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(ii)
ABSTRACT

progenies was conducted in the field at the

season. The aim vias to obtain
information on the magnitude and type of genetic

investigate the nature and magnitude of the
correlations between yield and its components.

Results indicate that additive and non«^dditive
variation xvas present for all characters measured. The
non-additive portion was greater than the additive
portion for all characters except number of ears per

Dominance was found for all characters and it

grain per ear, grain yield per plant and 1000 grain

number of days to heading, plant height, ear length,

variability for yield and its components, to estimate 
the magnitude of the various genetic components and to

degree of dominance for the characters measured varied 
from partial dominance to overdominance•

Epistasis was found to be small, and it was 
detected in the characters plant height, number of

plant.
was the main source of non-additive variation. Average

An 8 x 8 dlallel experiment involving parental 
and F2 
Uyole Agricultural Centre, Mbeya, Tanzania In the 
1977-78 growing

grain yield per plant and 1000 grain weight. However, 
its magnitude and direction was4 specific to the cross.

weight.
Overall heterosis was found in the characters



(iii)
Heterosis for yield was generally associated with

and plant height. Maternal effects were found for grain
yield per plant and 1000 grain weight.

Estimates of narrow sense heritability showed that

High yield per plant and high 1000 grain weight were
associated with dominance, while lateness and high number
of grains per ear were associated with recessiveness.

Correlation studies showed that the characters number
of ears per plant, plant height, ear length, grain yield
per plant and 1000 grain vzeight were positively
intercorrelated• Number of grains per ear was negatively
correlated with number of ears per plant and 1000 grain
weight. Number of days to heading showed significant
negative correlation with all characters except ear
length and number of grains per ear.

The implications of the results to barley
improvement are discussed.

heterosis for the yield components, paarticularly number 
of ears per plantv number of grains per ear, earliness

aJ.l characters, except plstnt height, had values greater 
than 40?.'. Number of ears per plant showed the highest 
value (93»0fJ) while plant height had the lowest (24.3Q.
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1. INTRODUCTION

Moat of the barley used in the country is now

The major proportion of the barley produced In
Substantial amounts are^nzania is used for uniting.

also used for human consumption^ especially In the 
higher mountainous areas around the Mporoto hlU.s in the 
Southern Highlands. Insignificant amowits are currently 
used for livestock feed.

is used for making nialt which is mainly used in the 
browing industry (JANICK et al.9 1974)«

Presently, barley ranks sixth in importance among 
the coreals in Tanzania after maize, eorghua9 millets, 
rice and viheat. FAO (1976a) estimated the area under 
ccmmercial barley in Tanzania at 2000 hectares and an 
annual grain production of about 2000 tons. Despite its 
present Iott hectarage, the crop is likely to be important 
in the future because Its deraaxid ie growl瞄 rapidly*

Barley (Horde皿 vulgare, L>) is the fourth most 
important grain cereal in the world (JANICK et al., 
1974)* Leading world producers are the Soviet Union, 
France, United Kingdom, United States and Canada. 
Others are Turkey, India and Kforooco* In 19769 barley 
occupied 93・5 Billion hectares and grain production 
amounted Uo W9・7 million metric tone (FAOV 1976a). 
Most of the grain is used for animal feed* Aboixt a third



2

The fulTilmen!; o£ the Natloxial objective of self-

AttaApts for barley improvement in Tanzania have 
su£2?er(=d -;ig setbucks since the first introduction* One 
of the major reasons haj oeen the lack of adequate 
research in the couzrtry. Research and Proctor, varieties 
which vrere bx*Gd in Austi-alia and Britain respectively 
have rema5.aGd the fotanGard East African malting types* 
These ^itleties have lo;.*~i.iedium yield9 arc late maturing 
and are DUGceptlble to the comon barloy diseases.

imported •» so that it is contributing substantially to 
the foreign exchange drain. In 1976, Tanzania imported 
204 metric tons of barle^r worth US £33000 (FAO* 1976b). 
In order to avoid the dnrcndence on foreign sources of 
supply and loss of foreign exchangev all of the barley 
requirements should he px'oduced VTithin the country.

This requirev among other things securing of store
productive and agronomically desirable varieties* The 
varieties must also be widely adapted and able to give 
higji yields consistently. This may be achieved by 
improv^raent of present varieties or substitutins these 
for better types.

Crop improvement in the world has been achieved 
through one or more of the following conventloxial 
approachest The introduction of better varieties from

sufficiency in this crop can be achieved if yields per 
hectare and the area under cultivation can be increased.



uees.

Hybrid!zation follcr-red by selection, then, is
Desirable attributes

farom aor u long history- o2 barley cultlvatiou in the 
country. Reselecticn frou existixig oultivax*^ is there­
fore unlikely to produce izortln-jhile impzovodents.

fsi-z decadois, breeders c-^^und the vrorld have concontra^ed
on breciiiig crops -to，ui也 oheir own specixic areas and

can be combined in nei-r varieties by hybridization* By 
this methodr new varieties can be produced to fit new 
envix,onment s.

The second approach :1g also ziot very ajjpxX>pz*la'be to 
There arc ncithor land varieties to select

other places, the selection from land variotios or the 
introduced varieties^ and hybridization followed by 
selection.

perhaps the most approps^Ldte.
found in different varieties from the world collections

The success of auy such programiae and the synthesis 
of bettor genotypes requires a proper underetanding of 
the genetic basis for the improvement of yield and other

In Tanzania, introduction could be expected to 
ferine sizable imedia^e improvement in barley 
production. However, experience from elsewhere has 
sliovm that it is not cusy to find a variety which is 
"tail-oi* k.ado" for a type of condition when it was
bz*Gd to lit a dif£cng& uut of conditions. Cvor tlie las%



selection is done on the basis of yield alone.

(i)

Another important aspect In yield improvement ±3 
the relationship between yield and yield subcharacters. 
These relationships help the breeder in his selection 
programme, for althougli the final goal is high yield 
and/or quality, certain aspects of plant morphology may 
enable easier and faster improvement in yield than when

At present Information on the varlabilityt mode of 
inheritance and type of gene action conditioning yield 
and its components is conflicting. Similarly, the 
magnitudes and nature of correlations between yield and 
its components are not very clear.

A thorough knowledge of such relationships, among 
others, will provide a more objective approach towards 
the attainment of the set breeding goals.

The objectives of the present study are therefore tos 
Obtain information on the magnitude 
of genetic variability for yield and

important traits. Various methods are currently avail-* 
able for investigating the genetical properties of 
potential breeding material (KEAHSET, 1965)・ Of these, 
the diallel method has been extensively used 
(MATZINGSR* 1963). Apart from helping the breeder in 
choosing parents for breeding, these methods also guide 
the breeder in his choice of the breeding procedure.



■

its comiior ontii； in seleotea llnas

(ii) )具亏-i.aj;±Lt;u<JG of the
vaKxw: -cystic and esvircij.：ental
co:npoLi<：it3 i^luencin^ yield And

of 如=■ • '：'：: relations boWeen yield and
its co/i；.vnent trails.

its ccinp?-.sentG.
(ill) Oabe二.二:m vhc nature and xsarjiitudc

undti? local cc^di*iQ2：G.
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2. LITBRATURE HEVIEVJ

2・1. Se共NiQd-PFQceauEeg £or YleJLd Bnproveaent

environment as a sixigle characteristic*
The alternative model considers yield to be a 

product of several subcharacters (coiapoxiente)*

following Is a sample review of published work. It 
covers the techniques tdiich have been followed in 
breeding for yield; the mode of inheritancet gene 
action and herltability of yield and its coupsnents and 
the correlation betizeen cbaracters.

The main objective of moet plant breeding 
progx^umnes has been to increase yield* l&e 
selection procedures used for yield improvement 
are usually based on one of two models* In the 
first modelv yield is considered to be a single 
complex character. It has therefore been 
suggested (AASTVEIT* 1961) that selection should 
be primarily on the basis of yield. This author 
considers the interaction of the gexiotype and the

Extensive research has been done in different parts 
of the xirorld on the genetics of yield and its conponents 
in barley and considerable literature is available on 
the aubjecv* However, as far as the author is awar。, 
no such studies liave been done in Tanzazxia* The
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desirable genes governing-several subcharacters.
Consequently, some workers have analysed these sub-
charactcrs which contribute directly or indirectly to
yield and which may be more simply inherited. The
merits of the two approaches of breeding for yield

The general conclusion arising from the above
studies has been that both approaches are useful
for the overall success of the programme. In the
first case, varieties may shovz large differences in

versa.
the components but not so in grain yield and vice

There is thereiore a need of analysing yield
separately. On the other hand genetic analysis, choice 
of parents for hybridlzatlon and selection work can 
greatly be eased if investigations are done on the sub­
characters. However, such a program can only be 
successful if the components have high heritability 
and are independent (no linkage or pleiotropy)•

According to this model, it should be possible to 
improve overall yield by assembling in one variety

improvement in barley and other crops have been 
reviewed by among others, BOYCE et al.f (1947)> 
F1UNKEL (1947), KILLIAI-：S (1959), AASTVEIT (1961), 
ADAMS (1967), GRAFIUS et al., (1976a), SIDiJELL et al., 
(1976) and jlASiUSSON and CANNEL (1970).



