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Recognising the potential of hybrid rice to increase the productivity, the present investigation was
conducted using three WA CMS lines (Pusa 6A, IR79156A and IR 68897A) and 31 male genotypes. The
results manifested that the magnitude of heterosis for grain yield over better parent was significantly
superior in eight hybrids with highest value of 60.83% in Pusa 6A x HUR-105. Sixteen hybrids showed
significant positive heterosis over standard variety (NDR-97) with highest value of 116.48% in Pusa 6A
x HUR-105. Twelve hybrids showed significant positive heterosis over standard hybrid (Arize-6444)
with highest value of 85.69% in Pusa 6A x HUR-105. The top two high yielding heterotic crosses over the
standard variety (NDR-97) were Pusa-6A x HUR-105 (116.48%) and Pusa-6A x Pantdhan-12 (114.74%).
These two hybrids also exhibited significant positive heterosis for yield over standard hybrid (Arize 6444
Gold)i.e. 85.69% and 84.19% respectively. Hybrids Pusa-6 A x HUR-105 and Pusa-6A x Pantdhan-12 showed
significant positive standard heterosis for almost all the desirable yield attributing traits, apart from this
Pusa-6A x Pantdhan-12 also showed significant negative standard heterosis over SH (Arize-6444) for days
to 1 flowering, days to 50% flowering and days to maturity. The top heterotic crosses viz., Pusa-6A x
HUR-105, Pusa-6A x Pantdhan-12, Pusa-6A x URG-30, IR-79156 A x Akshaydhan and Pusa-6A x NDR-359
and others which expressed higher standard heterosis for grain yield along with other desirable yield
components should be tested in large scale under rainfed condition.

Highlights

e Hybrids, Pusa 6A x HUR-105 and Pusa 6A x Pantdhan-12 exhibited significant heterobeltiosis for
yield and yield component traits.

e Hybrids, Pusa 6A x URG-30 and Pusa 6A x IET-22202 are short in their duration which is best suitable
for rainfed condition. So, these hybrids may further be tested on large scale under rainfed conditions.

e IR79156A x Akshaydhan may also be promoted in rainfed areas for large scale testing as these hybrids
are much better than the standard checks NDR-97 and Arize-6444 Gold.
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Rice (Oryza sativa L.) is one of the major staple
food crops for about 65% of the world’s population
(Kumar et al. 2014). The productivity of rice has
now stagnated. The present world rice area,
production and productivity are 161.6 Mha, 480.7
Mt and 2.9 t/ha, respectively (USDA, Rice Outlook,
2015). In India, rice is grown in 44.0 Mha with the
production of 106.0 Mt and productivity of 2.4 t/
ha. It contributes 25% to agricultural GDP (USDA,

Rice Outlook, 2015). In crop breeding, the use of
hybrid vigour in first-generation seeds (or F)) is
well known. However, until about 30 years ago, its
application in rice was limited because of the self-
pollination character of the crop. In 1974, Chinese
scientists successfully transferred the male sterility
gene from wild rice to create the cytoplasmic genetic
male-sterile (CMS) line and hybrid combination (Lin
and Yuan, 1980). The first generations of hybrid rice
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varieties are three-line hybrids and given about 15
to 20 percent grain yield over the existing high-
yielding varieties. In China, the area planted to
hybrid rice is around 17.0 million hectares, which
constitutes about 57% of the total rice area and
has an average output capacity of 7.5 tonnes per
hectare. At present India is growing hybrid rice
in area of 2.50 mha, which is 5.70 % of total rice
acreage and has an average output capacity of 4.79
t/ha (USDA Post, 2015). Even though hybrid rice
programme was initiated in 1994 in India, the area
and production of the hybrid varieties are slowly
growing among the many states, which haven’t
even achieved 5 percent level of total rice cultivated
area (FAO, 2014). It is expected that the area under
hybrids in India will increase substantially and
contribute towards increasing rice production.
In about two decades of extensive efforts, India
has so far released 78 rice hybrids by both public
and private sectors for commercial cultivation
(Directorate of Rice Development Report, 2015,
Patna). These hybrids have yield advantage of 1.0-
1.5 t/ha over the highest yielding inbred varieties.
Most of the existing promising hybrids started
giving low yield under biotic and abiotic stresses
especially under drought stress. So, developing
hybrid rice varieties with stable yield even under
drought stress is essential to meet the increasing
food demand for the growing population. Here
in this study, we have initiated hybrid breeding
program to achieve the goal of developing a best
heterotic combinations under rainfed conditions.

