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CEAFPTER 1

INTRODUCTICN

The Genus Capsicum is one of the oldest crops
grown by man throughout the New World tropics.
Domestication of the wild species in different =areas
resulted in change, particularly in the fruits. Pepper
is among the major vegetables grown by many farmers in

Nigeria. Two main species (Capsicum znnuum L. and

C. frutescens L.) are the most widely cultivated, and

Nigeria used to export the latter species to foreign
merkets., The crop is cultivated throughout the country
especially in the northern states where it is grown
as rainfed or under irrigation. The total area of land
devoted to' the crop is about 10~20,000 hectares annually,
however, the production has been mainly limited to peasant
farmers,

In Nigeria many different cultivars of pepper
(Genus Capsicum) with distinct morphological characteristics
are cultivated by the local farmers, and Capsicum
annuum, L, var, annuum is very important, The varietions
in fruit shape and size m=y account to some degree for
the differences in berry yields obtained. Thus if it
is possible to partition the genetic variability, it
might be possible to exploit this variability for
producing higher yielding cultivars through appropriate

selection and breeding procedures.



The objective of the present investigation was
therefore to study the genetic variability of some
vegetative and fruit traits among sixteen locally grown

pepper cultivars (Capsicum annuum, L var, annuum), A

second objective to the study was the estimation of
heritabilities of the different traits, expected genetic
advance from selection, genotype x environment interactions
and correlations between traits. Genotype x environment
refers to genotype X year since the experiment was

conducted in only one location over two years,.

Tt



CHAFTER II

LITERATURE REVIEW

Fepper belongs to the fzamily folanaceae, and the
genus Capsicum, The classification of the genus is very
confused, Over 100 species, and many botanical varieties
have been erected from time to time; but two main species

(Capsicum annuum, L. and Capsicum frutescens L.) have

been generally recognised (Purseglove, 1968).

Capsicum annuum, L. is the most widely cultivated

and economically the most important species. It includes
the sweet peppers as well as most of those that are dried

for hot peppers, chili powders and paprika.

2.1 GENETIC VARIABILITY

In plant breeding, the variability which exists within
a given population is very important. More importantly
is the additive genetic variability which could be
exploited in crop improvement programmes., Different
researchers in different places have shown that genetic
variability exists in other pepper populetions., Nandpuri
et 2l. (1971) obtained highest genetic variance for
yield per plant (1578.5) followed by number of fruits
per plant (110.28) in pepper. Arya and Saini (1977)
recorded highest genotypic variance for fruit yield per
plant (87805.79), followed by number of seeds per fruit
(5502.92), number of fruits per plant (1581.05) and fruit
size per plant (508,97). However, Dutta et. al. (1979)
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observed highest genotypic coefficient of variability

for fruit weight (131.03; followed by number of fruits

per plant (118.20). Their results have shown that a good
amount of genetic variability exists for different characters

in other pepper populations.

It was shown by Kirti et al. (1972) that considerable
genetic variability was available for improvement of their
pepper population., They obtained high genotypic
coefficients of varicbility for fruit size (54.78), number
of fruits per plant (31.90) and number of tertiary
branches per plant (26.47). Singh and Singh (1977)
observed that the genetic variances are greatly biased
by the environmental influence and that the additive
genetic variance appeared to be the major source of
variation in most of their crosses for plant height.
Nandpuri et al. (1971) reported that the genotype x
environment interaction accounted for all the variations

in fruit size,

2,2 HERITABILITY

In plant breeding, 2 knowledge of the proportion
of the observed total variability that is genetic is
important in terms of production of more desirable
varieties. According to Burton and Devane (1963),
heritability is a measure of the efficiency of a selection
system in separating genotypes. Various researchers on
pepper have obtained estimates of heritability for

different traits., Most estimates were in the broad sense



rather than in the narrow sense. Nendpuri et al. (1971),
obtained high broad sense heritabilities for days to
flowering (87.15¢)snumber of fruits per plant (80%),

days to maturity (63.54°), yield per plant (61,19%)

number of branches per plant (55.,81%), 100-seed weight
(54.54%) and plant height (54.22/). The heritability
estimate for fruit size was 55.41% in the spring season
and 68.43Y in the monsoon season, In studies on genetic
variability for ten traits in chillies, high broad sense
heritability estimates were obtained (Kirti et al., 1972),
for all traits studied. The highest estimate was for
fruit size (97.96¥) while the lowest estimate was for
plant height (66.25%). The values cbtained for other
traits were: Lays to first flowering (87.60%), fruit
number per plernt (83,98%), 100-seed weight (82.47¢),

fresh fruit weight (77.62%'), and yield per plant (73.29/).
Singh and Singh (1977) celculated heritability in the
broad sense using four different methods z2nd obtained

the average for the various characters studied. The
average recorded for number of fruits per plant was
84.66%; plant height (79.18¥); yield per plant (79.01%);
days to maturity (78.58)!); number of branches per plant
(72.60¥); days to flowering (69.79%); and fruit length
(61.51%). Their nerrow sense heritability estimates were
high for days to maturity (95.86Y), plant height (88.27%),
number of fruits per plant (84.34%) and number of branches
per plant (76.32)). Low narrow sense heritability estimates

were recorded for yield per plant (39.74%) and fruit



length (20.21Y). The days to flowering had zero narrow

sense heritablity.

In their variability studies in pepper varieties,
Arya and Saini (1977) observed high broad sense heritability
in 211 the traits they studied. The estimate. recorded
for fruit size per plant was 99,81%, fecllowed by number
of branches per plant (99.05¢), fruit yield per plant *
(98.96%), days taken to flower (98.49%), days taken to
fruit formation (97.54%) and plant height (88.07¥%).
working with seventy-nine F3 lines from pepper cross, Legg
and Lippert (1956), found that broad sense heritability
estimates and the relative size of variances due to line
differences and interactions of lines with locations @ i¢
indicated that a large portion of the phenotypic variability
was genetic. However, Singh and Singh (1970) obtained low
heritability estimates for berry yield, number, width and

1000-seed weight.

Dutta et al. (1979) obtained high broad sense
heritability estimates in peppers for fruit weight (97.23%)
followed by number of days to 50 per cent flowering (90.66%),
plant height (82.32¢) number of fruits per plant (77.09%)
and green fruit yield (73.63'). The estimate recorded
for length of fruits was low (27.27%).

2.3 EXPECTED GENETIC ADVANCE FRCM SELECTION

Genetic advance is also an index of assessing genetic
improvement from the selection of superior cultivars.

Some workers on pepper attempted to estimate the expected



genetic advance as the result of selection. Nandpuri et al.
(1971) obtained highest expected genetic advence for fruit
number per plant (52.60), medium for number of branches
per plant (31.95) followed by yield per plaﬁt (26.98),
fruit size (25.56), plant height (24.5l) and low for
days to flowering (14.4,0) followed by 100-seed weight "
(13.20) and days to maturity (7.0L4). Kirti et al. (1972),
obtained highest expected genetic advance for Ifresh weight
per fruit (129.78) followed by fruit number per plant -
(95,21), fruit size (88.58) and 100-seed weight (73.00).
Low values were recocrded for yield per plant (34.06)},
plant height (11.73) and days to first flowering (6.96).
From the results observed by Singh and Singh (1977} the
highest vzlue of expected genetic advance was shown by
number of fruits per plant (109,85), followed by vield
per plont (21.L49). Low values were observed for plant
(6.63),and
height (13.75), days to maturity/fruit iength (0.55).
However, Arya and Seini (1977) obtasined highest estimates
of genetic advance for fruit yield per plant (605.13)
followed by number of seeds per fruit (148.655), znd
number of fruits per plant {(78.06). Fruit size per plant
had 46.L1,5) fellowed by plant height (33.96), days taken
to fruit formation (23.629), number of branches per plant

(23.327) and days taken to flower (20,147).

2.4 EXPECTED CENETIC ADVANCE IN PER CENT OF MEAN

Many breeders prefer to think of advance in per cent

of the mean of the population with which they work,



According to Furton anc¢ Devane (1963), the genetic advance
in per cent of mean is = product of selection differential,
the potential advance and the efficiency of the selection
system. The genetic gzin indicates the advence expected
over the population mean as the result of selection for
the superior genotypes of the population. Kirti et al.
(1972) recorded highest genetic advance in per cent of
mean for fruit size (111.75), followed by fruit number

per plant (60.25) while the lowest value was for days to
first flowering (9.90). They noted that the values of
genetic advance in per cent of mean were generally

higher than the corresponding values for genetic advance
per se for all characters except 100-seed weight, fruit
number per plant and fresh weight per fruit. In their
variability studies in pepper, iArya and Saini (1977)
recorded highest genetic gain for fruit size per plant
(267.395), followed by fruit yield per plant (192.370),
number of fruits per plant (154.510), number of branches
per plant (144.475) and number of seeds per fruit (109,168),
The lowest value was recorded for rind thickness per fruit
(4.589). The genetic gain obtained by Singh and Singh
(1977) for different characters were relatively low. The
highest value was recorded for number of fruits per

plant (47.0€) followed by number of branches per plant
(30.72). The lowest estimates were recorded for fruit
length (5.67) and fruit thickness (5.41). Their results

also showed that the estimates of genetic gain were higher



than the corresponding genetic advance estimates for all
characters except number of fruits per plant and yield

per plant.