$

2.2 ijod- of jLnheritance and zxena action for
yield and 城3 ccngsntE；

Iuoreovert the components sliould be positively 
correlated v physiolo^c&lly unrolatod or related 
in a positive luazmer*

Genetic studies in barley have revealed the 
presence of both additive and nonvdditiTe gene 
action for the inheritance of yield and its 
components (FEJ酚 and FEDAK, 1975b; AUBVALO vt al» 9 
19745 AaSTVBIT* 1961; UPADHXAXA. and 地SMUSSQN. 196?$ 
CHAUDHAICT et The relative isagnltudes

Mlamiing and exGcubion of breeding programs* On 
the other hand uhera possibilitias of producing 
hybrid barley are being sought* infoziaatioii on the 
above is Invaluable. It is therefore important to 
specify the different types of gene action 
influencing yield and its components.

□urrent interest in varietal ±Diprov«nent of self- 
polliuated crop$ like barley* lies mostly in the 
production of pwrclines. The technique is based 
upon fixation oi* udclitive gene action and fi：£able 
E©ne inberactioxkc (AASTVEIT, 1961; 1964).
JX>iiinance and non->?ixable epi stasis cannot be 
utilised in this case, but theix* existence, 
diroction and na.TnJ.fcude Is valuable for the
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of additive vex*aus non-additive gene action have
differed considerably depending on the source
matei*ial and the environments In which they were
grown. Farther, their relative magnitude is
indicative of the extent to which the lines have been

Liosb of the non-additive gene action which has

ears

xireighto

Unlike in cross-pollinated crops, where the use

in the latter and the absence of effective and cheap 
ways of producing hybrid seed. Recent evidence however, 
Indicates that yield heterosis may be considerable. 
Moreover, ways of producing hybrid seed by the use of

been reported for yield and the components vjas 
attributed to dominance (aBO~ELENEIN et al., 1975； 
aASTVEIT, 1961; F-CJER and FEDAK, 1975b; AREVALO et al., 
1974； ^GGS and HAYTEZ, 1973). Spistasis has 
generally been considered to be unimportant (A.1STVEIT, 
1961), although It v;as found to significantly affect 
headj.ng date and number of ears per plant (AASTVEIT, 
1961). ABO-ELENEIN (1975) reported epistasis for grain

of hybrids is quite advanced, production of hybrids in. 
self-pollinated crops is relatively a new innovation. 
This has been mainly due to alleged low hybrid vigour

selected (GARDEN跖 1963, after SP1AGUE and TATUI：, 
1942).
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eplstasis.

have reported greater heterosis where diverse 
parents, rd.th lov; mean for the character were used.

genetic male sterility are also being perfected 
(HaGBERG et al., 1975； HOCKET, 1975； iUKAGE, 1975； 
V/EIBE, 1975).

The type of gene action responsible for 
heterosis is a subject of much discussion. FEJE2 
and FEDAK (1975a), AASTVEIT (1961), AREVALO et al. 
(1974) and HALLORAN (1975a) attributed it to 
dominance and/or overdominance• Other authors 
(HALLORAN 1975b) reported heterosis to be due to

In barley heterosis has been reported by 
ARfJVALO et al. . (1974)； AASTVEIT (1961); FOSTER 
(1975)； UPADHIAYA and iUdr<USSON (1967); FEJiSZl and 
FiSDAK (1975。)and NASH and KHAYRALLAH (1976). 
Similar results have been reported in wheat by 
HASSANIEK et al. (1974)； LEE (1974)； HALLC2AM 
(1975a) and HRASKa (1975)； in Sorghum by LINNIOK 
(1974)； RUBAIIUYO and i.Ai：UI'-<3I (1976) and ICAI.13AL 
et al. (1976) and in garden peas by GRITTON (1975). 
The magnitudes of heterosis reported for yield 
have varied considerably. Most authors, however,
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Kith recessiveness*
Maternal effects have often been reported to

be unimportant in plants* IGany authors however,

garden peas.
2.3. Estimates of Haottabil土ty

Estimates of neritability of the different
characters have varied considerably. They have
been influenced by the breeding material used and

Investigation of possible association between 
means of characters and dominance or recessiveness

reported no reciprocal differences in barley and
GRITTON (1975) did not find any maternal effects in

revealed that high grain yield, plant height, grain 
weight and ears per plant to be mostly associated vith 
dominance (HALLORAN, 1975a, b; FEJEil and FEDAK, 1975a, 
AiffiVALC et al., 1974 and LAU, 1974). H.ILL02AN (1975a) 
reported association of high number of grains per ear

have reported the presence of reciprocal differences 
i.n different crops fo;? s:ample barley (FSJ-SR and 
F13DAK, 1975b and CHAUDHA?! et al., 1974) and in 甘heat 
(3L-HADDAD, 1974 and I；•混％A, 1975)・ Reciprocal in
differences liave also been reported^Sorghum (L工NN工CK, 
1974； RU.3AIHAYO and 1；威侦.3= 1976) and in water 
melon (SACHAN and 1976). AASTVEIT (1961)
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2.4 Correlation。£ Yield With Components

magnitude*

the type of environment in which they were grown.
In addition, they were affected by the method of

Among the three primary yield, components 
(number of ears per plant, number of grains per

A fairly large number of studies have been 
done to investigate the relationship between yield 
and its components in barley, but the correlations 
have not been consistent in either direction or

computation and the units employed in reporting 
(i.e. whether heritability in the broadsense or 
narrow sense). For this reason, it has beon 
difficult to compare heritability values directly-

In self-pollinated crops, like barley, it is 
the additive variability which is utilized and 
consequently, it is heritability in the narrow 
sense which is of interest. Host studies have
shoxni grain yield and number of ears per plant to 
have lovz heritability (MANZYUK et ax., 1975 and 
DIKJAYIRI, 1974)* Grain weight, number of grains 
per ear, plant height, headixig date and ear length

have been reported to be quite highly heritable 
(DUI7ATIRI, 1974, iruJZTUIC et al., 1975).



cinc.lar results in v^ieat.

wero due to caape边泓on for giwfth sAzb$3nc3 jy 
oJ*c acsuontiaXly duvelopins yield con^oncnts, 
^eoo^uixig to th— i:/potliQSist plants 心y differ 

in the co=but bhov iia difference

The ccuc&£ ol* the disorepancic：^、;；二c；: Ixavc 
been reported concerning the rolatloii^iilp 
yield and it& compcnents are not v;e?.l unders-bood* 
It is possible that they may have a ^s^etic baeiffp 
a physiologic basic： or both.

ADAMS (1967), %;orking vd.th co^on b^an^.
(phasoplus yul^ai^Ls, L- ) cuggested UiaG 罗aixx 
y^-Gld caayon<n-itc sore independontly inhdi'itsd 
ch^ractGru. ；Ic <3pscul&.ted thaG the 3**/。
a£；&o5ia*i;ions oiten observed. betivcen tlie cozrcoxx^^w.^

ear and grain weight), number of ears has been 
found to be most positively correlated with yield 
(JLiSKUSoOW and CAHNLL, 1970). AUSTTSII^CI； and 
?;.iLTCiI (1970) and Ji-ELL ct al., (1>?6) rc^rScL

aru* 建(1975b) 
and CilOOK and 心HLS1O (1971) rapor&cd nc 
correlation oewecn weight and jricld. Mie 
latter also no correlation betViCon
wciyit and hcacHns d^tct plant hei^hu, nm.«bcx* oi' 
cars per plant; and number o£ pex* e^r.
MUTGER cb aL,(二，$7) reported no ccnvl^tion 
Jotv/odzi yield c.nc. ::r.y o? tho couponGHuu.



TANDON et al. (1970) reported the presence of 
a genetic association between the yield components. 
They suggested that the genetic association

in yield. This Is thought to be due to the 
ability of the components to conpensatc each 
other.

between yield and number of ears per plant was due 
to lixikager and that between grain weight and 
number of grains per ear was due to pleiotropy. 
The findizigs of TANDON et al.(1970) suggested 
that it is possible to break the association 
between yield and xxumber of ears per plant. On 
the other hand it is not possible to break the 
relation between grain vrelght and number of grains 
per ear because it is affected by the same gene or 
block of genes.

