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Abstract

Thirty chickpea genotypes were evaluated at Regional Agricultural Research Station, Nandyal, Andhra
Pradesh, India during rabi, 2018- 2019 with three replications both under rainfed and irrigated conditions
utilising yield and mechanical harvestable traits. The analysis of variance revealed highly significant
differences among the genotypes for all the traits under study under rainfed as well as irrigated
conditions. This study was conducted to determine high yielding mechanical harvestable genotypes in
rainfed and irrigated conditions. NBeG 776, NBeG 779 and NBeG 868 are suitable under both rainfed
and irrigated conditions with significantly higher yields over their respective means. ICCV 181606, MH
13 and MH 14 are suitable exclusively for rainfed condition with significantly superior yields over the
mean. ICCV 181607 that produced high yield along with machine harvestable traits should be deployed
in breeding programmes planned to improve yield as well as machine harvestablity.
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Introduction

India is the world’s largest producer of chickpea with annual production of 9.07 million tonnes
from an area of 9.54 million ha with productivity of 951.4 kg ha* (FAO STAT, 2019) I, In
Southern India, Andhra Pradesh has witnessed dramatic increase in chickpea area from 71,000
ha in 1992-93 to 5.86 lakh ha during 2013-14 registering the highest productivity of 1449 kg
ha' (AICRP on Chickpea, Annual report, 2017-18). Introduction and large scale adoption of
short duration, wilt resistant varieties such as ‘JG 11°, ‘JAKI 9218’ and ‘KAK 2’ and
mechanization of farming operations have contributed for realisation of higher productivity
levels. However, these existing varieties have semi spreading growth habit and are not suitable
for machine harvesting. Moreover, due to short growing season, the growth of the crop in
Andhra Pradesh is less and existing popular varieties attain a plant height of 35-40 cm during
warm and short growing season. Therefore, chickpea crop is largely harvested manually and
partial mechanization i.e., threshing is done by combine harvester. Complete mechanization
(machine harvesting) is cost effective and quicker, reducing the risk of ripened crop’s exposure
to untimely rain or other extreme weather conditions. Tall chickpea cultivars with 30 to 40%
more height than the existing cultivars and semi-erect to erect growth habit with branching
starting from 25-30 cm and above are suitable to mechanical harvesting. There is pressing
need to breed chickpea varieties amenable to machine harvesting, with yield potential equal to
or higher than existing popular cultivars. Breeding programmes were initiated through
collaborative programmes of ICRISAT, ICAR Institutes and State Agricultural Universities to
develop tall and semi-erect chickpea cultivars suitable to machine harvesting. Location
specific breeding programmes at Regional Agricultural Research Station, Nandyal of Acharya
N G Ranga Agricultural University in Andhra Pradesh state of India have led to development
of a chickpea cultivar Dheera (NBeG 47) which is suited to mechanical harvesting
(Jayalakshmi et al., 2017). Mannur et al. (2013) [" 12 developed a new variety of chickpea
GBM-2 at ARS, Gulbarga, Karnataka which is 1.5 to 2 times taller than the traditional
varieties.

In chickpea greater proportion of photosynthetic assimilates are allocated to pods and seeds
when crop experiences moisture stress after flowering or when it was raised completely
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without irrigation (Deshmukh et al., 2004) . There is a need
to evaluate existing cultivars under cultivation and advance
breeding lines developed in the location specific research
programmes of the region for drought stress tolerance under
drought stress (rainfed) as well as non-stress (irrigated)
conditions to understand drought management mechanism of
genotypes and to quantify the yield losses due to these
stresses in rainfed conditions. Simultaneously, this evaluation
enables to identify chickpea genotypes which can perform
well during rainfed situations with plasticity to respond to
availability of soil moisture during good rainfall years.

Materials and Methods

The investigation was carried out during rabi 2018-19 at
Regional Agricultural Research Station, Nandyal, situated at
15929’ North latitude and 78°29 East longitude at an altitude
of 211.76 m above mean sea level. The research station comes
under scarce rainfall zone of Andhra Pradesh. The
experimental material comprised of 25 desi chickpea
genotypes and five checks viz., NBeG 47, NBeG 49, JG 11,
GBM 2 and HC 5 which were sown on 24" October rabi,
2018 in a Randomized Block Design (RBD) with three
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replications under both rainfed and irrigated situations. Since
very meagre rainfall was received during rabi season, a pre
sowing irrigation was given to take up the sowing of
experiments. In rainfed condition, genotypes were grown on
receding soil moisture where as in irrigated condition two
supplemental irrigations were given at 35 and 55 days after
sowing through sprinklers. Each genotype was sown in two
rows in a plot of 3m row length at spacing of 30 cm between
rows and 10 cm between plants within the row.

Results and Discussion

Analysis of variance

The analysis of variance was performed for each character
separately under rainfed and irrigated conditions and the total
variation was partitioned into different sources of variation.
The mean squares due to treatments were significant for all
traits under rainfed and irrigated conditions. This indicated
genetic variation among genotypes of the present
investigation for traits under study. The results are presented
in the Table 1.

The mean performance of thirty chickpea genotypes evaluated
under rainfed and irrigated conditions is presented in Table 2.

