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Table 1. Name of 64 chickpea Kabuli genotypes

TDS34  landRacel
TDS265 landRace2
TDS290 landrace3
TDS262 landrace4
TDS154  TDS284
TDS428  TDS188
TDS167 TDS49
TDS184 TDS11
TDS149 TDS311
TDS176 TDS48
TDS159  TDS181
TDS119  TDS242
TDS299  TDS288
TDS178 TDS319
TDS314 TDS59
TDS296  TDS192

FLIPO7-4C FLIP03-50C
FLIPO7-6C FLIPO3-70C
FLIPO7-8C FLIP03-98C
FLIPO7-26C  FLIP03-101C
FLIPO7-33C  FLIP03-128C
FLIPO7-45C  FLIP05-18C
FLIPO7-46C  FLIP05-19C
FLIPO7-52C  FLIP05-145C
FLIPO7-65C  FLIP05-147C
FLIPO7-75C  FLIP05-157C
FLIPO7-81C  FLIP05-162C
FLIPO7-110C  FLIP06-37C
FLIPO7-127C  FLIP06-52C
FLIP0O8-38C  FLIP06-88C
Arman FLIP06-157C
Azad FLIPO7-3C

Sl o s Soslasl ;e g IS olSiws alwg 4y o
Aiged) s g yo 3l g a0, 5 Olil dde dw (g S o;lul
Al 2 ls Glaie 4 g S osll Sk 0l (5,505l
5 Slag) Calaw Slae 285 )18 anulre 3550 O o (6
CIBOL-SCIENCE o yiiwgid olisws lawgs Lalls jiwgid

Slaad doaxS y gg5 gy lad)) Jolds gy 0,90 Slao

(2L L 59, ¢ 235U 59, gl as Ll slawy doaxS 5
3 e slaed caslol e+ 59 e JS ()59 ¢S, B 59,
c.\.a_w‘ ua}l_..u cu_....v‘\)).' ua?l_w ‘JM—C )O 4_>|o \)L.\.u sdJB.'
AL Cho o alls jiugid g glaje, Colas ol



AN 050 dow V5 ko Voules [yl 31 Dbgad SO SB[ St (6o piol )y oy 39 105 S0 g Ll

S50 Cede d iz gl eola Wl b i Slas yo Loyl
Genstat sladsl s 5l oolaw! b Slaslxe .28 )5 )18 )y
b plsl SPSS

L ools (pilslg 4 5o

oY Tk Sl o S ey pas 4P L
g s sslas JalS sLaSyl 2yl 4 S
L ceiman b ool ol LelS sl )b g0y
o g Jloy bz 93 50 s il ly (sKes pac 4y axg
S3IEe3 baromo 99 (sl iyl 43 o) 93l el
B )5 plxl Ao & g0

bee ;o adllas 5550 slacaiess (ubly 428 @mls
LG 55, oass Syjglsd gn 5 Seilys Slio sl Jlo
5 RO U 55, ol 20 5 U 39, olowi gl 20
So sy e P Sre sl OB Sl daan sl
O Sy U gy 9 45 g L)l Slao jo Ll (Y Jgu)
Slao Gl o acid ooalin 5, xe B loeuis;
odaline Hlo cxe WSl asilo) e+ 59 Caano o s 2l
OS5 090 Sdo 50 el s Sujle e Dl j0
S a8 ok olis KaSH bl sl BB ails
oAl ied ol el @il ol 5 S Slas 50
Lacdss) oo Hlosmme OS] glasss, colae s o
LS 9958 G5l G 59, sy S S S ol
4zl olass g adgl azli olaws Slas (gl p 45wl oolo oyl

3929 (2 Sy9 SLacis) (m lo e BT 4l
Loyl axllas 4o S Sy L 59, olawi Cis (gl Lol g o)lo

S8 a5l iad g5 oslul CL.340 Jow I ol jgi8 el
G=Soslasl 5l sy as Glsal (5 Sl gl digead dws
03ls g ley (298 Jold uil)ly 4,25 (sla o8 ool
Tk ams o8 8 (3] 050 la il )l (Sen g o
5 iolas oS slacSsly & ysoay laosls ay325 ¢ Y
Ol oy Jold (5005 sl yal )by aslne
@S 5 (106 paedlyy (CVP) (osid (CVO) i
Lagl gy Slape (xSilie o5 Glio lp R) (235

A pll g Hlo cxe

00,5 Al Valal) 51 (S35 g9 oy

cvg = “%/=x 100 o

Gyl O6 ¢ oS35 95 gy CVG alasly ol o a5
5 e E95 cupd g Olao (Sl X g S5 line
Al dwlo Yaluly 4y azgily

= 9p/_
CVp="%/zx100 o

Syl Op ¢ cmigid Dlyumss o po CVP alal) ] o
2 soges Gpdycdlyy Sg Slav Kl X 5 o5 jlae
ol Cawsdds ¥ Jgo 8 5l s oyl

h2 = “G/Gg x 100
B )

o)y O (rgee s pdncl)g hy? alal, ol o
318 R) (s @l 09 (amdsdd (mibyls Op 5 (S5

o) ¢ i S ol o i adal, ol jo
S Bl Op g (—ogas s pdcdlys AR ((V/FAF) ol

ol (Zali et al., 2011) o_s osalin o e e S Sy oS
el )mb aJlas 59 o.x.o—\g;wg@ C"L"’ Q50 @L».:
Jloyi bl ps 39 (IS 3955 slagn¥ 5 asllas 3590 Slino wily,ly 4325 -Y Jgu
Table 2. Analysis of variance for studied traits in Kabuli chickpea lines under normal condition

“‘““’ DSB DF DPS DM PH LN NSP SwW NPP

Trait

F)z‘;j 0.01 24.5 86.13 7.51 1436.7 7.19 0.25 583.56 2779.78

M 2423"  50.85™ 0381 2277  107.49 398 0037  47.45°  261.64™
Genotype

Eurarj)r 9.06 11.2 23.58 19.02 96.04 0.75 0.03 34.25 216.13

Ao, 90 Jlaol molaw )0 ls e g o ey ol S 5 P NS

ns, * and **: indicating non-significant and significant at 5 and 1% levels of probability, respectively.
gy 50 B olaws NPP lo) + + 159 SW dlaazS 5y slass LN gy glas ) PH ( Soes, b 59, DM (208 b 55, DPS (00 5L 59, DF sl 00 a5l b 55, DSB
DSB: Day to secondary branch, DF: Day to flowering, DPS: Day to pod setting, DM :Day to maturity, PH: Plant height, LN: Leaflet number, SW: 100

Seed weight, NPP: Number of pod per plant
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Table 2. Continued

BY NSPP SY HI SFP SFR SPAD NP SC
Trait
| S5
I%;E 7823.89 15936.9 2.16 0.09 4.88 1.89 813.05 18.18 1400.81
%) 194.63"™ 652.56" 0.04" 0.006™ 58.67" 0.05™ 68.38™ 4.79™ 291.775™
Genotype
EU:rZr 236.64 559.140 0.06 0.01 25.14 0.05 89.62 5.599 233.373

aoy3) 50 Jliol malaw )8 ls gine g o pire sl o g4y g F NS

ns, * and **: indicating non-significant and significant at 5 and 1% levels of probability, respectively.
ignd NP ol asLs SPAD wails (a5 e s SFR ails 1y f 0,98 SFP wtls s (oL HI uails 5 Sloe SY catsy o ails slass NSPP «Sy3s)sms 5,Slos BY

slaje, colas SC (il

BY Biological yield, NSPP Number of seed per plant, SY Seed yield, HI harvest index, SFP Seed filling period, SFR Seed filling rate, SPAD SPAD

index, NP Net photosynthesis, SC Stomatal conductance
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Table 3. Analysis of variance for studied traits in Kabuli chickpea lines under drought stress condition

DSB DF DPS DM PH LN NSP SW NPP
Trait
1<
&;Sp) 0.63 10.12  205.03 124.03 13237 0.59 0.05 124 371.28
w5 10.46™ 37.38" 56.5" 16.63" 54.22" 1.81" 0.023" 41.72" 295.24"
Genotype
EUrGrZr 4.47 7.51 12.62 8.87 50.08 1.53 0.03 1393  166.88

o, 90 Jlaol molaw jo jls gae g o gire i ol 34y FF T NS
ns, * and **: indicating non-significant and significant at 5 and 1% levels of probability, respectively.

See Table 2 for abbreviations.
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Table 3. Continued

BY NSPP SY HI SFP SFR SPAD NP SC
Trait
| S5
é(’; 339.6 1557.15 0.54 0.08 205.03 0.1 41364 11.72 107545
w5 80.15™ 290.46™ 0.12"" 0.01™ 21.81* 0.02 53.55™ 316" 317.18"
Genotype
EUrarzr 78.13  209.87 0.05 0.01 1292 0.02  46.86 1.72 194.06

oy g0 Jlaol malaw )0l pae g 0 gine e ol Sy FF g NS
ns, * an : indicating non-significant and significant at 5 and 1% levels of probability, respectively.
*and **: indicating gnificant and significant at 5 and 1% levels of probability, respectively

See Table 2 for abbreviations.
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Table 4. Estimation of genetic parameters of studied traits in Kabuli chickpea lines under normal condition
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Table5. Estimation of Genetic Parameters for Studied traits in Kabuli Chickpea Lines under Drought Stress Condition
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Table 6. Results of pathway analysis under normal condition
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Table 7. Results of pathway analysis under drought stress condition
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Introduction

Chickpea is one of the most important protein producing crops in the world and drought is the greatest
limiting factor for its growth. In addition, chickpea plays crucial role in soil fertility because of the nitrogen
fixation in its roots. The chickpea is mostly_grown in semi-arid and arid zones or in the rain fed condition.
Hence, more than 90% of chickpea growing area is drought prone. Under such conditions, usually the last
part of reproductive phase of chickpea, faces water deficiency. Generally terminal drought stress is
responsible for reduction in yield and biomass as well as physiological traits such as CO, assimilation,
stomatal conductance, transpiration rate, membrane stability index (MSI) and water use efficiency (WUE).
In this condition, stress avoidance ability, tolerance or stress escape is essential for drought resistance.
Significant genetic variation exists in chickpea germplasms for terminal drought stress. Nowadays, different
breeding methods used for improving chickpea drought tolerance such as Marker assisted selection, omics
and mutation breeding. Besides these technigues, enough information about traits affected by drought stress,
their genetic parameters and relationships with economic yield is necessary for breeding programs.

Materials & Methods

According to estimation of genetic variation, heritability and relationships between agronomic,
morphological and physiological traits, 64 Kabuli type chickpea genotypes were sown under two normal and
terminal drought conditions in two-separated 8x8 lattice design in Shahid Bahonar University of Kerman
during 2015-2016 growing season. Normal irrigation applied until flowering stage. Water withdrawing was
done at 50% of flowering stage. Agronomic traits such as days to secondary branch, days to flowering, days
to maturity, plant height, leaflet numbers, seed yield, yield components, harvest index, seed filling period,
seed filling rate measured. Chlorophyll content measured by the SPAD chlorophyll meter. Stomatal
conductance and net photosynthesis were measured by CI-340 Handheld Photosynthesis System apparatus
from Bio-Science Company. Data was analyzed by SPSS ver. 22. Estimation of genetic parameters and path
analysis were performed for all significant traits in both normal and terminal drought stress.

Results & Discussion

Analysis of variance for genotypes determined significant differences for day to secondary branch, day
to flowering, day to pod setting, 100 seed weight and seed filling period in normal condition. Genotypes
showed significant difference for all traits except number of seeds per pod, biological yield, seed filling rate
and the SPAD index in stress condition. According to the results of genetic parameter estimation for normal
condition the highest amount of CVg was belonged to seed filling period, leaflet number and 100 seed
weight, which were 11.1, 9.13 and 8.4, respectively. The highest amount of heritability in normal condition
also was belonged to days to flowering and days to secondary branch, which were 68.47 and 68.44,
respectively. The highest amount of CVg obtained in terminal drought condition for stomatal conductance
and net photosynthesis, were 33.14 and 31.76 respectively. Stomatal limitation and reduction in
photosynthesis are the most important factors for loss of yield during stress condition. Therefore, the usage of

*Corresponding Author: mohayeji@uk.ac.ir

Yy


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 10, No. 2, 2019, p. 12-23 (Research Article)

mentioned genetic diversity may improve future breeding program for drought condition. However, marker
assisted selection methods might be helpful, according to moderate heritability of these traits (29.58 and
24.08, respectively). Result of path analysis in normal condition determined that seed-filing period had the
most magnitude direct effect (0.527) and the large indirect effect (0.365) via number of seeds per plant on
seed yield. The highest amount of direct effect (0.702) on seed yield belonged to rate of filling in drought
condition as well. It seems that during terminal progressive drought stress, the ability of filling the seed
rapidly is the key trait for tolerant genotypes according to limitation in the seeds filling period.

Conclusion

Terminal drought stress is one of two reasonable factors reducing chickpea yield. The result of analysis
of variance for genotypes indicated significant differences for days to secondary branch, days to flowering,
days to pod setting, 100 seed weight and seed filling period in normal condition. In addition to mentioned
traits, significant difference was achieved for days to maturity, seed yield, and number of pods per plant,
harvest index, net photosynthesis and stomatal conductance. The highest amount of CVg belonged to seed
filling period, leaflet number and 100 seed weight. However, highest CVg belonged to stomatal conductance
and net photosynthesis in drought stress condition. In practice, relatively high genetic variation for these
traits might be a new insight for improving drought tolerance in chickpea. The high direct and indirect
effects of seed filling rate on seed yield in path analysis suggested a strong relationship between these
characters. Moreover, the magnitudes of both direct and indirect effect of seed filling rate via number of seed
per plant were increased during stress condition. According to the results, some physiological traits such as
stomatal conductance, net photosynthesis and seed filling rate might be valuable in future breeding
programs.

Keywords: Heritability, Net photosynthesis, Stomatal conductance, Terminal Drought Stress
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Fig. 1. Scheme for callogenesis and regeneration from tTCLs of P. vulgaris
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Fig. 2. Different stages of callus formation with embryonic axis explants in common bean (P. vulgaris)

A. The isolated embryonic axis explants; B & C. The Callogenesis in the fourth week;
D. The calluses produced from embryonic axis explants
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Fig. 3. Mean comparison of the interaction effect of plant growth regulator type and cultivar type on callogenesis with

embryonic axis explants in six common bean cultivars (P. vulgaris)
A: BAP (11uM)+1AA (0.57uM); B: TDZ (227uM) +BAP(44 4uM); C: BAP (44.4uM);
G: Goli cultivar; N: Naz cultivar; AZ: Azna cultivar; L8: Line 8; L4: Line 4; AL: Aligoodarz cultivar
Means with the same letter are not significantly different (p<0.05).
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Fig. 4. Different stages of callogenesis and regeneration with tTCLs explants in common bean (P. vulgaris)
A) The isolated thin cell layer explants from epicotyl; B) Callogenesis in medium supplemented of TDZ (10uM), BAP (10puM);
C) Shoot regeneration from callus
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Table 2. Anova analysis table of callogenesis and regeneration percentage with tTCLs explants
in six common bean cultivar (P. vulgaris)

Slaypo (12Nleo
Oyt g sol3T a0 Mean squares
S.0VvV DF LR U™ U YN
Callogenesis percentage  Regeneration percentage
A 5SE) osi iy 1 128.000" 272.222"
Pretreatment (A)
B 55 o) oSl Jloos 1 5168.056%* 16089.389**
P.G.R treatment (B)
(AXB) oy 0axiS olsss g jloni i Jilie il
Pretreatment x P.G.R interaction 1 4933.556** 3813.556**
(AxB)
€51 o, 5 8615.822%* 4218.156%*
Cultivar (C)
(AXC) 3, 5 acd s e 5 1445,033** 1593.122%*
Pretreatment x Cultivar interaction (AxC)
(BXC) 3, 5 4, oaisSulis Jiica i 5 1057.756%* 1575.956%*
P.G.R x Cultivar interaction (BxC)
o5 9 oy oS epdati g jlenS iy Jlie I
(AXBXC) 5 913.189** 696.789™
Pretreatment x P.G.R x Cultivar interaction (AxBxC)
= 48 218.958 352.833
Error

P.G.R: Plant Growth Regulator

S sirn sl 5 0o,0) 5 e300 Jleisl s jo ls pae i ey NS FEF
*, ** and ns: Significant at 5% and 1% probability level, non significant respectively
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Fig. 5. Interactive effect of pretreatment type and cultivar type on regeneration with tTCLs explants in

six common bean cultivars (P. vulgaris)
TO :Pretreatment 0 uMTDZ; T10 :Pretreatment 10 uMTDZ; G: Goli cultivar; N: Naz cultivar; AZ: Azna cultivar;

L8: Line 8; L4: Line 4; AL: Aligoodarz cultivar
Means with the same letter are not significantly different (p<0.05).
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Table 3. Mean comparison of the interaction effect of pretreatment type, plant growth regulator treatment and
cultivar on callogenesis with tTCLs explants in six common bean cultivars (P. vulgaris)

o e ol y oS ol yloud ~) 3l S 50 (il
Pretreatment  Plant growth regulator  Cultivar  Average callogenesis percentage
TDZ-0 BAP-10 G 69.7 %+ 5.100
TDZ-0 BAP-10 N 72.60°4 + 1.45
TDZ-0 BAP-10 AZ 24°19N + 4,06
TDZ-0 BAP-10 L8 34.60°1" + 1.45
TDZ-0 BAP-10 L4 97% +1.730
TDZ-0 BAP-10 AL 45,50 %+ 4
TDZ-0 TDZ-10 G 50.60% + 5.37
TDZ-0 TDZ-10 N 7.33" + 4.05
TDZ-0 TDZ-10 AZ 109" + 2,30
TDZ-0 TDZ-10 L8 4.67'+2.60
TDZ-0 TDZ-10 L4 52.33% + 4,60
TDZ-0 TDZ-10 AL 17.66™" + 3.30
TDZ-10 BAP-10 G 26.25°fN + 2 50
TDZ-10 BAP-10 N 37. 6749+ 3.52
TDZ-10 BAP-10 AZ 0'+0
TDZ-10 BAP-10 L8 8.00" + 3.00
TDZ-10 BAP-10 L4 1002+ 0
TDZ-10 BAP-10 AL 88%° + 4,04
TDZ-10 TDZ-10 G 45%F+ 4,81
TDZ-10 TDZ-10 N 33.20°" + 5.5
TDZ-10 TDZ-10 AZ 0'+0
TDZ-10 TDZ-10 L8 46.40% £ 2.72
TDZ-10 TDZ-10 L4 1002+ 0
TDZ-10 TDZ-10 AL 33.05°1" + 2.75

BAP Jgog,5:01 + )loss BAP-10 TDZ Jgo5,50) * ol Jlons i :TDZ-10 TDZ Jg05,S0 yo0 jlas i :TDZ-0
55055l 08, AL F Y LA A Y L8 Ll 18, AZ 6 13, N ¢ 5 8, G TDZ Jgog,50) + ,los :TDZ-10
35,105 (p<0.05) (5,lo sime Dalis (gLl Ll 5l aslie Bgy ghyls (glog il
TDZ-0 Pretreatment 0 uMTDZ; TDZ-10 -Pretreatment 10 uMTDZ; BAP-10: Treatment 10 uMBAP; TDZ-10: Treatment 10uMTDZ;

G: Goli cultivar; N: Naz cultivar; AZ: Azna cultivar; L8: Line 8; L4: Line 4; AL: Aligoodarz cultivar
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Introduction

Common bean (Phaseolus vulgaris L.) is the most important species of the legume. This plant is a very
important source of vegetable protein, especially in those regions of the world in which animal proteins are
scarce. However, breeding can not add certain genes that do not exist naturally in the P. vulgaris gene pool.
Due to this limitation of plant breeding, new trait improvement approaches such as interspecific horizontal
gene transfer via genetic engineering need to be utilized in order to complement the limitations encountered
by conventional breeding of this crop. Still, there is not an optimized protocol for beans regeneration and this
is a big challenge for bean breeding through genetic engineering

Material & Methods

In this study, two experiments were conducted to evaluate callus induction and regeneration in bean.
Seeds of P. vulgaris were washed thoroughly with distilled water and tween-20 (10%). Subsequently they
were surface sterilized with 70% ethanol for 2 min followed by sodium hypochloride (3%) for 15 min. After
five rinses with sterile distilled water, they were allowed to germinate aseptically on half strength Murashige
and Skoog (MS) medium. In the first experiment, induction of callus and regeneration were investigated in
six common bean cultivars with embryonic axis explants under the influence of TDZ, BAP and IAA plant
growth regulators. The sterile seeds were soaked for 20 hours, embryogenic axes were isolated from seeds
and cultured on MS medium with different growth regulators including BAP (11uM) and I1AA (0/57uM),
BAP (44/4uM) and TDZ (2/27uM), BAP (44/4uM). In the second experiment, sterile seeds germinated
under the pretreatments medium (free TDZ, 10uM TDZ) and then, after 14 days, Transverse thin cell layer
explants (with 0.3-0.5 mm thick) were excised from epicotyls. For induction of regeneration, explants were
transferred to solid MS medium supplemented with 20 g/lit sucrose, B5 vitamins and 10uM TDZ or 10uM
BAP. After 14 days, TDZ concentration reduced to 1uM in the TDZ (10uM) treatment and BAP (10uM)
treatment remained intact. After 28 days, all samples were transferred to medium MSB5+ BAP (10uM) +
AgNOs (10 pM). After 48 days, all samples were transferred to MSB5+ BAP (1uM) + GAs (3 uM) + AgNO3
(10 uM) and after 62 days, all samples were transferred to MSB5+ NAA (1uM) + AgNO; (10 uM). During
this period the callogenesis and regeneration rate were recorded.

Results & Discussion

The results of first experiment showed that the highest callus production (100%) related to BAP
(44/4pM) + TDZ (2/27uM) and BAP (44/4uM) treatments in all cultivars except Line 4. Based on the
results, callus induction in all varieties (except Line 4) were same in various growth regulator treatments. In
embryogenic axes explant, the effect of BAP and TDZ on callus induction was much better than 1AA.
Second experiment data showed that most callus induction in the pretreatment of the seedlings by TDZ
(10uM), treatment by TDZ (10uM) and BAP (10uM) in Line 4 cultivar and Aligudarz was in next rank.
Most regeneration achieved in the pretreatment TDZ (10uM) and treatment by TDZ (10uM) in Azna, Naz,
Line 8 and Aligudarz cultivars. The regeneration of Line 4 was weak despite the good callogenesis. From
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the 6 cultivars, Aligudarz showed better results in callogenesis and regeneration. It can be concluded that
TDZ is better than BAP for regeneration in tTCLS explants of bean. In both experiments, the positive effect
of silver nitrate on the reduction of phenolic compounds were observed. Based on previous studies, the
combination of BAP and AgNO3 at the same concentrations(10uM) significantly raised the number of
developed shoots, but unfortunately in our study the same result was not observed and the effect of AgNOs
on shoot development was weak.

Conclusion

Unlike previous studies, cytokinin used in this study, did not lead to direct regeneration of bean. The
results showed that high concentrations of the cytokinin is lead to callus induction in tested varieties. It was
observed that a prolonged exposure to high TDZ concentration had an inhibitory effect on further
development of shoots and by reducing the concentrations of TDZ, regeneration will occur. The results also
showed that transverse thin cell layers explants from epicotyl are able to regenerate under the influence of
TDZ and BAP better than embryonic axis explants. Regeneration severely is affected by genotype, maybe
that's why still, there is not an optimized protocol for bean regeneration.

