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ABSTRACT

The competitive interactions of ten upland rice genotypes were assessed by growing binary mixtures and
component monocultures for evaluating the agricultural value of variety mixture for higher productivity. Also
attempt was made to correlate different characters with competitive ability and to use such information in
selection strategies for developing upland varieties with high yields and competitive ability. The different
parameters of de Wit’s model like relative yield, relative crowding coefficient and relative reproductive rate
were used for assessing competitive interactions. It was found that competitiveness is associated with the
increased grains per panicle, higher grain fertility and better grain filling. The genotypes Kalinga 111, Badami
and Khandagiri were found to possess high competitive ability. It was also noticed that the binary mixtures
like Badami + Annada, Pathara + Badami, Badami + Annada, Ghanteswari + Sidhant, Suphala + Annapurna,
Parijat + Badami out yielded the best component parent.
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The ecologically handicapped rainfed upland
environment contributes abysmally low to thetotal rice
production, mainly dueto alarge number of interacting
factorslike unfavourable crop environment, poor crop
husbandry, severe weed competition and lack of
adaptability of varieties to moisture stress (Das and
Ray, 1994). Use of varietal mixturesin such situation
offers excellent possibilities of disease control and
alleged advantage over monocultures which include
greater stability of performance across diverse
environment and yield synergism through efficient
utilization of resources (Marshall and Brown, 1973;
Chaudhury and Paroda, 1979 and Barret, 1981). Ina
mixture population, there is competition between
component genotypes as well as the performance of
genotype differsfromits performance in homogenous
monoculture. The genotypes also vary in their
competitiveability.

During the present investigation an attempt was
made to synthesize and eval uate binary mixtures and
determinetheir agricultural valuefor higher productivity
in risk prone rainfed upland situations. In addition to
thisan effort has al so been made to correlate different
characters with higher competitive ability and to use

such information in future selection strategies where
an equilibrium between competitive ability and
agronomic productivity can berealized.

MATERIALS AND METHODS

The basic experimental material consisting of 10 high
yielding upland rice varietieswere utilized to devel op
forty five binary mixtures. These mixtures alongwith
ten monocultures were evaluated in a Randomized
Block Design at Rice Research Station, OUAT,
Bhubaneswar during wet season 2000. The spacing
was maintained at 10 x 10 cm to enforce adequate
competition among the plants. Observations were
recorded on nine metric characters. Inthe mixture plots,
separate observations were recorded on each variety.
The data were analysed according to de Wit’s model
(1960) to give a quantitative description of the
competitive interactions. Parameters like Relative
Yields(RY), Relative Crowding Coefficient (RCC) and
Relative Reproductive Rate (RRR), were used to assess
competitiveinteractions, among the varieties.

RelativeYield (RY) istheratio of theyield of
agenotypein mixturetoitsyield in monoculture.
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Table 1. Performance of monocultureand mixturewith deviation (%) from themean of the congtituent monocultureand the
best component in uplandrice

ifj i(gm/plot) j(g/plot) + (g/plot) i +j (tha') Deviation (%) MP Deviation (%) BC
1 1280 3.56

