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ABSTRACT

To study the heterosis using wild abortive(WA) CMS lines on yield, quality and drought

Keywords related traits in rice, 56 experimental hybrids were produced using Three WA CMS lines
Heterosis, (Pusa 6A, IR79156A and IR 68897A) and 31 male genotypes. The present study showed
Wild abortive that superior performance for all characters was not expressed in a single hybrid
CMS lines, combination. However, different cross combinations were found to be superior for various

Hybrid, Drought,
SH (standard
hybrid), SV

(standard variety).

characters. The top two high yielding crosses estimated on the basis of significant standard
heterosis over SH (Arize6444) and SV (NDR-97) are Pusa-6A x HUR-105 and Pusa-6A x
Pantdhan-12. The hybrids Pusa-6A x IR-36 and PusabA x HUR-105 showed relatively
significant desirable heterosis for the quality traits viz., hulling recovery, milling recovery,

Article Info kernel length, kernel breadth, kernel length breadth ratio. The hybrids IR 79156A X

Danteshwari and Pusa6A x NDR-359 exhibited significant standard heterosis in desired
Accepted: direction for quality aspects along with higher magnitude of standard heterosis for yield.
23 June 2017 The hybrids Pusa6A x NDR-359 and Pusa6A x Pantdhan-12 showed relatively higher
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significant desirable standard heterosis over SH (Arize-6444 Gold) for the drought traits
viz., chlorophyll content (at 90 DAS) and proline content.

Introduction

Rice is one of the most important staple food
crops of India (Singh et al., 2014). In March
2016, United State department of Agriculture
(USDA) estimated that the world rice
production 2015-2016 will be 471.09 million
tons, around 1.59 million tons more than
previous month’s projection. The production
of rice in China is 145,770,000 metric tons,
while India’s is 103,000,000 metric tons. In
India the rice production in different states is
West Bengal (15023.68), U.P (14416), A.P
and Telangana (11510). The production and
productivity of rice became stagnant from
past few years. Hybrid rice technology is one

of the most practically feasible tools to break
the yield barriers. In China, the first hybrid
rice variety for commercial cultivation was
released by Yuan Long Ping in 1976. India
also started this programme in 1989 and
released 65 hybrid rice varieties till 2014
(Singh et al., 2015). Hybrid rice offers an
opportunity to boost the yield potential of rice
with yield advantage of 15-20% over
conventional high-yielding varieties (Dar et
al., 2014). A major challenge in indica rice
hybrid breeding is to ensure that the heterotic
rice hybrids possess grain quality that is at
least comparable, if not superior, to that of
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inbred check varieties grown by farmers. The
grain quality of rice hybrids depends on the
grain quality of parents. It is therefore
important that only parents that show
consumer acceptability are chosen to make
hybrids.

Thus, identification of restorers among elite
quality cultivars can serve as important tool
for the development of better quality rice
hybrids. In many instances biotic and Abiotic
stresses (mainly drought) are the reason for
lower vyield in hybrids. Now there is a
requirement of producing hybrids which
shows stable performance even under drought
conditions. Therefore, the present study was
undertaken to assess the hybrids for per se
performance and heterosis with respect to
yield, quality traits and drought related traits
involving CMS lines and restorer lines in rice.

Materials and Methods

The experimental hybrids(56) were developed
during Kharif 2014 by using Three Wild
Abortive (WA) CMS lines viz., Pusa 6A,
IR79156A and IR 68897A crossed with 31
male genotypes. Only 56 cross combinations
could be made perfectly. Hence, the
experiment was conducted during Kharif
2015 with these 56 experimental hybrids
grown along with parents and checks at the
Agricultural Research Farm, Institute of
Agricultural Sciences, BHU, Varanasi, in a
single row of 3 m with spacing of 20x15 cm?
between row to row and plant to plant
respectively in R.B.D. with 3 replications. All
the recommended agronomic practices were
adopted to raise the crop under rainfed
condition. No irrigation was provided to the
crop after transplanting. In all the hybrids
observations were recorded on five randomly
selected plants for estimation of magnitude of
heterosis with respect to 12 quantitative traits
viz., Hulling recovery, milling recovery,
kernel length, Kernel breadth, kernel L/B

ratio, amylose content, canopy temperature
depression (CTD), stomatal conductance, leaf
area index, proline content,  chlorophyll
content and grain yield plant™. The character
means of each replication was subjected for
analysis of variance (Panse and Sukhatme,
1967) and estimation of heterosis over better
parent, standard variety and standard hybrid.