Keywords: Callogenesis, Embryonic axis, Phaseolus vulgaris, Regeneration, Thin Cell Layer
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Table 1. Meteorological data in 2013-2014 cropping year
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Jogolo (o1 5 i) (o1 5 i) (o1 5 i) (2w09) (yio skso)
Months & Year Mean of minimum Mean of maximum Mean of temperature Mean of relative Precipitation

temperature (‘c) temperature (c) (°C) humidity (%) (mm)

Y o January -12.9 -3.3 -8.1 74 48.9
Y et February -13.8 -15 -76 71 489
RARCEW March -1.3 13.2 -7.2 32 2.6
AV 098 April 7.4 22.3 14.8 42 95
RARCRTITRY May 10.3 25.54 17.9 39 19.5

AVl > June 15 31.6 23.3 26 0
A 5 July 20 353 27.6 28 0.1
A¥ols o August 18.6 355 27.0 24 0.1
RSP September 15.3 322 23.7 33 1.6
Ghalosl Jomo S Lol 3 (S b Sliatideo Y Jgur
Table 2. Physical and chemical soil properties of the experimental site
Cuolon X _

J. L Gos Sl il SOOI el Hhwd Pl S o) v-Lw o

Soil depth - N K P Se ocC Clay Silt Sand

(cm) ( d'g/cm) PH (%) (ppm) (ppm) (mg/kg) (%) (%) (%) (%)

0-30 1.1 7.6 0.07 250 10.6 0.18 0.68 26.4 36.2 374
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-o;3losl Cgr Ladiges .asod ool 1,38 Jlade ol yo celuYf
o LoanS  Culed 55 s S (e Ioasme bl 55 25
Seid o oolo 1,8 ax,0V0 9l J3bs jo celwfA G
O duwlee o adaly Slasd )y Ol s Glgime gl
:(Turner, 1981)
f ala,

Wf —wWd
Ws —Wd

RWC = %100

YA

Syt pSl ol jloslitul b L8g 15 (5,95 wlale
GreSoilal yiegill FEY g SFO DY+ FA- slazge Jsb o
bly, 5l Laoses S o D Lds IS @ 89,18 lade g o
:(Arnon, 1949) wos awlxes 4
Y ala,
mg/g fw) =[ 12.7(D663) -2.69 (D645)] V/Wx1000
Chlorophyll a
Y ala,
(mg/g fw) =[22.9 (D645 ) -4.68 (D663)] V/Wx1000
Chlorophyll b
¥ ala,
mg/g fw)=[7.6 (D480)-1.49 (D510)] V/Wx1000
Carotenoids
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(Nawaz et al., 2016)
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w)b._f uLJLN‘S_A S S oL:.f L s_A—l ms W..Ja..u L M‘
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Hayat et al., ) ol o olS 3l Ol cunsg b bL3 )|
(2010
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Table 3. Analysis of variance of chickpea measured traits

—
sy g ‘STW oy &lgixo &lgixo &lgixo
e oo ol Rel‘;’ v Sp i AddeylS  Dladgyls  laadgls
SHOAY DFf water Electrolyte Chl. a Chl. b Carotenoid
content leakage content content content
IS Replication 2 4.26** 1002.97** 0.004 " 0.0007 " 3.09m
) abo e Gro"("éhsitage 2 4.92%% 219.90™ 0.008™  0.002" 1.041
kel ol Error 4 0.25 55.06 0.005 0.001 3.83
s Sl Sa"c(yS'X)AC'd 2 1152.42%* 86.58"™ 0.12%* 0,004 20.62"
poeils Selenium (Se) 1 1961.07** 608.42** 0.47** 0.003" 0.015"™
Al Sl x al; al> o GSxSA 4 1.10™ 64.49 " 0.003"™ 0.0003 " 0.501"™
Popides x 0% dl> 10 GSxSe 2 10.19™ 19.84"™ 0.001"™ 0.0009 " 2.46"™
g x apl Sl SAXSe 2 14,58 81.12"™ 0.01m 0.42** 14.32™
g Xl Sl xos ) al> 50 GSxSAxSe 4 1.67™ 22.87™ 0.002"™ 0.003™ 3.57m™
=% ol Error b 30 6.91 32.11 0.005 0.002 4.37
(009) oS CV (%) - 5.86 7.15 9.50 12.47 24.73

oyl g ao,od Jlisl mhau jo s el ae pas s 4y * 5 "NS
ns, * and **: Non significant and significant at 5% and 1% levels of probability, respectively
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Table 4. Analysis of variance of chickpea measured traits

NPT <
. a0 S C«Z‘bﬁ Ua:u.: I f’a’ ° .
puve ¥ L _ ’ S9l3b st 4ils o Sloc
S0V &l Harvest index e Grain vield
. df of pod Productivity Biological rainyie
index yield
BUSY Replication 3 171.97 ™ 158.64 " 43901.4™ 10823.55™
o a> e Growth stage (GS) 2 334.05* 202.05* 291784.9™  231034.37™
kol ol Error 6 60.29 38.24 94710.2 69495.03
Sl Sels Salicylic Acid (SA) 2 39.18™ 310.93** 413150.8**  361977.6**
pouides Selenium (Se) 1 86.68* 203.34** 802488.2**  442917.7**
Sl Sl x 0 al> 1o GSxSA 4 29.78™ 10.97" 79715.2** 4100.97*
pomib x 0y al> 1o GSxSe 43.55™ 28.22"™ 4978.8™ 6515.90*
o X apnl Sl Il SAxSe 2 32.18™ 11.34™ 20431.0™ 6755.97*
pgebes x gl Selindls il al> 50 GSxSAxSe 4 79.74** 56.59** 79076.3** 3002.94 ™
= ol Error b 45 14.63 9.77 7853.4 1624.67
(Yo 9) Ol oS g po CV (%) - 4.48 4.98 6.98 5.39

f.

Aoyl g oo, Jlosl mho o Iy e s ae pas s 5 4y 5 TNS
ns, * and **: Non significant and significant at 5% and 1% levels of probability, respectively
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Table 5. Mean comparisons of main effects of salicylic acid and selenium on measured traits in chickpea

) ot woys Slgioo Slgiomo ‘
@ ylous ) o élw s audy S PSRN ails .J)S-.Lo.c
Treatments wa'?eerligr\:fent Electrolyte cc():r:ltlé:t Cig?]té r::;'d Gzig}ggld
(%) leakage (%) (mgigfw)  (mglgtw)
&y Jole Growth stages
g, 0,99 Vegetative stage (VS) 44.38b - - - -
sl ey90 Reproductive stage (RS) 44.73b - - - -
saly = sag; 0,90 VS+RS 45.41a - - - -
Aol Sl Salicylic Acid (SA)
Sl Selindlos B e pae Without Salicylic acid 37.29c - 0.662b 0.0075h 616.78c
Fd S et et e 4 (SBL Jgle 100mg/L (SA) 44.01b - 0.778a 0.0085ab 763.83b
Sl e SV e Gl 4 (23L Jsloxe 200 mg/L (SA) 53.22a - 0.821a 0.0095a 860.6%a
il Selenium (Se)
pothe B pas pae Without selenium 38.81b 82.57a 0.660b - 668.67h
PSP LV S TRy O Foliar application of 18 50.86a 75.86b 0.847a - 825.53a

g/ha Se

S50 50 0dl 6 S 03Il Wlao w b jlowd bl J1 (uKibeo duslio - % Jou
Table 6. Mean comparisons of interaction effect of treatments on the measured traits in chickpea

4o 8 ,Slos

b Lo Treatments L.
Grain yield (kg/ha)

Growth stage (GS)x

@by >0 sl Kbl salicylic Acid (SA)

gy Al pe 50 sl Kbl B pae g0 VS x SAl 540.23e

gy A e ) sl Sl 2 o 0 S (oo e Gl Jslme VS x SA2 653.84d
iy Ao )0 sl Sl 2 o 0 8 (deeV e 3l Jslxe VS x SA3 770.66¢
sialy al> o 0 ] Shewdlo G pan e RS x SAl 492.79f

ioly Al o 50 sl Sl 1 0 05 L) o+ LBL sle RS x SA2 627.28d
il al e 50 el Sl 1) 50 08 L e il Jglone RS x SA3 744.86¢
sl 3 otagy e 40 sl Silowcdle B yan (g VRS x SA1 658.33d

sl 5 stagy alm e o sl Selewdlo 2 g )5 Le) o+ (GBL Jsle VRS x SA2 851.38b
2l s sty a0 el el i o 0,5 LV e+ (L36 Jgloee VRS x SA3 872.56a

Growth stage (GS)x

by o0 X e Selenium (Se)

ey A e 50 perile Bras o VS x Sel 567.39d

gy Al o 50 pail LS 50 0 VA LSL Jsle VS x Se2 742.43bc
sialy dlye 0 poilis B (g0 RS x Sel 533.28e

il oo 0 pgailes JiSe 50 0 SVA L0 Jsloe RS x Se2 710.01c
2l 5 sty Al e 5 il Brae ey VRS x Sel 746.34b

il 5 (ohagy Al e 50 paniles LS 1o 0 SVA 3L Jslxe VRS x Se2 865.17a

Sl a0 90 €Vegetative stage + Reproductive stages (VRS) s, 56 + 215 56 <Reproductive stage (RS) l; ;& <Vegetative stage (VS) i, ;6
200 mg/L Salicylic acid sl Sdewcdlo 2J 55 0,5 LY+ - 100 mg/L Salicylic acid (SA2) sl Selwdls 2 10 6,5 Le) -+ ¢Without Salicylic acid (SAL) ol

Application of 18 g/ha Se (S€2) psuilu ;S ,0 0,54 <Without selenium (Sel) psilo a0 o5 £(SA3)

A
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Table 7. Mean comparisons of interaction effects of salicylic acid and selenium on the measured traits in chickpea

D by k5 (slgsxe 4ls 5 ySlos
B )l Treatments Cholorophyll b content  Grain yield
(mg/g fw) (kg/ha)
o guidan ¢ doan! Sl Lo Salicylic Acid (SA)x Selenium (Se)
gl 9 sl Sbpmd b B o (3309 Without Salicylic acid and selenium 0.34d 555.78e
S| Salondlos S pao purs g pgaides )L 50 0,51A (Sl Joloxo Foliar application of 18 g/ha Se and Without SA 0.43ab 677.79d
o (£l Jalomo puc 9 sl Solwadlis yid 53 0 )5 (ool ee (LBl Jodxo Foliar application 0f100 mg/L SA and Without Se 0.44a 669.36d
59 5N (S8l Jshoe 9 sl Salodlos 2 55 )5 (laolee (0L Jolxo Foliar application 0f100 mg/L SAx Foliar 039 858.30b
ok LS application of 18 g/ha Se -o9he ’
pauibus ol Jolo pic g sl Sl i) 55 055 oo (il Jolxo Foliar application of 200 mg/L SA and Without Se 0.45a 780.86¢
29 PS5 (il el g sl Seludlos i 53 05 (¥ er (LBL Jobono Foliar application of 200 mg/L SAx Foliar 0.36dc 940522

ol LS

application of 18 g/ha Se

5505 (5,0 s B oo Jlaiml gl )0 lo e B JBlas yge3T bl s (g o 40 aliie gy b lapeSilee”
“Means followed by the same letters in each column, are not-significantly different according to Least Significant Difference Test (P <0.05).

\al



WAA 09 dos (Y6 ylacs Vil /03 391 L 9a> SO 93 /... b Joloxo yi1gumles 9 539,98

D95 50 0§ yuS 0 Il Wlho p pguidi 9 dumwl Selowcdl Jliso 51 Kl dwo o —A Jgu

Table 8. Mean comparisons of interaction effects of salicylic acid and selenium measured traits in chickpea

oy pls g S s ld S5 kos
L)l SHle 9134 w)
Treatments Harvest index  Productivit Biological
h Y yield
of pod (%0) index (%) (kg/ha)
Growth stage (VS)x
Gy ad> o x s guidw x o] Sl Salicylic Acid (SA) x
Selenium (Se)
9 4 po 53 pgrids g ol Solwadli O pao 9 VS x SAlx Sel 83.50cde 58.750-] 1209.03fgh
9 Ao 50 50 sl Sebpundls B pao puis g9 pgaides JUS2 50 05V (LB Jglxo VS x SAlx Se2 88.00abc 61.00e-i 1198.20gh
gy Al yo 50 parid (bl ol pus g sl Slanadlis i 50 055 (s (LBl Jolxo VS x SA2x Sel 84.75b-e 64.75b-¢ 954.83j
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Introduction

Chickpea (Cicer arietinum L.) is one of the important pulse crops in the world. Also it is valued through
high protein content in seeds (23.5-28.9%). In Iran, chickpea produced under arid and semi-arid zones and
usually chickpea plants during flowering and maturity stages are exposed to increasing water deficit stress.
Different methods are existed in agriculture to increase plants tolerance to abiotic and biotic stresses. Seed
priming and foliar application by amino acids, proline, glycinebetaine, Salicylic acid as well as zinc,
Selenium and Silicon have been considered in recent years. Selenium is not an essential nutrient for plants.
Reports showed that selenium could protect the plants under abiotic stresses such as salinity, high
temperature and drought. Selenium protected the plants from abiotic stresses by participate in several
physiological and biochemical process such as water condition retain, increasing plant pigments and
photosynthesis apparatus regulation. Salicylic acid (SA) is a plant-produced nature phenolic compound
which plays an important role in the abiotic stresses tolerance. Growth and production of crops will affect by
SA application. Several studies showed that salicylic acid application increased the plant tolerant to drought
stress. Increasing proteins, photosynthesis pigments and sugars indicated on the role of salicylic acid in
increasing the plant resistance to stress. Therefore, this experiment carried out to study the influence of foliar
application of salicylic acid and selenium at different growth stages on some physiological traits of chickpea
under rainfed condition.

Material & Methods

To evaluate the response of some physiological traits of chickpea at different growth stages to foliar
application of salicylic acid and selenium under rain fed condition, an experiment was conducted as split plot
based on Randomized Complete Block Design with four replications during 2013-2014 cropping season.
Experimental factors were salicylic acid in three levels (0,100 and 200 mg L) and foliar selenium spraying
in two levels (0 and 18 gr ha') that applicated in different growth stages (vegetative, reproductive growth
and vegetative growth along with reproductive). According to the soil analysis results, 50 kg ha™ urea and 40
kg ha! triple superphosphate fertilizers were applied at planting time. Each experimental plot included 30
cm distanced rows with 10 cm spacing between plants in rows. The chickpea cultivar was ‘Azad’. The seeds
were sown at 6 cm depth in end of February 2013. Physiological traits measured from three replications.
Relative water content was determined from five leaflet from leaves at flowering stage that were prepared
immediately and weighed to measure fresh leaf weight in the laboratory at 25°C. Then, leaflet were placed in
distilled water for 24 h until completely saturated. At the end of this stage, leaflet were dried with dry paper
towels and reweighed. Samples were placed in the oven for 48 h at 72°C until dried and then weight of the
dried leaves was recorded. Relative water content was calculated using the following relation.

RWC (%) = Wi -wd %100
Ws —Wd

where RWC is the relative water content, Wf is the leaf fresh weight, Wd is the leaf dry weight and Ws
is the leaf saturated weight. Photosynthetic pigments were calculated by the method presented by Arnon
(1949). Samples collected from five leaflet, 0.5 gr leaves were ground in 80% acetone for determination and
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absorbance of the resulting extracts, recorded at 480, 510, 645 and 663 nm with a spectrophotometer.
Biological and seed yield harvested from 2 m? of middle in each plots. Data were subjected to analysis of
variance using SAS program. Means were compared using the Least Significant Diffrence test (LSD)
Multiple Range Test at 5% probablity level.

Results & Discussion

Results showed that the highest leaf relative water content observed from foliar application of selenium
and salicylic acid at vegetative along with reproductive stages. Salicylic acid application at the rate of 100
and 200 mg L and selenium at the rate of 18 gr ha* increased the leaf relative water content by 18, 42.7 and
31%, respectively as compared with control. There were reports that, application of salicylic acid improved
vegetative growth rate, chlorophyll a, b and total chlorophyll, leaf relative water content and resistance to
water deficit in lawn. The highest ion leakage (82.57%) and the lowest (75.86%) recorded from treatments of
without application of selenium and foliar application of 18 gr ha* selenium, respectively. Foliar application
of 100 and 200 mg L™ salicylic acid along with 18 gr ha® selenium increased chlorophyll a content
compared with control, significantly. Foliar application of 100, 200 mg L* salicylic acid and 18 gr ha*
selenium alone increased chlorophyll b content by 29.4%, 32.3% and 26.4% as compared with control,
respectively. The highest carotenoids content belonged to foliar application of 200 mg L* salicylic acid.
There were reports that application of selenium decreased chloroplast damage and help to retain of
photosynthesis pigments. Foliar application of 100 and 200 mg L* salicylic acid along with 18 gr ha*
selenium increased productivity index at different growth stages as compared with control. The treatments
interaction effects showed that the maximum biological yields (1528.86 and 1628.40 kg ha*) obtained from
treatment of 100 and 200 mg L* salicylic acid along with 18 gr ha selenium at different growth stages,
respectively. The results showed that foliar application of salicylic acid and selenium could be increased
chickpea seed yield.

Conclusion

The positive role of application of salicylic acid and selenium under rainfed condition exerted by the
effects on physiological process such as water retain in plant, membrane stability retain and improve of
photosynthesis pigments. Therefore, foliar application of 100 mg L salicylic acid and along with 18 gr ha*
selenium at vegetative growth along with reproductive growth could obtain optimum yield.

Keywords: Chickpea, lon leakage, Plant pigments, Relative water content, Sodium selenite
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Table 1. Physical and chemical characteristics of soil
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-1 L. -1 -1
(dS.m”) (mg-kg™) (mg-kg™) (%)
Clay loam 0-30 8.04 0.76 586 15.2 0.06
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Table 2. Analysis of variance for using effect of different biological and chemical nitrogen fertilizers on yield and yield
components on chickpea cultivars

Mean of square
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iati i -1 -1 i weight
variation stage stage height plant pod index index g
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Fig. 1. Mean comparison for day number to flowering for chickpea varieties
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Similar letters in each column show non-significant difference at 5% level of probability using DMRT
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Fig. 2. Mean comparison for leaf area indexn for chickpea varieties
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Fig. 3. Mean comparison for chickpea harvest index for fertilizer treatments
5505 0,00 Jlezal mhas 50 (5l cime glas SSIs (yg03T Gulal oS e B S JBlas 6l slonSilee
Similar letters in each column show non-significant difference at 5% level of probability using DMRT

a
35 b
30
Harvest .
index% __
20 c
15
10
Azad

Hashem Arman

S5 e85l Clilo p o Ll puleo duns o - F JSC&
Fig. 4. Mean comparison for harvest index for chickpea varieties
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Excessive use of chemical fertilizers for increasing agricultural production causing environmental
damage and disturbance in the soil fertility. Currently, biological approaches for improving crop production
are gaining strong status among agronomists and environmentalists following integrated plant nutrient
management system. Chickpea is the most important pulse crop which is grown on 463,000 hectares in Iran.
Major chickpea areas (98%) are planted under rainfed condition and are grown in rotation with cereals
mainly wheat and barley. Mean productivity of chickpea 402 kg/ha in 2014-15 cropping season in Iran. One
of the reason for low chickpea productivity in Iran, is unsuitable using nutrition in chickpea farms. Currently
biologic fertilizers as an alternative option for chemical fertilizer to enhance to soil fertility in the stable
agricultural production are considered. Rhizosphere beneficial bacteria are commonly called plant growth
promoting rhizobacteria (PGPR) and have been under researchers focus for many years. PGPRs can
stimulate plant growth through different mechanisms. Solubilization of inorganic phosphate is a
characteristic has been frequently used for screening these bacteria. The objective of present study was to
investigate the effect of biological and chemical nitrogen fertilizers on yield and yield components of

improved chickpea varieties.

Materials & Methods

An experiment was carried out in factorial based on a randomized complete block design with four
replications and five fertilizers treatments (control, Super Nitro Plus, Nitroxin, Rhizocheck and 30 kg
nutrition fertilizer per hectare) and three chickpea varieties (Azad, Hashem and Arman) in Ekbatan Research
Station of Hamedan under rain-fed condition during 2012-2013. Rhizocheck had 107 bacteries from
Pseudomonas putida and 108 Mesorhizobium cicero and Super Nitro Plus included 108 Bacillus subtilis,
pseudomonas fluorescens and different species of Azospirillum. Also Nitroxin covered 108 nitrogen fixing
bacteries such as Azotobacter and Azospirillum. During vegetative and reproductive phases, weeds were
controlled and data were recorded on days to flowering, days to maturity, plant height, harvest index, number
pods per plant, number of seeds per pod, 100-seed weight, and seed yield. Data were analyzed using the
SAS. Ver. 9.1 and figures were drawn by EXCEL and means compared by using DMRT at the 5%
probability level.

Results & Discussion

The results showed that fertilizer had significant effects on harvest index and seed yield at 1% level of
probability. But fertilizer treatment had not significant effects on days to flowering, days to maturity, leaf
area index, plant height, pods number per plant, seeds number per pod and 100-seed weight. Also the results
showed that varieties showed significant difference for days to flowering, leaf area index, harvest index,
seeds number per pod, and seed yield. Varieties had not significance different on days to maturity, plant
height, number of pod per plant and 100-seed weight. Interaction of fertilizer x variety on all characters was
not significant. The result of mean comparison showed that the highest seed yield has been produced by

* Corresponding Author: sabaghpour@yahoo.com


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 10, No. 2, 2019, p. 49-61 (Research Article)

Rhizochick consumption. The utilization of Rhizocheck had result in 39 and 26 percent higher harvest index
and seed yield than control, respectively. Azad variety had the highest leaf area index, harvest index and seed
yield. The lowest leaf area index, harvest index and seed yield was observed on Hashem variety. Stephan
(2000) reported that 36 percent seed yield increased due to rhizobium inoculation on chickpea seed.
Maximum seed yield was achieved in Azad variety with Mesorhizobium of SWRI-15 which produced 151
percent higher than check. Rhizobium inoculation in comparison with no inocultion on chickpea seed under
drought stress condition increased seed yield. Most of scientists reported that using biological fertilizers have
been effected on seed yield in comparison with check on lentil, sunflower, wheat, corn and pearl millet.

Conclusion

One of the most important factors for soil fertility is microorganism ability for production and plant
growth promoting. The result of present study showed the highest productivity obtained from Rhizochick
consumption. Azad improved chickpea variety produced the highest seed yield. Rhizochick may cause
photosynthesis intensive activity and enhancing availability elements. Therefore seed yield have been
increased. Generally, PGPR promote plant growth directly by either facilitating resource acquisition
(nitrogen, phosphorus, essential element) or modulating plant hormone level. The reduction chemical
consumption will affect decreasing environment contamination which is one of the important factors for
stability agriculture. Therefore Azad improved chickpea variety with Rhizochick inoculation in Hamaden
province is recommended.

