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genotypes in autumn dryland sowing in Kurdistan province

Arman Namdari!, Homayoun Kanouni*> Hadi Ahmadi!, Ahmad Ismailit
1. Agricultural Engineering Education Group, Department of Agronomy and Plant Breeding, Faculty of
Agriculture, Lorestan University, 2. Field and Horticultural Sciences Research Unit, Agricultural and Natural
Resources Research and Education Center of Kurdistan, AREEO, Sanandaj, Iran.
(Received: November 15, 2017- Accepted: April 17, 2019)
ABSTRACT

To evaluate the genetic diversity and develop of new chickpea cultivars for autumn planting in the country,
14 genotypes of chickpea including 13 selected lines from germplasm of International Center for
Agricultural Research in the Dry Areas (ICARDA), as well as one check variety, ILC 482, investigated in
a randomized complete block design with four replications during two years (2012-2014) in Saral
Agriculture Research Station, Kurdistan province. The evaluation of chickpea lines was performed in terms
of number of days from planting to flowering and maturity, plant height, number of pods per plant, number
of seeds per pod, number of primary and secondary branches per plant, biological yield, harvest index, 100-
seed weight and grain yield. Combined analysis of variance showed that there were significant differences
between the studied genotypes for days from planting to flowering and maturity, plant height, number of
pods per plant, number of secondary branches, harvest index, 100 seed weight and grain yield, and new
lines compared to control cultivar had a significant superiority for most of the traits. Based on path analysis,
biological yield, harvest index and number of secondary branches had the most direct effect on grain yield.
Therefore, to select high-yielding chickpea cultivars in autumn sowing in west highland areas of Iran, these
traits should be paid more attention. In addition, FLIP 09-130C line which had higher and significant seed
yield than check line (ILC 482), was identified favorable for autumn sowing in Kurdistan province. This
genotype had appropriate seed yield and plant height for mechanical harvesting.
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Table 1. Characteristics of studied chickpea genotypes

No.  Entry name Origin Pedigree

1 FLIPO7-201C ICARDA  X03TH-20/(S00784XFLIP97-28C)XICCV2
2 FLIPO7-225C ICARDA  X02TH69/S00792 X FLIP98-028C

3 FLIP09-2C ICARDA  X05TH21/(FLIP98-206CXFLIP97-90C)XFLIP02-42C
4 FLIP09-40C ICARDA  X04TH163/ICCV-2XFLIP97-116

5 FLIP09-47C ICARDA  X04TH163/ICCV-2XFLIP97-116

6 FLIP09-65C ICARDA  X05TH11/X04TH-130XFLIP02-36C

7 FLIP09-107C ICARDA  X05TH110/FLIP00-16XFLIP97-85

8 FLIP09-109C ICARDA  X05TH112/FLIP97-121XFLIP00-17

9 FLIP09-115C ICARDA  X05TH120/FLIP98-38XFLIP97-85

10 FLIP09-123C ICARDA  XO05TH131/FLIP97-118XFLIP00-17

11 FLIP09-130C ICARDA  X05TH134/FLIP00-14XF5LM(5308)

12 FLIP09-147C ICARDA  X06TH6/X05TH103XFLIP03-120

13 FLIP09-162C ICARDA  X06TH8/X05TH111XFLIP03-109

14 ILC 482(check) Turkey Turkish landrace
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Table 2. Climatological characteristics and meteorological data of Saral agricultural research station in
Kurdistan in 2012-2014 cropping seasons

Cropping Season

2012-13 2013-14
Months Rainy days Relative Humidity Days below Rainy days Relative Humidity Days below

No. (%) zero No. (%) Zero

Oct 0 29 0 0 41.7 3
Nov 10 41 13 14 66.8 19
Dec 12 46 25 13 71.6 24
Jan 5 85.7 30 4 734 30
Feb 6 82 30 6 76.9 30
Mar 15 67 26 13 77.6 19
Apr 8 44 12 11 68.8 16