2 1430 3.97

3 1220 3.39

4 1705 4.74

5 1420 3.94

6 1435 3.99

7 1710 4.72

8 1635 4.54

9 1570 4.36

10 1435 4.15

1+2 660 540 1200 3.33 -11.44 -29.82
1+3 960 455 1415 4.20 13.20 -17.25
1+4 605 645 1250 3.47 -16.25 -26.90
145 815 700 1515 3.93 12.22 -11.40
1+6 730 725 1455 4.04 7.16 -14.91
1+7 650 710 1360 3.77 -9.03 -20.46
1+8 750 550 1300 3.61 -10.81 -23.90
1+9 715 150 1165 3.24 -18.24 -31.87
1+10 735 450 1185 3.29 -12.71 -30.70
243 840 585 1425 3.96 7.54 -16.67
2+4 670 815 1485 4.13 -5.26 -13.16
2+5 785 830 1615 4.49 13.33 -5.56
2+6 720 995 1715 4.77 19.72 0.29
2+7 825 870 1695 4.15 7.96 -0.87
248 790 775 1565 4.35 2.12 -0.85
249 860 825 1685 4.68 12.33 -1.46
2+10 750 690 1440 4.00 0.52 -15.78
3+4 580 765 1345 3.74 -8.03 -21.35
3+5 520 715 1235 3.43 -6.44 -27.78
3+6 530 965 1495 4.15 12.62 -12.57
3+7 550 985 1535 4.27 4.78 -10.23
3+8 705 1025 1730 4.81 21.19 1.17
3+9 585 1125 1710 4.75 22.58 0.00
3+10 645 845 1490 3.84 12.24 -12.87
4+5 835 770 1605 4.47 2.72 -6.14
4+6 755 1060 1815 5.04 15.61 6.14
4+7 790 680 1470 4.09 -13.91 -14.04
4+8 705 590 1395 3.87 -16.47 -18.42
4+9 805 705 1510 4.19 -7.79 -11.70
4+10 860 810 1670 4.64 6.31 -2.34
5+6 785 775 1560 4.33 9.28 -8.77
5+7 790 905 1695 4.71 8.31 -0.88
5+8 690 810 1500 4.17 -1.80 -12.28
5+9 710 880 1590 4.42 4.09 -7.02
5+10 880 700 1580 4.39 10.68 -7.60
6+7 735 860 1595 4.33 1.43 -6.73
6+8 795 835 1630 4.53 8.19 -4.68
6+9 555 780 1335 3.71 -11.15 -21.93
6+10 1010 750 1760 4.89 22.65 2.92
7+8 785 880 1665 4.63 -0.45 -2.63
7+9 960 790 1750 4.86 6.71 2.34
7+10 690 530 1220 3.39 -22.42 -28.65
8+9 780 860 1640 4.56 2.34 -4.09
8+10 770 685 1455 4.34 -5.21 -14.91
9-10 700 735 1435 3.99 -4.49 -16.08
Mean 741.333 776.222 1503 4.16

cv 14.829 20.059 11103 1.10

SE(m) 16.368 22.941 22501 0.621

1= Kalingalll, 2 - Parijat, 3 = Suphala, 4 = Pathara, 5= Khandagiri, 6= Badami, 7 = Ghanteswari, 8 = Annapurna, 9= Sidhant, 10= Annada
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RESULTS AND DISCUSSION

Theanalysis of variance in respect of nine characters
revealed highly significant differences among the
treatmentsin respect of majority of the characters. The
advantages of the mixturesover the mean performance
of the corresponding monocultures and the best
component parent (Table 1) indicated variationsranging
from —22.42 % to 22.65 % and — 31.87 to 6.14 %,
respectively. Twenty seven out of theforty five binary
mixture out yielded the mean of the corresponding
monocultures. The maximumincrease of 22.65 % was
observed in Badami + Annada combination followed
by Suphala+ Sidhant, Suphala+ Annapurna, Parijat +
Badami, Pathara + Badami, Parijat + Khandagiri,
Kalingalll + Suphala, Suphala + Badami, Suphala +
Annala, Kalinga Il + Khandagiri and Khandagiri +
Annada. Only five binary mixtures viz., Pathara +
Badami, Badami + Annada, Ghanteswari + Sidhant,
Suphala+ Annapurnaand Parijat + Badami out-yielded
the best component parent. Higher grain yield and
greater stability of performance over environments of
the varietal mixture has also been reported by Allard,
1961; Simmonds, 1962; Qualset, 1968; Bhatt and
Derera, 1973.This may possibly due to synergistic
interaction of the component lines.

Average relative yield values for characters
like plant height, panicle length, flag leaf area, grain
number, fertility percentage and 100 seed weight was
approximately 0.5 indicating the varietieswere equally
competitive with regard to these characters (Table 2).
However, the relative yield values estimated for
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effectivetillersplant?, grainyield plant* and grainyield
plot?, in a binary mixture exhibited a different trend
i.e., existence of competitive interaction among the
varieties for these characters. From the relative yield
values, it was found that Badami exhibited highest
average relative yield followed by Kalinga |11,
Khandagiri, Parijat and Sidhant. Therelativeyield (RY)
istheratio of theyieldin mixturewith that of theyield
in monoculture. A perusal of average RCC (Table 3)
revealed that varieties like Kalinga |11, Badami,
Khandagiri, Parijat and Sidhant exhibited higher
estimates of RCC for characters, likegrainyield plot.
Kalingalll, also exhibited higher RCC values for all
other characters except for panicle length. Badami
exhibited higher RCC values for all characters except
flag leaf area. Higher RCC valuesfor eight characters
except plant height was exhibited by K handagiri. Hence,
it may be concluded that Kalingalll was found to be
the most aggressive variety followed by Badami,
Khandagiri, Parijat and Sidhant.

