad Suiey sLas!

Clu’s:eér) No Predicted number for any cluster 5

' Predicted group membership Total
1 2 3

1 Slasws 5 0 0 5

2 Count 0 6 0 6

3 0 0 9 9

1 KW 100 0 0 100

2 Percent 0 100 0 100

3 0 0 100 100

saslewsan mls (Singh et al ., 2014) coul Slao
b o Slio (B )0 a8 wad e oL (Y Jgux)
Szl Ogldl oudsss Olass oy g (onieid Ol s
= ez Syl G0g 5l sains Lis a5 09 oo cdline
L oSl b e axsliy (Jy il Sl (e
Olie oYL cdYs sl 9 Ol yudd o p ) i

= izs o (Singh et al ., 2014) el oo ol
YL as as Lebsl (Moosavi et al., 2017) o555 59,
g alo) e e (59 Slino an Lo o S S s 3y Sy (e
L 59y Slimo 4 bs o g piqgcdlyy (n S g 03950

Dy Ay ;3 L olawi g (2L 9, «Sojgles b (S,

Slico ol 5l esliiul gz ol b Beb Caid> o

B eanl )o Gduaal slacn cnl sol5a glaasl 5o
o bl (Moucheshi, 2010) Lid>s )0 .aib o 4vogs
gy ;o AIE slawd Slaw 4y by o (5 pdudlyg op ey oS
i 9 axlllas ;o 09y ailoN e 5 g ATy yo Al Slaws
(Dwevedi & Gaibriyal, 2009) _<!,; 5535 5555 YO
e @YU (5935 £ curd g (gt £ oy
oddlie Cilopy ol g dig ;0 O slaws Slaw Cy>
sl o, Slos 05 gl o g0 (ol 5l oslaiwl a5 0o 8
9 5955 Ol o b 39Vl (aizmed 005 Sleidey
Sl Dlss 00 1S asals snsolis Slas gly oieid

S G Ly s x 0950 i 935 oy iz Wilhuo (51 o 950 9 (T 935 E 955 o pd 0591 1 -V Jgu
Table 7. Estimation of GCV and PCV for different traits in 20 genotypes of chickpea under drought stress condition

(90) (i 935 E 9 o 06 (90,9) (o 350 £ 945 o

Traits Slhe (GCV%) (PCV%)
Relative water content s o (slgime 15.83 19.65
Sub-branche number £50 4L slass 22.77 28.46
Main branche number ol asles slass 21.80 27.87
Seed number per plant G o ails slaws 22.24 27.92
Pod number per plant g p0 M slaws 22.01 29.55
Plant height Gos gl 18.50 22.75
100-Seed weight FH R 49.76 50.02
Harvest index cabls y jasls 7.71 10.69
Biomass 035l 3441 37.91

Grain yield ails 5 Slas 28.99 32
Days to physiologic maturity Sslsed (S, U 5o, 2.66 3.87
Days to 50% podding BN 3oy 00 b, 2.67 3.29
Days to 50% flowering VSRV R C S 413 5.61
L oo @l Lol loadlie o0 mlis Jle jgbay 0o S RN LTI
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Introduction

Chickpea is one of the most important pulses in the world and it plays a key role in feeding of people in
Iran. Iran is one of the original centers of chickpea. This plant has a sianificant genetic diversity and has
favorable conditions for breeding and introducing new cultivars in Iran. According to FAO reports (2014),
the average arain vield of chickpea in Iran with a cultivated area of 565 thousand hectares and an average
yield of 557 kg per hectare is very low compared to the average of the major countries producing chickpeas.
In order to solve this problem, identification of the initial variety of lines and cultivars to start the program is
of particular importance. In fact, three factors of heredity, high diversity and severity of selection are
effective factors in increasing the response to selection. In this regard, there are various methods for
estimating genetic variation in plant species, one of the most important of these methods is multivariate
analysis. It is necessary to use these methods for the classification of germplasm and the analysis of the
genetic relationships existing between the modifying materials. Among the various methods of multivariate
analysis, the principal component analysis, factor analysis, cluster analysis and decomposition function
analysis are among the most important of these methods. In fact, one of the important goals of an outbreak is
to select the best genotypes. In order to achieve this goal, the studied population should have a significant
variation in terms of the characteristics studied, which knowledge of this diversity requires evaluation of the
germplasm.

Materials and Methods

This study included 20 chickpea (Cicer arietinum L.) promising lines were planted in a randomized
complete block design with three replications in 2013 growing season. To evaluate the diversity of lines
based on important agro-morphological traits and to achieve the desired goals, various statistical methods
including principal component analysis, factor analysis, cluster analysis and decomposition function analysis
were used. Genotypic coefficient of variance (GCV) and phenotype coefficient of variance (PCV) using
genotype variance and phenotype variance, respectively, were calculated. All calculations and statistical
analyzes such as component analysis, cluster analysis, and decomposition function analysis were performed
using SPSS and Minitab software.

*Corresponding Author: s.moosavi@basu.ac.ir
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Results and Discussion

The lowest and the highest coefficient of genotypic changes were related to day physiology (2.66%) and
100-seed weight (49.76%). The results showed that the three main first components explained 76% of the
total variance of the traits totally. The first and second components were named as "component of grain yield
increase" and "vegetative growth component". The results of factor analysis were consistent with the results
of the principal component analysis. In order to cluster the studied lines and for their grouping based on the
studied traits, Ward method and Pearson’s square distance matrix were used. According to the cluster
analysis, the genotypes were located in three distinct groups, so that the second and third clusters had the
highest genetic distance and they were recognized as “yield clusters” and "vegetative growth cluster”,
respectively. Therefore, crossing between the two above mentioned-groups, will result to high artificial
diversity in the future generations. According to the cluster analysis, the lines were divided into three
separate clusters. Discriminant function analysis confirmed the cluster grouping completely. In a study,
nineteen chickpea lines and five genotypes of wild chickpea (Cicer veticulatum) were classified into three
distinct groups using cluster analysis, so that wild-type genotypes in one group and two lines of cropping
lines were grouped separately from other lines. Ganjali et al, (2009), applied the multivariate bi-plot analysis
to evaluate the variation in chickpea germplasm for drought resistance.

Conclusion

There was a remarkable genetic diversity for the current germplasm, therefore existence a high level of
aenetic diversity and a remarkable GVC for the trait of 100-seed weiaght indicating that this trait can be used
as a suitable character for yield improvement in the germplasm and under this experiment conditions.
Finally, selection for high levels of biomass, pod number per plant and seed number per plant, and a low
amount of main branches number, will increase the grain yield in the future breeding program.

Keywords: Cluster analysis, Discriminant function, Drought stress, Factor analysis, Principal component
analysis

\FY



Iranian Journal of Pulses Research
Vol. 11, No. 2, 2020, p. 164-182 (Research Article)
DOI: 10.22067/ijpr.v11i2.78361

Ol @l Gl ,.slb._’:ubgjg
IYAQ 035 o Y5 ylous 1) (0 590) Jluw
g}y allin g g8 IFFVAY dio

3 5Shos § (I bowii gn Dlao (595 <92 b 355 (5 ol L glino Cuis’ i
b Sleiil K> 3 Ly 43

[ Id ®Y P . ) LSS
SR a9 9" Gose e Fosli i plwsl gamnl 4 gl (15
negin.asadi2020@gmail.Com ¢l yuis olKiils (ol (sxamb zsbo g (65 59Lins” ouSuiuils «(659195Tg 55 ity uib f cuwoli ;15" (g gxeitails —
3y oGS (1o rab pulio 9 (6559l 0uSLAGIS (5599519, s HLudils -Y
45 e oIS (Ol (s galio 9 (5559l 00STLSNS (5590959 5T (e Hl oLl -
(vahid.barati.s@gmail.com 4 ali.behpoori@gmail.com .cus 5 4)

VWAV N E 28l o 2,
VWAALYNY 2oy gu,l

LRV

Slino 1 52 b 0955 (53 b bglie cutS il slocaS 5 5 o slol (K25 25 31 gm0 solazes,
ely3 Jlo 5 5 b s LIS (slaS sl o B 55 O3k S &gty ptolef] 8 Ska 5 liasiise
ol sla e o Lol 5l s olKasls olyls b mlio 5 (55,5LaS eaSiiils Slidas ac)ye ,o VYAF -AV
5 ol )3 ploie a (52 ails (aiis et Al pe o 6 5kal @lad 5 glhae (5 LD v g0 50 6 5kel w5, Jolis
5 ebls 08, 9955 L@l laciS (Saj A, S 92 of, Al glecus Juls 3 byle cuiS slaceS 5
L (60 0950+ 60 9> 5,3l 095t 6092 (60 3955+ ,3 g2 (3] dgzuit 3] gzl bglire ciS Calize oS 5
50 adilo olowi joay Slas ded yy Jad Ll (Sis s aS sl lis gl Wog £,8 ,651 Gloe a4 V) s
cel (Sis i west oS jo iy (gl e il s ails 0, Sles g 0550 Ails yusig il e v 5 (S
s Loy Lo S 88 38 5,15 slyione oS lime a8 5 0,5 Unylat and 9 8 by IS sliions ials
aon 0D 89,18 ly e malS cel Sis A5 fuimmed el Cawdds 0oy YYIY (yliae 4 olo(s0 8450+ 60
Ml 9 YU slam 3l plime Gl cely (St (485 45 (5)90 ;0 0b olass 0956 (S ST 24 Lo locs
5 ologd 0g it 31 9> bglxe slaciis ;o o0 AVIYE g V- F L s s oyl ial3dl liae o s a5 0o 5
4 Coad J5 99556 LER (g00 0 YO 5 OA (i8] el i s (St 25 .ol Cowddy olo, 3 ag5uit )31 g
Cannddy olo(gd dg5ut ,3lg bogle oS o ails o Sles Ot (S s laylph ool osllas okl bl
CtS Lot 5l ooliul Jab Lol (o 25 Ll 55 Ylaio o5 0.5 4z o S p5boar el
il e (S SS 4 Connd LS ol 5L adg (6l celio 6 a1, olass 3556 b 3T g2 (5,5 b bglsee

a g, 15 ‘6)L.‘.-.’1 (:Jcﬁ A, il 9> ‘}“'\ﬁ“*‘s‘ﬁ~ :‘5»\,3.15 ‘Sl.bo'}'"

Ol 1o 1y ,Skes o 3VL JUSe 45 p,5oLs 00 L aS 5
0 9dsl eSSy S el S e o Slee (Sl b
ol 295 o9 4 s97 Y93 Rals a5 o)l | mhaw wly
3 yShos galS Jdle b slgl (Sis i 5 LS b
Sabbaghpour et al., 2010, ) .a_ib - o )Ly Jy—ame
Sgaz g 58 S e ey oliul o (FAO, 2017
(Niksirat et al., ol o 5 YFA 0y b LS YF- -
2 b ely; ol ple ssles  Sas s 2018)
= 0950 3 Slas falS o 0B, Sojels 58 Sloogas
5 51 5955 slaerisiy o (slalimMo b (S £55 05
e onizad 3 2575 a5 (St b s o5 Slic
Cenglio (Safari et al., 2011) 5 ls 55 >4 9, Shee als

Tai

dodio
olals oy Seae 5l S (Cicer arietinum L) sg3s
e olge adei ol Jlaisl a5 conl OV 98y o0lgils el
3 5 Oghee V¥ 050 0t L) pges ol g (5o
ALl 555 4 S aela VEID Jobeo (1S 5 o
o=l yo vesu ciS 5 e (FAO, 2017) el ools
o bl o gl ais,0 A aS coul LS FEYVE . S50
sl obS opl csS e L Gl ol plogd e 2uiS
Sl 1y 4S5 GbeaSh liwgain Sl ey iz 4,
5 el JLSSa 45 0SS AT+ 555 ez ,Sha Sl

bijanzd@shirazu.ac.ir :J ghowe sucuws g5*


http://dx.doi.org/10.22067/ijpr.v8i2.48451
mailto:ali.behpoori@gmail.com

VFE-VAY azio 1] Jlo ¥ ks 1 (059) Sl [l 31 U g GBS /... bolics CoiaS 511,50 g Goansl s glo

led Gl pllim o b sy cils sloz )b Jlosl
6‘)—>‘ 9 J}M uu.blj [SRUNV) 4.).(:)) 0)50 Jjjo )d A_J}Ua.al.’
mwlie ClllS 2o ,U 5l ails o Slos o 3YL g 39 g0 & Slos
©9) » S5 cils &b (Bashir, 2010) &1 o cevsa
oS jsbody duaiie 4y Toe 5l olge JUil § (903 J>1ye
O Aols malS gy glay | yalolisS caely 9 0,105 oo i
o)ﬂ_o.: w:olf ‘Bbu‘)...u 9 :UL) QM).» 0)50 UMOL';ﬁ Libo;
Sleo 5 Ol 4 a>g5 L (Alisian et al., 2005) o5 o ails
w.lﬁwljld@‘éd&ﬁs&apiéuﬁbm
g byle i lapis (n Fomlio 4 oliws Siogl
=l lasl adg bl 10 92 b ogss clio cllS 0,1
Ol yas g oy Jrad p 3ol 50 Ol S Ll o lals
QFNJ)T U_.Jl.xs 9 LS)AJ_MB—N.B 6[20@) c\l.o.?')‘ @Luo..u..;}g

