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Abstract

Chickpea being a highly self pollinated crop, the scope for exploitation of hybrid vigour will depend on the direction and
magnitude of heterosis, biological feasibility and the type of gene action involved. The present investigation was carried out
to study heterosis for yield and physiological attributes in chickpea utilising 21F;s and seven parents from a 7 x 7 diallel set
of crosses during rabi 2011-12 at Regional Agricultural Research Station, Nandyal - 518 502, A.P., India. Crosses NBeG-3 x
Vihar, JG-11 x Vihar and ICCV 05106 x Vihar exhibited significant heterosis for days to first flowering and days to maturity
in desirable negative direction. For yield and yield attributes viz., number of branches per plant, number of pods per plant
JG-11 x ICCV 05106, JG-11 x KAK-2 and ICCV 05106 x Vihar recorded significantly higher per se performance and
heterosis over mid parent and better parent. MNK-1 x KAK-2 recorded significantly higher mid parental heterosis and
heterobeltosis for physiological attributes like shoot biomass per plant, harvest index and root length. Hence, these promising
crosses could be utilized in future breeding programmes for improving earliness, seed yield and drought tolerance in

chickpea.
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Chickpea (Cicer arietinum L. ) 2n = 2x = 16, is the
third most important food legume globally,
occupying an area of 13.2 m ha with a production
of 11.6 m t (FAO STAT 2011). In India, chickpea
cultivation was done in 9.21 m ha with a
production of 8.88 m t and a productivity of 995
kg/ha (DAC Statistics, 2013). But the productivity
is low (995 kg/ha) compared to other chickpea
producing countries viz.,, Mexico (1809 kg/ha),
Australia (1268 kg/ha) and Ethiopia (1265 kg/ha).
In recent years, the area under chickpea cultivation
has expanded to Southern India. Madhya Pradesh,
Uttar Pradesh, Rajasthan, Maharastra, Gujarat,
Andhra Pradesh and Karnataka are the major
chickpea producing states sharing over 95 % area.
In Andhra Pradesh also, the area under chickpea
has increased dramatically from 71,000 ha in 1992-
93 to 6.47 lakh ha in 2009-10 and the productivity
increased from 621 kg/ha to 1309 kg/ha. In Andhra
Pradesh, the crop duration of chickpea is short (75-
110 days) and the climate is warm. Drought at
different crop stages is the most serious constraint
of chickpea production and therefore the varieties
developed should have comparatively minimum
yield losses during low rainfall years.

Chickpea productivity under drought environments
could be increased through improving some
physiological, morphological and phenological
characteristics that have been recognised to be
significant in crop adaptation to drought stress
during soil drying (Ludlow and Muchnow, 1990 ;
Subba Rao et al. 1995). Recently chickpea
germplasm with deep and prolific root system were
identified as a means to improve the drought
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tolerance through enhanced water uptake
(Kashiwagi et al., 2006). Tall and high yielding
genotypes are highly suitable for mechanized
cultivation, breeding for tallness or incorporation of
tallness into high yielding background is another
important research priority.

Though heterosis breeding is utilised to achieve
substantial enhancement in vyield and quality
aspects of crop plants, in case of self pollinated
crops including chickpea, heterosis per se cannot
be exploited by way of heterotic hybrids due to
biological infeasibility. Utility of heterosis per se
may not be much useful in chickpea, but cross
combinations showing heterotic vigour can be
utilised as the source populations for deriving
superior progenies. Jinks (1983) outlined the
importance of heterosis breeding in self pollinated
crops to extract pure breeding lines equalling or
outperforming the best F;s. Therefore, the present
investigation was made to generate information on
heterosis for yield and physiological attributes in
chickpea.