2.5 COKRFLATIONS

Since most of the characters of economic importance,
such as yield, a2re complex in inheritance and may involve
several related characters, the degree of genotypic and
phenotypic correlations of the characters is important.
These correlations are of practical value since selection
is usually concerned with changing two or more traits
simultaneously. It has beern pointed out (Johnson et al.,
1955b), that if a negetive genetic correlation exists
between yield and one or more other characters which are
selected for, effective selection for the character
other than yield in early generation would result in
discarding some of the better genotypes for yield if
selection pressure for the character in question were very
strong. Nandpuri et =al, (1970) showed that yield, in
terms of fruit weight per plant, was positively correlated
with 100-seed weight (r = 0.404), fruit size (r = 0.571),
fruit number per plant (r = C.413), bronch number per
plant (r = 0.421) and plant height (r = 0,162). A regression
analysis showed that three characters, fruit number per
plant, fruit size and 100-seed weight account for 92.53
per cent of phenotypic variation in yield and are the °
important selection criteria., Legg and Lippert (1956)
showed that average fruit weight was highly correlated
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with fruit length, fruit width and carotenoid level. Mature
fruit number was negatively correlated with length and

width of fruits, level of carotenocids and average fruit
weight., From an znalysis of 36 cross combinations of
varieties differing in fruit size, Calson (1962), observed
that leaf size was positively correlated with fruit size.
Fruit size was however, negatively correlated with number
of fruits. Singh and Singh (1970) showed thzt berry

yield was positively correlated with the number, length,
width and 100-seed weight of berries.

Gill et al. (1977) observed high negative correlation
between the number of fruits per plant z2nd total yield
(r ==0.709). The days taken to flowering was also
negatively correlated with early yield (r =-0.461),
Kirti et al, (1972) observed that yield per plant was
positively correlated with plant height, primary and
tertiary branch number, fruit number and fresh weight.
Fruit number wos positively associated with fresh weight,
branch number, plant height and days to flowering.
Jo et al., (1973) reported that positive correlations
occurred between fruit diameter and yield, and fruit
weight and yield. Negzative correlations occurred between
vegetative growth and fruit weight, fruit number and total
yield, and for days from sowing to flowering and yield,
early maturing varieties giving higher yields. However,
Arya and Saini (1976) obtained negative correlations

between plant height and fruit number with yield.
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Dutta et al. (1979} found that vield was significantly
positively associated with number of fruits per plant
{(r =0.7168), and days to LG per cent flowering (r = 0.,9%0),
but negatively and insignificantly correlated with number
of primary branches (r = - 0.1555), plant height (r =~C.0149)
and weight of fruit (r = - 0.1273). More recently,
Suthanthirapandian et al. (1981) observed that number
of fruits, girth of fruit and weight of seeds per fruit
were positively correlated with yield. High yield and

days to first flower were negatively correlated.
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CHAPTFR 111

MATERIALS AND METHODS

The experiment was carried out under field conditions
for two years during the 1981 and 1982 wet seasons at the
Institute for Agricultural Research Farm, Samaru, A

collection of sixteen cultivars of Capsicum annuum var,

annuum of different ecogeographical origins was used in
the experiment. The variebility for yield, vegetative
and fruit characters were investigated among the sixteen
cultivars, The seeds of the cultivars were collected
from four different states of Nigeria namely Kaduna,
Kanc, Oyo and Sokoto states. The origin and descriptions
of the experimental materials used are given in Table 1,
while the climate of the ecogeographical zones as given
by Buchanan and FPugh (1955), Kowal and Knabe (1972) and
Hopkins (1974) is given in Table 2.

Table 1: Origin and descriptions of the experimental

materials used in the study.

Ecogeographical State EE%%%%EE Descriptions
Northern Kaduna KD1 FPlants medium in height
Guinea (36.30 cm), intermediate

in maturity, poor in
bearing, flower one in
axil, calyx not enclosing

the base of the fruit,



Table 1 (Cont'd)
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Ecogeographical State

zone

Cultivar

E‘-n Erz
¢ umoer

Descriptions.

Northern Kaduna

Cuinea

Northern Kaduna

Guinea

Northern Kaduna

Guinea

kDA

KD2

KD3

fruit long 8.30 cm x

2.20 cm, elongated,
pendent, apex pointed and
lobed, flesh thick,
average weight of a fresh

ripe fruit 18.50 grams,

Plants medium in height
(37.50 e¢m), early in
maturity, poor in bearing,
flower one in the axil,
calyx not enclosing the
base of the fruit, fruit
intermediate, 6.75 cm x
3,05 cm, elongated,
quadrate in transverese
section,pendent, apex "I
blunt, flesh thick,
average weight of a
fresh ripe fruit 25.70

grams,

Plants tall (45.50 cm),
intermediate in maturity,

moderate in bearing,



m

Table 1 (Cont'd) .
. _
Ecogeographical State E%%%%%EE Descrirtions
Zome TomEer :
Northern Kaduna KIi3 flower one in the exil,
CGuinesa calyx not enclosing the
. base of the fruit, fruit
{% intermediate, €.10 cm X
2.52 cm, elongated,
pendent, apex pointed
flesh thick, average
weight of a fresh ripe
fruit 18.50 grams.
Northern Kaduna KDl Plants tall (L,7.70 cm)
Guinea intermediate in maturity,

R

FESEE

moderate in bearing,
flower one in the axil,
calyx not enclosing
the base of the fruit,
fruit short, swollen,
completely corrugated,
glehular, 5.20 ¢m x
2.80 cm,, pendent, apex
blunt, flesh thick,
average weight of a
fresh ripe fruit 17.65

grams.
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Table 1 (Cont'd)

Ecogeographical State Eg%%%xgg Descriptions
£00¢ Rumber

Sudan Kano KN1 Flants medium in height

(39.75 cm), intermediate
in maturity, poor in
bearing, flower one in
the axil, calyx not
enclosing the base of
the fruit, fruit long,
7.90 cm x 2,90 cm,
elongated, pendent,
apex pointed, flesh
thick, average weight
of a fresh ripe fruit

29.16 grams,

Sudan Kano KN2 Flants medium in height
(37.4L0 cm), intermediate
in maturity, poor in
bearing, flower one in
the axil, calyx not
enclosing the base of
the fruit, fruit long,
7.79 ecm x 3.31 cm,
elongated, pendent,
apex blunt, sometimes

lobed, flesh thick,
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Table 1 (Cont'd)

X Cultivar :
kcogeopgraphical State “Tntrv
zone :E;rer - Descriptions

sudan hano KN2 average welght of a
fresh ripe fruit 31.8%5

grams,

Sudan - Kano KN3 Plants medium in height
. (39.65 cm), intermediate
Efﬁ' : : in-maturity, poor in
- bearing, flower one in
axil, calyx not enclesing
the base of the fruit,
fruit long, 8.40 cm x
2.45 cm, elongated,
pendent, apex acute
flesh thick, average
weight of fresh ripe
fruit 22.84 grams.

Sudan Kano KNY Flants medium in height
{(37.60 cm), intermediate
in maturity, very poor in
bearing, flower one in
axil, calyx not enclosing.:'
the base of the fruit,
fruit long 7.50 cm x
2.85 cm, elongated angular
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Table 1 (Cont'd)

Cultivar
rntr Descriptions
Nyumpoer

Ecogeopgraphical Sftate
zone

Sudan Kano KNG in transverse section,
pendent, apex blunt and
sometimes lobed, flesh
thick, average weight
of a fresh ripe fruit
29.67 grams,

Forest Oyo oY1 Plants short (31.65 cm),
intermediate in maturity,
poor in bearing, flower
one in the axil, calyx
not enclosing the base
of the fruits, fruit
short, 5.87 cm x 2.02cm,
elongated, pendent,
unripe green with some
purple ceclour on the
side facing the sun,
becoming red when mature,
apex acute, flesh thick
average weight of a fresh

ripe fruit 11,37 grams.