Materials and methods

The parental material comprises of three Wild
Abortive (WA) CMS lines viz., Pusa 6A, IR79156A
and IR 68897A crossed with 31 male genotypes
in kharif - 2014. Only 56 cross combinations could
be made perfectly. Hence, the experiment was
conducted in Kharif - 2015 with 56 experimental
hybrids, parents and two checks, NDR-97(inbred
variety) and Arise-6444Gold (popular hybrid) in
a single row of 3 mt. plot length with spacing of
15x20 cm? in R.B.D. design and 3 replications at
Agriculture farm, IAS, BHU, Varanasi. All the
recommended agronomic practices were adopted to
raise the crop under rainfed condition. No irrigation
was provided to the crop after transplanting for
posing water stress. Out of 56 hybrids, only 17 were
found as complete restorers as per the classification

of Virmani et al. (1997). Observations were recorded
on five randomly selected plants for estimation
of magnitude of heterosis with respect to fifteen
quantitative traits viz., days to 1** flowering, days
to 50% flowering, days to maturity, tillers/plant,
effective tillers/plant, plant height (cm), panicle
length (cm), spikelets/panicle, grains/panicle, sterile
spikelets/panicle, pollen fertility(%), spikelet fertility
(%), grain weight/ panicle (g), 1000- grain weight
(g) and grain yield/plant (g). 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 was done.

Results and discussion

The analysis of variance (Table 1) for 33 entries (2
female lines; 2 check varieties;12 male lines and 17
full fertile crosses) was done for fifteen characters
viz., days to 1*' flowering, days to 50 per cent
flowering, days to maturity, plant height (cm),
number of tillers/plant, number of effective tillers/
plant, panicle length(cm), number of spikelets/
panicle, number of grains/panicle, sterile spikelet/
panicle, pollen fertility(%), spikelet fertility (%),grain
weight/panicle,1000- grain weight(g), grain yield /
plant(g). Analysis of variance for the treatments
revealed that all the genotypes expressed significant
differences for all traits.

For days to 1* flowering, negative value of heterosis
is desirable as early flowering is usually associated
with early maturity which enhances the productivity
per day per unit area. Out of 17 hybrids, 13 crosses
showed significant negative heterosis over SH
(Arize-6444 Gold). Pusa-6A x Danteshwari (-13.07%)
exhibited highest negative significant heterosis for
days to 1* flowering over SH (Arize-6444 Gold)
(Table 2). Viraktamath (1987) and Sen and Singh
(2011) also reported negative heterosis for earliness
in rice hybrids. For days to 50 percent flowering,
14 crosses showed significant negative heterosis
over SH (Arize-6444 Gold). Pusa-6A x Danteshwari
(-14.43%) exhibited highest negative significant
heterosis over SH (Arize-6444 Gold) for this trait
(Table 2). These results were in the agreement of
Patel et al. (1994), Lingaraju ef al. (1999), Viraktamath
(1987), Young and Virmani (1990), Patil et al. (2003),
Sen and Singh (2011), Sharma et al. (2013) and
Singh et al. (2013). The negative value of heterosis



Heterosis studies for yield & yield traits in rice (Oryza Sativa L.) under rainfed condition .

LJAEB

12021 % 1°0 1V JUDIYIUSIS ..\, PUD [203] %, T 0 JUVOYIUSIS ., ‘]202] %G 0 JUVILIUSIS

£6°648T1 99°F¢ 65°G 040  €8Tcc  1TSSSI  PI'E0ST €96 eeT  LLE 6LEPL  9€TU 9L 669 86  [BI0L
S1'Ge01 €6T 610 900 1091 98621 98°201 260 IS0 60T  LE€L 96T 1T 0Tz ¥9  oug

SjualreJ

SP'T99 SLT  +xsS8T  wwsll'0 w6V TLY  xs€S 1L s UTIOF 1966 wbbF  FLL  10TS  ws0TIL  +:xS0I8  +:sl0F8 1 "SASPAD

spuqdH

wsxl€OL6GTT 1xs6SFTE  5xx[06 523869  xxxl€'GHGT 4sab9 THGHT 45x€TIGTOT 5::80°00L  FOO 6660  5xsCS608 5xxE€8°ES  #sxb6CEL  #sxlST8 T SASNIND
0£°Teee F90L €00 xa€SE  xxs8E9ET  sxl0BLLL  5:xCS6V66  #3GGL  xxs9STL  L9T  ssall'S6YV sxull'0T9  5:x0ST99  5:x99°096 T SHAYD

