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INTRODUCTION

Heterosis is a phenomenon that is at once intriguing and
economically important. It is manifested in different groups of
organisms, being by no means confined to plants. Heterosis in wvarious
groups of organisms is not everywhere the same phenomenon, but these
various manifestations probably have much in common and a satisfactory
explanation of one will aid considerably in understanding others.

In recent years there has been an increased interest in
heterosis resulting from population crosses of various species. The
interest in heterosis stems partly {rom the agricultural superiority
of the hybrids over their open-pollinated or pure line parents and
partly from the fact that such hybrids presumably represent good experi-
mental material for the study of certain gene actions. There is -a need
for more information relative to the characterization and magnitude
of hybrid vigor to provide a basis for more efficient breeding pro-
cedures, Our limited understanding of the cause of hetergsis does not
provide a basis for predicting the relative amount of heterosis expected
in crosses of parents with varying degrees of genetic diversity, but
experiments indicgte that crosses of unrelated inbred lines of corn show
greaﬁer heterosis than crosses of related lines. The genetic differences
between varieties have probably arisen through isolation accompanied by

a combination of mutation, genetic drift, and selection in different



environments. Therefore, Ehe degree of geographical separation and
the degree of ancestral felationship-can be used as an indication of
genetic divergence.

The superiority of artificially produced hybrids over their
open~pollinated or pure line varieties has been shown in corn, sorghﬁm,
cotton, and many other crops. These hybrid populations have produced
higher yields, phenotypically more uniform populations, improved qua-
lity of the product, and are buffered against environmental variations.
The manifestations of heterosis have already increased the value of our
corn and sorghum crops by millions of dollars annually and its potential
for other crops is being realized and exploited. With thevever growing
need to increase production to megt the demands of the rapi&ly in-
creasing population, the effects of heterosis will need to be exploited
on a very large scale.

The objective of this investigation was to compare certain

interspecific Fy hybrids of Bothriochloa with their respective parents

to determine if heterosis exists and to measure its magnitude, if pre-
sent. To make this comparison, both green'and dry weight yields were
determined along with plant height, leaf height, crown width, percent
seed set, inflorescence characteristics, and winter hardiness.

In Bothriochloa, apomixis can be used to fix F, hybrids, but

1
little is known of heterosis in this genus.



REVIEW OF LITERATURE

&. Lxplanations of Heterosis: Dr. J. G, Koelreuter (1776)

was one of the first modern hybridizers of plants and he noted some
impressive examples of greater luxuriance in his Nicotiana hybridé.
Koelreuter had no suggestions as to why the hybrids should exceéd
their parents in general vigor, and consequently had no councept of
heterosis. Probably every hybridizer since the time of Koelreuter
has noticed the greater vigor of some ﬁybrids over thelr parents.
Knight (1799) noted the superiority ol hybrids over pure types in wmany
plante and concluded that "nature intended that a sexual intercourse
should take place between neighboring plants of the same species.”
Although he advanced a theory ¢oucerning physiological vigor and

its decline, he did notlrecognize the heterogis concept.

Darwin (1868) crossed and selfed plants frpm the same stock
and raised plants {rom each of two types of seed from Zea mays. He
noted that in mény plants that cross«fertilization resulted in incressed
size, vigor, and productiveness, and that inbreeding usually caused
daleterious effects on the plant population. Darwin also demonstrated
that an increase in vigor was not a dirvect result of c‘:ossings since
crosses involving different flowers oun the same plant and closely re-
lated flowers did not cause an increase in vigor. He c01¢1uded that
the benefit of crossing was onlyvimportant if the plants which were

¢rogssed differed in some characteristic.
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Shull (1905) first recognized a case of hybyrid viger in the
result of a cross between a so-called Russian sunflower and the wild

Helianthus annuus. Both parent types were approximately six feet dn

height»and the tallest of the Fy hybrids was 14,25 feet in heigﬁt¢'
Shull concluded that the hybrid vigor resulting from crosses was due
to the unlikeness {n the constifﬁtion of the uniting gametes.

The concept of Fast and Shull was that both heterosis and the
decrease in vigor due to inbreéding naturally cross-fertilized species
were manifestations of one phenomenon and that this was closely tied to
amount of heterozygosity. Crossing produces heterozygosity in all
characters by which the parents differ and inbreeding tends to pro-
duce homozygosis automatically. Shull 1914 stated:

My investigations on the effects of cross and self
fertilization in maize has led me as early as 1907 to
the conclusion that hybridity itself, the union of un-
like elements, the state of being heterozygous, has
a stimulating effect upon the physiological activities
of the organisms, which effect disappears as rapidly
as coutinuous inbreeding reduces the progenies to
homozygous types. There is some danger of misconception
due to the fact that all discussions of the stimulus
of hybridity have taken place as their starting point
for the sake of siwmplicity, the typical Mandelian dis-
tribution of germinal substances. The cssential feature
ol the hypothesis may be stated in more general terms
@s follows; ‘The physiological vigor of an organism as
manifest in its rapidity of growth, its height and gen«
eral robustness, ls possibly correlated with the degree
of dissimilarity im the gametes by whose union the
otganism was formed, The wmore pumerous the differences
batween the uniting gametes, st least within certain
limite, the greatev on the whole is the amcunt of stimu«
lation. These differences need not be Mendelian in their
foberitance, To avoid the implicetion that all the geo-
typie dliferences which stinulate cell divisien, growth
and other physiological activities of an organism are
Mendelisu in their inberitance and also to gain brevity



of expression, I suggest that instead of the phrases,

stimulus of heterozygosity; heterozvgotic stimulation;

the word heterosis be adopted.

Bruce (1910) explained heterosis as the combined action of
favorable dominant or partialiy dominant factors, based on ﬁathematical
expectations. Bruce demcnstrated algebraically that the total number
of dominant factors was greater im a hybrid population ﬁhan in either
of the parental populations. He then proposed the dominant factor
hypothesis since there was a correlation between the number of domi-
nant factorr and heterosis.

Keeble and Pellew (1910) used a similiar hypothesis on a
dihybrid basis to explain hybrid vigor in peas. They assumed that two
factors were involved and that Bboth showed dominance over the allelo-
morphic condition, hence the ¥y was taller than either parent because
both factors were present togethewr.

Jonge (1917) restated Bruce's theory and added the concept
of linkage. Jones pointed out that, with linkage the comsequences
of the dominance hypothesis were much closer to those postulating
superior heterozygotes. 1{ a detrimental receassive was linked with a
favorable dominaunt, the heterozygous chromosome would be superior to
both homezypotes, and the linked combination might not break up readily.

Astby {1936) concluded that il dominance of linked f{actors
is inv-ked o exuplain the larger primordial size in the embryo, it
cannot explain how the metabolic rates in the hybrid (assimilation,
respiration, growth rates) vemain no greater than the parental rates,

He therafore pointed cut that the {inal size of a plant is the result



of the initial size of its primordia and the relative growth rate,
Since the relative growth rate of the hybrid has no advantage over its
parents, size-heterosis must have been due to an initial advantage in
embryo size, This was later disproved by East.

East (1936) gave the best idea of the way in which heterosis
is expressed when he said, "that invariably it is something that effects
the organism as a whole., Its effect is comparable to the effect on a
plant of the addition of a balanced fertilizer to the soil. 1In plants
the foot system is increased, the branching is more profuse, the leaves
are larger and more abundant, growth takes place faster, at least in
the early stages and often retains its place longer before showing the
characteristic sigmoid curve that indicates approaching maturity.”

His idea may be stated briefly as follows: size tralts are controlled
by a large number of genes in various linkage groups; among these genes
dominance is virtually non-existent, but there are numerous multiple

allelic series; if in a glven series each member effects a diiferen;i*“viﬁ

physiological condition, then the heterozygous condition may be ex= i

pected to produce cumulative results: that is i{ A, affects a somewhat i ¢

1

different process than its allele AZ’ AlAz may have a greater efiect

than A1A1 or A This hypothesis implies some sort of complimentary

2 /'2 .

action between alleles as Al supplies what is lacking in A_, or vice

2
yersa.
The idea of superior heterozygotes has been upheld by Hull

(1945) who suggested the word overdominance. He noted that in some



cases the hybrid between two inbred maize lines had a greater yield
than the sum of the two parents. This could not be explained by com-
pletely additive dominant gene unless it were assumed that a plant with
no favorable dominants had a negative yield., He suggested that over-
dominance would explain heterosis as the genes would be physiologically
stimulated at a locus by the presence of two different alleles.

Dobzhansky (1941) and his co-workers have recorded that in
most species there has been, in the course of evolution, accumulations
of deleterious recessive characters, which when homozygous reduce the
efficency of the organism, but which in the heterozygous condition are
without efficiency-reducing effects., The beneflcial action of many of
the dominaut alleles probably is not the result either of directional
mutation producing more favorable dominants or of selection teunding to
eliminate the unfavorable dominants. JInstead, it may be due to the
accunulation in the population of deleterious recessive mutations.
These, 1f their eifects are not too deleterious can often be piled up
in signiflicant numbers.

