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Abstract

In hybrid breeding programme based on cytoplasmic-genic
male sterility, the effect of sterility inducing cytoplasm
on agronomic traits is of considerable importance. In rice
(Oryza sativa L.) there are reports showing that sterile
cytoplasm reduced the productive capacity of hybrids
compared with normal cytoplasm of the maintainers. Forty
eight hybrid combinations including 24 A/R hybrids and
their reciprocals were evaluated and mean values for 15
different characters were compared. It was found that
there is significant difference between direct hybrids and
their reciprocals for almost all characters except days to
flowering, total dry matter production, panicle length and
100 seed weight. This difference in performance of these
two sets of hybrids can be attributed to cytoplasmic
effect. Even though these are the average performances
of the two groups of hybrids, when different cross
combinations are compared, it can be seen that these
are cross specific and each cross differs in their
performance. Evaluation of heterosis expressed by different
hybrids revealed that number of reciprocal hybrids
expressing positive and significant heterosis for grain
yield was high compared to direct hybrids. All these
explain the possible negative influence of sterile cytoplasm
on quantitative characters.
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Introduction

The genetic gains in yield and yield stability offered
by heterosis have prompted the use of hybrids in
several crops. Heterosis in rice (Oryza sativa L..) has
been known since 1926. China was the first country
to commercially exploit heterosis in rice. The magnitude
of heterosis depends on the choice of appropriate
parental lines. As in other crops where
cytoplasmic-genetic male sterility has been used to
develop hybrids, in rice too only a few CMS lines could
be utilised for development of commercial hybrids. In
hybrid breeding programme based on cytoplasmic-genic
male sterility, the effect of sterility inducing cytoplasm
on agronomic traits is of considerable importance. In
maize, reciprocal differences for yield, maturity and
other agronomic attributes have been related to the

cytoplasmic differences [1]. In rice there are reports
showing that sterile cytoplasm reduced the productive
capacity of hybrids compared with normal cytoplasm of
the maintainers [2, 3]. High level of cytoplasm x
environment interactions has been reported in rice by
many workers [2-4].

Materials and methods

A total of 48 hybrid combinations developed by
hybridisation between seven CMS lines having WA
cytoplasmic male sterility source and 12 genetically
diverse rice genotypes were evaluated for yield and
yield contributing characters along with Ptb 50 (a high
yielding popular rice variety of Kerala) as check variety.
These hybrids include 24 direct hybrids (A x R) with
CMS lines as female parents and genetically diverse
restorers as male parents and 24 reciprocal hybrids (R
x B) evolved by hybridisation between restorers as
female parents and maintainers of CMS lines as pollen
parents. Twenty five day old seedlings were transplanted
at the rate of one seediing per hill with a spacing of
20 x 15cm. Recommended package of practices and
need based plant protection measures were adopted.
Harvesting was done when the crop attained
physiological maturity. Observations on plant height,
total number of ftillers, panicles per plant, days to
flowering, leaf area index, grain yield per plant, straw
yield per plant, harvest index, grains per panicle, spikelet
sterility percent, panicle exertion, 100 seed weight, grain
density, total dry matter production and panicle length
were recorded from all the hybrid combinations and
check varieties. Statistical analysis was conducted to
compare direct and reciprocal hybrids and also to
evaluate heterosis from both the sets of hybrids.
Standard heterosis (commercial heterosis) was estimated
as percent deviation of the F, from the best popular
rice variety viz., Ptb 50.

Results and discussion

Observations on 15 agronomic attributes were subjected
to ‘' test and the results indicated significant values
of ‘t for most of the characters indicating reciprocal
difference for these characters. The reciprocal cross
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effects were significant for plant height, tiller production,
grain yield, straw yield, harvest index, grains per panicle,
spikelet sterility, panicle exertion, grain density and leaf
area index. Characters like days to flowering, total dry
matter production, panicle length and 100 seed weight
did not exhibit reciprocal difference.