The experimental material comprised of seven
diverse lines of chickpea viz., NBeG-3, JG-11,
ICCV 05106, MNK-1, ICCV 95333, KAK-2 and
Vihar were crossed in a half diallel fashion during
Rabi 2010-11 and during rabi 2011-12, F;s and
parents were evaluated in a Randomised Block
Design with three replications at Regional
Agricultural Research Station, Nandyal. Each entry
was grown in a single row of 4 m length and JG-11
was grown around the experiment to avoid border
effects. A spacing of 30 x 10 cm was followed and
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standard package of practices were adopted for
raising the crop. Observations were recorded on
five randomly selected plants in each entry of each
replication. Data were recorded on vyield and
physiological attributes viz., days to first flowering,
days to 50 first flowering, days to first podding,
days to maturity, plant height, number of branches
per plant, number of pods per plant, shoot biomass
per plant, root length, seed yield per plant, harvest
index and 100 seed weight. Heterosis over mid
parent and better parent was calculated as per the
standard statistical formulae.

Analysis of variance indicated highly significant
differences among the entries for all the twelve
characters studied, indicating that there exists
substantial variability among the treatments. The
per se performance of parental genotypes, F;s and
heterosis over mid parent and better parent for
twelve yield and physiological attributes are
presented in Table 1. Among parents, NBeG-3 for
number of branches per plant, number of pods per
plant, seed yield per plant, harvest index ; JG-11
for days to first flowering, days to 50 per cent
flowering, days to first poding, number of branches
per plant, root length, number of pods per plant ;
ICCV 05106 for number of pods per plant; MNK-1
for plant height and 100 seed weight; ICCV 95333
for plant height and harvest index and Vihar for
number of branches per plant, root length, shoot
biomass per plant, exhibited superior per se
performance. Hence these parents can be utilized in
breeding programmes for improvement of
respective characters.

Crosses JG-11 x Vihar, ICCV 05106 x ICCV
95333 and ICCV 05106 x KAK-2 for days to first
flowering and days to 50 per cent flowering; ICCV
05106 x ICCV 95333 for days to first poding,
NBeG-3 x JG-11 for days to maturity, recorded the
higher mean values. Hence, these crosses can be
utilized for isolating early maturing genotypes in
segregating generations. With the development of
early maturing genotypes we can avoid yield losses
due to terminal drought stress, which was the most
serious constraint to chickpea production,
particularly in Andhra Pradesh. Among F;s, JG-11
X MNK-1 and ICCV 95333 x KAK-2 registered
significantly superior per se performance for root
length which can be exploited for isolating
desirable recombinants in segregating generations.
In the present study, NBeG-3 recorded the highest
harvest index followed by ICCV 95333 and JG-11
and the F;s MNK-1 x KAK- 2 followed by NBeG-
3 X ICCV 95333 and NBeG-3 x Vihar registered
high harvest indices. Crosses NBeG-3 x ICCV
95333, JG-11 x ICCV 05106, JG-11 x KAK-2 and
ICCV 05106 x Vihar could used to isolate superior
lines for seed yield in segregating generations, as
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they were found to be superior with respect to yield
and yield attributes.

The direction and magnitude of heterosis varied
widely for all the twelve traits studied and in
crosses as well. Significant negative heterosis has
usually been considered for the phenological traits
like days to first flowering, days to 50 per cent
flowering, days to first poding and days to
maturity. On critical examination of the
phenological attributes viz., days to first flowering,
days to 50 per cent flowering and days to maturity
the crosses NBeG-3 x Vihar, JG-11 x Vihar and
ICCV 05106 x Vihar exhibited were found
significant for days to first flowering and days to
maturity in desirable negative direction. Hence,
these crosses can be exploited to isolate early
maturing genotypes in segregating generations.
Heterosis for earliness in Indian bean was reported
by Bagade et al. 2002 and negative heterobeltiosis
for days to maturity was reported in chickpea by
Singh et al. 2002. For plant height, the per cent
deviation of F, from mid parent value ranged from -
11.49 per cent (JG-11 x ICCV 95333) to 11.62 per
cent (NBeG-3 x JG-11). Five combinations
viz.,NBeG-3 x JG-11, NBeG-3 x Vihar, JG-11 x
ICCV 05106, JG-11 x MNK-1 and KAK-2 x Vihar
exhibited significant positive heterosis over mid
parent and none of the F;s exhibited significant
positive heterobeltiosis for plant height. Singh et
al.2000 reported heterosis for plant height in
chickpea.