Keywords: Chickpea, Cicer arietinum, Nitroxin, Rhizochick, Super Nitro Plus
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Table 1. Results of climatic properties of experimental location in 2014-2015
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Table 3. Analysis of variance of activities of antioxidative enzymes and physologiceal characteristics of different
chickpea cultivars under PGPR
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and Bio- ’ ‘5‘:::95 8 5.26™ 2.74™ 627.01 68.69™ 1098.96™  34143.18™ 279.30™
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Cultivarx
chem- Bio- 355 XS, 24 0.073™ 0.033™ 46.73™ 1.58" 39.89™ 872.96™ 8.19™
fertilizer
Error Uas 70 0.009 0.0058 0.80 0.52 15.88 86.53 1.05
I
CV% ):u )'"D - 5.07 5.16 2.60 6.61 4.06 211 5.35
.LA)Q

ns, * and **: Non-significant and significant at 5% and 1%, respectively
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Table 4. Interaction effect of PGPR and cultivar on activities of antioxidative enzymes and physologiceal
characteristics of chickpea

S| 1 ga

3B o Sl .,'Wu‘ 0 o9l
lao N bds ks SR ey TR S sl il
Traits JOPSC AT peSeke) s ol ko s st sl u:dé Ghosllaaids o
(036 Sy p,S (036 Sy p 5 (20,9) (oo (L'xfﬂ”sf, 12 (w9 p 05 (5 Sy
slewd Chlorophyll  Chlorophyll ~ RWC Superoxide Peroxidase Catalase MAD (Nano
Treatment a(mg/gFW) b (mg/gFw) (%) Dismutase (absorption (absorption mol per
(enzyme per per mmute_ per per mmute_ per leaf)
mg protein) mg protein) mg protein)
No inoculation*No N fertilizer 0.966° 0.766% 30.331 11.33% 5.66, 6.461 84.33"
No inoculation*10 kg Nitrogen 1.016" 0.866™ 31.66¢ 12.83%* 7.16" 7.46% 74.33
No inoculation*20 kg Nitrogen 1.066q"™ 0.966™ 35.33° 13.83M 8.16'" 8.46™ 69.33¢
Azesperilluim*No fertilizer 1.50'™ 1.204 37.66" 15.50™° 9.16" 9.16'™ 49.33%
Arman Azesperilluim*10 kg Nitrogen 2.40°f 1.90% 76.00% 22.66% 11.16% 14.16° 34.33"
Azesperilluim*20 kg Nitrogen 2.109 1.70% 71.66" 20.009" 10.66" 13.16f 39.33"
Azetobacter*No fertilizer 1.70% 1.401 42.66' 17.53km 9.66™ 10.16% 44.33'
Azetobacter*10 kg Nitrogen 2.866b 2.133%¢ 89.00° 28.56° 14.30%9 16.73% 27.33°
Azetobacter*20 kg Nitrogen 2.40°f 1.800¢f 76.66f 22.00%f 10.50™ 14.16¢ 39.33™
No inoculation*No N fertilizer 1.16P 0.866™ 33.33° 14.33°4 7.66™ 7.46% 74.33f
No inoculation*10 kg Nitrogen 1.216%9 0.966™ 35.33° 15.76™° 8.16"" 8.46™ 79.33¢
No inoculation*20 kg Nitrogen 1.266™° 1.066™ 38.33" 16.30"" 10.16" 9.464 74.33f
Azesperilluim*No fertilizer 1.90" 1.50" 45,664 19.4591 12.66° 11.16" 49.33%
Azad Azesperilluim*10 kg Nitrogen 3.153° 2.266° 91.33® 30.5° 16.16% 16.73% 21.33"
Azesperilluim*20 kg Nitrogen 2.50% 1.90% 79.66° 23.66% 14.16%¢ 15.16¢ 44.33'
Azetobacter*No fertilizer 1.70% 1.30% 40.66™ 17.50km 12.16% 10.16% 54,331
Azetobacter*10 kg Nitrogen 2.60% 2.00« 79.66° 25.00% 14.16"¢ 15.16¢ 39.33™
Azetobacter*20 kg Nitrogen 2.30f 1.80¢f 74.669 22.00%f 13.66°¢ 14.16° 44.33'
No inoculation*No N fertilizer 1.266™° 1.066'™ 35.33° 16.33'" 9.66'« 7.46% 79.33¢
No inoculation*10 kg Nitrogen 1.316™° 1.166 37.33" 17.83" 10.16" 10.46" 81.33°
No inoculation*20 kg Nitrogen 1.366™° 1.266% 40.33" 18.66"« 12.16% 11.469" 76.33¢
Azesperilluim*No fertilizer 2.00%" 1.70% 47.66' 20.50" 13.66%¢ 13.13 54.33
Hashem Azesperilluim*10 kg Nitrogen 3.00® 2.266° 92.66° 29.83° 15.33%® 18.16% 23.661
Azesperilluim*20 kg Nitrogen 2.60% 2.10% 81.66 25.00% 15.16% 17.16° 49,33k
Azetobacter*No fertilizer 1.80 1.500M 42.66' 18.507 13.16%" 12.169 59.33'
Azetobacter*10 kg Nitrogen 2.700° 2.20%® 81.66¢ 26.00° 15.16% 17.16° 44.33'
Azetobacter*20 kg Nitrogen 2.40°f 2.00%¢ 76.66f 23.00¢ 14.66 16.16° 49.33%
No inoculation*No N fertilizer 0.916° 0.666° 28.33" 10.33 5.16° 5.66" 86.33°
No inoculation*10 kg Nitrogen 0.966° 0.766° 30.33 11.83 7.00" 6.66" 69.339
No inoculation*20 kg Nitrogen 1.018" 0.866™ 33.33° 12.83%* 7.66™ 7.66"° 64.33"
Azesperilluim*No fertilizer 1.40™ 1.00m 35.66° 13.50% 8.664™ 8.16™ 44,33
Mahali Azesperilluim*10 kg Nitrogen 2.30f 1.70% 74.669 21.00%9 10.66" 13.16f 29.33°
Azesperilluim*20 kg Nitrogen 2.00%" 1.50" 69.66' 18.00" 10.16" 12.169 34.33"
Azetobacter*No fertilizer 1.60¢ 1.20¢ 40.66™ 15.50™P 9.16" 9.66/ 39.33"
Azetobacter*10 kg Nitrogen 2.60% 2.11% 85.66° 25.00% 13.03¢f 14.16° 32.66"
Azetobacter*20 kg Nitrogen 2.30f 1.60%" 74.669 20.009" 10.66" 13.16f 34.33"
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Means within each column with a letter in common are not significantly different at o= 0.05.
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Table 5. Analysis of variance for Interaction effect of root growth of different chickpea cultivars under PGPR

a0 . (039 < .
5 b ~J 3 Al y x> ny ado ) Job oS K Jus oS PHECIPYS
S o V &3 Root - Root Total of Active Grain vield
~ af volume Root dry lenght nodal nodal y
) weight
Replication e 2 4.5 3.47 197.76 130.95 80.21 0.00055578
Cultivar o, 3 17.54" 9.64™ 129.77* 9147 6855°  0.00176310"
Che”}'ca.' and Bio- Tanied 8 79.44" 114.69" 63206 28505 666.97"  0.00898719™
ertilizer wlbosd
C“'“"ig’r‘ti‘i?zi“r"' Bio- 555 ey 24 0.98™ 0.66™ 15.70" 415" 357" 0.00022260"
Error s 70 0.09 0.15 0.75 0.28 0.52 0.00006054
Ol i g
C.\V% e - 5.28 5,59 352 3.98 5.88 8.10
(%o,0)

ns, * and **: Non-significant and significant at 5% and 1%, respectively
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Table 6. Interaction effect of PGPR and cultivar on grain yield and root growth of chickpea

sl sSee . plbiefolas  CEPEROT S,
20 p5skS) agr )3 0,5 Sluad G o gibe) (p55) &5g1 5o (iasiil)
(‘?’“’f“ To(t::”?:b';?;jal Active nodal (oo .ROOF dry Root length
Treatment Grain yield (number) Rootvolume ~ Weight in plant (cm)
(kg.m?) (cmd) (9
No inoculation*No N fertilizer 0.0561% 18 8.83™ 1.43% 2.44%1 11.96°
No inoculation*10 kg Nitrogen 0.0602" 20.5° 10.22%v 1.93% 2.74% 14.96°"
No inoculation*20 kg Nitrogen 0.06344 22.20" 11.65%° 2.43%™ 3.04P¢ 16.98™
Azesperilluim*No fertilizer 0.0831i" 26.10% 15.04™ 5.43k 7.25'm 25.50
Arman  Azesperilluim*10 kg Nitrogen 0.1166% 30.32¢ 25,981 7.63%9 9.10%h 28.66°"
Azesperilluim*20 kg Nitrogen 0.1016" 28.329 23.64! 6.93" 8.8091 27.16M
Azetobacter*No fertilizer 0.0931" 27.32" 16.02'm 6.431 7.754 27.04M
Azetobacter*10 kg Nitrogen 0.1433%® 34.36" 28.66 9.20° 10.33% 36.66a
Azetobacter*20 kg Nitrogen 0.1166% 30.30° 25.64% 7.43 8.90" 30.16¢-e
No inoculation*No N fertilizer 0.0616* 194 9.43u-w 2.43m 2.94p1 13.56r
No inoculation*10 kg Nitrogen 0.0649° 21.50™ 10.55s-u 2.93% 3.25°" 15.96%
No inoculation*20 kg Nitrogen 0.0684° 23.23™ 11.98p-r 3.43" 3.55™P 17.98"
Azesperilluim*No fertilizer 0.0982" 27.33" 16.984 6.93M 8.25" 28.06%"
Azad Azesperilluim*10 kg Nitrogen 0.1533* 35.06% 30.83¢ 9.86° 11.50% 37.66°
Azesperilluim*20 kg Nitrogen 0.1216% 31.36¢ 26.64°9 7.93%f 9.40%9 31.16%
Azetobacter*No fertilizer 0.0881+" 27.13" 16.04'm 5.93k 7.72¢ 27.16"
Azetobacter*10 kg Nitrogen 0.01216% 31.33¢ 27.00% 8.13%¢ 9.60f 29.66%
Azetobacter*20 kg Nitrogen 0.1066°" 29.21f9 24.64M 7.43 9.10¢" 28.16M
No inoculation*No N fertilizer 0.0716™" 21.00% 11.16" 3.43™ 3.44™4 15.56%4
No inoculation*10 kg Nitrogen 0.0749™4 23.53m 12.59m 3.93" 3.75™ 18.13"
No inoculation*20 kg Nitrogen 0.0784"° 25.23% 14.01™ 443" 4.05" 19.98™
Azesperilluim*No fertilizer 0.1082¢%¢ 29.33f 18.01k 7.43 8.7591 29.95¢%
Hashem  Azesperilluim*10 kg Nitrogen 0.1416® 35.36° 29.73%® 9.80% 10.83° 36.83°
Azesperilluim*20 kg Nitrogen 0.1316% 33.32¢ 27.55¢- 8.43 9.90« 33.10°
Azetobacter*No fertilizer 0.0981 29.11 17.044 6.431 8.221k 29.16°0
Azetobacter*10 kg Nitrogen 0.1316% 33.32¢ 28.00% 8.63¢ 10.10¢ 31.66™
Azetobacter*20 kg Nitrogen 0.1166% 31.20% 25.58% 7.93%f 9.80%¢ 30.06%
No inoculation*No N fertilizer 0.0529" 17.20" 7.83% 0.93s 1.90¢ 11.16°
No inoculation*10 kg Nitrogen 0.0572" 19.53¢ 9.25\W 1.43rs 2.24v 14,23
No inoculation*20 kg Nitrogen 0.06044 21.28™ 10.67°¢ 1.93% 2.55"™ 16.09°
Azesperilluim*No fertilizer 0.0801'° 24.17" 13.05% 4,93 6.75™ 23.20'
Mahali  Azesperilluim*10 kg Nitrogen 0.1116%f 28.33¢ 24.00' 7.139 8.60M 25.66'
Azesperilluim*20 kg Nitrogen 0.09669%1 26.351 21.65/ 6.431 8.307 24.164
Azetobacter*No fertilizer 0.0901" 25.35¢ 14.03% 5.93k 7.88H 24,114
Azetobacter*10 kg Nitrogen 0.1216% 31.06% 25.72% 8.13%¢ 10.00« 31.66™
Azetobacter*20 kg Nitrogen 0.1116%f 28.329 23.65' 6.93" 8.40Mk 27.16"
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Means within each column with a letter in common are not significantly different at o= 0.05.
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Introduction

Chickpea is widely cultivated as an important cool season grain legume crop throughout the world.
According to FAO, Iran is one of the major chickpea (Cicer arietinum L.) producing countries in the world.
In Iran, chickpea is the most important pulse crop with respect to production and area under cultivation. This
crop is cultivated in about 500,000 ha, of which over 95 percent are grown under rainfed conditions. Average
chickpea yield in Iran is about 400 to 600 kg.ha™!, that is well below the world average of 900 kg.ha™'.
Drought and high temperature are two major factors limiting the growth and productivity of chickpea during
summer in many regions. Drought stress is common in many parts of the world and more than 50% of the
globe is arid or semi arid and plants are subjected to some level of drought stress. Drought stress can
adversely affect plant growth and production. Plant response to drought stress, at cellular and molecular
level, limits plant growth and yield. It has been shown that several PGPR can support plants by producing
antioxidant factors or modulate photosynthesis decreasing ROS and thus lowering the need for antioxidant
activity during stress which could explain why primed plants tend to decrease their own antioxidant defense
system. Over reduction of the photosynthetic electron transport chain induces the generation of reactive
oxygen species (ROS) such as singlet oxygen (10-), superoxide anion (O¢-), hydrogen peroxide (H20;), and
hydroxyl radical (*OH). Therefore, the decline in growth and productivity due to these stress factors is
associated with increased levels of ROS, which cause damage to cellular structures and macromolecules. In
order to maintain or increase crop productivity it becomes necessary to evolve efficient low-cost
technologies for abiotic stress management. It is now a priority area research for developing strategies to
cope with abiotic stresses including development of stress tolerant varieties, shifting crop calendars, resource
management practices etc. However, most of these techniques are cost-intensive and time taking. Recent
studies indicate that soil microorganisms can help crops withstand abiotic stresses more efficiently. These
include tolerance to salt and water stress (Azospirillum sp., Pseudomanas sp, Bacillus sp). The increased
H,O, content under stress conditions led to lipid peroxidation, which is widely used as an indicator of stress-
induced oxidative damage. The relative water content (RWC) and lower electrolyte ion leakage (EL) in
plants exposed to drought has been considered indicative of a relative tolerance to water stress. In our study,
RWC declined while %EL increased in both inoculated and uninoculated seedlings under drought stress
compared to normal irrigation. However, bacterial inoculation did help plants to increase their RWC and to
decrease their %EL as compared with uninoculated plants in drought stress. Investigations involving wheat
species and varieties have detected increases in the activity of superoxide dismutase (SOD), catalase (CAT),
and non-specific peroxidase (guaiacol peroxidase, POD). The main objective was to evaluate the effects of
Plant Growth Promoting Rhizohacteria on activities of antioxidative enzymes, physiologic traits and root
growth of chickpea in dry land conditions of llam province.
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Materials & Methods

To evaluate the effect of Plant Growth Promoting Rhizohacteria on activities of antioxidative enzymes,
physologiceal charactersitices and root growth of chickpea under dry land conditions of llam province, an
experimental field was conducted using factorial arrangement based on randomized complete block design
with three replications at Agricultural Research Research Center of llam during 2014-2015. Studied factors
included cultivars (Azad, Hashem, Arman and locallandrace) and Plant Growth Promoting Rhizohacteria
(without inoculation, 10 kg nitrogen, 20 kg nitrogen, Azospirillum + without nitrogen, Azospirillum + 10 kg
nitrogen, Azospirillum + 20 kg nitrogen, Azetobacter + without nitrogen, Azetobacter + 10 kg nitrogen,
Azetobacter + 20 kg nitrogen. Cultivars were sown on 16 November, 2013. Eeight rows with 30 cm width
and 4 m long were designed during the growth season, hand weeding was done in necessary times. Studied
traits were included of chlorophyll a and b, RWC, MAD, SOD, POD, CAT, root volum, dray root weight and
main root length. The data were analyzed statistically by SAS program and the data means were compared
by Duncan's multiple range test (DMRT).

Results & Discussion

The interaction effect between cultivarsx PGPR on chlorophyll a and b, RWC, MAD, SOD, POD, CAT,
root volume, dry root weight and main root length were significant. Application of nitrogen and PGPR in
different cultivars provided better nutrition condition for plant growth by reducing reactive oxygen species
(ROS) because these bacteria need these elements to grow and development. PGPR inoculation significantly
increased the contents of chlorophyll a and b, RWC and decresed MAD content in chickpea plants. PGPR
improved water status, enhance its defense system, and alleviate oxidative damage caused by drought stress.
Drought stress damage decrease, evaluated as MDA content, has been observed under different stress
conditions in PGPR. The improved plant growth under dry land farming was also observed in chickpea by
inoculation of PGPR and application of N, which was found to be associated with enhanced, root system in
field grown under rainfed condition.

Conclusion

Under dry land condition, due to the generation of reactive oxygen species, an efficient antioxidant
system is needed in the plant. It has been observed that PGPR increase the activity of antioxidant enzymes of
host plants. Study conducted on chickpea under dry land conditions showed that PGPR enhanced the
activities of antioxidant enzymes such as superoxide dismutase, peroxidase and catalase compared to those in
un-inoculated control plants.

Keywords: Antioxidant, Chlorophyll content, Grain yield, Wter use efficiency
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Table 1. The name of elite lines, origin from local populations of red common bean, with the control cultivars
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Table 2. The results of ANOVA and significant tests for evaluated traits in studied red common beangenotypes

Ol o (ule
MS
wle e Slaws EHORINEY)
Ol yts’ 29bo _ gyl Pl plislan  pls Jeb 4ilYee 39 Ails o Slos
woly! 0,8 &g
SOV DF PH NN SN PN PL SNPP 100SW SY
A3
Replication 3 121.93 ™ 2.89m™ 0.66 ™ 22.08™ 0.242™ 11851 ™ 6.60 " 421334 ™
o
Treatment 15 900 ™ 14.35™ 3.67™ 3554™  1.06™ 733" 20.72™ 228941 ™
Uas
Error 45 122 3.21 0.736 13.84 0.258 97.57 1.80 368900
(30,0) Ol s g 0
CV % 7.36 4.47 4.98 2.56 4.14 7.52 115 6.20
oosdleys s3]
Test of normality
(K-S) ns ns ns ns ns ns ns

YR WY | PCE C P R PN RA VS P [P SR KPS PONPA RS PONUP-INIU t PVIR |
ns, * and **: Non significant, significant at 0.05 and 0.01 probability level, respectively.

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100 SW (100 seed
weight) & SY (Seed yield), SOV (Source of variation), DF (Degree of freedom), MS (Mean square), CV (Coefficient variation), K-S (Kolmogorov-

Smirnov test)
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Table 3. Mean comparison for evaluated traits

i 955 0 ylois él.ufl ofF ol asLy .>|...w oL olass L Jsb Sgp il ol EHA) ’u)g &ls o).f.Lo.c
Genotype (0 gH5lw) NN <2 PN PL SNPP (p,5) (p,5)
number PH (cm) SN 100SW (g) SY (g)
1 103.42 cd 1812 bc 432 cd 2497 abcd 8.67 e 78.32  bcd 30.92 bcde 4840 bc
2 104.90 cd 21.35 a 480 cd 2358 abcd 8.67 e 80.32 bc 27.90 fgh 4476  bcde
3 10825  becd 18.50 b 542 ¢ 2297 abcd 9.00 bcde 74.00 bcd 29.45 defg 4347  bcde
4 101.67 cd 1750 bc 505 ¢ 2312 abcd 8.700 e 61.90 d 30.65 bcde 3793 de
5 101.27 cd 1822 abc 512 ¢ 28.10 a 9.77 ab 102.00 a 29.07 efg 5949 a
6 96.80 de 1710 bed 520 ¢ 27.25 ab 9.17 bcde  100.52 a 31.15 bcde 6058 a
7 11387 bed 1632 bcd 417 cd 2120 bcd 8.75 de 73.95  bcd 32.07 b 4738  bcde
8 98.12 d 1635 bcd 4.62 cd 19.05 d 8.82 cde 65.05 cd 31.57 bed 4102 cde
9 134.97 a 18.07 abc 557 bc 1945 d 9.67 ab 65.37 cd 31.90 bc 4159 cde
10 122.50 ab  18.17 b 6.77 ab 2180 bcd 9.47 bcde  69.95 cd 34.22 a 4810 bcd
11 81.20 ef 133 e 355 d 2200 abcd 8.82 cde 66.40 cd 29.85 cdef 3852 cde
12 101.60 cd 1513 cde 492 cd 20.80 cd 9.57 bed 7282  bcd 35.42 a 5163 ab
13 124.07 ab  16.17  bcd 7 a 19.67 d 9.70 ab 62.37 d 31.72 bc 3922 bcede
14 103.32 cd 1797 bc 420 cd 26.67 abc 9.07 bcde  98.05 a 29.72 cdef 5715 a
15 11932 abc 1700 bed 517 ¢ 19.67 d 9.62 abc 67.60 cd 27.60 gh 3715 e
16 75.7 f 1425 de 3.6 d 19.10 d 10.42 a 87.67 ab 26.85 h 4715  bcde

23,5 005 b (5o ctre B /e Babaw o wils S tie By S Jilas Jles o sl (5t ,2 50 &5 ol Sile
Means within each column and treatment with a letter in common are not significant at 0.05 probability level.

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100 SW (100 seed
weight), SY (Seed yield)
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sloaslyy o Lo Folpas colaiwl 050 Wlgi oo by sl
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e Ol ol msls 5L VIY L als Jsb 5 YE L
SF il L Slao (B n (S al sgne &5 v oo ol
sladaly ;3 mudbe)) 959)ls 5 (B Jod 5l conlin lo
Sty 5,8 8 ol Foliar e i ge >l
g 55 e (eSilae amly 5o Jlone 5 Yo (pogos
slass 3 3dn (5, -So3luil 0,50 Slaw ded gl +/+ ) o
A oaslice aigy ,o pls

Geiloe asly )0 (seges sl Ol oYL
YU g pdqaailyy og <[V Ll ailo) - (55 do sl
Sl 00l 3155 Loagd o ailol e - 59 5 el sl
Cio YU s pdncdilys bYs 5l o (Ahmed, 2013)
= 45 Cenl by yo Cidio (pl (S Cuale 4 o) - - 59
5o dlatel LB (Sosedsd 00 ,Silts G plgieas o 4 ol
lolids slaa IS 51 (S0) Log g9t (Lol 38150 anseis
35 0l (ol o IS -+ i obol 5 gl 555 35T,0
(Pereira et al., 2009; Marzooghian et al., 2013)

Genotype number
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90,5 olawy Slao gl aS Jls o sl las o goe
odaliv + [+ Jlaiml mdaw jo lo gxe Oglas ailo) v+ 54
Oem aS ol las ol g S o,Sles b sloog S Sluolas ol
W ,o als olawd g aigr o pla slaws Slaw (sl y 09,5 g0 ()
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Fig. 1. Cluster analysis for genotypes based on UPGMA and cluster cutting by Wilks'lambda statistic
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Table 4. Mean of groups for studied traits

S8es b glrog S S5 as b glaog,5 8,5 os b glvog,5
Slao Groups with seed yield Groups with seed yield Groups with seed yield
Traits ey Luwgio wgio ob; o ob;
Low Medium Medium High Low High
(o) oS elis )
PH (cm) 109.06 103.62 103.62 100.46 109.06 100.46
0,5 olass
NN 17.28 16.40 16.40 * 17.76 * 17.28 17.76
= Lo olass
SN 5.15 4.76 4.76 4.84 5.15 4.84
g 50 pls slaws
PN 21.19 21.57 21.57 27.34 21.19 ** 27.34 **
els Jobo
PL 9.12 9.38 9.38 9.34 9.12 9.34
W ,0 ilo olass
SNNP 67.78 ** 76.54 ** 76.54 ** 100.19 ** 67.78 ** 100.19 **
(p5) &l3) = (3
100SW (g) 30.08 ** 31.91 ** 31.91* 29.65 * 30.08 29.65*

VR RPRYRY Yy [PCES L VR USRI JOVR
*and **: Significant at 0.05 and 0.01 at probability level, respectively

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100 SW
(100 seed weight), SY (Seed yield)

PP YRLL ay Olao Gl‘”;}"ﬁ t_e').g—& Jous
Table 5. Some of characteristics for under studied traits

Slhio pSbe oS b sl T eteaked
Traits Mean Minimum Maximum Variance <o) &l onfile 2215 50
cV, h2%
oL gl
PH (cm) 105.75 68.60 146.30 307.57 0.17 0.86 ™
0,5 slaws
NN 17.10 12.60 26.30 5.85 0.14 0.77 ™
3y AL olass
SN 497 3.00 9.00 143 0.24 0.80 ™
g, pls ol
PN 22.46 15.30 33.10 19.40 0.20 0.61~
pls Jsb
PL 9.25 8.10 11.50 0.45 0.07 0.75™
W ,0 dilo ol
SNNP 76.65 48.00 109.50 250.09 0.21 0.87 ™
(P @Y+« 3
100SW (g) 30.57 26.38 38.59 6.54 0.08 091™
(#,5) ailos Slas
SY(g) 4661 2567 6622 828661 0.20 0.83™

