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INTRCDUCTION

Onion (/£1lium cepa L.) is the most common ~mong 21l
the bulbous vegetnble crops classified in the genus
Allium within the family lilicceze., 1In Migeria ther: are
several local cultivars of Crion with distinct characteris-
tics, such ~s colour, shape, nd pungency. OCnion produc-
tion in Nigerin is located mainly within the northern
statas, espccinlly in the ~rens between 1-titudes 10° and
13°N. The commercinl production of the crop is mainly
during the dry season, bectuse of disease problems asso-
cistzad with the wet sc¢oson, Thus onion production in
Nigeria is m2inly corried out in the local Fadama arens
becruse these are the ~raers with irrigction water., Quite
receatly however, the Federsl Government hos increased
the amount of irrizatable 1-nds through construction of
many d-m projects, Hence onion production has extended
beyoad the fadame are~s,

The tradition2l methods employed in onion production
by the local farmers are usually rcsponsible feor their
low productivity. The average low yield of approxim-tely
5 toas per acre is because of very low plant densities,
poor seed germination, ~nd lzck of appropriate fertilizer
application,

Most resenrch observations conducted hnve shown that

the red or brown skinned onions ire prefered by Nigerian
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Consumners, because they hve been found to store better
than the yellow or white ones (Green 1973). It has =lso
bcen shown that the red skinned onion is more resistant
to storage pothogens becnuse of the antibliotics associated
with the red pigments, and nlso becnuse of their high
soluble sclids contents, Theé local white cultivar that
is not liked by consummers are mostly used for medicinal
purposes by the indigins, The recson for this is still
not. known. However, the white loczl cnion is only dis-
tinct from the other Nigcerion onions in terms of its
colour which is thought to be due to reccessive gene
effect on colour (person~l communication with Van Amstel,
Onion breeder Horticultural Section, I.A.R.).

This study was conducted primeorily to study the
genetic veriances and correlations among traits in our
local white onion cultivars, Sccondly, to study, the
heritable variations within these traits in order to
ascertain whether breeding for these traits should be

undertaken,



LITERATURE REVICW

A. Dry lintter Content

The dry metter content of onion varicties especinlly
those to be used in industrial processinzg for dehydratioa
is o greot importnnce to breeders, The devilopment of
desirable lines involves selection of individusl bulbs
containing known amounts of dry matter, This type of
selcction presents some problems becnause onions for
breeding are first grown from seeds in the first year to
produce bulbs which 2re then examinced for the desirable
characters, The selected bulbs ~re planted ocut the
following ye~r for sced producticon, In determining the
dry natter content of individual bulbs, one must remove
a portion of the bulb for onnlysis, that is a somple
reprusentative of 211 the tissues is taken and this 1is
usually done by cutting parellel to the axis of the
bulb. PBulbs that are sampled this way are difficult to
store for latter planting due to spoil-age caused by
orgnnisms which enter through the wounds caused by
sampling, Since the s2mpling is done on large population
of bulbs, such losscs ~re serious,

To 2void specilage, other mcethods of sampling have
been tried, The outer-most two fleshy scalcs of the
bulb may be removed with very slight injuries, and the

Juice from the picces are squeezed out and a drop is
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plece on a refractometer which gives the parcentage sugar
contunt in tke bulb, The analysed bulb can then be stored
for o long period without spoilage.

Biryukov (1939) uscd this method and showsd that the
refroctive index or percentage sugar contunt is positively
related to dry motter content, From his calculations he
found a correlation of r = 0,96 for dry weights (oven dry)
and refractometer rendings, Fann and Hoyle (1945),
McCollum (1966), and Herris =nd Vil-ce (1970), used this
method and obtained similar results,

Toskett and Peterson (1930) showed that varicties or
hybrids of onion having hizh percuntage of dry matter are
less likely to sprout during storsge, than those with low
dry matter, In their study Mann and Hoyle (1945) found
that the percentage of dry matter in South White Globe
incrensed from outer to inner scales of the entire bulb,
This neans that somple taken frem smaller portion rather
than the entire bulb used as sample could give risc to
mislecding statistics, It was nlsc shown ky lc¢hr and Tims
(1951) -~nd Zeller (1939) th-t percentage of soluble
solutes in creole onions and the concentration of sugars
in 2n unspceified cultiver incrensed from outside to

inside and from top to bottom of the onion bulb,



B. Bulb Firmness

Cnion harvested in commerciol quantities =2r< stored
in bulk to ~ height of 2, -~ L meters, Using the existing
vari:ties, stacking to approximatsly 3 octers is sztis-
foctory in the temperate orcas, but higher stacking some-
times resvults in crushing or detormatior - of bulbs 2t the
bose.