Table 1: Analysis of variance for 14 characters in 30 chickpea genotypes under rainfed and irrigated condition during rabi 2018-19

Mean squares
Replications Treatments Error
S No. Character (df :2) (df :29) (df :58)
Rainfed | Irrigated Rainfed Irrigated Rainfed | Irrigated
1 Angle of the primary branch (°) 0.57 2.55 25.22** 26.12** 2.10 1.57
2 Height of the first pod (cm) 1.72 10.62** 52.88** 37.94** 1.36 1.42
3 Days to 50% flowering 1.64 8.84 140.18** 159.99** 2.20 4.15
4 Days to maturity 0.68 0.63 84.50** 82.40** 1.93 0.54
5 Duration of reproductive phase (days) 2.01 2.03 25.63** 38.84** 4.03 5.63
6 Plant height (cm) 1.88 1.12 48.33** 52.75** 1.13 1.93
7 No. of primary branches plant? 0.03 0.11 0.73** 0.47** 0.07 0.09
8 No. of secondary branches plant* 2.53* 0.69 15.23** 3.73** 0.79 0.71
9 No. of pods plant* 1.40 8.08 109.24** 139.42** 3.50 35.40
10 Biological yield plot (2.8 m x 0.6 m) (g) 994.68 3179.54 | 25830.96** | 23266.00** | 2209.38 | 5383.05
11 Harvest index (%) 21.51 3.79 331.71** 168.02** 9.03 5.59
12 100 seed weight () 0.63 0.90 64.38** 55.16** 0.62 0.62
13 Protein (%) 4.15 1.76 8.51** 25.03** 3.16 1.18
14 Seed yield plot™ (2.8 m x 0.6m) (g) 520.81 870.18 15793.39** | 15145.75** | 512.82 1537.97

* Significant at P < 0.05, ** Significant at P < 0.01

Table 2: Per se performance of 30 chickpea genotypes for 14 characters under rainfed and irrigated condition during rabi 2018-19

S.No.| Genotypes Angle of the primary branch (°) Height of the first pod (cm) | Days to 50% flowering | Days to maturity
RF IR RF IR RF IR RF IR

