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RESULTS AND DISCUSSION

The analysis of variance for each experiment and the combined

analysis for all studied traits are presented in Table (6).

Results indicated that nitrogen levels mean squares were significant
for all the studied traits, indicating an overall differences between the

three levels of mitrogen.

Results in Table (7)indicate the effect of nitrogen fertilizer levels
on the studied traits. It is clear that all traits increased si gnificantly with
increasing mitrogen levels up to 40 kg/ fed. except oil percentage where
the highest mean value was detected by plant received 20 kg/ fed. This
result might be attributed to the pronounced improvement of growth, yield
and yield components by increasing N level, which in turn increased the

yield of sunflower.

It is obvious from Table (7) that seed vyield and oil percentage
followed opposite direction in their response to nitrogen levels. While
sced vyield and yield components increased with Increasing nitrogen
levels, oll percentage decreased. Therefore. the minimum oil and
maximum  seed yield were obtained by high level of nitrogen (40 kg/ fed.)
and vice versa in low nitrogen level (20 kg N/ fed.). This result may be
due to the metabolism and commutative of oil content was determined and
not increased by increasing nitrogen levels, whereas, the other seed
contents increased by increasing nitrogen levels. This statement

might provide an explanation to the previous findings. in this connection,
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the high seed yield and low oil content was expected by increasing

mitrogen level.

These results are in harmony with those obtained by Montti (1975),
Tomov (1976), Shabana (1978), Sanford et al. (1979), Zubniski ¢t al.
(1979), El- Ahmmer ef al. (1980), Piram (1983), El- Emam (1984) and
Attia (1983).

Highly signmificant genotypes mean squares were obtained for all the
studied traits at the three nitrogen levels as well as the combined analysis
(Table 6), indicating the wide diversity between the parental materials
used m the present study. Insignificant genotypes x nitrogen levels mean
squares were obtained for all the studied traits except number of seeds per
head, revealing that the genotypes responded in a similar manner to the
nitrogen fertilizer levels. On the contrary, for the exceptional trait
(number of seeds per head) which showed significant genotypes by
mtrogen fertilizer levels interaction, it indicated that the performance of

genotypes differed from one nitrogen level to another.

Results also showed that mean squares due to parents were highty
significant for all cases. Insignificant mean squares due to teraction
between parental ibred lines and mitrogen levels were obtained for all
traits.  This result, therefore, might reveal the high repeatability of the

tested parental inbred lines under different nitrogen levels.

The mean performance of the tested parental inbred lines at each
nitrogen fertilizer levels as well as the combined data are presented in

Table (8). The parental inbred lines (P3), (P6) and (P7) gave the lowest
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values of number of days to flowering in the three nitrogen levels and the
combined data. However, the parental inbred line (P1) gave the latest
with regard to number of days to flowering. For plant height, the parental
inbred line (P1) gave the highest values for the first, second and third
nitrogen levels as well as the combined data. However, the parental

inbred line (P5) had the lowest one.

For number of leaves per plant, the parental inbred line (P1) and
(P2) had the highest values, over the three nitrogen levels or each level.
While, the parental inbred line (P5) gave the lowest values followed by
parental line P4 (Table 8).

For seed yield and yield components, the inbred lines (P1) and (P2)
had the highest values for seed yield per plant, husk percentage, 1000
seed weight, 100 seed size and head diameter in the first, second and third
nitrogen levels as well as the combined data. However, the parental
inbred line (P5) had the lowest value for -these traits. Meanwhile, 1t
produced the highest significant values for number of seeds per head
when compared with the other parental inbred lines. It 1S interesting to
note that the superiority of the two parental inbred lines (P1) and (P2) m
seed yield per plant resulted from 1000- seed weight, 100- seed size, head

diameter and husk percentage.

With respect to oil percentage, the parental inbred line (P5) gave
the highest values of oil percentage at the first, second and third nitrogen
levels as well as the combined data.

Data presented in Table (6) showed that crosses mean squares

were highly significant for ail the studied traits in the separate nitrogen
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fertilizer levels as well as the combined data except number of leaves per
plant at the third nitrogen level. Mean squares due to interaction between
F1 hybrids and nitrogen fertilization levels was significant for oil
percentage, indicating that Fi hybrids behaved some what differently
from one nitrogen fertilizer level to another.  On the contrary,

msignificant mean squares due to interaction between Fj hybrids and
nitrogen fertilizer levels were detected for all the other traits. This result,
therefore, might reveal the high repeatability of the tested crosses under

different nitrogen fertilizer levels.