Forest Cyo cyY2 Plants medium in height
(35.70 em), intermediate
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Fcogeogzgﬁgical State QE%%%§3£ Descriptions
Forest Cyo QY2 in maturity, poor in
. bearing, flower one in
axil, calyx not enclosing
the base of the fruit,
fruits long 7.91 cm x
2,75 cm, elongated,
pendent, apex blunt,
flesh thick, average
weight of a fresh ripe
fruit 27.45 grams.
| Forést S - Oyo | 0Y3 Plants medium in height

-1, | (35.85 cm), intermediate
| in maturity, prolific, J
flower one or two in
the axil, calyx enclosing
base of the fruit, fruit
long, 7.57 c¢m x 0.50 cm,
elongated, circular in
transverse section,
'%gf' - wrinkled, pendent, apex'.
.fé acute, flesh thin, average
weight of a fresh ripe

fruit 3,38 grams,
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Table 1 (Cont'd)

Fcogeopraphical State  Lultivar

zone F?‘EFY Descriptions
: : Number R

Forest -~ Qyo oYL Plants medium in height
| | (36.88 cm), intermedizte
in maturity,moderate in
bearing, flower one in
the axil, calyx not
enclosing the base of
the fruit, fruit short,
5.85 cm x 1,77 cm,
elongated, pendent,
unripe green with some
purple colour, becoming
red when mature, apex
blunt, flesh thick,
average weight of a
. fresh ripe fruit 8.90

grams,

Sudan - Sokoto 501 - Plants tall (43.23 cm),
| late maturing, prolific
in bearing, flower one
in axil, calyx not
ennclosing the base of
~ the fruit, fruit inter-
rediate in length, 6.85cm x



Table 1 (Cont'd)

20

Cultivar

Enth
Number

Ecogeographical State
Zone

Descriptions

Sudan Sokoto 801

Sudan Sokoto 502

Sudan Sokoto S03

2,06 cm, elongated,
pendent, apex acute,
flesh thick average
weight of a fresh ripe |

fruit 14.82 grams.

Flants tall (41;.93 cm),
intermediate in maturity,
moderate in bearing,
flower one in the axil,
calyx not enclosing the
base of the fruit, fruit
intermediate in length,
6.96 cm x 2.49 cm,
elongated, pendent, apex
acute, sometimes lobed,
flesh thick, average

weight of?fresh ripe

fruit 19.63 grams,

Plants wmedium in height
(36.2% cm), late maturing,
moderate in bearing,

flower one in the axil,

© calyx not enclosing the
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Ecogeogrephical State Cultivar

zZone

Descriptions

Sudan Sokoto 503

Sudan Sokoto S04

base of the fruit, fruit
intermediate in length,
6.31 cm x 2,00 cm,
elongated, pendent, apex
conical, flesh thick,
average weight of a fresh

ripe fruit 13.25 grams,

Plants tall (44.83 cm),
early maturing, flower
one or two in the axil,
calyx not enclosing base
of the fruit, fruit short,
4.50 em x 1.15 cm,
elongated, conical in
shape, apex pointed,
flesh thin, average
weight of a fresh ripe
fruit 4.50 grams,
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Descriptions of the climate of the ecogeographical

zones from which the experimental materials have

been collected.

Lcogeographical

zone

Lescriptions

1. Sudan

2. Northern

Guinea - -

-

The mean annual rainfall is about 500-
870 mm and is seasonally distributed.
The rainfall starts around middle of
May and stops around September ending
giving a riny period of 100-130 days.
The mean monthly minimum and maximum
temperatures are normally 55—60°F and
100-105°F respectively., The mean monthly
minimum relative humidity at 12.00 hours
(Buchanan and Fugh, 1955) is 10-20 per
cent while the mean annual is about
30-40 per cent., The daily sunshine is
about eight hours with a mean monthly
range of about four to ten hours. The
mean annual values for evaporation

range from 1500-1750 mm (Kowal and
Knabe, 1972).

The mean annual rainfall is more than
1000 mm and is seasonally distributed
so that during four or five months of
the year 1000 mm or more of rain fall
and there are not more than five or six

months with less than 25 mm of rain,
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Table 2 (Cont'd)

Fcogeographical

zZone

Dezcriptions

2. Northern

CGuinea

3, Forest

The mean monthly minimum and maximum tempera-
tures are normally 55-70°F and 95-105°F
respectively. The mean monthly minimun
relative humidity at 06.00 hours (Hopkins,
197l) is about 30 per cent and may fall to
below 10 per cent 2t about noon, The mean

annual values of evaporation and evapotran-
spiration appear to fall between 1800-2300mm

for evaporation and over 1800mm for evapotrans-
piration, ;

The mean annual rainfall is above 1250 mm
and is seasonally distributed., While during

each of at least six months of the year,

100 mm or more of rain fall, there are not
more than two or rarely three months with
less than 25 mm of rain. The mean monthly
minimum and meximum temperatures are normaly
65-75°F and 85-95°F respectively. The mean
monthly relative humidity at 09.00 hours
appears to be at least 70 per cent. Despite
the fairly constant twelve-hour day, the
mean daily sunshine is usually less than
seven hours even in the dry season, These
low values are due mainly to excessive

cloud cover, Data for mean annual evapotran-
spiration recordedreach the order of 1300mm
and potential evapotranspiration may be as

high as 1800 mm per year.
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3.1 MURSERY MAMNGEMENT PRACTICES

—

Seedlings for the 1831 field planting were raised in
nursery beds in the last week of April, 1981, at the
Irrigation site, Institute for Agricultural Research Farm,
Four beds of 1,20m x 2lm each were raised, The area was
cleared frea from weeds, soil clods were pulverized and
boronated super phosphate was added at the rate of 25g
per square metre, The fertilizer was thoroughly mixed
with the s0il and the bheds were raked to remove stones and
straw. The beds were ready for gowing after wetting.

Seedlings for the 1982 field planting were similarly
reised in nursery beds in the last wecek of April, 1982 at
the Horticultural Section Field, 1...R.

Seeds were sown in the nursery after wetting the
beds and ellowing for exceas water to drain., Small drills
of about two centimetres deep and 10cm between drills were
made and the seeds were sown in the drills with about one
seed per centimetre. The seceds were lightly covered with
830il and the beds were mulched., The mulching material used
was dried grass. The mulching material was removed two
weeks after sowing. The seedlings were carefully looked
after and weed control measures were taken, Weeding was
done by hand, The beds were irrigated regularly during
the 1981 plantling season becausze there was a short drought
for about four weeks. In the 1982 planting season, the

beds were watered manuzally using watering cans,
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3,2 FIELD CULTURAL PRACTICES

In the dry season, remnants of previous crop, shrubs
and weeds were cut down, dried in the air and burnt down.
About one week before transplanting, the land was harrowed
using tractor drawn dise harrow, Super phosphate fertilizer
was applied at the rate of 250kg per hectare before ridging,
The fertilizer was broadcast using fertilizer broadcaster.
Ridges of 75cm were made by tractor drawn ridgers. The land
was then ready for transplanting, The methods of land pre-
paration described were used in both 1981 and 1982 trials,

FPepper seedlings are usually ready for transplanting
four to five weeks after sowing., However, in the 1981 trial
the seedlings were transplanted seven weeks after sowlng
owling to a short drought which caused a delay in field
preparation, In 1982 transplanting was done five weeks
after sowing,

Water was applied to wet the nursery beds before
transplanting so as to facilitate easy lifting of the
seedlings, The seedlings were carefully lifted with ball
of earth using hand trowel, This method of 1ifting the
seedlings reduces damage to the young roots and facilitated
rapid root growth after transplanting, The seedlings were
transplanted on 75cm ridges with spacing of 60cm between
stands soon after 1lifting.