May 11 59 0 11 62.2 0

Jun 5 45 0 4 58.4 0

Jul 0 36.2 0 3 455 0

Aug 0 34.8 0 0 331 0

Sep 0 29.7 0 0 279 0
Mean/Total 72 49.9 136 79 58.7 141
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Figurel. Rainfall and minimum (continued) and maximum (discontinued) temperature of Saral station in
Kurdistan during two successive cropping years, 2012-2013 (a) and 2013-2014(b).
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Table 3. Combined ANOVA and mean squares of investigated traits in chickpea genotypes
Source of variation  Degree of freedom  DF DM PBN SBN PHT P/P
Year(Y) 1 3.22* 0.57 60.04**  180.04**  3291.78** 24422
Errorl 6 0.38 0.21 4.04 8.56 21.08 2734
Genotype(G) 13 26.68**  40.73** 0.63 22.68** 93.16** 1564.1**
GxY 13 3.56 5.32** 0.86 13.94** 21.86** 453.2*%*
Error2 78 2.23 0.25 1.05 4.16 7.35 168.5
CV% (1) 0.1 0.01 18.3 11.7 4.0 7.6
CV% (2) 0.6 0.2 35.1 30.6 8.9 22.3
Y Jgas sl
Source of variation Degree of freedom  SW BYLD HI P/Plot S/P YLD
Year(Y) 1 34.55 0.24 227.01 41387.3* 0.16* 126565
Errorl 6 21.68 13581 4974 5936.4 0.02 72941
Genotype(G) 13 42.23**  24.08 1920.2**  2355.4**  0.01 316345**
GxY 13 7.22 1.54 244.82 1096.0**  0.02 56178*
Error2 78 4.93 27.02 360.71 407.7 0.01 25459
CV% (1) 35 19.0 16.9 21.9 3.9 13.9
CV% (2) 6.2 31.6 33.9 22.5 11.3 30.8
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*, **: Significant at 0.05 , 0.01 of probability levels, respectively
DF= Days from sowing to flowering, DM= Days to maturity, PBN= Primary branches number, SBN= Secondary branches number,
PHT= Plant height, p/p= Pod per plant, SW= 100- seed weight, BYLD= Biological yield, HI= Harvest index, P/Plot= Plant per plot,

S/P= Seed per pod, YLD= Seed yield.
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Table 4. Mean of studied traits in Kabuli type chickpea genotypes by years.

Genotype Days to Flowering Days to Maturity Plant height(cm)

2012 2013 Mean 2012 2013 Mean 2012 2013 Mean
FLIPO7-201C 23525 23650 23530 25800 26200  260.00  39.13 27.00 33.06
FLIP07-225C 23500 23500 23500 25825  260.00  259.13 3525 22.25 28.75
FLIP09-2C 23800 23580  236.88 25925  259.00  259.13  38.53 25.75 32.17
FLIP09-40C 23500 23680 23588 25825  257.75  258.00  41.25 40.00 40.62
FLIP09-47C 24025 23730 23875 26000 26400  262.00  36.25 23.50 29.88
FLIP09-65C 23025 23000  230.16 25200 25100  251.50  34.25 22.50 28.38
FLIP09-107C 23500 23580 23538 25800  260.00  259.00  34.84 25.00 29.92
FLIP09-109C 23500 23550 23525 25800 25875 25838  33.84 24.50 29.17
FLIP09-115C 23500 23530 23512 25800 25725  257.63  38.75 25.00 31.88
FLIP09-123C 23500 23400 23450 25825 25800 25813  35.25 24.50 29.87
FLIP09-130C 23525 23550 23538 25825 25800 25813  37.59 35.00 36.29
FLIP09-147C 23525 23680 23600 25850  260.00  259.25 3550 25.00 30.25
FLIP09-162C 23500 23500 23500 25825 25825 25825  32.25 20.75 26.50
ILC 482(check) 23500 23650 23575 25800  259.00 25850  31.09 23.25 27.17
Mean 22020 23541 23531  257.93 25879  258.36  35.98 25.14 30.57
LSD sy 1.06 2.83 1.487 073 0.69 0.494 454 3.08 2.69
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Table 5. Mean of Studied traits in Kabuli type chickpea genotypes by years

Genot Seed weight (g) No. of Pods per plant No. of seeds per pod
enotype 2012 2013 Mean 2012 2013 Mean 2012 2013 Mean
FLIP 07-201C 35.78 36.84 36.31 29.37 25.75 27.55 0.98 0.95 0.97
FLIP 07-225C 35.21 33.78 34.50 17.0 11.38 14.20 1.06 1.01 1.04
FLIP 09-2C 35.37 38.53 36.95 20.63 33.13 26.90 1.09 0.95 1.03
FLIP 09-40C 33.00 3341 33.20 26.25 28.38 27.30 1.17 0.96 1.06
FLIP 09-47C 38.54 34.06 36.30 25.75 23.88 24.80 1.10 1.06 1.08
FLIP 09-65C 35.44 33.81 34.62 40.38 42.63 41.50 0.95 1.08 1.02
FLIP 09-107C 35.54 34.11 34.82 21.25 40.25 30.75 1.07 0.96 1.01
FLIP 09-109C 39.15 35.73 37.44 26.13 37.63 31.90 1.01 0.89 0.95
FLIP 09-115C 36.83 35.44 36.14 31.25 25.63 26.95 1.06 0.96 1.01
FLIP 09-123C 35.05 34.07 34.56 25.88 27.88 26.90 1.05 1.06 1.05
FLIP 09-130C 38.45 38.21 38.33 41.63 41.63 41.60 1.03 0.97 0.99
FLIP 09-147C 42.28 41.13 4171 22.38 28.75 25.55 1.06 0.86 0.96
FLIP 09-162C 34.25 31.23 32.74 30.38 39.88 35.10 111 0.98 1.05
ILC 482(check) 37.71 36.70 37.21 20.0 33.88 26.95 1.02 1.00 1.01
Mean 36.61 35.50 36.06 27.02 31.48 29.14 1.05 0.98 1.02
LSD sy 3.56 2.73 221 8.965 9.59 6.46 0.17 0.16 0.11
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Table 6. Mean of studied traits in Kabuli type chickpea genotypes by years