Chickpea germplasm with deep and prolific root
system can be utilized to improve drought tolerance
in the crop through enhanced water uptake.
Heterobeltiosis for root length ranged from -16.08
per cent (NBeG-3 X Vihar) to 39.09 per cent
(ICCV 95333 x KAK-2). The higher heterosis over
mid parent and heterobeltiosis was observed in
eleven crosses viz., NBeG-3 x MNK-1, NBeG-3 x
ICCV 95333, NBeG-3 x KAK-2, JG-11 x MNK-1,
JG-11 x KAK-2, ICCV 05106 x MNK-1, ICCV
05106 x ICCV 95333, ICCV 95333 x KAK-2,
MNK-1 x ICCV 95333, MNK-1 x KAK-2 and
ICCV 95333 x KAK-2. The magnitude and high
incidence of heterosis for this character was
indicative of operation of high dominance or
epistasis or both (Kashiwagi et al. 2005). For shoot
biomass per plant, all the twenty one F;s exhibited
significant positive heterosis over mid parent as
well as better parent. Cosses viz., NBeG-3 x Vihar,
JG-11 x KAK-2, JG-11 x Vihar, ICCV 05106 x
Vihar, ICCV 05106 x MNK-1, MNK-1 x ICCV
95333 and ICCV 95333 x Vihar recorded highly
significant positive heterosis with high mean values
for this trait. Higher magnitude of mid parental
heterosis and heterobeltiosis for biomass per plant
was reported by Bhardwaj et al., 2010. The
magnitude and direction of heterosis for harvest
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index was medium and positive in a few crosses,
while negative in many of the crosses indicating
low genetic divergence in the parents for this trait.
Only three crosses JG-11 x ICCV 05106, ICCV
05106 x Vihar and MNK-1 x KAK-2 showed
highly significant positive heterosis over mid
parent as well as better parent for harvest index in
chickpea. The results obtained in the present study
were in conformity with the reports of Hedge et al.
2007 and Bhardwaj et al. 2010 for this trait.

Crosses viz., NBeG-3 x JG-11, NBeG-3 x ICCV
95333, NBeG-3 x KAK-2, JG-11 x ICCV 05106,
JG-11 x KAK-2, ICCV 05106 x MNK-1, ICCV
05106 x ICCV 95333, ICCV 05106 x Vihar, MNK-
1 x KAK-2 and ICCV 95333 x KAK-2 registered
significant mid  parental  heterosis  and
heterobeltosis for number of branches per plant,
number of pods per plant and seed yield per plant.
Hence, these cross combinations could be exploited
to identify superior pure lines for higher yield in
segregating  generations of these  crosses.
Jayalakshmi et al., 2009 observed good amount of
heterosis for number number of pods per plant and
seed yield per plant in chickpea. In chickpea seed
size is an important character especially under
rainfed environments, as bold seeded genotypes
generally show higher degree of drought tolerance
compared to medium seeded genotypes (Kumar et
al., 2004). Only three F;s viz., NBeG-3 x KAK-2,
ICCV 05106 x Vihar and KAK-2 x Vihar exhibited
significant positive heterosis over mid parent and
better parent. Though parental genotypes, MNK-1
and ICCV 95333 recorded higher seed weight, the
cross between them showed significant negative
heterobeltiosis indicating the poor compatibility of
the parents for this trait. Positive heterosis for 100
seed weight in chickpea was reported by
Jayalakshmi et al. 2009.