.$9.3 oL:f

b9 9 olge

ac)i0 0 \YARAY el Jlw o Gialajl
OB iils olyls sl il 5 (55,0laS caSlisls sladss
Floh 4830 8- a0 VA oLl i (oo CuaBsa bl
gLl L g (Bt adBo T g4z, 0F oldlie Job
oo A8 55 Sy Sl &0t L b S| 50 1 VA
S o=l el LSS a0 Bolay oS slaS s L
Ll 0l 03,51V Jgaz 0 ddlaie olse g ol Slogas

ah 99 50 )bl 3y Jolds dalllas 5,50 (gl 55T
O sl 53 (S) kel @b 5 (N) wosllas (5L
L8506 lgxe 0 (Zadoks et al., 1974) (ZGSYY) ¢ «ls
oy Al clacss Jols cutS dalizes gloylas 5 Lol
5 (0) Saj plsas anys, i (Hordeum vulgare L.) 4>
Slsme 4 (C) Slyls o8, (Cicer arietinum L.) sgs6 alls
ay olass 5 ola 3T (clacils &)l 4o a5 341 o) 5556
3955 (02) slbocss g2 (b1 olo 3T 52 ol (6 ,5b & 50
oS alisie glacaS 5§ (C2) sloss 9455 (C1) ole,d]
sgduit 31 o> ((D1C1) 3T og5uit 31 9> felis 2, bolxe
S 3935+ 6> 9> ¢ (D2C1) ,3T 45w+ g0 g «(D1C2) (s
O LB g5 S o8 g2 o V) e L (D2C2)
e asg glar )l sl)ls c0ngy w)9g5d0m 45 Wil oo 9> Ay,
o 4 polie )5 TO alo) v e v (459 (nS0lee b g e Sl
g gl L e mylamgie Slils 03, 0950 (raizmen el &l

VPO

O e Dl 31 oguedony cde 4y Sas 15 4 lalS
«S599 58 lmed oy g9 7 g i gL, gS
ozl ol g3 g 0 p S50 (J39e 5 olendion
by e coas (Hui-ping et al., 2012) o, - ,l &
2 1zl B (65,5liS lapins (o Fete 5 (S0 Olseas
RARY P U N AP VES CWIP L I PV IRP T SPWA S - vowe
3 oles s aw axlg 4o dlols dgu iuliEl g Y gaze E9S
Mahfouze & Migawer, ) el Jls,45 5 losmg Cooal
S 5 bg e cenS e sl pinas o, (2004
31 (LopsSD) (59, 0asS cnii (lalS b oM lals

bLE 5o Laptns (ol G205 m08 9 (25 Jyore alox
Wbl o arwgi L0 sla,aiS j0 059 4 Lo calise
e lals 5l eolii.! .(Amani Machiani et al., 2018)
IS medle Liol sl Jlw jo ogad 4 0950 siile
Py Syt 5 T Slge G131 el (S 5 ol Gl b
0395 Sidem S b 5l S ol g (So
3955 3 saalcanoa po 355 3l eolarnl Ko B,k 5l g 0as
3 30l o aalionds WB3eS G pae sl Lol palS e
QT )" S 45 b_’l_asbf 9 u_cl))' QYM S90 42 W‘P‘
Chapagain & Riseman, ) ol 5o s ,5 o CiS
(2014
=,y ,» Rezvani Moghadam & Moradi (2013)
allos 9 (Cuminum cyminum) 5w o 5 bolse cois
Olie a5 Wsls yLas (Trigonella foenum-graecum L.)
S YL bl cosS slajles sles ,0 LER a5l
S 4y Cand bglive ciS slapiicns 55 Slo g 009
S sl g, )l SO gl S a0l g0 alls
205 e il lals J51s (Glycine max L.)
U aalS 35 o cas (Triticum aestivum L.)
J=3 9 gl Jgae U2 p90 Jgama 45 09,00 5 4 Sloj
(El-Hawary, 2009) 555 oo ctS ol Jgammo cuisls s 5l
21y LS 8456 o, 5. Lopez-Bellido et al, (2008)
) sl g laz 5o 5 alihae e 5 O Ll
Uil L as ols oylis oy T Gudios golis .asols J18 o)y
oS e plgs (JS SAS (59 polie 930 ad) 0598 Jsbo
Ol blgl Gl 2ol slacas o 50 ails o ,Slas isls
30 ceiS )l i do o A B O vga jo e Jawlgl 4



VFE-VAY azio 1] Jlo ¥ ks 1 (059) Sl [l 31 U g GBS /... bolics CoiaS 511,50 g Goansl s glo

yebas 0955 oS o 5L avwle J>1,0 (et al., 2006
ol 0 Il 5 4y A
(¥) aba,
LolS o, calize Jolyo 40 (ETc) oLS B — oS
(Grimes et al., 1978) oi acule ) alasl, 51 solas!
ET=K.*% ETg

ET ‘()9) 5o HTIM) ol_sf d)_u — )_.JLu ETC
o2 1Ke 5 Goy 5o e sdes) @z po oS 5,05 — po5es
oyl jo oaiad —wlidlsn sla ol )by ailjq, slaosls
Sal Cassds Olls ol oy cwliilga
() aba,

225 bl sl eslitul b 6 5lal y90 52 50 s)lal O ol

IR=ET. (Ea x LR)

el Ol

U a8 ples sl s lal ol (e 6 a5 03Iail31
J=olsd Ly (fis Sypots 5 (LS O jg0n (25 al> e
Eoamo ;0 0l aBgle 0l ytd o S o (6 Lyl alad
oo 68 3,31 slacasS g (g )lol Jlos 61y (Brae O Glie
FON 190 9 g ceaSe e OVYY (glol jgo Ve L o
FY50 5,lal 90 A L i 5 42 oloss 5,31 slocsS gl
Lo 09 S 5o caaSayto YV - ()Ll 50 V 5 caSle 2o
039 aie 3l (359, LS )0 0,5 gkS Fe ool 5550 355
5 20A iy (Bl al> e a0 S, Djgo 4 aS 0y
Al LSl e S a4 9> olS 18 adlus slal

Sl asleY e igas ansls soliuslass > e il YA
S B W YUINE NP FSONC IR | g W P EA SR Y
1S5 g0 alold aseg o, S YA Loyl gaemme 9 2o 0o
VO s R0 551 ool sl S el 5 e 39 55 S0y
oy hd (o8 Gl S S ,e 0 al ad S i s
s islesl 5l U8 Jle 50 ae )50 aBClS (A, O ygod
S0 olo gV O 9 oLa).S]\Q 5o csls g 039 u"‘”T O yg0
e g @y 3 G Fre g2 olS gl cllS (S15.cé)5
310955 5 92 5 ol a8 S A 0 myeyie 3 g Feo 093
=y S )b bl &858 sl 5l 0550 O e
Grimes et al., ) o awle (9 90,0V F/D) ac) e
Eoyoyin 90 Colue 4y (o axkad lal g, cpl o (1978
g ul G el g US55 0b et
) o\.\JLM)}_\ t_i».a_w)b Ui S99y 9 KW ‘_g)l.».j u»iw )5.L=
Sl VY e Jolsh 55 ol 333 5 el b 5|
Sliie 9 (6,18 diged ddy ) drwgs Sy ) B Bee 5l LSy
aslsl ;0801 Joe (ul ol s S o3Il (S35 by 4 ol Cugb,
Sy 5 Sojlasl oo jo Cgb ) Jlade ploel s b ools
ool gy jlaiio (l oS wiad il e b Ly oy
Daneshmand ) 5,5 el,; cud,b Cogb, b ply 55 abal
«et al., 2006
(1) aka,
s Sl ) Cugb, Hlade =
(5 SE 0j9 - Sas SB (59 1 Sz S g x Ve
lyg, il 5l oolazwl b ailyg, &gy oL @T 3k

LT owliilon olSiius] owlislon slo el b slaosls
Daneshmand ) o—s acwlxe 5 Lulg, 5 eolaiwl b g ol,ls

WWAZ -IVAY clyy Jlw 5o Slyld ylow puis (cwllilad saools —Y Jgus
Table 1. Climatic data of Darab during 2017-2018 growing season

olo Sl dyl 20598 S| R &9 ).ST Qlaj o
Months May April  March February January December November October

L e 169 121 86 45 33 47 9.5 159
Minimum temperature (°C)

el 342 286 225 21.4 201 195 27.4 33
Maximum temperature (°C)

o3 Lawsis 245 204 156 12.9 117 12.1 185 245
Average temperature ( °C)

il
5 17 6.4 62 0.4 13 26.2 1.9 0.0

Rainfall (mm)




VFE-VAY azio TR Jlo ¥ ks 1 (0599) Sl [0l 31 U g GBS /... bolics CoiaS 511,50 g goanol s gloo

W g = ¥+ C (slos y0 358 slove il (5,5
(Chance & Maehly, 1955)

VB o 35T olad (g S0l

Jolis YIS 55T b s (sl 2STly boglies
9 059090 denSTy Veo Lo VO (Voo (Lo B0 Slans 3L
o)l_.a_c QQ;ASLal )l u= .05..' ‘50_1).7] O)La.c )l )...J j)i».n a’
4l Sae 4y gl Ve oo Job 50 iz lime (ool
i e (UV-160A) Joe jregidy Sl olfiws lawgs
r‘*’ﬁ-‘l’ w)_.o )‘ ooLa.._...J l_| )Yl_‘lf ‘QJ)_J u_..ll.’ﬁ
039,92 Ay Jg0g,San & js0 4 (YA/F MM cm™)
b ol B 0ig psS p kB pasly Ojge 4 g cada o
(Aebi, 1984)

oSy o 35T el (g S0 1!

Jolis 3l o531 e a6l 25Ty bgloes
S5 eyl o)las ;s e e g 39,008 SeeST e
SOl B a4l P O)goh gl TV zoe Job 0 i (e
=23 o)lac s olge opl aled Jolis aals Jgloee .o
S5 J5SUIS 13 Oliee Olgieas STy ml colled o
Ko )‘ oolaz_wl l_> 9 = O)9 Io)j)_: ‘u.,sa 5 .\>|5 0l
Chance and Maehly, ) o—s awlxe (Y#/# mMM21cm?)
(1955

=) QllS (Fowm) oo 10 )0 paigel Grizren
S, los pnd (6ly olociiguud I VY 2o\l )0 aoye yie S 5l
Ceilo 3l e 00 )T pll el kS o Slee sli>l g
loY e e g BME o ails slaws w@igy o B slaw wlas
05_50‘ OLS Gls u.u‘.)s): 9 wa ua.>l.~u “_i))}‘ﬁ_u Q)S-Lo.c
Si-8le i 5l ool Jodo g 5o Coled 5o 0l (5,503l
L Lo pnSile duolio g o oolatwl (9.4) asews SAS (5,L]
plosl oo o miy Jlois! mhaws ;0 LSD 905 5l eolaasl

JOCK 4

a Judg 5 (glgsiono
Slews 51 as oy plas Cio ol il g 4y gl
o e s 25 i laS 5 s )
ey S Jletol mhaw 5o byl cuiS 5 55kl jles
N}" G’L" (Y JB») ‘59-’ )‘Q 5*-&0 a &39)15 6‘9}2@
A 9IS (slizme p bsline cutS 5 ()Ll (slalos

\FY

5o adls olaws @igr jo BME slaws Slaw cudlo 5l
o3lail 0gz0 oLS o Sloc 5 ailo putigy ciloY v e v 59 BME
Ol 89, 3l 0958 &ils (g liee s Sl 0D (6 15
K-) Jome JlodxS 9,8 oKiiws 5l oolaztuwl b g diges 159 5
Ol ¢392 Ol S olasl b oS i 5 cpl o
396 53 (3 8oy oy ol Sl 3955 oS &l iy
Lopez - Bellido & Lopez - Bellido, ) sl cuvsas £/70
(2001

Syt slaoy oSS, 6 S ojlasl Cpz (6 S diges
8,8 O ygo uis Jleel 5l o atan 9o (GlawST,

S Fmgid Lo 5T (5 S0l

Oy 510 g8 de)lS plie i g gl sl ol
ages 3l p,8 10 Helaie ol 4 ol solazwl (Arnon, 1967)
et Ve L psle J310 50 e ) e S 5 sle
3 Jeol> o lac s 0l (6,50 liac as oA gl
Sl olse 5 ol (55l Jlarte 5o FOC slos po 5 (SO0
4885 0 Feee 190 b faudy yile 10 4885 V0 Do 4y Lol
Lty 2oy Bld Joloe 51 yid oo G olSST 0l 031s g,
g ol S hee Ve o 4 wo oA gl i (e A
sogiby Sl 5l esliiul b oad gl Siul o las widx Gl
Jsb ,o opl5 Shimadzu «s o csle (UV-160A) Joo
Ol g 9 9205 S8 gl (FFO 5 77Y) slagse
2 Al ) bly) 5l (6 wgid (slao ST
(F) abail,
Chlorophyll a= (19.3xA663 - 0.86xA645) V/100W