The role of component comi^ensation has 
also been discussed by GRAFIUS and THCEIA.S (1971); 
HATJ-g\?T (?.c?5a); v/ILLIAIiS (1959)； GRAFIUS et al., 
1976 a;.b.) and UPADHYATA and RASKUSSON (1967).

Kost of these authors have shovm, component 
compensation to be an important phenomenon.
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3・ IUTSHIALS AND IIETHODS

3・1. Material 旦，

fifty six crosses In all.

get

so obtained v;ere grovni in a glass-*
NLH in the suranor of 1977 in order to

Seven of the eight lines which were used for 
this study were obtained from a barley collection 
vfhich is maintained by the Crop Husbandry 
Department, the Royal Agriculture and Veterinary 
College, H^jbakkerg^rd9 Denmark. They were 
selected from 573 lines which were grown for 
observation at the uyole Agricultural Centre > 
lfboya9 Tanzania in the 1975-76 £iwri.ns seacon. 
The eiglith linet Research, is currently ono of the 
standard varieties used in East Africa• The lines

The 
house at Ss> 

seed. The seed was harvested in October

selected originated from various geographical 
regions and vrere picked on the basis o£ 
contrasting genetic background, morphologyt yield 
and yield conponcnts. A more detailed description 
of the lines is given In Table 1.

All possible crosses (includizig recijirocale) 
were made by hand emasculation and pollination in 
a glasshouse at the Agricultural. University of 
Nonmy, Xs, I3LH in the winter of 1977. There were
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the eight parents and their fifty-six P2 crosses.
3.2. Methods：

an

uliile the F2®s 也自

is a 1quu>- clay orlginatinf； from volcanJ.c 
puuice* l-yrethxnsu bad boon grovm the previous

The trial wws conducted in the experimental 
fields at Uyole Agricultural Centrea Hbe典, 
mn^ania in the 1977-7S growing season. The 
Centre is located C° 55, S and 32° 33at 
altitude of about 1800 meters above zee. level. The

1977> and wa$ treated with "panogen" Mercury 
compound.

biaterial for this investigation consisted of

We experiment was a randoDiaed complete 
bl&ck with tlircc replicates* Tiiirtieen c&edsa each 
£.sed to a hole i;ci'e spaced 15 cn. v^.thin the row 
id.th the aid of & neasured plantixig stick* The 
ra^is were 25 cu・ apart mde vji*&h a ssarking board. 
迪旭—rental had one row per ropl土cato,

two. Sovdjag was done on the 
2nd of Ilarch 197S» v;hich is the optical planting 
tine of this crop in the area.

脂eding was first done by spraying with MCPA 
at 1.0 kg»/ha. at the 4-leaf stage of barley* This 
t*?as follovred by two clean weedings by hand.



18

characters measured were:

(i) Date of h如djLng - Number of days from
swjing vnbll the aims trero first visible.

(ii)

(±ii) Plant height - The height from the soil
surface to the nect of the ear of the
tallert mtex*.

(lv) Ear length

(V) Grains por ear — Number of grains per ear

Ears yer rle.nt - Number of ears bearing 
seed at harvest.

—Length froiu the neck of 
the ear to the tip of tho furthest 
fertile spikelet.

Records vere taken an individual plants and 
then averaged to give means for analysis. The

Fertilization ms done vri.th Triple superphospl^ito 
and Calcium AmoxiiuEi Nitrate • Triple super- 
phospate at a rate of 20 kg.E/ha. x«as incorporated 
into the soil in the last harrowing before 
planting* Calciua 仙nonium N土at a rate of 
20 kg. N/ha. gs uixxiucaDl/ by baud 4 vroelcs after 
plan槌ng・ Copper us 31itox 50, at a rate of 1.0 
kg«/ha> vab spzuyed in order to cox*rect copper 
'deficiency, wiiich has been reported in tills area 

1974； 1£如顽 and HR典,1976). No 
mtauipliB were xuadu Ho control diseases} end pests.
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of the tallest tiller at harvest«

3・3・ Analysist

U) 
(il)

Diploid individual
Noxmal segregation with no linkage

Liagaitude of additive and domixiance variation in 
the gafejital. lines* It also provides ixifoncation 
on the direction of dominance, order of parental 
lines with re&pect to dcminuit genes and may also 
detect non-allelic gene interaotlon*

(vi) Grain yield - weight of air-dry grain per 
plant*

(vli) Grain weight - Two samples of 200 grains each 
were obtained from seed composited from about 
10 plants from each entry* Their average 
weight was multiplied by five to obtain 
1000 grain vieigjat«

Diallel analysis has extensively been used for 
investigating the genetical properties of groups 
of homozygous parental lines. The theory and 
practice underlying its use is detailed in KAlD-iAN 
(1954 av b). JINKS (19%* 1956) and IUTHSR and 
JINKS (1971)皿。ng others. The method provides 
-valuable information on the existence: and

The method is based on several assumptions 
(HABiAN, 1954b; JIMKS 1954, 1956| KEARSEX, 1965)(
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^Maozysoue parents
No multiple allelism

crosses

The statistics so obtained can be used to

character in the group of line角 under study*
Further* the statistics can be used to estimate

a・

(iii)
(iv)
(v)
(vi)

Heans：
The ezcpccted noans for parental and

dominance, synmetry of gene distribution and 
herit&billty can be estimated.

environmental component*
From these components* the degree of

No epistasis
No differences bettreon recl-orocel

test the adequacy of the additive ■ daalnance 
(diallel) model in describing inherltonce of a

progeny families are grotm, and these provide 
data from which means, variances and covariances 
are calculated*

genetic and environmental parameters. These are 
D> measuring the additive genic component. 唱, 
and J? measuring doinlnanoe and E measuring the

Briefly, the method Involves erese土ng the 
parental lines in all possible combinations 
including 8elfs» so that if n lines are used, 

2 then n progeny families are obtained* The
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Fj = M + (D)

P2 = I! - (D)

& =艾 +
aro

Cvox*all mea:i

D =

b

cuv^j/iances for the parental and

change of scale of the data

Additive efx&ct
H - uoMnance deviation^ aod can take either cign
Vq.j.ii^ncecg

坎Me 2 shgn the capccted v£.x*iunces and 
I?2 pi^enics.

The variance (vt) t.;id tkc pai'cnt - o££&px*ing 
CGV«x*luncG (?a,) ci M；Qibars of an azr&y arc very 
iuportanG statistico and bear cliaractoriwtic 
x*elutionskLpG. llivsa x'olatxonshlpsj have 3ecn

progexiies for a character shovriLng polygenic 
inheritance is according to the xiotution of MATHER 
and JINKS, 1971:

andthe iiish^Lovz parent res^GC lively

uaeu in various \.&?家
Testixig a4quucy of the additive - doLd.z^.nse 

model in describing inheritance in the 
uaterial uud&x1 gudya Variation of V7r - Vi, 
ovoz' array© is expected to be constant if the 
model is adequate and vloe versa (HAIMAN9 1954 
b$ WHITEHOUSE ct al«9 19聘). If Wr - Tr ehows 
heterogene?.ty a
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nay be done (e・g. los transformation) to try

v&rf.ation. jiiea the data lias eatisficd the
3£

知 0c not show conrrtency over arrayr
the/?© is 二:i ir? licati.on that non-additive gene
action if

(ill) .jhov;li3g tlic of doziinaxiCG uxid -ishs
relative 3董二ge of parenixil The
dc^GC o:? Ca: ：i:^iiicc is sho*-ai by the position 
at v/liicu 注=i*:^rc>3sion line cute the 3r 右哇」.

addit?.-e ne ：ic七San is operat***^, Ecn-rev^r,

tablos and vhe data reanalysed (HAYMAN, 1954b).
'iSiis procsdu^G is done until the VJr - Ti* no

1x:ig cuts the Lr tLe
ori^n, at tLc origin and belci; tLo origin if 
there； is iaoCijplete, complete and over- 
do：21xk；ncc ^ccpectivsly. The relative dominance 
of parental 15.nes is shown by their position

«o see if 奂c Zietoroseneity could be reduced. 
.ilt<irnatively, parents Vtho&e arrays cause "bh。 
heterogeneity my be removed from the diallel

longer cho；. .z^i>aro/jeneity*
(ii) cc:uso of non-udditive

requireirGnt ~ of the model； the 30c ?7r * 
the different arrays are siniJ.c.r o^ly if



24

aloxi^ We line of recession of Wr on *.
rarunbJil d* low Ur and H contain a

ireicutci by ulie rc^rescion line c£ v；r on
bein;：; t5.:•,.es.ntly different
S3.opce o：f? Lt ic than 1.0 are us^illy associated
x/ith epiirt?.；?is of tho corjplc£ient9.ry type
vzliile tkorfi 3.bovc 1.0 arc associated with

the ^plicat/O tyre (AI.LARD, 1956)・

(v) 的涂土* xgi, ccia^ion of Loan ^crfon^Aiice
v.lth ox* ^ecessiveness:
Correlatloxic of k；r + Vi* vd.th tlie corresponding

cion on 'bLs.