However, now varicties with inerensed resistonce to
detormetion would purmit stacking to greater height, 2nd
hence lead to increascd storage effecivney. Thus many
onion brecders include bulb hardness (firmness) ns =2
quality characteristics in their progrommes,

Measurement of the buldb firmness h~ve dbeen mnde by
Magruder and Knight (1933) ~nd ing et 2l (1959) using the
LEE ¥rame Shear press and expressed the bulb firmness ns
an F/D ratio where F is the force applied in Kilograms
and T the distance of compressicn in centimeters. However
Fennell (1977) on the othur hand used 2 smnll compression
tester colled thie duromeier, originally uscd for testing
fruit firmness in cherrics (Unrath gt 21 (1969) ~nd tuber
firmness in potatocs (Ross and Poter (1976)., He clso
compared the durometer for testing hordness in onion
bulbs with 2 tensile testing mochine, Results from the
two t:sts were closely correlated ~nd significont vorictal
differences were detected in bulb hordness by both machines.

The durometer was of particulsar vnlue because of its simpli-
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city ~nd non destructive n~turc cf the test procedure,
Miewhof et 2l (1973) usud “2ifferent mothods for measuring
onion bulb firmness, Such methods include, Hand or thumbd
pressurc, tenderometer, duromcter and pencitrometer, nd
found no strong correl-ations betwsen the results of these

different methods of moosurencnis.

C. Bulb Velzht

Mann o~nd Hoyle (1945) in their examin-~tion of four
varieties of onions, not:d that thosc with low mean dry
matter had relatively larger bulbs, especinlly nre
Italian Red and California Early Red, while varictics with
high dry matter had smaller bulbs, like South Port White
Glob.: and Australion Brown,

From the experiment Niewhof (1973) carried out in
cooperotion with the dutch onion Fedurotion from 19€5 -
1968 using mainly the stroins of Rejnsburg and Noth
Holland Strow Yellow, it was evident thet the most pro-
ductive strains had the ‘owest dry maotter content, With
an increcse in dry matter content of 1 per cent the
productivity decreaszd by 10 p.r cint, ‘lso Niewhof
(1973) cited an exompli, that the dry matter content of
Yolska strain is 1 to 2 per cent higher than that of most
hijneburg strains, but the¢ productivity is 10 teo 20 per
cent lower. DMeCollum (1968) observed that there are
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tendencies for a2 negntive genetic correlction - between
dry matter content and bulk weight, He suggested that
when sclecting for a2 higher dry matter content, attention
should also be prid to the effect of this on yield., On
the other hand, Fennell (1977) using open pollinated and
hybrid varicties found no correclation between bulb size

end firmness,

De Vegetative Characters

Several methods for estimating the area of leaves
have been developed nd described, The equotion, leaf
arca = Leaf Width (w) x Loaf Length (L) x n factor (F),
has been used successfully with 2 number of 8Species.
McKee (1963) used this method in corn (Zea may L.)

Ashley et 21 (1963) uscd it in cotton and Stickler et 21
(1961) used it in sorghum, The factor (F) is usually
determined by tracing the outlines of sampled detached
lecves on o graph pap<r, or on 2 paper and the aren is
subsequently determined with a planimeter. The width and
length of the detached leaves are 2180 measured, These
mecsurements are then uscd to Adeternine the factor (F) in

the following equation Leaf arca, Hoffman (1971) in his
L x W

own different approach, found a logarithmic relationship
between 1enf length and loaf orea for hybrid Granex onion,

On leaf length and yield of onion, Howthorn (19L6)



and Delis et 21 (1967) in their works found = positive
corrclation between the two trcits., Dowker et a2l (1976)
clso reported o positive correl-tion between leaf length
and vicld in onion., These workers however showed lower
correlations between plant yield and lenf characters such
as width of longest lenf, luaf number, ond neck diemeter
as comp-red to the correlations of + 0,82 between leaf
length and yield which they obtainced, This is the reason
thercfore why leaf length hos been chooscn as the best

available measurement of plont size,

E. Heritability of Onion traits

Heritability of onion traits have been investignted
by several workers in different onion cultivars, and
varirble levels of heritobility have been reported,

McCollum (1968) estim-t.d heritability in Yellow
Sweet Spcnish onion, and found the values for bulb weight
and cinmcter were mostly very low O0=11 pur cent ond
0=23 per cent respectively, while the values for bulb
length and shape index were 25 - 76 per cent and 34 - 68
per cent respectively. Nekomura (1958) estimoted
heritobility in three successive yonrs 1956, 1967, ~nd
1958 for bulb weight and obtained heritability estimntes
of 10, 0, O per cent respectively, Varid (1959) working
on green house onions estimated heritzability of scluble



solids to renge from 71 ~ 73 per cent, Similarly
McCollum (1968) in ~nother work with open pollin~ted White
Sweet Spanish cultivar obt2in:d heritability of 90 per
cent for soluble solids (dry motter content).

Because of this high heritability exhibited by
soluble solids both Warid (1952) and Owens (1951) concluded
from their genectic studics thot s:<lection would be effective

to change solids content of onions.