A top dressing of compound fertilizer (NPK 15:15:15)

at 250kg per hectare was given, 125kg at two weeks after
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transplanting and the other 125kg at the first set of fruits
(five weeks after transplanting). Weeding was done four
times in each year, Fruits were harvested when fully red=
ripe , Picking was done by snapping off the brittle stem

manually at weekly intervals over a period of cight weeks,

3.3 EXPERIMANTAL DESIGN ..ND LAYOUT

The field experiment was conducted in the 1981 and 1982
wet seasons at the Agricultural Research Station Farm,
Samaru, The experimental design used was a randomised comw
plete block design with four replications, The sixteen
cultivars were randomlzed within each block. Gross plot
gize of 3.0m x 5.bm and net plot size of 1,5m x 3.0m were
used in the experiment, Each of the gross plots contained
four rows and the two border rows formed the discards, iAlso
one plant on either edge of the two middle rows was dis-
carded leaving ten plants per plot for the experiment, Each
of the ten experimental plants was tagged with a number
serially from one to ten, The ten plants per plot were
used in taking the following records:-

1)  Yield per plant: Cumulative fresh weight (g) of

ripe fruits,

2) Number of fruits per plant: Total number of fruits

picked per plant,

3) Average fruit weight per plant: The cumulative fresh

fruit weight divided by the total number of fruits

produced per plant expressed in grams,
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5)

6)

7)

8)

9)

10)

11)

3.4
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Mean Fruit diameter: The mean readings of top, middle

and bottom portions of five fruits per plant recorded
in centimetres,

Mean Fruit length: The mean length (cm) of five fruits

per plant,

Mean fruit size: The mean volume (cm3) of five fruits

per plant assuming the fruits were conical in shape,

100-seed weight: The weight (g) of 100 air-dried

seeds per plant,

Plant height: The height (cm) of each plant from

soil level to the uppermost shoot tip bearing a flower,

Number of branches per plant: The number of branches

per plant at the time when full vegetative growth had
been attained (when the uppermost shoot tip bore a
flower).

Days to 50 per cent flowering: The number of days

from sowing to the date 50 per cent of the plants in
a plot bore flowers.

Days to maturity: The number of days from sowing to

the date of first picking of the fully ripe fruits,

STATISTICAL ANALYSES

The data for each trait for the two years were

analysed,

The statistical model used for the combined analysis

of variance was:=
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Yijk = A + Ei + Rij + GK + (GE) ik + eijk
where,
-4 = overzll mean
Ei = the effect of ith year; i = 1,2
Rij = the effect of the Jjth replication in the ith
year;
J=1,2,3,4
Gk = effect of the Kk qitivar; kK = 1,2,0000016
(GE)ik = the interaction effect between the wth
cultivar in the i'® environment (year), and
assuming
& ~ NID (0, ¢ %E)
Gk ~~ NID (0, O %G)

eijk -~ NID (0, 0 %)

NID = Normally and Independently Distributed

The analysis for each character was computed on
per plant basis. Entries (cultivars) and years

(environments) were treated as rancom effects.

A combined Anova for the experiment in the two years
for each character reduces error and provides more valid
estimates of the variance components including the genotype X
environment interaction. The combined analysis of variance

table with the expected mean squares is given in Table 3.
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Table 3: Form of Anova with Expected Mean Squares (EMS)

in two years for each character

p— - . —————

Source of Variation df MS EMS
Years (y=1)

Replications in years y(r-1)

Entries (g-1) Mg 6%+ rdzgy+ry62g
Entries x years (g=1)(y=1) Mgy 6%+ rﬁzgy

Error v(g=1)(r-1) Me 6°

where,

y = number of years

r = number of replications

g = number of entries

MS = observed mean square of the subscripted effect
6Egy = genotype x environment interaction variance
625 = total genetic variance among entries

62 = error variance

The components of variance and their standard errors
(S.E.) were estimated from the EMS using observed MS values

of each character, thus:

62 = Me with S.E. = /2(Ne)?
Me with S.E %%ﬂ%lz

~J

aegy = Mgy - Me with S.E, = 1I1hZWeé r= pJ 2
T J (-I-;) E?é”a.*! + ZSME! ]




-0

”~
%2 = Mg - Mgy with SJ51 12 brwa12 » o(mew) 2]
Ty A2 el e |

The phenotypic variance was estimated as:

G°ph = Mg = Mgy + Me
Y

with azj(%y)f %1}1_&);"
! + ?

Fetestswere used in order to determine 1f the variatioh
among entries and their interaction with the environment
(year) were statistically significantly different from
zero, The F~tests were used for the combined Anova as

followga:=

i ) gé with (g-1), y(r-1) (g-1) d,f, and
S #ng with (g-1) (y~1), y(r-1) (g~1) d.f,

For the purpose of multiple comparisons between the
entries, the cultivar means were arranged in order of
decreasing yvield and the least significant difference
(L.S.D.) or Critical difference (C.D.) was computed

according to the formular given by Bliss (1967).

N TY
where,
82 = error megn square
r = number of blocks
y = number of years

t = tebular velue of the student's t for P=0,05
or 0,01 and the error d.f. (for the LSD values

at 5% and 1% levels of significance respectively)
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The genotypic coefficlent of variability was estlimated
by the formular suggested by Burton (1952) and Hanson et al.

(1956).

G.C.Y. (%) = (&% x 100
T

where,

62g = genotypic variance of the character
X = Mean of the character

G.C.,V.= genotypic coefficient of wvariability

Broad sense heritabllity estimates (h2) were obtained

by using the formulars;e

2 . 2
h= = & g . 62
with S,E. = S.E, g
dz + dzgy + 823 &“on
ry r P
where,
2 .
d g = genotypic variance

D

environmental variance

dzgy = component of variance due to interaction of

genotypes with years.

The expected genetic advance {AG) under selection
and the expected genetic advance in per cent of mean were
estimated by the methods given by Johnson et al,{1955)
and Burton and Devane (1963):~

AG = h°.k, Opn
and

AG in % of mean = A x 100

e ——

X
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wvhere,

AG
k = selection intensity (in this study 20 per cent

expected genetic advance

selection pressure was assumed i.e, k = 1,40)

P
I

= heritability
dih = phenotypic standard deviation among the entries

¥ = Mean of character

According to Mode and Robinson (1959) the expectations
of mean products in analysis of covariance have the same
form as the expected mean squares of Anova and therefore
the procedure for the analysis of covariance are analogous
to those used for Anova, Table L4 shows the form of
analysis of variance and covariance of a pair of characters
(2 and b) with the expected mean cross-products for two

years,

Genotypic and phenotypic correlation coefficients
were estimated for pairs of traits measured. The genotypic
correlation coefficients were calculated from compinents
of variance and covariance using the foumulae of Mode and

Robinson (1959):-

Ogagb = genotypic covariance of characters a and b

dgga = genotypic variance of character a
genotypic variance of character b

e
o
i

correlation coefficient of characters a and b.

:
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Table l;

for two traits (a and b)

Analysis of variance and covariance

with observed expected Mean Products

Mean Product ZIxpected Mezn Preoduct

Source of d.f, Trait Trait

variance a b ab

Entries {(g~1) Mga Mgb Mgagh Bab + Jgyagyb + ryCgagb
Entries x

yeers (g~1)(y~1) Mgya Mgyb Mgyagyb J=v +r(zyagyb

Error y(g=13(r-1) Mea Meb Meaeb Jab
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The phenotypic correlations were computed using mean

squares and mean cross-products in the formular:=-

on = Mgagb

Mga = entry mean square of character.a
Mgh = entry mean square of character b

Mgagh = entry mean product of characters a and b,

The environmental correlation coefficients were also
computed for a pair of characters using the error mean
squares and error covariance values, The envircnmental
correlation is the measure of the effect of environment
{(yvear) on the association of the characters in each pair:

Teah = Ghb_ |
\)8 a. éib |

where, i

Teab = environmental correlation coefficient for characters
2 and b | é'

Jab = environmental covariance for characters aiand.b

62a = environmental variance for character a '

|
- . |
62b = environmental variance for character b, :



CHAPTER IV : : 35
RUSULTS |

4,1, PHENOTYPIC VARIATIOCN:

The general menns for the eleven characters measured
among the 16 cultivars including the standard error of
tThe mean, range and the coefficient of variation are given
in Table 5, The cultivors showed considerable wvariation
for the different characters., The coefficient of variation
ranged from 5,35% to 93.92% for days to maturity and
number of fruits per plant respectively. The traits which
showed a high level of variation were number of fruits per
plant, number of branches per plant, fruit size and fruit
weight, Medium level of wvariation was recorded for yield
per plant, fruit diasmeter and 100~3eed weight, while the
other characters hnd low values, The high coefficient
of variation recorded for number of fruits per plant
showed that there was plant to plant variation in fruit
production, Wide ranges in the means were observed for
vield per plant, number of branches per plant and
number of frults per plent, In all coses the standard
error of the mean was lower than the mean, In general,
the characters studicd exhibited a wide range of

phenotypic variation,

L.2 CULTIVAR MEANS

The cultivar mecns for the 11 characters measured
for each of the 16 cultivars including the standard

error of the mean, the least significnnt differences of
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Table 5: General Mean (X) standard error of the mean

(S.E.), ranpe nnd coefficient of varistion

(C.V,) for the eleven characters studied.