From the foregoing results, it can be concluded that
JG-11 x ICCV 05106, JG-11 x KAK-2 and ICCV
05406 x Vihar recorded significantly higher per se
performance and heterosis over mid parent and
better parent for yield and vyield attributes like
number of branches per plant, number of pods per
plant. Hence these crosses could be utilized in
future breeding programmes for yield improvement
in chickpea. MNK-1 x KAK-2 recorded
significantly higher mid parental heterosis and
heterobeltosis for physiological attributes like shoot
biomass per plant, harvest index and root length.
Hence, this cross could be effectively utilized in
future breeding programmes in order to isolate
drought tolerant genotypes in segregating
generations.
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Table 1. Estimates of heterosis over mid parent (>MP) and better parent (>BP) for twelve yield and physiological attributes in chickpea.

Days to first flowering

Days to 50 per cent flowering

Days to first poding

Days to maturity

S.No.  Cross P: P> Fi >MP >BP P, P, F. >MP >BP P, P> Fi >MP >BP Py P> Fi >MP >BP

1 NBeG -3 x JG-11 32 29 357 16.94* 11.46 38.7 347 393 727 1.72 457 427 473 7.17* 3.65 91.7 923 883 -3.99**  -4.33**
2 NBeG-3 x ICCV05106 32 337 33 0.51 -1.98 387 393 397 171 0.85 457 447 49 8.49* 7.3 91.7 913 917 018 0

3 NBeG-3 x MNK-1 32 333 36 10.2 8 387 447 393 -56 -11.94* 457 447 457 111 0 91.7 947 90.3 -3.04**  -4.58**
4 NBeG-3 x ICCV 95333 32 38.7 37 4.72 -4.31 38.7 453 427 159 -5.88 457 453 47 3.3 2.92 91.7 927 92 -0.18 -0.72

5 NBeG-3 x KAK-2 32 383 343 -2.37 -10.43 38.7 423 417 2388 -1.57 457 457 443 -2.92 -2.92 91.7 927 913 -09 -1.44

6 NBeG-3 x Vihar 32 373 30 -13.46*  19.64** 387 47 38 -11.28*  19.15** 457 46.3 47 2.17 1.44 91.7 987 92 -3.33%*  -6.76**
7 JG-11 x ICCV 05106 29 33.7 327 426 -2.97 347 393 373 09 -5.08 427 447 463 6.11 3.73 923 913 903 -1.63 -2.17

8 JG-11 x MNK-1 29 333 393 26.2** 18* 347 447 453 1429** 149 427 447 557 27.48**  2463** 923 947 92 -1.6 -2.82%
9 JG-11 x ICCV95333 29 38.7 303 -10.34 21.55** 347 453 353 -11.67* 22.06** 427 453 47.7 8.33* 5.15 923 927 913 -1.26 -1.44
10 JG-11 x KAK-2 29 383 30 -10.89 21.74** 347 423 343 -10.82* -18.9** 427 457 46.7 5.66 2.19 923 927 89.7 -3.06%*  -3.24**
11 JG-11 x Vihar 29 373 277 16.58** 25.89** 347 47 34 16.73**  27.66** 427 463 427 -412 -7.91* 923 987 913 -4.36**  -7.43**
12 ICCV05106 x MNK-1 337 333 323 -348 -3.96 393 447 373 -11.11* 16.42** 447 447 403 -9.7** -9.7* 91.3 947 947 179 0

13 ICCV05106 X ICCV 95333 337 387 277 -235** 2845** 393 453 333 21.26** 26.47** 447 453 417 -741* -8.09* 91.3 927 92 0 -0.72
14 ICCV05106 x KAK-2 337 383 28 22.22**  26.96** 393 423 353 1347** 16.54** 447 457 43 -4.8 -5.84 91.3 927 927 0.72 0

