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ABSTRACT

A field experiment was carried out at two locations, New Halfa and Rahad, for two cropping seasons,
summer (2003/04) and winter (2004/05) at each location in a randomized complete block design with four
replicates, to estimate the phenotypic and genotypic variability, heritability in broad sense and genetic advance
for yield, yield components and other agronomic characters among 20 locally developed sunflower (Helianthus
annuus L.) hybrids. Highly significant differences found between the evaluated hybrids for almost all
characters at the four environments, except plant height at New Halfa, in summer, 1000- seed weight and seed
yield at both locations in winter. Most of the variation for the morphological traits was due to genetic factors,
whereas, the variation in yield and its components was due to environmental factors. High heritability estimate
(>60 %) coupled with low genetic advance for the morphological characters indicate epistatic and dominance
nature of inheritance, while, the low heritability (<60 %) coupled with high genetic advance for yield and its
components, would indicate additive nature of inheritance. Therefore, direct selection for the morpholo-gical
traits, based on the phenotype, among the hybrids may be effective, while selection for yield and yield
components may not be effective. Thus, there is a need for a mechanism, other than simple selection, to
improve yield in sunflower.
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INTRODUCTION

Sunflower ( Helianthus annuus L.), belongs to the family Compositae. It includes about 67 species all
native to America. Sunflower is a promising oil crop because of its multiple uses. The seeds of the crop
contain a high percentage of oil (40- 45%) free of cholesterol, and they contain 30% of highly digestible
protein. The crop can be grown under a wide range of climatic conditions.

In the Sudan, commercial production of sunflower was initiated in the 1987/ 88 season. The production
of the crop dropped from 8 thousand tons in 1999/00 to 4 thousand tons in 2000/01 season with an average
yield of 0.39 t/ha and 0.73 t/ha, respectively. In the following two seasons (2001 / 02 and 2002 / 03), the
production increased to 18 thousand tons with an average yield of 1.5t/ ha.

Plant breeders rely on genetic variability for crop improvement. The variation in a character is specified
by the phenotypic variance, which includes genetic and environmental components. The extent of
heritability of a certain trait is a major concern for the breeders. Considerable variations for all traits in
sunflower have been reported by many workers (Khalifa, 1981; Annon, 1987; Asifkhan, 2003). Inbred
lines of sunflower gave very low yield and very high percentage of empty seeds compared to the hybrids
(AAAID, 1986).

Muhammed et al. (1992) reported that the dominant and epistatic nature of inheritance was reflected by
high heritability and low genetic advance estimates for plant height and head diameter. Rao et al. (1992)
found that non- additive components were predominant for all studied characters. Kshirsagar et al. (1995)
reported that heritability estimates for plant height and 100- seed weight were high, while that for yield
was moderate. Dash et al. (1996) stated that heritability and genetic advance were high for all
physiological characters. Gill et al., (1997) reported high estimates of heritability and genetic advance for
head diameter and 100- seed weight, while for seed yield plant® and number of seeds head, moderate
values were obtained.

Patil et al. (1996) found high heritability estimates with low genetic advance for days to 50 % flowering,
plant height and stem diameter. Khidir (1997) summarized the major problems facing sunflower
production in the Sudan to be lack of adequate information about the crop under Sudan condit-ions, uneven
distribution and fluctuation of rains, high percentage of empty seeds particularly in non-hybrid varieties,
difficulty in finding good seeds of high yielding cultivars, importation of hybrid seeds from overseas leads
to high cost of production and damages caused by birds and termites. To overcome most if not all of the
above mentioned problems, there must be local production of hybrids with good adaptation over a wide
range of environments instead of importing them. Therefore, the objective of this study was to estimate the
variability, heritability and genetic advance for yield, its components and some morphological characters
in 20 locally developed sunflower hybrids, under irrigation.
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MATERIALS AND METHODS

Locations

This trial was carried out at two locations; namely, Faculty of Agriculture and Natural Resources at New
Halfa (lat.15° 19’ N, long. 35° 36/ E and altitude of 450 m. a. s.l.) and Rahad Agricultural Research
Station Farm ( lat . 13° 31/, 14° 25’ N and long. , 34° 32/ E) in summer of 2003 /04 and winter of
2004 / 05.
Plant material

The plant material used in the study consisted of 20 single cross (F1) hybrids of sunflower (Helianthus
annuus L.), 19 of which were derived from crossing 19 locally generated restorer lines with one male-
sterile line (Ka99). These hybrids included two recently released ones ( Salih and Shambat 6) and Hysun
33 (standard commercial hybrid). Crossing was made by hand pollination at the University Farm, Faculty
of Agriculture, Un-versity of Khartoum, Shambat, Sudan, lat.15° 46’ N, long. 32° 32’ E) during the winter
season of 2003.