10
MATERIALS AVD METHCD

Flont Motcrial

Local white bulbs uscd in this exoveriment were col-
lected from mark:ts nnd villages in 2nd around Zaria town-
ship, These bulbs were planted ~nd secds raised from them
were grown to produce bulbs in 1979/80 dry season., The

arv:sted bulbs were stored from April to September 1980
during which sprouted "nd rotten bulbs were frequently
removed forthnightly,

In September 1980, 460 numbered bulbs were analysed
for Lulb firmness by the usce of duromcter as was described
by Fznnell (1977). The =2nalysis for soluble solids was
measurcd by hand refractometer as outlined by Mann and
Hoyle (1945). Finally bulb weight was dertermined by
weighing the bulbs on a2 seale,

From the 460 bulbs, 100 bulbs were s<lucted at
random, The mean values for bulb firmness, Soluble solids,
and Sulb weight for the 100 randomly sclocte? bulbs were
7179 per cent 8.69 per cunt <nd 99.12 grams respectively

as shiown in table 1,

Experimental Procecduce

To understand clecrly the following methocdology,
one must understand that the onion plant is 2 biannual

crop. In the first yenr bulbs cre plented usually during
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the beginning of the dry sccson (Cctober). After six
months (March) onion secds are horvested, These horvested
sceds when sown 2nd transpl-nted on to the field in the
next dry scason, onior bulbs will b.: produced 2gain, thus
completing the circle,

In October 1980 thercfeore, the 100 bulbs were planted
in an isolated field free from other sources of pollen,
for the production of matcrn2l h2lf-sib family seeds,
During the growth period, 21l agronomic performances were
carricd out, such a8 fertilizer application, weeding 2and
disenses nnd pests control, according to stipul-ted
recormencntions, HNo experimental design was used aos it
was purely 2 sezd multinlication plot.

Open pollin-tion occurcd, thus each plant was
equally likely to act as pollen parent to each of the
families, (Varintions in plant vigor and bloom dcte
probebly prevented complete randomness of the matting).

It is 2lso possible for s<1lf pollination to have
occured which by the acstim~tion procazcdur-s us.? woull
bias the heritebility cestimates upwnard, However, onion
is 2 species which is naturclly cross-pollinated by
inscets 2nd selfing, unless enforced by iscl-tion from
other pollen sources, is not expcected to be of any
consequence,

In April 1981 seeds from each mother bulb were

harvested separately, thus constituting - series of
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maternal half-sib fromily scwds, Environmontal hozords
such s disc~8cs, =-nd inncdequate woter supply affectced
survivability of some fomily lines, ~nd hence only 30
meternal holf-sib family sceds were obtnained,

In May 1981 the sceds Ifrom ecch hoif-sib family was
gown nd transplonted in early July. The experiment failed
because of onion twister discase which is very common
during the wet s-ason,

The experiment was repl nted in October 1981 snd
transplonted ~fter six weeks on 2 bed L meters long by 2
meters wide, with - spacing of 15 cm between rows 2and 20 cm
within row. Thus ~bout cight rows w.re obtained per plot,
A randomiscd complcte block design with two replicotions
wos used due to limitation of seeds, and fertilizer
(Superphosphate) was 2pplicd before transpleonting and top
dresscd after six wecks of planting with calcium ommonium
nitrate fertilizer, Weeling ond pest control was done -8
recommenced by Institute for Agricultural Research Zaria,

At about two wecks to harvest 15 plants on wnch plot
were chosen 2t rondom in the two center rows, =znd the
following measurements made on the vegetative characters:-
Numboer of lesves, length of longest lo~f, wicdth of longest
lenf, leaf arcva of longest leaf, About 2 weeks after
hervest these other measurcenents were made on the horvested
bulbs, viz Soluble solids, bulb firmness and bulb weight.

Number of leaves: The number of leaves for c<2ch of

the 15 plants sampled was recorded. The total number was
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divided by 15 to give th: mean number of l:zaves per plant.

Length of longest leaf: lezsurcment was made from the

base to opex of the longest 1l.of on esch plant sampled, The
measuren:nt was in centimneter,

Width of Longest Leaf: This measurcement was 21lso made

on the width of longest leaf by flottening the lenf ond
measurement wag taoken 2t the widest portion in centimeters,
using 2 meter rule,

Le~f Aren: This was determined by the use of the
formulor (L x W) x a factor (F). The factor w-os obtaincd
from samples of leaves token prior to the actusl measure-
ment, These snmpled lzoves were detnached from the main
plants at their boses, "nd their length, width, and leaf
areas were determined by trrecing the l.oves outlines on
2 centimeter graph paper. The factor (F) was then col-

culated by the formular estimated leaf area &
x

Soluble solids: The outer three fleshy scnles of the

onion bulbs were removed out on three places round the
middle of the bulb, using - borer, The pieccs were roemoved
onc placed on a crusher, which squeezed out the Jjuice,
drop of the juice wnas placed on th: hand refractometer which

recordcd the amount of sucrose sugar in percentage.