Castle (1946) emphasized the importance of interallelic action
in relation te hetevosis., He sugpested that the effect of interallelic
action of a siﬁglu palr of genes is similiar to that of the killer muta-

tion of Sonneborn, except that the action induced in the dominant gene

by its sensitized recessive is beneficial,

£

Guinby and Karper (1946) reported on the case of a single
locus heterosis involving alleles that were free Ifrom deleterious

effects, but when in certain heterozygous combinations produced hybrid



vigor. The conclusion was that heterosis in sorghum is a stimu-
lation of tillering and cell divisiorand that the stimulus to greater
meristematic growth is enhanced by the heterozygous condition of the
Mama gene.

Crow (1948) reported that the dominance hypothesis assumes
that an individual with maximum vigor would be one in which all gene
loel contain at least one dominant factor. The difference in vigor
between any iladividual and its theoretical maximum would be dgtero
mined by the mumber of homozygous recessive loci. The maximum vigor
after hybridization would occur if each parent could supply all the
dominant alleles lacking in the other, the hybrid thus receiving, at
least one dominant géne at each locus. Assuming that all beneficial
genes are completely dominant and all deleterious factors are recessive,
the average decrease in selective value due to homozygous recessives
is equal ﬁo the product of the number of gene loci and the average
mutation rate. This is true of any population as long as it is at
equilibrium regardless of the breeding structure or the amount of
selective disadvantage of the individual recessive factors. Prevail=-
ing estimates of gene number and mutation rate make it appear unlikely
that the product of gene loci and mutation rate is larger than .05, 1If
one assumes that vigor is measurable in terms of selective value,
this would be the maximum possible increase in vigor under the domi=
nance‘hypothesis. Hence, any hybrids between natural populations

that have larger increases in vigor must be explained by another

hypothesis,



Dobzhansky {1949) reported on inversion heterozygotes in

Drosophila pseudocbscura which carry two chromosomes derived from the

same population and are superior in adaptive value to the homozygotes,

In D. psedoobscura two different kinds of heterosis are well known.

The first kind arises from the presence in the population of dele-
terious recessive mutant genes sheltered by their normal dominant
alleles., Accumulation of these deleterious genes is a by-product of
the mutation process. The second kind of heterosis is due to complexes
of linked polygenes which give specific heterotic interaction effects
in the heterozygote. This kind of heterosis is engendered by natural
selection as a form of adaptation of the speciles to its environment.
The balanced polymorphism enables an outbreeding species to obtain
high wmean fitness, and at the same time to preserve great evolutionary
plasticity.

Hayman (1957) reported on a survey of different crops and
showed that oniy in maize is yield heterosis directly related to
eplstasis. In other species and characters, heterosis seems to be'a
composite phenomenon in which the possible causes of heterosis are
epistasis, overdominance, and the accumulation of favorable dominants
in the heterozygotes.

Robinson and Cockerham (1961) reported on experimental results
on yield and ear height from two open-pollinated paréutal varieties of
corn and found that the relationship between performance and heteroF
zygosity was linear for bhoth y@e;d_and ear height. The genetic model

of additive and dominant gene efiects fits the results satisfactorily,
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Penny, Russell, and Spraque (1962) employed the procedure of
recurrent selection to obtain information on the types of gene action
in yield heterosis in maize. When all the data were considered, the
predominant type of selection appeared to have been for genes exhibiting
complete or partial dominance or largely additive effects.

The evidence relating to heterosis suggests that the pheno-
menon is to be explained genetically in terms of various recombination
effects. 1In some cases dominance is the important consideration,
while in other cases heterozygosity or overdominance must be considered.
In any event, it is the resulting specific gene action which lies at
the basis of the physiological advantage or advantages which give rise
to heterosis.

B. The Measurement of Heterosis: Hybrid vigor in cotton has

been measured in various ways such as: plant height, total length of
limbs, fertility of anthers, {lower shedding, boll size, bolls per

plant, yiei& of seed cotton, ginning percentage, staple length, seed
weight, and node number. Kime and Tilley (1947) found a significant
heterosis for yield of seed cottom, yield of lint, rate of blooming,
earliness to opening and higher lint indices in Upland cotton. Jones

and Loden (1951) reported increases in yield of Fl's over their most
productive parent ranging from 0.8 to 47 percent with an average increanse
of 29.1 percent. This Fy generation also had an average of 71 percent

of its total yield harvested at {irst picking as compared to an average

of 61 percent for the parent generation. Turner (1953) reported that

boll number was more important than boll size in determining final
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vield with the hybrids tested. Hybrids that had higher lint yields,
higher lint percent, larger bolls, longer and stronger lint, and.that
were earlier than the average of the parental lines were reported by
Marani (1963). He concluded that the magnitude of average heterotic
effects was greatest for yield, medium for boll weight and earliness, L
and relatively small for the remaining traits. “

Hybrid vigor in corn and sorghum is measured in‘practically
the same way: grain yields, stover yields, perceﬁtage of lodging,
plant height, number of leaves on main stalk, weight of 100 kermels,
node number, date of heading, and size of heads cr ears. Quinby
(1963) reported on a hybrid, RS630, that was 5% earlier in blooming,
19% taller, produced 21% more tillers, and 11% wider, 2% longer, and
15% larger 1eaves, was 47 larger in Stalk diameter, produced 97% more
seed, had seeds 3% larger, threshed 7% h;gher,'and had higher yields
of stover by 44%, of heads,96%. grain by 106%, and forage by 71% than.
the average of its parents, |

Webber (1900) crossed a Preuvian corn, Cuzco, with a native
variety, Hickory King. The average height of the parental stock was
eight feet three inches; while the cross averaged twelve feet four
inches, an increase of four feet one inch. 1In a study of twelve open-
pollinated varieties and their intercrosses, Lonnoquist and Gardner
(1961) reported that the average yield of the parents ranged {rom

54.9 to 96.6 bushels per acre, whereas the F. yields ranged from 81.8

1
to 106.9 bushels per acre. The average heterosis relative to the mid-

parent was 108.5% and relative to the high parent 102.8%. Ashby (1936)
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concluded that hybrid vigor in corn was only the result of an increased
percentage of germination of hybrid seed énd a greater initial weight
oi the embryo. |

In studying the growth ahd development of two inbred lines
of tomatoes and their hybrid, Whaley (1952) noted that the hybrid had
a larger number of leaves, a larger leaf area, larger f{ruit size, and
a greater yield than either parent. The hybrid also had a greater acti-
vity of the shoot apical meristem and appeared to have a higher catalase
activity in the stem tips.

Coffman (1933) crossed Richland X Fulghum oats and the Fy
plants averaged 13.2% taller, bore 17.5% more culms per plant, weighed
48% more, and yielded 35.2% more grain and 31.3% more straw on the
average than the larger parent. Coffmen and Wiebe (1930) reported on
oat crosses in which the heigzht of the hybrids was 4.9% ovef the mean
of their respectivé parents and the mean length of the panicle was
1,53% longer in the hybrid plants,

In interspecific Andropogon hybrids, Newell and Peters (1961)
reported that the hybrid clones exceeded the average of the parent
types by 20% in height of leaves, 9% in total height of plants, and
59% in total plant yields. The basal spread of the hybrids was inter-‘
mediate between the two parents, |

These examples are ample to show thaﬁ heterosis méy be
measured in a great variety oftways. There are two ways of expressing
heterosis a) in terms of increase of the hybrid over the average of

the two parents and b) in terms of increase of the hybrid over the



best parent. Heterosis would seem to be of little practical value

unless the hybrid was demonstrably better than the best parent.

13
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C. Some Examples in Different Crons:

Author Year Crop Heterosis Expressed

1876 Corn Hybrid showed an eight percent increase in height over
the best parent¢

Richey 1922 Corn 82.4% of hybrids exceeded mid~parent and 55.7 exceeded
high parent in yield.

Jones 1945 Corn Hybrid showed 3 to 1047 increase in yield zud O to 9%
ease in height over best parent,

Lonnoquist & Gardner 1561 Corm lybrid showed an average of 108.57% in yield relative to
the mid=-parent,

Moll, Salhuana, & Robinson 1962 Corn iz of mid~parent value was found in between region
crosses
Paterniani & Lonnoguist 1963 Corn Bybrid showed a range of -~11% to 1017 in vield for indi-~

vidual crosses relative to the mid~parent values.

Conner & Rarpar 1927 Sorghum Hybrid showed an average increase of 66% in height over
tailast parent,

Karper & Quinby 1937 Sorghum Hybrid was twice as tall and produced three times as
much forage as the best parent.

Bartel 1549 Sorghum Hybrid showed from 6.2 to 1137 increase in height over
mid-parent.

Stephens & Quinby 1252 Sorghum Hybrid exceeded the highest yielding variety by 10 to 20%,

Sambandam 1962 Egg Plant Hybrid yield ranged from 11 to 153% over the mid-parent.

Whaley 1839 Tomato Hybrid yield was 60% better than best hybrid in fresh . _.
weight. = - \

Hatcheg . n b 1932 Tomato Hybrid seed number was lewer but seed weight was higher

thon +ha ealfad narentco.