(0) akl,

Chlorophyll b = (19.3xA645 — 3.6xA663) V/100W
5l ol (SLEgs Jglome) onisblo Jolxe pn> =V

PYO 5 PPY lagss Jobo 53 j9o i =A «Gomi 5l

P o Wigad 5 (39 =W ¢l

o 5T (5 S0l
S erS oI Glagslyy o YU glag 3T el o
3 L g 8 LS iz (gl 3l ool b 5 eiged
Slid BL 5l (e O O a5 02 oanle e
LY Ml slacgsy,See a0 JES! 51 s g 0l adlal (PH =V)
498 3w (Z326K) oo 5908 yile oKiws 51 solawl
V0 ae as ¥ °C glos gaids jo ,00 10+ L oLl
ojlasil loy L eadzmrin! gladiged ol . il s



VFE-VAY azio 1] Jlo ¥ ks 1 (059) Sl [l 31 U g GBS /... bolics CoiaS 511,50 g Goansl s glo

Ol @iz 5 S 0 YL (55, 052y Jedod S oo
cesS o s Baharloei (2013) .o il o olS Lawgs
I,1s 5 (Pisum sativum L.) 5,805 36 by I
S5 ,80455 D L8s IS 5405 samline (Brassica napus L.)
CoiS dn S ) re jobay bolse et jlas o
—,r » Rasti sani et al, (2014) .csl  zl58l alls
Sl L a5 s S esalie Lyl olS sl b wlio
Ll 5o Lugh slaazalS js dg IS asls Sas o5
ol lssiiems 23l (I3l 5l sine jsbay (Sid a5
57 blse ot 3 b Lig 5 (slyiome Jials cle a5 o5
O sl o L Lot plw a Caid ola )3 0g5i+ g0
g ole,d] 40 095 Bgody CuiS aS bl ade ol 4y Sis
350 oLS aS Cewl ouls Eel ologo o 9> cBlS o ).._>L:
Al po 4y g wles (b 9> ol S Sl Sy |) 993 505 S
2955 $95= 9= oS (silaslnl 5l g s p (Laly )
SaLS Jlass ol oIS slsioms i 4o 5 355 4l

(VS8 ot

YU o 57
Soss 31 85 918 (i VS T il ly 4 s
o s 31 5 bslie i caliis sl 5 e ]
o=l = ao 0 SO sl maw jo bgle eS¢ 5Ll
Lyl s o aS ol plad gl (V Jgu) 09 o gine Cio
a3l Lo Lo aas yo VLIS o5l liee (St 5
SV E L YU o5l Gialidl e op yidon 9 28l
Sil3) Gl (iS5 olegsd ag5u 31 g2 bglive cutS
a5 del oy ole, 3T 5438 LAS ST 40 o 3 VYNV L ]
Syl e (5, Lol glas ole,3T szt 3l bglse S L
Seid i bl s e Gulesl oty (Y JS8) sl
o (s el Gaal8 b jla ann 50 VB 35T liee
il Gli8l oy e VYN L ole 3 0950 oaS' ST
Sl ol &S CaS lgs so g ols plaisl ses 4 1) VLIS
o i jo Lajlans ple b blis (o 1) (55008 Cueglie
ploa a6 b jle 5wl aily S
5 olacss 956 cilS o LU riomen il oo byylos
AolEa g ol 4 ol oo el olo )3T g aBgeds oS
by epld g 0l Joad Bl o S cosh, Lis
LS L b el (Sts 25 Ll 53 i e
Sl el sy 45 555 e s140sT s
CeiS 0 0, Shae ol 8l a0 g YUK w3l oljee

\FA

5> bolowe cuiS [, Cio (pl Gliee o yidian a5 olo lis
Ll it 00 5 059 0 05 2 e S ke VITA L 65 095060
St 5 ol Ol S g asl Cws s Collae (L]
039 00 PS5 2 S ke IOYY L 5T agsun )3 52 bl
glis )3T st g0 52 bslie cotS L 4 wel Cawsay 3
Lyl b jo as ols (Lis mls izmen Cllad (6,10 Sxe
dop ;0 A Jd9)lS (lytome Jad slsl (Sois s
Ol 2lS e 1S 5 it 5 28l GlalS Layles
5o by s slac iS5 oo, YYIY 5 FFI5 L ol 5a
() J5s) sl Cawods olo(gd 3953+ (60 93 g (60 dg5u+,d]
Sy (loosSS) oS pol> Ghagh mls b il
Zedeh-Begheri et al., ) 0,8l o Sas 25 )l 50
Ll oo 5,155 (Naresh et al., 2013) sl 4 (2014
o) sl ol adss o Pl ol cely  Sis ius
A e el ol aS 00,8 co ST ol sla Gl 0y
Dyl aziS 9 g olid a0y GemlinSTy S
S9d s LoallaSs) w58 (izred 9 (sl slid 4y
o= 5l saelewoan, s (Masoumi et al., 2010)
Joad sl (Seos s Ll pe a8 ol plas b
A 29,15 slsiome olagss 0958 by oot slajlocs
U8y asls bglse cotS slayloss ple 4y S s 5L
oo Eel olags 3950 cuisls jo 3b i oy e ()
Ay 0 b, Jad 0,90 Lol jo 93 olS sladig a5 ol
Gilasla o cow 9 oS oy 0950 oS 4 Cand (6 i
9 039 e 23 Saled 53 9 397 5y 2 9> sladin
329905 olS 93 (nl G (9w @i lp Sl alS

el oa@ 89 1S glgime yioli8l el s

b Judg 5 (lgixo
b Jeds 15 Glymome 2 palosT ol (mili)ly 22525 @l
cesS Gl glacasS 5 g lol s 1 as ols oylas
)lob_;.m 345 oS b S, IS glgizme p o0 SO Jloss]
iS5 bl Jlesd Sl (iSen 1 @l (F Jsoz) o5
50 aS ols las 0956 ol o b Ldg IS slgime p bolsea
aop o b g IS lgime b slol (Sis s bayls
Oy g <l jials olegs 8958 SIS ST o o leys
CiS 50 0o, YOI LD by S lgime pals a0
Y JSes) asl cwsans ols, 31 0gsui+ 60 g bglse
Sl sl 8l aS ws,S 5,155 Argenta et al (2004)
B (St S e 0 &S GaLS 50 S n )5



VFE-VAY azio 1] Jlo ¥ ks 1 (059) Sl [l 31 U g GBS /... bolics CoiaS 511,50 g Goansl s glo

9 3o 8key) =) Dlio als o (SiS A5 as culls
SYBLS aloz 51 oS 5T sla 3T codled e ial53l
el Gl aS oS e e 5 Cal oad STy
Hheamsplas (Sas (i balyd 5o plaesl sl gla
O g gl ST i slacs lus galS s laes 31 oyl
L a8 wil oo Jlb ST sloaiss b ablia ,o ooyl vge
2o mls b gllae o)l cdills (ol fagh mls
ool ecdles ol sl s Anjun et al, (2012).,_sl>
bl lulyd e (Sas i ylys o 1) VBl

5903 ()55 wollas

slac Sy plaw as coud olasd .)5_7’;;+).51 > byl
(¥ S ol od 950 oS Cilisee

00 1S 5 pglaax Lo 35T o ySese 5 (S0 VLIS
o=l e dled polidlas ool s jledids (g 0mp dnST
9 >.LA-M> > ru.»_"“ s .‘a.a‘)_..u )O DL.S u.osl.fu w.l‘)ﬁ‘ u.clJ I”J)"]
S9yy— &S slaalllas ,o (Hasanpour et al., 2012)
Sz s a5 W 8 easlice il plxil 0950 gl sl
5 YU slaps ol codlad Jlo o ialjl s ;xie
RV 1 29 ‘5)L:.3’| byl o Lo awolin o jlauSTy,
,LeLsl Poursmaeil (2009) .(Rahbarian et al., 2012)

99 5o g (009 3T Callad (g 3tmsis oo 1SSy » 92 b balso ClS 5laylowi 9 (5Hlal oSy slowd ST (Wil lg a1 3o - Y Jganr

Sg5 & Shoc (gl
Table 2. Analysis of variance for the effects of irrigation regimes and intercropping treatments with barley on
photosynthetic pigments, enzyme activity, yield and yield components of chickpea
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(O orophy . : -See -
S.0V df) O'Z:p b Catalase  Peroxidase  Numberof Number of Weight Seed Seed&ueld yiz?gdof
pods/plant seed/pods protein Chickpea Barley
Rep;li);tion 2 0.008 0.0001 0.035 0.047 0.107 0.001 1304.8 0.732 7934.5 31747&1.9
d)LﬁT 255
Irrigation 1 132" 0.036™ 15.5° 154° 335" 0.049™ 357.8™ 03521 203347600° 573(?”?7'7
regime (A)
ol sl
Main 2 0.0006 0.0001 0.026 0.162 0.008 0.014 1474.6 0.817 56608.3 47017
error A
Ll oS
Intercropping 5 0.405™ 0.011™ 4.61% 10.1% 231.2™ 0.063" 9138™ 26.6™ 2386388.7"" *47017
(B)
A) x (B
(th \) 5 0.29™ 0.014™ 274 135¢ 1.0220 0.011% 3499.9" 86”  s7saes” 2050
e 5
= sl
Sub 20 0.003 0.001 0.100 0.135 0.446 0.004 426.1 19 9231.08 3272‘)21.9
error B
”'é\*/”(;/”))“’ - 6.36 12.49 19.2 7.09 4.22 6.43 357 5.46 319 17.14
0,

2o)3) g ao,00 Jleisl mhaw ;5 (95)l3 sine 5 65 sre pas oaad LIS o T 4y Iex g NS

ns, **,*: Non-significant and significant difference at (p== 2.011) and (p== 0.0 5) probability levels, respectively
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Fig. 1. Interaction effect of irrigation regimes and intercropping treatments with barley on

Chlorophyll 5 (ng. g! Fw)
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chickpea chlorophyll a content

N: Normal irrigation, S: Drought stress at milk development of barley seed

C1, C2, bicy, bicz, b2 and bacz were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on

December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 2. Interaction effect of irrigation regimes and intercropping treatments with barley on

chickpea chlorophyll b content

N: Normal irrigation, S: Drought stress at milk development of barley seed

C1, C2, bicy, bicz, baci and bacz were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on

December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 3. Interaction effect of irrigation regimes and intercropping treatments with barley on

chickpea catalase enzyme content

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bicy, bicz, baci and bacz were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on
December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 4. Interaction effect of irrigation regimes and intercropping treatments with barley on

chickpea peroxidase enzyme content

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bic1, bicz, b2 and bacz were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on
December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Table 3. Mean comparisons for measured chickpea traits under different irrigation regimes and intercropping
treatments with barley

ORIV I .«5)_9.*.‘ m-.'.S)_ "991"“%“5«5“)“33
Measured traits Irrigation regimes Intercropping treatments
N S C1 Co b101 blcz bzcl bZCZ
52 g2 B ot 16.79°  14.86° 10.00° 11.12¢ 1534° 22.00° 24.83* 11.67¢
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NG s s e
s o slas 1.04b 1.11° 116% 123  105¢ 0975¢ 1.083% 0.975¢

Number of grain /pods
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N: Normal irrigation, S: Drought stress at milk development of barley seed

C1, C2, biCy, b1y, bocy and by, were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on
December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January intercropping, respectively.

Means with similar letters in each row have not significant difference based on LSD (p= 0.05) test.
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Fig. 5. Interaction effect of irrigation regimes and intercropping treatments with barley on chickpea 1000 seed weight

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bicy, bicz, baci and bacz were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on
December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 6. Interaction effect of irrigation regimes and intercropping treatments with barley on chickpea protein seed

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bicy, bicz, baci and bacz were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on
December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 7. Interaction effect of irrigation regimes and intercropping treatments with barley on chickpea seed yield

N: Normal irrigation, S: Drought stress at milk development of barley seed
C1, C2, bicy, bicz, b2 and bacz were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on
December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January, intercropping, respectively
Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Fig. 8. The mean comparison barley seed yield intercropping treatments

C1, C2, bicy, bicz, baci and bacz were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on
December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January, intercropping, respectively

Means with similar letters in each treatment for each traits have not significant difference based on LSD (p= 0.05) test.
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Table 4. Analysis of variance (mean of squares) for irrigation regimes and intercropping treatments on land equivalent
ratio of barley, chickpea and total
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N: Normal irrigation, S: Drought stress at milk development of barley seed

C1, Ca, b1Cy, b1Cy, bocy and by, were chickpea in mono cropping on December and January, barley on December+chickpea on December, barley on
December+chickpea on January, barley on January+chickpea on December, barley on January+chickpea on January intercropping, respectively.

