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CHAPTER I

INTRODUCTION

The date palm is one of the oldest cultivated trce crops with
the earliest known records of its culture already cstablished in Iraq
as early as 3,000 B.C. The palm originated in South-west Asia
probably in Iraq and has existed from prehistoric times in the warm
dry zone, which extends from Northwest India across Arabia and North
Africa, principally between parallels 15°4 and 30°N. Dates have long
been a staple food for the native populations in these areas. The date
palm was recently introduced into the Western Hemisphere.

The date palm Phoenix dactylifera, L., is an important member

of the Palmacene family. The inflorescence or flower cluster, is a
branched spadix and is enclosed before maturity in a protecting sheath
or spathe, The date palm is dioecious and heterozygous and the fruit
is a berry which is usually, oblong or ellipsoidal in shape.

World date production was ostimated for 1966 at 1,826,000 metric
tons from 96,000,000 trecs with 500,000 trees for West Africa, In the
Middle Eact, all parts of the palm are utilized and about 800 uses
have been recorded., The diverse uses include food in several forms for
man and animals, fibre, wood, fucl, shelter and haindsome ornamentals.
The most important economic portion of the date palm, is the pericarp
of the ripe fruit which can be directly consumed. The pericarp is
also used in the biscuit and confectionary trade. The flesh of

dates with a moisture content of 20 percent contains 60 tc 65 pereent



.

sugar, about 2.5 percent fibre, 2 percent protein and about 2 percent
each of fat, mineral matter and pectic substances.

In spite of its excellent nutritional values dates have not
yet gained importance in Nigerian agriculture, There is no available
estimate of the Nigerian population of the date palm though it is
part of the 0.5 million trecs cstimated for “Yost Africa. Date valm
groves are found in Northern Nigeris ranging from populations of a
few trees, to others of over 100 trees. These populations are found
in the Sahel, Sudan, MNorthern Guinea and Southern Guinea areas of
Nigeria, There arc more concentrations of date groves in Sudan and
Northern Guinea areas. Apart from the Government plantation at
Fika, dates are usually ‘compound crops' in Nigeria. All the parts
of the palm are utilized and there is considerable local trade on
the fruits which are usually directly consumed within the Northern
States. Dates with sweet taste and attractive colour are preferred
in Nigeria, There are few importations of Jates from neighbouring
countries with negligible quantities from the Middle East and North
Africa.

The main objective of the studies reported here was to
evaluate the genetic variability in fruit characteristics among the
Nigerian populations of the date palm. . further objective was to
estimate the heritabilities of the different traits; the correlations

between traits, and the expected genetic advance from selection.
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CHAPTER 11

LITERATURE REVIEW

in the Middle East and North Africa wherc dates have been
cultivated since the dawn of history, superior varieties have
originated from chance scedlings as a result of natural selectionm,
aided by man.

The genetic behaviour of the date palm is little known.
Seedling populations of certain varieties tend to resemble the
female parent in vegetative and fruit characteristics. This
feature has been useful in sclecting for further hybridization,
backerossed (BC) males with growth characters resembling those of
the female parent. Fruit characters carried by male palms have not
been properly evaluated, but a study of female progeny in BC
populations may suggest which fruit characters are being transmitted.
With advanced BC males, the study of the inheritance of characters in
progenies derived from parents with distinctive attributes will be
possible, Carpenter and Ream, (1976).

The effect of the pollen source pn fruit characters in the date
palm was first rcported 2n? ca'led '‘motaxenia' by Swingle, (1928). He
defined metaxenin as a direct cffect of pollen From a male clone on
the morphology and other characters of sced and fruit tissues lying
outside the embry» and endosperm. Swingle suggested that metaxenia
was due to hormones secreted (diffused) into the surrounding mother

tissues by (from) the fertiliized embryo and associated endosperm.
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Thus, the implicatiorn is that metaxenia is genmetically controlled, but
indirectly, Nixon, (1928), reported on his first experiments which he
began in 1925 or the effacts of pollen on date fruit characteristics
which establishad clearly tha significant effects »f pollen source on
size and shape of seed and fruit and on time of ripening of 'Deglet Noor’
and several other commercial date cultivars,

