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Abstract: For determination of best general and specific combiners for achene
yield and related components, a study on a 7 x7 diallel fashion in sunflower
was conducted at experimental field of Department of Plant Breeding and
Genetics, University of Agriculture, Faisalabad, Pakistan. The data were
recorded on quantitative traits; days to maturity, plant height, stem diameter,
head diameter, number of leaves, Achene per head, achene yield per plant,
100-achene weight, filled achene percentage and oil contents and subjected to
Analysis of variance and combining abilities. The accessions were significant
for studied traits except oil contents. The accessions A-544, A-554 and A-552
showed significant general combining ability effects days to maturity, plant
height, stem diameter, head diameter, number of leaves and filled achene,
achene per head and achene yield per plant. The best cross combination A-
546 x A-560 showed significant specific combining ability effects for number of
leaves and filled achene percentage. Among reciprocal crosses, the cross A-
560 x A-534 proved best for plant height and stem diameter while A-548 x A-546
for number of leaves and achene per head.
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Introduction

Sunflower (Helianthus annuus L.) is an important edible oilseed crop in the
world (Miji¢ et al., 2009) also in Pakistan due to increase in demand for edible
oil. It is 2nd major hybrid crop after maize and ranked 5th among oilseed crops.
Sunflower seeds contain a high amount of oil i. e. 40-50% (Lopez et al., 2000;
Leon et al., 2003; Monotti, 2004), 23% protein (Tahir et al., 2002), 30% carbohy-
drates, and about 4% ash (Khalil and Jan, 2002). Moreover, sunflower is an
economically important raw material for making lubricants, detergents, chemi-
cal synthesis or surfactants, pharmaceuticals and metal working fluids (Dorrell
and Vick, 1997; Fick and Miller, 1997; Aslam et al., 2010).

The major objective of any sunflower breeding program mainly emphasizes
on high yield and oil contents (Nehru and Manjunath, 2003). Achene yield of
sunflower is a complex quantitative trait influenced by environmental, morpho-
logical and physiological parameters ((Nadarajan and Gunasekaran, 2005).
Achene yield is mainly dependent on other yield related attributes which are
interrelated to each other. Therefore, it is of prime importance to understand the
genetic mechanism controlling yield and related components, help to select
parents possessing required genetic potential (Yasin and Singh, 2010).

To understand the nature of gene action involved in complex genetic char-
acteristics many biometrical approaches are utilized by researcher. The diallel
analysis developed by Hayman in 1954 and Jinks in 1956, have been widely
utilized to get accurate information regarding gene expression for complex
characters like yield and related attributes and to predict the performance of
progenies in the latter segregating generations based on their additive and non-
additive effects (Jinks, 1956).

Breeding for seed yield primarily based on selection of best germplasm
which later leads toward development of inbred lines. The ability of inbred to
transfer desirable performance in its next generations is referred as combing
ability. It is further divided into general and specific combing ability. The
general combining ability (GCA) of a line means the average value of its
performance in a series of crosses with other lines. The performance of a
specific cross and those of inbred lines which are used for this superior cross
is used to obtain specific combining ability (SCA) (Fick and Miller, 1997). Based
on the combining ability analysis of different characters, higher SCA values
refer to dominance gene effects and higher GCA shows additive gene effects
controlling these characters. When both the SCA and GCA values are insignif-
icant then epistatic gene effects play an imperative role in shaping these traits
(Fehr, 1993).
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Keeping in view the situation, the proposed study was planned with the
following objectives
(1) Estimation of combining ability in diallel cross experiment for selected
inbreds
(2) To develop selection criteria for yield and its related attributes