The mean performances of the tested 21 crosses at each mitrogen
fertilizer levels as well as the combined data are presented in Table (8).
The cross (P5 x P6) was the best for number of days to flowering. Also,
it had the lowest value of plant height, number of seeds per head, and
seed yield per plant and it was moderate for the other traits. Meanwhile,
the cross (PS5 x P6) had the earliest for number of days to flowering but
without significant superiority over those of crosses (P1 x P6), (P2 x P3),
(P2 x P6), (P2 xP7), (P3 x P6), (P4 x P6) and (P5 x P7). Moreover, the
cross (P4 x P5) gave the latest with regard to number of days to

flowering.

The cross (P3 x P5) had the lowest value for plant height. but
without superiority over tﬁe crosses (P2 x P5), (P4 x P5) and (P5 x P6) at
the combined analysis. The values of plant height increased by increasing
nitrogen fertilizer levels in all crosses. The cross (Pl x P2) gave the

highest value for plant height at the combined analysis.
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For number of leaves per plant, none of the hybrids surpassed the
highest parent. Also, hybrids were within the range of parental lines. The
cross (Pl x P2) showed the highest value for this trait, but without
significant superiority over the crosses between parental (P7) and each of
the other parents, and both crosses (P5 x P6) and (P6 x P7). On the
contrary, the crosses (P3 x P6) in the first nitrogen level (20 kg N/ fed.),
(P3 x P5) in the second nitrogen level (30 kg N/ fed.), (P2 x P6) in the
third nitrogen level (40 kg N/ fed.) and (PS x P5) at the combined analysis

gave the Jowest ones.

The hybrids were within the range of parental genotypes for head
diameter. The crosses (Pl x P4), (P1 x P6), (Pl x P7) and (PI x P6)
showed the highest values for head diameter at the first , second, third
nitrogen levels as well as the combined data, respectively. However, the
cross (P4 x P6) gave the lowest ones at the three levels of nitrogen and

the combined analysis.

The crosses (P2 x P3) and (P1 x P2) had the highest values for 100-
seed size and 1000 seed weight, respectively, in the three levels of
nitrogen  and the combined analysis. On the contrary, the cross (P3 x P4)
gave the lowest ones for both traits. None of the hybrids surpassed the
highest parent for husk percentage. The cross (P2 x P3) had the highest
value for husk percentége at the combined analysis, but without
significant superiority over the crosses (PI x P4), (P x P3), (P1 x P6) and
(P2 x P4) in the combined analvsis. Also, the hybrids were within the

range of parental genotypes for oil percentage. The cross (P4 x P5) had
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the highest oil percentage in the combined analysis followed by cross (P3

x P4). On the other hand, the cross (P1 x P3 ) gave the lowest ones.

With regard to sced yield per plant, the cross (P1 X P4) had the
highest sced yield per plant in the three nitrogen levels and the combined
analysis, followed by crosses (P1 x P2) and (P1 X P7). The high seed
yield per plant in the three crosses could be attnbuted to its high number
of seeds per head and 1000 seed weight. It can be concluded that these
crosses would be  efficient and prospective in sunflower breeding
program for seed and oil yields per plant. Also, these crosses had the

highest oil percentage.

The cross (P1 x P3) in the first, second nitrogen levels and the
combined analysis, and the cross (P1 x P4)in the third nitrogen level gave
the highest number of seeds per head. However, the cross (P2 x PS5) had
the lowest ones in the first, second, third nitrogen levels and the combined

analysis.

Correlation coefficient values between mid- parent and F 1 hybrids

mean values m each of the studied trait are presented in Table (8).

Significant positive correlation coefficient values were detected for
plant height, 100 seed size and 1000 seed weight in the three nitrogen
levels as well as the combined analysis.  Such results clarified good
agreement  between mid- parent values and F1  pertormance.
Consequently the best performance of F| combination could be achieved

by crossing between parental inbred lines of high values.




56

Insignificant correlation coefficient values, meanwhile, were
detected for the rest traits indicated that certain high and low parental

inbred lines may produce outstanding Fy hybrids in this concermn.