Osman et al., (1974), repcrted on two experiments conducted in
1970 and 1972 to cbtain a more precise insight into the relation of
pollen source to the dispersion and variability of date fruit ¢haraeteristics.
The data obtained in 1970 agree with previnus studies (Swingle, (1928),
and Nixon, (1928)) in showing large metaxenia coffccts of pollen sources
on size, shape and weight of the pericarp and sced of date fruits as
well as on the time of ripening of the fruits. Furthermore, they showed
. that the pollen soufcu mnay have even more striking effects on the
dispersion of such characters about the ﬁoan; that is, on the shape
of their frequency distribution curves., They first reported on the
effect of pollen source on dispersion of characters., They also indicated
that the pollen source cxerts 2 significant influence on the frequency
distribution of such characters as sced and pericarp weights in a manner
suggzesting that metaxenia effects are under relatively simple genetic
control. Thoy stated that their data indicatc that a significant part
of the spread in sizz, in time of ripening and in otheér characters of
the fruit on a given bunch »f datcs is related to the hetoerozygousity
of the pollen clone used, This implies that by selection or inbreeding,
a male clonc might be obtained which would reduce the variability in such
factors as fruit size, shape, seed size and time of ripening within bunches

as compared with the commercial pollen clones in general use. The 1972
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data on uniformity of effect of male clones on female cultivars suggest

that a pollen clo;e which has a tendency to produce small fruit and

sced sizes may be oxpected to do so on female cultivars and conversely

too. They also showed that fomale cultivars vary in their sced-fruit

weight ratios and that male clones affect this relation considerably.

They stated that thc female cultivar effoct on fruit variability may

be influenced by environmental conditions, insects and diseases, time

of pollination, bunch handling and nutrition as well as by genetic factors,
The need for variety improvement in the date industry resulted

from the defects of the known world varieties, Nixon and Furr, (1965).

In 1912, the University of Arizonn in n study of inheritance in 'Deglet

Noor' variety found out after three generations that none of the scadlings

produced fruits equal to the parcnts when they employed inbreeding by

crossing selected female palms with selected malc palms of the same

generation. Early attempts to breed superior female varicties in which

unproven males were used had little chance of success because the date

palm is dinecious and heterozygous. Sibling crosses were not much better.

The U.S.D.A. date breeding project which was started in 1948 had the

first objective of obtaining males that approach the female parent in

genetic composition. In making selections for backcrosses, primary

consideration was given to fruit characters such as large size, attractive

colour and appearance, good texture and flavour, good shipping and

keeping qualities, early ripening, late ripening, high yield and rain

tolerance.
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CHAPTER III

MATERIALS AND METHODS

3.1 SOURCE MATERIAL

Fruit samples from the twenty-six entries used in this study,
wera collected in 19289 from 105 palms, in 2 raadom sample survey of
the ecogeographical areas between latitude 10”8 - 14°N and longitude
4°E - 12°E where the date palm is maximally distributed in Nigeria,
The sampling was done in Sokoto, Kaduna, Kano, 3auchi and Borno States
of Nigeria. Sixteen areas sampled within these five states are :
Gwadawa, Anka, Funtua, Katsina, Wudil, Gaya, Dutse, Birnin Kudu, Gombe,
Ningi, Bauchi, Dar~zo, Misau, Shira, Fika and Potiskum as shown in
Table 1. The fruits from cach paim were stored separately in jutebags
at the Nigerian Institute for Qil Palm Research Substation, Dutso,
Kano State,
3.2 OBSERVATIONS TAKEN

A total of 2,120 fruit samples consisting of a random sample
of 20 fruits from cach of the 106 palms were used to evaluate each
of the following fruit traits: Length, circumference, weicht, mesocarp
weight and mesocarp thickness. The length, circumference and weight
of each seed were also evaluated, Vernier callipers, micrometer guages,
meter rule and threads were used for the measurements while the weights

were taken on mettler balance.
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Table 1. Oricin of Datepalm Entries in Nigeria used
in this Study
ECOGEOGRAPHICAL Ngf l:jtrs:
AREA STATES AREAS ENTRIES SAMPLED
SUDAN SOKOTO GWAD/\WA KELLA 1
ANKA MARU 1
NORTHERN KADUNA FUNTUA FUNTUA 1
GUINEA KATSINA ATSINA 5
SUDAN ANO WUDIL ZUGA 5
G/ MAWA 6
GAYA TSANGAYA 5
PANDA 5
DUTSE GURDUBA 5
DUHUWA 5
BIRNIN- KILA 2
Kupu SAMAMIYA 1
KANGIRE 7
NORTHERN BAUCHI GOMBE GOMBE 10
aNEA NINGI TIFFI 9
BAUCHT MIRI 6
TIRWIN 4
DARAZO DARAZO 1
GABARIN 2
KONKIEL 4
LAGO 3
MISAU MISAU 4
AJILT 1
SHIRA SHIRA 5
SUDAN BORNO FIKA FIKA 1
POTISKUM POTISKUM 7
S 16 26 106




- The fruit traits mcasured werai-

(a) Fruit Length: This was measured to the ncarest centimetor from

the perianth or calyx to the remains of the stigma.