71



Author

C.

Some Examples in Different Crops: (Continued)

Year Crop

HPeterosis Expressed

Whaley

Sikka et al.

——

Gandhi, et al.

Lupton

Schmidt

Grafius

Coffman & Wiebe

Coffman

Kime and Tilley

Simpson

Jongs & Loden

Turner

Turner

1852

1959

1961

1961

1962

1959

1930

1933

1947

1948

1851

1953

1953

Tomato

Wheat

Wheat

Wheat

Wheat

Barley

Qats

Qats

Cotton

Cotton

Cotton

Caotton

Cotton

The hybrid was seven days earlier and had a larger number
of leaves than the best parent,

Heterosis ranged from 16,4 to 131.4% more than mid-parent,

Hybrid produced 3 to 35% more fodder and 1.6 to 55.6%
mere tillers than better parent,

Some hybrids yielded 447 more grain than the best parent.

Hybrids yielded from 3% below to 21% above the best
parent,

Bybrids showed up to 123,67 increase in yield over mid-
parent,

Hybrids were 4,97 taller and yielded 35.2 more grain than
parental strains,

Bybrids averaged 13,2% taller and yielded 35.2 more grain
than the better parent,

Beterosis was expressed in yield, earliness, and quality,

Naturally crossed plants produced 5.7 to 24,07 greater
yield than inbred plants,

Hybrids averaged from 0.8 to 57% more than average of
parents,

The best hybrid averaged 22.5 and 31.8% increase in
yield over the check variety.

The hybrid showed a range from 46 to 827 increase in
yield over the mid-parent,

!



C. Some Examples in Different Crops:

{Continued)

Author Year Crop Heterosis Expresszc

Christidis 1955 Cotton The tyb idé showed a range of 3.0 fto 9.5% increase in
vield over the best paresnt,.

Fryxell, Staten & Porter 1958 Cotrton & clear hsterotic expression found oniy in fiber Ieugth.

Stroma 1961 Cotton The best hybrid produced 259 pounds of lint more ¢ its
nearest strain competitor.

Miller & Marani 1963 Cotzon The hybrid producad 27.5% more lint then mid-parsmi,

White & Rizhmond 1962 Coteom The hybrids exceceded the better peremt by 3 to 357 im
Yi ;‘Eéﬁ

Marani 1864 Cotton The hybrid was eariier, Zaller, aznd had greater percent
boll reteation than mid-parent,

Miller and Iee i%64 Cotton Yisids of top crosses ranged from 100 to 128% of tester
parent,

Fate, Joyner & Seale 1960 Sdmxﬁnama Bybrid was superior to best parent in green yields, fibex
vields, and percent of fiber leaves.

Burton 1944 Millet The hybrids produced about twice as much dry matter as
the Hapiergrass pavent,

Burton 1943 Paspalum The hybrids produced twice as much dry matter as the
parental species,

Carnahan 1947 Flax The hybrids yielded 40% more then averages of parents.

Peters & Newsll 1961 Bluestem  The hybrid exceeded the average of parents by 59% in

yield,

921



MATERIALS AND METHODS

Accessions: Twelve parental accessions having a tetraploid
chromosome complement wefe used in cowparison with their hybrid com=
binations. The hvbrids were the result ol crosses made by Richardson
using the technigue described by him in 1958. A4ll of the hybrids
except 56x511~1 were produced by Mr. Richardson in 1938 and were identi-
fiﬁ& as hybrids in 1959. Since these plants reproduce apomic tically,
seeds for the present study were harvested from increase rows estabe
lished in a aursery and rvepresent, in effect, elmsl lacreases of the

original Fl plants. The cross 56x511<1 was made by Mr. Richardson

in 1956 and is rather sexuval. In this case the material in this study

<

tas, in part at least, en V., pepulation. The parents comprised two
[

botanical varisties ol Rothriochloa intermedia, one varlety of B.

ischaerun, and three hybrids. The B. intermedia var. grahamii in-
cluded accessions 2655, 5450, 5168, 5404, 5400, 4393, and 4630. The
accassions 5400, 4393, and 4630 were used in various combinations of
the above to produce the three hybrids used as pavents in this study,
The B. intermedia rar. grahamii is the common Bothriochloa of the
Gangetic=Punjabi piains of India and Pabkistan, and is now rather wide
spread in various tropical countries to which 1t was probably intro=-
duced. This varlety was used extensively as a female parent because

it is more sexual than other varieties., The B. intermedia var.montana

17



B. intermedia var. grahamii

THE ORIGIN OF PARENTS AND HYBRIDS USED

X B. ischaemum var, ischaemum Hybrid Designation

2655 British Guiana X 7162 Tashkent, U.S5.S.R. 58x503a-2
5450 Delhi, India X 5704 Peking, China 56x511-1
5168 Pretoria, South Africa X 7162 Tashkent, U.S.S.R. 58x685a-1
5404 Delhi, India X 7162 Tashkent, U.S.S.R. 58x733b-1
56x750 = 4630b Source Unknown x 5450 Delhi, India X Afghanistan 58x323
56x750 = 4630b Source Unknown x 5450 Delhi, India X 7498 Maxdin, Turkey 58x348
56%£82 = 5400 Hempur, India x 5168 South Africa X 6583 Afghanistan 58x70~a&b
56x428 = 4393 Dehra Dun, India x 4630 Source Unknown X 7498 Mardin, Turkey 58x128

B. intermedia var._grahamii X B. intermedia var. montana

2655 British Guian X 5297 Lonavala, India 58x69%4a-2
5450 Delhi, India X 5297 Lonavala, India 58x697b~-3
B. intermedia var, montana ¥ B. ischaemum var. ischaemum

5410 Matiana, India X 7162 Tashkent, U.S.S.R. 58x768-1

81
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accessions, 5410 and 5297, comprise part of a robust race found abund~
antly in the foothills of the Himalaya frég_&aghmir‘eastward. The B.
ischaemum var. ischaemum is wideSpread in temperate Eﬁrasia and includes
the accessions 3704, 6583, 7162, and 7498, The hybrid 56 x 750 is a
highly self sterile and sexual plant obtained from a cross between two
facultative apomictic accessions of B. intermedia var. grahawii. This
variety seems to be an introgression product between B. intermedia and

Dicanthium arnulatum and the montana variety is believed to be an intro-

gression product oif B. intermedia and B. ischaemum (Harlan, et.al. 1961).

T . A2

Most of the Fl‘s stvdied originated as bhybrids between B, inter-

media var. grabamii and B. ischaemum, and resenbled B. intermedia var.

indica in morphological traits.

Cultural Methods: With the exception of the maternal parents

5450 and 56x428, the parent and hybrid cross populations were evalQZZ;é?‘
both during 1963 and 1964. The maternal parent of the hybrid desigzzééd
as 58x12B was missing during both years of study. Seeds of A-5450 were
available in 1963, but were found to be contaminated with other strains}
Measurements taken on A-2655 were substituted for this parent because -
the two accessions are essentially identical in every known respect.
Seeds of éach hybrid and hybrid parent were harvestéd and pro-
cessed by hand prior to study. The germination of the seeds was conducted
under controlled laboratory coanditioms. Seedliﬁgs were allowed to grow
in vermiculite, moistened every other day with a 1:1:1 nutrient solution
in the green house until they attained a height of three inches. The
seedlings were then transfered by hand to plant vita=-bands filled with
soil, and remained uﬁder grteen house conditions until transplanted to

the field.
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Field planting was made at the Agronomy Research Station,
Perking, Oklahoma on a Vanoss sandy loan soll during both years of
study. Ten replicationg of ten plants per replicate of each parent
and hybrid combination were planted in a randomized block design in
1963. 8ix veplications of the parents and hybrid combinations were
planted in 1964, Each replicate cousisted of one row 30 feet long
with the plants spaced at three foot intervals. After transplanting,
ﬁlots were checked at frequent intervals and weak or dead seedlings
replantad.

The study aves was sprayed after trausplanting with Simas
gine at the vate of two pounds active lngredlent per acre for weaed
conteol. Varlous othar cultural practices were performed as nesded
to control weeds and weedy grasses. 8upplémental lrrigation was not
required fn 1963, but four inches was applied August &, 1964 due to
vary dry soll conditions. The experimental plot was fertllized with
anmmnium‘ﬁiﬁrate at the rate of 60 pounds of actual nitrogen per acre.

Data Collectlva: Data were collected at plant maturity on
an individual plant bagis for: plant helght, haight of leaves, crown
width, green welght, dry welght, pevcent seed set, and inflorescence
¢haracters. Winter hardiness wag evaluated the followlng spring.
Pliant helght and height of leaves were measured after the plants were
gathered up and drawn to an upright position by tying the top and
bottom of the plante with binder twine. Plants helight and helght of
leaves were veported in inches.

