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Heterosis in Wheat

by
P. 5. BHATNAGAR® and J. C. BHARMA

The value of heterosis is known since ancient times to animal breeders.
Considerable interest has been generated during recent years in- the
exploitation of hybrid vigour in crop improvement. The utilization of
hieterosis appears to be quick, cheap and easy method of increasiag yield in
vegetatively propagated crops and in cross-fertilized - crops like maize,
pearlmillet, sorghum, onion efe. DBut little use has been made of heterosis
breeding in self-fertilized crops. The development of genetic and chemical
methods of emasculation (Pal and Sikka, 1956) has brought economic
production of hybrid seed in sell-fertilized crops into the realm of probabi-
lity. Recent studies in barley (Jain and Allard, 1960), in Mungbean
(Bhatnagar and Singh, 1964) have suggested that heterozygote advantage
might be met with in self-fertilized crops also. While studying a large
number of economic crosses it was considered desirable to investigate
whether any heterosis could be exhibited by crosses among dlﬁﬁrem} pure
lines of wheat.

Review of literature:  Observations on heterosis in wheat date back to
1919, when Freeman studied date of first head, height and leaf width in.
crosses involving a durum wheat and three common wheats. Engledow and

* Bepnomic Dotanist (Ralbi Cereals), to,Gavmnmmih‘ of Uttar Pradesh; Kanpur,
Reooeived on 12—5—67.
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'_'i.I’al in 1934 suggested the possibility of increasing wheat yields by growing
I‘, and Fqgemerations of particular crosses which exhibited hybrid vigour
‘in the I‘l, since growing the I, generations in wheat was impractical.
Several instances of significant heterosis in wheat have been reported in the
literature. Harrington (1940) tested F,s which produced from 52 to 64 per
cent more grain than the parental mean, Varenica (1948) reported F,s which
yielded 79 per cent more than the mean of the parents and Cho and Chiang
(1958) indicated yields up to 88 per cent more than the parental mean.
Sikka et al. (1959) reported a particular cross which yielded 131'4 per cent
more than {he mean of the parents. In comparing F;s and the higher yielding
parent, Boyce (1948) listed a 32'7 per cent; Lupton (1961) 44 per cent and
Sikka ef al. (1959) an 84 per cent advantage for a respective T, hybrid. |
Briggle (19€3) has given a comprehensive review of such studies in wheat.

Material and methods; The material consisted of seven pure lines,
K. 103-17, 2b. C. 303, Ph, C. 306, B. 5573, E. 5580, K. 13 and Sonora. 63.
From these parents four intraspecific hybrids were studied. All the parents
and hybrids were space planted. The distance from seed to seed was 6"
and row to row was 24", They were sown in non-replicated rows due to
paucity of Lybrid seeds. The seeds of hybrids were sown in the central row
flanked on either side by parents. Observations were taken on a number of
tillers per p:ant, number of spikelets per ear, leaf length and breadth, height,
number of seeds per ear and yield per plant.

The mean of five plants was taken in case of parents. But in the case of
hybrids, the observations could be taken only on four, five, 5wo and one plant
respectively in the four crosses. Since parents and F;s were grown under
identical conditions, a valid comparison of their relatxve performance can be
made. In the table, the best performing parent in respect of each character
has been underlined. The performance of the hybrid in respect of the
various characters is presented in terms of percentage increase or decrease

over (i) the mean of respective parents ,.A._'i:_. (ii) the better of the two
parents.

TasLy 1 Performance of seven parente and four intraspecific hybrids in wheat.

Tillers Spikelets Length  Width

o . Seeds Yield in gm
%  Cross Combination of loaf  of leaf }(IZ:E‘"‘ -
5 Plant  Tar (em) {em) ) Bar Plant
1 2 3 4 5 0 7 8 9
I (i) K.108-17 (P,) 130 156 246 ‘ 19 a90-0 353 10:0
tii) Ph: C. 303 (Ps) 200 190. 207 16 104 434 246
(ii)) T, 270 190 25 3 21 107 461 301
(iv), P,+P : 1650 17-20 22:65 176 100 00 3985 20-30
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] Tr1ir~r~| Bpikelots Tengih 'ﬁF.l';j_'trlI:. ‘H..;‘- lL ﬁ .; 1'
%  Cross combinalion  —- —=—-=— of loaf . of Jeaf - ‘Eﬁ;; by R
o I'Innf Ly {om) (em) @0zt TR0
I T T 5 6. - .1
(v Percen t.]rlgn in-
Ly g 2] ARO OYVOr . L . . AR b A i SR
%Lﬂl::lr;igf;;tk 000 1604 41057 - —2:80 " A6:220 A8t
(vi) Poreentego in- o
vroapefdecronso ovor . , -
ment f}f porent. +063:63 41014 42404 +20-00 -+ﬂ-9'? +l‘i’ lﬂ +B’l E-
IT (i) E.5580(F,) 150 180 248 17 . 99:0 39 5\. _.__zuzl
(i) . 108-17 (Ps) 130 155 246 1! _ 0070, Bqﬂ e 0
(iti) T, 260 .« 21'0 23] 21 870 444 80 6.
liv) P+Py 40 1676 2470 180 0450 374 181
9 ¥ . s
(v) Percentage in-
creasefdecrenso
over moean of T :
1mt;nt.. 47333 +16066 —06'85 +10°63 —12-12. 41241 45641
(vi} TPercontage in-
erensefdecrenso
ovor mean of - _
paronts, 48571 4250438 —06:47 41066 —7-04° 1872 7453
ITI (i) E.5573(P,) 240 190 271 19 504 400 ' 252,
(i) Ph. C. 306 (Ps) 290 2240 258 19 llﬂl-i‘ll 530 400
(iii) I, 5040 2440 280 7960 BI'G 560
(iv) P,+P, 26:60  20°50 2045 19 7T 510 326
T2
(v} Porcontage in-
prenge/docrense
over the betior . _ o . N
paront. 47241 4900 4332 —l063 —T760 —264 44000
(vi) Porcentago in- - ' '
erease/deercaso
ovor moan of
parents. 48868 41707 +586  —10053  +2436 0 41118 7T
IV (i) Sonora 63 (T;) 180 170 213 7 w0 400 212
(ii) K. 13 (1) 160 16:0 258 - 107 1010 340 178
(i) I, 380 220 28-9 20 1060 447 (40
liv) PPy 1700 1650 2365 1-70 880 310  10'30
5 .
{v} Pereentago in-
' crenso/docroase
ovor hetlor : o
paront 411111 420053 41201 41765 4495 +1075 +201-88
(vi) Porcentage in-
crenge/dedronso
over mean of . _
. percnts. +123:53 <4-83:33 +422:72 - 4-17-66 '-}-21)'45 420081 ' 4-228:20