Experimental procedures

At both locations, a randomized complete block design with four replications was used for laying out
the field experiments. Each block (replicate) was divided into 20 plots, to which the hybrids were assigned
randomly. The plot size was 6x3 m, and each accession was planted in four ridges, each six m. long and
70 cm apart. Three seeds were sown per hole, the holes were 20 cm apart along the ridge. The plants were
thinned to one per hole three weeks after sowing. At New Halfa, sowing was on 9" of July 2003 for
summer and 27" of October 2004 for winter. At Rahad, sowing was on 20" of July 2003 for the summer
and 2" of December 2004 for the winter. Irrigation, weeding and fertilization were carried out according
to the standard cultural practices adopted for the crop.
Data collection

A random sample of 10 plants, taken from the middle inner two rows in each plot, was used to collect
data on the following:
1- Morphological characters
a. Days to 50 % flowering.
b. Days to maturity.
c. Plant height (cm); measured at harvest from the soil surface to the point where the head is attached to
the stem.
2- Seed yield and its components
d. Number of seeds / head; determined by counting the seeds in each head of the sample.
e.1000 - seed weight (g); estimated by taking 3 random samples, each made of 1000 seeds, taken from the
bulk of seeds of the ten plants in the random sample.
f. Seed yield / plant (g); the mean weight of the bulk of seeds of the ten plants.
g. Seed yield (t/ha); calculated according to the following formula:
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Seed yield (t/ha) = Seed weight (kg / plot) x 10000 (m?)
Plot area (m?) x 1000

Statistical analysis

The collected data were analyzed according to the standard statistical procedure described by Gomez
and Gomez (1984), to estimate the variances for the data obtained from each location. The estimates
obtained from the individual analysis were then used to compute the phenotypic the genotypic and the
environmental variances as well as the heritability in the broad sense and genetic advance as percentage
of the mean at 5% selection intensity, according to the formulae of Burton and De Vane (1953) and
Johnson et al. (1955).

RESULTS AND DISCUSSION

Morphological characters

With the exception of plant height at New Halfa in the summer season, all morphological traits
showed highly significant (P < 0.01) differences in the two environments (Tablel). This indicates the
presence of sufficient variability among the evaluated hybrids for these characters. These varia-tions
were mostly due to genetic factors rather than environmental ones, as indicated by higher genetic
variances than the environmental ones (Table 2). This is because these traits are less affected by
environmental factors, simple in inheritance and controlled by few genes. These results are in conformity
with those reported by other workers (Khalifa, 1981; Singh and Yadava,1986; Annon, 1987; Mirza et
al., 1997; Asifkhan et al., 2003) in sunflower.

At all environments, the range varied considerably for these characters (Table 3). For example, days
to 50% flowering ranged from 52.0 to 76.3 at New Halfa and from 55.8 to 84.0 at Rahad. With exception
of plant height at Rahad, the mean values of the three morphological characters were greater in winter
than in summer season, at both locations. For example, the lowest means for days to 50% flowering
(55.6) and plant height (139.9 cm) were recorded at New Halfa in the summer season, whereas, the lowest
mean for days to maturity (92.9) was recorded at Rahad in summer season. The highest mean for days to
flowering (74.9) and maturity (104.4) were recorded at Rahad and New Halfa, respectively, in the winter
season. This may be due to low temperature during winter season, which may delay time to flowering
and maturity and hence plants grow vegetatively for a long time before they reach blooming. The highest
mean for plant height (173.0 cm), was recorded at New Halfa in summer season.
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Table 1. Mean squares for some morphological characters of 20 sunflower
hybrids evaluated at both locations for two seasons (2003/04 and

2004/05).
Summer (2003/04) Winter (2004/05)
Character Genotype (df=19) Error(df=57)  Genotype (df=19)  Error(df=57)
Days to  22.02%%1 1.06 43.83** 11.19
50%flowering 55.37** 3.76 69.79** 11.95
Days to maturity 9.38** 1.06 19.06** 7.52
23.57** 1.22 77.96%* 1.03
Plant height (cm)  249.12" 209.30 397.42** 154.13
442.42%* 74.88 303.00** 144.47

ns. not significant, * significant at P <0.05, * * significant at P <0.01.
1 Upper variances were at New Halfa , whereas lower ones were at Rahad.