1 NBeG 776 73.8 74.9 20.6 22.3 34.3** 35.3** 81.0** | 82.3**
2 NBeG 779 75.5 77.5 20.1 21.7 35.3** 35.3** 81.3** | 81.7**
3 NBeG 780 80.5** 79.7%* 26.1 25.7 36.3** 36.7** 82.0** | 83.3**
4 NBeG 865 73.7 714 27.7* 28.1 49.3 57.3 96.0 98.7
5 NBeG 868 71.2 73.7 22.2 20.5 36.3** 37.3** 82.3** | 84.0**
6 PG 08108 72.9 70.9 25.3 23.7 52.0 52.0 96.3 96.0
7 ICCV 08102 73.7 72.9 22.9 23.1 53.7 51.7 96.3 97.0
8 |ICCV 181602 77.5* 78.3* 28.3** 29.7** 52.7 52.3 96.7 98.0
9 |ICCV 181606 74.2 78.3* 23.9 24.9 40.7** 41.0** 87.3 88.0**
10 | ICCV 181607 75.5 77.1 28.7** 29.3** 50.3 51.7 85.7 86.0**
11 | ICCV 181608 78.8** 79.3** 30.1** 29.3** 50.3 49.3 89.7 89.0
12 | ICCV 181610 73.9 78.7%* 28.7%* 29.2*%* 51.7 52.7 86.7* | 87.3**
13 | ICCV 181612 69.2 775 30.7** 27.4 50.0 49.7 86.0** | 87.0**
14 | ICCV 181664 73.1 77.8 35.4** 34.9** 50.0 50.3 96.7 96.7
15 | ICCV 181667 713 74.5 27.8* 32.5** 50.0 46.3 92.3 95.0
16 MH 1 75.3 74.8 255 24.8 44.0 47.3 89.3 89.3
17 MH 4 75.9 73.7 20.5 25.7 45.3 49.7 90.3 89.0
18 MH 5 77.5* 74.1 30.1** 27.8 53.0 51.7 93.7 94.0
19 MH 11 76.4 83.2** 25.2 28.6™ 45.0 46.7 85.3** | 87.7**
20 MH 12 75.0 74.7 235 25.6 40.7** 45.7 88.0 90.3
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21 MH 13 74.5 75.1 18.9 243 45.3 44.3 90.7 89.7
22 MH 14 74.9 75.9 184 225 44.0 40.3** 91.0 90.3
23 MH 15 755 73.9 22.7 26.6 44.7 42.0%* 88.3 | 86.3**
24 MH 21 711 74.1 28.7** 25.3 53.3 55.0 92.7 95.3
25 MH 22 72.7 755 26.9 271 52.0 50.0 94.0 933
26 NBeG 47 78.5%* 80.9** 25.1 32.3** 40.3** 40.7** 85.3** | 88.7*
27 NBeG 49 73.6 72.3 20.1 20.7 35.0** 35.7** 83.7** | 84.3**
28 JG11 69.1 715 19.0 217 35.3** 34.3** 81.3** | 82.3**
29 GBM 2 76.1 74.7 29.0** 25.2 58.0 58.7 96.3 96.7
30 HC5 81.1** 78.0%* 28.2** 27.8 51.7 58.7 96.3 96.7
General Mean 74.7 75.8 25.3 26.3 46.0 46.7 89.4 90.1
CV (%) 1.9 1.6 4.6 4.5 3.2 4.4 1.6 0.8
SE (m) 0.8 0.7 0.7 0.7 0.9 12 0.8 0.4
CD (P <0.05) 2.4 2.0 1.9 1.9 2.4 33 2.3 1.2
CD (P <0.01) 31 2.7 25 2.6 3.2 4.4 3.0 1.6
S. No| Genotypes [Duration of reproductive phase (days)Plant height (cm)No. of primary branches plant™| No. of seccl)or:;jstr_)l/ branches
RF IR RF IR RF IR RF IR
1 | NBeG 776 50.3 513 36.5 40.1 21 21 11.0** 8.3
2 | NBeG 779 48.0 49.0 34.9 36.1 14 21 6.3 7.8
3 | NBeG 780 49.3 49.0 41.6%* | 42.1 2.2 23 10.9%* 8.3
4 | NBeG 865 48.3 53.0 35.3 41.4 3.4** 3.3* 6.9 8.2
5 | NBeG 868 46.7 48.7 333 35.9 2.2 23 13.4** 9.5*
6 | PG 08108 51.7 52.3 36.9 373 2.7 2.7 7.9 7.3
7 |ICCV 08102 53.0 58.3** 39.1 36.5 2.6 24 6.7 6.5
8 |ICCV 181602 44.0 45.7 43.0%* | 45.7** 3.1* 31 8.5 7.9
9 |ICCV 181606 54.3* 56.3** 37.2 39.7 25 2.9 7.1 6.9
10 |ICCV 181607, 51.7 53.3 43.1** | 44.0** 3.0* 31 7.0 7.0
11 |ICCV 181608 52.0 56.0* 44.8** | 45.7** 25 2.8 75 7.8
12 |ICCV 181610 53.0 55.0* 43.3** | 45.8** 2.3 2.6 6.9 6.6
13 |ICCV 181612 48.0 50.7 41.0* | 40.2 2.9 3.0 6.9 8.5
14 |ICCV 181664 45.0 46.7 49.5** | 50.3** 3.3** 3.3* 7.9 8.1
15 |ICCV 181667, 51.3 513 45.1** | 41.9 3.1* 3.3* 8.8 8.8
16 MH 1 51.3 54.3 35.8 372 24 29 7.1 8.1
17 MH 4 49.0 47.0 34.2 37.2 3.3** 2.8 8.2 7.0
18 MH 5 50.0 51.3 39.9 40.7 25 2.7 6.5 7.7
19 MH 11 49.7 44.7 37.6 | 43.7** 23 24 8.1 6.8
20 MH 12 51.7 473 338 40.9 1.9 2.7 4.2 7.1
21 MH 13 55.0* 52.0 36.1 357 2.9 31 6.3 8.9
22 MH 14 52.3 47.7 34.4 35.9 2.9 2.7 8.8 7.6
23 MH 15 50.0 44.3 37.7 40.3 2.1 2.3 4.9 8.0
24 MH 21 58.0** 53.3 38.9 34.2 2.6 2.6 6.1 6.9
25 MH 22 53.0 55.3* 40.1 415 3.1* 25 74 7.7
26 | NBeG 47 51.0 48.7 42.3** | 46.0** 17 1.8 5.4 7.3
27 | NBeG 49 49.0 53.3 37.7 38.6 2.0 24 12.9%* 11.9%*
28 JG11 48.3 50.3 33.7 30.9 2.3 2.3 11.9%* 9.9**
29 GBM 2 53.3 53.7 42.0%* | 39.4 24 2.9 6.1 8.8
30 HC5 52.3 51.0 40.5 42.4 25 3.2 5.5 7.9
General Mean 50.7 51.0 39.0 40.2 25 2.7 7.8 8.0
CV (%) 4.0 4.6 2.7 35 10.6 11.3 114 10.6
SE (m) 1.2 14 0.6 0.8 0.2 0.2 0.5 0.5
CD (P <0.05) 33 3.9 1.7 2.3 0.4 0.5 15 1.4
CD (P <0.01) 4.4 5.2 2.3 3.0 0.6 0.7 1.9 1.8
S.No.| Genotypes No. of pods plant* Biological yield plot? (g) (2.8 m*0.6m) Harvest index (%) | 100 seed weight (g)
RF IR RF IR RF IR RF IR
1 NBeG 776 25.9 28.0 540.0 706.7 59.2** 53.9** 29.3** 28.3**
2 NBeG 779 29.7 255 556.7 716.7 54.9** 54.6** 29.7** 29.3**
3 NBeG 780 29.2 19.1 460.0 523.3 52.5** 433 3L.7** 31.0**
4 NBeG 865 24.2 34.0 5733 776.7* 317 48.9 32.3** 33.7**
5 NBeG 868 29.9 28.1 613.3 756.7* 59.0** 56.4** 24.7 26.3
6 PG 08108 26.2 325 536.7 566.7 39.8 47.2 20.3 23.7
7 ICCV 08102 26.7 30.7 528.3 673.3 26.7 51.7* 25.0 253
8 | ICCV 181602 18.1 17.9 513.3 523.3 305 31.2 30.7** 3L.7**
9 ICCV 181606 | 37.1** 40.8 543.3 650.0 56.0** 49.8 24.7 25.7
10 | ICCV 181607 | 38.5** 338 580.0 673.3 51.7** 42.3 32.0** 32.7**
11 | ICCV 181608 | 34.2** 304 520.0 620.0 44.9 425 25.0 253
12 | ICCV 181610 24.1 26.3 600.0 623.3 36.7 37.0 23.7 23.0
13 | ICCV 181612 28.2 335 533.3 610.0 43.8 40.6 20.3 20.3
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14 | ICCV 181664 25.2 21.1 496.7 527.7 28.0 26.9 27.3** 27.7%*
15 | ICCV 181667 27.8 29.0 510.0 536.7 35.3 36.6 20.3 20.3
16 MH 1 25.7 28.9 736.7** 603.3 42.8 404 21.7 21.7
17 MH 4 33.4** 30.8 540.0 850.0** 37.6 45.1 22.3 22.0
18 MH 5 304 39.5 540.0 663.3 26.1 48.2 16.0 17.7
19 MH 11 20.8 23.1 416.7 700.0 44.9 50.5 26.7** 29.0**
20 MH 12 16.0 38.1 468.0 660.0 48.3 52.1** 19.3 19.7
21 MH 13 35.4** 39.5 820.0** 790.0* 38.6 40.6 19.3 21.7
22 MH 14 38.9** 315 740.0%* 636.7 54.6** 55.6** 28.0** 26.7
23 MH 15 26.3 47.9** 519.3 793.3* 40.8 48.7 21.7 22.0
24 MH 21 21.2 32.2 480.0 695.0 37.9 49.0 21.0 24.0
25 MH 22 27.1 42.5* 430.0 620.0 34.8 52.4** 21.7 23.3
26 NBeG 47 20.3 27.7 388.3 490.0 47.7 54.0** 31.0** 29.0**
27 NBeG 49 3L.7* 32.8 570.3 700.0 59.6** 53.3** 31.3** 31.0**
28 JG11 34.3** 325 493.3 616.7 59.8** 53.6** 24.7 27.0**
29 GBM 2 21.6 30.9 584.3 630.0 41.8 54.2** 25.7 23.7
30 HC5 20.1 38.2 463.3 686.7 34.4 43.2 18.7 19.3
General Mean 27.6 31.6 543.2 654.0 43.6 46.8 24.9 254
CV (%) 6.8 18.9 8.7 11.2 6.9 5.1 3.2 3.1
SE (m) 1.1 3.4 27.1 424 1.7 1.4 0.5 0.5
CD (P <0.05) 3.1 9.7 76.8 119.9 4.9 3.9 1.3 1.3
CD (P<0.01) 4.1 12.9 102.2 159.5 6.5 5.1 1.7 1.7
S. No. Genotypes Protein (%) Seed yield plot * (g) (2.8 m*0.6m)
RF IR RF IR
1 NBeG 776 17.9 20.0 318.3** 383.7*
2 NBeG 779 175 15.2 305.0** 391.3*
3 NBeG 780 17.7 18.9 2413 226.7
4 NBeG 865 20.5 24.2*%* 180.3 380.0*
5 NBeG 868 17.0 16.6 361.7%* 426.7**
6 PG 08108 16.8 175 213.3 266.7
l ICCV 08102 16.5 21.5** 141.3 346.7
8 ICCV 181602 16.8 14.7 156.7 163.3
9 ICCV 181606 18.9 18.7 303.3** 323.3
10 ICCV 181607 18.2 18.7 300.0** 284.7
11 ICCV 181608 18.2 24.5** 233.3 263.3
12 ICCV 181610 20.0 20.1 220.0 230.0
13 ICCV 181612 22.2*%* 18.9 233.3 247.3
14 ICCV 181664 20.0 20.5 139.0 141.7
15 ICCV 181667 17.3 18.6 179.3 196.7
16 MH 1 18.9 21.4** 315.0** 243.3
17 MH 4 17.6 22.4** 203.3 383.3*
18 MH 5 15.7 15.1 141.7 320.0
19 MH 11 18.2 23.5** 217.3 353.3
20 MH 12 16.3 145 227.0 343.0
21 MH 13 194 14.7 316.7** 322.7
22 MH 14 18.9 18.9 403.3** 3533
23 MH 15 18.6 18.2 211.7 386.7*
24 MH 21 14.7 16.6 181.7 341.7
25 MH 22 15.1 16.8 150.0 325.0
26 NBeG 47 18.6 194 185.3 264.0
27 NBeG 49 20.6 194 340.0** 373.3*
28 JG11 18.4 18.6 295.3** 330.0
29 GBM 2 20.0 24.2*%* 243.0 341.7
30 HC5 18.2 17.3 159.0 296.0
General Mean 18.2 19.0 237.2 308.3
CV (%) 9.8 5.7 9.5 12.7
SE (m) 1.0 0.6 13.1 22.6
CD (P <0.05) 2.9 1.8 37.0 64.1
CD (P<0.01) 3.9 2.4 49.2 85.3