Material and methods

Present research was conducted at the research area of the Department of Plant
Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan. The experi-
mental material was comprised of seven accessions of sunflower i. e. A-534, A-544,
A-546, A-548, A-552, A-554, A-560. Crosses were attempted in a 7 x 7 complete diallel
pattern through controlled pollinations. The seed of 42 crosses along with their
parents were harvested, cleaned and stored for the next crop season. The seed of 42
crosses and 7 parents were planted following RCBD with three replications. The
sowing was done keeping plant-to-plant and row-to-row distance of 25 and 75 cm,
respectively. One row of 3m length of each entry was planted. Sowing was done
with the help of a dibbler. All of the recommended cultural and agronomic practices
were uniformly performed for all experimental units from the time of sowing to the
time of harvesting. Ten guarded plants of each entry in each replication were taken
at random and data were recorded on the following pre-harvest and post-harvest
plant traits. The quantitative traits are, Days to maturity (from emergence to matur-
ity), Plant height (cm), Stem diameter (cm) (measured at cotyledon scar), Head
diameter (cm), Number of leaves per plant, Number of achenes per head, Achene
yield per plant (g),100-achene weight (g), Filled achene and Oil contents (%).

Statistical analyses

The data collected for all the traits were subjected to analysis of variance (ANOVA)
following Steel et al. (1997). General combining ability, specific combining ability
and reciprocal effects were determined using Griffing’s approach model 1, method
1 (Griffing, 1956). “R” software was used to calculate the combining abilities.

Results

The data of different plant traits of 49 genotypes, including parents seven
parental lines, 21 direct cross combinations and 21 indirect crosses, were sub-
jected to analysis of variance. The mean squares from the analysis of variance
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Table 1: Analysis of variance for combining ability of achene yield and its components in
sunflower.

Parameter Entries GCA SCA RE
Days to maturity 44.87* 39.81* 48.47* 42.71**
Plant height 1151.05** 3218.74* 603.13** 1108.20**
Stem diameter 9.145** 11.93* 9.80** 7.68**
Head diameter 7.02* 9.16 * 8.43** 5.0%*
Number of leaves 20.673** 28.81 * 24.60** 14.41%*
Achenes per head 18,880.75** 46,655.16 * 23,595.26** 6,230.21**
Achene yield/plant 127.52** 187.44** 125.89** 112.03**
100-achene weight 6.74*%* 3.41* 8.27** 6.17**
Filled achene (%) 602.32** 1,219.78* 464.66** 563.56**
Oil contents 3.79 5.09 5.02 2.20

Degrees of freedom 48 6 20 20

*Significant at 0.05 probability level. **Highly significant at 0.01 probability level.
GCA = general combining ability; SCA = specific combining ability; RE = reciprocal effects.

for all the traits are presented in Table 1. The results showed significant
(P<0.05) differences among all genotypes for all traits except oil contents
Table 1. Combining ability analysis revealed about the potential of several
parents or accessions. Suitable parents were selected on the basis of significant
positive and negative GCA, SCA and reciprocal effects depending upon the
requirement of traits (Gopikana and Ganesh, 2013). Combining ability analysis
of variance has been shown in Table 1. ANOVA for combining abilities showed
significant results for GCA, SCA and Reciprocal effects. Achene yield per plant
was found to be highly significant for GCA, all other traits except oil contents
showed significant GCA. Similarl results were found for SCA and RE, significant
for all the traits except for oil contents. GCA effects were measured as statistical
scale given to parents in relation to their mean performance in cross-combina-
tions. General combining ability effects were computed for all the traits under
study and given in Table 2. GCA was found significant or all the traits except
days to maturity (DM) and oil contents (OC). Highest GCA value for 100
Achene weight (100 AW) was observed in line 2 (A-544) followed by lines 4
(A-548), 3 (A-546), 1 (A-534), 5 (A-552) and 6 (A-554). Only two parents 2 and 4
showed positive significant GCA for 100 achene weight. Parents A-534, A-544, A-
546 and A-552 showed negative GCA values and are responsible for less days to
maturity. The parent A-544 showed significant GCA for all traits except days to
maturity and oil contents and A-548 had non-significant GCA for most of the
traits except plant height (PH), stem diameter (SD), 100 achene weight (100AW)
and filled achene percentage (FA). Parent 5 best general combiner for Plant