Crown width was measured after the plants were havvested for
forage yields. The avevage of two width measurements of each plant

crown, was recorded in lnches for the crown width messurements.
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The green weight yields were determined by cutting the
individually‘bundled plants and weighing each on a gram scale. These
bundles were then allowed to air dry for approximately six weeks and
then the individual dry weights were recorded in grams. The plants
are airrdried instead of being oven dried due to the largé amount of
space that would be required to oven dry this large number of plants.
The length of time required for these plants to air dry depended on
the prevailing climatic conditions, |

Percent seed set as reported actually constitutes percent
by weight and not by numbers. Hand stripped seed from each parent
and hybrid were harvested and the caryopes extracted on a rub-board
from two five gram samples and the percent seed set determined on a
weight basis. Ahring (1963) reported that any parent or hybrid hav-
ing 20 percent or more could be considered as having good seed set.

The length of upper and lower racemes shown were obtained
Byrtaking the avérage of the longest two upper and lower racemes on
three heads of each plant and reporting the measurements in inches.
The axis length was obtained by measuring the distance between the
first node and the last branching node of the inflorescence.

Analysis of Data: A randomized block design with approxi-

mately ten plants per plot was used in this study. The analysis was
done by the IBM 1410 on unwelghted plot means to obtain the mean of
each character for each population.

The F-test was made and 1f found to be significant, the
Least Significance Difference (L.S.D,) and the Duncan's Multiple Range
Test was used to test mean differences. The mid-parent and high parent

means were used to evaluate heterosis.-



RESULTS AND DISCUSSIONS

The mean, coefficient of variation, and L.5.D. are tabulated
in Appendix Tables XV through XIX for plant height, height of 1eaves,r
crown width, green weight, and dry weight. The coefficient of varia-
tion for each hybrid and parent is tabulated in Appendix Table XXII,
for the above characters. A Duncan's Multiple Range Test is presented
in Appendix Table XX and XXI for the inflorescence characters and pere
cent seed set. The means of hybrids after being separated into different
groups on the basis of a common parent ave presented Iin Appendix Table

XXII1.

Results

Plant Height: The heights of all hybrids plants (Table I and
II) with the exception of hybrid 58x685a-1 were significantly greater
than their mid-parent values in both years of study. An increase in
height over that of the taller parent was expressed in 1963 by hybrids }
58x503a-2, 58x6%4a-2, 58x697b-3, 58x768-1, and 58x70-a&b (Table I). The
same hybrids, with one exception, exhibited an Increase in height over
their taller parvent in 1964. The height attained by hybrid 58x768-1
(Table II) was slightly greater thgn its taller parent, but not statis-
tically different in 1964. The hybrid designated as 58x697b-3 was not

available for study in 1964,

22



TABLE 1

THE DEVIATION, IN PERCENWT, OF THE HYBRID GENERATION MEANS

FROM THE HIGH PARENT AND MID~PARENT MEANS FOR
PLANT HEIGHT TN BUIHRIOCHLOA IN 1963

23

Hybrd

Mid=Pareng

38x503a«2
58x694a~2
56x311=1
38x697b=3
58x6883a=1
38%768=1
38x733b=1
58x70=adb
58%323

58134

(<]

28, 58w
18,76%%
29,3 1%%
18.62%%
8, 90w
20, 68%%
15,77 %%
61, L0%%¥
2L BLl¥w
10, 59w

B 57k
14, 69
1,96
14, 56%%
5,32
6, 39%%
=3,64
334 164
*1,17

“14,62

High Parent

#% Significantly higher at the 0.01 level.



TABLE 1Y
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THE DEVIATTION, IN PERCENT, OF THE HYBRID GENERATION MEANS

FROM THE HICH PARENT AND THE MID=-PARENT MEANS FOR

PIANT HEIGHT IN BOTHRIOCHLOA IN 1964

orid e g P
56x5038=2 21,80%# 3,17%
58x694a=2 12,88%% 12,829
56x511=1 22,98k =046
58x685a=1 3,20 =946
58x768~1 19,68%% 2,03
58x733b=1 14, 6 “2,54
58x70-asb 42, 8%k 21,979
58x323 25,70%% =3,13
58x348 10,73%% =11.32

* Significantly higher at the 0,05 level,
*% Significantly higher at the 0,01 level.
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The hybrids in which heterosis was not expressed relative
to the best parent exhibited negative deviations ranging from 14.627%

for 58x348 in 1963 to 0.46% for 56x511-1 in 1964,

Height of Leaves: All hybrids in 1963 showed a significant
increase in height of leaves over the mid;parent values of their res-
pective parents (Table IV). 1In 1963, the only hybrids showidg 4 negative
deviation from its mid-parent was 58x768-1. The other hybrids exhibited
a significant increase over their mid-parent with the exception of hybrid
58x685a-1 (Table III). An increase in height of leaves over that of the
best parent was expressed by hybrids 58x70;a&b, 58x503a-2, and 58x733b-1,
during both years of study. This increase was significant only for
hybrid 58x70=-a&b. Three other hybrids exhibited positive deviations
from the mean of thelr best parent, but were not statistically signi-
ficant (Table III and Iv).

The negative dewvtations of the remaining hybrids from their
best parent was rather low, with a range from 0.597% in 56x511l-1 to
9.96% in 58x348. Hybrid 58x348 was the only one to show a negative
deviation from its best parent during both years of study.

Crown Width: The crown width of all hybrid plants, with the
exception of hybrids 58x694a-2 and 58x768-1 was significantly greater
than their mid-parent value in both years of study. (Table V and VI).
These two hybrids exhibited negative deviations of less than three
percent both years. The hybrids 56x511-1 and 58%x70-a&b were the only
ones to show an iﬁcrease in crown width over their best parent during
both years of study; however, only in 58x70-a&b was the increase

significant. Hybrid 58x697b-3 in 1963 and 58x348 in 1964 were the
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TABLE III

THE DEVIATION, IN PERCENT, OF THE HYBRID GENMERATION MFANS
FROM THE HIGH PARENT AND THE MID®PARENT MEANS FOR
HEIGHT OF LEAVES IN BOTIRIOGHLOS IN 1963

Hybzid Mide Bagent | ~olibfi Razent
58x503a~2 5o 52 3,02
58x694a-2 | 1,20 26,05
56x5311=1 35, 35wk 0,59
56x697b=3 5,97k =1,62
58x685a=1 0.81 =0, 04
58%768=1 oy 04 a11,43
58%733b=1 by 09% 0.13
58x70=a&b 62,074 25, 254
582323 38, B0 0.06
58x348 18, 64 Ve -9,94

% Significantly higher at ths 0,05 level,
ok Significantly higher at the 0,01 level.



TABLE v

THE DEVIAYION, [N BERGENT, OF THE HYBRID CENERATION MFANS
FROM THE HIGH PARENT AND THE MIDPARENT MEANS FOR
HETOHT OF LEAVES IN BONRIOCGHLOA IN 1964

58x503a=2 194 50%% 2,01

LEHGLLELH 100 Thww o 17
Soxdll=l 26, Lo ©0,76
S8us85ac1 28, 69w 1,99
58x768= 29476%% 1,38
58x733b=1 29, 03w 1,44
36x70=88b 37 . 00%% 1667w
58x323 14 86w »3,87
58348 14, 284w =9.96

wit Significently higher at ths 0,01 level.



TABLE V

THE DEVIATION, IN PERCENT, OF THE HYBRID CENERATTION MEANS

FROM THE HIGH PARENT AND MID-PARE
CROWN WIDTH IN BOTHRIOCHLOA

NI' MEANS FOR
IN 1963

28

Jivbrdd Mid=~Farent
58x503a=2 Lo 6O%
58x%694-2 w0, 82
S4xSll=1 12, 05k
58w697b=3 10, 06 ¥
58x68ha=1 6,07 e
56x768-14/ = 8,00
58%733b~1 PR L
587 0~aéb 04 567
56m323 1547 3%
58x348 12 ¢ 299k

I _Parer

=0.85
“3;97
042
7 o 34k
=1.01
«13+57
0.60
5,25%%
=2.05

"2967

“w Significantly higher st the 0,05 level.
ot Glgnificantly higher at the 0.01 level.



TABLE VI
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THE DEVIATION, IN PERCENT, OF THE HYBRID GENERATICN MEANS

FROM THE HIGH PARENT AND MID=PARENT MEANS FOR
CROWN WIDTH IN BOTHRIOCHIOA IN 1964

Hybrid Mid=Parent High Parent
58x5032 18, 53 %% 0.88
58%694a=2 2,70 =9,10
56x511=1 16, 79%% 2441
56x685a=1 18,39 % o2/
58x768=1 1e21 17,92
58%733b=1 17,214 -2,53
58x70=asb 29,7 3% 17.38%%
58x323 14,97 4% 1.11
58x%348 2b o4 29% 9, 15%%.

* Significantly higher at the 0,01 level,

a/ SﬁxéﬂSa*l»had the same crown width as its best parent
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only other hybrids to show a significant increase over their best
parent (Table V). Two other hybrids exhibited small increases over
their best parent that were non-significant. Negative deviations

of the remaining hybrids ranged from 0.85 to 13.57% in 1963 (Table V)
and from 2.53 to 17.92% in 1964 (Table VI). The crown width of
58x768<1 in 1963 was smaller than either parent.