Means with similar letters in each row have not significant difference based on LSD (p= 0.05) test.
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Introduction

Intercropping is an old cropping practices, possibly as old as the settled agriculture, and is widespread
especially in low-input cropping systems. One of the most popular intercropping practices is the cultivation
of certain annual legumes with cereals. Intercropping of two or more crop species not only improves yield on
a given land area by making more efficient use of the available growth resources but also enhances
biological activities in the soil and suppresses weeds, pests and diseases. Intercropping of barley and
chickpea improves the use of plant growth resources, i.e. species do not compete precisely for the same
niches. Relay intercropping refers to a cropping system in which the lifecycle of one crop overlaps that of
another crop. Usually the second crop is planted after the first crop has reached its reproductive stage of
growth but before it is ready for harvest. The purpose of this experiment was to detect the most suitable
intercropping system and appropriate planting dates for chickpea and barley for sustainable production of
these plants under water stress conditions at late growing season.

Material and Methods

An experiment was carried out as a factorial split plot based on randomized complete block design with
three replications at College of Agriculture and Natural Resources of Darab, Shiraz University during 2017-
2018 growing season. The cropping systems included of two factors. The main plot was two water regimes
including cutting off irrigation at the beginning of milk development stage and normal irrigation. Sub plot
was 8 relay intercropping ratios as additive series consisted of monoculture of Zehak six-rowed barley
cultivar (b), monoculture of Darab chickpea cultivar (c) cultivation of barley on December (b1), cultivation
of barley on January (b), cultivation of chickpea on December (c1), cultivation of chickpea on January (c2)
and different combinations of relay intercropping consisted of cultivation of barley on December+chickpea
on December (bic1), cultivation of barley on December+chickpea on January (bic,), cultivation of barley on
January+chickpea on December (b.c:) and cultivation of barley on January+chickpea on January (b2C2) with
a ratio of 1:1. Two weeks after drought stress the traits of chlorophyll a, b, catalase, peroxidase, were
measured and at crop maturity, plants were hand harvested to measure biological yield, yield and yield
components including number of pods/plant, number of seed/plant, 1000-seed weight, grain protein and land
equivalent ratio. Finally, analysis of variance (ANOVA) was performed using SAS v. 9.4 software and the
means compared by LSD test at 5 % probability level (p<0.05).

Results and Discussion

Analysis of variance showed that late season drought stress had a significant effect on all plant traits
except the number of seed/pod, 1000-seed weight and chickpea seed protein. In chickpea drought stress
reduced the amount of chlorophyll a in all treatments and minimum amount of chlorophyll a was achieved in
intercropping of barley on January. Also drought stress reduced the amount of chlorophyll b in all treatments
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except for the cultivation of chickpea on January. Interestingly, drought stress increased the amount of
catalase (74.04%) and peroxidase enzymes (81.36%) in intercropping of barley on December+chickpea on
January and barley on December+chickpea on December, respectively. Water stress increased 58% and 25%
land equivalent ratio chickpea and total compared to the normal irrigation conditions. Finally, the maximum
seed yield was obtained under drought stress conditions in barley on December+chickpea on January
intercropping.

Conclusion

The result of this study showed that in general, late season drought stress reduced the amount of
chlorophyll a and the maximum and minimum amount of reduction was 46.6 and 22.3% in intercropping
barley on December+chickpea on January and barley on January+chickpea on January, respectively. Also
drought stress reduced the amount of chlorophyll b in all treatments except chickpea on January, while
drought stress increased the amount of catalase and peroxidase enzymes with the maximum increase of 74.04
and 81.36% intercropping barley on December+chickpea on January and barley on December+chickpea on
December respectively. In this experiment, in barley on December+chickpea on January intercropping
treatment, drought stress increased 58% and 25% land equivalent ratio of chickpea and total compared to the
normal irrigation conditions, respectively. The results can be recommended for intercropping in some areas.
Therefore, relay intercropping can greatly increase the economic efficiency and productivity of agricultural
land use.

Keywords: Chlorophyll a, Cutting off irrigation, Peroxidase, Six-rowed barley

YAY



Iranian Journal of Pulses Research
Vol. 11, No. 2, 2020, p. 183-195 (Research Article)
DOI: 10.22067/ijpr.v11i2.78036

Ol @l Gl ,.slb._’:ubgjg
IYAQ 035 o Y5 ylous 1) (0 590) Jluw
g3y allio g5 JAF_1AB i

29 2 3040 9 il € hud (o polis CAAE g LS S (39 2 o Talaw g S 1
(Amaranthus retroflexus L.) o J4és y g s>2U ¢ (Phaseolus vulgaris L.) Wg

Y #Y 4. . ARG
S e g ¥ agaes! 5,095 Ly duoun
talplglond Law e g oIS (g 5,9Ls ousliils (bLs gMol g celyy 09,5 o slacile pole ah) (558 (9iils —)

s.bayat64@gmail.com
sl pl loed Lopw (e g oS0 (6559l cusliile «lils Mol g celyj 09,8 ceeely) HLaidls =Y

(a_sepehri@basu.ac.ir 3 gahmadvand@basu.ac.ill cus yas)

AWAVANN/ N 28l jo 7o)
VWAAMYINY bl )b

T

2 o9l jrecide g Lagl olS lawgs jolis ple goxd 5 e paie 032 Gliee 5| SIS0 jolaie 4

oSl 65,5t ouSiils ik LS o ((Swiggyad) Sl 90 & oinla)] ¢ cilizeo slaclale
iy Vang S B0 5 T8 ) gehs s o e ile ol iolos] sl 5351 it 1al VYAD L ,o Lipas ey
9>l So st tlagl wopd) o glacei L (P) og 5l 9 (B) Lugd (o3l bslie 5 (CUSOs) e
os 2zl oo 30+l el oo 00 «(0.75B: 0.25P) Lug, Szl o o,oV0+Lug) oo ,0V0 (1B: OP)
os >z ooV s rr gl ooy 9 (0.25B0 0.75P) s, 3215 oo oVh+Logl oo ,0¥0 (0.5B: 0.5P)
A oloay il L Logl ddn ) 1o el clale e Slalgus Ygog ,Sie V cdale (o olo lis gl g (0B 1P)
599 oeelS Loyl Lalls cenS a4 cand 0o, ¥ Gl 4 o 54 (0.25B: 0.75P) 0550l cos )0 g,z
Ol l i3l g (allS S ) Cond 003 V0 9 ) - Gl 4 o S e Slilgs V509, B0 5 VO il
0.25B: 0.75P 555l s 1o Lugl di ) 50 mojuio 9 yid Cdale ¢ e Slalgus ;Ygog,S0 YO cdale o 0ls
Ly (alls coiS an Cumd 0o 0 V7 5 VY (e & V509,800 00 ke 3 9 00,0V A 5V liee 0 oo
ol g s d g (S5 T (200 s Lagh b o5 52l 5 p00ile (5 lomod e (5938 Ll 5o 28l (38l
S5 Lng) 0h) S99, gl el bangd e 58 Qi ol Lagd olS (5900 polie Qi o Jole
i 5 5a it g, Sl el 515 023 LS Sa5lsS] e (s i o g3 Ll

ibos (rlin Sl e e (I35l LIS slagd £)l50 53 g mdle pl 3 S S as

Wuana & ) oS e slog! S oLS (glp 0l Jlaie (o
Cand (e 03l 01 51 55 e (Okieimen, 2011
e Ll (oot 1 ilie (Sl laan] b 50 4z S
Sl o Sllg 5 LS sl YU slaclale )5 Jg S
(Gaetke & Chow, 2003)
@t olie pla iz o e 5 (S99 eizmen
olie Jolss pue (Ke et al., 2007) a_sl o 38,56
Ol 5o e Ol5lS Coans @dle o0 4 e (38
L5 9y 55 adoa 5l ol plo b aglie )5 055 00
8 G530 51 (36 S ooolS i (9 e ol
Gajewska & ) a_ib o i slals gl e
o <> (Sklodowska, 2010; Dresleret al., 2014
Bravin et al., ) awsls S S I oolo jlaie g pH @

VAY

O 8 olie olie o acale 1 gaudS” gaeilg

doddo
ol gl s Sl g anb slacJlas
8 gty 8l Lol molie eodlals adss ¢ (s5,las olles
Jol lacie Clil ¢65,5LeS sloS aril o S 3 e
5 sl (S3pdl s a1, CU) oo 5151 s
(Mico et al., 2006) oS o = 8L o Slusl slacles
5 i 6 SL da iS5z B 5l a5l Lius solitul «oplp ogdle
518 el 8l s s lon 5 BT S gl a g edl
Sl 00 (55,55 slaSls b a Y o s
oS yolie | SO uizen me (Michaud et al., 2007)
BannS polic wiboe OlalS 435 6ln 6900 Sras

gahmadvand@basu.ac.ir :J o ediuw g


http://dx.doi.org/10.22067/ijpr.v8i2.48451
mailto:gahmadvand@basu.ac.ir
mailto:a_sepehri@basu.ac.ir

VAY-1R0 azio T8 Jlo ¥5 o ) (0599) Jlw /o)) 31 U gu> GBGB9S /...9 <l T 1)Ko 3 by

Whiting et al., ) sls [ial5-8l oo ,0 Yo 59, 305 0 00g]
(2001

S5l 4y (Sogll Gl Jlaimt 588 (ad sano W,
3 adadloe ooyl i )y acwl 00, laizge | S
loosygly b g Vs ame Sog Il ralS g oel); lals
el 5l S8 Gl paian; slo Sl & )b 5l alS
el 55)0laS 2P bbb e 2l g oede SThe la
S5ls L2V B 5l ooliul wlgi o W pealy ol 5 S
Aol Sl bl e ol 550 QlalS by (e
YL Coslaa )l SLS 50 e 63k & S gl ol
o e Bain) (g gl jedile ()b g Cul s ye5
Horak ) Lus! g150 5o wolaisl 5o slacale 5l S5 olsie
ot i a2 g i o 5l (& Loughin, 2000
9 Lagd Sy (o pobite 4yl g (Sl 1095 0
LS Gl (o) 2 g s (938 Ll b Cod g2l
SamgazS Camols Gkl yate (nl 4 Lug (Sl
b Ll e ada; w2l 5 ecile

B b9y 9 9lge
ouSisls Slidod alzdS 0 VYD Jlo jo ieghy ol
B e o ,e8l Oyge an Lew Jeg oRils (65 )5lis
Lo ,eiS s plodl )1, S0 lea b ol LS 4l #,b
Slidgw Yoo 9,00 9 VO ) slacdile Jols il
Ly I g (Bouazizi et al., 2010) (CuSOs)
Seop) s slacans L) (oo 52l 5 B Lugd (Sl
3o, oY O+Lug) 20,0V (1B OP) g 575 auoyoe+Lag)
d._.a)oa‘+L_.u5J J._.o)éa‘ s(O?SB 025P) JJ5J—>CI'—’
Sge dr plalejl b S s WIS s aig e ol
5hocs eolanul lels 4ds5 6l (Bouazizi et al., 2010)
aslas ,had g e L VY gl | L Sldly slaylals
3l solaiwl (p,5 9 LS il vg0 oyl ) e LY O
A oolaiwl Jaloe 20lga 5l ACO-010 Jow lgo ooy
SRS les w0 )5 (el b g, w2 28 sl
4z ) VPEY o Yo IV Joloo o fan oB g 55, Job 50
3 miais Gl g doyo Ve Jolas  pod Cagbsy ol 3 il
5 2By 0)99 9 4l )0 @uye S p gigd Ar e IS
by j9 0geS g og Celw Vo 5 VT Jolro i ey (SO0

\AY

Hlals S0 55 5l (Brunetal., 2001) sl o ol5!
ol (S ol s aly 8l L (Fabaceae) oY g o,
(Lietal, 2001) aas o ialdl SB o 1) K &l

i) i b wled j0 2l lalS slads ) s
Laalie jo (paile by ol ol 5l el j5lme GlalS” (o
il Gglaie sle S syl gl plalS il cus
(Ashrafi et al., 2015) ol o (uXw Ol ls Cas
u‘]lﬂ GMQM ))_QLSLQ;ILLC \4.......') L:.ouo ‘5’..09.43 u.dﬁ?.n
9 =3 pllS bwgs Slls Qi ol (S (K
saslacide aas 5 51 coss wagdl gl o,
i, b e 5l Ol alss b g el b elils soims e
oo Jolie )3 GLaLS (il Cudgan o pole GlalS
Suetal., 2008) wiss o 3l