181

Analysis for Achene Yield and Related Components

DE GRUYTER

(panunuod)
80—  xL6'% €€°0 7T T- 80— £9/°1 LT'0  «W%7°0 €T°S x€°6— TGSV x8YSY 91
16°0  x6S°€l ¥C90—  $9T-  ¥6'9T- YT «8°0-  S€0-  8€'€ [T0 095V X975y S1
¥€'1 67— €1°0 X91°§ xG0°07  x0'T— 90'T-  91°0- 61— 060  #S5-Vx9¥5-¥ 71
10 £0%'C x5S0 £87'7 417701 0 260 8€'0 10°C 7€°T 755V x 915y €1
1T0  $lL°€ 10—  4I8C7- €T'II- TI0 ST'0 x£9°0  x/¥'8—  90°T-  8WS-Vx9%S-Y 1
87°0—  TTO0-  «ST'T 81°0 70—  «L'T— %80 61°0  «8/1-  0T°0— 095-Vx#hsv 1T
0'T-  «¥1'8 x00'T M 7111 ST0-  8€°0 9000 IT'S—  T60- ¥SSVx#HS-Y o1
01 €€°0-  £%6°0 #1°0—  x1°99 *8'1- €0°0 /10 9't- 81T 7SSV x5y 6
77°0  «0T9-  x96°0 *E7°S X0€°0% 70'0 07T  «87°0  xST'8 07T  8WS-Vx#hsy 8
70'0- «81°S— %650 SE'0-  £70'8E  XI¥'T 09°0 €0°0 00°S 1TC-  9rS-Vxiysy L
50—  0ST-  «%/°0 *€S°€  £9L'8Y S0 «M0'T  x67'Y 11T 8T'1 095-V X 7€5-Y 9
ST0  «EI°TT ¥8E'T X I7'T ¥S6'E  LYS'T 720 €00 %99 8€'T- 7SSV xWESY S
9/'0  x6%7'6- S1°0 E7T—  6LT-  «8€ €T0-  £/S0- x06'6 €9°0 7SSV XYESY V
£8°0 8/°0 x0T x06°6 679-  «1'CT- 200 K¥%0-  0%'T IS0 8¥S-VX¥ESY €
GS'0—  «TTO0I-  x00'1- 120 88°0—  «L'I- 10'0-  [T0- 81—  SET IS-Y X 7EG-Y 4
€6'0—  TE0 [T0-  xI8HY-  08°S— 7S°0—  «LTT— x90°T— 0§  «£9°T  ¥¥S-YxHESY 1
6£L°0 /ST 870 S6°0 8781 650 717°0 0€°0 6L°¢€ 78T IS $9550.2 123110
€0 T8°0—  £lE0-  «7'€E—  40'TT- 7T°0—  0£°0- x£9°0  «T'8- €11 095-Y VA
€7°0—  £58'S x6C°0- 040 YA *IS'T  «16°0 070  «£°8 SE'T #SSY 9
77°0—  x€0'% LT0- xS°T ¥9€°/E 4690 0T°0-  IT'0- x90'% 80°0- TSSY S
9€'0  £6%'C ¥67°0 89°0 7501 61°0—  #I'0- x07'0— €S IT°0 84SV ¥
60°0— ££9'T 170 LT T-  1S°€ I7°0-  S0°0 IT°0- 79'1-  S6°0- 9%S-Y €
0£'0  x£6'T—  ££€°0 X0E€T—  £TE€9—  xL6°0— x1S0— 80—  x¥I- TI-  vYSY 4
00—  «T0I- 110 ¥L6'T  £TY'ST 8€0— SI'0 x990 5072 €€°0-  WESY T
Soul] |ejusled
20 V4 MV-00T  dAVY HdV 10N aH as Hd wa S95501) pue sjuaied  Suipod adAjousn