Characters bi¢ S.E, Range CoVaio
Yield ger plant ' ' '

(& 240.97 + 7.18 135.2l - 333.99 33.70
No,of fruits .
per plant 20,34+ 1.69 8,06 - 70,86 93.92
Average frult weight *
per plant (g) 16,82 + 0,75 3.33 -~ 28,61 50,22
Fruit diameter (cm) 2.20 = 0,06 0.77 - 2.92 30,28
Fruit length (cm) 6,80 + 0,10 h.65 - 8,15 16,73
Fruit size (om>) 9.6l =+ 0.47 1,35 - 16,35 55.36
100-geed weight (g) oL + 0,01 0.1 - 0.56 23.57
Plant height (cm) 39,71 & 0,43 33,93 - L47.78 12,3
Ne.of branches per
plant h3.12 + 3.58 22,28 ~ 178,24 93.79
Days to 50%
flowering 8.5+ 0. 73.88 - 92,75 5,49
Days to mnrturity 131.95 + 0.62 127,13 - 137.13  5.35
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five per cent nnd one per cent levels of significance are
given in Tables A%, A2 and A3 of the appendix for the data
of 1981, 1982 and 1981/82 combined respectively, Hawever,
from the combined data KD3 was the highest yielder (333.90g)
and OYl (135,20g) was the lowest yielder, The combined
analysis showed that the differences in yield per plant
for XKD2, 502, S01, SOL 2nd KDL were not statistically
significant, but they were significantly different from
others. The differences in yield per plant for KN1, KN3,
KN2, S03, OY3 and KD2 were not significant but were sig-
nificantly higher than the other five cultivnrs, while
OY2, KD1, KN4 and OY1 were not significantly different

from each other but were significantly better than QOYl.

4.3 CULTIVAR VARIABILITY

The analysis of voriance for the different characters
iag shown in Table 6, The highly significant differences
ameng the entries for all the characters shows thot
genetic variablility exists among the cultivara,

The combined annlysis of varinnce and the result of
the F~test for the devintion of the mean squares from zero
are also presented in Table 6, Differences between vears
were highly significont for fruit yield per plant, number
of fruits per plant, average fruit weight per plant, fruit
diameter, fruit size, 100-seed weight nnd days to maturity.

Slgnificant difference between years was also observed for
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Table 6: Conbined analysis of variance for different characters of sixteen pepper cultivars growm in Samaru,
\ “Mean Squares
Source d.f Yield Number Average Fruit Fruit Fruit 100~ plant Number Days Days to
_per of fruit diame- length size seed wwwm.—h of to laturity
plant fruits weight ter weight branches 50%
per per per flo=
plant plant plant wering

.- b o e ———

Blocks in 3
years

Years 1 L7172.865**  580,04%* 5370,182¢%

Entries 15 31028, 45 %%  2859,278w% 1,28,526%*

Entries

x years 15 8919 ,860% 55.624* S5he520%

Lrror L5 2059374 29,004 2,229

2,086 1,048  219.792* 0.95%** 14.988 86,790 11.281 2169,750**

3.0160% 8,5168%  170,744%% 0.014%% 115,2,0%% 129106600 155,415%% 72.833**

0,203 1.000%*  30,427** 0.009** 15,611 132,966 1.215  Bi.474**

0049 0.9 2,688 0.000 9,170 95.467 3,203  11.434

*
1}

e

Significant at .05 level

Significant at .01 level
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fruit length, while no significont differences between
years were observed for pl-ont height, number of branches
per plant and days to 50)) flowering. The non-significant
genotype x year mean sou-~res for plant height, number of
branches per plant -nd drys to 50% flowering suggest the
stability of these choracters among the cultivars, The
variance due to genotype x environment internction was
very large for yield per plant and this indicated that
yield per plant was greatly influenced by the environment,
The genotype x year interaction variance was also highly
significant for fruit diameter , fruit length, fruit size,
100~-seed weight 2nd days to maturity, Significont
genotype x year interaction wns observed for number of
fruits per plant and average fruit weight per plant, while
non=-significant genotype x year interaction was recorded
for plant height, number of branches per plont and days to
50% flowering,

L.4 ESTIMATES OF GENETIC VARIANCE COMPONENTS

The components of genetic variance were computed from
the results of the analysis of variance. Table 7 shows the
estimates of genotypic voricnce, genotype x environment
(year) interaction variance, phenotypic variance and
environmental variance with their respective standard
errors, All the chnracters studied hnd positive genetic
variance estimates. In 21l cases the standard errors were

less than the estimates except for days to maturity.
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Table 7: Estimestes of phenotypic varisnce Aq\mvsv. Genotypic variance Aaﬂmmv. Genotype X

. . . . 2 . . .
Environment interactien variarnce hQ, gy) and environmentzl variance naxmmv with

their respective Standard Errors ﬁHu

Charzcters O\mu.n Qm o«mm% Q-mm

Yield per plant 3L49.78 + 1334.22  27€3.57 + 138L.88  1715.13 + 266.61  2059.37 & L2L.23
N¥o. of fruits - :

WumH. Hu..wmwab.ﬁ wmm.ﬂm h .._MN._WW me.r.m .H ANN.W.N m.m.m : N.\_:. 29,00 hd m.mm
Average fruit -

weight per plant 50.75 + 16,43 46.75 + 18.53 12,57 + 1.51 L.23 & 0.87
Fruit dismeter 0.37 + 0.13 0.35 + 0.13 0.04 + 0.01 0.05 + ©0.07
Fruit length 1,02 + C.37 .94 =+ 0.37 0.02 + 0.03 0.19 + 0.0k
Fruit size 19.61 + 7.34 17.54 + 7. 00 6.94 + 0.8¢ 2.67 + 0,58
Flant height 14h.00 + h.96 2.5 + 4.99 1.16 + 0.€4 9.17 + 1.89
hor Dlapp oReS 161149+ 555.15 1597.21 x  553.8i 9.36 x  6.15  95.L7 &+ 19.67
Lays to 50

%%mwmsw 19.55 + 6.68 19.28 + 6,67 0.50 +  0.17 3,20 +  0.66
Days to maturity 6.L8 + 3.13 2.42 + 3.68 10.51 + 1,56 M4z + 2,36
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The phenotypilc, genotypic and environmental variance
estimates were high for yield per plant, number of branches
per ploant and number of frults per plont, while the genotype
X year interaction variance estimate was high for only
yield per plant. Generally, the phenotypic variance
egtimates were higher than those of the genotypic, geno-
type x year and environmentcl variance estimates, The
phenotypic standard errors were higher than the genotypic
standard errors for number of fruits per plant, number of
branches per plant and doys to 50% flowering. Also the
environmentnl variance estimasles were higher than genotype
X year interaction variance for a1l the traits except average

fruit weight per plant and frult size,

4.5 ESTIMATES OF GENOTYPIC COEFFICIENT OF VARIATION ,
HERITABILITY, BEXPECTED GENETIC ADVANCE AND EXPECTED
GENETIC ADVANCE IN PERCENT OF MEAN

The estimates of genotypic coefficient of variostion,
expected genetic advance, expected genetic advance in per
cent of mean and broaod-sense heritability with their
standard errors for the 11 traits are presented in Table
8. The results showed thnt the characters with high
phenotypic coefficient of variation (Table &) also had
high genotypic coefficient of varintion (Table 8).

As the dnta for individual plants within plots were
avallable, the broad~sense heritability estimates were

computed on per plant basis rother than on per plot,
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All the heritability estimates were high except for days

to maturity and 100-seed weight, The heritability estimates
obtnined ranged from 37.36% for days to maturity to 99.11%
for number of branches per plant, The standard error for
days to maturity was however, higher than the heritability
estimote. | ,.