At all environments, the differences between the phenotypic (PCV %) and the genotypic (GCV%)
coefficients of variation were small for all the morph-logical characters. This indicates that the genetic
factors were predominant in controlling these traits. Moreover, the three of the morphologyical chara-cters
scored high h? estimates (> 60) at all environments, except plant height at New Halfa in summer (0.16)
and at Rahad in winter (0.52). The genetic advance as percentage of the mean (GA %) was low for all
characters at all environments. The lowest value was 0.9 %, scored for plant height at New Halfa in
summer, whereas the highest one was 11.88 %, scored for days to flowering at Rahad in the same season.
The high heritability estimates coupled with low genetic advance as percentage of the mean for the three
characters suggest the epistatic and dominance nature of inheritance for these characters. This may
indicate that the improvement of these characters through conventional selection will be effective. Similar
findngs were reported by Patil et al. (1996) in sunflower.

Table 2. The phenotypic (c%ph), genotypic (c°g) and environmental (%)
variances for some morphological characters of 20 sunflower hybrids
evaluat-ed at both locations for two seasons (2003/04 and 2004/05).

Summer (2003/04) Winter  (2004/05)

Character o’ph 6%y c% o’ph 0%y o’

Days to 50% 8.50 1 2.23 0.26 10.95 8.15 2.79
flowering 13.84 12.90 0.94 17.45 14.46 2.99
Days to 2.19 1.93 0.26 4.76 2.88 1.88
maturity 5.89 5.59 0.31 19.49 19.23 0.26
Plant height 62.28 9.95 52.34 99.36 60.82 38.53
(cm) 110.61 91.89 18.72 75.75 39.63 36.12

1 Upper variances were at New Halfa , whereas lower ones were at Rahad.
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Seed yield and yield components
Highly significant (P< 0.01) differences were detected for the three characters among the evaluated
hybrids at all environments, except 1000 — seed weight (g) and seed yield (t/ha) at both locations in winter
season (Table 4). In contrast to the morphologlcal characters, the variation in seed yield and its components
among the hybrids was mostly due to environme-ntal factors rather than the genetic ones. This was quite
evident at both locations in winter season than in summer (Table 5). This is because the yield is a complex
character, controlled by many genes and much affected by environmental conditions.
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Table 3. Range, general means (GM), the phenotypic (PCV%), genotypic (GCV%) coefficient of variation,
heritability (h?) and genetic advance (GA %) as percentage of the mean for some morphological characters
of 20 sunflower hybrids evaluated at both locations for two seasons (2003/04 and 2004/05).

Summer (2003/04) Winter
(2004/05)

Character Range GM PCV (%) GCV h? GA (%) Range GM PCV GCV R GA

(%) *%) (%) (%)
Days to 50% 52.00- 61.51 55.64  4.23 411 0.95 8.27 60.30- 76.30 66.55 497 429 074 7.63
flowering 55.80- 71.80 60.10 6.19 5.91 093 11.88 69.80 — 84.00 7496 557 507 083 951
Days to 94.00- 99.80 95.74 155 1.45 0.88 2.80 102.00-108.00 104.40 291 163 061 2.60
maturity 90.30- 98.50 9298 261 2.54 0.95 5.10 95.00-109.00 10250 430 428 099 876
Plant 125.60-151.20 139.90 5.64 2.25 0.16 0.90 138.80-181.40 15720 6.34 496 061 8.00
height(cm) 162.10-202.40 173.00 6.08 5.54 0.83 1041 149.40-18590 15780 552 329 052 594

1 Upper variances were at New Halfa , whereas lower ones were at Rahad.

Table 4. Mean squares from the analysis of variance for yield and its components of 20
sunflower hybrids evaluated at both locations for two seasons (2003/04 and 2004/05).

Summer (2003/04)

Winter (2004/05)

Character Genotype (df=19)  Error (df=57) Genotype (df=19)  Error (df=57)
Number of 80397.13ns 1 62935.75 44670.10** 23859.43
seeds/ head 98130.15** 35393.91 59129.82ns 40707.63
1000- seed 635.60** 214.60 249.76" 175.86
weight (g) 299.28%* 61.18 158.46" 147.38
Seed yield/ 135.79** 43.24 115.59** 40.34
plant (g) 105.33** 34.15 85.46** 42.99
Seed yield (t/ha) 2.78** 0.74 0.75" 0.58
0.71** 0.31 0.62"m 0.42