*J9MO}UNS SuOljeUIqUIOD

SS012 JD3J1pul pue }2a11p 119y} pue sjualed / Jo S} Y pue ¥IS ‘YOO JO sdjew sy g aqel



DE GRUYTER

A. Riaz etal.

182

(panuiuod)
8'0— *L—= 7€0 1€°0 291~ 880 700 LT°0 ¥9L°€T X179 Y75-¥x 095V 117
o 8'0— x9C'T x0T°9 86°9— %891 90— 0%7°0- 19°¢ xST°€ VAR AATR ot
%7°0- x€°GT- 110 *IT°€ 7'ee- S¥7°0- 96°0— 0T°0— 5861 o'l AR A AT 6
L°0- *8' *x1€°C +£8°6 el 70 €€°0- LT°0 x€L9T  x€9E 775-Y x875-Y 8
SL°0-  «8'L- LT'T 1¢¢ 6°CE~ €E' T~ 12°0- ST'0 xG8°01 70°0-  W¥¥S-V*x97S-Y A
1 xC'Cl x6°0— % *'69— xG€- 00 xG' x0'Te- L1 €5V x 095V 9
1°0- x¥9°Cl x08°0 FTAl) VAT S €V’ 980 9C°0 *IT9T  x97°C— AR AT S
[AY] *I'7T LY7°0— *xC'G— S'e- 08'0- xC'C- 7' T- x6'TT—  x¥'C- AR ASATR 14
01— x5°0¢ x/8'T x48'% S1°0C ot'tl €0'1T 60°0 81°0— «8'C— 7€G-Y*x875-Y €
9'0- *7°0T- 80°0 98°0— 16°2 10°0- Ul 50°0- €6'¢ PV V€G-V *x975-Y [4
S0 xG'TT- xLS°T 9C°0 cee- 040 59°0 LT°0- 7T KYTC- 7EG-V x5y 1
70°T £T°C 6€°0 AN 98°4¢C 780 90 £7°0 9€°s 19°C ER) $955013 1391Id
€0°0 *99'% LE°0 *87°C %09/ x8°0— 0T°0— x09°0— xZ'€l Ly T 095V *x¥595Y 1¢C
*G'T- xC0°. x79°0 x95'Y €5°0T €€°0 %9670~ 81°0 69°C-  xT9- 09G-Y*x¢4q5-Y 0c
£0°0—  x58°€- x60°'T— x60'7—  x1°9%7— ST°0- (AN 9¢€°0 PYAA 61°0— %95-V*xT9SV 61
xC'T x69°¢ xEV°0- ¢6°0— 76'61 x9°C 95°0 €T0- x6'CT 16°17 096-Y x8%75-Y 8T
x9'T— xCC'L xI7°0- x98'9— 94°CT-  «IT'T x9°C— PLY AV A 68'1 79G-Y*x875-Y L1
J0 Vi MV-00T  dAV HdV TON aH as Hd Wa $3sS0.) pue sjuated  Suipod adAjousn

(panupuoo) :z a)qeL



183

Analysis for Achene Yield and Related Components

DE GRUYTER

'SJULU0D 10 = DO ‘duayde

paNd =Vv4 ‘1ySiam suayde 00T = MV-00T ‘ue|d/p)alh auaydy = dAY ‘pesy Jad auaydy = Hdy SoAed] Jo JaquinN =TON ‘I919Welp peay =QH ‘191owelp
We1S = (@S 1ys1ay Jueld = Hd *Aiimew o) sheq = q ‘10413 piepuels =35 ‘19A9) Aljiqeqold 10°0 18 JUBIYIUSIS,, '|3A] Allliqeqoid G0°0 1B JURIYIUSIS,

