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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
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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

. o .2 ’Li | ~L’ | A e & 1
olae m;;}z»:ow |: ’ ﬁ)ow i“c) 7 il Genotypic Phenotypic S s
Traits variatrsllga variaalge Heritability coefficient of coefficient of Selection efficiency
variation variation
sl o0 LD L 5, ol 16.642 7.587 45591 3.935 5.828 9.2995
Days to secondary branch
B35 L 5, olas 35.523 24.32 68.477 6.234 7.534 20.406
Days to flowering
BIILL 5, °l_“”5 58.69 35.11 59.830 6.646 8.592 22.918
Days to pod setting
Ao+ 03 40.850 6.605 16.169 8.448 21.010 5.167
100 Seed weight
45z ol 2.3640 1.618 68.443 9.1316 11.037 5.2617
Leaflet number
s o 09 41.904 16.767 40.013 11.078 17.514 12.950

Seed filling period

o by ye i o adllas (nl o0V (n i (izres
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Table5. Estimation of Genetic Parameters for Studied traits in Kabuli Chickpea Lines under Drought Stress Condition

lo gsz*’}d obylg g;i“-’j ol ylg Crdcdlyg gfi“‘) Ol kS g b s’*’?s Ol kS g b d**‘)f gs.'.T)lS
Traits Phen'otypic Gengtypic He;it;bility Genotypic _cogfficient of Phenotypic_co_efficient of Se!e_ction
variance variance variation variation efflmency
sl peesla ) 7.466 2.992 40.079 2.445 3.863 5.475
Day to secondary branch
205G s, 22.443 14.937 66.555 4.915 6.025 15.765
Day to flowering
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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
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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.
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