LY g o0 Jleisl maw 4o o Sre s 34y T g7
* and **: Significant at 0.05 and 0.01 at probability level, respectively

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed
number per plant), 100 SW (100 Seed weight) & SY (Seed yield)

CV, (Coefficient of Genetic Variation), h?, (Broad sense heritability per treatment mean)
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Table 6. Correlation between measured traits in studied red common bean

oS slay,l _ Slasy Qs dlasy _
Slao pls oluasy 0,5 olosi . pls Job (p55) ailoYer 39
Traits SN s e el S22 100 SW (g)
PH(cm) SN SNNP
oL elis) PH -103
0,5 slass NN .207 454"
&8 asla olaws SN .060 .620™ 275"
pls Jsb PL -114 .018 -.229 .059
gy, ails slasy SNNP 625" -.244 .108 -.167 141
U RN 100 SW -.083 224 -.113 .283" -.085 -317"
ails o Slae SY 631™ -.165 .077 -.069 101 .916™ .085

YU ROV VR W VY R IRV RY. S USSR USRI COMOV-SI J PV
*and **: Significant at 0.05 and 0.01 at probability level based on Pearson correlation coefficient, respectively

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per

plant), 100 SW (100 Seed weight), SY (Seed yield)
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S (Ko odle ols lis aS 0gy jlo sixe 2 /FY L ol
9y 2 Sho (nl pelns pu g peiae SIS 4 (Ll ool
S9y 2 WY+ 0 Cute priitns Sl g0l Az gl 55 3 Sles
oyl 9529 b (Ahmed, 2013) coul sals (5,155 «ils o Sles
Gl g als 0 Shee (59) p W) 10 )y (ke pritns S
Sl 5l oglate b (Cokkizgin et al. ,2013) ol oo
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Table 7. The results of regression analysis for seed yield as dependent variable in studied red common bean

olS slay _ L ol Slawy 30 &l dlaws ailoYee 39
. 05 dlasi . pls Job . . .
(o siilo) == PN pls eT] ()
PH (cm) SN PL SNPP 100SW(g)
S 5 Standardized
- | | regression 0.003 0.012 -0.021 0.018  -0.003 1.034 ** 0.420 *
o33 b coefficients
bl y5 55 VIF 2.138 1.599 1.788 1.932 1.232 2.125 1. 270
Q}“Jlft}ﬁ)ﬁ‘) D 1. 944

*and **: Significant at 0.05 and 0.01 at probability level, respectively

AoV 50 Jlaiol gl o Joigine i i 5"

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100

SW (100 Seed weight) & SY (Seed yield)
VIF (Variance Inflation Factor), D (Durbin-Watson)

708 Gy )0 o)y p Co Olo puwo 4520 - A Jga
Table 8. The results of path analysis of under studied traits in red common bean

1o ol
(lagilo) ol i)l o slasi e eslishas  plidsh  alshs T (e allegy S
gy
PH(cm) NN SN PN PL SNPP 100SW Correlation coefficient
-0. 00081 0.00128 0. 003501 0.011387 -0.00048 1. 034355 -0. 13307 0.916
0. 000745 -0. 00133 -0. 00592 -0. 00151  0.000291 -0. 32758 0.42017 0.085

The number which have underling, are direct effects

At pitne O3 el oads LSl o] 5 a8 golael

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100 SW (100 Seed

weight) & SY (Seed yield)
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Table 9. The results of factor analysis for studied traits based on principle component analysis (PCA)
with Varimax rotation

Olaw Y eS8 Y s Y, gyt Syl o o
Traits Factor 1 Factor 2 Factor 3 Factor 4 Comunality
ol oS glis ) PH(cm) -0.217 0. 891 0.011 0.193 0.818
0,5 slasy NN 0. 305 0.714 -0. 441 -0. 354 0.799
=58 aLs olass SN -0. 095 0. 861 0.210 0.261 0. 750
Wy el Sl PN 0.878 0.025 -0. 343 -0. 126 0.726
el Jsb PL 0.043 0.077 0.984 -0. 076 0.931
W ,0 ails ol SNNP 0.932 -0. 162 0. 150 -0. 263 0. 946
(p,5) wI8) + + )39 100SW (g) -0.072 0.228 -0. 064 0. 958 0.922
(p5) als 5 Slas SY (9) 0.970 -0.072 0.116 0. 147 0.938
RN UV % of Variance 34.21 26. 67 17.06 15.76
S Ol s sy %Cumulative 34.21 60. 89 77.95 93.71
Bartlett test of e

byl o 905 .
b 099895 O35 sphericity

o il mas o ls g
**: Significant at 0.01 at probability level

PH (Plant height), NN (Node number), SN (Stem number), PN (Pod number), PL (Pod length), SNPP (Seed number per plant), 100
SW (100 Seed weight) & SY (Seed yield)

7008 sledd (Loaigl ¢lp rdele (3,1 -V Jguar
Table 10. Factor value for studied red common bean genotypes

i g olod ABTe 1 AT Y el F et
Genotype number Factor 1 Factor 2 Factor 3 Factor 4

1 0.39 -0.21 -1.24 0.10

2 0.11 0.74 -1.39 -1. 69

3 -0.19 0.54 -0. 52 -0. 65

4 -0.77 -0. 06 -1.18 -0.11

5 1.95 0.31 0.76 -0. 56

6 1.84 -0.16 0.07 0.22

7 -0.21 -0.41 -0.74 0.79

8 -0. 96 -0. 62 -0. 60 0.43

9 -0. 77 1.31 0.62 0.14

10 0.08 1.43 0.40 1.30

11 -0.89 -2.11 -0. 57 0.24

12 0.17 -0. 58 0.67 2.20

13 -0. 96 1.23 1.09 0.48

14 1.55 -0.23 -0.37 -0.21

15 -1.13 0.56 0.71 -1.38

16 -0. 20 -1.73 2.29 -1.31
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Introduction

Phaseolous vulgaris is highly important among bean species. China, Iran and Japan are the most
important countries producing bean in Asia. According to reported information, cultivated area of bean was
94000 ha in Iran which 17841 ha located in Lorestan province. Improvement of new cultivar with high
genetic potential for grain yield is the final goal in many breeding programs. To achieve this goal, many
characteristics should be considered. Positive and negative significant correlation has been reported between
traits in common bean. Various, traits had different direct and indirect effects on grain yield which should be
considered. In addition to path analysis, evaluation and relationship of traits by other multivariate statistical
methods such as cluster and factor analysis have been studied for better understanding of these relationships.
This study aimed to investigate superior lines, study the relationship between important traits with seed yield
by some univariate and multivariate statistical methods, and provide functional recommendation to breeding
programs.

Materials & Methods

Elite lines obtained from red common bean (Phaseolus vulgaris L.) local populations of Lorestan
province and suburbs, Iran, including 14 lines belonged to Azna (2 lines), Aligudarz (4 lines), Aleshtar (1
line), Borujerd (1 lines), Durood (2 lines), Shazand (2 line) and Nourabad (2 lines), with two control
cultivars Goli and Sayyad were evaluated in randomized complete block design (RCBD) with 4 replications
in Borujerd station, Lorestan, Iran, in 2011. Plant height, node number, stem number, pod length, pod
number per plant, seed number per plant, 100 seed weight and seed yield characteristics were measured. Data
were normalized by Kolmogorov-Smirnov test at 0.01 probability level. Error, genetic and phenotypic
variances, and broad sense heritability pertreatment mean were estimated. Pearson correlation coefficient
was used to determine the relationship between traits. Cluster analysis based on UPGMA was performed and
Wilks' lambda statistic was used for cutting dendrogram. Then, a code was allocated to each group and these
groups were compared. However, in order to fix type I error, Hotelling’s T2 test was used at 0.05 probability
level. Before that, the assumption of homogeneous variance-covariance matrix was tested by BOX test at
0.01 probability level. Then, traits were compared. Seed yield was considered as dependent variable (y) and
regression analysis was performed by stepwise method. Traits, that had significant standardized coefficient,
were used in path analysis. For statistical analysis, Excel, SPSS and MSTAT-C software were used.

Results & Discussion

The results of ANOVA showed that the lines had significant difference for all studied traits. Mean
comparison by Duncan test showed the highest and lowest seed yield belonged to Aligodarz-3 line (6058 Kg
ha?) and Goli cultivar (3175 Kg hat), respectively. All of the genotypes that were located in high seed yield
group by cluster analysis belonged to elite lines that indicated the local red common bean populations, as a
heterozygote germplasm source that been mixed of homozygous genotypes, had high potential to selection of
superior lines in the breeding program. Comparison between groups by Hotelling-T? statistics indicated seed
number per plant and had significant difference at 0.01 probability level. The highest and lowest significant
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correlation coefficient was observed for seed number per plant with seed yield (0.91™) and node number
with stem number (0.27%), respectively. The results of multiple regression for seed yield as dependent
variable showed that seed number per plant and 100 seed weight had significant standardized regression
coefficient. While, 100 seed weight had no significant correlation coefficient with seed yield that breeders
should be considered different aspect of trait relationships. Path analysis results showed seed number per
plant with direct effect 1.03 had more effect on seed yield than 100 seed weight with direct effect 0.43.
While, both seed number per plant and 100 seed weight had negative indirect effect on seed yield by each
other. The results of factor analysis showed four factors explained 93% of total variation. The first and
second factor were called yield and yield component, and phenological type explained 60% of total variation.
The lines that located in high yield group had the highest value for yield and yield components factor. While,
the lowest score for mentioned factor belonged to Goli cultivar that showed factor analysis can be used both
to summarize many dependent variables (traits) into little independent variables (factors) and to selective
genotypes based on factor value. According to reports, the genetic base of bean cultivars has been limited.
One of the useful results of multivariate analysis is the investigation of genotypes that locate at the end of
distribution for several traits and these genotypes can be used as parents for better utilizing of probably
heterosis. Heterosis and crossing one of the sustainable agricultural goals would improve germplasm,
increase human food, promotion of farmer’s livelihoods and provide food.

Conclusion

Local populations of red common bean should be considered by breeders to select superior lines because
of its potential and adaptation. Some studied traits had high diversity that could be exploited in breeding
programs. While, other traits need to increase diversity by breeding strategies. Considering that each of
studied analysis showed the different aspects of traits relationships and genotypes potential. So, the results
should be considered simultaneously by breeders to better interpretation. Among the studied traits seed
number per plant, according to high heritability, the identification of groups with different grain yield, high
correlation and positive direct effect on grain yield was appropriate to increase seed yield. Multivariate
analysis can be used to evaluate desirable genotypes and accumulate favorable alleles in breeding programs.
The results of this study can be useful for breeders to investigate and utilize both traits and genotypes in
breeding programs.

Keywords: Bean, Indirect selection, Multivariate statistical methods, Pure line, Yield
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ACan PolygonurE aviculare Polygonaceae 155 8.94 Broadleaf Cs Annual
. Echinochloa crus--
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ool Chenopo?_lum album Chenopodiaceae 115 6.63 Broadleaf Cs Annual
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S Convolvutjs anvensts convulvulaceae 31 1.78 Broadleaf Cs Perennial
o polis Fumaria officinalis L- Fumariaceae 10.2 5.88 Broadleaf Cs Annual
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Table 3. Analysis of variance (mean squares) of traits on chickpea and balangu
G e (Chickpea) sz (Balangu) %3t LER (RYT)
& L oMyl az o 0393 Cmnnd ) &ils o Slos 0393 Cmnnd ) ails o Slos Dry matter Seed yield
Source of variation : ) : )
Df Biomass Seed yield Biomass Seed yield (DM) (SY)
073 0L 2 19497 5% 10192.5%* 94.6* 10.25" 0.0004 ns 0.2598 ns
Weeding time (WT)
=5 w 5 77596.7** 10829.9** 14314.8** 77.86** 0.0391** 0.1043 ns
Plant ratio (PR)
SS9 Oloj 5
PR xWT 2623.5* 2630.7** 90.8** 6.65** 0.0131 ns 0.1634 ns
Error U 22 953.8 95.7 141 1.49 0.0078 0.0681
(CV%) i gy 2oy 17.35 21.63 6.43 21.12 9.46 25.73

“and ": Significant at 5% and 1% respectively; ns: Non-significant

o j0.00, 5 o ghad (ialS o aisS 9o o (o s
JHIos S g (g 095 Jsb alpdl A 4 5 Sl
Sl 00l o)Ll oy o yiol33l 1 0956 40 pslbcale
(Frenda et al., 2013; Al-Thahabi et al., 1994)

Cls 090 Jobo (6,558 e sy e a5 4
Lojregledle i culd) 5 ©yslons o 5 e slacile
plal Slaalie bl 5 as” Sll 5l g Csl 0ogs aisS (ol
s sz U1 5o 5eplacile (15 o piin 4050 3 00l
s Ul 5l 590 Aol pl g 3950 (gladigs D jglxe o
L byloe cis ;o oKL ccils cand Jioldl b 3k 5
3550 6395 Cmn § 9 4ld 0, Shas ;0 (5 l0 gime ralS 0450
Cold) ccel by e cnS 4 5L 0558 5 0l cvalice
Odbddlsl Ly aS g 5 bbay (0,8 aisS 90 (pl o
g asls o, Shae (e yio jo wigs) +) oKL ST 5 o 00
alol g 0,5 lay Juals pwgusrs Ojg0ds 3950 0945
S oy dalol bglsee S 4y SIL jiin lanSTy als
9 (g o 50 oy SYYAIY) oogicnn s (o yiiion 455 9bas
CiS an by e 9655 (raye yie 5o p S VIAY) ails o Sles
g o=d odalive goyeyte jo 4 ¥ e oS5 L g Lalls
asls 0, Slos g (aape s, pSVFVIY) ooy (e
Voo Voo S Cod 4 bgsye o] (e yie ,0 p,5VV/A)
(F JS8) sl ey (55l 1995%)

af

t3

syt NS a0 )0 5 a0 00 Jlais| o )0 4o cxe oS gay ™ g

Uiali8l L as asssls Les Zarghani et al, (2013)
Jea 55T 55l 5 Jad Jol 50 5 ppcslacile J515 0,50 Jsb
(Sesame indicum L.) ozuS o, Slee sl3=1 5 0, Slos
L el oy90 Jodo ials g el jals g)ls goe joboas
Gl ] aseS s Sles o slacale ug 0,50 Job 2al3l
0,95 Jobo a3l L olzile,S g 5 i o mdolojl jo 0ls
(Lens culinaris  uoe 50536 L 5 ,mslacale J3los
oy gl o w3l 4 s a i sl s Medikus)
5 550 glasllas ,o.(Mohammadi et al., 2005) sl
szl s 0Skes 5 mslacile J3105 0590 Jsb b (o
J2las 0,90 Jodo inli 8l L as ol cvalive ag5u o ,Slos
5 I eslacide S (9 5 0515 G raslacile
yobas g Ha Dygedn 55568 o, Ses gli2l g 0, Slae
(Heshmatnia & Armin, o, o, zals gl e
Oz g POt 5 (izg LT ey 50 Geizren 2015)
s (Vigna radiata L.) Lo byl cis o 5 pslacale
Ol el jrplacale frzgaS ol odalin wouS
S S (el); 4555 90 5o ailo 5 SGjelen 0 Shee
ot by e oS slajlos oles o 3 aslacale ais
(Koocheki et al., 2016)
pasS 5 0550 by I s o Banik et al, (2006)
S ySdes s pslacile (AU &jge 50 45 WS (8,1



VAN 030 dows ¥ Loy Voudes [0l Y DL g S SBG P /.0 Sl b5, £y 500 g (G yd 5O 3!

75

A
I |

0 I
50 70

Weeding time (DAP)

Seed yield (g.m?)
w E= [s)]
[an] i [a=]

[y
[y

250

(B)

-~ 200

[}

n

b 150

¥

Biomass (g

100

50

a
I b
50 70

Weeding time (DAP)

S5l b bgloo cls 10 0950 (B) ailo 0,5 os g (A) 00giCnn ) 0 jpsdcide (CoblS 31 g (s 39;) (g bo) ,ab—\"JS.&
Fig. 3. Effect of weeding time on chickpea biomass (A) and seed yield (B) in mixcropping of chickpea with balangu
sl 00,00 Jloi zeans 33 ls e BB pue [Kils clie By, i o 40 2Bl 5l s 55, DAP
DAP: Day after planting; Means of each column that do not share a letter are significantly different at 5% level of probability.

o 59,00 sreglecide ooy jled )0 rizres
BefVer gYON-r i8S gl aca i e o als
Sl ere BB 0550 asils o, Sae )0 (UL /89-5)
om0V seslecile iy ;00 G 5l ol caaline
0955 Lalls S 5 YO/ + S slocas o oo S
(FUgaz) 0,56 sloyl 0956 ails o Slos )0 (5,lo sxe BS]
w0y g Qj_‘;d ja5_1.>m RIENAY 4 Ja5_>l,.a MLA)T )9
Sg5u adils o, Shae oy i (Cuminum cyminum L.)
2 a5eF 1SS g s eilacile J S LSt e 4 g pe
3, Slos 3556 o515 Luals b yuiored g sl Cowddy ao 5000
Jr=S g0 5 =S LS jlend [0 o 9550 adils
S A4S 5 yeboan (clls (g o pxe ialS e slacale
oS5 5 s eslecale S50 o lend 0 995 ails o Sles
(Alikamar et al., ool cwsan 3556 & p0 0 ;0 455210
sl dnlllas oyl oS b @slls o 457 2006)

$5IL Ails o JSlos g 0097 Gt )

5 095 ) ;o a9 Gl 1 A wisls lid s
d=liie 51 g ao oz Jlais! maw jo 5L ails o Slos
S 00 e ) g ails 5 Slos p CllS Cand g (g LU
(Y Jguz) o o gome 2o 10 S Jlai ] a0
ﬁ)_?A/Yf) FHEY o)il.o.c 9 (é—’ﬁ BN 'B;A?/?Q) 00¢5 L )
o 59,00 50 slacile a2 land 5o KL (e e o
o 5aY e jreslacile rzg g ol oalin Sl cBlS
G, oY+ /Y 5 OIY iolidlan oo oy an clls
Oemg o dn G SIL asilo o, Slee g 0095
(0 JS8) als cunls 5l e 59,00 5 slacale

0

L s ol ras 5 Canly slaia, slls 53 a8 LT |
JHlas as an, oo i an olS g0 clls ol 4 as g
YL laeSTyi 5o 5 Cool onal dgzgay 4isS 9 G slasy,
el 5 5K 5 5956 (glaisF s ol Gial3H b5 50
Puramir et .col aiils gl cne 3G 3556 o Sloe Sl
S e sladaus o yo a5 wiols lzs al, (2010)
+3956 Qo 0V e vl 5 yiden o 0F T/ Y L oy ous
arli g0, Sloe (eSS do 0f /) L oS ool e e
g 9950 baloe CiS (o zmen il |y 0g5u cudilo
Oyt liwgain o (Carthamus tinctorius L.) 518
AL eiS Jlad 4 bgye 0950 0 Sles sli2l g 0 Shoe
ceiS o —islesl o (Malvi et al, 1988) o5 oL !
Sils Al ciS aS als samlie e g &5 by ke
wals 4t g9 (il byl iS4y S (5L 5 Shoe
.(Pandita, 2000) =...!
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Oy 9 pAllS CeiS Jlesd 4 g e 0956 (@pe e o
ey 3 U g 09m SBlS 5l ey 59,00 5 raislacile
g alo o Sles o gine (halS 4 e 59,V U 50 slacale
3 el 9szs Lol CiS e dan ;5 395 09Tl
srelacile fuzg (gl (5Kl [9956) YOI+ CuiS o
Slodaus o 5 i 050 ails o ,Slas 5 (gl Sxe )_ul.:
ey o (5Kl [3555) Ve oV e e g VOIN o e DoV e e CaiS
33 Sold e BB ed Sl oy 55,Y 0 raslacite
s odnline 950 dils o ,Slas g 0097}
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Fig. 4. Effect of balangu and chickpea planting ratio on biomass (A) and seed yield (B) of chickpea
ol 02,30 Jlaso] gelas )8 lo pme BB pae Sily ailie gy ygiw ;o )0
Means of each column that do not share a letter are significantly different at 5% level of probability.

95l g D95 Al 5, los g 0057 G ) 2 3950 9 §5IL CLlS o g (g Joliio Ol H1-F Jgus
Table 4. Mean comparison the effect of weeding time and plant ratio interaction on dry matter and seed yield of
chickpea and balangu

(Treatment) Lo (Trait) cio
A o Balangu %b Chickpea sgxs
(Cols 51 gt 395) 9 Eyb (50 /o£30L) o8 Cama 3 85kos ailo o Sloc 0395 s § 3 yShos ails o ;Slos
Weeding time (day after 395 155t P o (snsin 0 ) et 2,500 Coogin 52
planting) _Plant ratio (&0 350 33 p,5) S 4 vield (&30 550 35 p,5) S 4 vield
(Chickpea/Balangu) Biomass (g.m?) eec yie Biomass (g.m?) eeayiz
(9.m™) (9.m?)
0:100 144727 a 10.846 a Oe Oe
100:100 71.010d 5.014 c 146.33d 22.78d
50 100:75 56.467 e 8.775b 174.43 cd 40.86 ¢
100:50 48.127 f 4.175 cd 221.83¢c 62.52b
100:25 19.823 g 2.686 d 275b 72.13b
100:0 0h 0h 390 a 17392 a
0:100 135.833b 9.197 ab Oe Oe
100:100 82.933¢ 7.261b 148.33d 13.18 de
70 100:75 67.920d 8.543 b 138.33d 16.08 de
100:50 49.880 f 8.409 b 155 d 12.93 de
100:25 23.043¢g 4.492 cd 180 cd 65.33 b
100:0 0h 0h 306.66 b 62.78 b

el 30,30 Jlasiz] grlaws jo lo pme BB pae Sils ailive Bgyo im0 )0

Means of each column that do not share a letter are significantly different at 5% level of probability.

Db (ST Olallas jo slasldS 5 slae, e Lyl o sa—dplosl Slaalie ol 1 a S slasasg L
Ly e cuaS jo a5 &s,5 5,535 Puramir et al, (2010) ceaS slacins, o dlold )5 ac)ie 4 39390 0 slacile
e U mslacile J5uS by jmenj g 095 Sl azg b g g iy jpa L 5 9550 bgle
Gl_u u,ul_w| = .\))L) Ja9l.7ua 6‘?‘ O)S.LQ.C (5‘)" 9 é)gLo.c u_a‘ ..\_.»)k;‘o)_k.u A g IRWRIRAY l&wo) S99y BiJL:
= pelecade Lol SIS el gly s el j55de sleasey U jraclacale cols, a5 ail atils se>g oSl
259,58 slgaian Jlo ol L ol 009 Ju50 oo oyl 5o XL L Loy

ialesl ol 5388 gyt owyp g anlllas SIS sloiiny
15
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Fig. 5. Effect of weeding time (day after planting) on biomass (A) and seed yield (B) of balangu in mixcropping with chickpea
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DAP: Day after planting; Means of each column that do not share a letter are significantly different at 5% level of probability.
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5y Slas il ol Sl ibslie ctS o oSl o tals
3 SA ) 59000 3 5 ragslacile (g 5l (AU
Sglas YOI+ v S Sl )0 oo (2l iz 2 gy 59,V
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oanlie VooV oo gVON oo L Do/ e v S glacons
(F Jgaz ) s
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oy bydie iS55 Ko stalojl o dlaly Gren 5

IS LS Jless 5o srme g 0, les ( flin €955 g e
IS g e )0 0, Shoe (S 5 5 aslaa e
S 3. (Alikamar et al., 2006) ol covoas ;o slacale
g e i o UL e iS cois ol 8l L K
ols (g Io e ol 38l I asile o Sles g 0995 s )
wls o,Shee g (@pe o )3 pSVFHITA) 0355 (n i
o515 5 alls i o (pye s 3, 5V /0 Y) S
03958 ) (e g 0B odalive oSL @ ey 0 a5 F
= 5 0, SYIOA) adils o, Sles g (roye yiw yo p SYV/FY)
S o ol @815 a8 o eaalie Slej o KL (mye
YO/N e v S Comd )0 muyoyin j0 dige) e g6 b bgles
iS50 Hlals (ST a5 bl 5l ) og (6K /9950)
By 9 Sl ity bgldee SuiS 4 S all>
S gl @515 )0 gy (sl oS ) e bl
59ty eSS 3l Jale o iee 5 sl Olie 4 bglea
S S 50 s 1 (Ghosh, 2004) coul a1 o Slee
g aS ool acsls byl o )Slee  g)lo cxe 53U Wilgd oo
ol a5 Slalllas s 5o 5 el GialesT al b5 b el
Banik et al., 2006; Rodrigo et al., ) cowl oo o Ll
sladlas ,o g akl, en 4o .(1997; Sobkowicz, 2006
(Ocimum basilicum 5,5 oo, 5 Loy byl cias jo
bolsus slo)los plo b anslie ;o ails o Slee opin L)
(Alizadeh et al., 2008) w saslive Lug) ol ceiS o
S g9 5 slacide (g Jolite SIS (o) 0 50
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Fig. 6. Effect of balangu and chickpea plant ratio on balangu biomass (A) and seed yield (B)
el 0230 Jloizl o 55 lo pae B pae Sl caline gy i o 40
Means of each column that do not share a letter are significantly different at 5% level of probability.