6’1 AN %/°0 (44 9€°8Y AN LT°1 18°0 €0°0T 8€'C R
10°0— [ 8C°0 x98'9 08¢l 10°0 69°0 810 8€'G YA 755-¥Y*x095-Y 1¢C
AV *9°6— 71— FTax4 9'C1- P (4" 0/°0- 94°6 [4N0] C95-¥*x 095V 0c¢
80— 8'C S1°0- *8T'9— x96- 16°0- e [40} ev'e PYa [ATR 24T 61
1°0- *8°G— 8C°0 x98°€ 85°0— 00°'1- €0°'T- SC0- 1¢¢ 80 8%75-¥ *x095-Y 8T
€°0- €1 €2°0- 17°0 0'TeE- 96°0— ST 65°0 x549°81 7/°0—-  8%7§-¥Vx%55-V /1
90— *C6— *ET %9979 0/°0¢€ 0T°0- 98°0— €0 98°0— 00°'T- 8¥S-¥xC49§V 91
0- 6'¢ %79°0 *00°9— 88'17— 1%7°0- 9€°0 £9°0—  «T°0T—  «W/°C 9G¥ *x095-Y qT
£°0- x8'8— 90°0- *80°% 19— x6°€- €6°0— xE'T- xC'ql- €01 EUAR AT 71
8'0 0'¢c- 60°0— 80°C— WS- €8°0 11°0- ST'0 91'6 PL YA PLAR AXATR €l
7°0 «7°C1 19°0—- - L'€1- x149°C [4N0] €°0- x€ECCT 79°'1 G-V x875-Y (4%
J0 vd MV-00T  dAV HdV TON aH as Hd Wwa S3s5010 pue sjuated  Sulpod adAjouan

(panupuod) 1z 9)1qeL



184 —— A. Riaz etal. DE GRUYTER

height, Number of leaves, Achene per head, Achene yield per head and Filled
achene percentage as it has shown positive significant results for mentioned
traits. Parent 1 (A-534) has shown positive significant GCA effects for Plant
height, Stem diameter, Achene per head and Achene yield per head. Plant
height, Head diameter, Number of leaves and filled achene were significant for
parent 6 (A-554). Filled achene per head was found significant for all parents
except 7 (A-560).

The crosses 5, 6 and 13 showed significant positive results for achene per
head (APH), achene yield per plant (AYP) and 100 achene weight (100AW)
which are directly contributing toward high yield. Cross combination 13 showed
highest positive specific combining ability effects for achene per head. All the
traits were showed significant effects for the cross 17 except days to maturity and
achene per head, though positive significance was observed only for number of
leaves and filled achene percentage. Filled achene showed highest positive
significant SCA effects for cross combinations 15, 5, 10, 17, 20, 16 and 21
respectively. Cross combination 5 showed highest positive SCA effects for 100
Achene weight followed by 11, 3, 10, 8, 7 and 20.

Parental combinations 19, 12, 14 and 17 showed negatively significant CA
effects for plant height, hence are best combinations for selection and breeding for
short stature hybrids. Plant height is a complex genetic control trait. Reciprocal
effects for general combining ability have been presented in Table 2. The crosses
5, 8 and 12 showed significant positive reciprocal effects for plant height and filled
achene percentage. Cross combination 8 showed highest positive reciprocal
effects for 100 Achene weight followed by 3, 1, 16, 10 and 7. Filled achene showed
highest positive significant reciprocal effects of combining ability for cross com-
binations 3, 4, 5, 12 and 6 respectively. Reciprocal effects were non-significant for
oil contents in all the indirect combinations while was found positively significant
for direct cross combinations 14 and 18.