Green Weight: The green welght of all hybrids was signi-

ficantly greater than their wmid-parent value in 1964 (Table VIII).
in 1963, only 58x%768-1 and 58x694a-2 produced less than their mid=
parent value. The remaining hybrids expressed a significant increase
over their mid-parent with the exception of hybrid 58%685a-1. A
significant increase in green weight production over the best parent
was exhibited only in hybrids 58x70;a&b and 56x511-1 during both years
of study (Table VIII and IX). Tvo hybrids {n 1963 (Table VIII) and
three hybrids in 1964 (Table IX), exhibited increases up to 15% over
their best parent that were non;significant. Four hybrids exhibited
negative deviations from their best parent ranging from 6.01 to 38.93%.
Dry Weight: The dry weight of all hybrid plants, (Table X),
with the exception of hybrid 58x783b:1 was significantly greater than
their mid-parent value in 1964, TIn 1963, only three hybrids; 58x694a-2,
58x685a-1, and 58x768-1, falled to show a significant increase in dry
welght over their mid-parent (Table IX). The hybrid 58x70-a&b produced
over two and one-half times ﬁore than its mid-parent and over twice as
much as its best parent during both years. An increase over their best
parent was exhibited by hybrids 58x70-a&b, 56-511-<1, and 58x503a-2

during both years of study. The increase exhibited by hybrid 58x503a~2



TABLE VII
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THE DEVIATION, IN PERCENT, OF THE HYBRID CENERATION MEANS

FROM THE HIGH PARENT AND MID=PARENT MEANS FOR
GREEN WEIGHT IN BOTHRIOCHLOA IN 1963

Hybrid

58x503a=2
4816942
56x511=1
58%697be3
53x685a=1
58x768~1
58x733b~1
58x70=a&b
58x343
38x348

24 87 dexe
© 24,96
98¢ 27 doe
11,300
5:38
©30.39
20, 24%%
154,16
53¢ L5
174310

M.i d° E E ;g;grm

fligh Eaxgnt

8.31
«32.01
22,690
0,83
=6.01
= 38,93
0.9
66 42k
=10,41
“27.69

*% Significantly highar at the 0.01 lsvel.
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TABLE VIIL

THE DEVIATION, IN PERCENT, OF THE HYBRID GENERATION MEANS
FROM THE HIGH PARENT AND MID=PARENT MEANS FOR
GREEN WEIGHT IN BOTIRIOCHLOA IN 1964

Bebiid Jég Parens , Hiikh Pasant
56%5038+2 58, 42%% 15,12
58x69%%a=2 37.32%% 11, 12v%
56x511-1 112, 51 49,8l W
58x085a= 1 61,05%% 13,68
58%768+1 22, 34wk 19,73
58x733b~1 16, 14 = 24,80
5817 0= aib 163, 05 95, 50%k
58x323 35,801 ~12,95
58%348 47 , 0B «10.97

# Significantly higher st the 0.05 lavel,
% Significantly highar at the 0,01 level,



TABLE IX

THE DEVIATION, IN PERCENT, OF THE HYBRID GENERATION MEANS

FROM THE HIGH PARENT AND MID=PARENT MEANS FOR
DRY WEIGHT IN BOTHRIOCHLOA IN 1963

33

Hybrid

58x503a~2
58x694a=2
56x%311~1
58x697b=3
58x685a~1
58x768=1
58x%733b~1
58x70=a&b
- 58x323

58x348

11, 11%%
~20.63
115:,65%%

16,78%*

=1,15
=21.63

30,49%%

216,16%%

49,27 %%
39,76%%

Mid=Parent

10,51
»31,90
33,25%%
2,00
=1,19
~28,08
16,08+
103,884
~13,79
=15,57

High Parent

% Significantly higher at the 0,05

leval,

*% Significantly higher at the 0,01 level,
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TABLE X

THE DEVIATION, IN PERCENT, OF THE HYBRID GENERATION MEANS
FROM THE HIGH PARENT AND MID=-PARENT MEANS FOR
DRY WEIGHT IN BOTHRIOCHIODA IN 1964

Hybxid . - Mid=Parent ‘ High Parent

58x503a=2 49,623 14,91
58%694a~2 35,02%% 7.15
56%511~1 103, 53 59, 00%#
58168581 51427 % 11473 %
58x%768«1 = 39,96 =718
58%733b=1 13,14 23,17
88x70=a&b 163,229 107 o420
58x323 83,97 3,96

58x348 60 ¢ 52w 5032

Wk §ignificantly higher at the 0,01 level,
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was not statistically different from its best ﬁarent (Table IX and X).
The hybrid designated as 58x733b-1 was the only other case of a hybrid
exhibiting a significant infrease over its best parent during either
year.

Five hybrids in 1963 and two in 1964 showed negative devia-
tions from their best parent ranging from 1.19 to 31.90%. Hybrid
58x768-1 exhibited a negative deviation from its best parent during
bbth yesars. |

Axis Length: Axils length was studied only in 1964. Most of
the hybrids were intermediate between the mid-parent and the high pérent.
Only two hybrids, 58x768-1 and 58x348 failed to shpw a signifirant
increase in axis length over the average of their parents. These hybrids
exhibited negative deviation from their wid-parent of 34.52 and 34.48%
respectively (Table XI). The other hybrids showed positive deviations
from the average of their mid;barent ranging from 8.42 to 49.79%. The
only hybrids ﬁo exhibit an increase in axis length over their best parent
~were 58x694a-2 and 58x685a~1, but these increases were not statisticaliy
significant (Table XI). The remaining hybrids expressed negative devia-

tions from their best parent ranging from 10.18% in 58x70-a&b to 57.90%
| in 58x768-1.

Length of Upper Racemes: Length of the upper racemes was

studied only in 1964. A significant increase over the mid-parent was
exhibited in hybrids 58x694a-2, 58x768-1, and 58x733b-1. The hybrid
designated as 56x511-1 expressed a 2.58% increase over its mid.parent,
but this weas not statistically significant. The other hybrids exhibited

negative deviations from the average of their parents ranging from 2.76



TABLE XI

THE DEVIATION, IN PERCENT, OF THE HYBRID GENERATION MEANS

FROM THE HIGH PARENT AND THE MID=-PARENT FOR
AXIS LENGTH IN BOTHRIOCHLOA IN 1964

Jyhzid

58x503a=2
58%69%a=2
36%5L1=1
58x685a=1
587681
58%x733b=1
58%323
38x348

58%7 0~ a&b

16, 88%#

8,42%k%
20, 39mw
GG, 79%%

=34,52

15,579

9, 684%%
“340&8

23,924%

High Parent

=20,02

3,58
22076

2.83
«57.90
=13.06
«29,06
61,11

=10.18

*% Significantly higher than the high pavent at 0,01 level,



TABLE XII
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THE DEVIATION, IN PERCENT, OF THE WYRRID GENERATION MEANS

FROM THE HIGH PARENT AND THL MID=PARENT FOR LENGTH
OF UPPER RACEME OF BOTHRIOCHLOA IN 1564

Mid=Parent

High Parsnt

58x503a~2
58x694a=2
56x511«1
- 58x685a=1
5827681
58x733b=1
58%323
58x348
58x%70a&b

«2,76
15,32%%
2,38
»21.63
10, 80%w
25,35%%
=14,99
=18,50
=6,73

«16,10
9,25%
“6.51
«30.48
3.41
2L.95%
=26.,36
=29,31
«10,08

% Significently higher at the 0,05
e Significantly higher at the 0,01 lavel,

leval,
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to 21.6% (Table XII). An inc:ease in upper raceme length over the

best parent was expressed in hybrids 58x7335-1, 58x694a~2, and 58x768-1,
but the increase was not significant for hybrid 58x768;1. Five hybrids
exhibited negative deviations from the mean of their mid~-parent and
high parent during both years (Table XII).

Length of Lower Racemes: This character was studied in the

parents and hybrids in 1964. The only hybrids that failed to show an
increase in lower raceme length over the average of their parents

were 58x685a-~1, 58x323, and 58x348 (Table XIII). The other hybrids
exhibited significant increases ranging from 5.17 to 32.78%. An
increase in lower raceme length over the best parent was expressed

by hyb:ids 56x511-«1 and 58x%733b-1, but only in 536x511l-1 was the
increaée §ignificant. The hybrids in which heterosis was not expressed
relative to the best parent exhibited negative deviations ranging from
2.51% in 58%69%4a-2, to 39.70% in 58x323 (Table XIII).

