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SUMMARY

Studies were conducted to determine the optimum number of testers
required to rank lines according to their GCA and to understand the quantlta-
tive relationship between per se performance and combining abiltty of the llnes
in sunflower. Forty-eight lines were crossed to 3 types oftesters; an inbred, an
open pollinated population and a single cross hybrid. The hybrids were evalu-
ated during summer 1994. Spearman's rank correlation coefficient indicated
that the 3 testers as well as 2 tester combinations ranked the lines similarly for
GCA. The correlatlons between per se performance and GCA were not signifi-
cant for the studied characters except for days to 5O per cent flowering, days to
maturity, plant height and oil content. Hence per se performance cannot be
taken as a criterion for high GCA for yteld and means of its components.

Key words: GCA €ffect, line r tester analysis, rank correl,ation.

INTRODUCTION

Sunflower (Helianthus a,nnurrs L.) has become a very important oilseed crop in
India because of its wide adaptability, high yielding potential, short duration (85-

100 days), less photosensitivity and remunerafve market price. Extension of the
crop to various cropping systems and crop growing situations necessitated the
development of hybrids with high yield, oil content and suitability to different agro-
ecological situations. One crucial step in hybrid development is testing of inbred
lines for ttreir general combining ability (GCA). The line x tester analysis is one of
the simple and efficient methods of evaluaûng large number of inbreds. However,
the problem confronting breeders is the number of testers required for a most eco-

nomic and effective evaluation of lines for GCA. Different workers (Federer and
Sprague, 1947; Akthar et qI., 1985 and Charcosset et al., 1990) suggested different
numbers of testers for the estimation of general combining abiltty of inbred lines.
Therefore, there is a need for tnvestigating the type and number of testers required
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Table 1: List of inbred lines (females) and testers (males) selected for the study in sunflower

Pedigree PedigreeSI
No.

st.
No.

1

2

3

4

5

6

ô

I
10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

tiles-ffern@)
M787-5-4
M 787-9-5

M 733-10-1

M733-2-2

M 733-3-3

M 733-10-3

M 49-8-5

M787-5-2

M 174-6-1

M787-7-2

M787-6-2

M 733-10-4

M 733-4-1-1

M 733-3-7

M 733-3-7-5

M 733-3-4

M787-8-4
M 68-4-4

M 174-6-2

M 446-3-2

M 223-10-1

M 733-8-4

M733-4-2

M716-2-4
M 658-7-2
M 658-4-6

M 16-10-3-6

lB-2
tB-4

tB-14

lB-19-1R

lB-19-2R

lB-21

tB-24

tB-28

lB-29

lB-43-1R

tB-49

BLC 5R-8-3-4

BLC 5R-8-1-4

BLC 5R-8-1-1

BLC 5R-8-1-2

BLC 5R-2-7-2

BLC 15-7-1-1

Per 157-3-6-7

Per 157-3-6-6

Per 96-6-2

Arm 60-1-3-1

Testers (males)

KBSH-1 (single cross hybrid)

HA-2348 (inbred line)

No.61 (population)

28

29

30

31

32

33

34

35

JO

e'7

38
20

40

4'l

42

43

44

45

46

47

48

1

z

J

Note:
M = lnbred line derived from Morden
BLC = Inbred line derived from 'B' line composite
Per = Inbred line derived from Peredovik (EC 68414)
Arm = Inbred line derived from Armavirski-34g7 (EC 68415)
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for better estimation of combining ability of inbred lines in sunflower. Hence, the

present study was undertaken with the twin objectives of (1) determining the num-

ber of testers required for estimating GCA and (2) to quantiff the relationship

between per se performance and GCA of the lines.

MATERIALS AND MBTHODS

The material used in the experiment consisted of 48 inbred lines and 3 testers

namely, KBSH-I, HA-2348 and No.6l (Table 1). The testers KBSH-I, HA-2348

and No.61 were desigtrrated as A, B and C, respectively. The inbred and testers were

raised during the rainy season of 1993-94 at Main Research Station, Hebbal, UAS,

Bangalore. Male sterility was induced in all 48 inbred lines by applying gibberellic

acid (GA3) at starbud stage at 1O0 ppm concentration and crossed to 3 testers.

Care was taken to avoid undesirable outcrossing by bagging the female lines.