A perusal of average RRR values (Table 4)
revealed that the varieties Kalinga 111, Badami and
Khandagiri had higher average RRR. The relative
magnitude of RRR values of Kalinga Il was higher
(>1.0) in seven binary mixtures out of nine for grain
yield/plot. In Badami and Khandagiri higher estimates
of RRR were obtained in six and five mixture
components, respectively. This indicated their better
fitnessto mixture population.

As our basic interest during the present
investigation wastoidentify such characterswhich not

Table?2. Averagerelativeyield of the 10rice genotypesfor different metric characters

Varieties Plot Grain Plant Panicle Hag Grain Effective  Grain 100-seed
yield yield height length leaf number tillers fertility — weight
plant* area plant? (%)
Kalingalll 0.572 0.516 0.486 0.482 0.463 0.550 0.470 0.527 0.522
Parijat 0.526 0.329 0.496 0.497 0.496 0.448 0.379 0.486 0.499
Suphala 0.470 0.342 0.499 0.507 0.478 0.443 0.413 0.477 0.518
Pathara 0.453 0.428 0.486 0.517 0.441 0.498 0.499 0.474 0.497
Khandagiri 0.537 0.543 0.492 0.508 0.503 0.538 0.494 0.583 0.510
Badami 0.589 0.504 0.501 0.500 0.391 0.508 0.500 0.517 0.517
Ghanteswari 0.482 0.424 0.494 0.506 0.519 0.461 0.480 0.457 0.499
Annapurna 0.481 0.389 0.499 0.502 0.503 0.450 0.466 0.461 0.500
Sidhant 0.512 0.323 0.468 0.486 0.474 0.461 0.407 0.509 0.496
Annada 0.462 0.386 0.481 0.481 0.433 0.456 0.413 0.454 0.468
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Table 3. Averagereélative crowding coefficient of 10ricevarietiesfor different metric characters

Varieties Plot Grain Plant Panicle Fag Grain Effective  Grain 100-seed
yield yield height length lesf number tillers fertility  weight
plant* area plant? (%)
Kalingalll 1.524 1.756 1.033 0.988 1.012 1.281 1.187 1.101 1.064
Parijat 1.019 0.787 1.016 0.996 1.159 0.917 0.801 0.959 0.981
Suphala 0.802 0.728 1.032 1.015 1.025 0.889 0.783 0.968 1.033
Pathara 0.925 1.078 0.997 1.038 0.924 1.051 1.247 0.953 0.986
Khandagiri 1.038 1.038 0.989 1.012 1.104 1.144 1.084 1.222 1.017
Badami 1.183 1.183 1.014 1.011 0.856 1.084 1.135 1.067 1.032
Ghanteswari 0.984 0.984 1.015 1.016 1.072 0.958 1.299 0.947 1.004
Annapurna 0.978 0.948 1.007 1.001 1.081 0.952 1.035 0.946 1.015
Sidhant 1.037 0.789 0.952 0.984 1.021 0.982 0.878 1.022 0.967
Annada 0.884 0.922 0.959 0.949 0.868 0.900 0.944 0.899 0.921

Table 4. Averagereélativereproductiverateof 10ricegenotypesfor different characters

Varieties Plot Grain Plant Panicle Flag Grain Effective Grain 100-seed
yield yield height length lesf number tillers fertility  weight
plant* area plant? (%)
Kalingalll 1.326 1.517 1.393 1.102 0.808 0.953 1.271 1.046 1.244
Parijat 0.983 0.877 0.972 0.957 0.837 0.799 0.997 1.084 0.971
Suphala 0.637 0.707 0.869 0.929 1.079 1.154 0.924 0.981 0.671
Pathara 1.088 1.122 1.001 0.978 1.020 0.924 1.054 0.995 1.294
Khandagiri 1.101 1.070 0.998 0.952 1.045 0.931 1.075 1.452 1.047
Badami 1.162 1.059 0.972 1.088 1.213 1.067 1.001 0.962 1.115
Ghanteswari 1.069 1.221 0.977 1.091 1.074 1.029 1.067 0.904 1.104
Annapurna 1.059 1.003 0.916 1.113 1.213 1.046 0.939 0.953 1.124
Sidhant 1.099 1.119 1.105 0.878 0.916 1.275 0.978 1.053 0.789
Annada 0.893 0.801 0.937 0.977 0.987 1.003 0.796 0.962 1.103