No. Primary branches

No. of Secondary branches

Biological yield (kg/h)

Genotype
2012 2013 Mean 2012 2013 Mean 2012 2013 Mean
FLIP 07-201C 3.25 2.25 2.75 7.00 4.50 5.75 17405 1847 1794
FLIP 07-225C 3.00 2.00 2.50 5.50 4.50 5.00 1813.3 1864 1839
FLIP 09-2C 3.00 2.00 2.50 6.75 5.00 5.88 1476.0 1446 1461
FLIP 09-40C 4.00 2.00 3.00 8.25 5.50 6.88 1824.3 1863 1844
FLIP 09-47C 3.75 2.75 3.25 6.25 5.25 5.75 1508.5 1475 1492
FLIP 09-65C 4.75 1.75 3.25 10.00 12.25 11.12 1596.5 1519 1558
FLIP 09-107C 3.00 2.50 2.75 6.00 5.50 5.75 1740.7 1839 1790
FLIP 09-109C 3.00 2.00 25 6.00 4.50 5.25 1412.3 1171 1291
FLIP 09-115C 4.25 2.00 3.13 7.50 4.75 6.12 1601.5 1620 1611
FLIP 09-123C 3.75 2.00 2.88 6.50 4.00 5.25 1533.3 1532 1532
FLIP 09-130C 4.00 2.25 3.13 13.00 5.00 9.00 1735.3 1709 1722
FLIP 09-147C 4.00 2.25 3.13 7.75 5.50 6.62 1658.5 1734 1696
FLIP 09-162C 3.75 2.50 3.13 10.00 5.25 7.62 1504.0 1543 1524
ILC 482(check) 3.75 2.50 3.13 10.00 4.00 7.25 1864.5 1846 1855
Mean 3.66 2.20 2.93 7.89 5.39 6.66 1643.5 1643 1644.0
LSD s 1.87 0.88 1.02 3.21 2.59 2.03 709.7 775.0 517.2
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Table 7. Mean of studied traits in Kabuli type chickpea genotypes by years

Harvest index Seed yield (kg/h)

Genotype
2012 2013 Mean 2012 2013 Mean
FLIP 07-201C 31.32 30.80 311 519.3 503.9 512.2
FLIP 07-225C 17.18 11.67 14.4 108.2 180.4 144.4
FLIP 09-2C 22.95 40.07 315 363.6 520.5 442.2
FLIP 09-40C 44.43 28.85 36.6 682.8 393.8 538.1
FLIP 09-47C 55.71 55.01 55.4 680.1 643.7 662.0
FLIP 09-65C 63.27 78.98 71.1 859.1 1035.7 947.3
FLIP 09-107C 26.74 31.46 29.1 477.4 562.5 520.1
FLIP 09-109C 41.25 36.70 39.0 559.4 360.9 460.2
FLIP 09-115C 28.66 19.64 24.2 483.6 345.6 392.2
FLIP 09-123C 27.70 19.53 23.6 409.7 335.9 373.1
FLIP 09-130C 61.02 37.94 49.5 1040.9 603.0 822.4
FLIP 09-147C 35.01 25.80 30.4 458.4 399.6 429.2
FLIP 09-162C 44.29 35.81 40.1 671.7 550.9 611.1
ILC 482(check) 25.65 18.85 22.2 454.6 346.1 400.1
Mean 37.51 33.65 35.23 554.91 484.46 518.4
LSD s 25.72 28.54 18.91 257.1 195.1 158.8
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Table 5. Analysis of covariance (ANCOVA) with plant/plot as covariate and seed yield of chickpea lines
as dependent variable.