~(b)  PFruit Circumfercnce: With the aid of a string and meter rule,

this was measured to the ncarest centimeter at the midpoint of the
length and round the fruit.

(e) Fruit Weight: The weight of each fruit was recorded to the

nearest gram.

(d) Mesocarp Weight: This was obtained for each fruit after the seed

had been removed and was recorded to the nearest gram,

(@) Mesocarp thickness: The micrometer guage was used for measuring

the mesocarp thickness in millimeter which was converted to

centimeter.

(£} Seed Length: This was measured to the nearest centimeter from

on¢ pointed end to the other.

(g) Seced Circumference: With the aid of a thread and meter rule,

this was measured to the nearest centimeter at the midpoint of

the seed length and round the seed.

(h} Seed Weight: The weight of each seed was recorded to the nearest

gram.

3.3, STATISTICAL ANALYSIS
A hisrarchal desion Kempthorne, (1952) was uscd for the analysis of

variance for each of the wvight fruit traits.



3.3.1 THE STATISTICAL MODEL

The linear statistical model used for the analysis of variance

was as follows:

ViR w m @y * Bpp et Rk
where u = overall mean
a; = the effect of the ith State; {=1,2..5
ﬁij = the effect of the jih area in the [th State;

W Ly By anene 16
cijk = the effect of the kth entyy, =1, 2 ..... 26

and ai - NID {0,aza}
bif ~ NID {O,uzb}
cijk - NID {0,0%)
eifR -~ NID {0.02)
The form of analysis of variance with the expected mean squares which

were used for the estimation of genetic parameters is shown in Table 2.

3.3.2 ESTIMATION OF VARIANCE COMPONENTS
The observed mean square values for each character were used to
estimate the components of variance and their standard errors (S.E.)

from Table 2 as follows:

Error variancec = A? = M, with S.E. =
0 4 2
2 (M4)
d.f. + 2
’ ; . 2 M, - M
Genotypic variance for entries = gc = b 4
d

with S.E. = /_13 2 (1)2 + 2 ()2
@D 1 af +2 afes2
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Table 2. Form of analysis of variance (ANIA) with

expected mean squares (EMS) for the estimation

of genetic parameters

Sources of Variation d.f. M.S. E.M.S.

States 4 ”1 a? +d ozc + ed cz-b + bed aza
Areas within States 15 MZ 02 +d czc + ed czb

Entries within Arecas 25 M3 02 + d uzc

*Error 1939 M 4 02

* Error degrees of frcedom of 1989 resulted from unequal numbers of ‘

subsamples.

where M subscript = the observed mean square of the subscripted effect,

2 o2 ad 2
o = error variance = o +do " W
where d = number of replications (palms) and its value was

calculated owing to unequal numbers of subsamples.

at . >
and o u = within plot variance

uzc = the genetic variance among entries.

azb = the genetic variance among arcas within States

aza = the geretic variance among States.

Owing to the unequal number of subsamples, the coefficient 4 for the

2
componant g ¢ in the EMS was computed according to Steele and Torrie,

(1960).



. 2 M, - M
Phenotypic variance for entries = o ph = M4 + 3 4
d
with S.E. = o
1 2 203
\//1 -—) A
d d .f + 2

3.3.3 ESTIMATIONS OF HERITABILIVY (h") GESETIC COEFFICIENT OF
VARIABILITY (G.C.V. %), EXPECTED GENETIC ADVANCE (AG) AND
EXPECTED GENETIC ADVANCE EXPRESSED AS PERCENTAGE OF THE
MEAN (—“g 100)

(1) Heritabiliry (h2] Fstimates: Broad sense heritability (hz)

for each trait was estimated from the variance components using the

formula of Burton and De Vane, (1953) and Johnson et al, (1855).

2 2
Heritability (%) = %% , ; with 5.5, = S:B.0fo0e
cetaoge o ph
2
where o ¢ = Genetic variance
2 2
gLt oe =  Phenotypic variance

(ii) Genetic Ceefficient of Variability (6.C.V." %) BEstimates:

Genetic coefficient of variability (G.C.V¥.%) for the different traits

were ¢Stimated using the formuls supgested by Burton and De Vane, (1953)

and Hanson st al, (1856).

G.C.V. % = ' Z
»// _E:ﬂ__ 100
X
vhere J 029 = the square root of the genetic variance

X Entry mean
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(iii) Expected Genetic Advance from Selection (AG):

Expected genetic advance from selection (AG) was computed using

the formula given by Johnson, et al. (1955).