Mean grain yield recorded by direct hybrids was
20.74g and that by reciprocal hybrids was 22.99g.
Average straw yield recorded was low (20.75¢g) in
reciprocal hybrids and high (22.23g) in direct hybrids.
Even though there was difference between direct and
reciprocal hybrids for grain and straw vyield, total dry
matter did not differ significantly, which indicated that
though the hybrids produced using CMS. lines are
capable of producing high dry matter, partitioning into
economic yield is being suppressed This is more evident
from the low harvest index of (A/R) hybrids compared
to the hybrids in which restorers with normal cytoplasm
are the female parents. Direct hybrids had less number
of fertile grains per panicle (111.4) and high spikelet
sterility (17.69) as against higher number of grains per
panicle (130.21) and low spikelet sterility (10.62) in
reciprocal hybrids. These factors indicate that the low
grain yield of direct hybrids could be due to less
number of filled grains per panicle, high spikelet sterility,
poor panicle exertion and low grain density as a result
of the negative influence of cytoplasm on these
characters.

[Vol. 67, No. 1

Among the 24 hybrids evaluated, 18 reciprocal
hybrids expressed higher grain yield than their direct
hybrids. Highest difference in grain vield between direct
and reciprocal cross was expressed by the cross
combinations IR 58025A x Jaya, IR 67684A x Kanchana
and IR 68890A x Annapoorna. Hybrids IR 62829A x
Aathira and IR 68891A x Jaya had lowest difference.
Hybrid combination IR 68890A x Aiswarya, which
expressed highest grain yield, produced high yielding
reciprocals also (Table 1 and 2).

All the reciprocal hybrids except IR 68891A x IR
36, PMS 3A x Jaya and PMS 10A x Ptb 10 produced
more number of grains per panicle than corresponding
direct hybrids. Most of the CMS lines used in the
programme expressed low panicle exertion of 52.79%
to 78.97%. This character also seems to be influenced
by cytoplasmic genes with a wide difference between
direct and reciprocal hybrids and almost all direct hybrids
expressing very low panicie exertion (58.1 % to 106.5%).

Since there are differences in performance
between crosses it can be interpreted that the
cytoplasmic influence differs with nuclear background
and it is actually the result of interaction between
cytoplasmic and nuclear genes. Hence, the undesirable
effect of cytoplasm can be eliminated by selecting
suitable parents in hybrid breeding programs.

Table 1. Mean performance of direct and reciprocal hybrids in rice — direct hybrids
Sl Hybrids Plant Panicles Daysto Leaf Grain Straw Harvest Grains Spikelet Panicle 100 Grain
No. height per flowering area vyield vyield index per sterility exertion seed density
(cm)  plant index  (9) (9) panicle (%) (%)  wt. (9) (g/100ml)
1. IR 62829A/Matte Triveni  98.0 9.2 78.3 9.7 19.7 229 0.5 93.5 16.5 58.1 2.4 52.7
2. IR 62829A/Kanchana 98.0 157 79.0 115 234 158 06 1192 16.2 86.4 25 54.0
3. IR 62829A/Aiswarya 940 137 81.5 121 172 279 04 1282 14.1 644 26 52.9
4. IR 68890A/Annapoorna 988 10.8 84.0 114 201 1838 0.5 96.0 16.4 938 26 54.7
5. IR 68890A/Kanchana 1055 148 85.0 98 248 217 05 1285 14.3 85.1 2.4 56.4
6. IR 68890A/IR 36 96.0 8.5 86.5 94 179 249 04 1042 16.2 70.8 26 54.8
7. IR 68890A/Aiswarya 105.7 108 87.0 93 299 258 05 1075 20.7 86.9 3.0 55.9
8. IR 68891A/Annapoorna  92.5 8.3 82.5 71 212 208 05 98.5 218 1064 20 53.4
9. IR 68891A/IR 36 93.5 9.8 84.0 78 245 1941 06 156.2 148 1010 20 51.8
10. PMS 10A/IR 36 940 108 81.2 82 202 212 05 1247 15.4 106.5 1.9 54,6
11.  PMS 10A/Aiswarya 110.8 9.0 90.0 84 215 202 0.5 1205 15.1 85.6 2.3 54.4
12. IR 58025A/IR 8 86.3 9.5 88.7 74 208 174 05 1089 17.3 76.0 2.4 53.8
13. IR 58025A Jaya 88.8 6.0 87.9 74 122 218 0.4 86.0 22.9 843 22 54.3
14. IR 58025A/Aiswarya 117.3 5.9 88.8 6.6 123 234 0.3 91.8 20.5 708 24 54.2
15. IR 62829A/Kairali 955 164 82.6 10.0 17.7 223 0.4 954 17.9 71.7 1.9 52.8
16. IR 62829A/Aathira 111.7 132 80.2 116 243 233 05 1153 13.8 83.5 2.3 54.3
17. IR 67684A/Kanchana 919 13.0 84.3 116 153 197 04 1004 175 71.3 2.2 53.0
18. IR 68890A/Ptb 10 1241 7.3 81.7 93 221 246 0.5 1272 140 1019 2.5 56.5
19. IR 68891A/IR 8 876 167 86.9 93 167 244 0.4 96.2 24.9 93.3 25 52.7
20. IR 68891A/Jaya 90.6 15.6 85.9 9.0 181 215 0.5 96.2 24.2 932 25 53.1
21. PMS 3A/Jaya 975 10.0 96.7 92 172 215 04 126.3 21.9 100.3 2.4 54.3
22. PMD 3A/Aiswarya 104.2 7.6 92.3 98 179 225 04 100.0 20.5 102.0 2.2 53.3
23. PMS 10A/Aruna 935 1041 88.1 9.1 222 188 05 123.1 152 103.9 1.9 57.9
24. PMS 10A/Ptb 10 130.0 9.7 85.4 91 228 235 0.5 169.6 13.2 9.9 24 59.0
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Table 2. Mean performance of direct and reciprocal hybrids in rice — reciprocal hybrids