SLals o, Shee 1y bglies cotS e &l 4y i Slalllas
(Song et al., 2007; Zhang et al., <l oois o,Lil el);
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Table 5. Land equivalent ratio in chickpea and balangu mixcropping

(el 31 (g 395) g L0

aad (59505 [ §50IL) S’ Comnsd
Weeding time

O G S
LER

(Relative yield) o s Slos

Plant ratio (chickpea /balangu)

(day after planting) (Chickpea) sgzs (Balangu) ¢53u (Land equivalent ratio)
0:100 0 1 1
100:100 0.13 0.46 0.59
50 100:75 0.23 0.80 1.03
100:50 0.35 0.38 0.73
100:25 0.41 0.24 0.65
100:0 1 0 1
0:100 0 1 1
100:100 0.20 0.79 0.99
70 100:75 0.25 0.93 1.18
100:50 0.20 0.91 111
100:25 1.04 0.48 1.52
100:0 1 0 1
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o)l (Trifolium resupinatum L.) 5! jos 4 L)
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Introduction

Intercropping is considered to be important for a lot of reasons like optimizing water and soil resource
uses, increasing water use efficiency, increasing pest, diseases and weed control efficiency, decrease
pesticide application, increasing total production and land equivalent ratio and sustainability in
agroecosystems. Production of medicinal plants requires sustainable and healthy methods like intercropping
for increasing quantity and quality of medicinal plants and intercropping is one of the methods has special
attention for this approach. Intercropping would be more successful when one of the intercropping
components is lequme, because of their nitrogen fixation ability and compatability to different planting
patterns in mixcroppina systems. Chickpea and balanau plantinag date is close toaether, with these abilities of
legumes and planting dates it seems that their intercropping is an ideal purpose for medicinal production. It is
possible that chickpea nitrogen fixation is useful for balangu growth and allelopathic effects of balanqu with
planting patterns with increasing canopy covering on the ground and shading on weed seedling would be
helpful to improve quality and quantity in this intercroppina. The objective of this study was to evaluate the
chickpea and balangu intercropping possibility, land equivalent ratio and effect of weed control in this
intercropping pattern.

Matherials & Methods

The experiment was arranged as a factorial based on randomized complete blocks design with three
replications and performed at research farm of faculty of Agriculture, Ferdowsi University of Mashhad, Iran,
during 2015-16 growing season. Treatments considered six planting (Chickpea/Balangu) ratio: (100/0,
100/25, 100/50, 100/75, 100/100, 0/100) and two weeding time (50 and 70 days after plantinag). Chickpea
and balangu were planted at the same time (March 11™) in the way that Balangu is planted on the top of the
rows with high density and chickpea is planted on the sideways of rows in recommended density (40
plant/m2). When Balanqu is emerged, they were thinned to its recommended density (40 plantm). Because
of good precipitation during the growing season, one time irrigation was applied at the beginning of chickpea
poding and balangu seed ripening. To determine the effect of treatments, chickpea and balangu biomass and
seed vield were determined at the end of the season. To compare the performance of intercropping, land
equivalent ratio (LER) was used, according to below equation:

LER:(R‘r’a+R‘r’b}:{ @) + E)}

Yoo Ybhb

RYa: relative intercropped vield out of monocropped plant a vield Ryb: relative intercropped vield out
of monocropped plant b. Yab: vield of plant a intercropped with plant b, Yba: vield of plant b intercropped
with plant a, Yaa: vield of plant a monocropped, Ybb: vield of plant b monocropped. The data statistical
analysis and draw the figures were performed by Mini Tab Ver 17 and Excel 2013. Means were also
compared by Fisher test at 5% probability level.

* Corresponding Author: e-izadi@um.ac.ir


http://dx.doi.org/10.22067/ijpr.v8i2.48451

Iranian Journal of Pulses Research
Vol. 10, No. 2, 2019, p. 90-103 (Research Article)

Results & Discussion

Results indicated that chickpea biomass and seed vield decreased as 24 and 55 percent respectively in 70
days after planting weeding time. However, biomass and seed vield were increased 5.7 and 20.4 percent
respectively in balangu. By increasing balangu density, balangu seed vield increased but chickpea seed vield
decreased significantly. The highest seed yield and biomass in both crops is observed in their monocropping
and 50 days after plantina weeding time. When weeds were left longer (70 days after planting) to compete
with the crops, vield was decreased. Results showed that land equivalent ratio (LER) in 100/25 (chickpea/
balangu) plant ratio were the highest (1.52) and is useful and economic in chickpea and balangu
intercropping.

Conclusion

Based on the results, by increasing the balangu density, biomass and seed yield of chickpea was
significantly decreased even at the lowest balangu density. However increasing balangu density, increased
balangu vield. It seems balangu is competing with chickpea stronaly. However balangu planting at 10, 20
and 30 plant m density with 40 plant m chickpea increased land equivalent ratio by more than 1, especially
in the lowest balangu density (10 plant m?) when weedinag were did at the 70 days after planting. Generally
intercropping of balangu and chickpea in Mashhad and the same climate condition recommended in 100/25
(chickpea/ balangu) plant ratio (40 chickpea plant m?2 + 10 balangu plant m?) and it would be useful and
economic.

Keywords: Additive series, Plant ratio, Supplementary crops, Weeding date
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Table 1. Monthly mean of temperature and relative humidity of Ahwaz in summer of 2016
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olo (01,5 siils 42 0) (01,5 giils 42 0) (01,5 il 42 0) (10)3) (g 15l aSbee
Pl ) P Bl 4z, P Bl a2 Relative humidity mean
Month Temperature max mean Temperature min mean Temperature mean (%)
Ccc) (%) Cc)
sls > June 42.3 26.4 34.4 23
s July 47.4 30.7 39.4 25
als o August 474 29.9 38.6 30
s September 45.0 274 36.2 27
- October 38.0 20.0 29.1 29
oLl November 316 155 23.6 44
oSk Mean 41.9 24.9 334 29.6
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Table 2. Physico-chemical properties of the soil in experimental site
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Soil depth (cm) pH EC (dS.m?) O.M (%) P (mg.Kg') K (mg.Kg?) N (%) Soil texture
0-30 8.49 15 0.32 1.70 214 0.06 Silty-clay
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Table 3. Results of humic acid fertilizer test
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Table 4. Analysis of variance of experimental factors effect on morphological traits of guar

Sla yo (uSlkee
a5 galie @il 4z Mean Squares
S.OoVv DF W elasyl PEA RS Sy ooloxs
Plant height  Number of branch  Number of leaf
Replication | ,ss 2 71.23 8.68 4597262.72
Humic Acid (HA) sl Seogen 3 557.007" 6.97" 10944820.94™
Error (a) Lol oLl 6 61.13 0.28 560393.7
Density (D) 515 3 780.69™ 10.26™ 44268663.1"
HAD 51 il Sagen 9 81.58™ 0.19™ 974892.7"
Error (b) e 3 oLl 24 25.01 0.22 980294.7
C.V (%) ol s gy - 4.48 18.44 17.85

Qo) 500,00 mhaw ;0 4lo sixs g 4o ire et Siby o 4 5T NS
ns, * and **: Indicating non-significant and significant at 5% and 1% level, respectively
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Table 5. Slicing of interaction effect of plant densityxhumic acid on plant height

(LS 53 0,5 9lS) Saogad sl @oll a0 Ol o £ gaco
Humic acid (kg/ha) DF Sum of squares
0 3 0.934™
5 3 1.115™
10 3 3.664™
15 3 4.849™

w0 s 55 o e Sislis iy

™ Indicting significant difference at 1% level
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Fig. 1. Interaction effect of humic acid levels and plant density on plant height
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Table 6. Mean comparison of experimental factors effect on morphological traits and yield components of guar

(HUSD 50 0,5 5lS) Sl S0 gud as Lo ol FIJYSCT R SO, 2230 0 30 &S Slasy
Humic acid (kg.ha?) Number of branch Number of leaf per m? Grain number per m?
0 1.67¢ 4208¢ 14005¢
5 2.33¢° 5519.1¢ 16455
10 2.88° 6158° 18863
15 3.46° 6301.5° 190442
(orore p G92) o515
Density (plant.m)
35 3.782 3575.1¢ 10919.3°
55 2.77° 4770.6° 12164.8°
75 2.17¢ 5736.4° 229242
95 1.62¢ 8104.42 22359.52

A 5l gme Syl w00 mhaw jo (SSls slarelsais 0305 ol o518 liee By 4 LSl Jole jo giw 2 0
Means in each column and each factor that have similar letter are not significantly different at the 5% of probability level-using Duncan Multiple

Range Test.
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Table 7. Analysis of variance of experimental factors effect on yield components of guar

Ola o (filne
JUU AR @351 4y Mean Squares
S.0.v DF Z 00 yd &ld ey Al slus 2o yo e yd S
Grain per m?>  Grain number in pod  Pods per m?
Replication ) ss 2 10310570.6 0.127 157051.27
Humic Acid (HA) sl Sogn 3 67541156.8™ 0.319™ **1290585.88
Error (a) Lol ol 6 6104001 0.281 69979.20
Density (D) 515 3 496550611 0.278" *10120674.61
HAD 151 5l Saogen 9 9607546 0.255" 189543.94™
Error (b) 5 olosl 24 5550485 0.169 62762.05
C.V (%) Sy - 1387 577 10.41

2o)3) g 0,00 s ) s gire g o sreyed Nl i 4 5T NS
ns, * and **: Indicating non-significant and significant at 5% and 1% level, respectively
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Table 8. Slicing of interaction effect of plant densityxhumic acid on pods number per m?, yield and dry matter

Olasyo £goxo

(LS 5 )5S Srogad dpul (3151 a3 Sum of Squares

Humic acid (Kg.ha™) DF Koy BME (LS 50 p,FelS) ailo 5, Soe (LK 40 p,F9lS) Sis oolo
Pods per m? Grain yield (Ka.ha) Dry matter (Ka.ha)
0 3 4244449™ 3349506™ 61230780™
5 3 7287969 5370515™ 81072529™
10 3 9204848™ 5264795™ 111592708™
15 3 11330653™ 7249174 239811006™

Aoy mha jo s e Sglas Sl
™. Indicting significant difference at 1% level
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Fig. 2. Interaction effect of humic acid levels and plant density on pods number per m?
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Table 9. Analysis of variance of experimental factors effect on yield of guar

Olaypo (2lso
JUU AR 83T 4z 50 Mean Squares
S.0.v DF 4ils 8 ySlos Sins oslo il y as i
Grain yield Dry matter Harvest index
Replication | s 2 322805.83 499065.08 5.79
Humic Acid (HA) ol Seogen 3 2041171.66™ 15374910.30™ 8.72"
Error (a) Lol ol 6 87723.63 1110462.2 17.78
Density (D) 51, 3 6637649.13" 149647210.9™ 30.18™
HAXD 51 x sl o 9 146782.51" 4973932.3™ 22.98™
Error (b) e 3 olocs! 24 61752.73 574766.3 11.95
C.V (%) olpuss o - 9.34 8.30 13.13

aoyo) 5 oo ol a3 s pre s s e ynd Kl s 5 4™ g T NS
ns, * and **: Indicating non-significant and significant at 5% and 1% level, respectively

Grain yield (kg.ha'!)

Humic acid (kg.ha'!)

y=-4.8182x> + 117.01x + 1392.8 Y= 72.887x —_1850.7 y=2.6945%% - 3.877x + 25624 Y= -6.102x> +189.22x +2734.1
R2=10.9043 R?=0.9978 R2=).0804 R2=10.9984
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Fig. 3. Interaction effect of humic acid levels and plant density on grain yield
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Fig. 4. Interaction effect of humic acid levels and plant density on dry matter yield
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Table 8. Mean comparison of yield of guar under humic acid and plant density treatment

Sl oS ¥ (LS )3 0,5 9lS) ils & Slos (US55 5kS) Siis olo 5 Ko
Treatments Grain yield (Kg.ha?) Dry matter yield (Kg.ha?)

HoD1 1433.29 4812.6'

HiD1 1736.31 5491.2

H2D1 2202.2¢ 6149.9N

HsD1 2023.5f 6024.4N

HoD2 1841.77 8093.71

HiD2 2213.0¢ 7224.9%

H2D2 2610.9% 7857.4%

H3D2 2923.9« 8801.9¢f

HoDs 2572.4% 8110.1%

HiDs 2580.6% 8226.6

H2D3 2822.9< 9883.3%

HsDs 3100.6¢ 9301.0°f

HoDa4 2724.04 11200.2¢

HiD4 3558.3° 12541.9°

H2D4 3985.6% 14310.4°

H3D4 4209.78 17955.62
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan Test.
D,, D,, Dz and D4: 35, 55, 75 and 95 plant/m?
Ho, H1, H2 and H3: 0, 5 10 and 15 Kg/ha
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Introduction

Guar or cluster bean (Cyamopsis tetragonoloba L.) is a drought-tolerant annual leguminous crop grown
mostly in India and Pakistan. Each pod contains 5 to 12 seeds. Seeds vary from dull-white to pink to light
gray or black. Like other legumes guar is an excellent soil-building crop with respect to available nitrogen.
Guar is one of the unique beans which its large spherical endosperm contains a significant amount of
galactomannans that is used in a wide range of food and industrial applications. Organic fertilizers have a
positive effect on agricultural sustainability due to the fact that authentic and safe products are important.
One of the most important compounds in soil structure is humic acid, which results from organic matter
decomposition in the soil. Humic acid is one of the most organic substances that has been used today due to
its advantages, such as improving drainage and soil air, causing the development of microorganisms,
increasing plant yield and growth, and also reducing the consumption of other fertilizers. In general, humic
substances are used as soil modifiers. One of the important factors in plant cultivation is to determine the
most suitable planting density. Plant density is an important agronomic factor that manipulates micro
environment of the field and affects growth, development and yield formation of crops. The optimum
planting density of the plants results in a balance in the competition between the plants and the maximum
yield. So, this research focuses on the reaction of vegetative and reproductive growth of guar (cluster bean)
to humic acid application with irrigation water in different planting densities in Ahvaz region.

Materials & Methods

In order to evaluate the response of vegetative and reproductive growth of guar or Cluster bean
(Cyamopsis tetragonoloba L.) to the humic acid application with irrigation water in different planting
densities, an experiment carried out in summer of 2016. This experiment was performed by split plot design
with three replications based on randomized complete block design in research farm of Agriculture Sciences
and Natural Resources University, Khuzestan Ahwaz. The experimental factors were four levels of humic
acid, control (Ho), 5 Kg.ha! (H1), 10 Kg.ha! (H,) and 15 Kg.ha! (Hs) as the main factor in main plots and
plants spacing on the planting row with four densities, 35 plant.m (D), 55 plant.m? (D), 75 plant.m? (D)
and 95 plant.m? (D4) as sub factor in sub plots. In this experiment, measured traits were plant height, number
of branches in the plant, leaf number, grain yield, dry matter, number of pod and number of grain/m2,
number of grain in pod and harvest index. Data were analyzed by SAS 9.4 and mean comparison performed
by Duncan test in 5% probability level.

Results & Discussion

Analysis of variance of data results showed that the main effect of humic acid and plant density were
significant at p<0.01, for all the measured traits (except the number of grains in pod and harvest index). So
that as humic acid level increased, the traits increased. Also with increasing in plant density; all studied traits
increased significantly except the number of branches of the plant. The interaction effect between humic acid
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and plant density were significant (p<0.01) on grain yield, dry matter, plant height and the number of
plant.m?2, The results also showed that the effect of humic acid and plant densitg on leaf number was
significant at 1% level. So that, the highest plant height and leaf number per m= were obtained from
density of 95 plants.m™ and 15 Kg.ha* humic acid application. So, with increasing plant density, leaf
number increased. Generally, the highest grain yield (4209.7 Kg.ha') and dry matter (17955.6 Kg.ha) was
under 15 Kg.ha* application of humic acid and the density of 95 plant.m and the lowest grain yield (1433.2
Kg.hal) and dry matter (4812.6 Kg.ha') was under zero humic acid level and density of 35 plant.m.

Conclusion

Generally, the results showed that humic acid solution has a positive effect on the plant, therefore, using
humic acid, produced highest grain yield, dry matter and morphological traits. Also, with increasing plant
density, traits such as plant height, leaf number, yield and yield components increased but the number of
branches decreased. In general, 15 Kg.ha application of humic acid and the density of 95 plants.m?
produced the highest yield.

Keywords: Dry matter, Grain yield, Morphology, Organic fertilizer, Plant height
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Table 1. The weather characteristics of Kermanshah during growth season of chickpea in 2013
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Month Air Minimum Air Maximum Rainfall
Temperature (°C) Temperature (°C) (mm)
March il -12 23 34
April 0,58 -5 26 47
May coigns) 2 34 17
June ols ;> 7 37
July s 8 40
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Table 2. The results of soil test (depth 0-30 cm)
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Sand  Silt  Clay pH Cu Zn Fe Mn oc (%) K,0 P,Os
%) (%) (%) (mgkg!)  (mgkg?) (mgkg?) (mgkg?) (mgkg")  (mgkg)

18 37 45 7.4 1.34 14 3.9 4.6 1.35 520 5.8
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Table 3. Analysis of variance of traits for supplemental irrigation, Fe fertilizer and its interactions
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Sl gilin i S abs il ol sy ENTN 100 b o2 o 1o 02
SOV ol . . . . rain Grain . Grain
Biologic Grain Harvest Straw Pods Grains 9 Grain -
df yield yield index yield perpod  Weight Fe i fiber
per content ~ PFotein  content
plant content
<
Rep’”’; tion 2 389456 101316 34.632 167988 15.317 0.014 1.545 30.579 0.62 0.034
(DlesSs 5501
Supplemental 1 84833738"  32188633" 44359  12538714°  3270.3" 0.006" 300.9" 184.84"  48.985"  0.0001"
irrigation (1)
las
E\liorl 2 2199464 197489 3315 1086845 36.277 0.056 24.295 42.981 2.304 0.065
Fe ;:ft)iloije:’(sFe) 7 7512627  344819"  41.109" 123139  9.025" 0.087" 1.137m 83.485™ 1.891" 0.033"
e . "
‘fx F: 7 530583" 302085 34.48" 74603"  23.916™ 0.096 2.209m 28.702m 0.536" 0.037"
las
EvrérorZ 28 309874 103113 16.055 92639 11.667 0.036 2912 16.521 0.452 0.016
U‘(’;’/”(;)’é 16.69 23.52 10.91 15.44 20.06 16.06 7.29 6.68 2.49 2.54
0

Ao )0y g o gy Jleil i 15 (6515 cixe g (5l sime pas Bazeo Lis (i 54 KK 3 F NS
ns, * and **: Non-significant, significant at 5% and 1% level of probability, respectively
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Table 4. Mean comparisons of traits for Fe fertilizer

Jous o Slos PR cisls y L 50 43l Slaas &1 oyl (glgixe e Slgie
7 Seiglem . Harvest e Grain Fe als
ool 08 . T Grain yield - . . .
Fe treatments Biologic yield (kg ha'!) index Grains per content Grain protein
(kg ha') (%) pod (mg kg™) content (%)
Fe1 2777b 1114 c 35.4ab 1.077b 56.04 c 26.37c¢c
Fez 3583 a 1569 ab 39.35a 1.09b 59.66 bc 27.28 ab
Fes 3681 a 1570 ab 37.8ab 1.225b 55.82¢c 27.42 ab
Fes 3053 ab 1062 c 326b 1.151b 60.94 bc 26.65 bc
Fes 3225 ab 1252 abc 3351b 1.163 b 6146 b 26.17 ¢
Fes 3624 a 1582 a 38.93a 1.099 b 63.84 ab 27.48 ab
Fer 3683 a 1614 a 39.16 a 145a 62.19 ab 27.72a
Fes 3029 ab 1159 be 36.95 ab 1.153b 66.88 a 26.99 abc
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2 il Jsloers S S & jpo 4 ool 05 FB7 ¢ moasls Al o ,5 L5l Joloets ) S S5 & jao 4 ol 055 FBG ¢ mode A yo o ool 055 oL Jsle FE5

RONE A o j0 L5l Jgloatd ;)5S & jg0 a5 2l 555 FEg ¢ p0lS A e
Fe1: no Fe fertilizer; Fe,: Fe fertilizer as soil application; Fes: Fe fertilizer as foliar application during branching; Fe,: Fe fertilizer as
foliar application during flowering; Fes: Fe fertilizer as foliar application during podding; Fee: Fe fertilizer as soil application+foliar
application during branching; Fe;: Fe fertilizer as soil application+foliar application during flowering; Feg: Fe fertilizer as soil
application+foliar application during podding
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11Fe1
11Fe2
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11Feq
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11Fe7
11Feg
12Fe1
1.Fe2
12Fes
12Feq
12Fes
12Fes
12Fer

IoFeg

ails o Sloc G o ailo dlowy

Grainyield (kg ha) Grains per pod
3935¢ 1.036 b
589 ¢ 1.045 Db
568.2 ¢ 1.246 b
479.8 ¢ 1.183 b
3928¢c 1.109 b
5728 ¢ 1.071b
630.4c 1.755a
7435¢c 1.049b
1835 b 1.119b
2548 a 1.135b
2571a 1.203b
1643 b 1.12b
2112 ab 1.216 b
2591 a 1.127b
2598 a 1.145b
1575b 1.257 b
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Shgo A OmT 555 Feg (PO Al> e o C’Q] 595 b Jolore :Fes [NV VESUR szf\ 595 b Jolos ey poasly
Sygo 4 ol 055 FBg ( aulS A>ye jo il Jslmets p 5SS & so 4 ol 08 FE7 ¢ poasls A ey b Jslets 5SS

2o A oy L3l Jslorets 5SS

l: dryland; 1,: supplemental irrigation; Fe;: no Fe fertilizer; Fe,: Fe fertilizer as soil application;
Fes: Fe fertilizer as foliar application during branching; Fe,: Fe fertilizer as foliar application during flowering;
Fes: Fe fertilizer as foliar application during podding; Fes: Fe fertilizer as soil application+foliar application
during branching; Fe;: Fe fertilizer as soil application+foliar application during flowering; Fes: Fe fertilizer as

soil application+foliar application during podding.
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Table 6. Simple correlation coefficients among different traits in response to supplemental irrigation and Fe
fertilizer in chickpea
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Traits Grain Biologic yield Podsper  Grains weight Harvest ~ Grainprotein  Grain
yield yield plant per pod index content Fe
content
() 1
) 0.979" 1
®3) 0.956™ 0.877™ 1
4 0.86™ 0.855™ 0.805™ 1
(5) -0.06™ -0.086"™ -0.018™ -0.06™ 1
(6) 0.701™ 0.769" 0.551" 0.737" -0.193™ 1
@) 0.868™ 0.963" 0.706™ 0.835™ -0.16™ 0.877" 1
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ns, * and **: Non-significant, significant at 5% and 1% level of probability, respectively
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important grain legumes in the south Asia and WANA
(West Asia North Africa). In Iran, chickpea is the most important pulse crop of rain-fed systems,
traditionally grown in rotation with wheat and barley. The annual cultivation and production of chickpea in
Iran is about 0.5 million hectares and 270 thousand tons, respectively. High protein content in chickpea seed
(about 20-30%) makes it a good food source for developing countries and low-income people. Among the
micro-nutrients, iron (Fe) is used more for plants. Fe deficiency has adverse effects on plant morphology and
physiology. Earlier studies have shown that Fe deficiency reduced seed yield in chickpea, soybeans, rapeseed
and wheat. In a study, application of iron fertilizer increased the branching and yield components of
chickpea. In another study, application of iron fertilizer increased the branching and yield components of
chickpea. A study showed that Fe deficiency reduced the water use efficiency of chickpea. In another study,
iron sulfate foliar application improved the symptoms of Fe deficiency and increased the vyield in
low-yielding cultivars, but did not have much effect on high yielding cultivars. Foliar application of iron
sulfate also increased the seed iron content. The objective of this research was to study the effects of Fe
fertilizer on quantitative and qualitative characteristics of chickpea. Comparison of time and methods of Fe
fertilization in chickpea was another aim of this study.