** significant at 1% and * significant at 5% (RF = Rainfed; IR = Irrigated)

1. Angle of the primary branch ()

Angle of primary branch is an important trait for mechanical
harvesting. Tall genotypes with semi-erect (65 to 74°) to erect
(75-90°) growth habit are suitable for mechanical harvesting.
Angle of primary branch ranged from 69.1° (JG 11) to 81.1°
(HC 5) under rainfed condition with a general mean value of
74.7°. Under irrigated condition, angle of primary branch

ranged from 70.9° (PG 08108) to 83.2° (MH 11) with a
general mean value of 75.8°. NBeG 780 (rainfed = 80.5’,
irrigated = 79.7%), ICCV 181602 (rainfed = 77.5°, irrigated =
78.3"), ICCV 181608 (rainfed = 78.8", irrigated = 79.3"),
NBeG 47 (rainfed = 78.5°, irrigated = 80.9°) and HC 5
(rainfed = 81.1°, irrigated = 78.0°) performed significantly
superior over the general mean under both rainfed and
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irrigated conditions. Under irrigated condition, ICCV 181606
(78.3°), ICCV 181610 (78.7) and MH 11(83.2") had
significantly superior values over the mean. Under rainfed
MH 5 (77.5) had erect growth habit with significantly
superior values over the general mean. Vishnu et al. (2018) in
his study identified ‘NBeG 1006’ and ‘NBeG 47’ under
rainfed condition and ‘NBeG 1006°, ‘NBeG 47°, ‘NBeG 780’
and ‘NBeG 855’ under irrigated condition as better genotypes
for mechanical harvest with semi erect growth habit and
desirable angle of the primary branch.

2. Height of the first pod (cm)

For efficient mechanical harvesting, height of the first pod of
chickpea genotypes should be greater than 25-30 cm from the
ground level. The general mean under rainfed condition was
25.3 c¢m ranging from MH 14 (18.4 cm) to ICCV 181664
(35.4 cm). NBeG 865 (27.7 cm), ICCV 181612 (30.7 cm),
MH 5 (30.1 cm), MH 21 (28.7 cm), GBM 2 (29.0 cm) and HC
5 (28.2 cm) exhibited significantly superior values over the
mean under rainfed condition. The general mean under
irrigated condition was 26.3 cm ranging from NBeG 868
(20.5 cm) to ICCV 181664 (34.9 cm). MH 11 (28.6 cm) and
NBeG 47 (32.3 cm) showed significantly higher values over
mean under irrigated condition. Under both rainfed and

irrigated conditions, ICCV 181602 (rainfed = 28.3 cm,
irrigated = 29.7 cm), ICCV 181607 (rainfed = 28.7 cm,
irrigated = 29.3 cm), ICCV 181608 (rainfed = 30.1 cm,
irrigated = 29.3 cm), ICCV 181610 (rainfed = 28.7 cm,
irrigated = 29.2 cm), ICCV 181664 (rainfed = 35.4 cm,

irrigated = 34.9 cm) and ICCV 181667 (rainfed = 27.8 cm,
irrigated = 32.5 cm) showed significantly better values
compared to other genotypes.