Bulb Firmness: A durometer, model O=2 manufactur.d

by the Shore Instrument Manufocturing Company Inc,
Jamaica, New York, U.S.A. was usecd, This instrument

measured the bulb firmness in percentage.
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Eulb Weight: Individuzl bulbs were weighces on a mettler

P1210 Scnle, The rezsdinzs vere recorded in groms,

Statisticol Anzlysis

Anclysis of variance was perforned for cll the traits
from the experiment, The cnalysis for ceoch troit waoe
computed on plot mecnns,

The form of the analysis of variance with the expected
mesn squares which were usce for the estimation of genctic
paraneters is shown in table 2. The components of variance
were estimated from the expected mesn scouare for the analy-
sis of half-sib familics as in table 3.

Table L4 shows the znalysis of variance and covariance
of a pair of characters (x and y) with the expected mean
cross~products, The 2nalysis cof covariance for =~ pzir of
all the¢ traits is obtained by the combinction of the
ennlyvsis of veriation for both traits in the pnir.

The genotypic 2nd phenotypic correl-tions were
e8tinoted for pairs of <.l traits wensur.l, Calculations
on genotypic correl~tion coefficients were made from the
compon.nt of variance, In this procedurc the nnalysis of
varicnce end covarintion (table U4) were used to obtain
genotypic componunts of variance and covaristion acerrding
to the formular uscd by Mo'e 2nd Robinsen (1959).

_p:-: ”GX' __r623 x Gy
\/ngx .52Gy
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Where 5%KGY is the genotyvic covarinnce of traits X anl ¥
5@% is the genotypic vaeriance of trait X
‘g%W'is the genotypic variance of trait Y
n’zgxy is the genotypic correlation coefficients of
the two traits Xrond Y

The phenotypic correlation were computcd using formulor

rph = M, Mé

\'I——-—-—————

1

M3 - M3
Where MB is the entry m.:an squcre for trait X

M; is the entry mcen square for trait Y

and MB Mg is the entry mean product for the two iorite

X and Y,
The arror correlation was 21so computed for each pair of
21l traits measured using the error meen squarz. This -
2 measure of the effects of replicativons on the treite In

el
each poair., The formular used vwns := rexy = Mg MS

Where rexy is the error correlation coeificient for trait
x and y.

Ms is the e¢rror nceon square for trait X

Mg is the error mcon squere for-trait v
and MS M% 18 the crror mean cross-~product feor traits

X and Y.
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Two estimnotes of heritaobility defined in the narrow sensc
as & ratio of additive genetic vari~nce to total phenotypic

variance i.e. h2 = VA werc usced,
A5

The first estinate required the =s2nua.d regression
coefficient of holf.-sib fonily means on mother bulb values
(regression of offsprins on one parent). The formula used

wvast- (X = X)) (v - Y)
g(x = X)°

With a standerd error S.E, =
VI . x
£8 x?
Vhere X is the parent troit

Y is the offspring trait
b

Thus “op = Cov , oOp
P

Where Vp = maternal parent vorisnce

V& = additive genetic v-riance

Cov 2P = % Vi

b
Q.l op - VA
Vo
and VA = 2(Pop . Vp)
... .‘]2 = V;i

B+

* Yy

R
Where VB = Between haolf-zib familics
Vp = Reps / familics

Vw = Within families
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The second estimate requircd the voricnce component
obtained in the analysis of holf-sib familics (table 2).

The formular used is tHs w2 VA = ﬁz
Vo “B with standard error

t=Vy

V% + VV + Vw

=t = V:'-\

VA= t(V, +Vy +V)
V, = Lt (V5 + Vg + V)

2
l.e. W% = Lt Vg + Vo + Vg / Vg + Vg + Vy

hz = L VB
Vs * Vg + Wy = L vy
TU (VG Vg * V)

A8 modified by Bohren et al (1965) when only one parent
is identified,



RESULTS

Table 1, gives the mean values, standard errors, range
and coefficient of variahility for the three bulb traits;
bulb weight, bulh firmmess, end coluble golids for the 100
randomly selected bulbs and the 30 tulbs that survived enough
to generate the half-sib fanilies, The mean values for
bulb weight, bulb firmness =nd soluble solids are 99,12
grams 71.79 per cent and 8,69 per cent respectively.

The values for the 30 bulbs that generated the 30 half-
sib families for the three mentioned traits, namely bulb
weight, bulb firmness and soluble solids are 103.30 grams,
71.28 per cent and 8,66 per cent respectively, From these
data, there are no significant differences in the mean
values for the traits obscrved in the 100 randomly selected
bulbs and the 30 bulbs that survived enough to generate the
half-sib families,

The standard errors for the mean values for bulb
weight, bulb firmness and soluble solids range from 0,15 to
3.73 for the randomly selected tulbs, while the range for
the 30 bulbs that survived was Q.24 to 6,49,

The coefficient of varisbility was high in both the
randomly selected bulbs and the 30 bulbs that survived
compared tc the other traits as shown by their values
(37.66, 34.L7) for bulb weight (7.0L, 8,08) for bulb
firmness and (16,63, 15.24) for soluble solids.
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Table 1. Mean, Stondard Error (S.E.), Range and
Coefficient of Variobility (/) for Bulb
welght, Bulb firmmess cnd Soluble Solids in