Materials & Methods

This research was carried out at the Campus of Agriculture and Natural Resources, Razi University,
Kermanshah, Iran, in 2011. The experiment was conducted as split plot based on randomized complete block
design with three replications. Dryland conditions and supplementary irrigation were considered as the main
factors as well as the time and methods of application of Fe fertilizer as the sub factors. Fe fertilizer
treatments included as follow: without application of Fe fertilizer (Fe:), soil application of Fe fertilizer
during planting (Fe,), Fe spraying at branching stage (Fes), Fe spraying during flowering (Fes) Fe spraying
during pod filling (Fes), Fe soil application+Fe spraying at branching stage (Fes), Fe soil application+Fe
spraying during flowering (Fes), Fe soil application+Fe spraying during pod filling (Feg). For irrigation
treatment, two supplemental irrigations were performed at flowering and podding stages of chickpea. For
rainfed conditions, these irrigations were prevented. To soil application, Fe-EDDHA (OMEX Company,
Germany) as much as 10 Kg ha was used. For leaf spraying, a solution of iron sulfate (Cavin Company,
Iran) was used as much as 1 lit ha. The planting date was March 15, 2011. The density was 50 plants per
square meter. Each plot consisted of six rows, five meters long, 25 cm distance between two rows.

Results & Discussion
The results showed that the supplementary irrigation had significant effects on biological yield, grain
yield, harvest index, straw yield, the number of pods per plant, 100 seed weight and seed protein content. For
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these traits, the supplementary irrigation treatment was superior to rainfed conditions. However,
supplementary irrigation did not have significant effects on the number of seeds per pod, grain iron content
and grain fiber content. The effect of Fe fertilizer on biological yield, grain yield, harvest index, the number
of seeds per pod, grain iron content and grain protein content were significant. Straw yield, the number of
pods per plant, 100 seed weight and grain fiber content were not influenced by time and methods of Fe
fertilizer. The highest grain yield (1614 Kg ha), biological yield (3683 Kg ha™), the number of seeds per
pod (1.45 seeds) and seed protein content (27.72%) were obtained in Fe; treatment. Feg treatment had the
highest seed iron content.

Conclusion

The supplemental irrigation improved seed yield and its components. Also, supplementary irrigation
increased the seed iron content, but reduced the seed protein content. The time and methods of application of
Fe fertilizer increased the quantitative and qualitative grain yield. Therefore, it seems that in order to increase
the quantitative and qualitative grain yield of chickpea, the supplementary irrigation with application of Fe
fertilizer (as soil and foliar application) can be recommended.

Keywords: Grain yield, Seed iron content, Seed protein, Supplemental irrigation, Yield components
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Table 3. Analysis of variance (mean square) the effect of Rhizobium and genotyp on morphological traits of
Pinto Bean genotypes

(Mean square) iz yo (s15beo
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S.0V J Number of ) 895 Stem Wy il Plant
df ; : . i Leaf
active Active nodule fresh diameter Branch height No. per
nodule on root weight on root No. per plant P
plant
o
Rep;_’;t_on 2 3419 ™ 0.226 ™ 0.143 1 2.00 ™ 4371 1043~
I |
~ ’g’r’f‘ 1 45065 ** 0.145™ 484" 9.00 ™ 3620 ™ 6889 ™
“‘C‘;" 5 31089 ** 0.920™ 2,89 132" 4580 ™ 7462 ™
““’F‘;; - g”” 5 36373 0.144* 1.03* 11.0* 1170~ 1101*
Uas
Error 22 1164 0.005 0.098 0.265 141 133
( ) Sy g
F e e 13.8 9.46 111 9.08 118 7.57

CV (%)
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ns: Non significant; *: Significant at p<0.05; **: Significant at P<0.01
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Table 4. Mean comparison of interaction effectof Rhizobium and genotyp on morphological traits of
Pinto Bean genotypes
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weight on root (g)
nodule on root
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Rh2Cs 188 ©f 0.695 °f 1.83f 5.66 % 105 « 177 be
Rh2Ca 342° 0.905° 3.50 ¢ 7.66° 54,69 159 «
Rh2Cs 270 ¢ 0.710 ¢f 2.00 ¢ 3.33¢9 66.0 1 135 ¢f
Rh2Cs 185 0.647 ¢ 2.66 ¢ 3.33¢ 100 « 118 f
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Means with same letters don’t have significant difference, using Slicing method, (p<0.05).

Rh; and Rh,: with and without apply Rhizobium, respectively
Gy, Gy, Gs, Gy, Gs and Gq: Ghafar, Sadri, Talash, cos16 line, Khomein landrace and Kosha Cultivars, respectively
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Table 5. Analysis of variance (mean square) the effect of Rhizobium and genotype on yield and yield components of
Pinto Bean genotypes

(Mean square) iz yo (s15beo
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SOV ! Pod 920 e 50 100 seed 0395 Cmn N el
df length Pod No.  Seed No. weight Bioloyical Jield Seedyield  Harvest
per plant per pod gical'y index
e
5 2 0.517 1 169 s 3.13"s 9.12"s 681507 ™ 120918™  0.036™
Replication
~ ’;’;” 1 113" 1560 ™ 157" 225" 6842444 3781080 237"
““é” 5 6.68" 1617 ™ 135™ 371 ™ 4349679 ™ 1168902 307
““"“R’; Ih 5 278" 424" 0494™ 954" 10679806 ™ 2013469 211"
Uas
22 0.224 20.9 0.224 5.03 258799 33564 9.63
Error
( ) Sy g
FOY o e 435 10.9 4.84 9.48 7.38 6.68

CV (%)

ns: Non significant; *: Significant at p<0.05; **: Significant at P<0.01
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Table 6. Mean comparison of interaction effect of Rhizobium and genotyp on yield and yield components of
Pinto Bean genotypes
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Treatment Pod length  Pod No. Seed No. ; Biological e (o)
(cm) per plant  per pod weight (o) yield (Kg.ha) (Kg.na?) Harvest

index (%)
Rh1C1 11.9°% 2509 6.26 50.7 « 4119°f 18599 45.1°9
Rh:iC2 1232 64.0% 7.00¢ 55.7 ® 6335° 34852 55.02
RhiCs 11.6 59.0° 5.86 ¢ 435 5693 bed 3039° 53.6°
Rh1C4 10.4 ¢ 68.02 5.86 ¢ 328" 74852 2862 b 38.4"N
Rh1Cs 9.53 ¢ 42,0 5.53 bc 445 ¢ 5934 be 2725« 46.0°F
Rh:1Cs 1282 32.6¢f 7.062 53.4 5 5240 e 2862 b¢ 5482
Rh2C1 10.8 % 2169 4.60 % 4901 4512 ¢ 16359 36.31
Rh2C> 112« 38.0% 5.06 ™ 47.9 % 4784 ¢ 2540 % 53.0°
Rh2C3 9.66 " 473°¢ 4.46 % 40.19 4764 ¢ 2470 ef 51.64
Rh2C4 10.0¢9 60.3% 4.66 % 314N 6206 ° 2366 ©f 380"
Rh2Cs 8.90" 153" 4.06 ¢ 58.92 4869 df 17549 36.01
Rh2Cs 112 29.01 6.802 47.2 o 4440 21777 49.0¢
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Means with same letters don’t have significant difference, using Slicing method, (p<0.05).

Rh; and Rh,: with and without apply Rhizobium, respectively
G1, Gy, Gs, G4, Gs and Gg: Ghafar, Sadri, Talash, cos16 line, Khomein landrace and Kosha Cultivars, respectively
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Fig 1. Effect of seed inoculation with Rhizobium phaseoli Rb-133 on number of seed per pod
Means with the same letters don’t have significant difference, using Slicing method, (p<0.05).
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Table 7. Pearson correlation coefficient of measured traits in Pinto Bean genotypes

AN ANF SD BP PH LP PL PP SP SW BY GY HI

AN 1
ANF  0.788 ™ 1

SD 0559  0.587" 1

BP 0629 0678™ 0677 1

PH 0.141m  -0.391"° -0.119™  -0.168™ 1

LP 0630 0666  0.281" 0515™ -0.249™

PL 0415 0.068"™  0417" 0.269™  0576™  -0.260"™ 1

PP 0695 0.662™ 0546™ 0.722™ -0.036" 0.753™  0.071" 1

SP 0.333" 0.031" 0.336" -0.077"™ 0503 -0.018"™ 05477  0.227" 1

Sw  -0111"™ -0.355" -0.193" -0.533"" 0.358™ -0.503™ 0.304"™ -0.624™ 0.128™ 1

BY 0787 1.00" 0.587™  0.678™ -0.392" 0.665™ 0.068"™ 0.6617 0.030"™ -0.357" 1

GY 1.00 ™ 0.788™ 0.559™  0.629™ 0.41™ 0630™ 0415° 0695™ 0.333" -0.111"™ 0787 1

HI 0.538™ -0.078"™ 0.099"™  0.085"™  0.749™  0.132"™ 0.565™ 0.219"™ 0514™ 0.237"™ -0.080"™ 0538™ 1

ns: Non significant; *: Significant at P<0.05; **: Significant at P<0.01
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Introduction

Increasing the production of crops to meet the food needs of a growing population of the world is a great
necessity. Intensive farming is an agricultural system that uses more than necessary and unbalanced inputs
(fertilizers and pesticides), causing major of pressure on the environment. Today, in conventional farming
systems, due to the limited amount of agricultural land, as well as the growing need for crops produced in
indigenous agriculture, they have led to unbalanced consumption without the management of chemical
fertilizers in the production of these products. The use of chemical fertilizer: nitrogen (N), phosphate (P.Os),
potassium (K20) in 2014-year ad around the world to 85.5, 32.2 and 20.4 (Kg of nutrients per ha)
respectively. In comparison with year 2000 (Within 14 years), 64.9, 25.9 and 18.2 (Kg of nutrients per ha)
respectively: 31.7, 28.1 and 12 percent it has increased. This undesirable agricultural management can
change species composition or reduce biodiversity in farmland, and thus affect their natural capabilities in
terms of crop production. On the other hand, increasing the health and security of food products produced in
agricultural systems to maintain the dynamism of soil and water resources in these canopy systems is
important on the basis of ecological principles. On the other hand, unbalanced consumption without
management of chemical inputs has led to instability in agricultural ecosystems and the irreparable economic
and environmental consequences of their consumption in agriculture are known throughout the world.

Materials & Methods

An experiment was conducted as factorial based on a randomized complete block design with three
replications during growing season of 2017 at the experimental field of Beiranshahr city of Khorramabad in
Lorestan Province, Iran (42° 79' E, 36° 70' N and 1669m above the sea level). To determine the physical and
chemical properties of soil samples were collected from 0-30 cm depth of soil. During the experiment effects
of two factors were studied: 1. Inoculation with Rhizobium bacteria Rb (Rhizobium Phaseoli Rb-133) in tow
levels (Rby= inoculation, Rb,= non-inoculation), and 2. different genotypes of pinto bean (Phaseolus
vulgaris L.) in six levels (Ci: Gafar, C,: Sadri, Cs. Talash, Ca4: cos16 line, Cs: Khomein Landrace and Ce:
Kosha genotypes). The seeds were inoculated with Rhizobium phaseoli Rb-133 before culturing. Traits such
as: number of pods per plant, seeds per pod, number of seeds per plant, 100 seed weight, seed yield,
biological yield and harvest index were measured.

Results & Discussion

The results showed the effect of rhizobium and genotype, number of seeds per pod, as well as the effect
of two interactions rhizobium and genotype, number of pods per plant, number of seeds per plant, 100 seed
weight, grain yield, biological yield and harvest index of pinto bean genotypes significantly increased. The
effect of rhizobium and genotype had significant effects on number of seeds per pod (p<0.01); effect of
rhizobium and genotypeon number of pod per plant (p<0.05), number of seed per plant (p<0.01), 100 seed
weight (p<0.01), grain yield (p<0.01), biological yield and harvest index (p<0.01) had significant effects on
pinto bean genotypes. Inoculation with Rhizobium seed yields of Ghafar, Sadri, Talash, Cos16 line,
Khomein and Kosha 13.7, 37.2, 23, 20.9, 55.3 and 31.4 % increased, respectively. The highest grain yield
(3485 Kg. ha!) was obtained in the interaction between rhizobium and Sadri genotype.
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Conclusion

Generally, results showed that the yield and yield components of pinto bean genotypes were influenced
by Rhizobium bacteria (Rhizobium phaseoli Rb-133) inoculation. The inoculation of seeds with rhizobium
bacteria, coexistence of beans along with the nutritional elements during growth stages of Pinto bean
genotypes, could improve growth indices, increase yield and yield components. Inoculation with rhizobium
has an increased effect on yield and yield components of pinto bean genotypes and can increase the grain
yield to a favorable level in order to produce a stable product.
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Table 1. Soil physical and chemical properties of the experimental sites at 0—-30 cm soil depth
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Table 2. Analysis of variance for different traits of two locations (Khorramabad and Kuhdasht)
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Slyedd Blo & Ri)ot R)oot dr ST gl g0 ady, ey, oo el Grain o G pao
SOV ’ y Shoot weight ~ Total root  Total root  Shoot dr ; Water use
df volume matter g Yy yield
/ root weight area length matter efficiency
e 1 5.46™ 4 5223 639" 3.16™ 453" 325371°  0.026™
Location (L)
Lol . . - - . - - -
. 6)."' 2 0.250 0.032 190 104 0.025 72 526354 2.17
Irrigation (1)
Lxl 2 0.260™ 0.002 92.7™ 4.43" 0.001" 41.37 315924™ 0.006"
[
kel ok 12 0.050 0.006 12.7 0.830 0.005 575 51848 0.011
(Errors)
3 5
Superabsorbent 3 1.60™ 0.312™ 14.5™ 31.6™ 0.081™ 5.88 1369537 0.387™
(S)
LxS 3 0.110™ 0.000™ 1.55™ 3.02m 0.000™ 20 136350™ 0.007"
I xS 6 0.130™ 0.005™ 17.7™ 0.480™ 0.004" 77.8™ 44840 0.023™
LxIxS 6 0.100m 0.008m™ 24.6™ 1.16™ 0.006"™ 2.66™ 28968™ 0.004m
5 Lo
N 54 0.110 0.195 155 1.19 0.003 2.85 17065 0.007
(Error e)
Cod s 10.2 6.5 10.23 11.85 6.5 8.26 128
CV (%)
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ns, * and **: Non significant, significant at 5% and 1% probability level, respectively
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Fig. 1. Root volume, root dry matter and total root length in two locations (Khorramabd and Kuhdasht)
Mean comparisons are based on the Duncan test at 5%.
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Fig. 2. Root volume, root dry matter and total root length under the effect of different periods of irrigation
Mean comparisons are based on the Duncan test at 5%.
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Table 3. The effect of different levels of superabsorbent on root volume, root dry matter and total root length
of mung bean

3l yy g0 ada ) x> Wy S 59 bads, J5 zdaw Lady, J5 Job
Superabsorbent Root volume Root dry matter Total root area Total root length
(cmé.plant™) (g. Plant) (cm?.plant™) (cm. plant?)
Control 2.93%" 0.840¢ 7.07¢ 7.5
100 Kg hat 3.22° 0.930°¢ 8.48°¢ 8.3¢
200 Kg hat 3.622 1.102 11.52 9.82
300 Kg hat 3.34° 1.02° 9.78° 9.1°

W5l K0S b sl e S ooy il mha 1o S e B SO Blas sl sla Sk g o 50 *
*In each column, means with the same letter are not significantly different at the 0.05 probability level.
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Fig. 3. Shoot dry matter of mung been under the effect of different periods of irrigation and different levels of superabsorbent
Mean comparisons are based on the Duncan test at 5%.
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Table 4. The effect of different periods of irrigation on grain yield, the weight ratio of shoot to root, total root area and
shoot dry matter in two locations (Khorramabd and Kuhdasht)

il Sl sleyso s 5 )Shos Al y 4 g eIl ()39 S Lty J5 b o plal S 59
location Irrigation Grainyield (kg The weight ratio of shoot Total root area Shoot dry matter
periods hat) to root (cm?.plant) (g.plant)
5-day 1658° 31.9° 13 37.4%®
Khorramabd 10-day 1538¢ 30.8° 11.9° 36.5%
15-day 1372° 30.5° 10.4¢ 35.8%
5-day 19172 46.52 7.334 37.752
Kuhdasht 10-day 1626° 4572 6.64% 35.2°
15-day 1375¢ 45.22 5.94¢ 32.6°

B 008G b s lo s DS ooty il e jo S i B SO Blas sl slanSiles (gt 2 50 *
*In each column, means with the same letter are not significantly different at the 0.05 probability level.
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Introduction

Water is an important economic resource in many parts of the world, especially in arid and semi-arid
reigns. Also, drought stress is a major constraint for crop production in arid and semiarid regions, such as
Iran. Drought stress affects different aspect of plant growth, through a series of morphological and
physiological changes. Application of some soil conditioners, like superabsorbent polymers, could be
effective for absorbing seasonal rain and suitable source of water for plant growth during dry seasons. These
polymers can reserve different amounts of water in itself and so increases the soil ability of water storing and
preserving and approve plant growth under water deficiency. Also, they can improve plant growth indices
and increase its growth by changing the soil structure and improving the environmental conditions of plant
growth. This experiment was conducted in order to study the effects of superabsorbent and irrigation period
on root characteristics and yield of mung bean.

Materials & Methods

The field experiment was conducted at two locations during summer in 2015. First location was
Khorramabad which located at 33.46° N, 48.33° E and has moderate and semi-humid climate with average
annual rainfall of 504.3 mm. The second location was Kuhdasht that located at 33.52° N, 47.61° E and has
semi-dry climate with average annual rainfall of 390.4 mm. The field experiment was carried out as a
split-plot base on randomized complete block design with four replications. The treatments included
irrigation period at three levels (5, 10, and 15 day) as main plots and four levels of superabsorbent polymer
Aquasorb (control, 100, 200 and 300 Kg ha?) as subplot. Finally, at the end of growth period, 5 plants was
used to measure mung bean traits included root volume, root dry matter, the weight ratio of shoot to root
stem dry weight, total root area, total root length and grain yield. The volume and length of root was
measured using the method of Atkinson (Atkinson, 2000). ANOVA and Duncan's Multiple Range Test were
performed to determine and analyze the significant difference and means comparison respectively at P<0.05.
SAS-9.1 software was used to do statistical analysis. Also, OriginPro 9.1 software was applied to draw
figures.

Results & Discussion

The results of variance analysis showed that location and irrigation had a significant effect on all the
evaluated properties. Also, superabsorbent had a significant effect on all the evaluated properties (except the
weight ratio of shoot to root). In addition, interaction effects of superabsorbent and irrigation and
superabsorbent and location were just significant on grain yield (p<0.05). Interaction effects of
superabsorbent and irrigation was also significant on water use efficiency (WUE) (p<0.05). Interaction
effects of location and irrigation were significant on attributes such as the weight ratio of shoot to root, grain
yield (p<0.01) and total root area (p<0.05). Results indicated that drought stress reduced root volume and
root dry weight and increased total root length traits and root dry weight, increasing the total length of the
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roots so that the lowest root volume (3.11 cm? Plant™) and root dry weight (0.93 g. Plant™) and the highest
total root length (9.1 cm Plant?) was recorded at 5-day irrigation period. However, all these traits and grain
yield were increased by applying the super superabsorbent polymer. The highest root volume (3.62 cm?
Plant™), root dry weight (1.1 g Plant®) and total root length (9.8 cm Plant™) were obtained at 200 kg
superabsorbent per ha. The highest WUE (1.12 Kg grain yield m=) was obtained at 200 Kg superabsorbent
per ha and 15-day irrigation period and the lowest (0.31 Kg grain yield m®) was recorded at control and
5-day irrigation. Also, across irrigation periods and locations, the difference between the highest (200 Kg
superabsorbent per ha and 10-day irrigation period) and lowest (300 Kg superabsorbent per ha and 15-day
irrigation period) grain yield was 800 Kg per ha. Actually by increasing superabsorbent per ha, grain yield
was increased but it improved until a certain level of superabsorbent and after that grain yield was reduced.
Result showed that although the interaction of irrigation period and superabsorbent was not significant on
root morphological characteristics, effects of superabsorbent was significant on root morphological
characteristics and these traits of mung bean were improved by applying superabsorbent.

Conclusion

Generally, results revealed that the Agasorb superabsorbent hydrogel can improve the morphological
characteristics of mung bean root and can reduce the negative impact of the high periods of irrigation on
grain yield and WUE of mung bean. Thus, applying superabsorbent that has the ability of absorbing
considerable amount of water, caused improving in physical conditions of soil and affected the plants
response to water stress indirectly and can help plants in water shortage conditions. Also, the amount of
optimal application of Agasorb superabsorbent is 200 Kg ha and using more than 200 Kg superabsorbent
per ha (especially in the high periods of irrigation) will reduce grain yield, WUE and the morphological
characteristics of mung bean root and will increase the cost of production.