During summer 1994, 144 crosses and 5l parents were grown in a randomized

block design with two replications. Each entry was planted in a row of 5m. Spacing

of 60 cm between rows and 30 cm within row was maintained. Fertilizers were

given at the rate of 6o:90:6o kg/ha of N:P:K; 50 per cent of nitrogen and the entire

dose of phosphorus and potassium were applied during sowing and the remaining

50 per cent ofnitrogen were top dressed 35 days after sowing. The crop was grown

under protective irrigated condition. Thirteen agronomic characters were selected

for study and observations were recorded on ten randomly selected plants in each

row. The data were subjected to combining ability analysis (Kempthorne,1957).

The GCA effects of each line were calculated as the deviation of its average per-

formance in hybrid. combination from the general mean. The GCA effects of the

lines were estimated on the basis of the individual testers as well as two and three

tester combinations as given below:

i) The GCA effects of the lines on the basis of individual testers'

ii) The GCA effects of the lines on the basis of combination of two testers (i.e.,

single cross * inbred, single cross + population and inbred * population)'

iii) The GCA effects of the lines on the basis of combination of all three testers.

The GCA effects were ranked and Spearman's rank correlation was calculated

among the GCA values obtained in different tester combinations. Association

between per se performance and general combining ability of the lines (means of

the crosses involving the lines) were worked out for different tester combinations

for each character to know the nature and degree of relationship between them by

simple correlation coefficients.
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RESULTS

Correlations between GCA effects of different tester combinations were statisti-
cally significant (Table 2) for all the studied characters except head diameter, seed
filling per cent, number of seeds per head and volume weight in the AB vs C combi-
nation; for test weight, volume weight in the AC vs B combination; for head diame-
ter, seed yield, seed filling per cent, test weight and oil yield in the BC vs A
combination; for number of leaves per plant, head diameter, stem girth, seed yield,
seed filling per cent, number of seeds per head, test weight and volume weight in
the A vs C combination; and for head diameter, test weight, oil content and volume
weight in the B vs C combination.

The correlations between GCA effects obtained from the three testers and two
tester combinations were very high for all the characters, ranging from 0.7851 (ABC

vs AB for seed filling per cent) to O.9566 (AEIC vs BC for days to 50 per cent flower-
ing). The values obtained for three tester vs single tester combinations were lower
compared with those obtained for three tester vs two tester combinations although
'r'values were higlrly significant for all the characters in all the combinations. The
values ranged from O.4OOO (ABC vs A in case of number of seeds per head) to
0.8866 (ABC vs C in case of days to 50 per cent flowering). Similarly, two tester
combinations also showed sigrificant correlations, ranging from 0.5375 (AB vs AC

for seed number per head) to O.8666 (AC vs BC for days to 50 per cent flowering).
In the case of two tester vs single tester combination 'r' values were still lower and
ranged between O. 1261 (BC vs A for head diameter) and O.9231 (BC vs C for days
to 50 per cent flowering). The'r'values for single vs single testers were lowest.

The average correlation values obtained in different tester combinations are
presented in Table 4. In general, the values were highest in 3 tester vs 2 tester com-
binations followed by 2 tester vs 2 tester combination, 3 tester vs single tester, 2

tester vs single tester and single tester vs sin$e tester for all characters except stem
girth, seed yield per plant, seed filling per cent, number of seeds per head and test
weight.

Relationship between per se performance and general combining ability
for different characters

The correlations between per se performance and general combining ability
were significant only for days to 5O per cent flowering, days to maturity, plant
height and oil content. The correlation coefficients were not significant for other
characters. For yield the 'r'value was negaûve and non significant (Table 3).

DISCUSSION

The correlations between GCA values of 3 tester vs 2 tester combinations were

high for all the characters. The highest'r'values were obtained for days to 50 per

83
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cent flowering and days to maturity followed by plant height. For seed yield the cor-
relation values were highest in case of ABC vs AB (0.8872) followed by ABC vs AC
(0.8865) and ABC vs BC (0.8572). This clearly indicated that both the 3 tester and
2 tester combinations ranked the lines almost similarly with respect to their GCA

values. No substantial difference was observed among the correlation values of
ABC vs AB, ABC vs BC and ABC vs AC for each character. The correlations for
three testers vs single tester were lower.

From the present study it is inferred that two testers are as good as three
testers in ranking the lines for GCA but a single tester is not sufficient to estimate
the GCA values. Thus a combination of two testers can be more economical and

efficient in evaluating the GCA effect of lines. Sprague and Tatum (1942), Federer
and Sprague (1947), Singh (1958) and Charcossett et al.,(f990) advocated the use

of more than one tester for reliable estimates of GCA effects of lines. Keller (1949),

Matzinger( 1953), Kempthorne and Curnow (1961) and Nawar (1985) reported that
the combination of two testers was more economical and efficient in maize.