Sl.  Hybrids Plant Panicles Daysto Leaf Grain Straw Harvest Grains Spikelet Panicle 100 Grain
No. height  per flowering area vyield vyield index per sterility exertion seed density
{cm) plant index (g) (9) panicle (%) (%)  wt(g) (g/100ml)

1. Matta Triveni/IR 62829B  87.8 8.8 76.4 54 231 19.2 0.6 1158 196 1054 23 55.8
2. Kanchana/IR 62829B 88.0 8.4 77.6 75 272 195 0.6 124.2 9.1 107.7 22 56.2
3. Aiswarya/IR 62829B 98.0 9.8 82.4 72 234 2041 05 137.0 122 107.3 24 56.5
4. Annapoorna/IR 68890B 91.6 6.2 79.6 65 282 220 06 1316 114 1088 27 56.0
5. Kanchana/IR 688908 106.0 9.6 85.8 6.2 180 1841 0.5 130.0 9.3 1078 23 55.7
6. IR 36/IR 68890B 99.6 106 86.8 6.0 189 191 0.5 1152 145 103.4 24 52.7
7. Aiswarya/IR 68890B 98.8 84 87.0 6.7 288 250 05 1400 107 1106 27 58.1
8. Annapoorna/IR 68891B 86.6 8.8 79.8 62 154 159 0.5 1214 117 1020 24 53.5
9. IR 36/IR 68891B 96.8 8.8 81.4 64 214 179 05 1532 9.8 1057 23 52.4
10. IR 36/IR 68891 B 93.4 8.6 85.0 57 236 222 0.5 136.0 137 996 23 54.4
11.  Aiswarya/PMS 10B 101.2 8.6 90.2 65 206 210 05 1450 117 99.7 26 58.9
12. IR 8/IR 62825B 95.8 8.2 86.4 64 259 18.8 0.6 1126 111 909 24 55.1
13.  Jaya/IR 62825B 93.0 9.0 87.0 50 263 199 06 1220 11.0 1002 24 55.9
14. Aiswarya/iR 62825B 96.6 8.2 90.0 51 253 21.0 0.5 1054 112 1040 2.0 56.5
15.  Kairali/IR 628298 85.4 84 80.8 69 215 202 0.5 1334 127 1049 22 53.2
16. Aathira/IR 62829B 95.4 8.0 874 76 244 1941 0.6 119.0 109 1075 24 565.7
17. Kanchana/IR 67684B 95.0 8.0 83.2 63 234 190 05 1240 183 99.3 25 54.7
18. Ptb 10/IR 68890B 104.0 88 84.0 56 207 249 05 1344 114 109.1 25 56.2
19. IR 8/IR 68891 B 954 11.0 86.6 64 206 216 05 1432 120 1046 24 57.7
20. Jaya/IR 68891 B 92.6 9.2 91.2 6.5 182 193 0.5 1248 1241 1043 22 54.9
21. Jaya/PMS 3B 92.0 8.8 93.2 53 225 19.0 05 1248 146 1014 23 57.0
22. Aiswarya/PMS 3B 97.8 8.6 98.0 6.1 226 269 05 159.2 8.3 1049 25 58.7
23. Aruna/PMS 10B 92.6 8.6 90.4 53 253 206 06 146.0 139 1089 25 57.3
24. Ptb 10/PMS 10B 101.2 8.0 84.0 6.5 242 27.0 0.5 126.8 124 1021 25 57.7