Heterosis :

Mean squares for parent vs crosses as an indication to average
heterosis overall crosses was of appreciable magnitude in the three
fertilizer levels as well as their combined for all investigated traits except
seed yield per plant in the three nitrogen levels and the combined data.
number of leaves per plant at the third levels (40 kg/ fed.) and husk
percentage at the second, third nitrogen levels as well as the combined
data (Table 6). Insignificant mean squares due to interaction between
parents vs. crosses and nitrogen fertilizer levels were detected for all the
studied traits.  These results indicated that the heterotic effects were not
affected by the nitrogen fertilizer levels under study. The results agreed
with the results reported by Zielinska and Zielinska (1979), Zaffaroni and
Schnieter (1991),

F1 mean performances were significantly higher than parental
means for head diameter, 1000 seed weight and oil percentage at the first,
second, and third nitrogen levels as well as the combined analysis.
number of leaves per plant at the first , second nitrogen levels as well as
the combined data and husk percentage at the first nitrogen level
However, the plant height, number of days to flowering, number of seeds

per head and 100- seed size ai the three nitrogen levels as well as the
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combined data, the parental mean performances were significantly higher

than F| means.

Heterosis expressed as the percentage deviation of F1 mean
performance from its mid parent and better parent average values for all
the studied traits at the three nitrogen levels and an average over the three

nitrogen levels, are presented in Table (9).

With regard to number of days to flowering, five, two, three and
four crosses manifested significant negative heterotic effects in the first,
second, third mitrogen levels as well as the combined data over mid-
parent, respectively. Meanwhile, the cross (P2 x P3) expressed si gnificant
negative heterotic effects relative to better parent at the first, third
nitrogen levels as well as the combined data. The other crosses were
either equal to or significantly surpassed the mid- parent or better parent.
The significant of this character lies in the fact that negative heterosis
should to a proportional earliness in the crosses that possess this heterotic
effect. Putt (1966) and Chaudhary and Anand (1986) obtained negative
cstimates.  Seetharam (1977) however, found positive estimates for this

character.

For plant height, four, four, three and two combinations gave
significant negative heterotic effects relative to mid- parent m the first,
second and third nitrogen levels as well as the combined data,
respectively. Also, the cross (P2 x P3) of the previous crosses had
significant negative heterotic effects relative to better parent in the first
and second nitrogen levels. Negative heterosis for plant height was

recorded before by Putt (1966), and Kovacik and Skaloud (1990).
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However, two, two, three and two combinations significantly
exceeded the mid- parents in the first, second, third nitrogen levels and
the combined analysis, respectively. While, ten, eight, fourteen, and ten
hybrids showed positive heterotic effects relative to better parent in the
same order. Significantly positive heterotic effect for plant height over
mid- parents and/ or better parent were recorded by Stoyanova (1971),
Gorbachenko (1980) Chaudhary and Anand (1986) and Taha (1994).

Concerning number of leaves per plant, two, four, one and two
crosses expressed significant positive heterotic effects relative to mid-
parents in the first, second, third nitrogen levels as well as the combined
data, respectively. However, all hybrids were either equal or significant
negative heterotic effects relative to better parent 1n the three nitrogen
levels as well as the combined analysis. These results are in harmony
with those recorded by Niklyaev (1976) and Pirani (1983).

For head diameter, six, five, four and six combinations exhibited
significant positive heterotic effects relative to mid- parents in the first,
second, third nitrogen levels as well as the combined analysis,
respectively.  Also, the cross (P5 x P6) of the previous crosses
significantly surpassed the better parent at the three nitrogen levels as
well as the combined analysis. Significant positive heterotic effects for
head diameter over mid- parents and/ or over better parent were recorded
by Putt (1966), Seetharam (1977), Ge (1982}, Shrinivasa (1983) as well
as Chaudhary and Anand (1986).

For 100- seed size. all hybrids were etther equal to or significant

negative heterotic effects relative to mid and/ or better parents.




59

For number of seeds per head, two, two, four and three
combinations significantly exceeded the mid parents in the first, second,
third levels of nitrogen as well as the combined analysis, respectively.
Also, the cross (P1 x P3)in the three nitrogen levels and the combined
data as well as the cross (P1 x P4) in the second, third nitrogen levels and
the combined analysis, significantly surpassed the better parent. The
other hybrids, either were equal to or significant and negative relative to
the mid parents or better parent. In this concern, Putt (1966) and Ge

(1982) found an increase of 47 % in this character.