昨cescigncj二 az-d vico versa.
Analysis of VlKgces

Analysis ox variance of the diallei can be
mde if the data l^s satisfied conditions on which
the diallel uiggcI is based.

of recessive genes for the character,
(iv) Dctoction of epi stasis： Epistaeis is usually

According to HAIBUK 
(1954a) the in&in ei*fects can be partitioned into

greatei, proportion of douizuizit genes. Those 
vzith liigh ；,!• and Vr contain a preponderance

peMomcii"】二
\：ouiiijive correlutior； i^dicatos

association; £ high uean of a chamct.r irlt；-

*roi.:

gareiitja二 t^n^9 Zr over azTaya ^ive
' ilationsliip bet：jeen
M doi^iiiancG or roc ec siveno sc *
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the follovJXA* com.x)nentsc
msasurew addibivc variation

B - measures duniinance devlatioxi* The uOudjaanCG

Lxiuorucxl

J - :.-ccal difrerenco^ <>:c Z z .^oi>*
^'GGriaul ca逞;..5-.

J - Pleasures 技心 J.Jfar'onc© bctavceH i'cu.ii7.i3Qe

kaIqh vho g：wiment is implicated, sxgxiificance
o.? these coiaponGnts is usually tested against their

'.Jhen the expexuicent Is notblock interactions.

and envlroxBaenta、
cGmiPonents

replicated> all ths ciain effects are tested against 
the D component. They may also be tested against 
l膈 pooled blocl: inter-action with families, if 
Bartlett fe tc&t hosiogeneity of variances*

coiaponont cau be further partitioned thucs 
B,- measures direction of dominance (heterosis) 
Lg- sywc.ctzy of genes at loci showing

douiuaxice

EMination。女 侦.，蹄zietriLc
■AgTeo of dominance, tsyaoi砒ry o£ gene 

心 stribglon qH 加aritability
：2stii:iauicn o?' She genetic and the

measures 盘1 说土ve 如riation 6i.ic:LL*ic to
the cross (corx-espozuls to Specixic coiubiiii^ 
ability (Gl^LTIiiG, 1956}.

U « uec-buras i^ci^rocal differences due to vi.e
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V. = -2

'（挡兰）日2

,> value src^u©*, •心an 1.0relation

indicates 土ncomplete doMmnce* A vulue of l«0
cliox;s complete doniisiance.

The sign anc.皿gnitude of F shovrs the

reccsslvcs are i:i o::coss. If it is 0 dcid-nants
and rececsivos are in cqwil proportion.

If u and

mean

cow.riancos in the expected equations shown in
Table 2. Fox- cz:s.-

environmental parameters, D, t %, 1? and Egls •L M

don© by subetitutins the observed variances and

An estiuate of vhe sytiaietry of distribution of 
alleles is gXven by the relation 4
v are the alleles t;土th increasing and decreasing

The degree ox* Lo^iixiance is Gstii^a'&ed fraa the
(Hj/峭，

ixidicates overao^J.-i£L^ce• A value less than 1.0

effects respectively, equal distribution of these 
alleles anons the parents is indicated if their 

value9 is at a maxi皿口 valuo of 0.25・

relative proportion of donixmnt and recessive 
genec in the parental linos. It is positive* If 
deminants are in excess. and negative if

f -E2
=kV： ■— SiVr
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This is a value their frequencies cire

0.5.S3

As stated befo2,G, it is tho additive

vu.i?iation which it of t-ajor inter-esu in self-

^ollinalJGd crops. IZcnce hGritabij/.t;;- in the

is calciilaved follov/ingxiarroH sense

as：

h2(NS) :c 100 £or the
1/4:3

::100ss 

pi«ogeny hieans ox 专he differert'i cliaxucters v;aro

calculated by conventional variance and covariance

procedui'QS. The significance o£ the correlation

In tests 02? significance of mean squares and

correlation coefficients, »9 •** and 祷** indicate
significance at Pv0・05, Pc0・01 and Pz：0・001

*'€ spectively.

i?(NS)

.j/；a

coeificien-GS wers tested according co Table A 11 in

SN.SDKCOR ana C0JII；Lu< (196?).

C.UE；雹CKMR and .、乙L».；D (1962；

/；elationshi-o bets, ^en ciiai'acterss

Simple plie；icuy-5ic corireiations ths

u =

______________________________
1//：.D + 5/16II., - 1/S7

Tests of Signi:?5.cance:

?or ths the c<ui.tion inp.y bo i ：o;':lfied thus：



respect*

4. RESULTS
4«1« General A$3e$anen也

From about the middle of April* raixifall began 
to decrease sharply, and at the end of April, 
stopped ccnapletely. This coincided with the onset 
of heading in most entries. Since moisture 1b 
important for grain fillix>gv the late maturing 
entries could have been adversely affected in this

Closely related to the above was the early 
onset of leaf ruse of barley (Pucc土nia horde!)• 
This disease is favoured by warm dry weather. There 
vias a difference in severity of attack between the

Keteorologicsil data during the growing season 
is shoY.n in -APPENDIX A. The weather at emergence 
and the early stages of seedling growth was good. 
After emergence some seedlings v;ere atta( kad by 
barley fly (Hvlemya arambourgi)* Some of those 
seedlings recovered, but others did not.

In Plarch and early April it very rainy and 
hwiiid. This could have caused the exceptionally 
high incidence of net blotch (Helminthosuorltan 
teres) on the barley in that season* Thore v^is a 
cloai, difference in severity of the disease on tha 
different entries (APPENDIX B)«
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entries (appendix B).

open and inside it the ear was curled* This

were

were randomly distributed and could not be
attributed to any known cause. As far as
possible plants which showed obvious
abnormalities or which deviated very much from
the rest were excluded in the calculation of
the means.

harvesting at the same time* Since the

"•2・ Means, varlabdLlity and heterosig

Some plants appeared to have been damaged 
by the herbicide. This had the effect of
disturbing the development of the ear and the 
boot. The leaves forming the boot did not

At harvest, the weather was very dry and 
windy* tlany entries were ready for

prevented or delayed awn and ear emergence.
A few plants, which were very bushy, 

seen in the experimental material. These

The complete data for each parental and P2 
progeny (reciprocals included) mean averaged 
over blocks is shown in APPENDIX C・ Table 3

harvesting operation could xiot cope with the 
maturity, some ears (whole or part) sxiapped 
from the plants.



crosses*
皿e magnitude of the standard errors when

considerably* Grain yield per plant exhibited 
the highest mean hetero sis (36*2% and 12.7£

A more detailed analysis of heterosis
(APPENDIX DT to D-4) shewed that the oagnitude 
of heterosis for the different characters differed

ear length
shoved lor; vax*iability»

Heterosis for the number of days to heading 
was towards earliness«

Comparison of the overall means of the 
Parents and the (Table 3) showed that the 
two sets of means differed, at least 
numerically* This ixidicates heterosis* 
Further analysis revealed that except for 
number of days to heading, heterosis in the 
other characters v/as towards higher means.

expressed as percentages of the overall means, 
indicated that grain yield per plant vias the 
most variable character. Number of ears per 
plant and nuiuber of grains per ear were also 
quite v&j?iable» Nwber of days to heading was 
the least variable charaotor« Plant heightv 

and 1000 grain weight also

30
shovjs the overall means for the parents and 
the
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4.3.

Ho\rever, triLihin a character, the iaagxiitude and 
direction of heterosis was not the same

Ana'yELs of variance of* - Vr (Table 4) 
for testing the conformity of the data to the 
additive - domixiance model indicated that the

Heterosis for yield was aseociated with 
heterosis for nurabcr of grains per ear. number 
of ears per plant, plant height and earlincss 
(APPENDIX D-5).

between the different crosses (APPENDIX D-l to 
0-4)* Sone crocses shovred positive heterocis 
■while others shovred negative heterosis and 
others revealed no heterosis.

TosfeLng for .goodness o£ £iX q£ data to 
the model

above the mid-parents and high Parents 
recpectively. Grain weight exhibited the 
lox;est value (2,1$* and - 10. Of above the nid» 
parents and high parents respectively. The 
other characters showed intermediate values.

model trciD adequate for the description of 
inheritance in all characters neasured except 
plant height* Plant height showed heterogeneity 
of vJr ■ Vr over arrays (P<0.001)9 indicating that 
this model x«as not adequate.VAien the original data Wai
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and

ear

+ Vr (Table 4)

农4・ Analysin昨riancs

against their block interactions*

Results of the analysis of variance of the 
diallei tables for yield and its components is 
shovni in 匝ble 5. The main effects were tested

Additive gene action (A) vsis found for all 
the characters measured. Dominance variation

Further analysis of Wr 
revealed the presence of non-edditive genetic 
variation for all the characters except for 
number of ears per plant and 1000 grain 
weight. The non-edditive genetic variation is 
most probably attributed to dominance.