Percent Seed Set: Percent seed set of the parents and hy-

brids was studied in 1963. A significant increase over the average of
their parents was exhibited by hybrids 58x503a-2, 58x323, 58x348, and
58%70-a&b (Table XIV). Negative deviations of the hybrids not expressing
heterosis relative to the mid-parent ranged from 8.03 to 62.7%, with
three hybrids exhibiting a percent seed set that was lower than either
of their parents. A significant increase in seed set over the best par-
ent was expressed by 58x503a-2 and 58x70-a&b. The remaining hybrids
exhibited negative deviations from their high parent ranging from 9.87
to 70.50%;, with wost of the deviations falling between 17 and 36%

(Table XIV).
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Winter Hardiness: The hybrids and parents were evaluated in

the spring of 1964 to determine which plants of the 1963 planting sur-

vived the winter. The only plants to recover were the four Bothriochloa

ischaemum accessions which were used as male parents. There were no
hybrids that survived the winter indicating that there was not a trans-
fer of the winter hardiness character ffom B. ischaemum to the hybrid
plants. The twenty chromosomes of hardy B. ischaemum way not be suf-
ficient to produce winter hardy hybrids, unless a specific combination

is used.
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TABLE XIIX

THE DEVIATION, IN PERCENT, OF THE HYBRID GENERATION MEANS
FROM THE HIGH PARENT AND MID»PARENI FOR LENGTH OF
LOWER RACEME OF BQTHRIQCHLOA IN 1964

o

Hybird Mid-Parent High Parent
58x503a-2 7. 76%% =10.41
58x%6942a=2 65 91%% =2;51
56x511-1 32,78%% 20,45%
58x685a~=1 ~7:82 =16.12
58x768~1 5,95% =5.70
58x733b=1 15,97%% 7.63%
38x323 «22,87 239,07
58x348 «10,87 «32,24
58%70=a&b 5,17% «6,18

"% gignificantly higher
% Significantly higher at

at the 0,05 level,
the 0,01 level,



TABLE XIV

THE DEVIATION, IN PERCENT, OF 'THE HYBRID GENERATION MEANS
FROM THE HIGH PARENT AND MIDePARENT MEANS FOR
PERCENT SEED SET OF BOTMRIOCHLUA IN 1963

58x503a~2 47 440k &2 64 o
58%6944=2 13,30 31,30
58269703 62,78 <70, 50
58x685a-18" =8,03 9,87
seuregeid | 236,27 «51,68
587 33bm 187 =22, 06 “28,29
58x323 28,423k 18,69
58348 20, 294 17,03
58370 a&b 51, 03 10,03%

#* Sdgnlficautly higher at the 0,05 level.
% Significantly higher at the 0,01 level.

af ,
= Percent seed set waz lower than either parent,
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Discussion

Heterosis as used in this study is defined as 1) a signi-
ficant increase in the hybrid population over the mid-parent and 2)
a significant increase over the best parent, for the qharacter under
consideration. Each character studied exhibited heterosis relative
to the mid-parent in at least one cross. This was due in most part
to the inferior quality.and size of the male parents for most characters.
The B. ischaemum var. ischaemum plants are low in yiel&, the plants
mature early and are stemmy. With one exception, each character ex-
hibited heterosis in at least one cross with respect to the best par-
ent. This exception was for the character of axis length which was
intermediate between the two parents in most cases, although two
hybrids gave small positive deviations from the mean of their best
parents. The intermediacy of the hybrids for inflorescence characters
as found in this study is comparable to results obtained by Chheda and

Harlan (1962), who found that hybrids hetween Bothriochloa intermedia

X-750 and Dicanthium fecundum 6525 were intermediate in most characters.

Thelr results showed of the seven hybrids studied, all were intermediate
between theilr parents for axis length and five were intermediate for
'length of longest raceme. Two of these hybrids exhibited a raceme
length longer than that of the longest parent raceme. Harlan (1963)

reported that the introgression prodﬁcts between B. intermedia and
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B. ischaemum were intermediate between the pavents with respect to

raceme length and axis length. It should alsc be noted tbat the
hybrid designated as 58x694a-2 in the present study was a hexaploid
that resulted from the fertilization of an unreduced egg. This could
possibly explain the increase in axis length and upper raceme length
over the best parent, since this hybrid would tend to show more
maternal characters. The ranking of this hybrid near the top for
most charscters chould possibly be explained on this basis, however,
beth parents of this hybrid were superior to the other parents used.
The hybrids 56x511l-1 and 58x768ei were the only other hybrids that
were known to be hexaploids. The hybrid 56x511;1 gave consistent
increases over the best parent indicating that maternal inheritance may
be important, however, 58x768 very rarely gave a significant increase
over its best parent.

The increase in percent seed set of some plants could have
been due to a specific pollen parent. Celarier and Harlan (1957)
reported that most of these materials are pseudogamous and that pollen
of a certain'kind is required to stimulate seed production. Dewald
and Harlan (1961) reported that when B. intermedi# 2655 was used as a

female, Dicanthium annulatum pollen proved to be much more effective in

stimulating seed formation than the plant's own pollen. The foreign
pollen not only stimulated more seed, but it was more rapid in its
effects. nglan et al.  (1961) reported on the influence of various
pollen sources on seed set of X-750., The results showed that when
plants of B. intermedia var. grahamii were used és males about twelve

seeds were set per inflorescence. When D. annulatum sources were used,
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the seed set was ab@ut‘33 per inflorescence. The crossability between
X-750 and most accessions of B. intermedia was poor, with only 6.6
seed set per inflorescence. Since the material used to determine
percent seed set was collected without control of the pollen parent,
the source of pollen could have come from a wide variety of plants.

The consistent heterosis for plant height found in this
study in comparable to the results bf Marani (1961), who found a large
degree of hetercsis for plant helght in interspecific hybrids of cotton.
The increase in height of the hybrids in this case was undesirable from
an agronomic point of view because of the difficulties in harvesting,
cultivation, irrigation, and other cultural practices. The data of the
present study indicate that plant height, height of leaves, crown width
and yield characters will be most likely to glve consistent increases
over the mid-parent. These results are comparable to those of Newell
and Peters (1961), who reported that interspecific Andrcpogon hybrids
exceeded the average of the parent types by 20% in height of leaves,

9% in total height of plants, and 59% in total plant yields. The basal
spread of the hybrids was intermediate between the two parents.

The results of hybridization indicate that the expression of
heterosis depends on a specific combination of genes, since hybrids
having practically the same parents show varying degrees of heterosis
and that the mating of diverse types does not necessarily produce
heterosis in the hybrids. The desirability of a specific combination
depends upon the particular character of interest, since heterosis
for one character doeé not necessarily mean that hybrid vigor will be

exhibited for all characters.
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In twenty out of thirty-six cases the crosses involving the

Bothriochloa ischaemum 6583 as the male parent exhibited the greatest

heterosis for>a particular character over the mid-parent ox high parent.
A hybrid superior to all others was found in this group for dry weight
production. Crosses involving the B. ischaemum 7162 as the male parent
exhibited greatest vigor in only one out of seven cases relative to the
best parent and four out of thirtyQQine cagses relative to the mid-
parvent. This parent produced a higher percentage increase in vigor for
hybrids having B. intermedia var. grahamii as the other pavent than
those having B. intermedia var. mﬁntaﬁé, The hybrid 58x%733b-1 of this
group gave the largest green weight yleld of all hybrids in 1963,
Since the female parent of hybrid 58x12B was not available for study,
the only hybrid having B. ischaemum 7498 as its male parent was 58x348.
Maximum heterosgis was not expressed by this'hybrid for any character;
however, the crown width of this hybrid was superior to all sther
hybrids in 1964.

The crosses involving B. intérmedgg var. montana accession
5297, as the female parent expressed heterosis in thirteen cases re-
lative to the mid-parent and in seven cases relative to the best parent.
Thare were only two cases in which greatest vigor for a pavtiecular
character was expressed, but at the same time these hybrids were super-
flor to all others for three characters in 1963 end sixz characters in
1964, The possible explanation for the lack of heterosis in these hy-
bride is the fact that the B. intermedia var. grahamii and B. intermedis

var. montans accessions used in these crosses are hybrids themselves.
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These vigorous parents probably arese as a product of introgressive
hybridization between two different species and may have built in
heterosis as a result of their polyploid condition. The hybrids may,
therefore, be very vigorous, but would not necessarily express heterosis
relative to their parents. The two crosses involving the self-sterile
parent 56%750 as their female parent exhibited heterosis velative to
the mid-parent for most characters, but heterosis relative to the best
pavent was expressed inbbnly one character. This indicates that the
specific combination of genes necessary for the expression of maximum
vigor did not occur in these hybrids.

The only hybrid expressing heterosis in practically ail
characters with rvespect to both the midmfarent and high parent was
58x70-a&b. This hybrid expressed the highest percentage increase in
hybrid vigor furAsix characters; however, only in dry weight production
was it supevior to other hybrids. This can possibly be explained by the
fact that both parents of this hybrid were inferior plants and possibly
because one parent was a hybrid itself. These rvesults again indicate
the need for specific combinations for heterosis to be expressed, since
three other hybrids having practically the same parents expressed vary-
ing degrees of heterosis or none at all.

From the present data, it appears that plant height, height
of leaves, crown width, and yield characters will be most likely to
give consistent increases over the mid;parent as a result of hybrid-
ization, since these characters exhibited a hybrid mean greater than
the mid-parent more frequently for all crosées. Plant height appears

to be the character wmost frequently expressing heterosis relative to
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the high parent . The inflorescence characters showed a greater tendency
to be intermediate between the parents; with very few instances of a
hybrid giving a significént increase over its best parent for inflore-
scence characters.