Also, from Table 9, it could be noticed that 1000- seed weight, 1n
the three crosses (P1 x P4), (P1 x P5) and (P4 x P5) showed significant
positive heterotic effects relative to mid- parents in the nitrogen levels as
well as the combined data. All hybrids, either were equal to or si gnificant
negative heterotic effects relative to the better parent in the three nitrogen
levels as well as the combined analysis. Putt (1966), Shrinivasa (1983)
and Chaudhary and Anand (1986) obtained heterosis values over the

better parent for this trait.

With respect to husk percentage, three, two, three and three
combinations showed significant negative heterotic effects relative to mid
parents in the first, second, third nitrogen levels as well as the combined
data, respectively. Also, the cross (P4 x P6) in the first nitrogen level and
the cross (P1 x P3)} in the first, third nitrogen levels as well as combined
data expressed significant negative heterotic effects relative to the better
parent.  Significant heterotic effects for husk percentage were recorded

before by Kukosk (1986).
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Concerning seed yield per plant, three crosses in the three nitrogen
levels and four crosses in the combined analysis surpassed the mid-
parents. The cross (P1 x P4) had the highest values for heterosis relative
to mid- parents or the better parent in the three nitrogen levels as well as
the combined analysis. Also, both crosses (Pl x P2) and (Pl x P7)
exhibited significant positive heterotic effects relative to the better parent
in the first and second nitrogen levels, respectively. The other hybrids
were either equal to or significantly negative to mid and/ or better parent.
Putt (1966), Niklyaev (1976), Putt and Dorell (1977), Seetharam (1977),
Gorbachenko (1980), Nuthan (1981), Toit (1981), Ge (1982), Vranceanu
(1983), Chaudhary and Anand (1986) and Sheriff and Appadurai (1987)

obtamed significant positive heterotic effects for seed yield per plant.

With respect to oil percentage, nine, eleven, ten and ten
combinations significantly exceeded the mid- parents in the first, second,
third nitrogen levels as well as the combined analysis, respectively. Also,
both crosses (P1 x P2) and (P1 x P7) significantly surpassed the better
parent in the three nitrogen levels as well as the combined analysis.
Significant positive heterotic effects for oil percentage were recorded by
Stoyanova (1971), Seetharam (1977), Skoric (1981), Shvestova {1982)
and Chaudhary and Anand (1986).

The cross (P1 x Pﬁgl) expressed significant high mean values when
compared with each of the three check hybrids Hysun 334, G 101 and
Vidoc for seed yield per plant (Table 9). The cross (P1 x P4) significantly
outyielded the three hybrid varieties Hysun 354, G 101 and Vidoc by
57.03. 3030 and 41.54 %, respectively over the three nitrogen levels.
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Also, the both crosses (P1 x P2) and (P1 x P7) significantly outyielded the
check hybrid Hysun 354 by 40.45 and 28.28 % at the first nitrogen level,
34.79 and 37.56 at the second nitrogen level, 38.00 and 41.11 at the third
nitrogen level and 3772 and 359 % at the combined analysis,
respectively.  Also, both crosses (P1 x P3), (Pl x P7) appreciably
outyielded the check hybrid G 101 by 14.28 and 12.77 %, respectively in
the combined data. Also, it surpassed the Vidoc hybrid by 24.13 and

22.49 % in the combined analysis, respectively.

It could be concluded that the previous three Fi hybnds offer
possibility for improving seed yield of sunflower. This finding revealed

that a hybrid program based on this material will be effective.

Combining ability :

Analysis of variance for combining ability as outlined by Griffing's
(1956) method 2 model 1 1n each mtrogen fertilizer level as well as their
combined for all the growth, yield, yield components and oil percentage is
shown in Table (6). Variances of general and specific combining abilities
have been determined and related to the possible types of gene action

mvolved (Sprague and Tatum, 1942).

The mean squares associated with general and specific combining
abilities were significant for all traits except for number of leaves/ plant at
the 40 kg N/ fed. which showed an insignificant S.C.A. It 1s evident that
additive and additive by additive types of gene action were the more
important part of the total genetic variability for this exceptional case.