ns. not significant, * significant atp <0.05, * * significant at p <0.01
1 Upper variances were at New Halfa , whereas lower ones were at Rahad.
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Considerable variation in the range for yield and its components, at the four environments, was evident
(Table 6). Seed yield in tons per hectare varied from 2.82 to 7.45 at New Halfa and from 1.37 to 5.32 at
Rahad. At both locations, the range was higher in summer than in winter. The mean values for the
morphological characters were greater in winter than in summer at both locations. The means for yield
and its components were higher in summer than in winter season. For example, at Rahad, seed yield scored
amean of 4.22 and 1.87 t/ha in summer and winter, respectively. Similar findings were reported by Khalifa
(1981), Annon (1987) and Asifkhan et al. (2003). In contrast to the morphological characters, the
differences between the phenotypic and the genotypic coefficient of variation for yield and its components
were high. This result indicated that environmental factors were predominant in controlling the expression
of these characters. This was in conformity with the findings of Talha (1976).

Table 5.The phenotypic (c?ph), genotypic (cg) and environmental (c%€) variances for
yield and its components of 20 sunflower hybrids evaluated at both locations for two
seasons (2003/04 and 2004/05).

Summer (2003/04) Winter (2004/05)
Character o’ph 6% o’ o?ph o’y c%

Number of 20099.287  4365.35 15733.09 11167.53 5202.67 5964.86
seeds/ head 2453254  15684.06 8848.48  14782.46 4605.55 10176.91

1000-  seed 33.95 23.13 10.81 28.9 18.81 10.09
weight (g) 26.33 17.80 8.54 21.37 10.62 10.75
Seed yield/  158.90 105.25 53.65 62.44 18.47 43.70
plant (g) 74.82 59.83 15.30 46.37 9.52 36.85
Seed yield 0.69 0.51 0.18 0.190 0.04 0.15
(t/ha) 0.18 0.10 0.08 0.157 0.05 0.10

1 Upper variances were at New Halfa , whereas lower ones were at Rahad.

At both locations, most of these characters had low heritability estimates; these values were lower in
winter than in summer. For example, at Rahad, seed yield per hectare and per plant, scored values of 0.32
and 0.21 in winter, and 0.57 and 0.80 in summer, respectively. The genetic advance as percentage of the
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mean (GA %) for yield and its components was high compared to that of the morphological characters.
At New Halfa and Rahad, seed yield per plant, scored GA ( % )of 25.13 and 25.31 in summer, respectively.

The low heritability for yield and its components coupled with high genetic advance would indicate
that these characters were predominantly controlled by additive genes, complex in nature of inheritance,
controlled by many genes and much influenced by environmental conditions. Thus, improvement of yield
through conventional selection methods will not be effective, and consequently there is a need for
methods other than selection to improve yield in sunflower. Similar findings were reported by Gill et al.
(1997) in sunflower.

Table 6. Range, general means (GM), the phenotypic (PCV%), genotypic (GCV%)
coefficient of variation, heritability (h?) and genetic advance (GA %) as percentage of the
mean for yield and its components of 20 sunflower hybrids evaluated at both locations for
two seasons (2003/04 and 2004/05).

Summer (2003/04)

Character Range GM PCV (%) GCV(%) h?  G(%)

Number of seeds/ 868.60 — 1446.0017  1193.80 11.88 5.53 022 5.31
head 921.70 — 1425.00 1156.60 13.54 10,83 0.64 19.83
1000- seed 4110 - 64.40 51.60 11.29 9.32 0.68 15.85
weight (g) 40.30 - 60.90 50.30 10.21 8.39 0.68 14.22
Seed yield/ 53.40 -106.30 68.40 18.43 14.99 0.15 25.13
plant (9) 4330 - 82.30 56.00 15.44 13.77 0.80 2531
Seed yield 383 - 745 480 17.39 14.89 0.73 26.04
(t/ha) 341 - 532 4.22  10.04 7.49 0.57 1161

1 Upper variances were at New Halfa , whereas lower ones were at Rahad.
Table 6. (continued)
Winter (2004/05

Character Range GM PCV (%) GCV h? GA

(%) (%)

Number of seeds/ 754.00-1104.00 937.00 11.28 7.70 0.47 10.82

head 627.40-1041.30 820.60 14.82 8.27 0.31 9.51
1000- seed 39.90 -58.00 47.20 11.38 9.18 0.65 15.24
weight (g) 26.30 -43.80 32.80 14.12 9.95 050 1445

Seed yield/ 37.20 -69.40 49.90 15.84 8.61 0.30 9.66
plant (g) 17.20 -43.10 27.70 24.58 11.14 0.21 10.40
Seed yield 282 - 4.25 3.43 12.72 5.84 0.21 5.54
(t/ha) 137 - 284 1.87 21.18 12.06 0.32 13.89
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