Discussion

Parents with higher GCA would be responsible for production of transgressive
segregants in F2 population or further generations (Singh and Singh, 1985).
Development of short duration crop with high yield is main objective in breeding
sunflower. Hence, earliness together with low percentage of unfilled seed per
plant and short plant height are consider as the most desired characters and
negative SCA values would be preferred for these trait. Negatively significant SCA
was observed in parental combinations 16 and 20. These two crosses also show
positive significant SCA effects for filled achene. Development of semi dwarf
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sunflower hybrids and their applications in agricultural fields have been practiced
since last many years and significant achievements have been observed in plant
height (Khan et al., 2008). Significant negative GCA, SCA and reciprocal effects are
preferable for producing short stature sunflower (Khan et al., 2008; Gvozdenovic
et al., 2005). Table 3 describe the ranking of good and superior cross combinations
on the basis of specific and reciprocal effects.

Table 3: Ranking of good cross combinations on the basis of SCA and reciprocal effects in a
7 x 7 diallel cross of sunflower.

Traits Parents with Good Crosses Superior
performance for SCA common crosses

DM A-544 x A-534
A-552 xA-534 A-544 xA-534
A-554 xA-534 A-552xA-534 A-544 x A-534
A-548 x A-544 A-554 xA-534 A-552 xA-534
A-560 xA-546

PH A-552 xA-554
A-546 x A-548 A-552 xA-554
A-560 xA-546 A-546 x A-548 A-552 xA-554
A-552xA-534 A-560 x A-546 A-546 x A-548
A-544 x A-560

SD A-560 xA-534
A-546 x A-548 A-560xA-534
A-544 xA-546 A-546 x A-548 A-560 xA-534
A-548 x A-552 A-544 x A-546 A-546 x A-548
A-554 xA-560

HD A-534 xA-560
A-554 x A-548 A-534xA-560
A-544 x A-548 A-554 x A-548 A-534xA-560
A-546 xA-552 A-544 x A-548 A-554 xA-548
A-544 x A-560

NOL A-534 x A-552
A-548 x A-546 A-534xA-552
A-548 x A-560 A-548 x A-546 A-534 xA-552
A-544 x A-546 A-548 x A-560 A-548 x A-546
A-546 x A-560

APH A-546 x A-552
A-544x A-552 A-546 x A-552
A-534 xA-560 A-544 x A-552 A-546 x A-552
A-544 x A-546 A-534 xA-560 A-544 x A-552

(continued)
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Table 3: (continued)

Traits Parents with Good Crosses Superior
performance for SCA common crosses
A-534 xA-554

AYP A-534 xA-548
A-548 x A-544 A-534 xA-548
A-554 xA-544 A-548 x A-544 A-534 xA-548
A-544 x A-548 A-554 xA-544 A-548 x A-544
A-546 x A-554

100AW A-548 x A-544
A-548 xA-534 A-548 x A-544
A-544 x A-534 A-548 xA-534 A-548 x A-544
A-534 xA-554 A-544 x A-534 A-548 x A-534
A-554 x A-544

FA A-548 x A-534
A-552 xA-534 A-548 xA-534
A-546 x A560 A-552xA-534 A-548 x A-534
A-554 xA-534 A-546 x A560 A-552xA-534
A-560 xA-534

DM =Days to maturity; PH=Plant height; SD = Stem diameter; HD =Head diameter;
NOL = Number of leaves; APH=Achene/head; AYP =Achene yield/plant; 100AW =100 achene
weight.

Conclusion

The present study was conducted to determine the extent of genetic variability
among the sunflower accessions and crosses. Entries had significant differences
(P=0.05-0.01) for all the traits except oil contents. This suggested that variation
exist in the studied material that may be used for further improvement in these
characters. The accessions A-544, A-554 and A-552 showed significant general
combining ability effects for DM, PH, SD, HD, NOL and FA %age, APH and AYP.
The best cross combination A-546 x A-560 showed significant specific combining
ability effects for number of leaves and filled achene percentage. Among reci-
procal crosses, the cross A-560 x A-534 proved best for plant height and stem
diameter while A-548 x A-546 for number of leaves and achene per head. It is
concluded from the research that the breeding material used in this research
may be used for the improvement of achene yield and its related traits.
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