For other traits, both additive and nonadditive gene effects were involved
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in determining the performance of single cross progeny. Also, results
showed that all other cases exhibited high G.C.A/S.CA ratios which
exceeded the unity indicating the predominance of additive and additive
by additive gene action in the inheritance of such cases.

These results were along the same line of those reported by Putt
(1966) for 1000- seed weight and head diameter traits, Dua and Yadava
(1985), Jukic (1990) and Taha ( 1993) where they found that both additive
and non additive gene effects are important in controlling most of
sunflower characters. Moreover, Putt (1966), Dua (1979), Tuberosa ef
al. (1983), Pathak er al. (1987), Singh et al (1989), Rudranaik ef al.
(1990) and Marinkovic (1993) pointed out that the non additive variation

was the only predominant type of gene action for most characters.

On the other hand, the preponderance of additive gene effects for
sunflower yield and its components was recorded by Putt (1966) for
number of days to flowering and oil content traits, Dua (1979). Rudranaik
et al. (1990) for 100- seed weight trait, Marinkovic (1993) for number of
seeds per plant and Taha (1993) for most traits.

The mean squares of interaction between nitrogen levels and both
types of combining ability were non significant for all traits indicating that
additive and non- additive types of gene action were not influenced by the
environmental conditions. (Nitrogen levels). This result may be due to the
narrow tange among different levels of nitrogen, this trend was obtained

by Zubriski er al.,(1979).

Estimates of general combining ability effects (&1) for individual

parental lines in each trait at each mtrogen level as well as the combmed
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data are presented in Table (10). Theoretically an estimate of (1) effects
of the inbred line is not an absolute value. It actually depends upon the
group of inbred lines with which this particular inbred line was crossed in
the diallel crossing system. If the inbred line is exactly average m its (g1),
the expected estimate (gi) would be zero. Significant departure from
zero, wherever the direction, would indicate that the inbred line is much
better or much poorer than overall average of the parental inbred lines
involved in the test. High positive values would be of interest under all
traits in question except flowering date, plant height and husk percentage
where high negative values would be useful from the breeder point of

ViIEW.

The parental inbred line (P1) expressed significant positive (gi)

effects for pumber of leaves per plant, head diameter, 100- seed size,
number of seeds/ head, 1000- seed weight and seed yield per plant.
However, it gave undesirable (8i) effects for number of days to flowering,
plant height, husk percentage, and o1l percentage. The parental inbred
line (P2) exhibited significant desirable (g1) effects for number of days
to flowering, head diameter, 100- seed size, 1000 seed weight, seed yield

per plant in the combined data, but it gave undesirable (gi1) effects for

other traits. The parental inbred line (P3) expressed significant

desirable (8i) effects for number of seeds per head, oil percentage and

husk percentage, but was average in the other traits. The parental inbred
line (P4) had undesirable (g1) effects for all traits except plant height and
oil percentage. The parental inbred line (P5) expressed significant

undesirable (gi) effects for all traits except plant height, husk percentage

and oil percentage where it gave the desirable (§1) effects. The parental
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inbred line (P6) appeared to be the best general combiner for number of
days to flowering, plant height and o1l percentage. On the contrary,
inbred line (P6) was considered as a poor general combiner for other
traits. The parental inbred line (P7) appeared to be a good combiner for
number of days to flowering, plant height, head diameter, number of seeds

per head and husk percentage.

The parental inbred lines p6, P5, P1, P1, P2, P1, P2, PS5, P1 and P4
appeared to be the best general combiners for number of days to
flowering, plant height, number of leaves per plant, head diameter, 100-
seed size, number of seeds per head, 1000- seed weight, husk percentage,
seed yield per plant and o1l percentage, respectively. These results
suggest that improving opportunity by selection would be possible for

earliness, oil percentage, vield and its components.

It is worthy mentioning that an excellent agreement between the
parental performances and its (8i) effects was obtained for ail studied
traits in the three nitrogen levels as well as combined analysis except
number of seeds per head. Therefore, it could be concluded that high
performing hybrids could not be reached except when crossing is carried
out between parental inbred lines characterized by high mean
performances.  Such agreement might add another proof for the
preponderance of additive‘ genetic variance governing these traits, and
coincides with the finding reached above (Table 6). A similar trend was
previously reported by Putt (1966), Dua and Yadava (1985), Pathak et al.
(1987), Jukic (1990) and Taha (1993).
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The estimates of specific combining ability effects in twenty one
crosses for the studied attributes at 20, 30 and 40 kg N/ fed. as well as the

combined analysis are presented in Table (11).