15 ICCV05106 x Vihar 337 373 32 -9.86 -14.29*  39.3 47 37.3 13.51** 20.57** 447 463 433 -4.76 -6.47 91.3 987 913 -3.86**  -7.43**
16 MNK-1 x ICCV 95333 333 387 407 12.96* 5.17 447 453 433 -37 -4.41 447 453 47 4.44 3.68 947 927 927 -1.07 -2.11
17 MNK-1 x KAK-2 333 383 357 -047 -6.96 447 423 393 -9.58* -11.94* 447 457 477 554 4.38 947 927 923 -1.42 -2.46*
18 MNK-1 x Vihar 333 373 423 19.81** 13.39* 447 47 46 0.36 -2.13 447 463 527 15.75**  13.67 94.7 987 943 -241* -4.39%*
19 ICCV95333 x KAK-2 38.7 383 417 823 7.76 453 423 457 418 0.74 453 457 46.7 2.56 2.19 927 927 91 -1.8 -1.8

20 ICCV 95333 x Vihar 387 373 407 7.02 517 453 47 457 -1.08 -2.84 453 463 513 12** 10.79 927 987 937 -2.09*% -5.07**
21 KAK-2 x Vihar 383 373 397 485 3.48 423 47 457 224 -2.84 457 463 453 -1.45 -2.16 927 987 94 -1.74 -4.73%*
SEmz* 1.6 1.6 1.6 0.38 0.43 1.6 1.6 1.6 0.36 0.42 1.2 1.2 1.2 0.28 0.34 0.8 0.8 0.8 0.19 0.21
CD P<0.05 4.6 46 46 4 4.6 44 44 44 38 44 3.5 3.5 35 31 35 2.2 2.2 2.2 1.9 2.2

CD P<0.01 6.1 6.1 6.1 5.3 61 5.9 5.9 5.9 5.1 5.9 4.7 4.7 4.7 4.1 4.7 3 3 3 2.6 3

* Significant at P< 0.05 level, ** Significant at P< 0.01 level
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" Table 1 Contd.