Results and Discussion

All crosses showed marked variations in the
expression of Heterobelteosis and Standard
heterosis for yield, quality and drought related
traits. Heterobelteosis for grain yield/plant
ranged from -18.23% (IR-79156A x URG-
30) to 60.83% (Pusa- 6A x HUR-105), for
Hulling recovery, milling recovery from -
11.95% (IR-79156A x BPT-5204) to 2.67%
(IR-79156A x URG-42), -11.84% (IR-
79156A x BPT-5204) to 4.01% (Pusa-6A x
HUR-105) respectively, kernel length, Kernel
breadth, kernel L/B ratio from -18.99% (IR-
79156A x BPT-5204) to 14.96% (Pusa-6A x
Danteshwari), -13.29% (IR-79156A x BPT-
5204) to 71.15% (Pusa-6A x Susksamarat), -
36.39% (Pusa-6A x Susksamarat) to 7.23%
(Pusa-6A x NDR-359) respectively, amylose
content, canopy temp. depression (CTD),
stomatal conductance from -13.73% (IR-
79156A x Akshaydhan) to 2.43% (Pusa-6A X
Susksamarat), -4.65% (Pusa-6A X
Danteshwari) to 0.72% (Pusa-6A x URG-30),
-12.19% (Pusa-6A x Pantdhan-12) to
125.13% (Pusa-6A x URG-30) respectively,
leaf area index, proline content and
chlorophyll content ranged from -37.02%
(Pusa-6A x IR-36) to 72.74% (Pusa-6A X
HUR-105), -56.47% (IR-79156A x BPT-
5204) to 66.02% (Pusa-6A x Susksamarat), -
10.94% (IR-79156A x URG-30) to 10.05%
(Pusa-6A x NDR-359) [at 60 DAS] and -
14.13% (IR-79156A x IR-36) to 14.63%
(Pusa-6A x NDR-359) [at 90 DAS]
respectively (Fig. 1 and Tables 1 and 2).
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Table.1 ANOVA for analysis of yield, quality and drought related traits in rice