SjualIeJ "SA

wxx[8°069FTY 5:48LC6TT  5sx6L' 41T EL sl €8IST 555x08°0029C #5+00°L96VF 56491661 xsG6'ST +CLHL 4sx[8'EE6L  FS6 €Tl L1°0 I spuqdy
1168099 L  was€l€F  5ar6L0E  ssbS T 5xxl8C0S 5SS 6LVT  sxsx[FT00E  5ssFTLE  5asbIE€  sxxl0L  5xulG08C 5xuT8LBE  xxx[8L6E  5:x69°€8E €1 SIUDIR]
#1x06'IFFLE  1xs88€8 499, ssPST 52399919 1ssxC89IFF  4xs€TTBLY  5x99EL  ssa€¥ L wus¥l L s:ST8IF  5:s00'GL  4€T0L  saall¥9 91 SPHGAH
#:€6°GFEIE  1xs0L00T  5sxlLIT  50x€0T  5650€099  55xG9°G6VF  45580°8E89  55sGGLT 54609  5x:G€L  4x[LOTF  5:uE8°9TC  +xs€6'61T  +:sbGB0T  TE SIUBUILDL],
S0'€9¥1 L6°G 620 700 [yl 0£611 TTest 0Tl 81T 6V0  9T4L 60 8T'¢ ey 7 soypeordey

®
(3) Jueld YSPM dpPIUER L IPIUER] (o)  Juelg (umd) Suramorg

@0l PRIX urery JySpM sPPIIdS  dprueg  dprueg  YSudT SH[IL Jueld YSPH ALmieN %050} Sumamory suonerep
PISIX urein)  urern 0001 urein) 9LId}g sureirn) s)9[d1dg  dpTUR] dAIPRPY SIdILL  Iue[d 0} ske(q sheq sL 0} sAe Jp Jjo adinog

901 UI SI9)0eIeyD JUSISPIP 10§ (uS1sap Sunew 193sa], X aur]) Ajjiqe Sururquiod jo VAONY ‘T d[qeL

on



ag'6l 6V vy 99°£C woﬁ.umumﬂ a8l Sy'1e €8'81 mm.ommH c0€0r  $9°0¢ 08'¥¢ mmmmoﬁ vy ITTE 09T €£'86 oSuey
01 9¢ZT- O3CI'0- ©380°C 90°/8 O3 06'T1- 0160'S ©03184C 00°TTI ceryvl- 01198 03199°¢ 008 03 Z0°¢l- 03’6 01l 0100¢C8
€0'¢ ¢Sve GL¢l  €9°80T 949G a9ClL 486 00'6IT G89- 438 ¢LCL  €9c6 609 4R34 16Cl 69788 UBd\
e «I[8€C %908 16201 996 xC9CL #6101l O006LL #xG0°L- +£8LL +x09CL €€C6 #x[0'9- ««CC'8L ««89°CL  L9°88 NM.MMJWMMM& L1
SYY  %€C9C €T TOOTT «xl6T  wxll'ST  «lTEL CETCL x€0'G V0T «FO'GT CEF6  si€GEC  wECTT  #£99T 006  6SEAAN X V9-esnd 91
«=CL'8  wGOTL  «099 6496 xxC8'G x0C€TL 4886 LIBIT xCl8 bl QL «LG0L L906 616" «xCCFTL €86 L9768 P9-dI X V9-esnd a1
«GCTL  #80'8C  xx0C6L GEOCL ««[6C  «LL'GL  4LTCL CETCT +€0F x:0L'TC «9CT9T €€G6 481'C-  #8LTC +60LL €C'16 EM“QMWMMMMW 4t