2
Genetic Advance (AG) = - x koph
o*ph
2
where ZE£ = heritability
42ph
koph = Selection differential expressed in

phenotypic standard deviations.

For this purpose, k was given the value 2.06, which is its expectation
in the case of five percent selection in large samples from a normally

distributed population,

(iv) Expected Genetic Advance expressed as percentage of mean:

This was computed according to Kaul and Bhan (1974)

AG

X

x 100

where AG = Expected genetic advance from selection
X = Entry mean
3.3.4 CORRELATIONS
The Estimates for genotypic, phenotypic and environmental
correlations between traits were estimoted from analysis of variance

and covariance according to Mode and Robinson (1959), as shown in Table 3.
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Table 3, Form of analysis of variance and covariance with

expected mean cross products for two traits (x and y)

Source of
Vitaihon da.f. M.S. (x) M.S. (y) M.C.P(xy) E.M.C.P
Entries (a-1) M8 (x) M S(Y) M,CP(xy)  Cov e(xy)+d Covg(xy)
Error ab(c-1) M, S (x) M,S. (y) M,CP(xy)  Cov e (xy)
Where M.S. (x) = Mean squares for trait x
M.S. (y) = Mean squares for trait y
M.C.P. (xy) = Mean cross products for x and y
E.M,C.P. = Expectations of mean cross products for x and y
d = Calculated value due to unequal number of subsamples

for entries.
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(i) Genotypic correlations:

rg{xy) . Covg (9
y/f;z c(x) o2c(y)
where rg(xy) = Genotypic correlation between traits x and y
Cov g(xy) = Genotypic covariance of traits x and ¥
= Mi.C.P.{xy) - MZ.C.F. (xv)
d
o2¢(x) = Genotypic variance of trait X
clc(y) = Genotypic variance of trait y
d =« Calculated value due to uncgual numbers of

subsamples.

(ii) Phenotypic correlations:

The phenotypic correlations were computed using mean squares and

mean cross products in the following formula:

rph(xy) MICP(xy)
V 01,500) ¢4,56)
where MIS{x} . = mean square for trait x
MIS(y) = mean square for trait y
MlcP(xy) = mean cross products for x and y
rph (xy) = Phenotypic correlation for x and y

{iii) Environmental correlations:

The enviroumental correlations were also computed for a pair of
characters using mean squares and mean CTross products for environment as the
measure of the offcet of envircnment on the association of the characters

in each pair.
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- Cov e (xy)
V/—;z(x).cz[y]

Environmental correlation for Xx and ¥

re (xy)

)}

where re(xy)

Cov e(xy) = Environmental covariance for x and ¥
a2 (x) = Environmentzl variance for trait X
o2 (y) = Epvironmental veriance for trait y
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CHAPTER 1V

RESULTS

4,1 FRUIT VARIABILITY

The Means, Standard Error of Means, Ranges and Phenotypic
Coefficients of Variation for the eight fruit traits are shown in
Table 4, Considerable and significant variations among the entries
for each of thc eight traits were observed. The standard error of the
means were very much lower than their respuctive means. (S8.E," for
fruit circumference and mesocarp thickness were 89 and 3 times
respectively lower than their respéctive means).

Wide ranges in the wmcans were obsarved for fruit weight (0.95 -
18.43g) and mesocarp weight (0,46 - 18.35g). The lowest range in the
means was pbserved for mesocarp thickness (0.10 - 0.94 c¢m).

The phenotypic coefficient of variation ranged from 14.9% to 49,9%.
The highest coefficients of variation were for mesocarp weight (49,9%),
and fruit weight (43.1%) while the lowest were for fruit circumference

(14.9%) and seed circumference (14.9%).

4.2, ANALYSIS OF VARIANCE

The analysis of variance nf the eight fruit traits studied are
presented in Table 5. The mesn sAuares amone entrizs within areas for
all traits were highly significant (P = 0,01}, Except for seed weight,
similar results were obtained for Areas within States for all traits,
Similar results for States weore obtained for all traits with the

exception of sced length and seed weight.,



Table 4. Mean (X), Standard Error of the Mean (S.E.X),

Range and Coefficient of Variation (C.V.%) for

the eight fruit characters of 26 entries

TRAIT MEAN + S.E.X RANCE C.V.
Fruit Length (cm) 3.464040,0462 1.50-6,90 16.20
Fruit Circumference