Local wnite onion,

Traits Mean(g) Steondard Range Coefficient
Error , & Variabi=-

1ity (%)

Bulb Veight 99,12 + 3.73 b, 0-249.08 37.66

(103.30 + 6,49) (54.0-186.28)  (3L.47)

Bulb firmncss 71,79 + 0,51 5€,0-82,0 7.0l
(71.28 + 1.05) (59,2-80,5) (8,08)
Soluble Solids 8,69 + 0.15 5.7=12.,9 16,63

(8.66 + 0.24) (6,2-12,9) (15.24)

Upper row for each trait refers to 100 randomly selected
bulbs a2nd lower row in braocket to the 30 mother bulbs thot
genernted the holf-sib fomilics,
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The estimates of variance components and their method
of determination sre given in the snalysis of variance and
« the expectation of mesn squares in table 2, The importance
of components a8 sources of variation is indicated by their
relative magnitute, The betweeén half-sib families and reps
in families variations were highly significant at (1 per cent
level of probability) for bulb weight, bulb firmness and
solutle solids, number of leaves per plant, length of
longest leaf, width of longest leaf and leéf area of longest
leaf as shown in table 3,

The components of varicnce for bulb weight and leaf
area of longest leaf were high A°B = 82.5 and - 149.3,
while their error are (?5 = 1311,3 and 1160.0 respectively,
Bulb firmness and length of longest lenf were moderately
high with 523 = 2,131 and -2,199, while their - 5 = 2l4.390
end 27,450 respcctively, The lower components of varisnce
were oﬁtnined in soluble solids 0,6055, number of leaves
per plent 0,16€L4 and width of longest leaf 0,0087 and their
respective error vorisnce f-é w 2,352, 2,261 and 0.48L

respaectively,

Heritability Estimates

The variation in heritability estimetes using intrae
class correlation showed low wzstimzte of 0,058 for width
of longest leaf and intermediste estimates of 0,20 for
bulb weight, 0,25 for number of leaves per plant, 0,27
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Table 2, Form of ANOVA of Half-Sib foamilies

Sources of Variance Degrees of M.S  Expected mean
Freedom squares
Between half-sib g SRR Lty
fomilics D=1 M3 Tw g 4KnB
: 2 2

Repﬂ in fomilies b(r""“} 112 6‘.'! * KGR
Within reps in 2
familics (N~Dr) M, Lof
Where b = 30

P .2

i = 600

K =10

b = number of families
r = the number of replic-otions

M
K

" the total number of individuals sampled
the number of samples taken (Snedecor, 1956 Section 10,17).

M, = Mcan squares of within reps in families

M, = Mean square of repe in fomilies

M3 = Mean square of bctweer; O}::lf-sib families

B = Expected mean square / between half-sib families

W = Expected mean square value for within reps in families

R = Expected mean square volue for reps in families,
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Mean squares and Componecnts of Variancu in the anz2lysis of holf-sib families

AT

Sources of Degrzes Bulb Pulb Soluble  No.of Length Width of Leaf
Variztion of Frecdom  Welght firmness Solids leoves of long- longest syren of
per plant cst lenf leov longest
leaf
Between hnlf-sib . o B
f-milies 29 L8l # L6, 80%%  12,4L0% 5,259 7o 55wk 1,6672%%  2L52R%
Reps in fzailics 30 sg8ges  25.49%  G.38E leger  oh.ghe 1.58020% 39h5TE
within reps in . .
amilies 540 1311 2. 39 2,252 2,257 27.5h 0.,4836 41160
COMPONEATS COF VARIANCE
"2 82,5 2,13 0.6055 0,166k ~2.199  0,0087  ~149.3
o 267.9 0.110 0.1033  0,4992 6.700  0.1097 278.5
Wm 1311, 3 2l, 390 2.3520  2,2070 27,540  0.4836 1160.0
£ 1661.,6 26,631 3,3610  2,6330 32,04y 0.6020  1289.2

.

3ignificont 2t both 18, ~nd 5% Levels,



23

Table L,  Form of ANOVA, Coveriance and E(M.S) Products for
pairs of Cheracters X and Y

e . & & A

Sources Degrees of Mean Mean Expected mean squares
Frecdom Squarcs Traits Product mean product

Fetween X Y Xy

1 TR 1 2
half-sib families M M M ~ i2 <2

3 3 33 XY+ orxery89cxey
Re : 1 1 -8 . 2o
ps in f-milies zr. 3:. 3_._12:. S Xr* “ GRXGRY

Within Reps in 1 1 2
families Mg Mg i v

g B Bittiiie. &

Where omxnﬁ is genotypic covariance of trait X and Y

s

= mx is genotypic variance of trait X

QMA is genotypic variance of trait Y



Table Heritability of troits cstimated from

intro-class Correlation with Standard errors,

- o e i ——— -

Traits Heritability from
Intre=-class Correlation
Bulb Veight 0,1986 + 2,87
Bulb firmness 0.3200 + 0,46
Soluble Solids 0,7206 + 0,25
Nos, of leaves per plant 0.2530 + 0.&3
Length of longest leaf =0,274C + 0.47
width of leaf 0.0578 + 0.03

Leaf crec of longest leaf ~0.4630 + 3.87
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for length of longest leaf., HModerately nigh valuces wers
obtrined for bulb firmness 0,32 and leaf nrea of longest
leaf ~0.46. The only high velue was obtoined in the soluble
solids Q.,72.