Significant g/l'r regressions whose slopes 
did not differ from unity were obtained for 
plant height, awnber of days to heading, 
number of oars pei* plant and ear length.
For nwaber of graine per ear, grain yield per 
plant and 1000 grain xroight the Mxy* regres­
sion coefficients differed significantly fron 
unity, probably indicating the presence of 
epistasis*

34
logarithmically Cramsfomed (log 10) 
reaxialysod, the model was found to be 
adequate.
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Further partitioxilng of the dominance

over­

ears.

action not attributed to dominance was

characters examined the differences between
families were highly significant (Table 5,

tov?ards higher yield, taller plants and longer
At loci exhibiting dominance, asymetry 

was shorm for heading date, number of ears

(B) was also significant for all the 
characters.

Reciprocal differences attributed to 
maternal causes (C) trere present for grain 
yield per plant and 1000 grain weight. 
Differences beuXTeen reciprocal crosses not 
attributed to uatemal causes (D) were found in 
the character ear length. . For all the

yield per plant only. Non-^additiTG gene
(b3)

shown in all characters except jnant height*

死)
per plant, number of grains per ear and gjraln

component indicated significant heterosis (B、) 
for number of days to heading, Plant hei^it, 

and grain yield per plant.ear.length 
Comparison of the overall means of the parents 
and the ?2 crosses (Table 3) shows that 
all heterosis vra.s in the direction of early 
heading while for the other characters it was
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There vrere no other significant

associations of performance with dominance and
recessiveness.

/；.. 3. Association beSegn characters：

Table 8 shovs the correlation coefficients
between means of a?.l possible pairs of
characters. There was a complete positive
intercorrelation among the characters number of
ears

correlated v/ith all of the above characters
except ear length and number of grains per ear.

ear

per plant, plant height, ear length, grain 
yield per plant and 1000 grain weight. The 
number of days to heading was negatively

The number of grains per ear vras negatively- 
correlated with the number of ears per plant, 

length and 1000 grain weight. All other 
correlation coefficients were not significant.

Grain yield per plant and 1000 grain 
vzeiajit gave significant negative correlation 
coefficients (P^ 0.01 and PN0.05 respectively) t 
indicating association of high grain yield per 
plant and high grain weight with dominance.
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5・ DISCUSSION

interaction or experimontal error. Since the data

The reason for the failure of the model for plant 
height seams to be the presence of non-ellelic gene

transformation resulted into the conformity of the data to 
the model and to the improvement in the V/r/Vk* regression 
coefficient9 the gene interaction was probably of a

The main purpose of studies on the genetics of 
yield is to provide information which will guide the 
plant breeder in his endeavour to produce superior 
varieties. In the present study, the mode of inheritance 
of yield and its components gs investigated by the 
diallel scheme of analysis. The reliability of the 
ixii'onnation obtained from such analysis depends on how 
well the assumptions on vhich it is based (Page 19) are 
fulfilled, and various methods have been developed for 
this purpose (HAYMAN, 1954 a, b$ JINKS, 195』1956： 
必TH假 and JINKS, 1971).

In this study, the confonnity of the data to the 
addltivo-doiuinance model was examined, before further 
analysis, by testing the homogeneity of Wr - Vr values 
over arrays (Table ")・ The test showed the codel to be 
adequate for all characters measured except for plant 
heigii-G* On log10 transfoznation of data for plant height t 
the model was found to be adequate*



55
generalised type (WHITEHOUSE et al.・ 1958)・

Although the omission of certain parents is not an 
essential feature of the analysis9 the exercise helps to 
identify interactiag parents. In this work, this was not 
done for all the characters and the two examples given 
above only help to point out such possibilities •

For the characters, number of grains per ear, grain 
yield per plant and 1000 grain wei^it9 the Wx/Vf 
regression coefficients differed significantly from unity, 
thus indicating the presence of gene interaotlon* The 
type of gene interaction can be identified by trana- 
formation (as shown above) or by omission of one or more 
of the deviant parental arrays* For example, for grain 
yield the omission of array of parent 1 improved the

**
x'egression coefficient from b = 0.76 土 0.。53 to 

MM
0・gg + o.O33・ Similarly for number of grains per ear 
the regression coefficient improved from b » 0.6$ + 0.037

* 一

to 1.01 +0.293 on amission of arrays of parent 3 and ?• 
These results indicate that gene interaction of the 
localized type (VJHIT2H0USE et al« f 1953) were present 
for these characters.

The assumptions on diploldy of organlem and 
homosygosity of parental lines are undoubtedly fulfilled* 
All cultivated barleys, Including Itordeun TuXgare^ L« 
have evolved at the diploid level (2n = 14)(JANICK et al«9 
197")・ A18of all lines used for this study were purellnss^
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From the foregoing discussion, it is apparent that
the material is amenable to diallel analysis. Results
as obtained from till a ivork are therefore discussed in
relation to barley improvement • It should however be
clear tliat these results are only applicable to the
inaterial examined, and caution should be taken to adopt
these results to other material and environments.

The material studied showed wide phenotypic
variability in all the characters measured particularly

ear
wide genetic and morphological diversity of the lines.

means

in grain yield, ears per plant and number of grains per 
(Table 3)・ This is not surprising considering the

A casual glance at the means (Table 3) shows that 
except for the character days to heading, the overall 

of the F2 crosses were greater than those of the

significant maternal effects were found for grain yield 
per plant and 1000 grain weight (Table 5, Item 0).

cz*op it almost wholly self-fertilized, contamination can 
be assumed to be minimal and the lines to be reasonably 
homozjrgous.

The last assumption, absence of maternal effects, is 
generally fulfilled for most characters. 3mall but

some of which having been released as early as the 
beginning of this century. Hence, ignoring occurrence 
of some mutations, seed xaixture and the fact that the
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The role of niatemal effects on the aicount of

considerg-ble in

Partitioning of the total variation (Table 5,6) 
inidicated that most of the obsexnred variation was

Judging from the overall magnitude of heterosis in 
there is an indication that heterosis for characters

hetezrowis was generally found to be anall (Table 5)・ 
For ^rain yield per plant and 1000 grain v/eight higher 
hetei'osi& was obtained if high yielding parents with 
high grain weight are used as fezoalee in crossings*

*2»
of econor>iic importance, including grain yield, would be 

This Kould obviously tempt the

occurred more where gene effects were predominantly in 
one direction (unidirectional) than when the effects 
were in opposition (APPENDIX D-l to D-4). In the latter 
case, positive and negative effects tend to cancel each 
other.

%

breeder to produce 死 hybrids to exploit this
phenomenon. However, before this decision is made, there 
io need to examine the magnitude and extent of heterosis 
in the F1 hybrids a::? also to explore the feasibility of 
producing them.

parents, ixidicating the presence of residual heterosis 
in『2。 However, within a character the magnitude and 
direction of heterosis vj&b specific to the cross 
(APPENDIX D 1 to D4)» - Overall heterosis
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(h2 ss

also be a result of the change of scale.

genetic in origin. Further, both additive and non- 
additive genetic variation vrere important in &11 
characters measured. Similar results were obtained from
Table 4« The non-edultive portion gs greater than the 
additive portion foi' all characters except for number of 
ears per plant (Table 6).

On the other hand, the relatively high siagnitude of 
non-edditive variation suggests that most of the lines 
have been fairly inten&ely selected for the characters 

1963, after SPi^GUE and TATUM* 1942). This 
is especially so for the characters number of grains per 
ear, sraln yield per pl&nt and grain weight. In these 
characters, significant dominance and epistasis were 
found.

Estiizmtes of heritability indicated considerable 
additive genetic variation in most characters (Table 6). 
Eumber of ears per plant showed the highest heritability 
estiriate (h^ = 93 ・ 8), but this is not typical for this 
character (cf. the value of 2劣；reported by 3UTGER et al, 
196^') • Tbie may have arisen as a result of an 
unidentified cause in the data collection*
The low estimate for plant height inay partly indicate 
lack of 'variability in the lines studied 9 or large 
influence of tho environncnt on this character. It could
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different genes.
Result角 of investigation of the relationship

The order of dominance of parental lines differed 
for the different characters (FIGS • 1-7). This partly 
suggests that the cliarc.ctors are controlled by

Dominanc。was the more important source of 8n- 
additive variation and the average degree of dominance 
varied from partial to overdominanee (Table 6; FIGS ・ 
1-7 )• It is interesting to note that thG Ur/7r method 
failed 8 reveal ove*idoid.xiance for number。£ days to 
headiiig, plant height, . ear length . and grain yield per 
plant, which were sliov;n by (H^/D)否,(T&ble 6).