G961 xb6VTV  wELVC V6'GCL  xxC8G  w«0€TCL #6886  LI9BIL «8C9- #xCL'8L xCC'8L 00°€6 «9€9- «w8LLL «0€8L €€88 <COCCC-LAI X Vo-esnd ¢l
«xC06 0L xxG0VE  x8L1C ¥89IL 640~  «0€8L 4¥PL'GL 00GCL  VET-  «I1'GC #1961 0086 G€0- «£€9C «190C 0076 SOI-MNH X V9o-esnd  ¢C1
=P8 x80°1C IV EL GTVIL +xG8°01- «I1€9  «I0F CCTLL xlV'ELl- 646 88T 0098 #9911~ «IT'TL P89  €C¢C8 0e-DdNxvo-esnd 1T
«=9¢L1-  CTL'0- ITT 9048 890l x99  sl€V LITIT €V FI- w198  «99C 0098 «L0€L- €6 €IS  007T8 EWM%MMMQ 01
€ro «=«[0TC ¥V 8V'S0l «CI'C  «CL9L «0CTFL €CECL 890 OV ET +68LL £996 90T~  «IVPC 9961 €€€6 Cr-OAN X Vo-esnd 6
97 «=£LCSL <678  LV'O0L «06'11- +xG0°G «824C 00 TIT s«I¥FTI- «FECL €L 0088 ««GC0L- +x68CL 898  L9¥8 9¢AI X V9-esnd 8
w7949l %926  «89°0C C8'ICL 98’1 =GV TC €881 €€8CL  «C0€  xP90€ «08FC €CC0L «FCV «IT'TE «£L09C €86 GM@M.MMWMW L
are #x06VC  «99LC VO'80L +9LF- #99°€L #9488 000CL #+€0'G- €V’ 00 +xG9€L €EVO6  #69F-  «000C «E0CL 0006 V0CS-Ldd X VISI6s-dl 9
e xV6'LL 80C 6LC0L «6L'6"  xlSL  #xC0'C  LICLL lO'TL- «lLTL  xCL'L  €€88 #xG6°0L- +x00CL 692 00F8 0C-DANXVISL6LAl S
LIeMysajue(
=091 €¥'1 69°C  I¥'88 k668 S8  «€6'C  LIFIL P TL- 90 TL  «C8F 0048 x99 1L~ «ITTL  «€4°€  €C'€8 X VOST6/-MI 4
wVCL #4€9°GE  %x00'LT €T8IL 4xC8'G~ «0€TCL  x8GZL  LI8IT 808 0991 P00l €C€T6 V'L~ #FPIT w128  €C/L8  TP-DANXVISI6LAL €
«6C L~ «P0TCL SV'S 9946 #8890 «FOTL  «¥E9  €CLIT 4908 0991 4P00T €16 878 «I1'GL 4V L  €€98 9EAI X VISGT64-31L 4
«96'GL  wV L0V wPL'6L QLTI 64°0-  «0€8L #x6C°€l 00GCL  VE0- #8890 «8C6L 0066 000  «8L'GC «EVLL €CT6 M@MMMMMMMM !
u@ﬂ“ L6-MAN dd  uedA HNMN“ L6-dAN  d4 Uea\l QMMM“ L6-dAN dd  UBdA HNNN“ L6-dAN  d4 Ues|\ $3SS0ID ‘ON
(u)YSIY Jue[J Ayumye 03 seq Gurramory 9,05 03 sAeq Suramor] ;[ 03 sAeq sId)eIey) S