Table5. Percent increase or decrease over expected value (monoculture) for different yield attributing charactersin

Badami
Binary mixture combinations Plot Panicle Grain Grain 100-grain Tillers
yield length number fertility (%) weight plant?
Badami + Kalingalll 112 -3.09 -8.56 -1.36 -0.85 0.00
Badami + Parijat 38.77 -1.32 9.65 821 5.95 9.30
Badami + Suphala 34.58 -0.88 241 -2.99 -0.52 9.30
Badami + Pathara 47.38 3.98 5.67 821 3.40 -13.95
Badami+ Handagiri 8.08 -0.86 145 -0.57 4.25 -6.98
Badami + Ghanteswari 251 -0.44 0.36 6.23 10.21 -6.98
Badami + Annapurna 10.87 133 11.33 9.26 -0.85 -4.65
Badami + Sidhant -22.59 -0.44 -11.45 -8.84 2.13 233
Badami + Annada 40.86 -0.44 4.70 10.46 3.40 9.30
Total 161.58 -2.16 15.56 28.61 27.12 -2.33
Average 17.91 -0.24 1.73 3.18 3.01 -0.26
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only determinehigh yieldinmixturebut alsoresponsible
for maintaining higher productivity in monoculture, a
comparison between grain yield and other associated
characters was made under competitive situations. A
study of increased (%) performance of component
cultures in mixture as compared to performance in
monoculture (Table5, 6 and 7) for different characters
in three highly competitive genotypes like Badami,
Khandagiri and Kalinga |11, revealed that the
competitiveness was associated with the increased
number of grains panicle?, higher grain fertility and
better grain filling (high grain weight).Therefore, it

Oryza Vol. 45. No.2, 2008 (88-93)

maybe concluded that high grain number/panicle, higher
grainfertility and better seed filling strengthenstheview
that highly competitive plants are those which are
capableof producing larger and more number of viable
seeds. But it isaforegone conclusion that where genetic
selection has been made for large seeds, there was
usually been a corresponding decrease in number of
grains/panicle and the best means of increasing yield
may beto select for high grain number/panicleand allow
the seed sizeto move asamore or lessrandom variable
(Gréafiuset al., 1976).

Table6. Percent increase or decrease over expected value (monoculture) for different yield attributing charactersin

Khandagiri
Binary mixture combinations Plot Panicle Grain Grain 100-grain Tillers
yield length number fertility (%) weight plant?
Khandagiri + Kalingalll -140 150 877 11.63 133 -21.56
Khandagiri — Parijat 1690 250 7.76 1568 400 784
Khandagiri + Suphala 0.70 100 474 2140 316 2745
Khandagiri + Pathara 845 005 920 1237 533 -392
Khandagiri + Badami 1056 250 6.18 19.60 3 -1.96
Khandagiri + Ghentaswari 11.26 -1.00 1194 18.76 266 090
Khandagiri+ Annapurna -282 000 388 1523 222 -17.64
Khandagiri-Sidhant 000 000 174 1597 -0.88 -392
Khandagiri + Annada 239 300 12.37 1337 222 392
Total 67.59 955 66.58 14401 1249 -889
Average 751 106 740 16,00 139 099

Table7. Percent increase or decrease over expected value (monoculture) for different yield attributing charactersin

Kalingalll

Binary mixture combinations Plot Panicle Grain Grain 100-grain Tillers

yield length number fertility (%) weight plant?
Kaingalll + Parijat 312 012 1365 549 132 -0.18
Kalingalll + Suphala 50.00 042 24.65 936 176 30.90
Kalingalll + Pathara -5.46 -4.27 173 159 308 -2181
Kalingalll + Khandagiri 2134 299 1899 735 528 -10.90
Kalingalll + Badami 1406 555 1036 248 396 -1454
Kalingalll + Ghanteswari 156 -256 581 206 352 -10.90
Kalingalll + Annapurna 17.18 -128 1758 508 528 -10.90
Kalingalll + Sidhant 1172 nn -847 516 484 -0.36
Kalingalll + Annada 1434 213 1005 6.18 792 -12.72
Total 134.36 -1.37 94.35 2477 36.9%6 -5141
Average 1493 0.82 1040 497 411 571
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