Source of df | Grainyield/| Hulling | Milling Kernel | Kernel | Kernel | Amylose | Canopy Stomatal Leaf Proline Chlorophyll content
Variations plant (@) | recovery | recovery | length |breadth|L/B ratio| content temp. | conductance | area |content(umol/g
% % (mm) (mm) (%) depression| (mmol/m?/S) | index |Fresh Weight) | At60DAS | At 90 DAS
(CTD)°C
Replicates 2 |5.97 1.44 1.30 0.001 0.00 0.002 0.11 4.23 4978.83 0.14 0.07 9.67 10.72
Treatments 32 |100.70*** ]20.19*** |21.97*** |0.97*** 0.18*** |0.86*** [4.85*** 1.01 92450.43*** |3,35*** |25,69*** 13.62*** 25.01%**
Hybrids 16 |83.88*** [23.88*** |25.10*** |0, 73*** 0.21*** |0.76*** |4 52%** 1.26 85783.75*** |4,35*** |23.43*** 8.67** 10.08
Parents 13 ]43.13***  [16.93*** |16.35*** |1.06*** 0.15*** |0.63*** |5.63*** 0.60 TA172.74%** |1.21*** |32.05*** 16.18*** 33.86***
Hybrids vs. Parents |1 |1193.78*** (17.16* 3847 **  |4,94*** 0.22%** |4,94*** 0,14 1.03 462102.34%** |15, 41***|2 49*** 38.30** 124.67***
Checks 1 ]10.64* 17.61* 37.70*** |0.00 0.03** ]0.07* 1.13* 3.23 117964.20*** |6.47*** |22.66*** 14.41* 56.43**
Checks vs. Hybrids |1 |324.59*** |14.71* 23.57**  |1.81*** 0.40*** |3.75*** |8.59*** 0.14 120531.98*** |0.67** |3.78*** 18.95* 43.04*
Checks vs. Parents |1 |1.75 3.31 3.38 0.07** 0.16*** |0.73*** |7.38*** 0.01 352.92 1.14%** |7 17%** 52.72%** 1.34
Error 64 (2.53 2.68 2.53 0.006 0.003 ]0.01 0.27 2.06 2662.47 0.09 0.10 3.56 6.48
Total 98 (34.66 8.37 8.85 0.32 0.06 0.29 1.76 1.76 32028.26 1.16 8.46 6.97 12.62
* Significant at 5% level, ** significant at 1% level and *** significant at 0.1% level
Table.2 Estimates of per se performance, heterobeltosis and standard heterosis for yield, quality and drought
related traits in 17 hybrids of rice
S.No. [Characters Hulling recovery Milling recovery Kernel length Kernel breadth
Crosses Mean |BP NDR-97 |Arize Mean (BP NDR-97 |Arize Mean |BP NDR-97 |Arize Mean |BP NDR-97  |Arize
6444 6444 6444 6444
Gold Gold Gold Gold
1 IR-79156A x Akshaydhan 78.62 [1.93 2.23 6.99** [70.67 [2.78 1.54 9.43** [7.00  [-3.00** [10.30** [10.13** [1.87  [11.31** [-13.02** [6.81**
2 IR-79156A x IR-36 73.49 |-2.64 -4.45*  10.00 65.76 |-2.43 -5.51** 183 737 ar* 16.18** [16.00** [1.72 [2.58 -19.84**  [-14.12**
3 IR-79156A x URG-42 7749 267 0.76 5.46**  [69.85 [3.65 0.37 8.17** 642  [-11.04* [1.16 1.00 156  [6.94* [-27.29** |-22.09**
4 IR-79156A x Danteshwari 79.29 [1.04 3.10 7.91**  [69.85 [-0.52 0.36 8.16** [7.13  [-1.20 12.35%* [12.17** 157  [-6.75* [-27.13** [21.93**
