Journal of
Arid

Agriculture

GENOTYPIC AND PHENOTYPIC VARIANCE AND
CORRELATIONS IN Ss LINES OF A PEARL MILLET
POPULATION (Pennisetum americanum (L.) Lcckc)

M.Y.Yeye* andD. A. Aba

Department of Plant Science, Ahmadu Bello University, Zaria

Received Angugt, 20 2003, march 29 2004

ABSTRACT

There were 78 S lines of a nutlet population evaluated in two locations for two years in 1998 and 1992
using a simple 9x9 lattice design because of the great number of genotypes involved. Mean performance over
the two locations were similar for some traits, hut different for certain others. Analysis of variances pooled over
the years and locations indicated that genotypic mean square estimates were significant at 1% level of
probability for plant height, car length, ear weight and threshing percentage, and at 5% level for grain yield per
ear, days to 50% heading and days to 50%, blooming. Over the locations, the estimates were significant at 1%
level for noding and threshing percentage. Both negative and positive correlation coefficients were observed
and for a larger number of the associations in the population, the genotypic correlation coefficients were
dlightly higher than the phenotypic. The highest correlation coefficient was obtained between the ear weight and
threshing percentage. The tallest plants were also positively correlated with plant noding (rg 0.910). Based
on the correlation coefficient obtained in this study, plant nodding and ear characters would be best selection
indices for obtaining a high yielding millet population. The closeness between phenotypic and correlation
coefficient will render efficient any selection based on the phenotype,

Keywords: Pearl millet, genotypie, phenolypie variances, eorrelalions

INTRODUCTION

The choice ol a population and breeding system to use in initiatng an Improvement programme will depend
on the mean perfurmance of the population and on the magnitude and quantily of genetic variation present
{(Eckebll et o, 1977). This is because the presence of genetic variability in the base population is an essential
requirement for achieving swceess in the sclection programme (Singh, 1970), Since the breeder is concerned
with selecting superior genolypes, hut of necessity must cheose individuals from their phenelypic expressions,
estimales of the penotypic and phenolypic variances for various characlers are necded,

Most ol the characlers of economic importance, such as yield, are complex in inheritance wad may involve
several related characlers: hence, the degree of genolypic and phenoetypic corretation of characlers is importan
(Robinson et @f., 1951). To oblain these correlations it is necessary 1o have estimates of the genolypie and
phenotypic covariance in addition to the variances for the various characters. These correlations are nol anly of
interest from a theorctical consideration of the quantitative inheritance ol the characlers, bul ol praclical value
since selection is usually concerned with changing two or more traits simultaneously, improvement in one trait
as 4 result of selection for another depends not only upon the genotypic and phenotypic correlations belween the
two Lrails, bul also upon the genotypic and phenolypic variances associated with them (Shivagi and (riton,
1975). Sodani et af. (1981) reported large variations in some varictics of pearl millet for growth period, plant
height, grain yield and lour yield components, and Nwasike (1988) repotted variations in the spike while Diz
and Schank (1985), in milict hybrids, observed lacge phenolypic variations (or -a nwuber of agronomic
churacters. Positive correlations between plant height and grain yield and correlations among sced-yield relaled
characters have been veported by Rai (1990), Mangat and Satiye (1991), and Diz and Schoank (19935
This study is sel out o estimale the genolypic and phenotypic variances and o cstinute the amount of
carrclations among certain agronomic characters.
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MATERIALS AND METIIODS

The material for this study is a synthetic pearl millet pepulation consisting of 78 85 lines. This was planted in
two locations; Institute for Agricultural Rescarch (JAR) farm in Samaru - Zarta (11711'N, 07°38'L and 686m
above sca levely and in Minjibir (IAR rescarch farm in Kano, {277 1'N: 08%40'E, 509m above sea level), Vhe
design was a simple 9 x 9 lattice design replicated twice with dummics used to give a balanced lattice. Afl
cultural practices were according to reccammendations (Cgharevba, 1983},

[Jata were taken ou three randomiy chosen plants on gach family line; these were plant height, number of
nodes per plant, days (0 ¢ar cmergence, days 1o 50% heading, car length, car girth, ear weight and grain yiek!
per phant. Mcans were caleulated from the data, and the dala, pooled over the years and locations were used to
caleutate the cstimates of variance components. The general outling followed in the estimation of the variance
compenents and covariance is given in Table 1. Variance components were estimated by couating the observed
mean squares to their expectations.

Correlation coelTicients were estimated from companents of varianee and covarianee: according 1o Shivaji
and Gritten (1975 Thus, the genotypic, phenotypic and environmental correlations were caleulated using the
follawing formulac;
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Where rg, rph and re are genotypic, phenotypre and environmental (crror) correlation coefhicients, respectively.

Covyr, 22 Covpn.a, Covyra, are the estimates of penatypic, phenatypic and envirenmental covariances for traits |
and 2, respectively.