For number of days to flowering, six, seven, seven and seven
crosses showed significant negative S.C.A effects at 20, 30, 40 kg N/ fed.
and the combined analysis, respectively. On the same order, however,
five, six, five and four crosses had significant positive S.C.A effects.
Insignificant S.C.A effects were detected in the other crosses. The cross
(P5 x P6) followed by crosses (P3 x P4), (P2 x P3) and (P1 x P2) had
highly significant negative values of S.C.A effect in the combined analysis
and two of mitrogen levels for earliness and these crosses could be

considered as the best ones for earliness.

Regarding plant height, five crosses in each three nitrogen levels
and six crosses at the combined analysis gave significant negative S.C.A.
effects. However, four, seven. six and three crosses showed significant
positive S.C A. effects at 20, 30, 40 kg N/ fed. and the combined analysis,
respectively. Insignificant S.C.A effects were detected in the rest cases.
Both crosses (P1 x P3) and (P2 x P5) showed significant negative S.C.A
effects in the three nitrogen levels as well as the combined data.
However, the three crosses (P1 x P5), (P5 x P7) and (P4 x P6) had
significant positive S.C.A ‘effects in the three levels of nitrogen as well as
the combined analysis for this trait. The cross (P1 x P3) gave the highest
desirable S.C A effect followed by cross (P2 x P5) for this trait.

For number of leaves per plant, six, seven, one and six parental

combinations had significant positive S.C.A effects at 20, 30 and 40 kg N/
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fed. as well as the combined analysis, respectively. The other cases

showed either insignificant or significant negative S.C A effects.

Considering head diameter, seven, seven, seven, and seven Crosses
had significant positive S.C.A effects at each of 20, 30, 40 kg N/ fed as
well as the combined between them. The cross (P5 x P6) had the highest
desirable S.C.A effect for this trait and this cross could be considered as
the best one for increasing head diameter. On the other side, most other

crosses gave insignificant S.C A effects for this trait.

With respect to 100- seed size, three, three, four and four crosses
had significant positive S.C.A effects at 20, 30, 40kg N/ fed and the
combined analysis, respectively.  Also, the cross (P2 x P3) followed by
cross (PS x P6) gave the highest desirable S.C.A effects in the three
nitrogen fertilizer levels and the combined analysis. The cross (P1 x P2),
(P1 x P4) and (P3 x P4) showed significant positive S.C.A effects for
number of seeds per head in each nitrogen level as well as the combined
analysis. Also, the cross (P1 x P3) in the first, third nitrogen levels as well
as the combined, the cross (P3 x P6) in the third mitrogen level and the
cross (P5 x P7) in the second nitrogen level had significant positive S.C.A
effects for this trait. The other crosses gave either insignificant or

significant negative S.C.A effects.

Results of eight, ten, eight and seven crosses showed significant
positive S.C.A effects for 1000- seed weight at 20, 30, and 40 kg N/ fed.
as well as the combined analysis, respectively.

For the husk percentage, seven, seven, five, and seven

combinations showed significant negative S.C A effects at 20, 30 and 40




67

kg N/ fed. as well as the combined analysis, respectively. The cross (P1
x P3) produced the highest desirable S.C.A effect followed by the cross
(P4 x P6) for this trait at the three nitrogen levels as well as the combined

analysis.

For o1l percentage, nine, ten, nine and ten combinations showed
significant positive S.C.A effects at the first, second and third nitrogen
levels as well as the combined analysis, respectively. Generally, the cross
(P1 x P7) had the highest S.C.A effect for oil percentage followed by both
crosses (P1 x P6) and (P1 x P2).

Regarding seed yield per plant, six, four, four, and four
combinations showed significant positive S.C.A effects at 20, 30 and 40
kg N/ fed. as well as the combined data, respectively. In conclusion, the
best combinations were (P1 x P4) and (P1 x P7). These crosses gave the
highest useful heterosis (Table 9).