The correlation coefficients between 2 tester vs 2 tester combinations were high
for days to 5O per cent flowering, days to maturity and plant height (ranging from
0.7568 to 0.8666) whereas for other characters 'r'values were between 0.6 and O.7.

Thus it may be concluded that the correlation values between 2 tester vs 2 tester
combination were not high indicating that 2 different tester combinations ranked
the lines differently for their GCA.

The correlation in 2 tester vs single tester combinations were high where single
tester was a component of the tester combination, but it was low when the single
tester was not a component. A similar trend in maize was reported by Charcosset et
al., (f 990). The correlations of single tester vs single tester were lowest. This clearly
indicates that each tester ranks the lines differently.

Correlation coefficient between per se performance and gca

The correlation between per se performance and GCA was for the first time
quantified in sunflower. The correlations were siggrificant only for days to 50 per
cent flowering, days to maturit5r, plant height and oil content in all the combinations
except for BC combination for oil content. These traits have hlgh heritability and

additive genetic variance (Fick, 1975; Lakshmanaiah, 1978 and Reddy and Reddy,

1979).

There was no correspondence between per se performance and GCA for seed

yield, seed filling percentage, number of seed per head, test weight, volume \Meight,

number of leaves per plant, head diameter and stem girth suggesting these traits
are predominantly governed by non-additive gene action (Dua and Yadav, l9B3;
Gupta and Singh, 1988; Bindu Madhava, l99O; Naresh, f 993). Lack of relationship
between per se performance and GCA with respect to these characters have also
been reported by several workers in sunflower (Furedi and Frank, 1981; Harini,
1992). However the relationship was not quantified by these authors as done in the
present studv.
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CONCLUSIONS

Three tester and any of the two tester combinations ranked the GCA values of
the lines almost similarly, implying that two testers are suflicient for estimating
combining ability of the lines.

There was no correlation between per se performance and general combining
ability except for the characters with high heritability and additive genetic variance
such as days to 5O per cent flowering, days to maturity, plant heigfrt and oil content.
Hence the per se performance can not be taken as a criterion for high GCA for yield
and other agronomic characters.
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SELECCIÔN DE PROBADORES PARAAITÂLISIS DE II\
APTITUD COMBINATORIA Y RELI\CIÔN ENTRE
COMPORTAMIENTO PER SE Y ACG EN GIRASOL
(Helianthus annuus L.)

RESUMEN

Se llevaron a cabo estudios para determinar el numero ôptimo de pro-
badores requeridos para clasificar las lineas de acuerdo a su ACG y com-
prender la relaciôn cuantitativa entre comportamiento per se y aptitud
combinatoria de las lineas en girasol. 48 lineas fueron cruzadas con tres
tipos de probadores, linea pura, poblaciôn de polinizaciôn abierta y un
hibrido simple. Los hibridos fueron evaluados durante el verano de 1g94.
Los coeficientes de correlaciôn de Spearman indicaron que la combinaciôn
de tres probadores asi como la combinaciôn de dos probadores clasificaron
las lineas similarmente para ACG. Las correlaciones entre comportamiento
per se y ACG no fueron signi{icativas para los caracteres estudiados excepto
para dias a 5oolo floraciôn: dias a maduraciôn, altura de planta y contenido
de aceite. Por tanto el comportamiento per se no puede ser tomado como cri-
terio para alta ACG para rendimiento y medias de sus componentes.

SÉLECTIoN DE lEslEURs PoUR L'ANALYSE DE
L'APTITUDE À I,A COMBINAISON EÎ REII\TIONS ENTRE
II\ VALEUR PROPRE EÎ L'AGC CI;IE.Z LE ÎOURNESOL
(Helio;nth,us annuus L.)

nÉsuuÉ

Des études ont été menées pour déterminer le nombre optimal de tes-
teurs nécessaires pour classer les lignées en fonction de leur AGC et com-
prendre la relation quantitative entre la valeur propre et la valeur en
combinaison de lignées chez le tournesol. 48 lignées ont été croisées avec 3
types de testeurs: lignée, population et hybride simple. Les hybrides ont été
évalués durant l'été 1994. Le coefficient de rang de Spearman indique que 3
ou 2 combinaisons de testeurs classent de manière similaire les lignées pour
leur AGC. læs corrélations entre la valeur propre et IAGC ne sont pas dif-
férentes pour les caractères étudies excepté pour le nombre de jours à 50olo
de floraison, le nombre de jours à maturité, ta taille des plantes et la teneur
en huile. En conséquence, la valeur propre ne peut pas être considérée
comme un critère valable pour estimer les AGC élevées pour le rendement et
ses comDosantes.
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