Slgo Sl ) §y900 @l podle GlalS G 2,
awslio o (Hoffman & Lavy, 1978) 5,15 5534 55 o
aelunl tass byl i j0 5, aslacate  olyy LS L
5ol @iz sl @b e b wiloe Spglie asme
(Wei & Zhou, 2006) u,ls olaé ol

sepslecale wied))l Sleogas aZimdahl (2007)
S 5 i 06))saS el ¢ slicé ae Ll
gy oK Slls Giz Sy Sl 03,5 o Ll ( ST
g dedg )l Slogad 5l (G G ragladile 5l S
iz oLl (Zimdahl, 2007) o_sb oo lS ol onie
o9zl eolsl s lals jo S w ol 1B oYL
Bigaliev et al., ) el oo ,155 (Amaranthaceae)
4 0391 S5, (Amaranthus paniculatus) _.g,5zb
30 Oyd diny )0 pweolS cdale (Sl o 59, 0 qeeedlS
Cils ghle e ralS (08 SiSSO) wall b anslis
o9, Latin H55 3 Likgh o (LI etal., 2009)
ol_zf 5 WQU RS 9 096 WQU 0RO Ra oLp’ gS.:
Oeiorad ol ools 1ol (6518 pxe jebas 1) (&)8) Lol
S (6,0 gro 2dlS ¢ oy, >zl b ol o )3 St oole
455 90 (5)lemmen SISl cwyp poclla &8 LSS ST @
Thlaspi 4555 (s5,lgoen 45 0l asiie bgzanaS oS
S (59 (e 78 sasms xezs 4355) Caerulescens
SLs ol (eamoa ez e 4355) Thlaspi arvense «y5

1. Rhizosphere



VAY-1R0 azio T8 Jlo ¥5 o ) (0599) Jlw /o)) 31 U gu> GBGB9S /...9 <l T 1)Ko 3 by

cble (o .ondl mals (aals) Logl alls cuns 4 cus
3 Lgd ata;) 5o s bl s Dy Vg9 SCalde
0.75B: 0.25P 3l comus ;o MOF alls cois
0.25B: o ;55110 0.5B: 0.5P cos ,o /YD
(¥ Jgaz) 05 S oole p,5 0 0,5 Lo +/AY 0.75P

O Dl5s iz glassS 9 9 (9,0 i
Jlis sl (Bruce, 2001) 5,138 s 5L blS bug
«sL= 3 Cunninghamia lanceolata L5 Ly 5o cois
SLaS 0 1) 55y 5 PR (S iy yelas Sl cale
Loy, .(Xue & Fei, 2006) cul sols jzals sls oS
ol oa) el ATl b ) (Jeted) QLS G e
wah o (Lortie & Callaway, 2006) ¢l oos s,
sy el 8l Gial8l Ly (S0 siS g 2,
.(Callaway et al., 2002)

gL At 39 e e (s Y509 e | o lile o
390 St oole 5 o5 o <[ FY Al S o st
s 0.75B: 0.25P i ;5 Lyl aiay oloss il 8l L
5 VO lacilale 15 o, S oole p,5 )5 et /- 09
Samnd )3 g gl At 40 (e Jade e V0,50 B
LAlS S 4 Cad 00,0 00 5 O 5 540 0.75B: 0.25P
Voog S B0 5 YO slaclald o .codl iyl5dl s Szl
0.25B: o iils curs o Lugd Sp 0 o il ¢ o
wAls cuiS @ Cad 3o o ¥ 5 VF e & s 5y 0.75P
(F Jgaz) ols jlias uals (all) Lagl

sladobe plowdly slid @ (e Copons &3l 4l
(J=ds e 4y (Woolhouse, 1983) s5i o 5,lg 4,
8 e Sl )*-‘L’ o bplal plo 1 i a4ty ) ol
oS Sy 55 e S (e (gl sla a0 )3 05 o
ClS Ay Cond IS )0 g, 2l gy olaws iul381 L dlog)
bl (e A Lo s o o .l 2alS Lyl alls
2l o S alls ClST 30 (g Pl olS S p0 e
(Fsaz) 092 yeS (0l ot

Lagl Jlite 51y 03Kl Gacas e gsbaw il

‘WC#‘”)ﬂﬁu“SJ}CU‘j)%ﬁuﬁ))bwlﬁgC&%ﬁ
cdile 1 nSle glace s 5 e gshe il Sl
LV gV Jogaz) o5 jlocmn bug Sy g ady ) ) eeslty
VoegSes ) Clale j3 o8l alS ey, 3zl o Loyl ol
gl agg olass moli 8l b Loyl aty ) jo pewly bl (o

YAD

(s 53 08,) joBlagd H3ds b (el e B sy
Al Y 90 o o,V o g b ggacas 1w
395 4 Soe d (S0 50 (s U1 sk e Lo
slaads) am (S5l 5l g 485 )15 Sjaile> sl n
A e il o) S sl (sl tales]
5 adsljLEnl g (Giailez 5l Gy i o9l leazalS
azalS L plejen b 59, V0 5l am il 9 ConsSoS
JUEsl 51 Gy e sl ias Jitie ol & g glo
i Jlosl wilSgn Ll Jslme 4 (llS 51 4 lalS
ebile jlos Jloel g Loazals Jsl 5l e 59, ¥
A5 9550 Slao i sln (LS 5l (5l gl (e sl
laiand Lntigal i3 55 6 Sl gy s plovl
i) g @Bl S Jebd (g2l g Loyl (lalS Al
a0V sloo L el jo celn FA e 40 o« S 5l o
3 el e eyl e S 15 515
2 5 Sl s ,2Elis gl QLS Sy Aty )5 aud
=3l iz oSws l eoliiul b oo juie g e polie clale
oS Ly 55wl 5 VARIAN-SPECtrAA 220 o
i Bl 0 Sl oSy S LS e gl
peasldLCary 100 Joo yiegds xSl olfiws Lawgs
15 JLii 52515 5 oSl il ¥V 5o o
P o Sl S 5 e Sl e 15 (TF) s
(Barman et al., 2000) wsl cewsas i,
TF=
(P2 55 35540) S350 o CBUE ] (552 .5 9)500) Ay 50 o ile
var 9.1 5 8ls 5 5l solawl L Lasols (il s 455
LD 55051 L oyl (eSiles dulio 030 5 plnil SAS
Ui 5145 63,50 5o 28,5 bl s o O Jlazo! pelans
lo,5:Sl6 S e, (SHICING) 20 oy gy o ixe boyles
s plool e Sglie glacdalé o

Lapl blite J1 5 (035l slocans (e zolaw Sl

Sg yl0mxe o, ls Lugd S g al;y )0 e B
L o952l )lsmed (e zobaw (gobod )0 (V5 ) Jou)
Slowd jo 0 Logd oS jo e cbale ol S o Lo
3 Lyl aday )0 e Sl (e Dlilgn Yoo 9,SVO
0.5B: coss 5 waoys A 0.75B: 0.25P Sl coms
W, YY Jolee 0.25B: 0.75P s ;o g 0o, Y 0.5P

1. Translocation factor



VAY-1R0 azio T8 Jlo ¥5 o ) (0599) Jlw /o)) 31 U gu> GBGB9S /...9 <l T 1)Ko 3 by

ol sl 8l Loyl alls s @ cad duoy 0 VY S o
(F 5 Y Jgaz) olo

£0.25B: 0.75P )LQa.’ BLI ) )Y}‘ojj.iuc I C«E.Lé)b
5 VY Oliee a i ian Loy S g ada)y o jaud cdile
cale o .aasl ilil by Lalls s 4y cas as VA
Cb&fgw))b)wuﬂs‘w)\,yj)ima’ BYA
S92 (Rl et plo jl i Al CiS s ey >
LS lga plosl jo jaud cobale 2alS (F 5 Y Jolas)
3 Y10 L5 ,o (Arabidopsis thaliana) . —.ogaul)!
Lequeux et al., ) coul oo (5,155 o Vg 09,5000
o 45 ola Bl S sl cesls s 402010
«(Kramer et al., 2007) wigs co omodl gl a5 Sl3ls e
5 o SLOs G Sl s (@l Jsle 0 e (558
.(Lequeuxet al., 2010) 55,5 o Jlad Jxo ,0 lagys oo
oalS am jo g jbld co el ol o e (Jg3d
(Tyler, 1976) 05 o yiud clale

o 2o
Lapl Jlite il g (o055l Sl i gk Sl
oo Toba 5l g g PEl S gty )0 e Sl 5
cble o le glatas 5 e gsb Jlie Sl
2V ) Jsoz) 09 o mime Lugl S g ala ) 50 e
Log) S0 g a3 e Sale (e Vg9 SV clile
9 A e d e 545 0.25B: 0.75P o35Sl s jo
YO cbale o g ol oy el cuis & s sy V)
O bl ;o 900, V) g VA el San e e JY50 5,500
Gl ao ) WY 5 VF (e 4 ol S i Y50 5,50
g ain) 50 it Sl (e Vgeg Sie ) ile )3l
Oliee o i S Loy G olaws Gl8l b g2l S
(e Yooy ,Se YO i bale 0 g iolidla o0 # g VY
Yoy Ses B0 bale ;0 g ao)3 Ve g W lie 4 i Sy
cdale o gals .l jmalS s ,o VWY g VA cul 5y ¢ e
(oo 958 Ll o (Vitis vinifera L.) ge olS ;o o juie
Ui o e (Cambrolle et al., 2013) coul ooy 3,155
(S gid oliws (5,055 5 (srmgtd Glacodled )5 coge
e (9950 Hless )0 e L2olS (Maathuis, 2009) s ls
33 0o JUESl g @i o e (sl e Ol s 4
O i gmels slie cud) ady ), @by o S asxs
Kopittke & Menzies, ) a_sb s (ws= o591 6 05,b 4

(2006

\AF

0.75B0.25P 35l slacas 15 gl 4, )5 sl

aopo Vg A ¥ s ja 0.25B:0.75P , 0.5B:0.5P
53 ORIE omlel el ey alls s 4 s
il glada aan ln e Y5090 b clale
Cbale aSs,5b 4 wg e Yse 9,500 YO Clale I iy
A 550 (3Rl Slacans )o dagd ala) )0 el
G bile 1o (Y Jsorz) cdl Lialy 8l ao)0 )0 5 VY &
ey jlaiie (alS CAST 58 (w9 )l (e )Y 509,50)
I Nl Camd A dy S 095 Ay 49 (50eS
(s Vo0 S B0 5 VO clale 0 aS S50 0 rclld
9 yiiin (alB SS )3 gyl s 50 el cdile
w515 Rl L e )Y 509,500 S rlans 50 (Y Jgo2)
o b anulS Lagd S 50 ey Cale 5l g2 2l (s
5 5 ety S lle 0.25B: 0.75P s 10 45 s b
ohelS L) alls S an o 00 )0 B liee 4 Lyl
s lilgs Vo 5, Sa Do o VO Clale [ Lol ols s
0.25B: 0.75P s 15 45 (6950 s 592 ogSxe s,
Seey Ve gV Gl 4 G i bagd S o el cdile
Sl plas golial (aels) Loyl Lalls ccusS 4 cad
9Pl S 50 ey ClalE (s Va9, Se ) 2ile
Voo gy Saade g VO cbile 1o g 58 s i o
S iRle slacas plw jl it (e Sl
Liels 5 Bouazizi et al, (2010) s—i>s o (F Jgo>)
IS e 5958 slend 5o Lagd S S o ey ciale
5o o=l prals agl SISl 5l S el el el oals

(Hall, 2002) sl co o So9JT SI

i
Slatos 5 s gobiw Jlite 5l 5 (e gsbaw S
09T g b Spgads) po s clile p 0l
oo YgmagSe | abale o (V5 ) Jgaz) 99 o gine
25 gy st el L Lol 55 i, 3 i il
Tl 50 5 el (alls coiS o Cud IS )3 (g >
S ole lad molidl dged as g slass ioli 8l L ug o
9 dia) 5o i ShlE (o Y0950 B0 9 VO (slajlecs
o Yy, Soe V Elald ay Cond g Pl g Lug) S
30 s clalé o Yaeg, S YO cdalé jo 8l ralS
59-0,0 VYV 0.25B: 0.75P o Sils s jo Lol aiy,



VAY-1R0 azio T8 Jlo ¥5 o ) (0599) Jlw /o)) 31 U gu> GBGB9S /...9 <l T 1)Ko 3 by

9 Loyl Ay ) 30 m2 juo 9 yiamnd cpuliy (o Sl g (93l (SlBCaun g o 3B T (Slr po (aSSlee) il ylg 4 325 Y Jgu

yodads ) wesgl
Table 1. Analysis of variance (Mean of squares) for the effects of copper doses and replacement intercropping ratios on
the concentration of copper, potassium, phosphorus and magnesium in the roots of common bean and redroot pigweed

é“’ .l}i Cu concentration K concentration P concentration Mg concentration
< e ) . . . . . . . .
S 5\7 ¢ df) Lyg! w9l Lagl w9l Legd w9l Lugl w9l
T Bean Pigweed Bean Pigweed Bean Pigweed Bean Pigweed
Cu dose 2 5300473.38"  36407786.61™  439552049.1"" 728587357  75552228.8""  361624285.7"" 7826118.86™ 51313951.3™
(Cu)
byl cons
sl 3 87529.28"" 740805.38"™" 4107993 12887426™ 486516.8" 1004981.3" 244204.24™ 234991.4™
Replacement
(R)
Lé\“ F’: 1 6 54380.56™ 348950.58™ 10284482.7"  18316796™  3398982.6™ 3840656.6™ 302399.05™ 888649.8™
ux
oL:.';.i‘;'
iales 24 724.99 2796.22 1731306.6 919017 279330.1 768062.9 13138.30 10369
Error
et
Slreeds 5.37 3.55 3.48 2.02 4.36 4.38 2.54 1.39
(32,3)
CV (%)

o)) Jloiol maw jo o e g o Sre il ‘..4:_‘.’):4;.1** 5NS
ns, and **: Not-significant and significant at 1% probability level, respectively