5 IR-79156A x URG-30 74.27 |-1.60 -3.43 1.08 66.38 |-1.51 -4.62*  [2.79 7.04  |-2.36*  [11.04** [10.86** [1.69  [0.79 -21.24**  |-15.61**
6 IR-79156A x BPT-5204 69.43 |-11.95** [-9.72** [551** [62.49 [-11.84** [-10.20** [-3.23 5.84  |-18.99** |-7.88** [-8.03** [1.46  [-13.209** |-32.25** |-27.41**
7 Pusa-6A x Akshaydhan 76.93 [-2.38 0.02 4.69* 69.93 |-1.17 0.48 8.28**  [6.35 -1.81 0.05 -0.10 1.88 20.73** |-12.40** |-6.15*
8 Pusa-6A x IR-36 79.48 [0.87 3.35 8.17** [73.41 [3.75* [5.48* [13.67** [6.81  [4.93** [7.41** [724** [1.76  [12.61** [-18.20** [-12.46**
9 Pusa-6A x URG-42 74.80 |-5.07** |-2.74 1.80 67.56 |-4.51* -2.92 4.62* 6.58 1.75 3.68** 3.52** 1.79 14.96** |-16.59** |-10.63**
10 Pusa-6A x Danteshwari 79.48 0.87 3.35 8.17** [69.87 |-1.24 0.40 8.20**  [7.66 14.96** [20.70** [2051** [1.78  [14.10** [-17.21** |-11.30**
11 Pusa-6A x URG-30 7359 [-6.62** |-4.32* 0.14 65.46 |-7.49** |-5.94** ]1.36 6.20 -4.13**  |-2.31* -2.47* 2.06 32.05** |-4.19 2.66
12 Pusa-6A x HUR-105 79.13 0.42 2.89 7.69** [7359 [4.01*  [5.74** J13.95** [7.09  [447* [11.82** [11.65** [1.76  [13.03** [-17.98** [12.13**
13 Pusa-6A x IET-22202 78.70 [-0.12 2.33 7.10%*  [71.95 [1.70 3.39 11.42** 1736 |-0.90 16.03** [15.84** [1.78  [14.10** [-17.21** [11.30**
14 Pusa-6A x Susksamarat 77.22 |-2.00 0.41 5.09** [70.70 |-0.07 1.59 9.48**  [7.05 5.85%* 11.19** |11.02** [2.67 71.15*%* |24.19**  [33.06**
15 Pusa-6A x IR-64 77.00 [-2.28 0.12 4.79* 69.32 |-2.03 -0.39 7.34  [7.19 11.19** [13.29** [13.12** [1.92  [23.29** [-10.54** |-4.15
16 Pusa-6A x NDR-359 78.64 |-0.21 2.25 7.01**  168.88 |-2.64 -1.02 6.66** [7.42 11.63**  |16.97** |16.79** |1.67 7.05* -22.33**  |-16.78**
17 Pusa-6A x Pantdhan-12 78.88 [0.11 2.57 7.35%*  [70.42 |-0.48 1.18 0.04** 729  [5.86** [14.92** [14.74** [1.75  [12.39** |-18.45** [-12.62**
Mean 76.85 |-1.59 -0.08 4.58 69.18 |-1.18 -0.59 7.13 6.93 1.14 9.23 9.06 1.81 13.13 -15.99 -9.99
Range 69.43 [11.95t0 [9.72to [551to [62.49 [11.84t0 [-10.20to |-3.23to [5.84t0 |-18.99to |-7.88to [-8.03to |[l.46to |-13.29t0 [-32.25t0 |-27.41t0
to 2.67 3.35 8.17 to 4.01 5.74 13.95 7.66 14.96 20.70 20.51 2.67 71.15 24.19 33.06
79.48 73.59
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Characters Kernel L/B ratio Amylose content Canopy temp. depression (CTD) Stomatal conductance
Arize Arize . .
S No. Crosses Mean | oo | NDR-97| 6444 | Mean | BP | NDR-97| 6444 | Mean| BP |NDR-97 ész Mean | BP | NDR-97 ’gﬁf
Gold Gold