LJAEB

. Sahu et al.

*9011 Jo SpLIqAY LT ul sjuduoduod p[RIA pue P3IA 10J SIS0I9)9Y pIepue)s pue sI1S0J[3q01)dY “dduewriojrdd as 1ad Jo sayewrn)sy :g d[qel.



LJAEB

Heterosis studies for yield & yield traits in rice (Oryza Sativa L.) under rainfed condition .

00'65¢  €5°ST . 9¢l  29¢€ . . . 000L 9¥8E .
s6%6  1L9%9T a9 o 869 T o LV9L wysLov 9goe T o 000TO FITTON opzr o
0380°'T¢- O¥¥¥'8F O3 ¥9°GC- 0] 69" 0] 8]°¢- ‘9¢- 031 009¢- ce- TE- 031499
crsel oo 09T sogr prcp OVBEE €8°9E 009" oo gyep. EEEE STIE
P06l 16€TL  WPIL 66'90C T6TL  €ITC €61  C00E S6TC  SFLL- F8S- L69  TLT  860l-  S60l- 068 ueaN
-ueypjiue
P0T w9TF8  0T0-  EE0LL wbLFL wl9FT 800 €90f #LF9L WFFSL  w9€9E 0001 «9¥8C 000C  ¥LFT  00°TI NM éﬁs % Al
A : : : . . . . . . . . . . . . 65€-4AN
WEESL IT6S  wFIST TTLVL wFVBL wST6T w8Y0L LLTE wb6S0L W6VVL  wI8TE L96 ST9PE  L99T  690T LOTL ' Uofprn O
WSOTT WFFSF w096l TCLEL wILO0L «L80T «F9S TL6T w885 699  w€4TC 006 T69C 0000  6L€0 00D WWHM: ;9
Jerewresysng
066 wEL0L  SETL TIT6L wlT61 w866 wI9€1 S6TE ILE1 w69€T VI F¥9 694 0000  ¥TLI- 008 oo oo 71
. . . : : . . . . : . . . . . . 202TT-141
w68IE wBOSTL  WISEL EE6TC wISOL wIV0E  VEY  90TE 000 w6876 wELTT L9S B0ET wECEE 0T L99 ol €l
. . . . . . : . . . . : : . . . SOT-MNH
#EBTY wE89IT wTI6E LIIWT wBLBL wTV6L w6TEL 981E w8I'TY GG 606 008 8EGL 000  SFE 0000 oo, T
. . . . . . . . . . . . . . . . 0€-DdN
WOl w69L0L  0STL 00T6L »8€L w8TLL  THT 088 w90LF OET- 08  €€8 8ESL 000 000  000T it I
LIeMySaJue(]
W6LO0T  w809TL WOV 00T STO w676 8YF 989  88C 68T WBIBLT 009 694 000Z  VTLIT 008 gy OF
: . . : : : . . . : . . . . . . N
WEEOE WOTSPL  w6UIE  LI9TT wSF8 wSEBL  PVE  606L 88S «E89E wlTUT- €66 694 000T  ¥TLl- 008  \ofpen, 6
OSTL wOPOLL 98 9GF6T w801 w6600 +SLS FL6C 9LTL w66FC- POEl- €69 694 000T-  ¥TLI- 008 WMHM: ;8
ueypAeysyy
WOT6L  wfOEVL  wBL6L  LOVIT wFTOL wCI'0E LT 86TE S9LT w¥OTT 606" £99  S8'E  L991-  6LEL- €68 | oo 4
. : . . : . : . : : . : : . . . $07S-1dd
w8616 wlL99T wll'19 00'6EE w9601 wb0IT SET- 9L6Z 838G w89 w00'9E" E€G 8ECI WLI9T wW&TIE €€L oo o 9
PSL w6200 ¥I6  00LSL  SLF  wl€FL wl0L OU'ST  88S P68 «008T- 009 000  €e€l- SL8L- /98 OO g
" - = ** = X V9ST6L-MI
Lremysajue
WOLVT  WPLVEL  wG99T  00LIT  +G0L w89 €06 IL8T 883G €898 w«009€- €€G  8ESI- K997 wGTIE- €€ ¥
X V9ST6L-MI
LLOT  wlULTL  w¥STT 000IT «LTEL #19°€T 0S50 8E0E 88'G w896~ 0098 €66 8EGL- #1997 wSTIE €84 crOHfl ¢
*x % ¥ > >k *x 2 * ¥ X VOGq164-¥1
. . . . . . . . . . . . . 9¢-¥1
1€V w8119 1491~ - - - - - 4
00671 406G~ 69T +S91- VTST w8L'TF  ST'S 007- 008 8ESL 000  ST9  000L ol
ueypAeysyy
W9TH walTSIT  wITEV  00'8FT +4€S°ST x86'9€  +19°9  L9EE LESET 4601~ 0091~ 00Z S8€  000I- €9~ 006 I
X V9ST6L-MI
MHMN\ ¥0¢s 1dd dd Ues]N MMHN\ MWNM dd Ues|\ MNNMM ¥0¢s 1Ldd dd Ues]N HNNNM mem_m dd UBIA S9SS0ID A.uZ
dp1ued sporadidg (urd) ISua[ dTUR ] ue[ SI3[ILL, AP ue SIa[LL sIajoeIRyD) S