4 oo Tobaw 50 30,840 5 95T 9 Lugd Ay 50 e 9 yhund oaly o polie CllE (9301 o 1Y Jgu

(33Las Mol 51 BB 55 o a3 325) 00 )95 o2 5 yg00
Table 2. Mean comparisons for the effect of replacement intercropping ratios on the concentration of copper,
potassium, phosphorus and magnesium in the bean and pigweed roots under different copper doses
(Analyzed based on a completely randomized design)

s . . oo cdile oy cdile S il ko ke
oo il il glacm Cu concentration K concentration P concentration Mg concentration
Cu Replacement mg/g DW mg/g DW mg/g DW mg/g DW
?SE;; mterr(;rt?c;’)splng Leg! u_«s,éc“‘ Leg! gjskclﬁ' Leg! g_vs,éclf Lag! qskcu
Bean Pigweed Bean Pigweed Bean Pigweed Bean Pigweed

1 1B: OP 0.0312 - 45.902 - 15.832 - 5.552 -
0.75B: 0.25P 0.0282 0.0592 44,57 57.60? 14.982 27.102 5.31° 10.122
0.5B: 0.5P 0.025% 0.0512 43.08° 56.06% 14.0° 26.00%° 5.19% 9.75b
0.25B: 0.75P 0.0217 0.0462 42.77° 55.0b¢ 13.60° 25.66° 5.09¢ 9.40°
0B: 1P - 0.0412 - 53.69¢ - 24.65° - 9.03¢

25 1B: OP 0.252 - 35.20° - 11.0¢ - 4.12¢ -
0.75B: 0.25P 0.23% 1.202 36.30% 42.969 11.90° 18.21° 4.51° 6.32d
0.5B: 0.5P 0.19% 1.09° 37.90% 45.31° 12.7® 18.60° 4.65P 6.51¢
0.25B: 0.75P 0.17¢ 0.89¢ 38.712 47.17° 12.902 19.17% 4.882 7.05°
0B: 1P - 0.79¢ - 49.032 - 20.222 - 7377

50 1B: OP 1.56° - 29.41° - 8.50° - 3.17¢ -
0.75B: 0.25P 1.35° 4152 31.972 37.11¢ 9.432 14.05° 3.60° 5.02¢
0.5B:0.5P 1.15°¢ 3.78° 32912 39.10¢ 10.107 14.40° 3.912 5.32¢
0.25B:0.75P 0.97¢ 3.09¢ 33.857 41.01° 10.312 15.0920 4.018 5.70°
0B: 1P - 2.67¢ - 43.312 - 16.422 - 6.10%

b e o tre 0oyd B Jloixl mhaws ;8 LSD (5031 olil 5y caijlo 5 e By o a5 Sl naSilios cp IS oy 1 40 g s gk 5l plaS 2 o

Joada; ug el P oy B

At each copper level and each column, means with the same letters are not significantly different based on LSD test at 5% probability level.

B: bean, P: redroot pigweed
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Table 3. Analysis of variance (Mean of squares) for the effects of copper doses and replacement intercropping ratios on
the concentration of copper, potassium, phosphorus and magnesium in the leaf of common bean and redroot pigweed

. o il iy L o e L
Ol s’ 2bo ’:T Cu concentration K concentration P concentration Mg concentration
ol . . . . . . . .
S.O.V. ¢ o f) Lug! REYegd Lug! w9l Lug! o9l Lug! el
Bean Pigweed Bean Pigweed Bean Pigweed Bean Pigweed
Cuﬁﬁu) 2 5656.60"™  106648.3™  126219897.7"" 2268921825  21303501.48™  70585483.1"  3363293.10™  18927512.22""
byl s
Sl 3 197.13" 2421.59™ 1195289.4" 2890495.6" 405366.44" 494924 9" 26087.96" 100893.20™
Replacement
(R
Lz I
gu N ‘F; 6 47.74™ 944.76™ 2901123" 4768382.3™ 846536.59™" 1161090.5™ 191495.86** 209730**
I;Lr—rg‘r 24 12.55 103.33 1099560.9 630610.9 208686.17 175869.9 14807.60 15554.23
Oy gy
(22,9) 10.68 9.33 3.68 1.94 4.88 3.33 291 2.25
CV (%)

o) 5 ooy Jleil sl (o s cre gl sixepd i 5y FF 5 * NS
ns,* and **: Not-significant and significant at 5% and 1% probability levels, respectively

4 oo Tobaw 50 30,848 5 09,5 T 9 gl S 50 ke 9 yhund ey (o polie ClilE (S0 0L sl FI-F Jgax

(Bolai Yol 7,k B )0 ouds 4 3205) 09,95 (b 2 g0
Table 4. Mean comparisons of the effect of replacement intercropping ratios on the concentration of copper,
potassium, phosphorus and magnesium in the bean and pigweed leaves under different copper doses
(Analyzed based on a completely randomized design)

e Tk Al slodind Cu concentration K concentration P concentration Mg concentration
Cudose ~ |eplacement (mg/g DW) (mg/g DW) (mg/g DW) (mg/g DW)
(M) mterrt;l;ci)cf)spmg Lagl w95l Lag! w95l Lag! w95l Lag! 95Tl
Bean Pigweed Bean Pigweed Bean Pigweed Bean Pigweed
1 1B:0P 0.0132 - 32.69% - 11.00% - 5.012 -
0.75B.0.25P 0.0132 0.0192 32.00% 46.21° 10.71% 15.70% 4.822 7.032
0.5B:0.5P 0.0112 0.0182 31.48® 45.80? 10.31% 15.40° 4.61° 6.99%
0.25B :0.75P 0.0112 0.0182 30.88° 45,01% 10.11° 15.01% 4.47° 6.80°
0B: 1P - 0.0162 - 44.20° - 14.60° — 6.60°
25 1B: 0P 0.0372 - 27.35° - 9.00.5B - 3.90° -
0.75B: 0.25P 0.035% 0.1162 28.00% 39.31° 9.41% 11.52¢ 4,00° 5.11¢
0.5B:0.5P 0.030% 0.1082® 28.61%® 40.20° 9.902 12.00% 4.26% 5.30°
0.25B:0.75P 0.028°¢ 0.099%° 29.342 41,07% 10.00% 12.40% 4.352 5.40°
0B: 1P - 0.088° - 42.15% - 12.80% - 5.702
50 1B: 0P 0.065% - 24.11° - 7.20° - 3.44¢ -
0.75B:0.25P 0.060% 0.242 24,98 38.312 7.68% 9.73¢ 3.60° 4.11°
0.5B:0.5P 0.050° 0.205B 25.50% 37.02% 8.23%® 10.75% 3.79% 4.20%
0.25B:0.75P 0.045° 0.19¢ 26.532 36.01% 8.50? 10.54% 3.86% 4.41°
0B: 1P - 0.16¢ - 35.12¢ - 11.20° - 4722

3ay3ai ) eyl P dog B asl e o dine 9o ps b Jlaisl gxlaw 50 LSD 5051 ool 3l S e g, 4 olaySilin oy M (g5t 58 50 3 o zglans 5l IS 5o o
At each copper level and each column, means with the same letters are not significantly different based on LSD test at 5% probability level. B: bean, P: redroot
pigweed
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Substitute intercroppingratios

Substitute intercroppingratios
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Fig. 1. Dry weight of bean (left) and pigweed (right) under copper doses and substitute intercropping ratios of bean

and redroot pigweed
At each copper level, means with the same letters are not significantly different based on LSD test at 5% probability level. B: bean, P: redroot pigweed
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Table 5. Analysis of variance (Mean of squares) for the effects of copper doses and replacement intercropping ratios on
the translocation factor of common bean and redroot pigweed (Analyzed based on a 3 x 4 factorial layout)

TF
S.0.V. df Bean Pigweed
oo il 2 1.23" 1.57"
Cu dose (Cu)
il bglses cus 3 0.001" 0.005"
Replacement (R)
Jlize 3l 6 0.0002m 0.002ns
CuxR
byl eleal 24 0.00085 0.001
Error
(30,0) Sy g o 8.54 11.89
CV (%) ' '

aoyo) 500,00 Jlatal zaka 4o s fxe 5 40 cxe ol ganFE g * NS
ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively

0.9
0.8 - .
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0.6 -
0.5 -
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0.4 -

s

0.3 -
0.2 -

Copper translocation factor

0.1 -

CulpM Cu25uM Cu 50 pM
Copperdoses

0.39
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0.37 -
0.36 -
0.35
0.34 -
0.33 -

b

0.32

S
=

o

o

0.31 -

Copper translocation factor of
pigweed

3
>

0.3 -

3
A
A

0.29 -

0.25B:0.75P

Substitute intercroppingratios
Siiler G 9 (V) (o ilisio gacdale )5 Lol g (o, El 5o o JUG! oS B - Y i

(o) o 5gl 9 ey
2l S e By > 4 e eils (e IS ¢ il (Sland 5 s pobam I Pl g 40 450 340y 5 gl P gl B
b e o g o )0 0 sl mhaw o LSD Ry
Fig. 2. Copper translocation factor of pigweed under copper doses (top) and replacement

intercropping ratios of bean and pigweed (down)
Means with the same letters are not significantly different based on LSD test at 5% probability level.
B: bean, P: redroot pigweed
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Introduction

Soil contamination with heavy metals is one of the most serious problems in the agricultural
environments. Due to excessive injudicious and unregulated use of agrochemicals such as pesticides,
bactericides and fungicides, which contain Cu as an active component, contamination of agricultural soils
with Cu is often occurred. In many plant species, excess copper (Cu) toxicity is an important disorder that
limits uptake and accumulation of mineral nutrients. The root system of crops in contact with the roots of
neighbor plants (crop or weed) has different characteristics in terms of heavy metals adsorption compared to
the pure stand of crops. The position of the roots of heavy metal accumulator weeds may affect the
absorption of such metals by adjacent crops in infected conditions. The heavy metal accumulator weeds by
reducing or evacuating metals from the rhizosphere of the adjacent plants, cause the plants to be immune to
the toxicity of metals. Biomass reduction is a dominant effect of copper toxicity in plants. Application of
high copper doses (50 and 75 pM) in nutrient solution, decreased the dry weight of common bean plants in
comparison with control. Contamination of soil can affect ecological interactions between plants such as the
weed-crop competition. Positive plant-plant interactions are expected to be especially beneficial under high
abiotic stresses and therefore, the facilitation effects could be enhanced by increasing stress intensity. Weeds
possess the ability to accumulate heavy metal and nutrients, in comparison with crops. The role of nurse
plants in facilitating plant community has been applied in severe conditions. Metal hyper-accumulator plants
have a positive effect on co-occurring species in met al-rich soils. Redroot pigweed (Amaranthus retroflexus
L.) is a serious weed, which affects common bean production. Amaranthus retroflexus and Amaranthus
spinosus are known as metal accumulators. We hypothesized that in contaminated fields, the effects of heavy
metals on crop growth may be modified by the presence of a metal accumulator weed such as redroot
pigweed.

Materials and Methods

To investigate copper uptake and accumulation of mineral nutrients by common bean in association with
redroot pigweed under excessive copper conditions, a factorial experiment based on a completely
randomized design with four replications was carried out in a research greenhouse of Bu-Ali Sina University
in 2016. Experimental factors were three Cu doses of 1 (control), 25 and 50uM CuSO, and five replacement
intercropping ratios of bean (B) and redroot pigweed (P) (1B: OP, 0.75B: 0.25P, 0.5B: 0.5P, 0.25B: 0.75P,
0B:1P). The experiment was carried out in a hydroponic condition. 15 days after seedling establishment, the
seedlings of both plants were transferred to the hydroponic conditions with a Hoagland solution, and Cu
doses were applied in the Hoagland solution. 30 days after growing the plants in above condition, biomass
dry weight and concentration of Cu, K, P and Mg in the leaves and roots of both plants as well as copper
translocation factor were determined.
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Results and Discussion

The results showed that under three doses of copper, the highest concentration of copper in bean was
obtained in sole crops, and with increasing replacement intercropping ratios of pigweed, the copper
concentration was decreased in bean. In pigweed, the highest concentration of copper was observed in
0.75B: 0.25P proportion. At 1uM CuSQs,, potassium concentration in the roots and the leaves of bean in
0.25B: 0.75P proportion, was decreased by 7 percentage in comparison with that of the sole crops, and at 25
UM CuSQq, by 10 percentage and at 50 uM CuSQs, by 15 percentage were increased compared to the sole
crops, respectively. At 25 uM CuSO., phosphorus and magnesium concentration in the roots of bean in
0.25B: 0.75P proportion was increased by 17 and 18 percentage, and at 50 uM CuSQ,, by 21 and 26
percentage, respectively in comparison with the sole crops, respectively. Association of pigweed to the bean,
decreased Cu pollution in bean plants, which could be related to the balance of nutrient elements uptake by
bean under excessive copper conditions. Under excessive copper conditions, the higher copper uptake by
pigweed, improved the growth of bean.