In most traits, the values of S.C.A effect were not affected from
one nitrogen level to another. This finding coincided with that reached

above for nsignificant S.C.A by nitrogen level mean squares (Table 6 ).
Genetic components analysis :

Having established differences in genotypes for trait, the data were
then analyzed for genetic components by the method for diallel analysis
devised by Hayman (1954 b). It should be noted that the diallel analysis
was performed on data which did not necessarily completely fulfill the

assumptions made for the analysis. These assumptions are
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1- Diploid segregation : sunflower is diploid and a segregationina
diploid manner logically took place,
2- Homozygous parents : the parental inbred lines were assumed to be

homozygous,
3- No genotypic by environment interaction are detected in this study,
4- No reciprocal differences,
5- No cpistasis,
6- No multiple allels, and

7-  Uncorrelated gene distribution.

Failure of any one or any combination of the assumptions
invalidates to some degree the conclusion obtained by means of the

analysis.

To test the validity of these assumptions, two general tests were
employed. The first of all was tZ value. This value was expgcted to be
insignificant if all assumptions were valid. The value of t2 1S presented
m Table (12). With the exception of flowering date and seed yield per
plant in the three levels of nitrogen and 1000 seed weight in the first
nitrogen level, insignificant t*'s were detected, for all traits revealing the

validity of all assumptions were obtained for these traits.

The second employed test was the analysis (Wr, Vr) regression. In
this test, the regression coefficient s expected to be significantly different
from zero but not from umty if all assumptions are satisfied (Jinks and

Hayman, 1953). Significant regression lines were obtained for 100- seed
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size, husk percentage and oil percentage in the three levels of nitrogen,
number of days to flowering in the second and third nitrogen levels, plant
height in the first and third nitrogen levels. While, the slope of the
regression lines did not deviate significantly from unity for plant height,
head diameter, husk percentage and oil percentage in the three levels of
nitrogen, number of leaves per plant in the second and third nitrogen
levels, number of seeds per head in the third nitrogen levels and 1000-

seed weight in the first and second nitrogen levels.

For the other cases where regression coefficients of less than unity
were obtained, the assumptions of no genetic interaction was not satisfied.
However, the estimation of population parameters, could be possible with
such partial fulfillment (Hayman, 1954- b). These estimations, however,
would be less reliable than those traits which completely satisfied this

assumption.

Data were further subjected to the diallel analysis proposed by
Hayman (1954- b) to obtain more information about the genetic behavior
for the traits under test. The computed parameters for all traits are
presented i Table (12). Appreciable values for both additive (D) and
dommance (H]) components were obtained in all cases except number of
leaves per plant in the first nitrogen level. Number of leaves at 20 kg N/
fed. showed insignificant (H{). This finding is in agreement with that
reached in Table (6).

Fourteen out of thirty cases, the (D) component was found to

express the higher magnitude relative to the corresponding (Hjp) ones
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Table (12). This finding is in harmony with that reached above in Table
(6).

For the other cases, the values of (D) were smaller in magnitude
than the respective (D) ones. This result revealed that non additive of
gene action was more prevalent in sixteen out of thirty studied cases. For
these cases, which exhibited high GCA/ SCA ratios which exceeded the
unity from combining ability analysis contradicted with that obtained from
Hayman analysis. This contradiction between both types of analysis
might be a logical result because of the presence of complementary type
of non allelic interaction which inflated the ratios of (H) to (D). Hayman
(1954 b) and Mather and Jinks (1971). Also, dominance may has a role
in GCA estimates as emphasized by Jinks (1955).

The various size of (D) and estimated as (HI/ D)% can be used as
a weighted measure of the average of dominance at each locus, showed
the presence of over dominance for; flowering date, number of leaves per
plant, number of seeds per head and seed yield per plant in the three
nifrogen levels as well as the combined analysis. This result is in
agreement  with previously reached by Unrau (1 947) and Rao and Anand
(1981) for flowering date, Manjunath (1978), Dua (1979) and Miller er
al. (1981) for seed yield/ plant, and Taha (1994) for other characters. On
the other hand, Marinkévic (1993) found that partial dominance for seed
yield / plant.

The values of (ﬁl / 15) 72 were equal unity for head diameter, and

oil percentage in the three levels of nitrogen and husk percentage in the

first and third nitrogen levels indicated that complete dominance was
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present. The same results were obtained by Dua and Yadava (1982) for
several traits, Pathak et al. (1987) for head diameter, oil content and husk
percentage, Jukic (1990), Kovacik and Skaloud (1990) and Marinkovic
(1993) for oil percentage and Taha (1993) for head diameter and oil

content.

