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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 quantita-
tive relationship between per se performance and combining ability of the lines
in sunflower. Forty-eight lines were crossed to 3 types of testers; 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 correlations between per se performance and GCA were not signifi-
cant for the studied characters except for days to 50 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 yield and means of its components.

Key words: GCA effect, line x tester analysis, rank correlation.

INTRODUCTION

Sunflower (Helianthus annuus 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 remunerative 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 their general combining ability (GCA). The line x tester analysis is one of
the simple and efficient methods of evaluating 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 al., 1985 and Charcosset et al., 1990) suggested different
numbers of testers for the estimation of general combining ability of inbred lines.
Therefore, there is a need for investigating 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

Sl Pedigree Sl Pedigree
No. No.
Lines (females)

1 M 787-5-4 28 IB-2

2 M 787-9-5 29 1B-4

3 M 733-10-1 30 1B-14

4 M 733-2-2 31 IB-19-1R

5 M 733-3-3 32 IB-19-2R

6 M 733-10-3 33 1B-21

7 M 49-8-5 34 1B-24

8 M 787-5-2 35 1B-28

9 M 174-6-1 36 1B-29

10 M 787-7-2 37 IB-43-1R
11 M 787-6-2 38 IB-49

12 M 733-10-4 39 BLC 5R-8-3-4
13 M 733-4-1-1 40 BLC 5R-8-1-4
14 M 733-3-7 4 BLC 5R-8-1-1
15 M 733-3-7-5 42 BLC 5R-8-1-2
16 M 733-3-4 43 BLC 5R-2-7-2
17 M 787-8-4 44 BLC 15-7-1-1
18 M 68-4-4 45 Per 157-3-6-7
19 M 174-6-2 46 Per 157-3-6-6
20 M 446-3-2 47 Per 96-6-2
21 M 223-10-1 48 Arm 60-1-3-1
22 M 733-8-4 Testers (males)
23 M 733-4-2 1 KBSH-1 (single cross hybrid)
24 M 716-2-4 2 HA-234B (inbred line)
25 M 658-7-2 3 No.61 (population)
26 M 658-4-6
27 M 16-10-3-6

Note:

M = Inbred 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-3497 (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 quantify the relationship
between per se performance and GCA of the lines.

MATERIALS AND METHODS

The material used in the experiment consisted of 48 inbred lines and 3 testers
namely, KBSH-1, HA-234B and No.61 (Table 1). The testers KBSH-1, HA-234B
and No.61 were designated 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 100 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 51 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 60:90:60 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 of nitrogen 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 0.9566 (ABC 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
't values were highly significant for all the characters in all the combinations. The
values ranged from 0.4000 (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 significant correlations, ranging from 0.5375 (AB vs AC
for seed number per head) to 0.8666 (AC vs BC for days to 50 per cent flowering).
In the case of two tester vs single tester combination 't' values were still lower and
ranged between 0.1261 (BC vs A for head diameter) and 0.9231 (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 single 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 50 per cent flowering, days to maturity, plant
height and oil content. The correlation coefficients were not significant for other
characters. For yield the 't' value was negative 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




[9A8] %1 18 WedUBIS 4

[9A8] %6 1e Jueayiubig ,
GZIE'0 «S9EE0 ¥2lz0 2820 O0E9L'0 2BLL'O E9P20 E€IP20 +S6IE0 EIPL'0 wVEZF0 wE6FY 0 wG90S0 »¥2950 L SA L
6£€9°0 wBEII0 20190 xL8EY0 08950 wELESD xB86G'0 xw¥B09'0 w¥lS90 wBZESD wBB8LL0 €990 wEBVL0 w»99PL0 LSAZ
Y690 92890 xlPEYD wl¥LL0 x0619'0 xt¥BG0 x466E9°0 wBPL9'0 wEILL'0 ELZI0 wlG8L°0 wG80L 0 91180 =E£928°0 ZSAZ
06690 xGLL9°0 x86L9°0 whlBI'0 xE8YI'0 xB866G0 »L299°0 w8890 w902L0 97090 w6ELL°0 x90EL0 x1008°0 xG6L8°0 L SAE
8648'0 x2088'0 wEESB'0 »0Z88'0 xxL0SB'0 xS628'0 x«BY¥8'0 x6928'0 x0E68°0 xGES8'0 9026'0 28880 x6826'0 BESE0 ESAE

peayusad s jueid jued Jad Buuamol} uoneu
wed sad  ybiem 8] wbiem  speas sadbBuyy sed piaiA  yub  selewe  ybley seaes| Awnjew 9405 -Iquioo
UeaN  piaif 10 swnop -uod 0 1S8l1 JOON paasg paag wal)g  -Ip pesH ue|d jooN oysheq o1sheq  Jaise