3. Days to 50% flowering

Early phenology (early flowering, early podding and early
maturity) is the most important mechanism to escape terminal
drought stress (Gaur et al., 2008) 1. Chickpea breeding at
ICRISAT and in Indian national programme has placed high
emphasis on the development of early maturing varieties for
enhancing adaptation of chickpea to environments prone to
predictable terminal drought stress. In this study, under
rainfed conditions, days to 50% flowering ranged from 34.3
(NBeG 776) to 58.0 (GBM 2) with a general mean of 46.0
whereas under irrigated conditions it ranged from 34.3 (JG
11) to 58.7 (HC 5 and GBM 2) with a general mean of 46.7.
NBeG 776 (rainfed = 34.3, irrigated = 35.3), NBeG 779
(rainfed = 35.3, irrigated = 35.3), NBeG 780 (rainfed = 36.3,
irrigated = 36.7), NBeG 868 (rainfed = 36.3, irrigated = 37.3),
ICCV 181606 (rainfed = 40.7, irrigated = 41.0), NBeG 47
(rainfed = 40.3, irrigated = 40.7), NBeG 49 (rainfed = 35.0,
irrigated = 35.7) and JG 11 (rainfed = 35.3, irrigated = 34.3)
showed significant superiority in earliness under both rainfed
and irrigated conditions. Some of the genotypes i.e., MH 12
(40.7) under rainfed condition whereas MH 14 (40.3) and MH
15 (42.0) under irrigated condition were significantly early
compared to their respective means.

4. Days to maturity

Drought escape through early flowering and early maturity
are the two major components of drought tolerance for
chickpea (Silim and Saxena, 1993) [6. Under rainfed
condition general mean was 89.4 ranging from 81.0 (NBeG
776) to 96.7 (ICCV 181602 and ICCV 181664). The general
mean under irrigated condition was 90.1 ranging from 81.7
(NBeG 779) to 98.7 (NBeG 865). Under both rainfed and
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irrigated conditions, NBeG 776 (rainfed = 81.0, irrigated =
82.3), NBeG 779 (rainfed = 81.3, irrigated = 81.7), NBeG 780
(rainfed = 82.0, irrigated = 83.3), NBeG 868 (rainfed = 82.3,
irrigated = 84.0), ICCV 181610 (rainfed = 86.7, irrigated =
87.3), ICCV 181612 (rainfed = 86.0, irrigated = 87.0), MH 11
(rainfed = 85.3, irrigated = 87.7), NBeG 47 (rainfed = 85.3,
irrigated = 88.7), NBeG 49 (rainfed = 83.7, irrigated = 84.3)
and JG 11 (rainfed = 81.3, irrigated = 82.3) showed
significant earliness in maturity over their respective mean
values. Genotypes ICCV 181606 (88.0), ICCV 181607 (86.0)
and MH 15 (86.3) exhibited significantly superior values over
the mean exclusively under irrigated condition. This indicates
that in the present material there is opportunity to choose
genotypes for desired earliness. Several early maturing
high-yielding cultivars have been developed in chickpea.
According to a survey conducted on the extent of adoption of
chickpea varieties, the short-duration chickpea variety JG 11
covered about 82% of the chickpea area in Andhra Pradesh
(Bantilan et al., 2014) 4,

5. Duration of reproductive phase

Duration of reproductive period is also important criterion for
realizing higher yields. It is reported that in chickpea, 50-55
days reproduction period is optimum for good seed setting
(Joshi et al., 2018) . Therefore, early flowering coupled
with optimum duration of reproductive period is important for
increasing higher yields. Highest reproductive phase was
observed in MH 21 (58.0) and the lowest in ICCV 181602
(44.0) under rainfed condition with a general mean of 50.7
and genotypes such as MH 13 (55.0) and MH 21 (58.0) had
significantly higher values over mean under rainfed condition.
Under irrigated condition, general mean is 51.0 with a range
of 44.3 (MH 15) to 58.3 (ICCV 08102) and genotypes ICCV
08102 (58.3), ICCV 181608 (56.0), ICCV 181610 (55.0) and
MH 22 (55.3) had significantly higher values over mean
under irrigated condition. Under both rainfed and irrigated
conditions, ICCV 181606 (rainfed = 54.3, irrigated = 56.3)
had significantly higher values over mean.

6. Plant height (cm)

In Southern India, chickpea varieties under cultivation attain a
plant height of 35-45 cm during crop period. However,
chickpea cultivars with 30 to 40 per cent more height than the
existing cultivars are required to make them suitable for
mechanical harvesting. Under rainfed condition the plant
height in the genotypes of present study ranged from 33.3 cm
(NBeG 868) to 49.5 cm (ICCV 181664) with a general mean
of 39.0 cm. NBeG 780 (41.6 cm), ICCV 181612 (41.0 cm),
ICCV 181667 (45.1 cm) and GBM 2 (42.0 cm) performed
significantly well exclusively under rainfed condition. Under
irrigated condition, plant height ranged from 30.9 cm (JG 11)
to 50.3 cm (ICCV 181664) with a general mean of 40.2 cm
where MH 11 (43.7 c¢cm) is the only genotype which had
significantly higher value under irrigated condition. ICCV
181602 (rainfed = 43.0 cm, irrigated = 45.7 cm), ICCV

181607 (rainfed = 43.1 cm, irrigated = 44.0 cm), ICCV
181608 (rainfed = 44.8 cm, irrigated = 45.7 cm), ICCV
181610 (rainfed = 43.3 cm, irrigated = 45.8 cm), ICCV

181664 (rainfed = 49.5 cm, irrigated = 50.3 cm) and NBeG 47
(rainfed = 42.3 cm, irrigated = 46.0 cm) are promising under
both under both rainfed and irrigated conditions, and attained
significantly greater plant height compared to respective mean
values.