The expected genetic advénce, ranged frﬁm 0,03 to
65.87 for 100~seed weight and yield per plant respectively,
The results indicnte thot high heritnbility estimates are
not necessarily associated with high expected genetic
advance estimntes, The expected genetic advance in per
cent of mean ranged from 1,01 to 129,17 for deys to maturity
and number of branches per plant respectively. It hns been
noted that characters which hnd lowest heritability esti-
mates also had lowest expected genetic advance in per cent
of mean, however, chareccters having high heritability
estimates were not in all cases having high expected
genetic advoncee in per cent of mean. The traits which haod
high heritability as well as high genetic advance in per
cent of mean were yield per plant and number of branches
per plant, while number of fruits per plant had moderate
estimates, The traits with high genetic gain were number
of fruits per plant ond number of branches per plant while

fruilt size had moderate genetic goin.
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Teble 8: Estimotes of Genetic Coefficient of variebility (G,C.V,) in per cent,Broad
sense Heritability (h°) with Standaré Error (), Expected Genetic Advonce { AG)
and Expected Genetic Adveance in per cent of Mean,

Characters o.n.qﬂ % WM A G 6 C in per cent
of mean
Yield per plant | 21,82 0.8011 & 0,501  65.87 . 27.3L
No,of fruits per plant 92,03 . 0.,9851 = 0,345 26,01 127,88
Averoge fruit weight per _
plant 40,65 0.9272 + 0,368 9.22 sk, 82
Fruit di-meter 27.10 0.6565 + 0,353 0, 81 36.82
Frult length | .26 0.9261 + 0,363 1.31 19,27
Fruit size L3.45 0.89l) + 0,379 5.55 - 57.57
100-seed weight - T.20 0,5000 + 0,500 0,03 6,82
Flant height 8.8 0,889k + 0.356 b.66 11.74
Mo,of branches per plant 92,68 0.9911 + 0.34L 55,70 129.17
Days to 50% flowering 5.20 0.9859 + 0,341 €.10 7,22
Days to moturity 1.18 0.,3736 + 0,598 1.33 1.01




4.6 CORRELATIONS

Correlation coefficients (r) were computed from the
analyses of varionce and covarionce, All possible pheno-
typic, genotypic ~nd environmental correlations of the
different characters were computed from the means, The
phenotypic, genotypic and environmental correlation
coefficients are presented in Table 9, All correlation
coefficients obtained were positive. From the result,
significant positive phenotypic correlations were observed
between yield per plant with number of fruits per plant
(rph = 0.273) and number of branches per plant (rph =
0.586), The number of fruits per plant was phenotypically
significantly correlated with average fruit weight per
plant (rph = 0,192), plant height (rph = 0.203), number
of branches per plant (rph = 0.271), days to 50% flewering
(rph = 0,227) and days to maturity (rph = 0.183).

Most of the genotypic correlations were low, but the
following traits were positively 2nd significantly
correlated:- yield per plant with number of fruits per
plant (rg = 0.324), avercge fruit weight per plant
(rg = 0.150), and number of branches per plant {(rg = 0,692);
number of fruits per plant with average fruit weight
(rg = 0,154), plant height (rg = 0,201), number of
branches per plant (rg = 0,258) and days to 50% flowering
(rg = 228)3; average fruit weight per plant with plant
height (rg = 0.51€), days to 50% flowering (rg = 0,633)



Table 9: vwmmwmmﬁuo. Genotypic and Environmental Correlations between different characters for
Number of Average Fruit Fruit Frult 100~ Flant  Number Days to  Days to
fruits fruit dia- length size seed Theight of 50% maturity
per plant £mnmww . meter weight branches flower-
per plan ing
Yield per 0.273*** 0,133 0.010 0.017 0.01L 0.001 0.016 0.586%** 0,071 0.0L8
plant Q.320***  0,150% 0.011 0.016 0,080 0,000 0.016 0.692*#+* 0,083 0.055
- ¢.059 C.051 0.006 0.010 0.051 0.000 0.072 0.26L* 0.047 0.140
Number of Q. Jmm* 0.011 0.0LE 0.097 0.002 0.203% 0.271%% 0.,227%% 0.183%
fruit er 3
Hmﬁdm P C.184* 0.009 0.043 0.059 0.000 0.201% 0.268%* 0.228** 0.138+*
p O.408%*+ 0,047 0,092 0.L51**¥0,000 O.662%** (.350%x* 0.397#*% (0,000
VEF2ge 0.019 0.095 0.023 0.006 0.522*»** (0,128 0.5 *** O.1cr*
WMWHMd 0.019 C€.097  0.002 0.023 0.516%** 0. AA 0.2 36en 0. 22l**
ber plant 0.110 0.228%* 0,886%#%0.000 0.779*** 0.2L7**  0.000 0.709% *
Fruit 0,556¥¥*0, @mmunuo .08 o.“m * 0. oom o.ﬂmm m.mmmu*¢
SIBALLRL mHNWW¢**m 143"""8:868 3:088"  8:83% 3:1 3:87
Fruit s 0 o.mwwwt 0.020 o.mw * O.W *E"
i . * % .01 i v+ X ¥
$iE. 803 GAE 89R  BEL R
Fruit o.oom 0. mmo*** 0.066 0.000 0,65, %%+
i =0 4 *¥% 0,061 0. T 0. Fo
S 8:880 8:75%s% 8:300.»  3:363 g:31dnis
100-sced w.omm o.mo; o.ow o.o;&
welipht .000 Q. om 0.0 0.02
Plant 0.000 0.00 0.00 0.000
1 0.090 C.87L*** 0,000
height m.www*** Q:87uaex  3:2%9
Number of ’ m“mm mnmmm
branches 0.100 0.041
0.220%* 0.719%%=
Days to 0.51G%**
S0% flowering m.mwm#**
QM. The upper, middle and lower correlsetions in each cell refer to the phenotypic, genotypic and

¥ = significant at .05 level,

environmental correlations respectively.

*¥* = gignificant at .01 level and *** = significant at+001 level.
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and days to moturity (rg = 0.22l): fruit diameter with
fruit length (rg = 0,574), fruit size (rg = 0.378), plant
height (rg = 0.164) 2nd days to maturity (rg = 0.381).
Very highly significont environmental correlations were
obtained between number of fruits per plant with average
fruit weight (re = 0.448), fruit size (re = 0.451), plant
height (re = 0.652), number of branches per plant

(re = 0,350) and days to 50% flowering (re = 0,397):
average fruit weight per plent with fruit size (re =
0.886), plant height (re = 0.779) and days to maturity
(re = 0,709); fruit dizmeter with fruit length (re =
0.576)3 fruit length with days to 50% flowering (re =
0.277); fruit size with plant height {(re = 0,771), ~nd
days to maturity (re = C,718)3; and days to maturity with
number of branches per plant (re = 0,719) and days to
50% flowering (re = 0.633). The environmentsl correla-
tions were also highly significant between yield per plant
with number of branches per plant (re = 0.264); average
fruit weight per plant with fruit length (re = 0,228)

and number of branches per plent (re = 0.2L7)3 fruit
length with fruit size (re = 0,242); and number of

branches per plant with days to 50% flowering (re = 0.220).
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CHAPTER V

DISCUSSION

The results of the present investigation revealed
the presence of considerable variability in all the
characters studied, The phenotypic means of the different
cultivars also showed a wide range of variation for the
different traits measured (Tables A1, A2 and A3 of the
appendix). The cultivars also showed differential
performance in the two years except KP3 . This is
because KD3 is the local material and might be more
adapted to the area, For fruit size the differences
were also large, and the 1981 fruits were mostly larger
than those for 1982, On the other hand, the mean number
of fruits per plant for the two years was almost the
same and only few cultivars showed differential perfor-
mance in the two years, A wide variation in some of
these characters in .- different collections of pepper
genotypes have been reported by Nandpuri et al, (1971),
Arya and Saini (1977) and Dutta et al. (1973). The
range in the days taken to reach maturity was lower than
that in the days taken to reach 50 per cent flowering
{Table F), Similar result have been reported by Nandpuri
et al. (1971) and Arya and Saini (1977) in other pepper
varieties, The high phenctypic coefficients of variabi-
lity obtained for number of fruits per plant, number of
branches per plant, fruit size and fruit weight conforms
to the results obtained by Kirti et al. (1972).

The analysis of variance {Table §) showed highly
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significant differences for all the characters measured,
Year differences were not significant for plant height,
number of branches per plant and days to 50 per cent
flowering, but for all other characters these variations
were significant., This indicates that plant height, number
of branches per plant and days to 50 per cent flowering
will not change much in different environments and are
relatively more stable. The genotype x environment
(year) interaction variance was not significant fer plant
height, number of branches fQr plant and days to 50 per -
cent flowering, but was significant for number of fruits
per plant, and average fruit weight per plant and highly
significant for yield per plant, fruit diameter, fruit
length, fruit size, 100-seed weight and days to maturity.
This shows that the environment plays a great role in
determining yield per plant as well as the fruit diameter,
fruit length, fruit size, 100-seed weight and days to
maturity., As yield is a quantitative trait involving so
many related characters in its composition, it should be
expected to be greatly influenced by the environment,
Nandpuri et al, (1971) reported that the genotype x
environment interaction accounted for all the variations
in fruit size.