(cm) 5.7871+0,0648 3.00-9,40 14.87
Fruit Weight (g) 5.4850+0, 1586 0,95-18,43} 43,09
Mesocarp Weight (g) 4.2864+0,1357 0.46-18,35 49,93
Mesocarp Thickness

(cm) 0.3501+0.1252 0.10-0,94 31.16
Sced Length (cm) 2.3691+0,0595 1,10-3.50 28,24
Seed Circumference

(cm) 2.8179+0,0582 0.60-4.10 14.90
Seed Weight (g) 1,2146+0,0328 0.01-4.14 24.91
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Table 5. Analysis of variance for eight fruit traits of the twenty-six date palm eatrics
SOURCE OF
VARTATION d.f. MEAN SQUARES
Fruit Fruit Fruit Mesocarp Mesocarp Seed Seed Seed
Length Circumference| Weight Weight Thickness | Length [ircumfe-| Weight
Tence
ek LA * % L3 * ¥ *k
States 4 12,6717 18,2170 117.5995 106.5568 77.8531 1,9672 | 6,2519 1.8261
* ¥ * % * % * 3 % *x *%
Areas/States 15 10,5366 17.9504 120,2097 105.0117 10,3212 2,3048 ) 2.7461 1.2945
. aa . *k * % ’ *a.a - "
Entries/Aveas | 25 | 10,3335 | 16.3626 1340350 | 113.691% | 30.5234 4 2.7248 | 4.0040 | 2.2603
Errny 1989 0.1704 0.5075 3.7573 3.5385 0.1212 ¢.5012 { 0.0945 0.0921
** = Significant Difference at .01 level of probability,
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4.3 ESTIMATES OF VARIANCE COMPONENTS

Table 6 shows the estimates of genetic variance (o?g), phenotypic
variance (o?ph) and environmental variance (¢2) with their standard
errors for the eight traits. All traits showed positive genetic variances,
which in all cases were about four times larger than their respective
standard errors. Relatively high gemetic variauces (o ) were obtained
for fruit weight (5,0453), mesocarp weight (4,2661) and mesocarp thick-
ness (1,1659); medium genetic variances for fruit circumference (0.6179)
and fruit length (0.4014); and low genetic variances for seed
circumference (0.1514), seed length (0,0861) and seed weight (0.0840),

The genetic variances were one to three times larger than their
respective environmental variances for the following traits: fruit
circumference (x1), fruit weight (x!), mesocarp weight (x1), fruit
length (x2), seed circumference (x2) and mesocarp thickness (x3);
while the genetic variances were lower than the environmental variances
for seed length and seed weight, The highest phenotypic variances were
obtained for fruit weight (8.8029) and mesocarp weight (7.8056), and the
lowest estimate was for seed weight (0.1761). The Phenotypic and
environmental variance estimates were also positive for all traits.
4.4. HERITABILITY

Broad sense heritability (hz) estimates (Table 7) were high for
mesocarp thickness (0,7346), fruit length (0.7020) 2nd seed circumference
(0.6157). Medium heritability estimates were obtained for fruit weight
(0,5732), fruit circumference (0.5491), mesocarp weight (0.5465) and
seed weight (0.4770) and a low estimate for seed length (0,1459),
The heritability estimates for all traits were significant, being larger

than thrice the value of their respective standard errors.
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Table 6. Estimates of Genetic Variance (0%g), Phenotypic
Variance (o?ph) and Environmental Variance (o?)
for the eight fruit traits of twenty-six Date
Palm entries in Nigeria in 1980
TRAIT COMPONENTS OF VARIANCE
o2 g a?ph o?
Fruit Length 0.4014+0.1110 0.5718+0,1110| 0.1704+0,0054
Fruit
Circumference 0.6179+0.1735 1,1254+40,1735{ 0,5075+0,0161

Fruit Weight

5.0456+1, 1129

3.7573+0.1191

Mesocarp

Weight 4.2661:1.1984 7.8056:1.1984 3.5395:0.1122
Mesocarp

Thickness 1.1659+0,3218 1.587140,3218|0.4212+0,0134
Seed Length 0.0861:0.0287 0.5873:0.0287 0.5012:0.0159
Seed