. 27 .2 . . . . . - . .
8200 870, 8% 7 are the estimales of genolypic, pheaotypic und error varianees for trait 1, respectively,

gl

RESULTS AND DISCUSSION

The mean perfarmance in cach of the two scparaie yours and locations arc presented in ‘Yable 2. The mean
performances in the fivst and second year followed the same trend plants were significantly talfer witlh greater
number of nodes in Kaue than in Zaria. Plants in this former Tocation also headed at a much later date, The
situation was reversed aver the locations for threshing percentage and days to 50% heading in the years.

The cstimates of the mean squares from the combined dala analysis for years and locations are presented in
Tabic 3. Variance componeut for year was significant for plant height and highly significant for ear girth and
duys 10 50% heading,. Qver the localions, the niean square cslimates were cither significant or highly significant,
but for virtuatly all the grain yicld components, the cslimales were nat significant, Estimates duc to the year x
lacation interaction were highly significant for car Jength and days lo 50% heading and significant at 5% level
of prabubility for plant highiy only. Genotypic mean square estimates were significant al 1% level of probabitity
for plant height, car length, car weight and threshing, percentage, and at 5% level Tor grain yiclkd per ear, days to
50% heading and days to 530% blooming. Over the locations, the estimates were sighificant al 1% level for plant
height, car length and days 1o 50% blooming, and at §% level for nading and theeshing pereemagy.

Signiflcant negative genotypic correlation cocificionts were observed in the population between plunt height and
car weight {rg = -0.262) and between ear length and threshing percenfage (tp = -(1.247) (Tablc 4} The ether
negative genotypic carrelation coelficicnts abscrved were not sigoificant. Perfect correlatien coefficient was
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Table 1: Form of ANOVA and ANCOVA with EMS and EMCP for two years and two locations

Source of variance dar MS Expected mean square {EMS) Expected mean cross product
Years y-1
Locations 1-1
Replication in years and location y(r-1)
Genotypes e-1 M;s Fotrd i+ 1y 8T+ 87 +rly 5% COV, + rCOV, + ryCOVy + 1l COV,, + dy COV,
Years x locations y-1)(1-1) M B =18 g, Tryd iy 187y COV, = rCOVy, + 1yCOVy
Genotypes x years (g-D(y-1} h% 8 :: +rd 231), +rld 2gy COV, + rCOV g, + rICOV,
Genotypes x vears x locations (e-Dly-1)(1-1) M. 57+ 18, 1y COV, + rCOVy,
Error M- 1= M 5%, Cov,
Where:

2 .- - - .
&, = Variance component due to genetic difference ameng fines.

8251 = Yariance comtponent arizing from interaction of lines and locations.

525,, = Variance component arising from mteraction of Hnes and years.

82553- = Variance compoenent arising from interaction of lines, locations and years.
: maining effacts including plot effects, errors due to sampling within plots and error of measuremnents

r = number of replications.
[ = number of locations.

y = number of years.

g = number of lines.

5%, = Variance componeni arising from a cotnposite of re



Table 2: Mean performance in two years (1998 and 1999} for nine agroncmic Traits in a population of 8¢ pear]l millet

Apgronomic traits

Plant Population Plantheight  No. ofnodes  Ear length Ear girth Earweight  Grain yield  Threshing Days to 50 Days to $0%
(cmj per plant {cm) {rmm} (grm} ear (g) percentage heading blogming

Year 1 (1998)

Samary 136.978b 6.160b A2 826a 24.9893 61.760a 36.173a 54.845h 44.551b 57.942a
Minjibir (Kano) 221.951a 6.688a 31.4484 24.812a 45.624b 23.893b 57.363a 49.064a 53.801b

Year 2 (1999)

Samaru 159.444b 6.030b 40.397a 22.810b 69.384a 47 756a 58.024a 49.205a 59.756a
Minjibir (Kano} 206.560a 6.66%0a 34.802b 25.232a 44 538b 27.996b 54.731h 48 096b 50.532b

Means with the same letter are not significantty different from each other at 5% level of probability (Duncan's Multiple Range Test)
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abtained between the car weight and threshing pereentage wnd between plant noding and Mreshing percentage.
The tallest plants in this population were associaled with the highest plant noding {rg = 0.905). Other significant
and positive genotypic correlation coefficients were observed between plant height and grain yicld per car, plant
height and threshing perceniage, plant noding and car girih, plant noding and grain yield per car and alsa car
characters and grain yield per car were posilively associated among themselves. The correlation coclTicients for
these associations variously ranged from rg = 0.230 to rg = 0,910,

IT the years arc considered as random samples from the years millet will normally be grown, the mean
performance of some characters of the mitlet population was higher in Kang than Zaria since more mean values
were eongistently significantly higher in Kano. On a closer look however, direct yield components such as car
length, car girth car weight and grain yicld were congistently higher in Zaria. The taller plants in Kano did no
translatc into higher yiclding millet plants.

As a gencral ebservation, genotypic variance for this population was low, comparatively; plant height had
the greatest genotypic variance. This is however of little cconomic imponance 1o a breeder who intends o breed
shorter and higher yiclding cereals. Since genctic variation is small in the population, further improvement of
the population is practicable only vis hybridization with inbred lines or any other breeding procedure that will
generate maximum genetic variabilities to alford opportunities for a meaningful sclection as sugpested by
Habgood {1983).