As the presence of genetic variability is of impor-
tance to plant breeders, genetic variances as well as
phenotypic and environmental variances were computed to

study the available variability in the population, It has
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been reported by Arya and Saini (1977) and Dutta et al,

{1979) that a good amount of genetic variability exists
in other pepper populations. From Table §, it could bve
seen that high phenotypic, genotypic and environmental
variances exist for yield per plant, number of branches
per plant and number of fruits per plant, while the
genotype x environment interaction variance was high for
only yield per plant, As the genctypic variances in all
cases were higher than their respective environmental
variances, the result revealed that considerable genetic
variability was available for improvement. However, the
high genotype X environment interaction variance for yield
per plant indicates that this trait would vary with years
over a wide area. Cockerham (1963) indicated thet a large
interaction component of variance cguld be the result of
the genetic variance being larger in one environment than
the other, and this could be true in this investigation.
It was also reported (Singh and Singh, 1977}, that the
genetic variances are greatly biased by the environmental
influence. The additive genetic variance appeared to be
the major source of variation in most of their crosses for
plant height, However, in the present study, all traits
except yvield per plant had relatively low genotype x
environment interaction variances when compared with their
respective phenotypic and environmental variances,

The genetic variance estimated from the present in-
vestigation was however, the total genetic variance because

it was impeossible 1o separate it into its component parts
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(additive, dominance and epistatic variances) owing to the
experimental materials and design used.

Even though the penetic variance estimate for yield
per plant was high, its corresponding genotypic coefficient
of variability was relatively low indicating that the range
of genetic variability existent in the trait was relatively
low, However, the genotypic 'coefficient of variation does
not indicate the amount of variation thet is heritable.
Heritability estimates are used for the determination of
the proportion of the total variation that is genetic, 1In
other words, heritability indicates the effectiveness with
which selection of genotypes can be based on phenotypic
performance, Broad sense heritability estimates were high
for most of the characters, moderate for 1100-seed weight and
low for days to maturity. Similar results have been obtained
by Nendpuri et al. (1971), Kirti et al. (1972) and Dutta
et. al. (1979)., The high estimates of heritability
recorded are encouraging, hecause the population can be
subjected to mass selection or any other suitably modified
selection procedure to exploit any additive effect, The

standard error for days to maturity was higher than the

actual heritability estimete and hence the estimate was
not different from zero,

It has been shown by Johnson et al. (1955a) that
heritability estimates along with genetic advance and
genetic gain are more useful in predicting the resultant
effect of selecting the best individuals in a given

population than heritability estimates alone. It has also
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been pointed out (Swarup and Chaugale, 1962}, that high
heritability is not always accompanied with high genetic
advance, If heritability is mainly due to non-additive
gene effects, the expected genetic advance would be
low, and if there are additive gene effects, high genetic
advance may be expected (Panse, 1957). Broad sense heri-
tability estimates are useful when high genetic gain in a
particular trait is also possible (Kaul and Bahn, 197h),
Hence high heritability estimates along with high genetic
advance estimates are more effective for selection
purposes and‘should therefore be considered jointly. From
the results of this study, the traits which have high
heritebility estimates as well as high genetic advance and
high genetic advance in per cent of mean are yield per
plant, number of branches per plant and number of fruits
per plant. This shows that yield per plant as well as
number of branches per plant and number of fruits per plant
could be improved upon through selection for these characters.
Similsr results have been reported by Arya and Saini
(1977). The other characters which show low genetic
advarice but high heritability (fruit diameter and 100-seed
weight in particular), indicate that the expression of
these traits was conditiened by non-additive genes,
Robinson et. al. (1951) have stated that most of the
characters of economic importance such as yield, are
complex in inheritance and may involve several related

characters and hence the degree of phenotypic and genotypic
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carrelations of the characters is important. The
coefficients of genetic correlations aré.a measure of the
commonness of genes goverhing the determination of two
characteristics., That is, if two characteristics have no
genes in common, we would expect them to be uncorrelated
(Mode and Robinson, 1959). To the plant breeder, the most
important correlations are those between yield and other
related traits, These correlations are not only of
interest from a theoretical consideration of the quantita-
tive inheritance of these characters, but of practical value
as well aince Selection usually involves the changing of
two or more traits simultaneously, The selection for one
character results in a progress for all positively
correlated but in a regress to all negatively correlated
characters, For these reasons the phenotypic, genotypic
and environmental correlation coefficients were computed
for all possible combinations (Table 9).

Phenotypically, significant positive correlations were
observed between yield per plant with number of fruits per
plant, Genotypic correlations were significant between yield
per plant with number of fruits per plant, average fruit
welght per plant and number of branches per plant, These
correlations indicate that yield improvement is closely
associated with number of fruits, average fruit weight and
number of branches, As the yield showed no significant

phenctypic correlations with days taken to 50 per cent
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flowering and days to maturity, it should be relatively
easy to select early maturing cultivars withoutappreciable
decrease in yield, Similar results have also been noted

by Kirti et al. (1972). VYield per plant again showed no
significant environmental correlations with all traits
except number of branches per plant, This shows that the
environmental influence on yield is only through the number
of branches produced per plant,

Gill et al. (1977) indicate that multiple regression
analysis in pepper have confirmed the importance of the
number of fruits per plant as it alone accounted for about
50 per cent of the variability in yield. For this reason
the degree of correlation between number of fruits per
plant with other related traits will be of benefit here,
The phenotypic correlations were significant between number
of fruits per plant, with average fruit weight per plant,
plant height, number of branches per plant, days to 50 per =
cent flowering and days to maturity (Table 9). Similar
results have been reported by Kirti et al., (1972)., Also
the genotypic correlations were significant for number of
fruits per plant with average fruit weight per plant, plant
height, number of branches per plant and days to 50 per
cent flowering, This result shows that the increase in
the magnitude of average fruit weight, plant height, number
of branches per plant and days to 50 per cent flowering may

be regarded as indicative of increase in fruit yield.



However, the days to 50 per cent flowering is generally
considered as the indirect yield component which influences
the othef factors which are directly related to the growth
and development of the crop plant (Dutta et al.,, 1979).
The environmental correlations were, however, highly
significant between number of frults per plant with

average fruit weight, fruit size, plant height, number of
branches per plant and days to 50 per cent flowering, This
means that the environment which affects average fruit
welght, frult size, plant height, number of branches per
plant and days te 50 per cent flowering also affects the
yield per plant through the number of fruits produced per
plant,

From the results obtained, it could be seen that there
is an opportunity for improving yield per plant through its
components (number of fruits per plant, average fruit
weight per plant and number of branches per plant).
Continuous selection for these traits will therefore
indirectly increase yield, The most correlated trait with
yvield per plant from this study both phenotypically and
genotypically was found to be number of branches per plant
contrary to Nandpuri et al. (1970) and Kirti et al.

@972) who found that fruit number per plant was the most
correlated trait with yield per plant in Chillies,
Criticel observation however, will indicate that these

results are not entirely contradictory, for the
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association of number of branches per plant with fruit
yield can be explained on the basis of the branching
system in pepper (Fig. 1). The branching system
simulates a dichetomy where flower buds terminate the
Erowth of a shoot and at the same time initiate the
development of two lateral branches (Olarewaju, 1980).
For this reason it would be apparent that & larger
number of branches per plant would give more flowers
per plant and hence a larger number of fruits produced

per plant,
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Fig. 1. A diogrommoatic representation of @ typical pepper (Capsicum annuum,L.)
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SUMMARY

Sixteen cultivars of peppers collected from different
ecogeographical zones of Nigeria were grown in a randomized
complete block design with four replications at Samaru,
Nigeria during the wet seasons of 1981 and 1982, Each
plot within a replication consisted of four rows and the
two border rows formed the discards., Also one plant on
either edge of the two middle rows was discarded leaving
10 plants per plot from which measurements were taken,

The data collected on 11 quantitative traits were combined
and analysed, Analyses of variance and covariance were
computed for all traits.

The variations observed within each trait were highly
significant, The traits which indicated a high level of
variation were number of fruits per plant, number of
branches per plant, fruit size and average fruit weight
per plant, Population means were significantly different
for each trait, Significant differences were also observed
for years in most of the traits, The cultivar x year
interactions were also significant for all traits except
plant height, number of branches per plant and days to
50 per cent flowering.

Genetic variance estimates obtained were all positive
for every trait. The genetic variance estimates for
yield per plant, number of branches per plant and number
of fruits per plant were highest and the genotype x year

interaction variance was highest for yield per plant,
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The estimates of genetic coefficient of variation,
nheritability, expected genetic advance and expected
genetic advance in per cent of mean for various traits
revealed that the range of variability in the population
was large indicating that improvement through selection
is possible.