1 IR-79156A x Akshaydhan | 3.75 | -12.87** | 26.86%* | 18.19%* | 20.73 | -13.73%* | -10.37** | -13.61** | 31.33 | 329 | -437 | 011 | 53367 | 4505 | 961 | 15850
2 IR-79156A x IR-36 428 | -039 | 45.03%* | 35.12%* | 2203 | -7.49* | 3.80 | -7.36** | 3140 | 248 | 417 | 032 | 81440 | 12167%* | 67.27%* | 29451%*
3 IR-79156A x URG-42 411 | -450 | 39.05%* | 29.55%% | 21.57 | -10.26%* | -6.77** | -10.14%* | 3127 | -2.70 | -458 | -011 | 42313 | 5057 | -13.00 | 104.97%*
4 IR-79156A x Danteshwari | 455 | 589% | 54.18%* | 43.64* | 2433 | 125 | 519 | 139 | 3250 | -1.42 | 0.81 | 383 | 419.07 | 119.48"* | -13.93 | 103.00%*
5 IR-79156A x URG-30 417 | -310 | 41.08%* | 3L44* | 21.27 | -1L51%* | -8.07** | -11.39 | 3127 | -1.88 | -458 | -011 | 41627 | 10246** | -1450 | 101.65**
6 IR-79156A x BPT-5204 | 402 | -6.59** | 36.00* | 26.71%* | 2323 | 333 | 043 | -319 | 30.97 | 282 | 549 | -1.06 | 336.10 | 105.06"* | -30.97** | 62.81%*
7 Pusa-6A x Akshaydhan 337 | -18.80%* | 14117 | 6.31% | 2290 | 172 | -101 | -458* | 3263 | 010 | -041 | 4.6 | 88630 | 98.80% | 82.04%* | 329.34%*
8 Pusa-6A x IR-36 388 | 6.43 | 3L40"* | 22.50%% | 20.17 | -13.45%* | -12.80%* | 1597 | 3253 | -020 | -0.71 | 394 |48480| 2537 | -042 | 134.85%*
9 Pusa-6A x URG-42 3.67 | 11577 | 24.27%* | 15.77%* | 21.80 | 6.44"* | 5.76** | -9.17** | 3130 | -3.99 | 448 | 000 |407.30 | 45.00% | -16.34 | 97.30*
10 Pusa-6A x Danteshwari 430 | 369 | 45.71%* | 35.75%* | 23.60 | -042 | 202 | -167 | 3143 | -465 | -407 | 043 | 373.87 | 95.81% | 2320 | 8L1L™
11 Pusa-6A x URG-30 301 | 27557 | 181 | 515 | 20.90 | -10.30%* | -9.65%* | -12.92%* | 32.83 | 0.72 | 020 | 490 | 46287 | 12513% | -493 | 124.00%*
1 Pusa-6A x HUR-105 403 | -207 | 36.34%* | 27.00%* | 23.00 | -3.09 | -058 | -417* | 3237 | 072 | -122 | 341 |537.73 | 8L.44* | 1045 | 160.49%*
13 Pusa-6A x IET-22202 414 | -016 | 40.29%* | 30.70* | 2240 | -3.86* | -317 | -6.67** | 31.73 | 266 | -3.15 | 138 | 398.87 | 110.97%* | -18.07% | 93.00%
14 Pusa-6A x Susksamarat 2.64 | -36.39%* | -10.61%* | -16.72%* | 2387 | 243 | 317 | -056 | 3247 | -041 | -092 | 3.73 | 78243 | 34527 | 60.71%* | 279.020°*
15 Pusa-6A x IR-64 3.74 | 0.88 | 26.64%* | 17.98"* | 20.93 | -10.16%* | -9.50* | -12.78%* | 3123 | -4.19 | -468 | -021 |32710| -000 | -32.82° | 5845+
16 Pusa-6A x NDR-359 445 | 7.23 | 50.68** | 40.38"* | 23.37 | 029 101 | 264 | 3277 | 051 | 000 | 460 | 44447 | 3051% | -871 | 11531%
17 Pusa-6A x Pantdhan-12 416 | 024 | 40.86** | 31.23%* | 22.83 | -4.99** | -130 | -4.86** | 31.80 | 245 | -295 | 160 | 39107 | -1219 | -19.49% | 89.88**