PIUOD



. Sahu et al.

9¢°GL LLYT G061 03 mw.w)m $9°cr 03 96°LGT L1°¢8 031 BMW G8'CCC  L098S L9THY oﬁwu.umh %n“.._,w STI9IT €809 031 Ro.wm wmo.HR £G°CCC T8’V 031 ooﬁ.uN«cN oSuey
e ee amr B  m BT orer tee seony gk gme O N seupange (OTE T L
#L9TL 1601 «86'C- 0OF'¥C 870 #4708 ICTIT S8¥¢ GLO0T  «xE€9TETL «0€TC- €€°9C «x61 T8 sVLVIT x¥G6S 6V TE L0V~ «x6C2LLZ 0CTLZ O00FVL NM.M@%WMMM& L1
299 GT  xZLVT  «16'C GCGC L8 CL- «xL9TS «xG09C- 86'C L6'TT «x6E£8GT «8T°0C- 00°6C «x£S 9 +88°0L 8L 1T TV LT xV T 1T «x9G°GY «PE€C- TCTSIL MMMMMW 91
#8601 «E€C0T 466’8 SGCTC «xC6'GC~ V0 EE «4€6'LT- 99°C €0TIC «079GT 0661 8L'8C «x0V'IC x€GQ' IV QTS €LTC %9L° LT «x1G°CC LT 61 ¥7' 80T x/WWHWmHSA a1
#9201 #0001 «¥8¢G- 0C¥C 8I'C #0098  K0€FL LG°C 9828 x86°L6C #+9€°GE Z9FF €08 «¥6'GC €V'9- €C0C FVC- «0€08 106 F¥9vl HMMMMHMm 71
#x96'CL x8T'CEL 0€C 06TC «+2E0F ++807CAT x499°GE 98V 4«I4°C8 «x80°L8C 4961 PVEY +«x0L'6€ +£8C9 #00'TC 9T'9C +«+E8°EC «x98'8CT x«E0'8E 68°G8L MMWW.N@.%MM [
#9160 xxI7'8 kG061 G8EC «xCL' QT #+8L'GCT ++LC6E€ Q€T #xCG'8CTL «xITT8E PG 67 CCTVG 5x69°G8 x48FV 9TT x4E€8°09 LLTE +«+E1'8C «x08'9CT «x«C8CV £€C6L M@mwmﬂw cl
#8060 xE€E'8 «k[TLL €8°€C C00T #8926 x+88°1C 1I8C LT9C «x0€ 29T x00246C 00°0€ «x7S'89 #6796 x86'GY 9G°'IC TO6'L  «xS7'66 x+09°0C 00°C9L xo/w.om.uwwm 1T
V86 606 9€C 00FC 0901 +xC986 xxCSCC €8°C #0CLIT «xGE€09€ #«VTLIT L9'1G «xC1'0C +¥0'0F FOF¥ 6%'CC I8V «x04€6 «CT'LL €€LSL EM\MHMMMMQ 01
89T 498°C  «x98°6 G8TCC «xC6'GC #xxCL'9CL «461°CC 9€T LT'9C «x0€Z291 8198 00°0€ 60T #2E€6C 68C- 840C sx+C0'IE «+ELCVT #x«£9°GC L9961 xmﬁ.%%ﬂ& 6
0« LT xSV 01 «9C°G- 0€¥C 144 V' E6  I8'G  €L'C «8CCL x0€L9C G09S CCIV x€C61 «x006€ LTE TETC SI'C #8488 990 ¢€€¢eSl x%wuwwsm 8
970 €0~ #xCL'CLl- G6'1TC +SE€0E€ x80FPEl 89 19TV xV6'CV «xE6'TOC GG TEL TCVE sx9T1' W 0V 0L xCLCC LE LT 5xL8'9C sxLV'VEL 8T 0C ¥¥ 061 :MFWM.MMMM« L
#9827 87’8 «x6GCL- CT0C VI EY +x96'LGT «L1'E8 L6V #+G8°CCC £x£0°98G #£L8LLE 00°LL 5x6E°LE L1109 €8 TC CTL'GC s«VS VL +xLGTCC x06'FE 00°C9C XMWMMMMH.MH 9
12486 52099 w1201~ LG°0C STV~ +«E€9°CS SCIL 96C #FIV'CL «x1€99C LS CYY 00'1F 084~ 67’ L «x€C8T-9CLL VLT 8464 €€01 00971 x@wmmwwwg <
«VL'€ CO'C  «xCL'8 L9TC LETIL 00001 970V G8°€C 42926 xLL'81E x0T CYL 004y 9V'8 ¥V 9C T8EC- 1€0C «SCTEL #0€601 x9%'8C 00°041 MU?MMMMMM_ i
#x0£°97 sV L~ #8911~ LE0C «9E€VI +9€G0T 8811 96'C xCC'SP- €8C1 CE6L- 00CT COTIT «E€7'6C SGS1- 64°0C xVC1E VGV x¥2°GC 00261 xMM.mWMM.HMH ¢
#0660 1 FVCT6  «x0€9- COTC «x0€ 8L~ +«xIL'9F x499°8C €8C +«8C0€ «xICT9LT GZ9T 00°1€ «97'SL x«I1'8E LL'€C 8I'TC x+6€ 1T~ «+8C° SV VS CC- 00°'STL x<wmww-v: 4
#8190  «GV'S  «xGL°L- 0T ET «+LECE #xCLLEL  €6°L QCT 9068 xx96°00€ «xLV'T0C 00°SY xx8699 xx£9T6 610V 9CIE «xECGE x4€6'6V] «x1C°8C 00°€0C MmMMMMMMMM 1
W 6 oo 9 oo T oo V79 26 oo V9 Tooy sossorn 0
B Vel D ) A s Oy e ety s AN g ety sy S
o_*



Heterosis studies for yield & yield traits in rice (Oryza Sativa L.) under rainfed condition

for days to maturity is desirable because short
duration varieties are generally preferable and
become important at the time of drought. Out of
17 hybrids, 14 crosses showed significant negative
heterosis over SH (Arize-6444 Gold). Pusa-6A x
IR-36 (-11.90%) showed highest negative significant
heterosis over SH (Arize-6444 Gold) for days to
maturity (Table 2). The hybrids showing negative
heterosis for days to maturity using CMS lines have
also been reported by Singh et al. (1994), Sharma et
al. (2013) and Singh et al. (2013).