The Gstimatcs oX' tl;c average degree of do^nance 
as ootained from the ^oa&wic components 私。x*e in some 
cacoc/ lilg]ior than tUo^G obtained by the »7rf 7r 
regressions (cf« Table 6 and FIGS . 1-7). This rca.y be 
due to 泌is fact that the components are estimated from 
some statistical relationships, whereas the information 
froiii Hha .;rt Vr regression analysis is froc observed 
statistics. Further, the difference would have 
followed from the loxver Wr/Vi* regression coefficients 
for oomc of the characters. In both cases however9 the 
estimates are exaggerated if there is gcxie asyxsxnetry in 
parents, residual hetei'o&iysosity, eplstasis or linkage 
(HiiHJkN 19541 JINKS 1954, 1956： MATHBR and JIIHCS* 1971).
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heri-iJLb.il5.ty.

vri.1?. lead to a slow progress.
Oil the other hand selection for earliness and

and that these charactors had high herltability values*

between mean of a character and the degree of dominance 
(TablG 7) shotted nost of the characters examined to be

Foi1 example9 iu vug i*ound in this stiidy that grain 
yieM per plant v;as ^Ecociated v/ith dominance and had a 
relativt；ly low herit&bility (Table 6, 7)・ Selection for 
■iihi； cl .cter, ocr-cciclly in early gener£.tionB would 
not be aCi'ective because of the masking effect of 
doLiiiic；nce； other non-i*i:^ble gene action and the

ConsQQUGntly, in order to incx*ccise chances 
o:? recovcx'ins high yielding segre^ites in later 
Sencj.,£it5.oii6> a large px*opoi*tion of the population has to 
be c&loc^ed. This reduction in the selection intensity

tillering ability muld be much easier and considerable 
progrese v/ould be obtained^ This is because these 
characters were shovm to be associated with recess!veness

associat&i with dominanoe. This has an impox*tant
on the effcctiTensss of selection, especially lr» 

early ^©xisrations. Tor c:^mplev selection for a 
cbarGctGj? would be futile in the Fg generation if it is 
as&ocie.bcd with damijnenc-a or non-fixable epistaais*
The pixz'ilss tail be a：二ravated if the cli&racter has low
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are

Tha correlation ?;ct:-:een characters indicated staronj

v;er«

ear.

j?j.o lUnplications oj? the results from this work on 
the Ijreodiag of barley depend on the breeding goals. 
I-iost breedixig programmes aim at inproving yield; tmt9 
often such studies ere alao designed to improve other 
characters of ecoxiaxLc Awrtanc% for example quality, 
earline&s, plant height and resistance to pests9 diseasos; 
and lo^jing.

Selection for characters which have high heritabilities 
but associated with dominance, or characters which 
assooj ated vdth recoseivensss but vrilth low herltabilitiec

ne歹i^lationskLbs-Vv；een the three sequential 
priiii-.Lr * co«.'ponents of. number of ears per plant,
nuiiibor of grains per «a>.'廿nd 1000 grain weight. This

my partly leno support to the findinge of ADAMS, 
1967; •ti. v USSON an(\ 1970j GTUFIUS et 21・・ 1976a，b
"oliat tho iiGgative co:.Telations are due to competition. 
H0i'jc-;ex* m'.aber of ea??& par plant and 1000 sx*ain freight 

coirrolcitcd Kith yield, indicating that
erfccts wer© r：：orc tlian enough to offset the 

ne^ativo Oj?."ects arisii!^ 2rom low number of grains per

would lead to Intemediate rates of progress. Such xvil?. 
be the case in the selection for high number of grains 
per eax*, high grain t/eight, ear length and shortnese.



had. no j.nr^o influence on the characters measured. For

arc fcr.'.cd* Since roco?/c& v<ere taken on ixidividual

ano. asnca ^rain yield pss? plant*

T3g differenticJ. reaction of the different 30x10--

ctresc*

Often the breeder has to make a choice between the

Aspects of quality and resistance to dieeasest 
pofitc 02 lodging have not been dealt with in this 
stuCy. This hovzevcr ^oes not mean that these factors

plants, irrespective o£ tne gaps, these factors could 
affect the records of number of ears per plant, number
ox duj-.. vo headixi£； axu. #\iin yield per plant. Plant space
is knov.A to have a con3ic*.erable Influence on tillering

typec to ihe disGa&c：） ；7ould 】iave correspandinG influence 
on iouc o:? the characters examined. VJhero for example

the attack of the barley by the barley fly
（H皿皿k: ar^bourgi） 1e usually followed by excessive 

howeverc it v.\es sometime before new tillers

the s'tuCwion of tvro genotypes to disease is similar9 a 
late 3tELng variety Y；ould be exposed to disease for a 
longer tisie than an e^rly genotype. This v;ould affect 
the relative perfoi^^nce of the two genotypes. Similar 
efi'cctb on psrfonixinco of late and early xiaturiag 
vui'iotics would be •? brained in response to uoisture

production of purclincs or hybrids* Important pre­
requisites for the production of hybrids have been



lin< v.'iitih will be ;*ccuvcrsd will have nec.n£ vrhich are

inV -j-ieoic-to betwecx- bv.o parents.

i'ov： ■' J. -- theGO clxg.GtGM・

ad.6?.i;ive dul non*-£'x:^bl&9 noiiYddit土ve type* Therefore 
in of a Ju., generations of inbrcedxxig the

rc2* 2.-.iciber of mnix per ear, grain yield per plant 
end ..Gitiht there it< the possibility that such 
o:ri，」:：c Liiios could be recovered, ssince Gpiet&&is was

However^ foi, thin to happen,
i _ x； should be of the conplemcntary, honosy^ous 

-Loii.uhytous type (AamTVLIT, 1961v 1964).

earlier considered, and iiill not be furthox* discussed 
here.

other aspect is whether selection should be done 
directly for the cbc；re.cter under consideration, or if it 
is necessary to device uoue Indirect methods. Estixaates 
of heatability (Table 6) indicate that solection for

In tlio production of wirelines, the aini is to got 
Ir.ncs •.:hich are c:Arc：-ir in the character in question. 
Thic： ao-iievad by firr.^ion of additive ^enos and 
additive - additive intcractionc (AA3TV3IT, 19^1, 19^4>• 

ci' this that the possibility of
gc-Md.R.； lines k. vc higher means tha.n tliG higher 
:[jarEr.t.; i-iost is rathor small. The type
of e。:•刑 action cont：'Q?.l；.r.;? these cliaracterc is mainly oi



Jhis vzotild be aciiievca as the

'jJliese character's i.ere

is not

joro it is dGsircd to improve several cliaracterc, 
a ceci.jion has to b? i ado whether improvGr.：ent vrf.ll bo 
ac^weG by selecting lor one character at a Uizie or 
V'hc：tl.£：.' ci-'-iultaneou^ 1;浮i/ovenent of several characters 
is The stu<y ^hoi;s that it is possible to
£；ct cl AiU-taneous acvax-cc in tv。or more of the 
ci* .mcGcm, carline；3c, l*l^h tillering ability, grain 
yit 1c ^rain wcijlrc. 
poi-i^ivcly intcrcorrcliXcd (Table 8)・ However, much 
v;ill Gc^c^id on !iov. clacc these characters are linked or 
whethe** they arc pleiotropically controlled.

most indi.^jidual characters, including grain yieldv vroitld 
be cf?cct5.vo. Apw.rent7.y the study suggests that 
se?.cct<Gn will not be affective for plant height 
("2松•• 2&.3核). The results of Table 6 and

Table o isu^gest that faster progress in yield would be 
obtaiaod 母iroiigh sc-Xoetins for IrLgJier number* of ears ner 
pl:.-* nr oarly hccidr.n：-.
■fruc c^.T'anters, nasiti/ curliness and number o£ ears pei1 

■::rc positiye?-7 corrslated with yield (也ble 3) 
and 以g high lierit^bilities (Table 6).