~372~


http://www.chemijournal.com/

International Journal of Chemical Studies

7. Number of branches per plant (primary and secondary)
The general mean of primary branches under rainfed
condition was 2.5 where the least value was recorded in
NBeG 779 (1.4) and the highest value was recorded in NBeG
865 (3.4). Under irrigated condition, the general mean of
primary branches was 2.7 where the least value was recorded
in NBeG 47 (1.8) and NBeG 865 (3.3), ICCV 181664 (3.3)
and ICCV 181667 (3.3) genotypes recorded extreme values
under irrigated conditions. NBeG 865 (rainfed = 3.4, irrigated
= 3.3), ICCV 181664 (rainfed = 3.3, irrigated = 3.3) and
ICCV 181667 (rainfed = 3.1, irrigated = 3.3) performed
significantly superior under both rainfed and irrigated
conditions. Under rainfed condition, ICCV 181602 (3.1),
ICCV 181607 (3.0), MH 4 (3.3) and MH 22 (3.1) also had
significant superior values.

The general mean of secondary branches was 7.8 and 8.0
respectively under rainfed and irrigated conditions. The range
was 4.2 (MH 12) to 13.4 (NBeG 868) under rainfed and 6.5
(ICCV 08102) to 11.9 (NBeG 49) under irrigated condition.
Under rainfed condition, NBeG 776 (11.0) and NBeG 780
(10.9) had significantly superior values compared to the
mean. NBeG 868 (rainfed = 13.4, irrigated = 9.5), NBeG 49
(rainfed = 12.9, irrigated = 11.9) and JG 11 (rainfed = 11.9,
irrigated = 9.9) performed significantly better under both the
conditions.

8. Number of pods per plant

The general mean value under irrigated condition was greater
compared to rainfed (rainfed = 27.6, irrigated = 31.6). Under
rainfed condition, the number of pods per plant ranged from
16.0 (MH 12) to 38.9 (MH 14). ICCV 181606 (37.1), ICCV
181607 (38.5), ICCV 181608 (34.2), MH 4 (33.4), MH 13
(35.4), MH 14 (38.9), NBeG 49 (31.7) and JG 11 (34.3) had
significantly superior values. Under irrigated condition the
range observed was from 17.9 (ICCV 181602) to 47.9 (MH
15) and two genotypes MH 22 (42.5) and MH 15 (47.9) had
significantly higher number of pods per plant compared to
mean value.

9. Biological yield (g/plot)

Under rainfed condition, biological yield ranged from 388.3 g
(NBeG 47) to 820 g (MH 13) with a mean value of 543.2 g.
Under irrigated condition, biological yield ranged from 490.0
g (NBeG 47) to 850.0 g (MH 4) with a mean value of 654.0 g.
Under rainfed, genotypes MH 1 (736.7 g) and MH 14 (740.0
g) exhibited significantly superior values over its mean.
Under irrigated condition, NBeG 865 (776.7 g), NBeG 868
(756.7 g), MH 4 (850.0 g) and MH 15 (793.3 g) exhibited
significantly superior values over its mean. MH 13 (rainfed =
820.0 g, irrigated = 790.0 g) had higher biological yield under
rainfed as well as under irrigated conditions.

10. Harvest Index (%0)

Improved harvest index represents increased physiological
capacity to mobilize photosynthates and translocate them into
organs having economic yield. Genotypes with high harvest
index are of greater promise for improving drought tolerance
in chickpea. Under rainfed condition HI ranged from 26.1 per
cent (MH 5) to 59.8 per cent (JG 11) with a general mean of
43.6 per cent. NBeG 780 (52.5 per cent), ICCV 181606 (56.0
per cent) and ICCV 181607 (51.7 per cent) showed
significantly higher values over mean value under rainfed
condition. Harvest index ranged from 26.9 per cent (ICCV
181664) to 56.4 per cent (NBeG 868) with a mean value of
46.8 per cent under irrigated condition. ICCV 08102 (51.7 per
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cent), MH 12 (52.1 per cent), MH 22 (52.4 per cent), NBeG
47 (54.0 per cent) and GBM 2 (54.2 per cent) showed
significantly higher values over mean value under irrigated
conditions. Six genotypes i.e., NBeG 776 (rainfed = 59.2 per
cent, irrigated = 53.9 per cent), NBeG 779 (rainfed = 54.9 per
cent, irrigated = 54.6 per cent), NBeG 868 (rainfed = 59.0 per
cent, irrigated = 56.4 per cent), MH 14 (rainfed = 54.6 per
cent, irrigated = 55.6 per cent), NBeG 49 (rainfed = 59.6 per
cent, irrigated = 53.3 per cent) and JG 11 (rainfed = 59.8 per
cent, irrigated = 53.6 per cent) showed significantly higher
values over their respective means both under rainfed and
irrigated conditions.