The negative significant heterosis for plant height
is desirable because dwarf plant stature is essential
to develop semi-dwarf high yielding hybrid which
is believed to be lodging resistant. The results
manifested that four crosses showed significant
negative heterosis over SH (Arize-6444 Gold). Among
them, Pusa-6A x Danteshwari (-17.36%) (Table 2)
showed highest negative magnitude of heterosis for
this trait. These results were similar to the earlier
reports of Khoyumthem et al. (2005), Sharma et al.
(2013) and Singh et al. (2013). Higher number of
tillers per plant contributes to higher grain yield.
In present study, Pusa-6A x Pantdhan-12 (38.46%)
and Pusa-6A x NDR-359 (34.62%) showed positive
and significant heterosis over SH (Arize-6444 Gold)
(Table 2). These observations were in agreement
with the reports of Patil et al. (2003), Sharma et
al. (2013) and Singh et al. (2013). Higher number
of effective tillers per plant contributes to higher
grain yield. Out of 17 hybrids, 3 hybrids possess
the significant positive heterosis over BP, 2 over
SV (NDR-97) and 7 over SH (Arize-6444 Gold). The
crosses Pusa-6A x Pantdhan-12 (76.47%), Pusa-6A
x NDR-359 (70.59%) and Pusa-6A x IR-64 (58.82%)
were the top heterotic hybrids over SH (Arize-6444
Gold) (Table 2) for number of effective tiller per
plant. Sarawgi et al. (2000), Vaithiyalingam and
Nadarajan (2010), Sharma et al. (2013) and Singh et
al. (2013) also observed highest significant heterosis
for effective tiller per plant increases the yield.

Panicle length with positive and significant heterosis
may contribute to enhance the number of spikelets /
panicle, subsequently boost the grain yield / plant.
Out of 17 hybrids, 6 hybrids showed the significant
positive heterosis over BP, 16 over SV (NDR-97)
and 14 over SH (Arize-6444 Gold). The heterotic
hybrids, Pusa-6A x Susksamarat (13.61%), Pusa-6A x
HUR-105 (13.29%) and Pusa-6A x NDR-359 (10.68%)
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over BP, IR-79156A x Akshaydhan (SV=36.98%
and SH=25.53%), Pusa-6A x IET-22202 (SV=30.44%
and SH=19.54%) and Pusa-6A x Akshaydhan
(S5V=30.12% and SH=19.24%) over SV (NDR-97) and
SH (Arize-6444 Gold) respectively were the best
hybrids for panicle length (Table 2). Roy et al. (2009),
Sharma et al. (2013) and Singh et al. (2013) have also
obtained highly significant positive heterosis for
panicle length. Hybrids with positive heterosis for
number of spikelets per panicle is desirable. Out
of 17 hybrids, 11 hybrids over BP, all 17 over SV
(NDR-97) and 12 over SH (Arize-6444 Gold) showed
significant positive heterosis. The heterotic hybrid,
IR-79156A x BPT-5204 (BP=61.17%, SV=266.71% and
SH=94.95%) (Table 2) was the best hybrid for this
trait. These results were in close agreement with
earlier reports of Thirumeni and Subramaniam
(2000), Sharma et al. (2013) and Singh et al. (2013).

Number of grains per panicle is the major yield
attributing character, hence significant positive
heterobeltiosis and standard heterosis is desirable.
Out of 17 hybrids, 10 hybrids showed the significant
positive heterosis over BP, all 17 over SV (NDR-97)
and 8 over SH (Arize-6444 Gold). The heterotic
hybrid, Pusa-6A x HUR-105 (42.82%) over BP, IR-
79156A x BPT-5204 (SV=222.57% and SH=74.54%)
over SV (NDR-97) and SH (Arize 6444 Gold) (Table
2) was found to be the best hybrid for this trait.
Similar findings were also reported by Saravanan
et al. (2008), Sharma et al. (2012) and Singh et al.
(2013). Number of sterile spikelets per panicle is
one of the important traits which contribute directly
to the yield reduction. The hybrids with negative
heterosis are desirable for this trait. Out of 17
hybrids, 2 hybrid, Pusa-6A x Pantdhan-12 (-22.30%)
and Pusa-6A x NDR-359 (-20.18%) showed negative
significant heterosis over BP, and IR-79156A x URG-
42 (-45.32%) hybrid showed negative significant
heterosis over SH (Arize-6444 Gold) (Table 2).
Similar finding were also reported by Saravanan et
al. (2008) and Sharma et al. (2013).

The hybrids with positive heterosis for pollen
fertility are desirable. In the present study, only
IR-79156A x URG-42 (SV=6.64% and SH=5.78%)
hybrid showed positive significant heterosis over
SV (NDR-97) and SH (Arize-6444 Gold) (Table
2). This is because for the study of heterosis only
those hybrids were selected which were exhibiting
full fertility. These results were in close agreement
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with the reports of Thirumeni and Subramaniam
(2000), Sharma et al. (2013) and Singh et al. (2013). In
general, hybrids obtained by using CMS lines may
not be having better fertility as the normal inbreds.
For spikelet fertility positive heterosis is desirable.
Among all the hybrids, Pusa-6A x Pantdhan-12
(7.28%) over BP, IR-79156A x URG-42 (SV=6.77%
and SH=8.66%) over both SV (NDR-97) and SH
(Arize-6444 Gold) showed positive significant
heterosis (Table 2). This is very similar to the result
observed for the pollen fertility. These finding were
also reported by Thirumeni and Subramaniam
(2000), Sharma et al. (2013) and Singh et al. (2013).