Contd. ..
S. Cross Plant height Number of branches per plant Root length Number of pods per plant
No. P, P, = >MP >BP P; P, F1 >MP >BP P; P, F >MP >BP P P, Fi >MP >BP
1 NBeG -3 x JG-11 36.1 332 387 1162 7.09 21 223 275 27.12** 235** 122 145 16 20.03**  10.55 35,5 36.1 48.7 35.97** 34.96**
*%
2 NBeG-3 x ICCV05106 36.1 408 39 1.44 -4.38 21 166 181 -39 -13.97* 122 102 132 17.49** 8.04 35,5 315 585 74.64** 64.73**
3 NBeG-3 x MNK-1 36.1 498 434 1.07 - 21 133 213 2451** 159 122 127 174 39.22** 36.23** 355 203 308 10.38* -13.23**
12.83**
4 NBeG-3 x ICCV 95333 36.1 46.7 401 -3.22 - 21 145 295 66.23** 40.63** 122 132 174 37.43** 32.19** 355 201 76.3 174.05** 114.66**
14.17**
5 NBeG-3 x KAK-2 36.1 364 352 -2.99 -3.37 21 169 243 2852** 1587** 122 115 145 21.94** 1857** 355 256 50.3 64.58** 41.65**
6 NBeG-3 x Vihar 36.1 40 413 8.61* 3.32 21 213 222 472 391 122 151 126 -7.24 - 355 276 529 67.54** 48.84**
16.08**
7 JG-11 x ICCV 05106 332 408 399 7.95* -2.12 223 166 29 49.19**  30.21** 145 102 156 26.48** 7.92 36.1 315 844 149.95** 134.12**
8 JG-11 x MNK-1 33.2 498 477 15.07** -4.14 223 133 213 20.06** -4.21 145 127 175 28.74** 21** 36.1 203 442 56.8** 22.6%*
9 JG-11 x ICCV95333 332 467 353 - - 223 145 202 96 -9.43 145 132 132 -4.82 -9.03 36.1 20.1 46,5 65.48** 28.93**
11.49%*  24.29**
10 JG-11 x KAK-2 332 364 372 6.88 2.15 223 169 249 27.48** 12.02* 145 115 165 27.24** 14.23* 36.1 256 887 187.59** 145.99**
11 JG-11 x Vihar 33.2 40 381 41 -4.79 223 213 232 6.27 4.04 145 151 13 -11.74*  -1344* 361 276 88.7 178.7** 145.99**
12 ICCV05106 x MNK-1 40.8 498 474 461 -4.86 166 133 195 30.76** 17.63* 10.2 127 151 31.68** 18.72** 315 203 353 36.24** 12.1*
13 ICCV05106 X ICCV 40.8 46.7 463 593 -0.74 166 145 20.7 32.74** 2448* 102 132 156 3293** 17.99** 315 20.1 49.3 91.08** 56.6**
95333
14 ICCV05106 x KAK-2 40.8 364 373 -3.26 -8.47* 166 169 164 -1.73 -2.51 10.2 115 133 22.66** 15.81* 315 256 31 8.52 -1.59
15 ICCV05106 x Vihar 40.8 40 413 219 1.22 166 213 28 47.63** 31.25** 102 151 128 0.87 -153** 315 276 705 138.58** 123.81**
16 MNK-1 x ICCV 95333 49.8 46.7 48.7 0.93 -2.25 13.3 145 133 -441 -8.58 127 132 181 39.88** 37.44** 203 20.1 29.2 44.42** 43.7%*
17 MNK-1 x KAK-2 498 364 387 - - 133 169 227 50.44** 3439** 127 115 154 27.17** 21.07** 203 256 418 81.87** 63.07**
10.24**  22.33**
18 MNK-1 x Vihar 49.8 40 468 4.1 -6.14* 133 213 117 - - 127 151 145 437 -3.68 20.3 276 251 4.66 -9.12
32.56*%*  45.31**
19 ICCV95333 x KAK-2 46.7 364 419 0.86 - 145 169 227 44.48** 3449** 132 115 184 4854** 39.09** 20.1 256 43.3 89.37** 69.05**
10.24**
20 ICCV 95333 x Vihar 46.7 40 39.6 -8.6*%* - 145 213 199 10.89* -6.78 132 151 15 6.02 -0.53 20.1 276 432 81.09** 56.59**
15.12**
21 KAK-2 x Vihar 36.4 40 413 82* 3.32 169 213 152 - - 115 151 127 -4.77 - 25,6 276 37.3 40.05** 35.06**
20.31**  28.66** 15.97**
SEmz 11 11 11 0.25 0.28 0.8 0.8 0.8 0.19 0.21 0.6 0.6 0.6 0.13 0.15 11 11 1.1 0.26 0.3
CD P<0.05 2.6 3 2.2 2.2 2.2 1.9 2.2 1.6 1.6 1.6 14 1.6 3.2 3.2 3.2 2.8 32
CD P<0.01 4 4 35 4 3 3 3 2.6 3 2.1 2.1 2.1 1.8 2.1 4.3 4.3 43 37 4.3
* Significant at P< 0.05 level, ** Significant at P< 0.01 level
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Table 1 Contd.