Differences in performance between reciprocal
and direct hybrids have been reported by Virmani and
Wan [5] and Hassan and Siddique [6]. Virmani and
Edwards [7] indicated that sterile cytoplasm had negative
effects on number of spikelets per panicle, number of
filled grains per panicle, 1000 grain weight and yield
per plant, although it had positive effect on number of
tillers per hill. These results hold good in the present
study also. Similar results were reported by Rosamma
et al. [8] and Skikh [9].

Data presented in Table 3 and 4 reveal that there
is difference in magnitude and direction of heterosis in
the direct and reciprocal hybrids for different characters.
Only very few direct hybrids viz., IR 62829A x Kanchana,
IR 68890A x Kanchana, IR 68890A x Aiswarya, IR
68891A x IR 36 and IR 62829A x Aathira exhibited
positive and significant standard heterosis over Ptb 50
(the most poular high yielding variety, used as check
variety), whereas out of 24 reciprocal hybrids 12
expressed significant and positive standard heterosis
for grain yield. The magnitude of heterosis ranged from
—221% to 45.9% and only three hybrids expressed
negative heterosis. Direct hybrids exhibited high
heterosis for characters such as number of productive
tillers per plant, straw yield, leaf area index and spikelet

sterility. Sixteen direct hybrids recorded significant
positive heterosis for number of productive tillers per
plant whereas only nine reciprocal hybrids expressed
significant positive heterosis for this character. In the
case of straw vyield, all the reciprocal hybrids expressed
lower heterosis (—4.2% to 62.2%) than the A x R
hybrids (-3.1% to 71.8%). Significant positive heterosis
was recorded by 19 direct hybrids whereas only 11
reciprocal hybrids recorded significant positive heterosis
for straw yield. Twenty two direct hybrids expressed
significant positive heterosis for leaf area index whereas
only eight reciprocal hybrids expressed significant
positive heterosis for this character. High heterosis for
vegetative characters with low heterosis for grain yield
in most of the direct hybrids indicate mat there are
some factors which hinter grain production in these
hybrids. Since these two sets of hybrids differ only in
their cytoplasm, it can be considered as negative
influence of sterile cytoplasm. This is more evident
from the positive and higher heterosis for filled grains
per panicle in reciprocal hybrids compared to negative
heterosis in A x R hybrids. Twenty direct hybrids
expressed significant positive heterosis for spikelet
sterility whereas all reciprocal hybrids exhibited
nonsignificant or negatively significant heterosis for this
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Table 3. Heterosis expressed by direct and reciprocal hybrids in rice — direct hybrids