Conclusion

The results of this study showed the facilitative effects of pigweed plant in decreasing the Cu toxicity
stress effects to the bean and indicated that pigweed could be as a potential Cu accumulator to improve bean
plant growth under the Cu stress. Here we showed that the presence of some heavy met al accumulator plants
such as pigweed in common bean farms, might be a useful practice in contaminated soils. In addition, these
facilitation effects of such weeds, emphasize ecological management of weeds rather than weed eradication.
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Fig. 1. The 33-year yield trends of rainfed and irrigated chickpea, bean and lentil and pulses of Iran
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Introduction

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

Materials and Methods

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

Results and Discussion

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

*Corresponding Author: mj.mostafavi@mail.um.ac.ir
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bean were decreased. Absolute residuals of the yield as the indicator of stability (which has an inverse
relationship) as a function of cultivated area, increased in about all of the studied crops except irrigated
chickpea and rainfed bean. Most stable crops in the larger cultivated area were irrigated chickpea and rainfed
bean.

Conclusion

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

Keywords: Coefficient of variation of yield, Finlay-Wilkinson model, Yield anomalies, Yield trend
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Table 1. Sum of square for morphological traits of Phaseolus vulgaris L.

Jsb & gozxo

Ol i’ glio a0 Al SS9 Ady S 39 oLS glisl s S g 3L Ay ks
Source of &3 Shoot dry Root dry Plant ) oS Root
variance df weight weight height Tcl)tal :ﬁOt Leaf area diameter

eng
PN VWRYY )15 3 £ £ e ek 1) L2
NaCl 0.006411 0.003705 105.884 6264221 2620292.03 0.023
elS” 3 et ns L) ns ns L3
CaCl, 0.002684 0.000026 34.435 308075 15855.94 0.007
[OVLIPIRRWRVINLS 9 wi ns * # £ ns

NaClx CaCl, 0.000642 0.000027 3.152 466893 92532.09 0.001

Error Uas 32 0.000143 0.000028 1.3 161420 23450.63 0.001

*, **and ns: Significant difference in 0.05, 0.01 and non significant respectively
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Table 2. Mean comparisons for morphological traits of Phaseolus vulgaris L.

Tobw . . ¢ oLy ) . - C s
syl oelS T Bl S5 3 ) S5 0 oS e bady), Jsb egoma  olS Sy el a5 ks
MN o CaClmM)  Shoot dry weight (g) Root dry weight ~ Plantheight  Total root length Leaf area Root diameter
( n?M) (@) (cm) (mm) (mm2) (mm)
0 0.160 a 0.054 be 14.88 b-d 4153 bc 4537 a 0.331 a-b
0 5 0.152 ab 0.063 a 17.87 a 5315a 4014 b 0.357 ab
10 0.142 ab 0.058 ab 16.77 ab 4197 bc 3955 be 0.365a
15 0.129 b 0.053 be 13.61de 4330 b 3489d 0.283 b-f
0 0.131 ab 0.049 cd 12.72 de 4103 bc 3213 de 0.314 a-e
50 5 0.150 ab 0.056 a-c 16.00 a-c 4580 b 3447d 0.331 a-d
10 0.143 ab 0.051 be 14.67 b-d 4179 bc 3518 cd 0.350 ab
15 0.128 b 0.051 be 14.53 cd 4298 bc 3669 b-d 0.332 a-d
0 0.123 b 0.039e 9.92 fg 3253 de 2826 ef 0.260 c-f
100 5 0.129 b 0.041e 12.32 ¢ 3540 cd 27.2fg 0.336 a-c
10 0.151 ab 0.042 de 13.67 de 4079 bc 3517 cd 0.314 a-e
15 0.087 ¢ 0.038 e 8.66 gh 3140 de 2485 fg 0.244 fe
0 0.077 ¢ 0.021 f 8.12 gh 3113 de 1798 h 0.226 f
150 5 0.092 ¢ 0.016 f 10fg 2636 e 1813 h 0.255 df
10 0.127 b 0.018 f 11.83 ef 2900 de 2368 g 0.249 ef
15 0.078 ¢ 0.020 f 7.33h 3088 de 1867 h 0.234 f

il ge oy gl Jlaial mha o Jfs pre BB W8 s S e B> S Blas gl s oS ol Sl (gt )8
In each column, means with common letter(s) do not have a significant difference at the P<0.05.
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b oles o Ly (F Jgaz) el oS 5y
90 CO% Vg o Lo Ve 50 slaclale (o wa IS
0990 wald an Caws olS S O (s slgima il
i ;0 Ca% Ny o L V0 5,,L5 i Ca* (s,,L8
A Sy Ol o lgime GhalS 4 jzie mrdwn IS Zolan
oo a5 cal 5y liises il slizel (F Jouz) ol
Nghiga Flid sladd oS 5 50 ks el Ca? g Na*
Cel mrass IS g2 5 Ll (lalS g9, plalejl S5 50
oS5 el ol Jlis g slae 5 slase) Glgime 1als
Ca* slacygm 8,8 Ll ool jooms Lie xbaw b
o=l y ol oyl ol g0 ya o1, sodea b (glgize
Sdpdeh gl g oy glangsl jlaie SRl Siles]
e e Ol eBlete 5 pely g 4 |y Slsd iy
Bhlis a ity by O iy JUsl 5 iz sl syl
S o (Summart et al., 2010) sy o pal, 81, Gun
Jlacie an Nat/Ca?t cous a5 auzals oylo oliise Lisles]
S E LaS 1 g ain) )0 of bml g JUl 2 oL
Colos ol oS la e 4 Ca%t e taly 8l .ol
e Dygo dn |y ol S ol Bl T JLis 4 g (Sgpae
P8 ol Cds g g lanl e ol iolidl s ls
Ca?* om 0,15 b cov a5 09y sla Sy S0 5l slac
(Hadi & Karimi, 2012) @55 |8

G5 Gl b aS ol oles beosls peSils anlie gl
SIS re D90y S IS b9 15 (slgiome cprisny IS
mg/g leaf fw) Js 85,15 e eS o odly tals
ey IS 5 Gy Vs o lia) 2, LS 4y (V/FY
oy Ylazs! (F Jgoo>) 39 bgy e NACl Y ge LoV O
azlye alS Slocedlys,lS 55 (5enST 5 25Ty sloass
Oty bl ¥ ador Sl s IS s Ly
S Gl S ol lene 5 o IS (sLsd 4 oo
b 4 G330 s ] S0 B Sl gy el b IS
Medo)ls wupl i el Na' g Vb lacbile o9y
s Jlis a1y Jdo 5 Jsslse s i o JLio 4
O 0aiiS mela lge 5l e cdale ol LLs |l g
St 55 s 5 bl 53 (ST 5 sl ABA L
35550 Jeds Ay i 5 edg)lS il codlad ity
(Amirul Alam et al., 2015)
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3 &Sl 3k 5l S 0g o ooly o iy
Iy Fokw so)lg0 pue i g it Bl o Jobhos o)lgss el
(Faroog et al., 2010 ) sisu o dgupe el 5 o,Shae b
olog! jmogdle aiy ;) e dled lasme o o il
axis a5 o)l Jlds @y i |y (SiS gl S Sgr oo
Lol 5 JdaplS i olie GRalS iy, e )]
Lyl jo il co ol cogicuns; adgi g Fowgd ualsS
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U] uJL:...A 9 0|)_Q.Q LS[—QJ?J—M o ABA)5_.4.’> LJ’“"‘)Jl
Na" slacyg sgu Ol gob;y ax b iy, Hawl,l5 o poe
Vo ono CO slaggm joim onlei oo g8, Flmgid |,
JLso 4 Jolw lad o 1) pundS 4 o Cons ialS
5l Jolw slalie g lo,lsss o, Slos sgups o azeis a5 o)l
..\_..)LLTA et golin slo Jore 4 Jolowe dlgo (5ol Cum
a8l ioldl ST OlLS 5 g byl cpl jo el oo
05,5 o oS alize slo sy (39 (ilbl 4 e aS
(Faroog et al., 2010)
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Table 3. Analyze of variance for physiological traits of Phaseolus vulgaris L.

Silul e ls O (o (51gimeo . . oS T 98 by, 1 357
s aolia “0° L . g IS el oo el
Ol pts &9 - slins Sy - Polyphenol
. &y . chlorophyll Prolin :
Source of varation g Membrane Relative water index (umol g OX_'d?SG
stability (%) content (%) (Aszo min. g FW)
(STt )15 3 seske sfeske seste ETY Frs
NaCl 7723.862 596.632 5.48 58.207 0.000488
m:-w-ls 3 sk &% sk EEXY Ery
CaCl, 95.837 135.254 1.05 15.900 0.000109
POV LI IR WV (S 9 ek ey S ek ek
NaClx CaCl, 11.216 22.93 0.33 1.619 0.000008
Error U 32 2.256 4.120 0.123 0.104 0.000002

*k *

Jo g Dglas 392y pac g o0 ) g0/ 0 Jlainl o )0 (g ls fre i 5 NS g
*, **and ns: Significant difference in 0.05, 0.01 and non significant respectively

Logd Su3gle ud Olio (1uSSleo dunnlio -F Jgur
Table 4. Mean comparisons of physiological traits of Phaseolus vulgaris L.

slid gyl psls

915 Zglaws o Syl (o gz 85 Jedgls olon s Jgi8 (o o 31
el T Membrane . X !
peRw CaCl, (mM) stability index Relative water content Total hlorophyll Prolin Polyphepol oxidase
NaCl (mM) o) (%) (mg/g leaf fw) (molg?)  (Agomin. g FW)
0 85.53 bc 81.02a 3.55 a-d 0.94j 0.0083 hi
0 5 86.93 ab 80.67 a 3.70 a-c 0.88] 0.0067 i
10 88.97 a 76.70 bc 3.83ab 0.90j 0.0071i
15 83.67c¢c 77.02 a-c 3.46 a-e 3.13¢g 0.011 fg
0 54.97 de 74.56 b-d 3.19 b-f 3.441g 0.013 ef
50 5 56.8 de 78.28 ab 394a 1.70i 0.0086hi
10 60.10d 77.04 a-c 3.95a 2.80 gh 0.0090 ghi
15 53.03 e 71.36 de 3.70 a-c 3.51eg 0.012 egf
0 43.03g 66.77 e-g 2.84 ef 4.24 de 0.020 cd
100 5 49.02 f 72.81cd 3.2 b-f 2.23hi 0.014 e
10 47.60 f 76 b-d 2.95d-f 2.73gh 0.013ef
15 39.30h 63 gh 3.06 c-f 457d 0.023 bc
0 27601 61.17 hi 1.95¢gh 759b 0.024 ab
150 5 28301 68 ef 3.07 cf 4.00 d-f 0.018d
10 25101 64 f-h 2.531g 6.66 C 0.020 cd
15 21.67 ] 57.67 ] 1.43h 8.42a 0.026 a

ailge oy gl Jlaisl mha o Jfs pre BB W8l s S i B> S Blas gl 4 ol Sl (gt )8
In each column, means with common letter(s) do not have a significant difference at the P<0.05.

Ui aS ols i asols il g U1 51 ol s

Sl U G g L )T (iSen s g ey IS
e Gial3 8l L (F Jga>) cils Lugd olS o jlode
3l Gl (6 lsiae Sge s el Oliee ik S
oI ol e las 5 Lo JoShey SLe adsl (Lol
L_mp.i}_ﬂ 5l ecblas g olsT JLSGol, (6 lg3edY ¢ yguml joumo
Com g cslsl (Dahal et al., 2019) oS’ o SeS
4= Ol i g OgemslanaST (ol S g i (P
Amira & Abdul Qados,) aib b s (63,55ls iul3d!