The hybrids with positive heterosis are desirable
for grain weight per panicle. Out of 17 hybrids, 9
hybrids showed the significant positive heterosis
over BP, all 17 over SV (NDR-97) and 7 over SH
(Arize-6444 Gold). The heterotic hybrid, IR-79156A
x BPT-5204 (83.17%, SV=157.96% and SH=43.64%)
was found to be best over BP, SV (NDR-97) and SH
(Arize-6444 Gold) (Table 2). Similar findings were
also reported by Virmani et al. (1981), Tseng and
Huang (1987) and Sharma et al. (2013). For 1000-
Grain weight positive heterosis is desirable. In the
present study, 5 hybrids showed the significant
positive heterosis over BP, 12 over SV (NDR-97)
and 13 over SH (Arize-6444 Gold). The hybrids
Pusa-6A x HUR-105 (19.05%) over BP and Pusa-6A
x NDR-359 (SV=14.77% and SH=15.56%) over SV
and SH were the best hybrids for this trait (Table
2). Tiwari et al. (2011), Gopalakrishnan and Kumar
(2013), Sharma et al. (2013) and Singh et al. (2013)
also reported highly significant positive heterosis
for 1000 grain weight.

Heterosis for grain yield/plant in positive direction is
desirable as higher grain yield is the main objective
for almost all the breeding programmes. Virmani et
al. (1981) suggested that the yield advantage of 20%
to 30% over best available standard variety should
be sufficient to encourage farmers for adapting the
hybrid rice varieties. In the present investigation,
Out of 17 hybrids, 8 hybrids showed the significant
positive heterosis over BP, 16 over SV (NDR-97) and
12 over SH (Arize-6444 Gold).

The heterotic hybrids Pusa-6A x HUR-105
(BP=60.83%, SV=116.48% and SH=85.69%), Pusa-
6A x Pantdhan-12 (BP=59.54%, SV=114.74% and
SH=84.19%), Pusa-6 A x URG-30 (BP=45.98%,
SV=96.49% and SH=68.54%), IR-79156A x
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Akshaydhan (BP=40.19%, SV=94.67% and
SH=66.98%) and Pusa-6A x NDR-359 (BP=21.75%,
SV=70.88% and SH=46.57%) (Table 3) were the
best five hybrids for grain yield/plant. The results
obtained from present study indicated that the
yield heterosis was mainly influenced by number
of effective tiller / plant, panicle length, number of
spikelets /panicle, number of grains/panicle, and
1000-grain weight. These results were in agreement
of earlier results of Bhave et al. (2002), Singh et al.
(2013) and Latha et al. (2013) observed the similar
results.

Among the top five hybrids for yield, the hybrids
namely, Pusa-6A x HUR-105 was highest yielder
(85.69%), and exhibited significant and desirable
heterosis for days to maturity (-0.79%), panicle
length (18.78%), grains weight per panicle (25.72%)
and 1000 grain weight (9.15%) (Table 3). Remaining
four promising hybrids recorded significant and
desirable standard heterosis for yield components
namely, days to maturity, plant height (cm), number
of tillers per plant, 1000 grain weight, panicle length
(cm) and grain weight/ panicle. It is observed that
the standard heterosis in the present set of desirable
hybrids was highly influenced by traits like number
of effective tillers per plant, 1000 grain weight,
grains /panicle and panicle length (cm). Grain yield
per se is a complex heritable character which is an
end product of multiplicative interaction of various
yield components and hence heterosis for yield
may be attributed to heterosis of individual yield
components or alternatively due to multiplicative
effects of component characters.

Conclusion

On the basis of objective to identify best suitable
hybrids for the rainfed condition it may be
concluded that the hybrids which have given
higher yield should posses short maturity duration
viz., Pusa 6A x URG-30 and Pusa 6A x IET-22202
may further be tested on large scale. However, the
highest yielding hybrids in the rainfed condition
of present investigation having not more than 125
days to maturity viz., Pusa 6A x HUR-105 (125
days maturity and 34.77 g per plant yield), Pusa
6A x Pantdhan-12 (119 days maturity and 34.49 g
per plant yield) and IR 79156A x Akshaydhan (125
days maturity and 31.26 g per plant yield) may
also be promoted in rainfed areas for large scale
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testing as these hybrids are much better than the
standard checks NDR-97 (16.06 g per plant yield)
and Arize-6444 Gold (18.72 g per plant yield). It
may be concluded that the findings of the present
investigation are much helpful to enhance the
production and productivity of rice in drought
affected areas of eastern Uttar Pradesh.
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