Inicractions containing genotype x yeur lerms are particularly isteresting to applied plant breeders. This is
because they reflect fluctuations in environments which for the mosi part cannot be predicted in advance (Allard
and Bradshaw, 1964), For the papulation, penotype x year was stol significant. This picture indicates (hal testing
of the genotype & location interaction; varianee indicites an adequate bufTering capacity in the penotype for the
two covironments. This is also lo be expected because of lack of fnherent genctic variation in the population
(Grickson cr af., 1982).

" For a larger number of associations in the population, the genolypic correlation cociTicienls were slightly
higher than phenotypic correlation cocflicients. Gupta and Dhillon (1974) alse obtained in pear) millet generally
higher genolypic corrclation coelficicnts. Diz and Schank (1995) on the other hand, obtained genotypic and
phenatypic correlation coefficients which in some cases differed in magnitede and sign, and in other cases did
not dilfer and bud the samc sign. Higher genolypic Whan phenotypic correlation coclficients indicated that there
arc strong inherent relationships belween those characters, The internede number was positively amd
significantly correlated with many of the plant characters, Theorctically, it means plant noding could be used as
a sclection index. Kamala er af. {1986) had reported i pearl millet significant and positive corrclation between
grain yicld and internode number. The negalive genotypic correlation coefTicicnts obscrved between nodes and
car welght deserves no serious aitention since they were not significant. However, the negative coefficicnts
between plant height and car weight and between ear Ieagth and threshing pereentage were significant. This
imptics that in this population, the longer the cars on the plant the more loose the grains were on the car, and
thal as plants became increasingly taller, the weight of the car became smaller. This latter condition related to
the loose cars, which obviousiy would weigh less than the compact ears. The practical implication of this
negalive associatian is that simultaneous improvement of these twe characters may nol be pessiblie (Sidwell,
19753 Sandhu ¢t af. (1974} similarly observed negative ussociation between primacy tiflers and lenglh of car
and circumstance of the car.

The correlations obtained in this study indicated that apart from plani noding, car characters would be best
sclection indices for obtaining a high yiclding millet population. And because of the closeness between
magniludes of the phenotypic and genotypic correlation coclicients Tor these characters, any selection based on
their phenotypes will be very effective, -
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Table 3: Mean square estimates for the combined analyses of Nine characters in S5 of P370 pear] millet population

Plant Poputatian

Seurces of Variation

Replication Year Focation ¥1. Loc Genoiypes  Genotype x Genotype x Genotype x year  Error
vear location X location

daf i i 1 1 77 77 77 77 1556
Piant heaght 3470.80 3877.40%* 2043825%* 167639.5%  1342.44*¢ 84030 634.28 785.09 387.365
Nodes per plant 21.580 2398 155.93* 1.08 | 1.58 1.16 10.04 1.14 0.953
Ear length 986.56%* 0.06 26845.04%*  3673.65%% 174.67* 83.03 118.26 120.28 58.213
Ear girth 990.94 300.48** 551.42 748.85 41.96 18.39 29.05 2111 15174
Ear weight 15286.10 102.9 64641.3 87321 828.43%% 130.82 500.68 489.53 306.179
Grain yield per ear 3730.16 51958 26129.24 1815.65 245.647* 12.33 211.22 172.99 92.985
Threshing percentage 203.27 7.66 2701.71* 237.21 30.383> 12.34 2165 10.98 9.276
Davs to 50% hteading 59.69 497.19*+ 483.01** 1182.30** 17.79* 12.33 11.74 . 10.99 12.94
Days to 50% blooming 233,56 68.01 . 689339 1005.23 27.35* 21.83 18.44 14.85 19.85

* Significant ar 5%
** Significant at 1%
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Table 4: Genotype, phenotypic and environment correlation coefficients among seven agronomic characiers in a population of S pear! millet

Number of nodes per  Ear length Ear girth Ear weight Grain yield per ear Threshing percentage
plant
Plant height 0.903%* 0.171ns 0.108ns -0.262* 0.230* T 0.259%
0.778%+ 0.034na 0.145%* 0.120%+ 0.023ns {.105*
0.778** .026ns 0.168** 0.010ns 0.003ns 0.097*
Number of €.0600s 0.30G%* -0.119ns 0.363% 1.OD0**
nodes/plant 0.03%ns 0.102%* 0.031ns 0.039ns 0.176**
-0.038ns 0.093* 0.053ns 0.021ns 0.140%*
Ear length 0.018ns 0.519%* . 0.910** -0.247%*
0.026ns 0.168%* 0.837%* 6.0017ns
0.031ns 0.161** 0.030%* 0.03Ins
0.083ns -0.080ns 0.286**
Ear girth 0.003ns 0.023ns 0.524%*
0.291 = 0.053ns 0.524%*
Ear weight 0.324** 1/D00**
- 0.528%* 0.822%*
0.587* 0.784
Grain yieldfear 0.528%*
0.322%¢
0.305%*

First, Second and Third figure in each celumn indicate the genotypic, phenotypic and environmental correlation coefficient, respectively.
* = Significant at 5%

** = highly significant at 1%
ns = not significant
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