Keywords: Grain yield, Locations, Root volume, Total root length
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Table 3. Analysis of variance the effects of foliar spray of spermine and spermidine on some attributes of chickpea
under salt stress conditions
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Fig. 1. Effect of different concentrations of spermidine and spermine on relative water content of chickpea

S and SP refer to spermine and spermidine, respectively; and 0, 1 and 2 are concentrations of 0, 0.25 and 0.50 mM of spermidine or spermine, respectively.
Means with at least one similar letter are not significantly different (p<0.05) using Duncan’s Multiple Range Test.
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Fig. 2. Effect of different concentrations of spermidine and spermine on polyphenol oxidase activity of chickpea
Sand SP refer to spermine and spermidine, respectively; and 0, 1 and 2 are concentrations of 0, 0.25 and 0.50 mM of spermidine or spermine, respectively.
Means with at least one similar letter are not significantly different (p<0.05) using Duncan’s Multiple Range Test.
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Fig. 3. Interaction of different concentrations of spermidine and spermine on catalase activity of chickpea

Sand SP refer to spermine and spermidine, respectively; and 0, 1 and 2 are concentrations of 0, 0.25 and 0.50 mM of spermidine or spermine, respectively.
Means with at least one similar letter are not significantly different (p<0.05) using Duncan’s Multiple Range Test.
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Fig. 4. Effect of different concentrations of spermidine and spermine on guaiacol peroxidase activity of chickpea
Sand SP refer to spermine and spermidine, respectively; and 0, 1 and 2 are concentrations of 0, 0.25 and 0.50 mM of spermidine or spermine, respectively.
Means with at least one similar letter are not significantly different (p<0.05) using Duncan’s Multiple Range Test.
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Introduction

Chickpea is one of the most important legumes in Iran. Despite the abundance of cultivated lands in Iran
by chickpea, yield per hectare is considerably lower than world average. Environment conditions of chickpea
cultivation in infertile, arid and semiarid regions limit the yield production in Iran. Salt stress, resulted from
salts accumulation in soil solution is one the limiting factors for chickpea cultivation in arid and semiarid
areas. Chickpea is a salt sensitive plant and yield loss is one of the most potential impacts of salinity on
chickpea. Polyamines are low molecular weight polycationic molecules, which play important roles in a
number of plant physiological processes, including resistance to various stresses. Recently, the role of
polyamines, unique polycationic metabolite, was proved as a regulator of growth and plant membrane
transport. They also act as a source of reactive oxygen species (ROS) and ROS scavenger and activator of
key antioxidant enzymes. Moreover, they are involved in plant stress tolerance. The present study was
conducted to investigate the ameliorating effect of spermine and spermidine spraying on yield and yield
components of salt treated chickpea plants.

Materials & Methods

The experiment was performed as factorial based on a randomized complete block design with three
replications in research farm of Khartooran Shahrood (salinity 5.7 dS m™). Spermine was sprayed at three
levels (0 (control), 0.25 and 0.50 mM) and spermidine also at three levels (0 (control), 0.25 and 0.50 mM) in
three stages including four-leaf, flowering and pod-filling stages. Some attributes such as relative water
content, membrane stability index and activity of catalase, polyphenol oxidase and guaiacol peroxidase
enzymes, plant height, number of branches per plant, number of pods per plant, number of seeds per pod and
seed yield were measured.

Results & Discussion

The results showed that foliar spray of spermine at the concentration of 0.50 mM increased membrane
stability index (15%) and plant height (23%) in comparison with the unsprayed plants. Moreover, foliar
spray of spermidine at the concentration of 0.50 mM significantly increased membrane stability index (17%),
plant height (31%), number of branches (52%), number of pods per plant (27%), 100- seed weight (16%) and
seed yield (15%), when compared to unsprayed plants. Sodium chloride treatment disturbs membrane
integrity and leads to ionic imbalances in plants. On the other hand, polyamines as one of the most important
growth regulators, play key roles in regulating membrane functions by attachment to anionic sites or to the
negatively charged phospholipid head groups on membranes. Their exogenous consumption probably not
only reduces absorption of hazardous ions such as Na" and CI, disturbing normal functions of plant cells and
reducing growth, but also protect membranes against the stress injuries caused by salt stress. Furthermore,
polyamines are able to reverse the inhibitory effect of salinity stress on plant growth by increasing cell
division and cell size. Salt stress declines nutrients transportation to growing shoots and also reduces
chlorophyll contents which both leads to growth reduction in plants, while polyamines not only accumulate
in thylakoid membranes and increase their integrity under stress but also leads to chlorophyll maintenance
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and by increasing cell division in root tips elevates nutrient absorption and help plants to keep normal
growth. Nutrient and carbohydrate deficiency under saline stress is one of probable reasons for abscission of
flowers and branch reduction leading to yield reduction which all can be reversed by exogenous polyamine
application. Concerning relative water content (RWC) and enzymes activity, interaction of spermine and
spermidine had significant effects on RWC and activity of polyphenol oxidase, catalase and guaiacol
peroxidase enzymes. ROS scavenging will reduce their major impact on damages to the biomolecules such
as membrane lipids, proteins, chloroplast pigments, enzymes and nucleic acids. Polyamines can act as
osmoprotectants to increase water absorption under deficit water condition. They also act as ROS scavenger
and activator of key ROS scavenging enzymes.

Conclusion

In general, foliar spraying with spermidine was more effective than spermine in mitigating the
deleterious effects of salt stress and maintaining the different characteristics of chickpea. Furthermore,
application of the concentration of 0.50 mM of both polyamines was more effective than 0.25 mM.

Keywords: Catalase, Membrane stability, Polyamines, Polyphenol oxidase
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Table 3. Analysis of variance (squares mean) in some of chickpea var. Azad traits

Sl " .
. o Sl a8l olows e s sluss ' . N sl Ao M
Ol b 20 4l il a9l . wloVery39 fo 5.8 e o
S.0.vV &ol37 P"' S 0 d “y S5 100 seed o e el LS o <
e 9 nmary - secondry o, Seed ight  Seedyield Biological Harvest ~ °% > 2 gl
d.f stem stem weig : ; CGR LAI
er per pod yield index
number  number p max max
plant
Replication Ss 2 0.88** 15.13** 9.75** 0.003* 0.16* 54529.43** 215184.26** 6.24** 0.21** 0.08**
Irrigation (1) e 3 15.97**  667.02**  790.4** 0.01* 273.45%* 91652859**  26876668.16**  2201.2**  195.04**  0.093**
Error 1 ) s 6 0.01 1.55 0.23 0.0006 0.03 4016 11523.48 0.57 0.001 0.0001
Transpiration
alleviator 35 oaals 2 0.29** 1.66** 1.17** 0.001"s 0.50** 29072.97** 65366.75"° 6.48** 1.74%* 0.04**
(TA)
Stress
ameliorator s easals’ 2 2.97** 75.21**  41.61**  0.001"s  11.59**  441280.02**  825967.10** 170.33**  34.87** 0.21**
(SA)
oaals’
TAXSA oainlSx § a5 4 0.34** 7.11%* 4.35%*  0.0009"  1.30** 54597.48* 125170.06** 14.80** 4.88** 0.01**
sasals
TAXI 255G 6 0.02** 0.30** 0.21*  0.0005"s  0.08** 2040.12* 11934.10* 0.33* 0.91** 0.005**
LE)L.:-.'W
oaals’
SAx| CREX 03 6 0.09** 9.79** 0.09*  0.0005"s  0.81** 7670.02* 94569.07** 5.99** 0.25** 0.01**
tS)l::J.i
sasals
oaalSx 5 a5
TAXSAXI - 12 0.02** 1.11** 0.09*  0.0004"s  0.13** 1972.79* 6782.14* 1.03* 0.57** 0.003**
LE)L.:-.'W
Error 2 ) s 64 0.005 0.08 0.10 0.001 0.04 3738.77 29320.92 0.97 0.0007 0.0001
C.V (%) Sl 7.9 8.82 9.24 11.2 6.55 14.2 15.4 13.4 10.5 11.7
(22,)

ns: Non-significant, *and **: Significant at 0.05 & 0.01 probability, respectively
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(Farouk et al., 2013) !
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Table 4. Mean of interaction effects between irrigation regime, transpiration and stress alleviator
substances in some of chickpea var. Azad traits

Slass Slas Slass Sl (p55) 4510Y++ (339
Sl adgl aBlw 4956 aBlw g y0 B S o 4ils 100 seed
Treatment Primary stem Secondry stem Pod number per Seed number weight
number number plant per pod (@
F1 1445 41t 4.06 u 1.000 ¢ 20.86 v
Al F2 1.73¢q 5.06s 5.56rs 1.013 be 21.72u
F3 1.53rs 4.97s 4.86t 1.005 bc 21.61u
F1 1.50rs 412t 3.93u 1.000 ¢ 20.70 vw
11 A2 F2 1.85pq 5.13s 5.53s 1.000 ¢ 2211t
F3 160r 5.00s 5.06 ts 1.020 bc 21.85tu
F1 1.40r 4.00t 3.60u 1.000 ¢ 20.39w
A3 F2 1.90p 5.40s 6.56 q 1.000 ¢ 22.84r
F3 1.83 pq 5.16s 6.10rq 1.000 ¢ 2249
F1 2.20n 7.76 q 10.90 n 1.024 bc 23.81pq
Al F2 2.50 kI 8.75p 1153 m 1.035 abc 24.00 nop
F3 240 Im 8.26 q 11.46 m 1.002 bc 23.94 opq
F1 2.33m 7.25r 10.00 0 1.009 bc 23.76 pq
12 A2 F2 2.60 jk 8.93 op 12.03 Im 1.008 bc 24.20 no
F3 2.431Im 8.20¢ 11.60 m 1.002 bc 23.93 opq
F1 2030 6.87r 9.30p 1.006 bc 23.61q
A3 F2 2.78 hi 9.70n 12.50 ki 1.019 be 24.31n
F3 2.63 ijk 9.26 no 11.96 Im 1.057 abc 24.13 nop
F1 2.70 hij 26.86 | 13.14 1.030 abc 26.17 Im
Al F2 29649 28.66 ) 14.40 hi 1.048 abc 26.76 ij
F3 2.84h 27.35Kl 1397 1.023 bc 26.40 ki
F1 2.53 ki 26.831 12.64 jk 1.017 be 26.08 Im
13 A2 F2 3.20e 28.73j 14.56 gh 1.028 bc 26.90 ij
F3 2.83h 27.74 k 14.05 hi 1.030 abc 26.56 jk
F1 2.55kl 25.92m 11.92 Im 1.031 abc 25.93m
A3 F2 3.43d 30.06 h 15.60 f 1.036 abc 27111
F3 3.42d 29.45i 15.09 fg 1.060 abc 26.82 ij
F1 3.13 ef 3230 f 17.23d 1.065 abc 28.62 f
Al F2 3.63¢c 35.94c 18.23 be 1.042 abc 29.24 cd
F3 341d 3444 e 17.79¢c 1.076 ab 28.87 ef
F1 3.03 fg 3151g 16.83 de 1.051 abc 28.24 g
14 A2 F2 3.76 b 36.16 bc 18.66 b 1.043 abc 29.56 bc
F3 3.40d 34.96d 18.22 be 1.064 abc 29.13 de
F1 2.76 hi 29.03 ij 16.30 e 1.073 abc 2749 h
A3 F2 4.00a 3750 a 19.35a 1.065 abc 30.00 a
F3 3.83b 36.54b 18.60 b 1.102 a 29.71 ab

SR g aalS e 10 o lal s tla « BOE Al 1o 55 (5Ll LSy 3 (Bl Al ye 45 5Ll LSS 2 (gLl pas iy
558 2 dslre A dglS (S Jslme A2 (Sl Jsle poe Ay
poros Slidr 81 plone 3 ol 157 3 Jslone F2 o3l Jslona e Ft
W SRS b (s s sime IS S 3051 (ol yr o3 Jlaiol s 50 iyt o 5 ailiie By, b (sl Silis -
11: No irrigation, I,: One fold irrigation in flowering, I3: One fold irrigation in podding, 1.: Two folds irrigation in flowering+podding
Aa: No spraying, A,: Kaolin spraying, As: Chitosan spraying
F1: No spraying, F: Chloride calcium spraying, Fs: Selenat sodium spraying
Means with similar letters in each column are not significantly different at the 5% level (Duncans MRT).
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Table 5. Mean of interaction effects between irrigation regime, transpiration and stress alleviator substances in some

of chickpea var. Azad traits

f"° S8es S3elgm o Shos (o) bl il T S e i
(52 53 ¢ 5 5k5) (1L 52 p 5 5ks) Harvest index (595 3% @230 350 32 £55) P "
Lo Seed yield iological yi 2l 22
e y Biological yield (%) CGR max LAI max
(Kg/ha) (Kg/ha) (g/m?day)

F1 265.30 st 1117.82Im 23.70 uv 5.65a 0.86u

Al F2 382.63rq 1467.76 jk 26.03 rst 6.06 y 0.95s
F3 331.17 rst 1355.03 ki 24.53 tuv 545b 0.91t

F1 254.52 st 1038.20 m 24.51 tuv 5.27¢c 0.86 u

11 A2 F2 382.46rq 1466.69 jk 26.04 rst 6.70 v 0.96 s
F3 352.68rs 1409.08 jki 25.00 stu 5.77z 0.95s

F1 22940t 1002.17 m 22.89v 3.11d 0.81v

A3 F2 469.01q 1717.78 27.26r 6.62 w 1.01r
F3 428.85rq 1608.25 jk 26.69rs 6.54 x 1.00r
F1 831.33 no 2488.57 ghi 33.48 op 7.481 1.14 mn

Al F2 895.27 Imn 2516.94 ghi 35.57 mn 8.72p 1.17kl
F3 860.56 mn 2472.00 ghi 34.81 no 7.545s 1.08 p

F1 750.13 op 2345.28 hi 32.01 pq 7.24u 1.04q

12 A2 F2 918.03 Imn 2501.01 ghi 36.70 Im 8.66 q 1.20j
F3 870.07 mn 2452.66 hi 35.44 mn 8.47r 1.13n

F1 690.80 p 2201611 3143¢ 7.56 s 1.100

A3 F2 967.67 kim 2565.00 gh 37.73kl 10.45 k 1.28 hi
F3 952.84 kim 2631.85 efgh 36.22 Imn 8.68 pq 1.18k

F1 1108.09 ij 2793.61 cdefg 39.69 hij 8.930 1110

Al F2 1262.73 gh 3024.10 bc 41.75 fg 10.94 j 1.36¢€
F3 1179.50 hi 2889.75 bcdef 40.89 ghi 9.32n 1.22j

F1 1047.67 jk 2674.00 defgh 39.23 ijk 9.45m 117kl

13 A2 F2 1260.61 gh 2955.33 bed 42.62 efg 11449 1.34f
F3 1201.94 hi 2908.14 bcde 41.34 fgh 10.26 | 1.151Im
F1 996.41 kI 2585.71 fgh 38.56 jk 8.48r 1.14 mn

A3 F2 1369.29 f 3139.86 b 43.61 de 1142 ¢ 143c
F3 1340.99 fg 3133.66 b 42.81 ef 11.03i 1.27i

F1 1642.51 cd 3727.19a 44.08 de 11.43¢g 131g

Al F2 1737.70 bc 3595.47 a 48.31b 12.18¢ 1.33f
F3 1731.78 bc 3836.36 a 45.16 cd 11.69 f 1.27i

F1 1561.86 de 3688.36 a 42.34 efg 11.15h 1.30 gh

14 A2 F2 1798.64 b 3729.33a 48.26 b 12.72 b 1.41d
F3 1765.49 b 3800.87 a 46.43 c 12.27d 1.36e

F1 1503.57 e 3647.63 a 41.23 fgh 10.29 | 131g

A3 F2 1934.62 a 3843.60 a 50.32a 13.66 a 154 a
F3 1900.92 a 3892.07 a 48.87 ab 1249¢ 147b

2B 5 (BalS oo 10 gl Jlgs g (o Al s jo gkl LSy 3 2ulS dl> o yo 55l LS 2 (g LT pae iy
S5 s g IS 2 e B 2 o e Ay

s S 21 Jyons 3 sl J5 2 Joons 2 120 oo e Fi.

5505 K0S b (gl gime ST (SOl gl bl o j00 Jlai pehans 55 (gt o 50 alie By b (sl Sileo -

11: No irrigation, I: One fold irrigation in flowering, I3: One fold irrigation in podding, 14: Two folds irrigation in flowering+podding
Ay: No spraying, A,: Kaolin spraying, Az: Chitosan spraying

F1: No spraying, F,: Chloride calcium spraying, Fs: Selenat sodium spraying

Means with similar letters in each column are not significantly different at the 5% level (Duncans MRT).
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Introduction

Chickpea (Cicer arietinum L.) is one of the most important grain legumes, which is cultivated in most
parts of the world, especially in arid and semi-arid regions because of its strategic importance in plant protein
production. Among environmental stresses, drought stress limits plant growth and crop production more than
any other factor. Many reports indicate that drought stress at the end of the season is the cause of a severe
decrease in grain yield of chickpea in most regions, especially in Iran. Terminal drought, depending on the
geographical area and weather conditions reduces 30 to 60 percent of the yield. With the improvement of
crop management methods, such as breeding methods and using drought stress tolerant cultivars, it is
possible to ameliorate the reduction of yield due to drought stress. On the other hand, application of
supplemental irrigation at some stages of plant growth is a management factor for improvement, stability and
finally reduction of risk for crop production under drought stress conditions. By increasing the intensity of
drought stress, the plant development stages occur faster and the number of days to flowering, podding and
maturation decreases. Drought stress decreases the area and weight of leaves. The results of the experiments
indicated that drought stress caused a significant decrease in grain yield and yield components of chickpea.
One way to reduce the adverse effects of drought stress on plants is reducing transpiration rates. In recent
years, transpiration alleviator substances have been considered as a solution to reduce water losses from
plant, because they reduce the rate of water vapor release from the leaves. Also, stress ameliorator substance
such as calcium chloride and sodium selenate play an important role in adaptation of cells to abiotic stresses
and increase the activity of antioxidants anzymes and photosynthesis through water absorption, root growth
and maintaining turgor pressure in plant cells. The aim of this study was to investigate kaolin and chitosan as
transpiration alleviator substances as well as calcium chloride and sodium selenate stress ameliorators on
growth, yield and yield components of Azad chickpea cultivar under different irrigation regimes.

Materials & Methods

Effects of kaolin, chitosan and drought stress ameliorators on crop growth rate, grain yield and yield
components of chickpea were investigated under supplemental irrigation at Hamedan Agricultural and
Natural Resources Research Center during 2014-2015 growing season. A factorial split plot experiment
basesd on a completely randomized block design with three replications were used. Three supplemental
irrigation regimes, including irrigation at flowering stage, irrigation at podding stage and two irrigation
flowering+podding stages with non irrigation (rainfed) in main plots and transpiration alleviator substances
(kaolin 5%, chitosan 200 mIL) and stress ameliorators (chloride calcium 5 mM, selenat sodium 40 mlL™?)
with non spray (control) treatments as factorial were placed in sub plots. Seeds were cultivated with 30 cm
row spacing and 31 plants per m? density at 5 cm depth of soil on March 5th. Application of stress
ameliorators was performed in two stages before and after flowering. Spraying of anti-transpirations
substances in the middle of the pudding stage was done by hand sprayed on the leaves. During this
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investigation, maximum leaf area index, maximum crop growth rate, biological yield, grain yield, yield
components and harvest index of chickpea (var. Azad) were studied.

Results & Discussion

The results showed that the main effects of irrigation levels and transpiration alleviator substances in all
studied traits, except to biological yield, also drought stress ameliorators except for seed number per pod
were significant at the 1% level. The two and three interactions between studied factors were significant for
different traits except to the number of seeds per pod. Foliar application of chitosan and calcium chloride in one
irrigation at podding stage compared to irrigation at flowering stage or without irrigation (rainfed) increased
seed yield by 42% and 192%, respectively. Also, spraying of chitosan with calcium chloride in two
supplemental irrigation regime increased the grain yield comperad to one irrigation regimes at flowering or
podding and rainfed by 99%, 41% and 312%, respectively. Two irrigation regimes with chitosan spray and
calcium chloride consumption had the highest harvest index (50.3%) and in comparison to one irrigation
regimes at flowering or podding and rainfed increased harvest index by 33%, 15% and 85%, respectively.
Two irrigation regimes with chitosan and calcium chloride application had the maximum crop growth rate of
plant and in comparison to one irrigation regime at flowering, podding stages and rainfed increased by 31%,
19% and 104%, respectively. In the two irrigation regimes with chitosan foliar and calcium chloride
consumption, the maximum leaf area index was increased as compared to single irrigation regimes in
flowering or podding stages and without irrigation.

Conclusion

Based on the present study, if sufficient water is available, it is preferable to use a double irrigation
regime at flower and pod stages or at least a single irrigation regime in the podding stage with the spray of
chitosan and calcium chloride to increase the grain yield of the chickpea (var. Azad) is recommended.

Keywords: Crop growth rate, Harvest index, Irrigation regime, Stress ameliorators, Transpiration alleviator
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Table 2. Analysis variance of effect of nitrogen and supplemental irrigation on studied quantity and quality traits of
Adel chickpea
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Table 3. The mean comparisons of quantity and quality traits of Adel chickpea under nitrogen consumption
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Table 4. The mean comparisons of quantity and quality traits of Adel chickpea under supplemental irrigation
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Introduction

Population growth and low protein content of cereals has attracted the attention of peoples to pulse
crops. Pulses has important role in contributing to food and nutritional security and replenishing soil
nutrients having a huge potential in addressing needs like future global food security, nutrition and
environmental sustainability needs. These plants can fix nitrogen in their roots and are effectiveness in soil
fertility. After harvesting of these plants, large amounts of nitrogen will be added to the soil that next plant
can use them. Chickpea (Cicer arietinum L.) is an annual plant with indeterminate growth habit. It is one of
the most important food legumes. Generally, legumes are highly sensitive to water deficit stress in flowering
stage. In different crops as well as chickpea, differential genotypic response to drought stress as a result of
variation in physiological parameters has been reported. Drought stress is the most important challenges in
production of chickpea in Golestan province. On time using of water in the most sensitive stage of plant
growth will result in higher production of seeds. The aim of this study was to evaluate the effect of nitrogen
and supplemental irrigation on some quantity and quality traits of Adel chickpea cultivar in Gonbad Kavous
conditions.

Materials & Methods

In order to study the effects of nitrogen and supplemental irrigation on quality and quantity of Adel
variety of chickpea, an experiment as factorial based on RCBD in three replications was carried out in farm
of Gonbad Kavous University in 2015-2016. Two factors was nitrogen in 3 levels of none consumption,
consumption of 25 and 50 Kg nitrogen/ha and supplemental irrigation in 3 levels of none irrigation, irrigation
in flowering stage and irrigation in flowering+seed filling stage. Traits that were measured included number
of lateral branch, number of pods per plant, number of seeds per plant, 100-seed weight, plant dry weight,
seeds weight per plant, harvest index, grain yield, protein percent and protein yield. Seed planting was done
during the third week of December 2015. Row spacing was 25 cm. 50% of urea was applied during sowing
and the rest was side banded when the chickpea plants were at seed filling stage. Weed control was
performed manually. Harvesting date was first week of June. Data were analyzed by using of SAS Ver. 9.1
software. For comparison of means, LSD at level of 5% was used.

Results & Discussion

The results showed that effects of nitrogen and supplemental irrigation on all traits except 100-seed
weight and protein content were significant. Number of pods per plant in the treatment of 50 and 25 Kg N/ha
with 29.36 and 27.76 were more than treatment of non consumption of nitrogen with 21.13. Irrigation in
flowering and seed filling stages produced the maximum of pods per plant that was not significantly different
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from irrigation at flowering stage. The maximum grain yield was obtained from consumption of 50 Kg N/ha
with 3287 Kg/ha. Seed yield in none application of nitrogen was 2243 Kg/ha. The maximum grain yield was
obtained from treatment of irrigation in flowering and seed filling stage with 3218 Kg/ha. The maximum and
minimum protein yield belonged to consumption of 50 Kg N/ha and non consumption of nitrogen,
respectively. The maximum protein yield with 743 Kg/ha belonged to treatment of irrigation in flowering
and seed filling stages and the minimum protein yield with 581 Kg/ha was obtained from non irrigation
treatment.

Conclusions

Based on this experiment results, nitrogen and supplemental irrigation was affected all traits except
100-seed weight and protein percent. The maximum amounts of traits were obtained from consumption of 50
and then 25 Kg N/ha. Irrigation in flowering and seed filling stages produced maximum seed yield that has
not significant different with irrigation in flowering stage. In general, it seems that for suitable production of
chickpea, it is necessary to irrigate it for two times and applicate 25 Kg N /ha.