Selection in ecu*?../ generations (此 anfi F3) 
likely to be effective. (rhls folloxirs frox the presence 
of coixcidcrable noxi-si'i^able, non^additive variation and 
re^ldu^l heterosic in tho 唱 i^aterial. Further*
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Ir ox'der to eu-u *1 虬

end

u<ilection can Uxx' uc initiated in the ?

wi-bMn certain crosoGs

cross

has been

selection vrill be complicated by the fact that higher 
neans o? fjame characters： are associated with donlx)anco 
(Tubg 7)・ It v;ould theroforo be desirable to delay 
£oltect:.on until the generation. 3y this time the 
Gffsctc of non-fixablG genetic variation vrf.ll have 
diLiini^xicc.e

handling of the hybrid
znatcxdalj ~uhe cfo&gcg cuiML be srown in juli: xn 唆

与・
gene^aliion and the conventional pedigree nothod of 
sej.6cc«n be

bhile this study has given much indication for the 
pre&ence of heterothe need for furtlier 
exsuaination of this phenomenon in hybrid。

'rae results oi* work suggest that selection 
(crosses v;ith parent 3) would be 

rev出ruinEvidence for this conclusion is provided by 
the ouGbtunding ari'uy pc^foniance for four oi* the 

ciiaractez%,二二ixly grain yielc., e«ii*linessf 
•oillGi'int; ability ana 孕或:in v/eight (APPENDIX 3)« Fro此 
aiT&y nimbex* 8 it van <^lso evident that the 
Pg 二妇 v/as the bgt vith respect to yield. The 
bre eXs i.Kking 就侦：this; :naterial would probably 
benef^.t by payixig particular attention to this cross in 
future generations.
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exorsssGd. In addition to this the procedure for
seed neecc, to be evaluated uiidcr

it :vhereforc to
proexjc E^7G：?ior purelineshould continue iLc

fGaslblliby of producing hybidds is bein^ invectisated.

could hr (■ ,i ■ fad f Che materii.L h." •• beei*

E. be Im，，..

by utudjo

r.-

producing; the 弓

T&oesvi土&二 aonciitions.

:< h-?：re is indication that sucorior

:>n^ vhe guidance pit；；'ldcd



67

6. 23I3LIOGIUPIIX

S^iv'ics on quanvitailvc： eZjructz:/. and

A踞章勺,；t.J. (：L956).
y:、B

.・ f Zv.QIt.-.l . J

(ian. J. Pl. ^ci.

:i- LU'Ir^L, 0.E・ (1947)-BGY 丸,

r

AASTTLJIT. k,(1964).

心K.(1SC1). 
quantitative inheritanco in 

Keldingei* £¥* I疝H, 些(2) H2p.

iiat^rosis and selecuion in barley.
iiGneljicL^ 虫7“ 159 ― 164*

ABO-ELENEIN, ；i.a.；；.<.. 
inherits.

八..r,y_. t -.J.;心皿尼& S.・.二.；" 
EfftlratW.c:、. :'" cnetic rarciictcrc for eleven 
character;; in salt土ng barley (Hprds-cza 
vulgar。, !：•) diallel cro&s ai^iil/ois. 
zigrocicit；S«-r 97 — 109•

2iuS：?.Fi Cii, H.H. uiM； ...J.P.H. (1970).

二…M・ and ATTIA, G.A. (1975). 
xmel vzeight in Parley, 

Hordeuin vv..;/ .•.i..<, L・ Zetschrift Tur 
pdang心sMiuig 75 (4)・ 317 一 326.

AIXu-.Jj 云(1967). ic for yield coisponcLit 
coLipensat-5.「.;、crop plants v/itih r'cforence 
to the hr^n Pha$eolu& vul 3/.'or 
S3i.F 乙侦序-510.

；\. uinaiiion of prcpcbcnc/ fxxsm 
liiua bear: cross data. “二:、、om・ J・ 褪,
537 - 54：.

between seed weight and natui'o plant
cliuract&x-； r.a spring vzheau.
5Q (1/s fv ” 5：・

C：.5 CCrFf C-.L.r i' LU'KEL, O.E. 竺£8说
o£ selectioi： :?yield in v;hcat» 2'credity, 
-I CCC c，『A. 2.》—，••：.•



63

Hy3ricl

Disllel

cliar<^ctc_ 1.: ticc ot

Rome.

Genetic variances

(Hordevr: 土
配。卜

CliAUDILulT, 3.D.； SiliG：；, ... and 沱口心
Estii-iation oi, ^enet:lc parancters in barley 
迦亚［寥穿,L.). Thcor. and A?pl. Gen;

CQO。!，饥J. and POLHTJ.u'：, J・I“ (1971). 
performance；二Mong Ei::-roved v.i^wor barleys 

j.72.rof L.) vury土in kernel sise.
f 官-^1.

D.;7. and .kLL.V^D, Il•吁・(1952). 
cross analyuir of heading date in wheat. 

2，275 '• 3：LS・

7A0 (1976b). FAO Trttde yearbook. Vol.於,FA。,

FEJE?, S.O. and FEDAK, G. (1975 a).
and correlations betv.cen yieM components, 
and othci- in crosses between spring
and vri.nter barlsy. Zeitschrift fur
Pflanzenzuchtung, 史(2), 137 - 142・

FEJER, S.O. and FEDAK, G.(1975 b). Hetero sis azid 
combining ability in a diallei cross of six — 
row spring barley selections. Barley 
Genetics III. In： Proceeaings bx the *thira

芟,192 - 196.

3.；M (1974).

DUUATLII, M.A. (1974). Inheritanco, vacation and 
interi'el6.uionLl*ip of grain and straw

6 - ro•.£<?. bjrley crosses. 
Disscrtr.tion abstracts interna tional 
(10), 47C6 Be Univ.Wise« liaison USA 114p«

3L …EADDAD, M.N. (1974). Combining £.bi?.ity analysis of 
a dicillsl ctcn in spring \;heafc. Alexandria 
J. Agric. Res. 22.(2)，275 - 280・

FAO (1976a). F/iO production Yearbook. Vol, 22，FAO, 
Rome.

j.72.ro


69

务o theory of plant breeding? for

Th传 c^se for

.^tiiis.tCG of 3€-netic parameters
5.11 Cross-f&:ci5.1i£ing plants their 
iiaplications in plant breeding. In; 
statistical ^uiifetics usid pla-xit breeding, cd. 
U.De Hanson «nd K.3. Eobin&n。 IuS 2IHG Fubl. 
932 ■•Jashin;;ton D.C. 225 - 2昵・

G^A7Ti-.3f JeE, and J. (1976 a). Leaf canopy as
reJxjited to j-iolc. in burle：^ (He说g: vul^aree 
L.)« Agrnn J, 39。- 402.

GX：.i?IU3, J.2,； THU1AM ：：・Le and aiRIIAHD, J. (1976 b).
Effect of siz^e-iual coraroneiit complementation 
on yield and cc;.iponents o.? yield in iMrIey. 
火。p Sci.f 1CP 673 - 677・

J.田 and TEW.出,Ti.L. (1971). 
indirect genetic control oi* sequential 
traits anc： the strategy of &；皿oyment of 
enviroziLie;L'ccources by the plant* 
Heredity, 2, 433 — 442 •

Gil工Fi?工HG? B, (1956). Concept of geneaxil and specific 
combinin：; cihility in I'cl&tion to diallei 
crossing systgsi. Aust. Jr- Biol. Sci. 9» 
S3 - 493.

^c/uixxul and induced i.iutations in 
ins 「roecodings ox 

the 3rd Inten^uional Barley Genetics 
SpaposiiiFij Ge-r.'oliiug, 7-12 July 197

7il；idi3Lt 0«H. (1947.- 
yield, Eereo.?.^, %, 109 - 120.

GUTZ?：涪上 0.0. (19-；.：.

International barley genetics s;nnposiiuav 
Garching. 7-12 July 1975.

P05T/3, C.Ac (1975).
hybrid bis.rl?.r breeding.

U.De


70

血LLSSi% G.M* (1975 »).
匹

llewoi'osis In ■..heat. Zeitschrlx't

u^i'ic. Res. Rev. ^2 (8),

3ionotricut 10, 235 - 244.

HA3C.-A'；； B・：L (1954 b)・ The theory and i.neayois of
Gonetiicc； 龙* 7幺9 _ 3。9・diallcl

H0a2："]Tr M.A。(1975). 昼* 睥neCdx i^alc sSriZe barley

HAG3G1G, P.； L.3HMANN5 L. ； HAG3IHG, G.; 
(1975).

in a diallcl cross of peas.
453 - 457.

GlilTTOK, E.T. (1975)• Heterasis and combining ability
Crop sci., 15,

The analysis of viirifance of 
diallei tc/.'le..

collection, Barley Genoties iiwsletter,乏, 
m _ &6.

HlUSK.lj S. (1975). The influence of reciprocal 
crosoin^ on uLc heterosis effect in wheat. 
Plant 3rceu> Abs. (1976) 46: • 409S.

ILV.iLjQOM, B.A.
Introduction and ccarch o£ nutante 

which can be need in the developi2Gnu of 
hybrid barley. Tn： procoGdinrs of the 3rd 
Interziatioi^l 3ctrley Genetic Syixpossiun, 
Qarchiay 7 -寡 July 1975.