11. 100 seed weight (g)

The lowest 100 seed weight was observed in MH 5 (rainfed =
16.0 g, irrigated = 17.7 g) and the highest value was recorded
by NBeG 865 (rainfed = 32.3 g, irrigated = 33.7 g). NBeG
776 (rainfed = 29.3 g, irrigated = 28.3 g), NBeG 779 (rainfed
= 29.7 g, irrigated = 29.3 g), NBeG 780 (rainfed = 31.7 g,
irrigated = 31.0 g), NBeG 865 (rainfed = 32.3 g, irrigated =
33.7 g), ICCV 181602 (rainfed = 30.7 g, irrigated = 31.7 @),
ICCV 181607 (rainfed = 32.0 g, irrigated = 32.7 g), ICCV
181664 (rainfed = 27.3 g, irrigated = 27.7 g), MH 11 (rainfed
= 26.7 g, irrigated = 29.0 g), NBeG 47 (rainfed = 31.0 g,
irrigated = 29.0 g) and NBeG 49 (rainfed = 31.3 g, irrigated =
31.0 g) had significantly greater 100 seed weight over their
respective mean values (rainfed = 24.9 g, irrigated = 25.4 g)
under both the conditions. Seed weight appears to be more
stable across seasons and environments with less G x E
interaction (Serraj et al., 2004) [*, MH 14 (28.0 g) and JG 11
(27.0 g) had significantly greater 100 seed weight under
rainfed and irrigated conditions respectively.

12. Protein content (%)

Under rainfed conditions protein percent ranged from 14.7%
(MH 21) to 22.2% (ICCV 181612). ICCV 181612 (22.2%)
was significantly superior to the mean under rainfed. Under
irrigated conditions protein percent ranged from 14.5% (MH
12) to 24.5% (ICCV 181608). NBeG 865 (24.2%), ICCV
08102 (21.5%), ICCV 181608 (24.5%), MH 1 (21.4%), MH 4
(22.4%), MH 11 (23.5%) and GBM 2 (24.2%) had
significantly superior values over the mean exclusively under
irrigated condition.

13. Seed yield (g/plot)

In Andhra Pradesh more than 80 per cent of chickpea area is
under rainfed cultivation and very little rainfall received
during crop season. Therefore, the crop is subjected to
increased intensity of water deficit which imposes a ceiling on
crop duration demanding selection for matching duration
varieties for best adaptability and productivity (Saxena 1987
and Ludlow and Muchow, 1990) 11 0 In the present study
during current crop season dry weather prevailed in Andhra
Pradesh, rainfall was not received for taking up rainfed
sowings. Therefore, a pre sowing irrigation was given for
sowing rainfed and irrigated crops. Subsequently, the irrigated
crop was provided with two light irrigations at 35 and 55
DAS through sprinklers. The mean seed vyield of the
genotypes was high under irrigated conditions. Though
different genotypes have shown differences in their ability to
respond to irrigation, the overall improvement in mean
performance under irrigated conditions is clearly visible for
traits number of pods per plant, HI and biological yield (Table
3).
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Table 3: Significantly superior genotypes based on the mean performance for yield, yield components and mechanical harvestable traits under
rainfed and irrigated conditions

NBeG 868

S. Genotypes . _—
No. Characters Rainfed Irrigated Rainfed and irrigated
Anale of orimary | FC 5 NBeG 780, ICCV 181608, MH 11, NBeG 47, NBeG 780, NBeG 47, NBeG 780, HC 5,
1 9 bran‘;h y NBeG 47, MH 5 ICCV 181608, ICCV 181610, ICCV 181602 ICCV 181608 and
and ICCV 181602 ICCV 181606 and HC 5 ICCV 181602
ICCV 181664, ICCV 181612,
ICCV 181608,
MH 5, GBM 2, ICCV 181610, | ICCV 181664, ICCV 181667, NBeG 47, :ggx 1312% :ggg 121282
2 [Height of the first pod ICCV 181607, ICCV 181602, ICCV 181607, ICCV ICCV 181667 and 1CCV '
MH 21, ICCV 181602, HC 5, 181608, ICCV 181610 and MH 11 51667
ICCV 181667 and
NBeG 865
NBeG 776, NBeG 49, JG 11,
Davs 1o 50% NBeG 779, NBeG JG 11, NBeG 776, NBeG 779, NBeG 49, JﬁBlelé ':gﬁggg;;geﬁge@ '
3 ﬂi’)werin 780, NBeG 868, NBeG 47, ICCV NBeG 780, NBeG 868, MH 15, 568, NBoG 47 and
9 181606 and ICCV 181606, NBeG 47 and MH 14 ’
ICCV 181606
MH 12
NBeG 77ﬁié\'eie$8879' JG 1L 1 NBeG 779, NBeG 776, NBeG 780, NBeG |  NBeG 776, NBeG 779, JG 11,
. ' 868, NBeG 49, MH 15, ICCV 181612, NBeG 780, NBeG 868, NBeG
4 | Daystomaturity | NBeG 868, NMBﬁ(ifg’ NBeG 47,1 v 181610, ICCV 181607, JG 11, 49, NBeG 47, MH 11, ICCV
(CCV 181612 and 1oCy 181610 MH 11, NBeG 47 and ICCV 181606 181612 and ICCV 181610
Duration of ICCV 08102, ICCV 181606, ICCV 181608,
5 | reproductive phase [MH 21 MH 13 and ICCV 181606 M 23 o0 1CCV 181610 ICCV 181606
ICCV 181664, ICCV 181667,
oy 1:3?%%1%?:??’181607 ICCV 181664, NBeG 47, ICCV 181610, | ICCV 181602, ICCV 181664,
6 Plant height ’ * |ICcCV 181602, ICCV 181608, ICCV 181607| ICCV 181607, ICCV 181608,
ICCV 181602, and MH 11 ICCV 181610 and NBeG 47
NBeG 47, NBeG 780, GBM 2 and
ICCV 181612
NBeG 865, ICCV 181664, ICCV
Number of primary 181612, MH 4,
7 branches ICCV 181667, ICCV 181602, MH|NBeG 865, ICCV 181664 and ICCV 181667| NBeC 865, ICCV 181664 and
* ICCV 181667
plant 22 and
ICCV 181607
Number of secondary|NBeG 868, NBeG 49, JG 11, NBe
8 branches G 776 and NBeG 49, JG 11and NBeG 868 NBsG 86%’GNSeG 49 and
plant? NBeG 780
MH 14, ICCV 181607, ICCV
Number of pods 181606, MH 13,
9 plant™ JG 11, ICCV 181608, MH 4 and MH 15 and MH 22 -
NBeG 49
10 |Biological yield plotl]  MH 13, MH 14 and MH 1 MH 4, MH 15, MH 13, NBeG 865 and MH 13