The influence of environment was very important. The fact
that one hybrid may rank near the top for a character one year and
close to the bottom the next indiciates that some genotypes express
heterosis in one envivomment, but not {in others.

It should be emphasized that ﬁhis study deals, for the most
part, with true interspecific hybrids and that the parents must be
genetically quite different from each other. The F; plants should,
therefore, be highly heterozygous yet they do not necessarily show
heterosis. Consistent heterotic expressions are found only in certain
individusl specific combinations such as in hybrid 58x70-a&b. Other
plants derived from almost identical crdsses do not show consistent
heterosis. Consistent heterotic expressions are found only in certain
individual specific combinations such as in hybrid 58x70-a&b. Other
plants derived from almost identical croeses do not show consistent
heterosis. It may well be that the relatively poor performance of some
specific combinations 18 due to physiological and/or genetic imbalance
resulting from the very fact that these are interspecific hybrids and
that only occasional specific genetic combinations are able to avoid
. this kind of imbalance and give a favorable response. 1In any case,
the results would suggest that a relatively few major genes are res-
pensible for heterosis or lack of it in these materials. If a large
number of genes were involved, we would expect similar crosses to give
similar results and sister plants of a given cross to be more or less

alike.
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It should also be emphasized that the Fy plants studied
reproduced apomictically with the exception of 56x511-1 which is
rather sexual. In studying a given hybrid, therefore, we were not
dealing with a population of Fl.plants but with replications of a

single clone.



SUMMARY AND CONCLUSTIONS

Heterosis was found in at loast one crogs for all characters
studied relative to the midepsrvent, Axis length was the ouly chavace
ter in which & hybrid mean was not significently different from the high
parent in any cro#s.

The evidence presented indicates that hybrid vigor le expressed
mora frequently for plant height, height of leaves, crown width, green
weight and dry weight in all crosses relative to the mideparent, Tt
appesrs that plant hedght will give more consistent increases over the
high pavent as a result of hybridization, since this character exhibited
a hybrid mean greater than the high pareut mean for sll crosses more
fraquently than any other chavacter. A positive deviation from the mean
of the best pavent was exhiblted in several hybrids for helght of leaves,
but significance was rarely indicated. A significant expression of |
hatevosis for green and dry weight over the high pavent wae limited in
ﬁ@st cases to two hybrid.. The inflorescence characters showed & greater -
tondency to be intermediate b@twéén the parents and there were very few
instances of a hybrid exhibiting a significant increase over its best
parent for these characters. Heterocals for percent seed set was ex»
prassed by four hybrids relative to the mid=parent and two hybrids relae-
tive to the best pavent. Three hybrids exhiblted a parcent seed szet
that was lower than either parent, The winterhardiness of ths .

Schacmum parents was not found in any hybrid.

LAt 2 ont e gt ad e
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Since the crosses between Bothriochloa intermedia wvar, grahamii

and B. intermedia var, montana exhibited less heterosis than the other
erosses, it seems to indicate that these parents heve built~in heter-
osis dus to their origin by introgressive hybridization., The results
algo indicate that heterosis is probably due to specific combinations
of genes rather than to heterozygosity obtained by mating diverse types,
gince individual combinations may be outstanding, while sister plants
may be useless, Some individual clones may make excellent parents

even though they may give a poor performance by themselves. The influe
ence of matarnal inheritance may also be important in the hexaploid

hybrids for some characters,
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TABLE XV

PLANT HEYGHT, IN INTMES, OF THE PARENTS AND HYBRIDS

IN ROTHRIOCHLOA IV 1963 and 1964

56

Accsssion -l ASSRERAGN ... L8963 .
581694a=2 60,71 58%094.4= 2 69,9
56%7 50 58,95 58x697b=3 69.86
58x323 57.11 58x12n 67.85
58xd2R 56,87 B6%750 67.48
582503422 85,52 58323 66,33
56x70=a&b 55,01 58x503a=2 66,21
38x768=1 84,08 58x%70a&b 64441
2653 53,81 5404 63,20
5207 53,74 2655 60,98
5604 33,33 S58x733b=1, 60,90
5410 52.96 58x811=1 59,79
582348 52,28 58x768=1 58,57
S8%7330~1 51.98 58%348 57,62
5650 50,26 5168 560,84
5Bx51l=1 50,03 5297 56480
5168 49.48 5410 55,05
36482 65,10 58%685a=1 83,82
38x685a=1 44,80 56x482 48.37
7162 37.35 7162 42,01
7498 35,48 7498 36,45
6383 31.92 5704 31.63
5704 31,11 6583 31,60
L0 0,08 0.8276 0,8428
L.8.0e 0.01 1,094 1.107
C.V. 4,61 5,30




TABLE XV1

HEIGHL OF LEAVES TN iNCHES OF THE PARENI® AND HYBRIDS

;) IN 1963 AND 1964

Assgesien $363 AHssesslon 1964,
5297 35,90 5856%a=2 32,18
585697h=3 35,32 Saxl 50 3L.63
5410 35,65 58x121 30,81
S8n6%ha=2 . 33,73 $8x7 0= abb 29,88
58x70= akil 33.68 5297 29,72
5Bxlan 33,32 58%x768=1 29,25
58x323 33.23 5410 29,21
563750 35,21 3Bx503a=2 26,92
582733b~1 31,76 58x323 28,51
5404 3L.71 58x348 28,48
58u503a=2 31,70 2655 20,38
2655 30,77 58x733b~1 28,13
58x768~1 30.69 54 (s 27.73
56x511=1 30, 59 58u685a~1 27,67
58x34.8 29,91 5450 27 .66
5168 29,82 565111 27 .63
58x085a~1 29,81 5168 2713
7162 29.32 56x482 zsvﬁl
56x482 26,89 7162 0.05
7498 17.22 7498 la 22
6583 14.67 6583 18,02
57 0 14,43 5704 15,87
Le8obo 0.05 0.518 0,597
LwSal'h 0001 0@680 Oa?gg
CoVs 6,31 6.16




CROWNM WIDTH, IN INCHES, OF THE PARENTS AND HYBRIDS

TABLE XVIT

IN BCTHRIOCHLOA IN 1963 AND 1964

Accession 1963 fecesgion 1964
58%697b-3 5,461 5297 5.17
A8x128 5,05 410 3008
52917 5.04 BHxT Qeadd 4.973
58%733b=1 5.02 S8%348 4.89
3404 4,99 5404 4,75
5168 4,96 58469442 4,70
58x685a<1 4,91 561511 «1 4.66
56x%750 4,88 58x128B 4.63
58%694n-2 4.84 58x733b~1 4.63
58%7 0= a&b 4,81 5168 4.57
5410 4,79 58x685a<«1 4.57
58%323 4,78 5450 4,55
8348 4.75 58x503a=2 4.54
56x511~1 4,74 58x323 4.53
2655 4,72 2655 4,50
58x503a-2 4.68 56x75%0 4.48
56x482 4,57 56x482 4.20
7162 4,22 58x768+1 4,17
5817681 4,14 5704 3.43
5704 3.74 6583 3.40
7498 3.58 7498 3.39
6583 3,38 7162 3.16
L.8.D 0.05 0.1344 0.0992
L.S.D. 0.01 0.1749 0.1304
C.V, 71.67 8.98




TARLE XVIIT

DRY WEIGHE, IN GRAMS. OF THE PARENTS AND HYBRIDS
IN BOTHRIOCHLIA IN 1963 AWD 1964

Ascegsion . 1963 Acsaession s 204
5837 0= g &b 967,99 58x70=akb 56,75
58%733bs1 912,71 58x694a=2 528,83
B6%7 50 886,99 5297 493, 54
BEx697h= 3 848,06 5410 436,83
5297 846,36 5655111 435,16
56x311=1 807, 54 581128 434,00
58n12B 798,70 5404 435,48
Sa0h 786,26  S8n348 419,41
58%323 764,71 5812323 413,98
58x348 768,95 58x768-1 405,50
5410 733,38 56%750 398,20
58%503a%2 677,02 50x685a~1 383,60
5168 613,10 58x733b=1 333 8
1162 612,60 58x503a=2 332,98
2655 606,00 5168 325,41
58x0685a-1 605,81 2655 289,77
58x69%a=2 576,42 5450 273,67
88x768=1 527,45 S6xh82 263,59
R6ufR2 &id 77 7162 155,31
T 7698 184,74 5704 153493
5704 142,93 6583 , 151,84
6583 137,58 7498 124,36
LeBoD, 0,05 3247 22015
La8oDs @aal . (4,29 92 290]&
. aY, 1782 18,62




GREEN WEIGHT, IN GRAMS, OF THE PARENTS AND HYBRIDS
IN BOTHRIOCHLOA IN 1963 AND .s664

TABLE X1X

H0

Acgensior

Aecegglon

X e T A B I

567 50
5817350«
54,04
S8x697b=3
5297
Sox5liel
58x7 O aél
581323
58x12B
5Bx 50382
5410