Circumference 0.151410.0122 0.2459+0,0422}0.0915+0.,0030
Seed Weight 0.0840+0,0238 0.176140.0238| 0.0921+0.,0029
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Table 7. Estimates of Heritability (hz), Genetic Coefficient
of Variability (G.C.V%), Expected Genetic Advance
(AG) =and Expected Genetic Advance Expressed as
Percentage of Mean (o 100) for Eight fruit traits
X
of 26 Datepaln entries in Nigeria in 1980
TRAIT h? G.C.V.% | 46 A6 100
X
Fruit Length 0.7020+0,1941 | 18,2798 1.0936 31,5519
Fruit
Circumference | 0.5491+40,1542 | 13.5899 1.2000 20,7457
Fruit Weight 0.5732+#0.1605 | 40.9846 3.5034 63.9220
Mesocarp
Weight 0.5465:0.1535 48,2267 3.1453 73.4400
Mesocarp
Thickness 0.7316:0.2028 30,8417 1.9064 54,4530
Seed Length 0.145930.0489 12,3788 0.2303 9.7170
Seed
Circumference | 0.6157+0.1716 | 13.8161 0.6290 22,3325
Seed Weight 0.4770+0,1352 25,0045 0.4770 34.9074
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¢.5 GENETIC COEFFICIENT OF VARIABILITY

The estimates of Genetic Coefficient of Variability (G.C.V.%)
are shown in Table 7. The G.C.V.% were relatively high for mesocarp
weight (48.23%) and fruit weight (40.99%); medium for mesocarp thickness
(30.84%), seed weight (25.01%) and low for fruit length (18.28%), seed
circumference (13.82%), fruit circumference (13.59%) and seed length

(12.38%).

4.6 EXPECTED GENETIC ADVANCE AND EXPECTED GENETIC ADVANCE EXPRESSED
AS PERCENTAGE OF MEAN
The expected genetic advance varied from 0.2303 for seed length
to 3.5034 for fruit weight (Table 7). The expected genetic 2advance
expressed as percentage of mean varied from 9.7% to 73.4% for the
different traits as shown in Table 7. Hipgh values were obtained for
mesocarp weight(73.4%) and fruit weight (63,9%). The lowest value

was for seed length (9.7%).

4.7 CORRELATIONS

The genotypic, phenotypic and environmental correlations for
pericarp characters (fruit length, fruit circumference, fruit weight,
mesocarp weight and mesocarp thickness) are shown in Table 8, Fruit
length was significantly ond positively correlated genotypically and
phenotypically with fruit circumference (rg = 0.140, rph = 0,451),
mesocarp thickness (rg = 0,475, rph = 0,593), Mesocarp thickness
was significantly and positively correlated genotypically and

phenotypically with fruit weight (rg = 1,892, rph = 1,207) and



Table 8. Genotypic (rr), Phenotyvnic (rph) and Environmental {re)

. . !
Correlations for Pericarp Characters

FRUIT FRUIT MESQCART MESCCARP
CIRCIMFFRENCE WEIGHT WEIGHT THICKNESS
* ] * %k
Fruit Length 0.3149 0,293 2,114 0.475
* %k
0.451 0.105 0.117 0.593
0.017 1.004 0.005 .025
Fruit Cir- ~ .
cunference 0.065 0.065 0,581
L3
0.069 0.069 0.593
0,006 0,006 0.025
*%
Fruit Weight 0.085 1.892
* &
0.085 1.907
0.003 0,057
Mesocarp : s
Weight ' 1.589
* ¥
1.609
0.058
1., = The uwmner, middle and lower values for each trait refer tn
the penotypic (re) vhenotypic (rph} and environmental (re)
cnrrelations respectively,
* = Significant at .05 level of probability
*

"

Significant at ,01 level of probability
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mesocarp weight (rg = 1.589, rph = 1,609). The environmental
correlations were positive but not significant in all cases. The
correlation values that arc higher than one {1 unit) could be due
mainly to the unequzl numbers of subsamples or the statistical

proceedure used or the metaxenia effects on fruit characters.

Table 9 shows the genotypic, rhenotypic and environmental
correlations for seed characters (seed length, seed circumference and
seed weight), Seed length was highly significant and positively
correlated genotypically and phenotypically with seed circumference
(rg = 0.695, rph = N,708) and seed weight (rg = 0.692, rph = 0,720).
Seed circumference was positively and hichly significantly
correlated genotypically and phenotypically with seed weight :

(rg = 0,697, roh = 0.706)., The environmental correlations were

positive but not sipnificant in all cases.
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Table ©. Genotypic (re), Phenotypic (rph) and Environmental (re)

Correlations for seed chamcters1

SEED CIRCUMFERENCE SEED WEIGHT

* W *

Seed Lennth 0.645 0,692
* & * i

6,708 0.720

0.090 0.112
LR

Seed Circumference 0.697
L & 4

0.706

0,033

1. = The upper, middle and lower values for each trait refer

to the genotypic (rg), phenontypic (rph) and environmental

(re) correlations respectively.