SI.  Hybrids Plant Panicles Daysto Leaf Grain Straw Harvest Grains Spikelet Panicle 100  Grain
No. height per flowering area vield vyield index per sterility exertion seed density
: {(cm)  plant index @ (9 _panicle (%) (%)  wt.(g) (g/100m)
1. IR 62829A/Matta Triveni 23 275" -82* 76.0* 122 414" 117 -144 56.3** —13.6"* -11.3* -9.1*
2. IR 62829A/Kanchana 15 1172~ -7.3* 1072 33.3* -31 15.6* 9.1 53.8"* -15.3** -38 -6.8
3. IR 62829A/Aiswarya -1.5 89.6* —4.3* 1184 -22 71.8™ -254* 173 33.8* -36.9"* -1.1 -87*
4. IR 68890A/Annapoorna 34 482 -14 106.0™ 144 15.2 0.0 -1241 552" -8.0* 0.7 -56"
5. IR 68890A/Kanchana 104" 103.4™ 2.9~ 770~ 217~ 334 39 176 371" -16.6 -102" 2.7
6. IR 68890A/IR 36 05 172 1.4 68.5™ 1.9 529" -19.6** -4.5 53.2* -30.6™ -245" -53*
7. IR 68890A/Aiswarya 10.5* 48.2* 2.1* 66.7** 70.6™ 586" 58 -1.6 96.2** -14.8"™ 12.8** -3.6™
8. IR 68891A/Annapoorna -3.1 13.7 -3.2** 28.0 20.7 277 19 -9.8 107.1* 4.34 -249" -6.3
9. IR 68891A/IR 36 2.1 344 -14 41.4> 39.6" 174 9.8  43.0™ 402" -09 -24.5*-10.6"
10. PMS 10A/IR 36 -1.5 482" 4.6 46.9* 149 30.5* -7.8 141 46.1** 44 257 57
11.  PMS 10A/Aiswarya 15.9* 241 5.5 523" 22.6 22.,5* -39 10.2 42.8* -16.0" -12.0 -6.1*"
12. IR 58025A/IR 8 -10.7** 31.9* 4.2 37.0 48 49 -2.0 ~5.5 40.6* —17.2* -13.2* 5.7
13. IR 58025A/Jaya -11.2"*-16.6 3.3 388" -38.3* 31.3* -35.6** 255 87.0* -8.1* -15.0" 4.7
14. IR 58025A/Aiswarya 21.3**-18.1 4.3 223 -37.7* 405" -36.7** -20.4™ 66.7** -22.9"* 8.7 —4.9*
15. IR 62829A/Kairali -1.2 127.8~ -29* 858" 10.0 34.2* -19.3** —17.1* 455" -21.9* -294* -75*
16. IR 62829A/Aathira 15.5*" 83.3** -5.7** 88.7* 23.3* 402 63 0.0 12.2 -9.0"* —11.7* —4.9*
17. IR 67684A/Kanchana -5.0* 80.5* -09 113.7* -22.1* 18.6* -19.4* —13.0 42.3** -22.3* 155" -7.1*
18. IR 68890A/Ptb 10 28.3** 139 41 728" 122 48.1** -12.9* 10.3 13.8 11.0™ —-4.9* -0.8
19. IR 68891A/IR 8 —-9.4**131.9* 21* 740" -155 464* -25.1** —16.3* 103.3"* 1.6 =7 7.7
20. IR 68891A/Jaya -6.3"* 85 0.9 67.2** -8.0 29.4" -16.2** —16.5* 967 15 -6.0"" —6.8™
21. PMS 3A/Jaya 08 388 136 71.0™ -127 31.0* -192* 95 789" 94 -86* 49"
22. PMS 3A/Aiswarya 7.8 55 8.5 829" -89 35.2** —18.5** —-13.3 66.6** 11.1* -16.6* -6.6™
23. PMS 10A/Aruna -3.3 403 3.5 68.5"™ 126 13.1 -0.3 6.7 23.0 13.2* -28.3** -9.1™
24.  PMS 10A/Ptb 10 34.4* 34.7* 03 68.5 15.5 41.0™ -9.2 47.0 8.1 5.5 -9.0  3.3"
*,**Significant at P = 0.05 and 0.01 levels respectively
Table 4. Heterosis expressed by direct and reciprocal hybrids in rice — reciprocal hybrids
" Sl.  Hybrids Plant Panicles Daysto Leaf Grain Straw Harvest Grains Spikelet Panicle 100  Grain
No. height —per flowering area yield vyield index per sterility exertion seed density
{cm) _ plant index @ (9 panicle (%) (%)  wt. (g) (g/100ml)
1. Matta Triveni/iR 62829B -9.2** 22.2* -10.2** 1.1 169 155 1.1 04 -218 14.8* -149* -22*
2. Kanchana/IR 62829B -8.9" 16.6 -8.8** 39.4*™ 379" 172 8.1 77 -259* 17.3"* 171" -16