2655
38%x7468
58x685a=1
5168
58x6%han2
7162
S6x482
58x768=1
7498

8704

6583

1615.39
15@5:54
1580,68
1500,55
1488.07
1482, 51
1476.27
1447428
1334417
1308.73
1308.62
1208,30
1168.17
1066.65
1132.65
1011.74
987.80
887.07
799,28
372,67
287,14
274,60

1064

58%694a=2
889%70=a&b
5297

5604

S6x7 50
5410
$8x12R
S6x511=1
B8na448
58%323
58%6088a=1
58%768=1
88x733b=1
58x5038= 2
5168

2655

5450
56482
7162

6583

27 04

7498

L082,.46
1040.08
973,29
926,65
906,23
876,07
871.10
862,20
B06.86
788.95
755,05
703,29
696,93
694 4
66@&15
603,21
575,38
535,10
27347
255,67
236,06
190,92

LaBoDo
LeBelo
CaVa

5&0@2
77.69
17.93

4bH 4l
6134
18,43




TABLE XX

AXIS LENGTH AND LENGTH, IN INCHES, OF UPPER AND LOWER RACEMES OF
PARENTS AND HYBRIDS IN BOTIRIOCHIOA IN 1964,

DUNCAN'S MULTIPLE RANGE TEST

Upper Racewme Towse Racome
Assession hulg Lenptho oo JRORED T
5410 3,700 & 2,082 efgh 2,715  def
§8x6 94a=2 3,268 b 2,716 & 3,186 b
5297 3,155 b 2,224 def 2,692  def
56x750 3,098 be 2,580 ab 35.837 &
58x685a% 1 2,918 ed 1.620 % 2,212 ht
2653 2,873 d 2,486 be 3,268 b
5168 2,837 de 2,330 ed 2,637  ef
5450 2,650 e 2,292 ede 2,552  fg
58x5034%2 2,298 £ 2,086 defgh 2,928 ed
58%323 2,198  fg 1,900 hij. 2,338 gh
56x311=1 2,100 &g 2,143 defg 3,074 be
5404 2,099 f£g 1,707 ik 2,529 fg
562482 2.,026 g 2,035 fghi 2,636  ede
58x733b=1 1.825 . 2,200 def 2,722  def
3827 0= akb 1,818 h. I 1,830 1k 2,661 ef
587601 1,558 1, ) 2,133 defg 2,617 ef
58%128 1499 4 1,937 ghi] 2,920 ed
581348 1,205 % 1.824 ik 2,600 ef
7162 1,059 ik 1,804 4k 2,166  hi
6587 910 3k 1,890 hij 7,225 hi
5704 o e 397 L 1,887 hij 2,079 4
7498 e

l580 1 1.896 hij 1.997 i

l Numberas fellowed by the same letter are not signifleantly
different at the 0,058 level of probability.



PERCENT SEED SET OF THE PARENTS AWD
WYBRIDS IN BOTHRIOCHLOA IN 1963

DUNCAN'S MULTIPLE BANGE TEST

TABLE RIT

mnm*ﬁ%%%%@n

5610
5297
88x503a-2
$8%69% a2

| 5
545
58348
7162
58%x323
5168
58x%768=1
58x733h=1
58n685a~1
S8 0w adh
58xlin
5Bx0YIb=3
506wh82
6583

7498

5104

28,08
2647
2ae1L
18,19
17 . 50
17.25
15,50
15, 50
lhe 25
14,50
1,23
13,93
13,57
13,07
12,37
L1.18
8.41
7.81
745
.66
4eGf

4537

[y

&
&
b

k

ANGREAEIANT

1

Numbers follewed by the same letter ara not algnificantly
different at the 0,05 level of probability.



TABLE XAIX

THE COEFFICIENT OF VARIATION OF THE PARENTS AND HYBRIDS

IR BOTHRIOCHLOZ FOR PLANT HEIGHT, HEIGRT OF

LEAVES, CROUN WIDTH, GRBEEN WEIGHT
ARD DRY WEIGHT IN 1963 AND 1964

Piznt Helzht

Eeight of

Crown Width

Creen Weicht

Dry Weight

. Leaves

Bybrid Lgﬁ}’“ 1964 1963 1964 12463 1964 1963 1964 1964

58x503a-2 3.78 5.63 5.1¢ 7.72 14.54 11.84 19.15 32.10 45.21
58x6%4a~2 3.88 5.21 5.36 6.06 1Z2.68 i2.91 19.67 31.88 32.11
56x531~1 7.66 i1.60C 8.23 11.43 13.51 9 .44 23.35 34 .04 37.17
58%6853-1 5.38 7.20 5.31 g.12 11.8¢ 13,04 20.54 33.32 33.1¢
58x768-1 $.39 5.7% 7.61 7.41 16.31 2.64 22.85 33.23 35.22
58x733b-1 5.33 4. 54 i1.21 4£.89 12.44 12.06 20.90 3%1.34 33.27
58x70~-a&b 3.92 5.83 5.54 16.36 2.93 12.06 1¢.64 25.36 27 .45
58x323 £ .78 & 25 6.79 7.09 11.48 10.89 25.17 32.46 34.20
58x348 2.68 4.76 4.22 7.92 13.50 11.1¢ 17.40 24,29 25.8¢9
58x697b-3 £ .67 ———— 6.02 - 13.38 - 23.43 ~—e= -

58x12B 3.48 £.08 5.44 6.57 14.07 12,22 23.39 31.85 34.12
56x73C 3.77 L, L7 4,85 &.31 13.75 12.69 19.512 33.63 33.32
56452 1£.2¢ 17.38 10.46 16.86 1I8.43 ie.?3 35.46 65.28 67.19
5297 & .34 .43 5.13 10.61 17.658 1211 27.12 34,31 37.11
3410 5.26 8.&4 5.23 8.95 i7.43 15.91 28.1¢6 38.72 40,16
5404 3.46 & 3% 4,23 7.21 11.71 9.9¢ 15.44 246,15 25.77
2653 &.14 5.99 5.23 7.46 13.08 13.79 25.12 36.60 36.47
3168 4£.16 7.56 6.4%% 3.97 14.35 12.32 1%.904 35.5¢9 35.95
9450 e 7.93 e 8.7F  e=meee 10.02 - 36.88 385.57
7162 $.73 6.55 2.56 10.81 g.78 13.20 13.32 39.25 32.07
7498 5.£9 3.69 7.99 8.44 2¥ .87 14.61 36,70 39.47 o
€383 12.31 8.11 11.17 i0.51 28.079 14.82 27.¢62 52.71 52.17
5705% Q.81 7,08 11.41 8.49 13.27 12,18 25 .44 43,153 45 .99

£9



TARLE XX3il%

MEANS OF THE HYBRID PIANTS FOR PIANT FEIGHY
HEXGHTY OF LEAVES, CROWH WIDTH, GREEN
WEECHT, AND DRY WEICHT WITH THE
AYBRIDS GROUPED ON THE BASIS
OF A COMMDH PARENT

Beight ' Croun
Plant Height of Leaves wWidth Green Weight Dry Weight
Fches Toghes  _gaches  _ Inches Inches

Bybzid 1963 gﬂé@ 1963 1964 1S63 1964 1463 _1964 1963 1564
5605x7162 = 38x733b~1 58,90 51,98 31.76 28,13 35,02 &£.63 1595.54% 695,93 912.7% 333,08
2655x7162 ® 58x503a~2 66,21 55.52 31.70 28.92 4,68 4.5 1308.75 6%4.44 577,02 332.98
316827162 * 38=685a-1 53.82 44,80 29,81 27.67 4.51 &.57 1064,.65 755.05 605.8%T 363.60
5610x7162 B 38x768-1 58.57 54.95 30.69 29.25 4.14 4£,37  703.23 79%.28 527.45 405.50C
56x750=6583 = i8x323 66.33 57.11 33.23 28.5% &.78 4,533 1447.28 788.95 764.7% 413.98
56x750x7498 = 8x348 57.62 52,28 29.91 28.48 4&.75 &.89 1168.17 806.836 748.95 419,41
56x482x6583 = 58x70-a&b 6%.41 55.01 33.68 29.88 4.93 4,81 1476.67 140,08 967.99% 546.75%
56275026583 = 58=323 66.33 57.%1 33,23 28.51 &.78 4.53 11638.17 788.95 T764.7F 413,98
56%428x76%93 = 58x12B 67.85 356.87 33.23 305.31 5.05 &.63 133&.17 B87L.I0 798.70 435.00
S6x%750x7498 = 38x328 7.62 52.28 29.91 28,48 &,75 45.89% 1168.17 806.86 748.35 419.41
3550¢53297 & 58=697b-3 52.86 == 35.32% == 5.,41i% ~=  130C.05 == 848.06 ol
265525297 = 38x6%a-2Z 69, 9%% 60, 71%33,73 32.15% £,.84¢ 4.79 1011.74 1082.46% 376.47 528,83

* The best hybrid for that charaecter in all groups.
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