JG 11, NBeG 49, NBeG 776,
NBeG 868, ICCV

NBeG 868, MH 14, NBeG 779, GBM 2,

JG 11, NBeG 49, NBeG 776,

ICCV 181607 and JG 11

11| Harvestindex 181606@'56‘?(758707253"“ 14| NBeG 47, NBeG 776, JG 11, NBeG 49, NBeG 868, NBeG 779 and
sl MH 22, MH 12 and ICCV 08102 MH 14
NBeG 865, ICCV 181607, NBeG| | o aee 0o e 780, NBeG 865, ICCV 181607,
780, NBeG 49, NBeG 49, NBeG 47, MH 11, ICCV 181602,| \BeG 780, NBeG 49, NBeG
12 | 100 seedweight | NBeG 47, ICCV 181602, NBeG | acr: = 01000 47 M 1, ICEV 481902 47 MH 11, IcCV 181602,
779, NBeG 776, : e NBeG 779, NBeG 776 and
MH 14, ICCV 181664 and MH 11 ICCV 181664
) ICCV 181608, NBeG 865, GBM 2, MH 11,
13 Protein ICCV 181612 s ToCy 03100 nd M 1 )
MH 14, NBeG 868, NBeG 49,
1| seedyieldplors | o MI—T?eI(\BIEZZgWQ oy NBeG 868, NBeG 779, MH 15, NBeG 868, NBeG 776,
MA L NBec 779, NBeG 776, MH 4, NBeG 865 and NBeG 49| NBeG 779 and NBeG 49

The general mean of seed yield per plot under rainfed
conditions was 237.2 (g) ranging from 139.0 g (ICCV
181664) to 403.3 g (MH 14). Under irrigated condition seed
yield ranged from 141.7 g (ICCV 181664) to 426.7 g (NBeG
868) with a general mean of 308.3 g. Seed yields were high
under irrigated condition for all the tested genotypes except
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NBeG 780, ICCV 181607 and MH 14. Genotypes varied in
their ability to respond to irrigation. The increase of seed
yield in genotypes under irrigated condition ranged from
1.9% (MH 13 and ICCV 181664) to 145.4% (ICCV 08102).
15 genotypes showed more than 20 per cent yield advantage
under irrigated condition. Turner et al. (2001), Rao et al.
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(2003) and Meena and Kumar (2015) [17- 13- 111 also reported
that the genotypes of their study responded well to irrigation
in terms of yield.

NBeG 776 (rainfed = 318.3 g, irrigated = 383.7 g), NBeG 779
(rainfed = 305.0 g, irrigated = 391.3 g), NBeG 868 (rainfed =
361.7 g, irrigated = 426.7 g) and NBeG 49 (rainfed = 340.0 g,
irrigated = 373.3 g) produced significantly superior yield over
their respective mean values under both rainfed and irrigated
conditions. Genotypes ICCV 181606 (303.3 g), ICCV 181607
(300.0 g), MH 1 (315.0 g), MH 13 (316.7 g), MH 14 (403.3 g)
and JG 11 (295.3 g) produced significantly superior yield over
the mean under rainfed. NBeG 865 (380.0 g), MH 4 (383.3 g)
and MH 15 (386.7 g) produced significantly superior yield
over the mean value under irrigated condition.

Among check genotypes NBeG 47, GBM 2 and HC 5 were
tall genotypes suitable for mechanical harvesting released for
commercial cultivation in Andhra Pradesh, Karnataka and
Hisar respectively. JG 11 is the most popular variety in
Andhra Pradesh and NBeG 49 is the recently released high
yielding variety for Andhra Pradesh.

Under rainfed condition, among check genotypes NBeG 49
(340.0 g) and JG 11 (295.3 g) were high yielding and MH 14
(403.3 g) recorded highly significant yield than the checks
NBeG 49 and JG 11. NBeG 776, NBeG 779, NBeG 868,
ICCV 181606, ICCV 181607, MH 1 and MH 13 were on par
with the checks NBeG 49 and JG 11 under rainfed condition.
Under irrigated condition, 17 genotypes were on par with the
yield of the check NBeG 49. NBeG 868 recorded significantly
high yield than the check JG 11 and nearly 22 genotypes were
on par with the yield of the check JG 11.

Conclusion

In the present study though some types had desirable traits for
machine harvesting, many of them are poor vyielders.
However, under rainfed condition one of the high yielding
genotypes, ICCV 181607 had plant height and angle of
primary branch comparable with machine harvestable
genotype NBeG 47 and the height of first pod was also
significantly greater than NBeG 47. Efforts made by earlier
researchers to breed for erectness and tall growth habit (Bahl,
1980) B! have produced tall progenies but with poor harvest
index. Plant types with short internodes and compact growth
habits have been developed which can be grown under high
plant density (Lather, 2000) 1. Therefore, special efforts are
needed to breed high yielding genotypes suitable for machine
harvesting and with suitability for rainfed cultivation and with
favourable response under limited irrigation. Popular and high
yielding varieties like NBeG 49 and JG 11, machine
harvestable varieties like NBeG 47 and GBM 2 and genotype
of present study ICCV 181607 with high yield and as well as
machine harvestable traits should be deployed in breeding
programmes planned to improve vyield and machine
harvestablity.
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