Using the parent offspring - regression estimates for
calculstion of heritability on only three traits the values
wzre moderately high for bDulb weight =2nd bulb firmness
0.286 and 0.333 respectively. The hizlh value of 0.57€ was

obtained in the soluble solids.

Correlation Coefficivnts

Correlation Coefficient were comput.d from tho
combincd analysis of varionee and covaricnce (Table l)  All
possitle phenotyvpic, additive genetic and errcor correlntions
were computed for all the seven churocters within th. half-
gib femili<s under study,

Table 7 shows the phunctypic correlation cocfficicnts
(Fph) mmong charscters for the half-sib families., A
negative significsant phenotypic correlation (P=0,05) oxists
oetween bulb firmness and bulb weight. However bulb firme-
ness had positive non significant correlztions with soluble
solid 0,0079, and number of lusves per plant C.0579. While
it has a negative non signilicant correlations with length
of longest leaf =0,0618, widti: of longest leaf =~0.0163 and

leaf z2rea of longest leaf -0,0265,
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Table 6, Heritability of Bullb fraits cestimoted from

hnlfesib offspring on parent regression

with stondoard crrors

b - - - [ ]

Traits Heritohility from offspring
perent regression

Rulb Weight 0. 368

2.830

i+

Bulb firmness 0.3233 0,279

Soiluble Solids 0.576 + 0,148

f+
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T2ble 7.

[t e P L P~

for the 30 half-sib fomilies

Troits 2ulb firmmess  Soluble  Bulb No.of T Longth of VWidth of Lesf Ares

Solids weight lacves Longsst Longest of longezst
per plont 1lenf lezf ie=f

Bulb firmpness 0.0079  -.0,08L5% 0,0579 -0.0618 -0,0163 -0,0265

Soluble =zollés -0,.2631% (,0152 U, 0813 0.0547 0, 0662

Bulb weipht -0, 0380 - -, OL B8R 0, 0hsh -0,0020

Ho, of leowves

per pl-nt 73,0192 0,050 0,083

Lengtn of

Longest lenf 0.0 203%%  (,7002%*

Width of

Longest lenf 0, 8212%:

Leaf Aren of

Longest lecf

TS

[ . .

* Significant

- =

2 7

ek A M demadr

Phenotypic Correlztion Coefficlents Aﬁ@wv rmong Scven Cherncters

Significont at 1% and 5% level of probability

only 5% lewvel of probsbility
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Soluble solids showed a negative highly significent
correlation with bulb weight -0,263;, but only a negntive
significant correlation with length of longest leef -0,0813,
With rumber of lezaves per plont, width of longest leaf, it
had a positive but non significant correlations {0,0152 =nd
0.0547) respectively. Bulb weight ond umber of leaves per
plant had non significant correlations with all the remaining
traite, However, bulb weight had a negative non significant
correletions with number of l.aves per plant -0,0380, length
of lorgest leaf -0.0L88, ond leaf area of longest lecaf
0.0020, but a positive one with width of longest leaf 0,045,
The association between number of lecves per plant were 21l
positive and non significantly correlatec with all the other
traite,

Length of longest leaf displayed 2 positive and highly
significsnt correlotions with width of longest leaf 0,4203
and lecf ares of longest leaf 0,7002, YWnile width of
longest leef elso had 2 highly significant positive corre=-
lation with le=f ares of longest l=~f N K249

Table 8 shows the additive genetic correlation coeffi-
cients (YA) among all the seven troits under study. Generally
most of the correlation valucs sre positive nnd stotistically
highly significaont, Bulb firmness for instance showed o
highly significant correlations with soluble solids 0,495,
number of lecves per plant 0,346, lengih of longest leaf
0,830, width of longest leaf 0,188 2nd leaf area of longest



Table 8. Additive genetie Correlation Coefficients ('A) among Seven Characters
for the 30 half-sib families

o . . =PI ==
h Traits Bulb firmness  Soluble Bulb No,of Length of Width of Leaf Area
Scolids Weight Leaves Longest Longest of Longest
per plant Leaf Leaf Leaf
Bulb firmness 0.495#%  0,095% 0,346 0,930+ 0.188#* 0,137%*
Soluble Solids 0.0LL 0, 329 O, 300%%* 0,382#* 0,068
Bulb Weight 0,035 0,120%* 0,018 0, 70l
No,0of leaves
per plant 0,786u* 0.531%# 0.0L9
Length of
Longast leaf 0, 156%+ 0.101*%
wWidth of
Longest lcaf 0.011