HELIA, 20, Nr. 26, p.p. 79-88, (1997)

SI9]OBIRYD JUIIJJIP 10] SUOTIRUIQUIOD I13)S3) JUSIJIP Ul SJUIIDIJJI0I UOHIR[ILI0 3FRISAY F I[RL

90N D
avee-vH 9 19A8] %1 18 WedubIS .
-HSEM W ‘810N [8A8] %G Je Jueayiubis .

gevl’0- 28900 82EZ0 86220 B8BE0'0- 1BO0'0- 2290°0- $#202°0 8B8SO'0 EE9E0 VIEED wbI9E'0 wEBBED od
POLe'0-  99¥1'0 «Z0SE'0 0l2l'0 G2el’'0- €9L0°0- 12800- SkLL0 +2l0'0- 00EV0 ¥#1820 «09/€0 x06.E0 ov
LEPO'O-  6191°0 «982€°0 088L'0 €980°0 /[920°0- L¥PO'0 26920 12800 xL6SE0 2LSLH0 «0V0E'0 «¥8620 av
L0V1'0-  LOPL'0  ~BSEE'0 L2020 GSP0'0- 18LO'0- 09€00- €020 O0E00 wEPl¥0 80VC'0 wc0LE0 w8920 24V

ed Bu
peay juao Jad e Jad -1amoy} uoneu
ueidsad  ybiam ua) wbiam Jadspass Buyy  Jad pjeiA lejawe  ybBiay sane9| Ajunmew %065 -Iquiod

PRIAIO BWNOA -UO|IQ 1881  JOON  peds  pass yuibwels -ppeeq jueld  JooN ojskeq oyskeq  Jelsa)

84

SUOHBUIqUIOD 13]$3) JUaIajip  ul fiiqe Sururquiod rerauad pue soueuniofrad as 1ad Uaam1dq SIUIIDIJI0I SUOHB[ILIOY) i€ I[qRL




HELIA, 20, Nr. 26, p.p. 79-88, (1997) 85

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.,(1990) 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 50 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 0.7.
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., (1990). 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 gea

The correlation between per se performance and GCA was for the first time
quantified in sunflower. The correlations were significant only for days to 50 per
cent flowering, days to maturity, plant height and oil content in all the combinations
except for BC combination for oil content. These traits have high 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 weight,
number of leaves per plant, head diameter and stem girth suggesting these traits
are predominantly governed by non-additive gene action (Dua and Yadav, 1983;
Gupta and Singh, 1988; Bindu Madhava, 1990; Naresh, 1993). 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 study.
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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 sufficient 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 50 per cent flowering, days to maturity, plant height 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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SELECCION DE PROBADORES PARA ANALISIS DE LA
APTITUD COMBINATORIA Y RELACION ENTRE
COMPORTAMIENTO PER SE Y ACG EN GIRASOL
(Helianthus annuus L.)

RESUMEN

Se llevaron a cabo estudios para determinar el namero éptimo de pro-
badores requeridos para clasificar las lineas de acuerdo a su ACG y com-
prender la relacion cuantitativa entre comportamiento per se y aptitud
combinatoria de las lineas en girasol. 48 lineas fueron cruzadas con tres
tipos de probadores, linea pura, poblacion de polinizacion abierta y un
hibrido simple. Los hibridos fueron evaluados durante el verano de 1994.
Los coeficientes de correlacion de Spearman indicaron que la combinacion
de tres probadores asi como la combinacion de dos probadores clasificaron
las lineas similarmente para ACG. Las correlaciones entre comportamiento
per se y ACG no fueron significativas para los caracteres estudiados excepto
para dias a 50% [loracion; dias a maduracion, 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.

SELECTION DE TESTEURS POUR L'ANALYSE DE
L’APTITUDE A LA COMBINAISON ET RELATIONS ENTRE
LA VALEUR PROPRE ET L'AGC CHEZ LE TOURNESOL
(Helianthus annuus L.)

RESUME

Des études ont été menées pour déterminer le nombre optimal de tes-
teurs neécessaires 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 I'été 1994, Le coefficient de rang de Spearman indique que 3
ou 2 combinaisons de testeurs classent de maniére similaire les lignées pour
leur AGC. Les corrélations entre la valeur propre et I'AGC ne sont pas dif-
férentes pour les caractéres étudies excepté pour le nombre de jours a 50%
de floraison, le nombre de jours a maturité, la taille des plantes et la teneur
en huile. En conséquence, la valeur propre ne peut pas étre considérée
comme un critére valable pour estimer les AGC élevées pour le rendement et
ses composantes.
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