3.  Aiswarya/IR 628298 -1.3 36.1* -3.1* 336 188 209* -05 188 -05 17.0 -6.0* -1.0
4.  Annapoorna/IR 68890B -52 -13.8 -6.4* 20.3" 43.0"™ 324" 42 141 -72 185" 00 -19
5. Kanchana/IR 68890B 9.6™ 33.3" 08 15.4 8.5 9.3 83 127 -243* 17.4* -125* -25*
6. IR 367/IR 68890B 29 472* 20 115 -39 148 -83 00 186 126" -88" -7.7"
7. Aiswarya/IR 68890B -2.1 16.6 2.2* 24.4* 459" 50.5* ~-1.2 21.4* 122 204 0.7 1.6
8. Annapoorna/IR 68891B 7.6 222 -6.2** 147 -221* 4.2 -9.2 5.2 —4.3 111 ~-8.7** —-6.3"
9. IR 36/IR 68891B 10.4* 36.1 —4.3* 20.0* 8.8 8.1 0.5 32.8* -204 15.1* —12.5"™ -82*
10. IR 36/IR 68891B -6.7 194 0.0 52 19.8* 339* 49 179 9.0 84 -136* 47"
11.  Aiswarya/PMS 10B -3.4 194 5.6 20.9* 44 26.5** -8.3 25,7« 48 8.6 -3.4 3.1
12. IR 8/IR 62825B -09 139 1.5 19.1 314 13.2 75 -23 -98 -09 -62¢ -35*
13. Jaya/IR 62825B -38 25.0 22" -7.0 332" 195 4.9 58 -11.3 91 80" 22*
14.  Aiswarya/IR 62825B 07 138 6.0 -54 282 262~ 07 -85 -90 133+ 76" -11
15. Kairali/IR 62829B -11.7"* 16.6 -5.0* 29.0™ 9.1 21.4 —4.9 15.7 3.8 143" —18.5™ 3.4
16. Aathira/IR 62829B -13 114 2.7 413" 24.0™ 148 4.1 32 -104 174* -B83"* 24"
17. Kanchana/IR 67684B -1.7 1141 —2.2* 17.1*  184* 143 14 7.5 7.8 81 -64* 42~
18. Ptb 10/IR 68890B 2.1 194 -13 35 49 502 -162 165 -7.1 204> -6.8* -1.6
19. IR 8/IR 68891B 0.1 22.2 1.7 18.2* 45  29.8* -10.1 241* -2.0 139" 76" 1.1
20. Jaya/IR 68891B —42 129 74 214™ -75 158 -1041 82 -19 19.0™ —15.5** 3.7
21. Jaya/PMS 3B 4.8 52.7 714" 14 13.9 147 0.1 82 -187 10.4* -10.9** -0.1
22. Aiswarya/PMS 3B 1.1 27.7* 34 134 144 622" -157 38.1* -32.3" 142" -45 .7
28. Aruna/PMS 10B —4.2 50.0~ 62" -15 28.2" 24.1* 1.8 26.6™ -13.2 18.6™ -6.8* 0.2
24. Ptb 10/PMS 10B 46 111 -1.3 204" 227" 62.3* =125 9.9 08 112 57* 1.0

*,**Significant at P = 0.05 and 0.01 levels respectively
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character. These factors explain the lower level of
heterosis expressed by A x R hybrids for grain yield
than their corresponding reciprocal hybrids. This is of
considerable importance in heterosis breeding programs
in rice, since hybrid seed production can be made
economic only by the use of CMS lines and if these
lines are having negative influence on economic traits
it can hinter the pace of development of hybrid rice
programs. Young and Virmani [10] also reported negative
influence of cytoplasm on agronomic attributes and they
have opined that different genotypes interact differently
with the same cytoplasm exhibiting different cytoplasmic
effects and proper selection of CMS lines as well as
restorers can lead to better heterotic combinations. In
the present study hybrid combinations such as IR
62829A x Kanchana, IR 68890A x Kanchana, IR 68890A
x Aiswarya and JR 68891A x IR 36 had high grain
yield, grains per panicle and grain density in spite of
the sterile cytoplasm in them.
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