Leaf area of
Longest leaf

¢ S5ignificant at 1% =nd 5% levels of probability
# Significant at 5% luvel of probability
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leaf 0,137, but with buldb weight it only had » significant
correlation (P= 0,05) of 0,09%,

Soluble solids show:d ¢ hiskly significont correl-tion
with number of lerves ver pl-ont 0,321, lenztk of longest
lexf 0,390, and width of loagest leaf 0,382, but o non
significant correlation with bulb weight ond leaf area of
longest leaf 0,04l and 0,068 rospectively, Similarly bulb
weight had a high significant correlation with length of
longest leaf and leof aren of longest leaf 0,120, and 0.704
re¢spectively, MNumber of leaves per plant had 2 highly
significant correlation with length of longest leaf 0,286,
width of longest leaf 0.531, but a non significant correle-
tion with leaf area of longest leaf 0,049, Length of
longest leaf n2lso exhibited a highly significant correlation
with width of longest leaf 0,156, and only a significont
association with leaf arez of longest lecf, Width of longest
leaf and lecf aren of longest leaf however had no significant
correleotion betwecn them 0,011, Table 9, shows error correla-
tion coefficicnt (Pc). nd all the volues are positive, and
mostly highly significant. Bulb firmness hnd highly signi-
ficant correlations with all the other six traits, namely
soluble solids 0,311, bulb weight 0,136, number of luaves
per plant 0,305, length of longest leaf 0,931, width of
longest leaf 0.141 and leaf acrua of longest leaf 0.145.
Soluble solids on the other hand had o highly significant
correlation with length of longest leaf, and width of longest
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Tnble 9, Error Correlation Coefficients (Fe) amomg Szven Chorocters
for the 30 helf-sib families

—xinea

Treits Bulb firmmess Soluble  Bulb Np. of Leagth of Width of Le=f Area
Solids Weight  Leoves Longest Longest of Longcst
per nlent Leaf lunf Leaf
Bulb firmness 0,311%%  0,1363%  0,305%# 04 931%3% Q. k4= O, 115
Soluble Solids 0,0h1 0,920 Q.2920% 0, L5 3% 0.045
Bulb Weight 0.0L2 0,145 0,019 0, 9h2*
fo,0f Leaves . ,
per plant 0. 287% 0,450 * 0,042
Length of
Longest lenf 0,11 2% 0,008
Width of
0,007

Longest leof

-

#*  Significont at 1% and B4 level of probability

*  Significont 2t 5% level of probability.
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lesf (re = 0,292 and O,453) respectively, but showed a non
significant correlation with bulb weight 0,041, number of
leaves per plant 0,020, ~nd lenf ar.a of longest leaf 0,045.
Similarly bulb weight had 2 hizhly significant correlation
with length of longest leaf 0,745 and liaf 2rea of longest
leaf 0,942, but 2 non significant correlation with number
of leaves per plant 0,042 ~nd width of long:st leaf 0,019,
Number of longest leaf displayed a highly significant
correlation with length of longest lzaf 0,287 and width
of longest leaf 0,459, but non significant correlation with
leaf area of longest leaf, Length of longest luaf also
showed a highly significant correlation with width of
longest leaf 0,112, Leaf ares of longest leaf hod no
significant correlation with length of longest leaf, 2nd
widtt of longest leaf 0,008 2nd 0,007 respectively,
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DISCUSSICONS

Sxcept Tor thie hull wedsght where the range of the mcan
vaolue woe from .0 « 240,08 tre otvor vwnlues for the remaining
trnits hod 2 more closery ronge. This effect resulted in the
high soefflcient of wvariability for both the 100 randomly
selaected buibs 2nd the 30 bulbs that gunerated the hnlf-sib
fomilies 37.66 nnd 34.47 respectively: The other traoite,
bulh firmness and sgoluble seollids where the range for the mean
value is c¢loser, the coufficicnt of variabilitv is 7,04 and
16,63 ruspectively for the 100 randomly sclected bulbs and
8,08 nd 15,24 for the 30 bulbs thot genernted the half-sib
fomilies respectively,

fable 1 -21s0 showel thet the high bulb weights of 99,12
gr-ms for the randomly selected bulhs hod corresponding low
soluble zolids for the same bulbhs, do rot necessarily contoin
high iry m~tter,

In comparison the 30 bulhs thnt generated the hrlf-sib
families and the 100 rondomly solocted bulbs vere very
similar in values 25 shown in Table'ﬂ.