** = Sipnificant at .01 level of probability.
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CHAPTZR V

DISCUSSTON

The means, ranges and cocfficients of variability for the
different treits (Table 1), and the significant mean squares of
variation among entries for all the fruit traits (Table 2), showed
considerable variability for these traits., Carpenter and Ream, (1976),
stated that the date »alm being dioecious and heteronzygous, and a
remarkably diverse species in fruit and vegetative characters and
adaptation to a wide range of environments, exhibits much genetic
variation, Therefore with selection and hybridization of entries with
significant mean squares especially for the economic fruit traits such
as fruit weight, mesocarp weight and mesocarp thickness superior
cultivars could e obtained through a planned breeding programme,

A well planned programme is always determined by the genetic
component of variability, Estimates of penotypic, rhenntynic and
environmental variance components (Table 6), were positive for all
traits and had low standard errors, The genetic variances were close
to the phenotypic variances and they were one to three times larper than
their respective environmental variances for the different traits
except for seed length and seed weight. Mence variation in most fruit
traits were largely due to genetic influence. Relatively high genetic
variances were onbtained for the economic fruit traits of fruit weight,

mesocarp weight and mesocarp thickness.,
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The genetic coefficient of variability (G.C.V.%), indicates
the range of genetic variability existing in a trait. Relatively
high G.C.V, were shown (Table 7) for mesocarp weight (48%), fruit

weight (41%) and mesocarp thickness (31%).

Falconer, (1960), stated that the values of cenetic variance
alone are not hei ful in determining the heriteble portions of variation.
Hence heritability estimates are necessary. The lower the heritability,
the more difficult it is to distinguish renotypic variation phenntypically,
Table 7 shows the broad sense heritability estimates for the cight fruit
traits which were relatively high for mesocarp thickness, fruit length
and seed circumference, medium for fruit weight, fruit circumference,
mesocarp weight and seel weight and low for seed length. Broad sense
heritability was use? because the date palm,, a perennial nlant, has
very large peneration interval, hence other estimation proceedures are
not adequate due to the long generation interval. Using the broad
sense heritability was of special importance because it was necessary
to get heritability estimates in the early stages of breeding work,
Broad sense heritability does not distinpuish between components of
genetic variation such as additive variance (02A) and dominance
variance (02D) and as such it is difficult to make reliable
predictions of penetic advance through selection. However, Kaul and
Bhan, (1974), have stated that broad sense heritability may be
useful when high genctic gain is nossible. In crops that can be
assexually rropagated by clones like the date palm, both additive

and non additive comoonents of penetic variance are fixable, hence
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broad sense heritability is meaningful. Heritability indicates

the effectivenesswith which selection of genotyres can be based on
phenotypic performance though it does not provide any indication of
the amount of genetic progress that would result from selecting the
best individuals. Johnson et al., (1955), from their studies with
soybeans, have suggested that heritability, topether with genetic
advance is more useful in predicting the result of selecting the

best individuals. High heritability values together with high genetic
advance is probably due to high additive pene effects (Panse, 1957).
Table 7 shows the expected genetic advance and the expected genetic
advance expressed as percentage of the mean., The expected genetic
advance expre ssed as percentage of the mean were relatively high for
mesocarp weight (73%), frvit weight (64%) and mesocarp thickness (54%).
The high values of expected genetic advance and expected genetic
advance expressed as percentage of the mean were expected since genetic
advance is commonly predicted as the product of heritability ratio,

the selection differential which is a very high pressure of 5% in

this study and the rhenotypic standard deviation. This high predicted
value needs to be tested, however, with empirical results, in order to
bring out its sipnificance, whether it is high or low. Interestinply
the heritability values obtained for the different traits are not too
high, ranging from a low value of 15% to a medium high value of 73%,
Thus, the high selection pressure represented by the high k value of
2.06 topether with high phenotypic standard deviation especially in this
kind of highly localised and specific occurrence of date palms in

Nigeria, could have accounted for the extremely high penetic advance,
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The relatively high values obtained for heritability, genetic
coefficient of variability and expected genetic advance for fruit
weight, mesocarp weight and mesocarp thickness suggest that variation
in these traits may be attributed %o a hipgh degree of additive gene

action and selection for these traits would, therefore, be effective.