)Ys.ao‘sl.w ). 9 I\ aﬁ)lf ‘p.;mq;)lf C?‘Ja"’" A.JJS o (2011

v

e Sl €A sy 0115 epsay IS Zglans el o
ol slado an S Jdo 155 1, NAT gy Copons 51 S50
eV 0 o IS e o ol ralS sl 4 cod
5 Jdg 5 jlaie Ca¥ gy Vgnloo Vo 9 0 015 Vge
Ol ols o8l as o YAIY 5 QV/IFY Jlade 4 s a1,
- CaCle Voo oo b il 1o Ly oS Jdo 57 oo
50,5 390ue Ly >, Ca?* il 33l (F Jgoz) 99 lo
5 oot I5ls Na¥ el 2alS e o Sge sla JUlS
LS 1) oL 0 s (sl 31 sk ool 51 Yoz
el ) el e 5 podS s 4y e
Cesilas Gads g 4o 5eelslS s 51 G Slbiglhs o5
o0 Byans J89 IS piw Cuz 50 eeliglS (nl b c0oged
(Neeta Patil, 2012) .l
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Olgte 4y Ca" sy Jwgioms Sale l; 31 (F Jgaz)
5 bt laa—ul® 5 05 Ol (Joge JUK—u
oS SlE T8 a8 oo el ) (liSe (Soelgn b
Jobos Ceaglivo ;5 45|y o 351 )l Sdlad g it
4325 Ol 9 Gli8l sl i oy ST A
e galie (IS 5ot b ol 003 oo 18l ) SCidgss
= Jos |y oI5 s 5l Jols gt (A5 kS
(Gill etal., 2015) w5

50 S 350U 5 madandy IS a8 ol las b
95 m peedS g el it polie Glgtme 2 (g lo e
O3 e GalosT cnl )0 (0 Jgaz) aiils oLS iy
S i Sl 2 S5l b 5 G gNA” sla
Voo cdo Ve 50 slacdale 5,5 (0 Jgo) cbls olS
prds Olie 2ol o250 NACH obas plos 0 Ca*' 5
50 .05 (CaClz 0 ,LS y900) dals 4 Cons adu,y 9 Sy
Syl (NaCl Yg o Lo Ve e 500) Lgio pyoway IS
leoV0) prisis IS (YU s o 5CaCly Ve Loo) -
S g ety ma CACL Yoo Lo 00,5 s (Yso
Sl LS 5l ) S (550 e S j0 4 | oLS
3l e el YL Sl Jlos (S ol o 0ls alS
s g ools S |y oo 4 (condlygin (SLiE (5 3585
@l cezse quendS Lol 05 Al o 205 4
o5k am plemdly slie mha o (Ssliowly 2SI
5005 5VICs) 5Ly 5l Jate sla JUSK 5 ouiit o
S5 VIC b Sl maa ol cata; lacasdly i
g &3k el ()5 pendS 008 alsg 40 (5 JB
clile Gl 8l ol el g pendS cdale ol 4 o
(Taibi et al., 2012) 55,5 pewlsy

15 meelS g ks yolic cbile aS ol oLt b
S ae Oy iy IS 331 L Lag) olS ey
Ceble 21330 L oS sl ol 1yl (8 Jsaz) il el
) (e 3 03t PO 0l iy (20 5 i (032
Na® s YU slacdale ool aiils o cxe 2als bl 4
Gl e Djgo ) S el 5 a8 Gl
Wil iy 4 Sy 5l o Jlal ol cde el (Ko a5 0lo
el lyie dn aie 93 (ol madwa ST AT oS |
Ciz 0 alS eizmes (S (o Joo el pEaLS
S92 JoLwi 03,55 e Sde 4 9d Laoes 50 penly

o. Voltage independent channels

YYY

A Cad S ce Sygo a1y S g ol LACI
Slews jo zals ol ol zals (CaClz o 415 yga0) valis
Noakea Vo5 i logas € (gr Voo oo 8 518
S Coul 515 (St Loy (F Jgo>) 52 Ca2* gy
ot Lzl lalS aty ) Lae 50 S clale ol

Ol gl Gl G 1) (g Sale sy IS
Ao g a2l GleS ealigls Collad alS g eS|
Sy s Bymae Jdg)lS s Sz 50 pelishs ol Jlss
(Gobinathan et al., 2009)

o] ey P10 )) gl sime 3G NaCl s
Ol O yimiion (Y Joaz) cils oS jlanuS1 Js8 L
NaCl Yy o LoV0+ zhaos ;5 jlonaST s L o3l collad
g,‘.._..;‘ LS)_?LA Ses YL slacdale (F J9.\>) A oddlive
SloS 5 L allis jalaie 4y lals ol oo gilauS]
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5 KVOWC L T PR oV C S PORVPR VO £ SV S PR KWW 1
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-k (Gill et al., 2015) 55,5 o Jlad ;505 glgl ado
Lo iiSTy 5 azls el elis slacalled 1o ST s
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a5 ol e G2l NACT (2al381 b 3T nl collad 5
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Pashangeh & ) el 25 b aglge ,0 oS Slans| il
.(Shamili, 2018
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Table 5. Results of analyze of variance for Ca, Na and K contain of the leaves and roots
. Al 3 oo S S 59 o e Al ynliy S 5 oy Al yndS Sy oS
e @olil a0 Sodium of Sodium of Potassium of Potassium of Calcium of Calcium of
Source of varations df root leaf root leaf root leaf
Mg g? DW !

2 Swdy ]15 3 e s B st e e
NaCl 9911.361 8010.545 682.362 747.933 356.070 441.111
oS’ 3 Frn ETY e Ty s s
CaCl, 111.442 260.576 101.263 113.569 48.771 55.072

oedS g oy IS 9 ns ek ns s ns ns
NaClx CaCl, 16.178 47.628 14.888 9.422 2.979 4.742
Error U.s 32 10.244 5.012 11.006 2.904 4.800 3.5633

*, **and ns: Significant difference in 0.05, 0.01 and non significant respectively

o sine Sglis Sgzg pac g [+ ) g /0 Jlaisl mhaw 1 (gl sire 54y NS 5 FF K

Al 9 S 3 pewliy g relS prin polie (ggiono (1uSSleo dunn o -7 Jgur
Table 6. Mean comparisons for Ca, Na and K contain of the leaves and roots

Al y e S 5 e e yoemnliy S liy Al ol S 5 prnds’
2w IS 7 glaw ol T gl Sodium of Sodium of Potassium of Potassium of Calcium of Calcium of
NaCl (mM) CaCly(mM) root leaf root leaf root leaf
Mg g DW
0 16.00 f 8.33f 37.93a-c 31.13b 25.83¢c 22.87 c-e
0 5 12.67 f 433f 39.33ab 35.00 ab 27.33 a-c 26.00 bc
10 13.13f 5.00 f 40.67 a 36.67 a 28.67 a-c 29.00 ab
15 1247 f 6.50 f 38.33a-c 33.67 ab 30.67 a 31.50a
0 49.67d 34.67d 31.17 d-f 21.37e 22.20d 19.67 de
50 5 45.00 de 24.67e 35.47 b-d 26.00 cd 27.20 be 23.00 cd
10 40.67 e 23.27e 33.63 cd 27.00c 28.00 a-c 24.10c
15 48.00d 31.93d 32.73 de 22.67 de 29.90 ab 23.67 cd
0 76.57 a 69.33 a 23.90 gh 17.13 fg 17.67 e-g 15.33 fg
100 5 67.33¢c 51.00c 31.83 d-f 23.00 de 19.67 d-f 16.00 fg
10 71.00 be 55.00 bc 27.53fg 20.00 ef 20.67 de 17.00 ef
15 77.00 a 70.33a 21.33 hi 14.00 gh 21.60d 18.67 ef
0 78.27 a 58.00 b 20.23 hi 13.97 gh 15179 11.67 h
150 5 70.00 be 54.67 bc 28.00 eg 21.33e 16.67 fg 13.00 gh
10 74.20 ab 55.33 bc 23.33gh 19.00 ef 17.67 e-g 15.33 fg
15 77.00 a 58.33 b 16.67 i 11.67h 17.67 e-g 15.00 fg

il ge oy sl Jlaxs | mhaw ;o lo sxe BT WBL e S pine B> S Blas gljls a5 ol Sl (g y0
In each column, means with common letter(s) do not have a significant difference at the P<0.05.
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= Ladsla (ules)os sl S0 5 4 el Jonily
sl o Lo e 4 (Talbi Kh et al., 2012) st
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o Ll 5 )5 o S omliy sl JUIS ol
(Cramer et al., 1996) wiss oo gl clale als
O3 iiSad  aS oy lis bosls il ylg 4y 320 zolis
5 peoly Olee 1 ()3 ne 5L5 Lo €A% 5 Na™ sl
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Introduction

In saline environments, plant growth and crop production are greatly reduced. Salinity, induces
oxidative stress in the plants resulting in the production of reactive oxygen species (ROS), subsequently, cell
membranes, proteins and nucleic acids are destroyed by ROS. Calcium plays a key role in processes that
preserve the structural and functional integrity of plant cell membranes, stabilizes cell wall structures,
regulates ion transport and selectivity, and controls ion-exchange behavior as well as cell wall enzyme
activities. High concentration of Ca?*, stimulates its entry to the cell through ion channels. These channels
are also permeable to sodium. Studies have shown that increasing Ca?* concentration, decreases plasma
membrane permeability to Na* and changes the cell wall properties resulting in reduced Na* transport by
passive transport and decreased Na*accumulation in the cell. The main objective is to identify the interaction
effects of Na*/Ca?* ions on morpho physiological characteristics of Bean plant and investigation the
ameliorative effects of Ca?* on salinity-induced damages.

Material and Methods

In order to evaluate the effects of different concentrations of Na* (NaCl) including: 0, 50, 100 and 150
mM NaCl and Ca?* (CaCl.) including: 0, 5, 10 and 15 mM CaCl, on morph physiological characteristics of
Bean an experiment was arranged as a factorial, based on completely random design. The plastic pots
containing seeds were transferred to growth chamber with 600 umol.m?.s? light intensity, 16/8h light and
dark period, respectively. The pots were irrigated with water (without NaCl) for 14 days until emergence,
then different concentrations of Ca?* and Na* were applied. In 6th week after sowing, plants were harvested
and morphological and physiological characteristics were evaluated. The amount of some elements in roots
and leaves were determined. Data were analyzed using MSTAT-C software.

Results and Discussion

The interaction of Na* and Ca?* on all morphological traits except root dry weight was significant.
Toxicity and drought stress are the result of plant exposure to high concentrations of sodium. As water enters
the cell, the turgor pressure increases causing the cell walls to extend irreversibly. The rate at which a cell
expands is a function of its turgor pressure and cell wall properties. In all salinity levels, the use of 5 and 10
mM Ca?* significantly increased plant height compared to control. In high salinity levels (100 and 150 mM
NaCl), the role of calcium in increasing plant height decreased. In severity stress (150 mM NacCl),
application of 10 mM Ca? *, significantly increased shoot dry weight and leaf area compared to control.
Results for root dry weight showed that, with increasing salinity, root dry weight at all levels of Ca?*,
decreased. The highest root dry weight and total root length were attributed to the application of 5 mg Ca?*
in saline-free medium. Application of Ca? * (mainly at 5 and 10 mM) moderated the negative effects of
salinity on morphological traits. The elevated Ca? * in the medium containing Na * ions, inhibits the binding
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of Na * to cell walls and the plasma membrane probably. In this way electrolyte leakage in the membrane
may be reduced. Calcium improves the ability to synthesize and repair of cell walls with a more efficient
function by participating in cell wall construction. In low and medium salinity, the use of 10 mM Ca?*
protected cell membranes from adverse effect of Na*, when compared to the control. Supplemental of 5 and
10 mM Ca?* in all salinity levels, almost improved the leaf relative water content when compared to the
control (non-applied Ca?*). Promotion in hydraulic conductivity, more stability and efficient membranes for
selective absorption are the other features that were affected by Ca?* supplemental. In high salinity, the use of
5 mM Ca?" reduced the negative effects of salinity on total chlorophyll contain when compared to the
control. At all salinity levels, application of 5 and 10 mM CacCl; significantly reduced leaf proline content
compared to control. In this regard, the effect of 5 mM Ca?* was greater than 10 mM Ca?*. Addition of Ca?*
to the medium of plant exposed to salt stress, reduced proline concentration by increasing proline oxidase
and following that reduction in glutamyl kinase activity and finally glutamine is used to synthesize more
chlorophyll. At all salinity levels, the use of 5 and 10 mM Ca? * significantly increased the activity of poly
phenol oxidase compared to the control. Calcium promoted the synthesis and activity of many enzymes
involved in defense mechanism and reduces the rate of proteolytic degradation. In this way Calcium
modulates oxidative stress by altering plant metabolism. Results showed that the use of 5 and 10 mM Ca?*

significantly (P< 0.05) reduced the amount of Na* in the plants (leaves + roots) when compared to control.
This result for K* accumulation was adverse. The obtained results go in line with the findings of other
scientists. Wu and Wang, 2012 reported, Ca?" decreased roots Na* accumulation, increased shoots K*
accumulation, and enhanced the selective absorption and transport capacity for K* over Na* in the plant.

Conclusion

Salinity stress significantly reduced plant morphological characteristics but other traits such as proline
and polyphenol oxidase increased. Membrane stability index, leaf relative water content, total chlorophyll
content and leaf and root potassium content were significantly decreased with applying salinity stress. The
use of Ca?* ions, especially 5 and 10 mM, greatly reduced the negative effects of salinity. It seems that the
use of calcium application can be considered as a simple and low cost method for reducing the adverse
effects of salinity stress.

Keywords: Bean, Membrane stability index, Root and shoot triats, Salinity stress
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