Fruit yield per plant was positively and significantly
correlated with average fruit weight per plant, plant
height, number of branches per plant and days to 50 per -
cent flowering., The positive and significant phenotypic
and genotypic correlations between yield per plant and
its components (number of fruits per plant, average
fruit weight per plant, and number of branches per plant)
suggests that selection for these yield components would
indirectly increase yield per plant,

On basis of the performance of individual cultivars
for yield per plant and its components, KD3, S02, S01,
S04 and KDl were the best types and could be useful for

future breeding programmes,
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Table A1: Mean performance of the sixteen cultivars grown in Samaru in 1981

Yield Number Average Fruit Fruit Fruit 100- Plant Number Days to Days te

per of fruit dia- length size seed height of 50% flo- maturity

plant fruits weight meter weight bran- wering

per per ches
. plant plant 3 per

Cultivar (g) (£) (cm) (cm) (cm’) (&) (cm) plamt
SO1 367.35 24,80 13.7T2 2,06 6.83 6,10 0.35 43.23 38,50 92,00 132.75
KD3 347.14 18,85 16,99 2,52 6,09 10,16 0,40 4LS.40 L44.38 85.00 132,75
soL 337.96 74.75 L.39 1.13  L.}49 1.39 0.48  LL.83 172.90 77.00 133.25
KDl 294,70 16,70  15.47 2,78 5.17 10,49 0,37 L7.73 35,78 83.25 133.75
s02 294.22 14,88 19.24 2.L9 6,96 12,16 0,38 44.93 31.85 84,00 133,75
KN1 267.07 8,83 27.84 2,917 7.90 17.37 0.35 39.73 27.78 85,00 133.00
KN2 216,48 6,78 35,64 3.31  7.79 22,26 0,36 37.38 25,45 85,00 133.00
KN3 214.23  9.38 24,94 2.4y B8.36 13.17 0.38 39.65 29,93 85,00 133:25
0Y3 186.38 55.18 3.31 0.79 7.57 1.23 0.39 35.85 §87.83 85,00 134.25
S03 184,09 13.53 12,46 2,00 6.31 7.86 0,33 36.25 34.35 92.75 13k.25
() ¢ 171,42 6.25 28,10 2.7 7.91 15,30 0.29 35.70 24.78 85,75 143.25
KN 170,57 5.75 30,75 2.86 8.18 17.53 0.36 37.53 23.88 85,00 133.75
KD2 152.88 5,95 28.60 3.04 6.74 16.4L5 0,28 37.03 25.45 72.75 145.00
KD1 133.57 7.25 20.17 2,22 8.28 10,78 0.30 36.15 42.30 81.50 14l .75
oYL 120,52 13,60 8.82 1.77 5.82 4L.81 0.32 36.88 28,95 83,50 143,25
oY1 102,35 8.98 11.49 2,02 5,87 8.14 0,31 31.63 21.35 84.00 133.00
Mean 221,78 18.21 18,87 2,32 6.89 10,95 0.35 39.37 L42.30 84.16 136,06
S.E. + 11.67 2.4 1.22 0.09 0.15 0.76 0,01 0.70 4.91 0,61 0,60
L.S.D. 5% 71.68 6.93 2,76 0.95 0.63 3.07 4.97 20.32 2.7 1.h5
L.S.D. 1% 95.74 9.25 3,69 1.27 0.84 L1 6.6L 27.1L 3,67 1.94
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o Table A2:

Mean performance of the sixteen cultivars grown in Samaru in 1982

Yield Number Average Fruit Fruit Fruit 100- Plant Number Days to Days to

per of fruit dia- length size seed height of 50% flo- maturity

plant  fruits weight  meter weight bran- wering

per per ches
. plant plant 3 per

Cultivar () () (cm) (cm)  (em?) (g) (cm) plant
S02 344.80 19,70 16.40 2.51 6.93 11,48 0,50 LL.L3 35.54 85,75 125,00
KD3 320.66 19.70 16,18 2.25 6,04 8.03 0,53 43,00 30,40 86,00 130,00
KDl 316.41 17.75 17.40 3.07 5.13 12.65 0,58 47.83 35.08 83.25 131.25
KD2 308.25 10.93 24.81 2.53 8.15 14.12 0.59 40,55 29,20 75.00 129,00
S03 286.35 21.23 11,93 1.54 6.28 6.89 0.49 40,23 42,85 92,75 123.25
sob 281.39 66,98 3.88 1,06 L4.81 1.42 0,64 41,28 183.58 78,50 131.00
KN3 278.33 13.98 18,54 2,22 17.28 9.36 0,49 40,30 35.95 85.50 121,00
0Y3 275.12 72,05 3.35 0.75 7.68 1415 0.U45 38,55 107.23 8L.75 131.00
S01 258,96 22,73 10,85 2,11 6,48 7.62 0.51 40,83 31.33 91.25 129,00
KN2 258,5¢ 12,03 21,58 2.4y 6.49 10,4 0,59 42,13 21,60 85.00 126,25
KNA1 252,43 12.32 18,17 2.15 T7.54 9,18 0,54 41,03 23.55 85.25 128,75
oy2 232.90 10.55 22,58 2.54 7.80 13,22 0.49 37.58 22.65 86,00 129.50
oY1 21Lh41 19,15 10.99 1.92 6.24 6,02 0.53 36.23 32.35 85,00 126,75
KD1 210.82 12,73 . 18.31 2.14 8.03 $.63 0,59 36,48 20,95 82.25 129,50
KNk 173.45 10.35 1L4.23 2.18 6.59 8.17 0.46 33.63 22,85 85.75 127.25
oYk 149.95 17.4,0 17.19 1,58 5,92 3.89 045 3698  28.03 84.00 126,75
Mean 260,17 22.47 14,77 2,06 6,71 8.33 0.53 40,05 43.94 84.75 127.83
S.E. + 7.74  2.35 0.79 0.08 0.13 0.51 0,01 0,51 5.24 0.55 0.82
L.S.D. S% LS.27 5.52 2,19 0.1 0.67 2.6k 0.05  3.64  10.11  2.73 6.46
L.S.D. 1% 60,47 7.37 2.93 0.55 0.89 3.53 0,06 L4.86 13.51  3.65 8.63




66

Table A3: Mean performance of the sixteen cultivars grown in Samaru for 1981/82 combined

Yield Number Average Fruit Fruit Fruit 100~ Plant Number Days to Days to

per of fruit dia-~ 1length size seed height of 50% flo- maturity

plant fruits weight  meter weight bran- wering

per per ches
plant plant per

Cultivar (g) (g) (cm) (cm) Anawu (g) (cm) plant
KD3 333,90 19.28 16.58 2.38 5.06 9.10 0,47 Wy i20 37.99 85,50 131.38
S02 318.26 17.29 17.82 2.50 6.95 11.82 0.4k Ll .68 33,70 84,88 129.38
501 313,16 23.76 12,28 2,01 6,66 6.86 0.43 42,03 34.91 91.63 130.88
SoL 309,67 70.86 413 1.10 L4.65 1.41 0,56 43.05 178.24 77.7% 132.13
KDL 305.55 17.23 16,44 2,92 5,15 11,57 0.47 47.78 35.43 83.25 132,50
KN 25L,74 10.57 23,00 2.53 7.72 13,28 045 40,38 25,66 85,13 130,88
(N3 2u6,28 11.68 21,74 2:32 T.82 11.26 0.4l 39.98 32.94 85,25 127.13
K2 237.49 9.40 28,61  2.87 7.1  16.35 0.47  39.75  23.53 85,00 129.63
503 235.22 17.38 12,19 1.77 6.30 T.37 0,41 38.24 38,60 92.75% 128,75
0Y3 230,75 €3.61 3.33 0,77 7.62 1.19 0.42 37.20 97.53 84.88 132,63
KD2 230,56 8.4k 26.70 2.78 T.45 15.29 0,43 38.79 27.33 73.88 137.00
oYz 202,16 8,40 25,34 2.6L4 7.85 14.26 0,39 36.64 23.71 85.88 136,38
KD1 172,20 9,99 19.24 2.18 8.15 10,20 0,45 36.31 22,28 81,88 13713
KNy 172,01 8.05 22,49 2.52 7.38 12.85 0.41 35.58 23.36 85,38 130,50
oY1 158,38 14,06 11.2L 1.97 6,05 7.08 0,42 33.93 26,85 84,50 129,88
oYy 135.24 15.50 8.00 1.67 5.87 k.35 0.38 36.83 28.49 83,75 135.00
Mean 240,97 20.34 16.82 2.19 6.80 9.64 0O.Lh 39,71 13.12 8445 131.95
S.E. * 7.18 1,69 0.75 0.06 0,10 0.47 0,01 0.43 3.58 0.41 0,62
L.S.D. 5% 45.70 5S.42 2,07 0.23 0,44 1.65 3.05 9.8, 1.80 3.41
L.S.D. 1% 61,04 7.24 2,77 0,30 0,59 2.21 4.07 13.14  2.41 L.48