Keywords: Pod setting, Protein yield, Seed filling, Seed weight
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Table 1. Characteristics of lentil genotypes

o0ylou

N el sl ojleds IRl i) Lide ojles VIS PR I RN
Y Genotype Genotype P Genotype Genotype 955 Genotype Genotype
Ge:o(ggpe name (MLC") origin Genotype code  hame (MLC) origin Genotype code  name (MLC) origin
1 MLC 1 e 26 MLC 178 ok 51 MLC 362 ol
Birjand Tabas Iran
2 MLC 12 o907 27 MLC 179 ol 52 MLC 363 ol
Ferdaws Iran Iran
L& | \
3 MLC 25 ot 28 MLC 180 ILL"5582 53 MLC 366 o
Gonabad Iran
| M
4 MLC 35 429 29 MLC 182 ILL707 54 MLC 368 o
Urmia Iran
5 MLC 49 ot 30 MLC 189 ILL7211 55 MLC 370 ol
Qaen Iran
6 MLC 55 S5 31 MLC 193 ILL7667 56 MLC 373 olx!
Bojnord Iran
. -l
7 MLC 59 s 32 MLC 196 ILL7678 57 MLC 375 oz
Bojnord Iran
doa] ol
8 MLC 88 ! 33 MLC 201 ILL7681 58 MLC 377 ol
Ashkhaneh Iran
9 MLC 91 s 34 MLC 209 ILL6434 59 MLC 382 ol
Ashkhaneh Iran
H )
10 MLC 95 e 35 MLC 216 ILL7720 60 MLC 383 o
Birjand Iran
. -l
11 MLC 97 S 36 MLC 220 ILL7155 61 MLC 384 olx
Birjand Iran
. -l
12 MLC 101 H 37 MLC 221 ILL6466 62 MLC 386 olz
Zabol Iran
13 MLC 102 H 38 MLC 232 ILL5588 63 MLC 387 olx!
Zabol Iran
5 e
14 MLC 103 H 39 MLC 235 1LL4401 64 MLC 389 o
Zabol Gilan
15 MLC 105 H 40 MLC 239 ILL5729 65 £l olx!
Zabol Robat Iran
16 MLC 121 ok 41 MLC 240 ILL5728 66 o ol
Gilan Shahrood Iran
17 MLC 124 oS 42 MLC 241 ILL5750 67 97 ol
Gilan Qazvin Iran
18 MLC 137 ok 43 MLC 260 ol
Gilan Gilan
19 MLC 138 ol a4 MLC 261 s neld sladsy
Iran Ashkhaneh Control Genotypes
20 MLC 139 ol 45 MLC 352 oz 68 Stk ol
Iran Iran Bilehsevar Iran
7 MLC 141 ol 46 MLC 353 ol 69 et olx!
Iran Iran Kimia Iran
sl -l S A
22 MLC 154 el 47 MLC 355 o 70 0O o
Iran Iran Gachsaran Iran
. -l
23 MLC 156 ol 48 MLC 356 ol 71 Cabralinta B
Iran Iran ICARDA
LS !
24 MLC 159 o 49 MLC 358 oz 72 ILL325 B
Iran Iran ICARDA
25 MLC 174 b 50 MLC 360 ol 73 ILL857 B
Kalaat Iran ICARDA

il o ICARDA) 13151 ond g9, 13,5 b il pb o5 olacass; &5 Lecs ®
* The origin of all genotypes that whose names are initiated with | letter is ICARDA.

Qe o ol8iils alS pele 8uSiimai ,d UL o ,d o5
"Mashhad Lentil Collection (MLC)
" ICARDA (International Center for Agricultural Research in the Dry Areas) Lentil Line (ILL)
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Fernandez, ) ST S_as a oo a3l -0

sT1 = YSYP) 1995
(Yp)’
(CGMP) (590 —t (i (Slo a5l -7
GMP = w/(Yp *Ys) «(Fernandez, 1992)
s 00y sl -Y
:(Moosavi et al., 2008)

(SSPI)

. )&

SSPI =100*{(Yp—Ys)/2(Yp)}
Moosavi et al.,) (ATI) on; e slo 25 jasls -A
AT =[PV Fp=Vs] 2008
(Yp-Ys)

NPl o5, 8 5 i b oo Jgame asls -1
(Moosavi et al., 2008)

(YP+YS) s« showys*ys
m IYP*Ys*Ys
(RDI) (Bidinger et al., s i3 jasli-)-
RDI =(Ys/Yp)/(Ys/Yp) 1978)
Ghiipis bl b 53 iy 0 Sas (Sile Y
o bl b coss codg o, Slee (xS0l 1 Y'S (anls)
5 iipae bl s 0 lacesy) S o Slae (Sla : VP
3l G5 Ll 5 baasisis als o Shos (Sike :YS
Oispae Lulyd jo il o Slee (s gy (rnd (6l
(Fmet il 5 Sl oo slagasla L (YS) 25 5 (YD)
Oliee) (S abold o Sy uiored Ll oslaiwl oolu

o laded an i liom) 2 )90 Slacads (Sislin s>
31 g yleT Slslore alowl gl 00,5 oolizal Ward s,
5L 5 somdn sl ylogei i JMP 8.0 3316 5
Gowa_be> sl 4 Statgraphics XVII-X64 15 3le,
solai_wl Minitab 17 ,1581s 5 51 1,575,050 oo 5 g locadss

IRV

SNPI =3

ot 45 o5 G5 Jlne Byl 5 (eSos gy 1 S
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Kristin et ) (HARM") Ssso)le Sl asli-¥
HARM =2(Yp*Ys)/(Yp+Ys) :al., 1997

Rosielle & Hamblin, ) (TOL) Joxs a3l -Y
TOL =(Yp-Ys) :(1981
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SSlI (Maurer, 1978

MP = (Hamblin, 1981

' Augmented Designs for Preliminary Yield Trials
" Hramonic Mean index
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390 o Slalllas Cya (goieds))l (Seb) 0 pud lgreas
S5 1,8 sola!

b SRl 5 995 Ll 5l ye0 w0 Shee 205l ecitls
)Lym J‘f;dl S99 “‘\""’bs“ oSS LS)L.HT @ °L.:5 U"‘ "
O 0l g9 sama s oV Jeaz) Lacadss) o YU

ASlg5 oo gy 95 (2l 9 009y adlllas 50 (ae Slacigs)

owlesl Jxe S Slasinn -Y Jguo
Table 2. Soil properties of experimental field

Gerslcgla gieps yhed el i SHTosle
Sl edly, SRl T o
’ (Fopomesjowd)  (m0y) (o) (pls) (a0 yd) (922)
Soil texture pH EC N P K - )b o Organic matter
(ds/m) (%) (ppm)  (ppm)  Oreaniccarbon (6) (%)
f’l e 7.20 0.99 0.089 32 162.6 0. 65 1.12
Silt Loam
G g i e byl 50 ue i VY 0 Ses Y Jgua
Table 3. Yield of 73 lentil genotypes under stress and non- stress condition
oylouds ofdes  o,Sdles o los ofdes  o,5dles o los ofdes  o,5dles o los ofdes o,Sdles
D] o o LT o o LT o o ) o o
Genotype Yp Ys Genotype Yp Ys Genotype Yp Ys Genotype Yp Ys
number  (g.m?  (gm?  number (gm? (gm?  number (gm? (gm?  number (g.m?)  (g.m?)
1 90.00 3500 21 40.02 18.01 41 122.06 32.31 61 64.72 15.98
2 54.79 9.91 22 65.01 18.05 42 80.01 23.01 62 108.39 20.77
3 81.48 43.33 23 35.27 9.93 43 34.54 15.67 63 58.05 9.42
4 70.10 28.04 24 107.36 19.04 44 50.06 8.56 64 76.61 33.56
5 31.91 5.50 25 80.01 30.02 45 110.02 50.02 65 65.41 12.77
6 52.15 14.46 26 60.07 25.03 46 90.01 30.01 66 51.72 14.35
7 40.05 18.02 27 119.58 18.79 47 18.23 4.03 67 74.59 16.27
8 93.49 43.34 28 35.83 6.50 48 112.8 51.61 68 61.17 27.24
9 70.88 17.46 29 15.59 3.01 49 87.41 18.01 69 94.43 21.27
10 7.24 3.13 30 96.6 20.03 50 108.66 32.18 70 63.14 25.53
11 85.35 18.84 31 6.47 1.51 51 114.26 18.23 71 97.16 48.69
12 49.87 10.07 32 62.03 10.01 52 78.12 39.88 72 104.79 20.97
13 31.79 5.51 33 70.01 23.02 53 74.57 25.64 73 96.41 54.26
14 45.56 10.11 34 112.12 18.12 54 65.15 11.02
15 99.04 35.05 35 87.8 16.44 55 41.75 18.71
16 70.01 10.01 36 108.08 20.03 56 31.45 6.48 R 68.63 20.44
17 41.85 16.13 37 8.21 3.13 57 97.92 20.71 Mean ' '
18 82.21 24.24 38 50.43 21.37 58 102.17 34.76
19 82.51 20.02 39 52,51 10.01 59 6.12 1.50 e Gl il 30.85 13.10
20 37.71 7.53 40 11546  56.77 60 21.69 5.01 Std. : :

oS sleas il Ly i gan Ll 8 0 0, Sles
o> sLa_asLs 3 GMP 4 STI . MP. TOLHARM
S enn 5 e S ran SSPI y ATI SNPI
byl s 0 0, 8les o (Koo Lol (cilils 0429 (P<+/-Y)
5 92,5 5l e RDI 5 SSI sla s lss Ly (25 (9
it 35 S8 5 (5 g Sl 5 0, Shoe o Soran
Lald jo o0, Shes G (F Jgo2) Jooz (oo olol 092
STI . MP. TOL. HARM o8 sl asls Ly s

LN

YA

LS ax 5 oLt s Lo osiie s
(Blum, o_sb aisls s Sles b Gl sre (Siad (S
4 Cuglie glaasls b (i g il e Ll )l )0 lacuds
Jssz o=l @ls (F Jgaz) <85 )18 oy 0 90 (St
(i 9o g i sl 0 0, Slee e a5 0l ol
O e 3510 3525 (P[0 V) (5,10 e (Siuod
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el SSI sl bl 1 Gl atdl o9 dnlgs yiias
ot (i S 45 090 e plagads) Sl
(Schneider et o jls ol o, Shae Ll Lol caizun
oaseis an ol asls ol g e a0 @l 1997)

RUNWEPR IR ‘S{Yl). S Slos ooyl i g0 y0 0 aS QS..L:::;?A.‘,.‘;BJ’)"

SSPI 3 ATl SNPI 4> sLa_asl & , RDI GMP
Lol s iols 0g2g (U0 /0 V) (g4l e g o Siuon

g1 (P V) Ll gime
Loerisl) (Sis 4 Joodi il jszrsS ozl ol jlade

oo Gaiei) 5 Caoglio (g sl b 3 (o 9 (i bt o )0 0 o (g 00l (Swcrod il b —F Jgur
Table 4. Correlation coefficient between Yp, Ys and tolerance indices in Lentil genotypes
Yp Ys ssl HARM TOL MP STI GMP SSPI ATI SNPI RDI
Yp -
Ys 0.712 ** -
ssl -0.065ns  -0.696 ** -
HARM | 0.796**  0.991*% -0.612** -
TOL | 0.920** 0.379**  0.304** 0.494** -
MP 0.975** 0.851** -0270* 0.910** 0.809 ** -
STI 0.795** 0960 ** -0.531** 0.970** 0511** 0.900 ** -
GMP | 0.895** 0950** -0471** 0982** 0.648** 0.972** 0.960 ** -
SSPI | 0.920** 0.379** 0.304** 0494** 100**  0.809** 0511** 0.648** -
ATI | 0970% 0.694** -0.069ns 0.776** 0.890** 0.947** 0.819** 0.872** 0.890 ** -
SNPI | 0.744**  0.999** -0.665** 0.994** 0.421** 0.874** 0.967** 0.962*F 0421** 0.724**
RDI 0.063ns  0.695**  -1.00** 0.611** -0.306** 0.268* 0531** 0469** -0.306** 0.068ns 0.664 **

o ez el STI fowdin eils ‘MP (oS Jesd Ll ‘TOL (Sdge,lo wiL:A ‘HARM (S el Ll :SSI i Lyl o0 Slee 'Ys (RS g bl sy o Slee Yp

o St el IRDI e 25,08 § (55 busme Jgame (asli ISNPI wous; 8 sla i jasle IATT ¢ 5 4 conles a3ls (SSPI ¢l S5l :GMP
Yp: Potential Yield; Ys: Stress yield; SSI: Stress Susceptibility Index; HARM: Harmonic mean; TOL: Tolerance Index; MP: Mean Productivity; STI: Stress
Tolerance Index; GMP: Geometrical; SSPI: Stress Susceptibility Percentage Index; ATI: Abiotic Tolerance Index; SNPI: Stress-Non stress Production Index;

RDI: Relative Drought Index

e et gl plsa daasly ol YL polie
pae g G5 Lald Co pg 9 paS 0 Slas (pw)p 50 NS
TOL s HARM GMP MP L a3l 5 55 o s
S @ pslie slacais) lulid Sy 3)l9e (n Fomlic
e cg) ) (ool ped g ad 0ls (aneis
=4S —aagh o (Biosci et al., 2017) wuss 5 b jee
ot o Sl eyl plonil 00 Glac TS s,
MP (sln ms Lt iispics 5 (s byl oo 3,Shos
pslie cLacuigsy ol cg SNPI s RDI STl GMP
3 pAiS Cai933) P Aalllae o (Aktas, 2016) wiols 8o
wa>Lis o> g SNPI ATI (RDI SSPI Lo oL i
GRS St S)lae (e Olgredn 50 4l oS
Farshadfar et al., ) wos eols jaseis Jomieo slacwsss)
(2013
e bl |y Lacs45 Fernandez, (1992)
el 09,5 oz 4 Spae 5 A5 Lalys 5o Lis Slee
GRS 9 9 G e 93 58 3 48 placde) oS
O b 53 o a5 placaisiy (A) Wyl o550 Slae
O baume ;3 &5 glacaigs (B) wils pe> el s
Lo 5o ;0 50 a8 placadsis 5 (C) Wil (os5 0,Skee
o=l bl 2 (D) wils (s jallas (5 oo 5 (A5

Y.

q

Fdgaz jo Jol mls g outaas Cdlas 4 a>g5 L

GMP STI . TOL HARM _os08 sla a3l ol o
L« Sen a5 ATI g SNPI SSPI o> a3li 4w g MP
e 9 Sl (Sad (iiipas g S bl o o Slee
iomwlin glo a3l lae a1y s slo (PS4 )) gl
S92 dg—ai DLl (A5 4 Jerite lacasi; JUyE Cax
4 Conglie sl Sl (o b cne g St Sla Kinan
o Joms ol yo Lajasls ol ogael )5 soims oylas
5 SE=8s 2hoj)l plasl johiteas il oo lacadsy (S
o layly s 0 0, Slee L (g puad  Son a5 038 5
0, Slos b a5 SNPI a3l lgs oo i ol o oai)ls
RIS IV LI NIP-R USRS & Vi P COWON- SO S =) JO I
3, Slee L a5 |, GMP 4 STI HARM 0,08 sl asLs
A GOV SRWIRS VATERPIL Vo RPL | VA TGS P URPIR S 21 SO
Slasdlas 10 0908 (Byre i sl lae 4 1) ails
e 8 il (YVPA 6o, ,— Rahimi et al, (2017) a5
GMP MP STI HARM Lo a3l & wssls sl
O e Ll g0 e o wils o Sles L) (Siion (s yidin
L cigi) dmw losl o o g ol ylid  Sas 1l
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5 i a0 0 Slee (gamdn Hlogad N SE po
u_a‘ ) ol ol o0l ULA-AA-’ SNPIAJJ? ua}L..u 9 w....')...c
50 o2 b ol glacasgs a5 el il 13 Aaslb o
= i Yo Slas gl)lo (i e w0 g i L]l
e Lacssls (i Jenite pliea 1) lacaissy cnl Ol
2aS Y g YV XY DY X Fllacais) cuizmed g0l
Lls 1y SNPI a3l 5o 5V g a8 5 )1, 8 Ba_>L
o)_ﬂ.q.c L LJ-Q.?LA.A L....,...._a LSL“V“-'?) Qb.}.cd.g Ob.'a"_go nd
Loyl oS ;o ;- Fathi et al, (2012) .04 5,20 YU
LSLQQQDLM: u.ul...u‘ 9 oé; oalawl ws) O"‘ )‘ g_gL"L'[‘)"“’
ol |y 5 cwigs5) + slas MP, GMP, HARM, STI
.\.\Jloo;

P &S el g lre (i3S sl Jlre el (Fiore
a5l azg Lol beg)S ple jIA 095 (asis &
e el o a3 ls olsie 4 GMP 4 STI HARM
S o eols a5 ey S plw 51 Acg,S (5lwlas
2l 51 Aos S ansets sl gaman slologel o 5 B,
Slagisis dajlosel (ml gluw g oS osliiul laog S
soe Lojlaged (ol 1o (F B (sla JS2) ol (i35 5
5 g GRS g GRS Il ot o olS s Sles ped 5 ol
Cda_w Cound ML)LSA owjf).’ LgL(bua>L~) )‘ L;) JAL» P o
Fernandez, ) &5 > (soupuds (ol 1o los o3 1o

A o D 5 C B A sole i oz 4 (1992

Plot of SNPI vs Yp and Ys
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Fig. 1. 3Dimensional plot for determination tolerant genotypes to drought stress based on stress and non-stress yield
(Yp, Ys) and SNPI index
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Sl crge g Szl oS 10 9 gl mh iR e

(Ajayi et al., 2016) cuul 00s5,5 Joie cuigil o

Ui 35 S 09t o) 5l Ganjali et al, (2009)

ool g 00,5 osliiwl 9955 oS Jorite Slacisd)
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ilodgad (55lwlas

9 Oyt 5 oS bl il o 0, Sles gaman loges
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Plot of HARM vs Yp and Ys
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Fig. 2. 3Dimensional plot for determination tolerant genotypes to drought stress based on stress yield (Yp) and
non-stress yield (Ys) with HARM index
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Fig. 3. 3Dimensional plot for determination tolerant genotypes to drought stress based on stress yield (Yp) and
non-stress yield (Ys) with STI index
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Fig. 4. 3Dimensional plot for determination tolerant genotypes to drought stress based on stress yield (Yp) and
non-stress yield (Ys) with GMP index
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adlie ploged Az g |y Olpss IS 51w oVVY olsa
Slagalh (pizmen g 15 9 (A5 g Jul D 50 0 See b
s>l 3 RDI 4 GMP STl MP .TOL HARM  _ss08
YL 5 Cte Sien AT 5 SSPI SNPI sas sl
ol sl ie alal, (SSI) ol sl L 5 4zl
cilge e Uil U 5 0392 cosllae alge ol ol e
Aonil)d 1l e Rl G5 g pipae Iyl po 5 ,Sles
bl b yo a8 S e Sl pleciss adle o
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Table 5. Eigen values, vector values and cumulative variance of tolerance indices, Yp and Ys in lentil genotypes

oolio e 2y

“”5‘“ o9 e
Cumulative Yp Ys SSI HARM TOL MP STI GMP  SSPI ATI SNPI RDI
Component  Ejgen umul
values of variance
(%)
1 8.55 71.28 031 032 -0.15 0.33 024 034 033 034 024 031 032 0.15
2 3.20 97.95 0.21 -0.20 0.49 -0.13 0.40 0.10 -0.10 -0.03 0.40 0.21 -0.18 -0.49

s i Jess sl (ST wain (:Silo IMP ¢ 25 Lo (a3l (TOL «Signylo o Sile (HARM ¢ 25 il a3 1SS e s byl o o Shae 1YS 55 (e Ll ) )0 5 Slae Y

s Sa a3l IRD ¢ 5,08 25 lame Jgame (a3l ISNPI s e slo s jaslis IAT ¢ 25 ) ol 23l :SSPI ¢ > S5k :GMP
Yp: Potential Yield; Ys: Stress yield; SSI: Stress Susceptibility Index; HARM: Harmonic mean; TOL: Tolerance Index; MP: Mean Productivity; STI: Stress
Tolerance Index; GMP: Geometrical; SSPI: Stress Susceptibility Percentage Index; ATI: Abiotic Tolerance Index; SNPI: Stress-Non stress Production Index;
RDI: Relative Drought Index
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Introduction

Drought stress is one of the main problems in agriculture of Iran and the world. Among the
environmental limiting factors of the yield crops, drought is the most important factor to reduce production,
especially in arid and semi-arid regions. Drought stress reduces water content in plant tissues, lead to growth
shrinkage and some physiological and metabolic changes in them. Food legumes, as one of the most
important protein-rich vegetable sources, played a major role in providing human protein, especially in low-
income and developing countries, and after cereals are the second most important source of human food.
These plants, with bio-stabilization of nitrogen, provide a large portion of their nitrogen, and because they
require low water and nutrients, they are highly desirable for cultivation in poor lands. Lentil (Lens culinaris
Medik) is one of the beans that had more than 20% protein content and characteristics such as the ability to
grow in inappropriate conditions and poor soils, has been able to play an important role in the low-income
diet of people in developing countries. Regarding to the success of a breeding program depends on the size
and diversity of genetic resources, genetic diversity lead to succeeding in selection, so identification of
cultivars with high yield, as well as limiting factors of yield potential and genotypes tolerant to these factors
in lentil seems to be necessary.

Materials & Methods

This research was carried out in the research farm of Ferdowsi University of Mashhad in 2014. In this
experiment, 73 lentil genotypes including native genotypes and lines from other countries were cultivated in
two separate plots under non stress and stress conditions in Augmented design. Five genotypes used as
control (Kimia, Gachsaran, Cabralinta, 1LL325 and ILL857). Controls were cultivated in all blocks. Before
planting, field soil was sampled from a depth of 30 cm and pH values, organic matter, EC, macro elements
(N, P and K) and soil texture were measured. The planting was carried out on March 20, 2014. At the same
time, according to the fertilizer recommendation, the amount of required elements was added to the soil and
immediately after cultivation, an irrigation step was conducted to ensure the emergence of all the seeds for
both dry conditions (drought stress) and non-stress. Afterwards, irrigation was performed only for non-stress
treatments and every 10 days.

Results & Discussion

The results showed that mean and standard deviation of lentil genotype yields under drought stress and
non stress conditions revealed significant differences. Accordingly, the average yield of genotypes under
conditions of stress was 20.4 g.m?, which showed a decrease of 70.3% in non-stress conditions with 68.6
g.m2. According to 147 mm rainfall from planting to harvest, this yield reduction was not expected,
indicating the need for supplementary irrigation. High standard deviation between genotypes indicates a
large variety of lentil genotypes, and this wide variety can be used as a valuable genetic resources for later
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studies. According to the results, there was a significant correlation between yield and stress (P<0.01)
(r=0.71**). Also, there was a positive and significant correlation between performance in non stress
conditions with the old indices HARM, TOL, MP, STI, GMP, SSPI, ATI and the new SNPI index (P<0.01),
and the correlation between yield in non stress conditions and SSI and RDI were not significant. There was
also a positive and significant correlation between performance in non-stress conditions and ATI, GMP,
HARM, RDI, STI, SSI, TOL and MP, and the new SNPI index (P<0.01), but between yield in non stress
conditions and the SSI was a significant negative correlation (P<0.01). Old indices of HARM, TOL, STI,
GMP, MP, ATI, and two new indicators of SSPI and SNPI, all have a positive and significant correlation
(p<0.01) with performance under stress and non stress conditions and can be considered as suitable
indicators for screening stress tolerant genotypes.

Conclusion

The results of current study showed that the new SNPI index, which has a very high correlation (99.9%)
with yield in stress conditions, as well as the old indices of HARM, STI and GMP, which have the positive
and significant correlation with each other and with performance in two. The conditions of non stress and
stress have been identified as the most suitable and effective criteria for identifying and selecting genotypes
tolerant to drought stress. The results obtained from the three-dimensional, biplot, and cluster analysis
methods are in agreement with each other for selection of high yielding and drought tolerant lines.
Accordingly, it seems that genotypes 40, 48, 71, 73, 3, 8 , 45 and 52 are the promising and proposing
genotypes in the Mashhad climate for further studies.

Keywords: Biplot, Cluster analysis, Correlation, Tolerance indices
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