Genetic aiialysic c-i? yield ~.n 
、上。龄. ZcitGchrift fur vAlinsensuchtungj 
294 - 321.

HALLg虬 Q.M.. (1975 b).
fur Pflanzi?a；5v.o• itungP 74, - 27.

lUSSANIJ^K, E・H.； SELr：, A.K.A.； ATTIA ； 3.3..；« (197^). 
Heterosis end 'jonainins tooility in a spring 
heat diallcj. avoss. !• Grain j^eld and its 

conponentc.
1 -8.

Hi；nUiir B.I. (1954 a).



CX*O££CC.

:xxiiifestation

Plant

o:? c. diilleJ. caric.r of crosaee
Td.th diiT: . omidv^ri? ;.no d:；7rf tyj er in

〜.rlf.nt 3roe:h Abs. (1976)

-2
2.Z11Q1

rprinr? b
46：, 2403.-

(?974)- Inbreedinj do^rczcion .:n«5
coiibiniii^ entimatec fro: 1
crocrer: in h .-.-J red x;intcr vhc-t. jisrertation 
Abctract : T：'uji'n..tional, 枝.(-Q), 47SfiB.

EE*% V.H. (n974). .^c^ults of a rtvdy of 
reciproc?.?.习 hybrids of corghurr . 
Breed.. Abs. (1976) ^6: 901S.；

网H:艾其:：,V.T, ;LUXWi?;r-0, N・IJ. and BARSUKOV, P.N. (1975). 
Problems of technique r in breed土ng barley

for yield： • Plant Breed. Abs. (1776) 46: 
8986.

71
JANICK, J. J SCHEHI, R.W.; WOODS,F.；7. ； ^UTTAN, V.W. (1974). 

Plant Science, An introduction to world 
crops. 2nd - dition. Frcemn. 740 pp«

JIJTKo, J.L. (1954). The analysis of continuous 
vacation in diallol crocs of ；Motiag 
ruwtMa x^k'ictiGs, Genetics

JIKKo, J.L. (1956). * 
from a Z'Z r. 
1 — 3。・

KAKBAL, A・E・； A3U-：JL ：W

f 龙,767 - 7SS.
and backcro^o ^encratlozis 

heredity, 10»

r：, U.H. (1V76).
of heterosis in grain sor^uis. Exp. 
Agric. 12 (1),"33 - 42.

ICLA^SBT, H.J. (?96«). ietirLoo.1 1 oi* rj.ndon
ifl-tinc Po di uion; A ron of five
cxrerirwrrt，】f ci^nr. IIcrGtliti-, 70s 
205 - 23 久

LxlU,).(1974) ；.He^i;±t



72

BiometricaJ. Genetics.

I-Iorogoro, Tanzania.

IJixiistry of Agriculture, Dar es Salaan.

Synpossiwn, Garching, 7-12 July 1975»

I-LlTHEH, K., JINKS, J. L. (1971).

Chapman and Hall Ltd.

MATZINGER, D. F・(1963). ExperjL.ontal estimates of 

genetic parameters and their applications in

1ALAGE, R. T. (1975). Hybrid barley. In: Proceedings 

of the 3rd International 3arley Genetics

self-fertilising plants. Ins Statistical 

genetics and plant breeding, Ed. D. Hanson 

and H. F. Robinson, - lEiC Publ. S($2, 

<7ashington DC. 253 - 279・

NA3;i, II. G. and KHAY3ALLAH, U. J. (1976). Heterosis, 

inbreeding depression and combining abilities 

in a five - parent dlallel of six - rovz 

barley. J・ Agric. Sci., Caab., 36, 

537 - 542.

MATTSON, R.; I4RH-II, G.A. (1976). Sone Aspects of

Cereal Research in the Southern Highlands of 

Tanzania. Paper presented at the 6th 

Eastern Africa Cereals Research Conference,

NILSSON, H. E. (1974). Report on studies of vzheat 

diseases in Southwestera Tanzania in 1974.



73

characters.

混SHUSSON, D. C・ and CANTTEL, R.O, (1970). Selection 
for grain yield and components of yield in 
barley.Crop Sci., 10, 51 - 54，

RIGGS, T. J. and HAYTER, A. M. (1973). Diallel 
analysis of the number of ^I'ains per ear in 
spring barley. Heredity,刃.(2). 95 - 105»

尺UaAJHAYQ, P. % and V. (1976，. Heterosis,
Inbreeding depression and correlation 
coefficients of yield and yield components 
in sorghum. Zeitsclirift fur Fflanzenzuchtung, 
72, 286 - 295.

RUTGER, J. N・;SCHALLER, C. DICKSOIIj A・ D. and 
V；ILLI.UISf J. C. (1966). Variations and 
covariation In agronomic and aultins 
quality characters in barley I: Heritability 
estimates. Crop $ci., 6, 231 - 234.

l^UTGEli, J. N.; SCHALL曲,C. W. and DICKSON, A. D. 
(1967). Variation and covariation in 
agronomic and malting quality characters 
in barley, II： Interrelationships of 

Crop Sol* 9 7» 325 - 326.



74
SACHAN, S・ C. P.; NATH, P. . (1976). Combining ability

of some quantitative characters in 10 x 10
diallei crosses of water melon, Cltrunus

grain yield and selected yieJ.d-related
traits in a hard-red winter xvheat cross.
Crop Sci.r 16, 650 - 654.

General Vs

of corn.

row varietal cross in barley. I: Genetics

UPADHYAYA, B. 3. and TIASWUSSON, D.C. (1967). Heterosis 
and combining ability in barley. Crop 6ci.v 
2.9 644 - 647 •

SID'JELL, R・ J・；SI-IITH, E.L. and KGNEi；, ；•?•・ W. (1976).
Inheritance and interrelationships of

TANDON, J. P・；JOSHI, A. 3. and JAIN, K. B. L. (1970).
Genetic analysis of yield in six row and two

SNEDECOR, G・ E・ and COCHRAN, V：. G.(1967)・ Statistical 
methods, Iowa State Univ. Press, Asies I0;7A«

lanatus (Thumb.) L:ansf. Egypt・ J. Gen. cytol., 

2(D» 67 - 77.

SPRAGUE, G・ E・ and TATlff-i, L. A. (1942).
specific combining ability in single Crosses 

Journ. Amer. Soc. xisron.,
923 - 932.

of yield and its primary components. Indian 
J. Genet., 26, 239 - 251.



75

i/EBER, W.1S. (1976). A 10 - parent diallei for

Zeitschrift fur

The use of

complex characters.
V.ILLIAZI3, U. (1959)・ iictci'osis and genetics o£

距Ere, ：L抓.5*7 - 53。・

UHITEH0US3, R.N.H. J THl^-PSON, J.B.? Do 7ALLE 
h.A.l-i. (1956). Studies on the breeding of

iZLIBE, G. A. (1975)・ Tl*e challenge facins barley 
bi'eeders todty. In； ?roccedinss of the 
3rd International Barley Genetics Syuposiw^, 
Garching, 7-12 July 1975-

self-pollinating cereals.

a diallel cross analysis in yield prediction. 
Euphytica, ' 147 - 169.

quantitative genetic studies in pea。 
(Pi&uia 曲tivwu, L.).
Pflanaenauchtimg, 77» 30 - 42・



76

7.APPENDIX

APPENDIX At

APPENDIX B:

81APPENDIX C:

86APPENDIX D-l:

APPENDIX D-2：

90APPENDIX D-3t

APPENDIX D-4:

Page
78Meteorological data for the 
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season.
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progenies, averaged over blocks 
for yield and yield components 
in the 8x8 diallel experiment.
Percentage heterosis of the F2*s 
for number of days to head土ng 
(average over blocks and 
reciprocals).
Percentage heterosis of the 
for number of ears per plant and 
plant height (average over blocks 
and reciprocals).
Percentage heterosis of the F9*s 
for ear length 2 and number of 
grains per ear (average over 

blocks and reciprocals).
Percentage heterosis of the Fg*s for 92 
grain yield per plant and 1000 
grain weight (average over blocks 
and reciprocals).

Assessment of severity of attack 79 
by tha leaf diseases (score 0-9). 
Average over blocks and 
reciprocals.
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94APPE1TDIX D-5: Simple correlation coefficients 
between heterosis for yield and 
heterosis for the yield components.
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Parent cr Cross
Net blotch (Helminth。sporium teres)
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APPENDIX B: Assessment of severity of attack by 

the leaf diseases (score 0-9). 
Average over blocks and reciprocals
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APPENDIX d-1： Percentage heterosis of the F2f3 for 

number of days to headins ' (average 
over blocks and reciprocals)
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