The method of estimation of variance component is whown
in Ta»rle 2, All the estimstes were positive oxcept for
lengtis of longest leaf. ond leal arca of longest leaf.  The
estim~tes of vari-nece components 28 shown in Tarle 2, were

of hizh magnitude especiclly for bulb weight and leaf nren



of loagest leaf and this could have crected bissed estim-tes
in the volues of some troits, The estimnte of the components
of variance could however bhe biascd if varintion in plant
vigor and bloom dnte prevented couplcete .tndomness, and tlso
if self-pollination h~d occured (McCollum 1968). However,
onion is 2 spccies naturally cross-pollinnted by insects, and
selfing unlcss enforced by isolation from other pollen sources
is not expected to be significont, In the sbsence of experi-
mentel evidence to the contrary, according to McCollum (1968)
the frequency of progeny produced by selfing within 2 popula-
tion supplicd with adequzte pollinoting insects is not

expected to exceed that which would occur from random mating.

Heritobility

Both estimates of heritzbility in Tables 5 and & were
made on the assumption of neglizible epistatic interaction,
because espistasis would bias them upward, Alsco the estimotes
coulc. be bizscd Ly tre selection of rorents. since only bulbs
thot did not rot or sprout prematurely in storage were chosen,
According to McCollum (1968) it is generally accepted thot
dry natter is in some way reloat.d to storability. For instance,
Foskett (1949), found thot in » group of several different
cultivars and hybrids, thot there was e inverse relationship
between refractive index of expressed juice and the 2mount

of sprouting in storezge,



36

Eorly Yellow Grobe (9,9 per cent) ond Texas Grano 5,5 per cent,
range 4.3 to 8 per cent) postulnted commulative gene cction

of a r:latively small number. Owen (1951) and Warid (1952)
concluded from their genciic studics thot solection would be
effective to chonge soluble solids contents of onions.

The lower heritnbility estimates obtained by offspring=-
parent regression method in Soluble Solids, and higher in
bulb weight as compared to the intra=class correlcotion is
not unexpected, In enrlier studies Robinson et 2l (1949) ond
Frey and Hamer (1955) showed th-t porent offspring regression
method of estimating heritatility gave lower heritability
values than the voriance component method, More recent
studies by Foster et 2l (1967) has confirmed these obser-
votions, oand could be bissed upward due to inter-generation

ession s clready mentioned above,

Where the stand~rd error of heritability exceeds the
‘actual value, no grent relinbility is expected to be placed

on the estimntes.

Correl-tion Coefficients

Generally most of the phenotypic correlntions Table 7 are
small :nd mostly nonesignificont, except in the correlation
between bulb weight and Soluble Solids which showed o
significont negative correlation, This shows that for an
increase in dry matter centent there is a decrease in bulb

weight, ©Similar observations have been made Yy Mann and Hoyle
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(1945), McCollum (1968), and Niewhof (1973).

The low negative phenotyvpic correlation volues for bulb
weight and Soluble Solids would suggest that very little cen
be gained by trying to adjust for bulb weight in Soluble
Solide selection prograume,

The significant phenotypic associntion between leaf area
ond length of longest leaf =nd width of longest leaf =21so
shows how positively dependent each of these troits is on
the other,

Most of the additive genetic correlations (YA) were
positive and stotistically significant (P = 0,05 and 0,01),
Although most of the values were sm2ll, it moy be assumed
thot genetic factors nre responsible for the associctions of
the pnired characters, Similor genotypic correlation values
observed here have been reported by Owens (1951) Mann and
Hoyle (1945), and McCollum (1968),

“"he high genetic correlation betweecn bulb weight and
leaf area of longest leaf (¥7.) = 0.704) compored with environ-
mental error (Fe = 0.942) meons that the environment seeme to
influence bulb weight -nd leaf orezc of longest lezf which
are troits with low heritability (O to 0.19 and 0 to -0,46)

respectively,
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SUITLRY

Herit-bility of bulb weight, bulb firmness, soluble
solide, number of lezves per plant, length of longest lenf,
width of longest leaf and leaf 2rea of longest leaf of onion
cultivar 1loeal white were estim-ted in two ways (1) By
calculating regression of helf-sib offspring on female parent
(1st three trzoits only) and (2) By calculating half-sib
family intra-class correl-tions,

Tae heritability estim~ies for soluble solids was high
(72%), bulb weight, bulb firmness, number of leaves per plant,
length of longest le~f, width of longest leaf (20%, 32%, 25%,
27%, 22d 6%) respectively were low, Leaf aren of longest
leaf w-s intermcdicte (L6:¢)., From the data the phenotypic
additive genetic ~nd error correlations between traits were
calcul:ted, Among the statisticzl result observed were the
high positive genetic correlations ~nd high error corrclation
between bulb firmness and length of longest leaf, (0,533)#%,
number of leaves per plont ~nd width of longest leaf (0.531)#%,
Also a2 hiigh positive genetic correlation and 2 high error
correlation between bult weight and arez of longest leaf
were obtained (0,70l )#**

The genetic correl-tion between soluble solids ~nd
number of leaves per plant, length of longest leaf, and width
of longest lenf were intermedizte, These results suggest

that genetic factors affectinz these vegetative chrracters,
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and environmentnl conditions of growth are of considerable
importance among meny other foctors thot influence bulb

weight and soluble solids,
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