Source of variation degree of freedom

Mean Square

(8.0.v) (d.f) e

2012 2013 Combined (d.f.)
Covariate 1 140668 182812 276995*(1)
Residual 2 39491 17592 32130(5)
Genotype(G) 13 144028** BATAT** 174675**(13)
YLD - - - 33815™ (13)
Covariate 1 36564 214221** 156137*(1)
Error 38 32189 13469 23762(77)
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Table 9. Covariate (number of survived plants after winter /plot) and adjusted yield of chickpea genotypes

No. of plants per plot Seed yield (Adjusted)

Genotype 2012 2013 Mean 2012 2013 Mean
FLIP 07-201C 1185 96.0 107.2 508 371 473
FLIP 07-225C 76.0 55.7 65.9 149 259 198
FLIP 09-2C 107.0 75.7 91.4 366 494 439
FLIP 09-40C 102.8 70.7 86.8 691 394 545
FLIP 09-47C 115.2 80.2 97.8 673 594 645
FLIP 09-65C 130.0 1315 130.8 833 717 857
FLIP 09-107C 115.0 717 93.4 470 557 512
FLIP 09-109C 104.2 44.0 74.1 565 501 495
FLIP 09-115C 118.2 55.0 86.6 427 428 399
FLIP 09-123C 76.0 57.5 66.8 451 405 424
FLIP 09-130C 137.0 46.0 915 1007 733 818
FLIP 09-147C 85.5 60.5 73.0 488 453 466
FLIP 09-162C 119.2 79.7 99.5 659 503 590
ILC 482(check) 123.2 65.2 94.2 437 375 391

Mean 109.13 70.67 89.93 551.71 48457 518

LSD sy 31.49 20.21 40.09 264.2 186.7 240.6
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Table 10. Phenotypic correlation coefficients between traits
Traits Clia X1 Xz X3 X4 X5 Xe X7 Xs Xg XlO Xll
DF (X1)
DM (X2  0.677**
PBN  (Xs) -0.053  -0.111
SBN (X, -0.324  -0.429 0401
PHT (Xs)  0.097 -0.101 0523* 0.285
PIP (Xe) -0.285  -0.327 -0.009 0222 -0.145
SIP (Xs)  0.049 -0.049 0111 0162 0201 -0.271
SW (Xs) 0122 0.088 0065 0.052 0088 0.036 -0.099
BYLD (X¢) 0.024 0.031 0282 0092 0122 0.008 -0.096 0.122
HI (Xi0) -0.137  -0274 -0.016 0439 -0.005 0.383 0215 -0.005 -0.489
YLDP  (Xy) 0.021 -0.037 0184 0138 0259 0190 -0.022 0.09 0.598* -0.166
YLDH (X)) -0.210  -0.331 0225 0.638* 0102 0536* 0119 0121 0.085  0.731** 0.241

See Table 3 for abbreviations.
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Table 11. Stepwise regression analysis and variables remained in the model.

Coefficient Est. S.E. L.L.(95%) U.L.(95%) t P-value Mallow's Cp VIF
Const. -403.75 48.14 -499.19 -3080.32 -8.39 <0.0001 - -
HI 8.81 0.63 7.56 10.07 13.96 <0.0001 197.12 2.26
SBN 17.71 3.89 10.11 25.41 4.56 <0.0001 24.59 1.46
PP 2.39 0.55 1.30 3.48 4.35 <0.0001 22.81 1.25
BYLD 21.55 2.30 16.98 26.11 9.35 <0.0001 90.68 1.64
See Table 3 for abbreviations. WS dal e ¥ oo 4 Ol lais] ol
(e 4528) (S ol po 4525 1Y Joax
Table 12. Correlation coefficients analysis (Path analysis)

Effect Path Coefficient p-value

No. of pods/ plant

Direct Effect p1y 0.181**

Indirect effect via:

Biological yield r12Pp2y 0.038

Harvest index r13psy 0.301

No. of secondary branches r14Psy 0.051

Polled effects rny 0.564** <0.0001

Biological yield

Direct Effect p2y 0.450**

Indirect effect via:

No. of pods/ plant ropy 0.015

Harvest index I3p2y -0.393

No. of secondary branches r24pay 0.022

Polled effects ry 0.094" 0.3697

Harvest index

Direct Effect pay 0.792**

Indirect effect via:

Biological yield r3p1y -0.221

No. of pods/ plant I23P2y 0.072

No. of secondary branches r34psy 0.093

Polled effects ry 0.736** <0.0001

No. of secondary branches

Direct Effect pay 0.211**

Indirect effect via:

Biological yield r1ap1y 0.042

Harvest index I24P2y 0.354

No. of pods/ plant r34psy 0.042

Polled effects ry 0.649** <0.0001

= 0.368 Effect of Residual
= 0.842R? adjusted

**: Significant at 1% of probability level
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