S. Cross Shoot biomass per plant Seed yield per plant Harvest index 100 seed weight
No. P1 P2 F1 >MP >BP P1 P2 F1 >MP >BP P1 P2 F1 >MP >BP P1 P2 F1 >MP >BP
1 NBeG -3 x JG-11 217 201 389 8598+ 7899 131 88 207 89.82** 58.61** 549 40.1 518 898* -5.76 294 231 243 -71.25 -
17.25**
2 NBeG-3 x 217 213 289 34.24**  32.9** 131 96 114 056 -12.95** 549 419 375 - - 294 273 142 - -
ICCV05106 22.52**  31.74** 50.06** 51.82**
3 NBeG-3 x MNK-1 217 226 323 4597** 4328 131 109 12 0.11 -8.25 549 465 356 - - 294 563 347 - -
29.72%*  35.13** 18.98**  38.34**
4 NBeG-3 x ICCV 217 187 394 9482*  8123** 131 112 218 79.79** 66.96** 549 548 541 -1.37 -1.52 294 363 329 0.19 -9.28*
95333
5 NBeG-3 x KAK-2 217 183 372 8575**  70.94** 131 85 182 68.69**  39.07** 549 441 476 -3.84 - 29.4 299 344 16.05** 15.02**
13.29**
6 NBeG-3 x Vihar 217 276 457 8496**  6521** 131 109 253 110.89** 93.77** 549 376 539 16.57** -1.82 294 323 313 15 -2.99
7 JG-11 x ICCV 201 213 40.2 94.04**  8858** 88 96 215 134.74** 12507** 401 419 517 26.12** 2341** 231 273 244 -311 -10.68
05106
8 JG-11 x MNK-1 201 226 415 9461**> 8397 88 109 198 101.36** 81.79** 401 465 462 6.86 -0.5 231 563 346 - -
12.92**  38.63**
9 JG-11x 201 187 34 75.46**  69.35** 88 112 116 16.09**  3.49 40.1 548 327 - - 231 363 245 - -
ICCV95333 31.11**  40.35** 17.39**  32.42**
10 JG-11 x KAK-2 20.1 183 473 146.36** 135.12** 88 85 231 168.45** 164** 40.1 441 476 13.14** 7093 231 299 243 -832 -
18.85**
11 JG-11 x Vihar 201 276 445 86.55**  61.12** 88 109 184 87.24**  68.63** 401 37.6 404 412 0.92 231 323 264 -4.68 -
18.26**
12 ICCV05106 x 213 226 443 101.87** 96.2** 96 109 146 43** 34.27** 419 465 321 - - 273 563 413 -122 -
MNK-1 27.25**  30.85** 26.64**
13 ICCV05106 X 213 187 414 106.98** 9435** 96 112 149 43.22**  32.71** 419 548 347 - - 273 363 385 21.13** 6.22
ICCV 95333 28.11**  36.58**
14 ICCV05106 x 213 183 337 70.55**  58.4** 96 85 157 73.8** 64** 419 441 451 481 211 273 299 311 8.65 3.93
KAK-2
15  ICCV05106 x 213 276 487 9891** 7612 96 109 251 145.05** 12951** 419 376 506 27.35** 20.86** 273 323 298 0.11 -7.52
Vihar
16 MNK-1xICCV 226 187 433 109.74** 91.77** 109 112 164 4887**  46.77** 465 548 37 - - 56.3 36.3 51.1 10.34** -9.3**
95333 26.84**  32.38**
17 MNK-1 x KAK-2 226 183 33 61.63**  46.23** 109 85 19.6 102.93** 80.5** 465 441 57 25.83** 22.67** 563 299 361 - -
16.27**  35.88**
18  MNK-1 x Vihar 226 276 313 2481**> 1337 109 109 117 6.94 6.65 465 376 362 -13.8** - 56.3 323 464 48 -
22.02** 17.59**
19 ICCV95333 x 187 183 487 163.28** 160.23** 112 85 20.6 109.73** 84.24** 548 441 414 - - 363 299 37 11.85** 2.1
KAK-2 16.35%*  24.47**
20 ICCV 95333 x 187 276 425 8353** 5386** 112 109 158 43.02**  41.38** 548 376 363 - - 36.3 323 345 0.63 -4.93
Vihar 21.47**  33.78**
21 KAK-2 x Vihar 183 276 404 7596**  46.14** 85 109 19 95.29**  73.29** 441 376 456 11.66** 34 299 323 377 21.35%* 16.99**
S Emz+ 07 07 07 015 0.17 04 04 04 0.9 0.11 13 13 13 03 0.36 12 12 12 026 30
CD P<0.05 1.9 19 19 16 1.9 11 11 11 1 11 38 38 38 33 38 33 33 33 29 33
CD P<0.01 25 25 25 21 25 15 15 15 1.3 15 5 5 5 43 5 44 44 44 38 44

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