Mean 390 | 730 | 3199 | 22907 | 2230 | -569 | -359 | -7.08 | 3187 | -191 | -2.73 | 183 | 49649 | 68.99 198 | 14051
Range 294 | 363910 | -1061t0 [ 167210 | 2%} | 137310 | -128210 | -15.9710 | F077 | a5 | 54910 | 10610 | 210 | 121910 | 328210 | 5845TO

o | 723 | sa1s | 434 | L0 | 243 | 519 139 | 0% w0072 020 | 490 |0 | 12513 | 8204 | 32934
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Contd...
Characters Leaf area index Proline content AL60DAS Chiorophyll content AL90DAS
> e Crosses Mean | BP | NDR-97 %Zitz: Mean| BP |NDR-97 ,;\Zﬁ Mean| BP |NDR-97 %thf Mean | Bp | NDR- |Arize 6444
Gold Gold Gold 97 Gold
1 IR-79156A x Akshaydhan 184 | -29.90%* [ 1042 [-50.89%* [ 14 5q |-15.17%* | 7.12%* [ 49.90%* | 3755 | -3.79 [-10.14**| 287 | 4og7 | 578 | 277 | 20.88**
2 IR-79156A x IR-36 210 | -19.08% | 27.45 [-43.32%* |, 47 | -27.52%* [ -8.47** | 28.08** [ 393 | 086 | -5.79 183 | 3939 [14.13** -3.99 | 12.93*
3 IR-79156A x URG-42 178 |-3206%* [ 701 [-5241%* | gge [-50.21%* [-37.13%*[-12.02** [ 55 1o | -6.72 [-12.87**| 583 | 350q | 444 | -7.17 9.20
4 IR-79156A x Danteshwari 290 | 1081 [7455%* [-22.37%% [ 155y | -9.79%* [13.93%* [ 59.42** | 4070 | 312 | -1.77 | 617 | g7 | -0.78 | 375 | 22.03**
5 IR-79156A x URG-30 260 | 064 [B5651%* [-30.39%* | g e | -49.73*% |-36.51%% | -11.16%* | g4 47 |-10.94**[-16.81%* | -10.09* | 4903 | 1.17 | -1.71 | 15.61*
6 IR-79156A x BPT-5204 292 | 1158 [ 75.75%* [-21.84%* | ; 4q | -56.47** [-45.03%*[-23.08** | a5 79 | -7.75 [-13.84**| -6.87 | 4913 | 092 | -1.95 | 1533*
7 Pusa-6A x Akshaydhan 208 |-2488*% | 2525 [-44.30%* | 11 a9 | 10.20%* |-15.64%*| 18.05** | 3930 | 527 | -515 | 252 | 3543 | -1.86 | -5.62 11.02
8 Pusa-6A X IR-36 175 |-37.02% [ 501 [-53.30%* | 549 | 9.78%* [-827%* [28.36** [39q7 | 294 | -426 | 348 | 4043 |-11.65% | -1.22 | 16.19%*
9 PUsa-6A x URG-42 313 | 1274 | 87.98** [ -16.40% | 51 | 35.12%% | -7.44%% | 2052*% | 2000 | 631 | -6.44 | 113 | 4959 | 584 | -1.06 | 16.38**
10 Pusa-6A x Danteshwari 266 | 409 [59.92%% [-28.88** | 5 5 | -4.38% |-8.59%% | 27.91%% | 3¢ 1 | -8.53* [-12.87**| -583 | 3957 | -7.55 | -3.34 | 13.70*
11 Pusa-6A x URG-30 108 | -2873%% [ 1884 [-47.05%% | 15 4o | 13.31%% [ -8.93%* [ 27.43** [ 5,0 | 311 | -9.25% | -191 | 4pq3 | 850 | 293 | 21.07**
12 PUsa-6A x HUR-105 560 | 72.74%% |236.47%% [ 49.64%% | 1 g3 | -32.20%% |-21.98%*| 9.18** | 93y | 079 [ -756* | -009 | 4903 | 514 | -171 | 1561*