Steele and Torric (1960), stated that correlations are a
measure of the intensity of association between variables. The
genotypic (rg), phenotyric(rph) and environmental (re) correlations
for the pericarp traits are shown in Table 8. The environmental
correlations (re} were positive but not significant in all the traits.
This confirms the statement of Carpenter and Ream (1976) , that the
date palm adapts to a wide range of environments. Mesocarp thickness
was positively and significantly corrclated with fruit weight
(rg = 1.907, rph = 1.892) and mesocarp weight (rg = 1.589, rph = 1.609).
Fruit length was positively and significantly correlated genotynically
and phenotypically with fruit circumference (r¢ = 0,140, rph = 0,450)
and mesocarp thickness (rg = 0.475, rph = 0,593), The positive and
significant phenotypic and genotypic correlations of mesocarp thickness
with mesocarp weight and fruit weight suggest that selection for any
of these traits would lead to an improvement in that trait in a

positive direction.

The correlation of seed traits is shown in Table 9. The
positive and highly significant correlations genotynically and
phenotypically between seed length and seed circumference, seed

length and seed weight, and between seed circumference and seed
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weight, show that either of the seod traits could be used as selection
criterion for seed. The non-significant envircnwental errrelations
for the secd traits show that envirnmmental offects Jdo nnt have sny

serious effect on seed traits,

The variation within the Nigerian date palm entries studied
would be attributed to genotyric differences biztween the mnle and
female palms since the date palm is (dicecious and neterrzypous.

Since Swingle, {1928), reported on the effect of pellen source on

fruit characteristics in the date palm which he called "metaxenia’,
this effect has also been reported for other crops: (catten, Harrisen,
1931; coconuts, Ninan et al,, 19%6; =and citrus, Hearn et nl., 1969,
Experiments by Osman et al., (1974) have shown that the pollen parent
may strongly influence size, shape and weight of pericarp and sesd of
date fruits as well as on the time of ripening, Nigerian dates are
pollinated without control of the pollen sources. The significant -
variation agrees with Osman et al., (1974) whe indicated that the
significant part of the snread in size, in time of wripening and in
other characters of the fruit on a given bunch of dates is related

to the heternzygousity »f the pollen sources used. This immlies that
by selection or inbréeding, a male clone might de ohtatned which would
reduce the fruit variability for the cstablishment of commercial date
plantatirns., The effect of the female date cultivar on fruit
variability ﬁhich may be influenced by envirnnmental conditions, insects
nd disease, time of pollination, bunch handling and nutrition as well
as by genetic factors would alsn be reduced by systematic selection

and breeding.
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The reliability of the estimates obtained in this study is
however limited due to genotype by environment interactiens which
are known to be important factors in most traits. Genetic variance
ostimates based on data from a single year are undoubtedly biased

upward by genotype by environment interaction Johnson et al., {1955).
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CHAPTER VI

SUMMARY

Twenty-six date palm entrics from dxteen areas of five States
in Nigeria werc uszs t~ asstimnte genetic parameters of eipht fruidt
traits and to evaluate their implications in selection. The fruit
traits evaluated were five pericarr choracters [fruit length, fruit
circumference, fruit weight, mesccarp weight and mesocarp thickness)
and three seed characters (seed length, seed circumference am! seed

weight).

Considerable and significant variations were observed for each
trait. Phenntypic coefficient of variation (C.V.) ranged from 14.87%
for fruit circumference to 19.93% for mesncarp weipght, The significant
mean squares of variance for all traits confirmed the nresence of

considerable variability among entries for all traits studied,

The high pgenetic variance and renetic coefficient of variability
for fruit weipght, mesccarp weight an! mesocarp thickness miggest that

there is scope for further improvement of these traits.

Broad sense heritability estimates were medium to relatively
high for fruit weight (57%), fruit lencth (70%) and mesocarn thickness
(73%), Broad sense heritability was used because the date palm
apart from beinm a perennial crop had nn previous breeding or selection
records in Nigerin — Commercial date plantations are established.
with suckers, hence the components nf genetic variation such as

additive variance an? dominance variance would be fixed,



Heritability estimates calculated in the broad sense could
be useful when high genetic gain in a particular trait is also
possible. The expected penetic advance expressed as percentape of
the mean was relatively high for fruit weight (64%), mesocarp weight

(73%) and mesocarp thickness (54%) respectively,

The relatively high values obtained for heritability, genetic
coefficient of variability and expected genetic advance for fruit
weipght, mesocarp weight and mesocarp thickness suggest that the
variation in these traits may be attributed to a high degree of
additive gene action and selection for these traits would therefore

be effective.

Genotypic correlations provide a measure of genetic association
between traits and help identify the more important as well as the
less important traits to be considered in breeding programmes.
Mesocarp thickness was positively and significantly correlated
phenotypically and genotypically with fruit weight and mesocarp weight
thereby suggesting that selection for any of these traits would lead

to an improvement in that trait in a positive direction,
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