“t" value for seed yield could not be calenlated bocauso mdwlduu.l plm:tt yields of

parente wero not taken.
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Results and Discussion: The performance of hybrids and parental
varieties are presented in table.

) All the four crosses namely K. 103-17 x Ph. C. 303, E. 5580 x 103-17,
E. 5573 x Pb. C. 306 and Sonora. 63 x K. 13 showed considerable heterotic
effect for grain yield; the increase ranging from 7177 to 228:20 per cent
compared to the mean of the respective parents and 40'0 to 201°88 per cent
as compared to the superior parent.

In self-fertilized cross, comparison with the best available pure line
rather than with the better parent of a particular cross, is of interest in
the practical utilization of hybrid vigour. Pb.C. 306 is one of the best

~varieties of India. Therefore, the performance of four hybrids was also

compared with Pb. C. 306 which in these studies also has proved fio be the
top yielder. With such comparison only two crosses E. 5573 x Pb. 306 and
Sonora. 63 x I, 13 out yielded— C. 306 parents. Since both these crosses
involve one indigenous and one exofic variety, it appears that genetic
diversity plays an important role in case of wheat crops also.

Heterosis for other characters: It would be seen from the results
presented in table 1 that apart from yield heterosis was also observed with
respect to other characters in ull the cross-combinations. The main
characters which are the components of yield e. g. number of ear bearing
tillers per plant, number of spikelets per ear and number of seeds per ear
showed heterosis. The record of grain weight was not taken. The percen-
tage increase over the mean of the parents and over the better parent for
these characters, was calculated in these cross-combinations. As regards
number of tillers, percentage increase ranged from 3500 to 111'1 over the
better parent and percentage increase over the mean of the parents ranged
from 63'6 to 123'5, The spikelet number has not shown much heterosis
and percentage increase over the better parent is from 0 to 20'53 and over
the mean of the parents the increase is from 10°14 o 33-33. However with
regard to number of seeds per ear, in one combination (E. 5573 x Pb. C. 336)
there was slight decrease over the better parent by 2:64 indicating negative
heterosis. In other cross-combinations, the number of seeds per ear show
an increase from 6:22 to 12'41 per cent over the better parent and from
17°16 to 20'81 per cent over the mean of parents. These results ftend to
support the view that yield is a composite character and there may be no
yield genes per se, (which is largely an artefact) but rather only for the
various components of yield, the multiplicative interaction of which results
in yield. Other characters studied were, the length and breadth of the
leaf and height of the plant. The heterosis with respect to height was
noticed over the mean of the parents in the three crosses except I. 5580 x
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K. 103-17 in which thoro, was slight. decrease from themean; of the.-patents
Only Sonora 63 x K. 13 showed increase over the:better, parent W1th respect
to hoight. In other two erosses (I, 103-17 x Pb. C. 303 and E, 5573 x Pb.
C. 306), there was decrease over better parents, but increase nvar ﬁhe meﬂ,n
of the parents. Heterosis for the length and breadth’ of the' leaf waé
noticed in the cross combinations K. 103-17 x Pb. C. 303 -& “'Sonord. 63 x
K. 13 over the better parents but in cross ‘combination B. 5580 x K.'108-17
there was increase over the better parent and over the mean of the parenta
for leaf breadth but leaf length in T, decreased from. fhe. mea.n of “the
parents. In the cross combination of ]" 5573 x Pb. C. 306, the ]j}ercﬂntage
increase for leaf length was 3:32 smd 5'86 over the better parent the mean
of the parents respectively. In the same cross leaf breadth ﬁhﬂwed dncraase
of 10'53 over better parent as well as the mean of the two paranta. Ib
therefore, nppears that haﬁems:s is manifest on some u]mraﬂters and nGt

on all the characters.

Summary: A preliminary study of four intervarietal crosses’ mvu!vmg
seven pure lines in wheat has shown that two of them (Sonora.’ ‘63 x'K. 13
and E. 5573 x Pb. C. 306) have significantly outyielded the.best parent
Pb. C. 306, The best hybrid cnmhmatmn {Sunnra, 63 x K. 13) in which
heterosis was manifested for all the characters studied gave an yield of
64 gm per plant as compared to 40 gm given by the best parent. This
increase indicates the role of gemetic diversity in the ﬂ:-..pimta,tmn of
heterosis in wheat crop, if and when the production of hyhrld geed becomes
economically feasible.
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