13 PUsa-6A x IET-22202 537 | 52.99%% [222.85%* [ 4358** | 10 41 | -40.86** [-2354**| 6.99% | 3713 | -2.28 [-10.38**| -3.13 | 3733 | -2.44 | -8.79 7.28
14 Pusa-6A x Susksamarat 310 | 1190 [ 8657** [ -17.02* |15 49 | 66.02%* |13.73** | 59.14** | 3097 | 6.86 | -5.95 165 | 4930 | 456 | 090 | 18.68**
15 PUsa-6A X IR-64 399 | 43.87** [139.88** | 6.68 |[1444 | -320 | 6.00%* |48.32** [ 3907 | 043 | -6.19 139 | 4317 | 12.80* [ 546 | 24.04**
16 Pusa-6A x NDR-359 444 | 59.98%% [166.73%* [ 18.63** [ 1746 | 207 [28.19%*[79.38** | 4013 | 10.05% [ -314 | 470 [ 4387 |14.63**[ 7.17 | 26.05**
17 Pusa-6A x Pantdhan-12 367 | 3221%% [120.44%% [ -1.96 | (5gy | 46.82%% |14.81%* | 60.65** | 350 | 420 | -8.29% | -0.87 | 4o59 | 678 | 3.83 | 22.13**
Mean 305 7.79 8363 | -1834 [195) | 625 | -810 | 2859 [g3g00| 023 | -828 | -0.86 | 4979 | 1.37 | -057 16.95
17510 | -37.02t0 | 501t0 |-53.3010 |7 49| -56.47 to |-45.03 0| -23.08 to | 34.47 |-10.94 10 |-16.81 10 |-10.09 0 |37 33 1|-14.13 10| -7.17 10 | o o
Range 560 | 7274 | 23647 | 4964 |{746| 66.02 | 2819 | 79.38 45970 1005 | -1.77 | 617 | 43g7 | 1463 | 717
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S. No. Characters Grain yield/ plant
Crosses Mean BP NDR-97 Arize 6444 Gold
1 IR-79156A x Akshaydhan 31.96 40.19** 94.67** 66.98**
2 IR-79156A x IR-36 3.77 38.11** 18.46**
22.18
3 IR-79156A x URG-42 20.79 -1.55 29.43** 11.02
4 IR-79156A x Danteshwari 20,31 -3.82 26.44** 8.46
5 IR-79156A x URG-30 -18.23** 7.49 -7.80
17.26
6 IR-79156A x BPT-5204 25.72 21.83** 60.17** 37.39*%*
7 Pusa-6A x Akshaydhan 2737 22.72%* 70.40** 46.16**
8 Pusa-6A x IR-36 3.27 39.00** 19.23**
22.32
9 Pusa-6A x URG-42 -3.89 29.37** 10.97
20.78
10 Pusa-6A x Danteshwari 22 49 4.04 40.04** 20.12**
11 Pusa-6A x URG-30 3156 45,98** 96.49** 68.54**
12 Pusa-6A x HUR-105 34.77 60.83** 116.48** 85.69**
13 Pusa-6A x IET-22202 26.16 21.00** 62.87** 39.70*%*
14 Pusa-6A x Susksamarat 2023 -6.43 25.94** 8.03
15 Pusa-6A x IR-64 5.15 41.53** 21.40%*
22.73
16 Pusa-6A x NDR-359 9744 21.75%* 70.88** 46.57**
17 Pusa-6A x Pantdhan-12 59.54** 114.74** 84.19**
34.49
Mean 16.24 56.71 34.42
25.17
Range 17.26 to 34.77 -18.23 10 60.83 7.4910116.48 -7.80 to 85.69
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Fig.1 Graphical representation of per se performance of various traits
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2637




Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 2631-2640

Cholrophyll content

M Seriesl

M Series2

Hulling and Milling Recovery

2638



Int.J.Curr.Microbiol. App.Sci (2017) 6(7): 2631-2640

The standard heterosis over the best hybrid,
Arize 6444 gold and over NDR-97 for grain
yield per plant ranged from -7.80% (IR-
79156A x URG-30) to 85.69% (Pusa-6A X
HUR-105) and 7.49% (IR-79156A x URG-
30) to 116.48% (Pusa-6A x HUR-105), for
hulling recovery ranged from -5.51% (IR-
79156A x BPT-5204) to 8.17% (Pusa-6A X
IR-36 and Pusa-6A x Danteshwari) and -
9.72% (IR-79156A x BPT-5204) to 3.35%
(Pusa-6A x IR-36 and Pusa-6A X
Danteshwari), for milling recovery ranged
from -3.23% (IR-79156A x BPT-5204) to
13.95% (Pusa-6A x HUR-105) and -10.20%
(IR-79156A x BPT-5204) to 5.74% (Pusa-6A
x HUR-105), for kernel length ranged from -
8.03% (IR-79156A x BPT-5204) to 20.51%
(Pusa-6A x Danteshwari) and -7.88% (IR-
79156A x BPT-5204) to 20.70% (Pusa-6A x
Danteshwari), for kernel breadth ranged from
-27.41% (IR-79156A x BPT-5204) to 33.06%
(Pusa-6A x Susksamarat) and -32.25% (IR-
79156A x BPT-5204) to 24.19% (Pusa-6A x
Susksamarat), for kernel L/B ratio ranged
from -16.72% (Pusa-6A x Susksamarat) to
43.64% (IR-79156A x Danteshwari) and -
10.61% (Pusa-6A x Susksamarat) to 54.18%
(IR-79156A x Danteshwari), for amylose
content ranged from -15.97% (Pusa-6A X IR-
36) to 1.39% (IR-79156A x Danteshwari) and
-12.82% (Pusa-6A x IR-36) to 5.19% (IR-
79156A x Danteshwari), for canopy temp.
depression (CTD) ranged from -1.06% (IR-
79156A x BPT-5204) to 4.90% (Pusa-6A X
URG-30) and -5.49% (IR-79156A x BPT-
5204) to 0.20% (Pusa-6A x URG-30), for
stomatal conductance ranged from 58.45%
(Pusa-6A x IR-64) to 329.34% (Pusa-6A X
Akshaydhan) and -32.82% (Pusa-6A x IR-64)
to 82.04% (Pusa-6A x Akshaydhan), for leaf
area indexranged from-53.30% (Pusa-6A X
IR-36) to 49.64% (Pusa-6A x HUR-105) and
5.01% (Pusa-6A x IR-36) to 236.47% (Pusa-
6A x HUR-105), for proline content ranged
from -23.08% (IR-79156A x BPT-5204) to
79.38% (Pusa-6A x NDR-359) and -45.03%

(IR-79156A x BPT-5204) to 28.19% (Pusa-
6A X NDR-359) and for chlorophyll content
ranged from -10.09% (IR-79156A x URG-30)
to 6.17% (IR-79156A x Danteshwari) [at 60
DAS] and 7.28% (Pusa-6A x IET-22202) to
26.05% (Pusa-6A x NDR-359) [at 90 DAS]
and -16.81% (IR-79156A x URG-30) to -
1.77% (IR-79156A x Danteshwari) [at 60
DAS] and -7.17% (IR-79156A x URG-42) to
7.17% (Pusa-6A x NDR-359)[at 90 DAS]
respectively (Fig. 1). The higher heterotic
effects among quality and drought related
traits were observed for Kernel length, Kernel
breadth, Kernel L/B ratio, Stomatal
conductance, Proline content, Hulling
recovery, Milling recovery and Chlorophyll
content (at 90 days). The top two high
yielding crosses on the basis of significant
standard heterosis over SH(Arize6444) and
SV(NDR-97) were Pusa-6A x HUR-105
(SH= 85.69%, SV=116.48%) and Pusa-6A X
Pantdhan-12 (SH= 84.19%,
SV=114.74%).Cross combinations Pusa-6A x
IR-36 and PusabA x HUR-105 showed
relatively significant desirable heterosis for
the quality traits viz., hulling recovery, milling
recovery, kernel length, kernel breadth, kernel
length breadth ratio. Hybrids IR 79156A X
Danteshwari and PusabA x NDR-359
exhibited significant standard heterosis in
desired direction for quality aspects along
with higher magnitude of standard heterosis
for vyield. Cross combinations PusabA X
NDR-359 and Pusa6A x Pantdhan-12 showed
relatively higher significant desirable standard
heterosis over SH (Arize-6444 Gold) for the
drought traits viz., chlorophyll content (at 90
DAS) and proline content.  Cross
combinations Pusa 6A x HUR-105 and
PusabA x IET-22202 showed significant
desirable heterosis for the leaf area index. The
present study revealed that superior
performance for all characters was not
expressed in a single hybrid combination.
However, different cross combinations were
found to be superior for various characters.
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These finding are in accordance with those of
Binodh et al., (2006), Reddy et al,
(2012),Venkanna et al., (2014), Babu et al.,
(2013), Singh et al., (2013) and Sharma et al.,
(2013), Priyanka et al., (2014).
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