In other cases, the values of (ﬁl/f))l/? were less than the unity,

revealing that a partial dominance was detected. ~Similar results were
obtained by Unra (1947), Clement (1968), Velkov (1970), Dua (1979)
and Kongchuensin and Marinkovic (1984) for plant height and Dua
(1979), and Rao (1981) for 1000- seed weight. On the other hand,
Kovacik and Skaloud (1972) found dominance and overdominance for

these traits.

The average frequency of negative vs. positive alleles in parental
populations was detected by computing the ratio (ﬁz /4ﬁ1)_ Values

largely deviating from one quarter were obtained for all traits except 100-
seed size, revealing that negative and positive alleles were unequally

distributed among the parents.

The relative frequencies of dominant and recessive alleles in the
parental population could be also tested by computing the (F) component.
Significant (F) values were detected in all traits except 100- seed size, in
the three nitrogen levels, indicating a symmetry of gene frequency among
the parental population, with an excess of recessive allels for seed yield
per plant in the second and third levels of nitrogen. For 100- seed size
insignificant (F) values were detected, indicating that dominance aﬁd

recessive alleles of loci exhibiting dominance were equally distributed
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among the parents. This finding again confirms the results reached above
for (f{Z/ 4ﬁl) estimate. The same conclusion could also be drawn from
the corresponding proportion [(4DHI": + F)/ [(4DAN%- f.

Unequality of dominant and recessive allele distribution among the tested
parental inbred lines was also previously recorded for oil content and seed
yield by Marinkovic (1993) and Taha (1994) for 100- seed weight,

flowering date and head diameter.

The overall dominance effects of heterozygous loci symbolized as
(h2) were computed for all the studied traits. Significant (h2) values
were reached herein for head diameter, 100- seed size, 1000- seed
weight, and oil percentage in the nitrogen levels indicating that dominance
was unidirectional in these traits. On the contrary, insignificant (h2)
estimates were obtained for the other traits, suggesting a considerable
amount of canceling of dominant effects in the present material. This
finding confirms the results shown above by parent vs. crosses presented
in Table (6).

Appreciable heterotic effect was previously reported for head
diameter by Shrinivasa (1983) and Taha (1994), Enn (1959) and Clement
(1968) for plant height. In addition, for 10- seed size the same results
were obtained by Heil.(al (1976). For 1000- seed weight, similar resuits
were obtained by Manjunath (1978), and Rao ( 1981). Moreover, for oil
percentage, similar results were obtained by Jukic (1990), Marinkovic
(1993) and Taha (1993).

Heritability estimates in both broad and narrow senses for the

studied traits were computed according to Mather and Jinks (1971}. High
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to moderate values for hertability in broad sense were obtained for all
traits in the three mitrogen levels, revealing that most of the phenotypic
variability in each case was due to genetic cases. For number of days to
flowering, number of leaves per plant, head diameter and number of seeds
per head in the three nitrogen levels and 100- seed size in the first
nitrogen level, heritability estimates in narrow sense were much lower
than those of broad one indicating that the most part of the genetic
variance was due to non additive effects. Therefore, breeding programs
towards inbred selections might be recommended for such traits. For
other cases, high heritability values in broad sense along with moderate
ones in narrow sense were detected, indicating that the genetic variance
associated with these traits was mostly attributed to additive effects of
genes. These findings supported those data mentioned before in Table
(6). Therefore, a pedigree selection program for these traits might be

quite promising.

High values for heritability in broad sense were recorded for all
the studied traits except for number of leaves per plant in the third level
of nitrogen and number of seeds per head in the first level of nitrogen
level where moderate to low values were detected. Similar results were
obtained by Shabana (1974) for plant height, Shabana (1974) and
Lakshmanalah (1981) for flowering date, Shabana (1974) for head
diameter, VolF and Dumacheva (1973), Fick (1978) and Soltani and
Arshi (1990) for 1000- seed weight, Miller ef a/. (1981) and Singh ef al.
(1989) for seed yield, Vol'F and Dumacheva (1973) and Soltani and Arshi
(1990) for oil content. On the other hand, low heritability values in broad
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sense were obtained by ‘Rao (1981) and Rao and Anand (1981) for yield
and 100- seed weight.

Heritability in narrow sense was previously found to be high in

magnitude for head diameter and oil content traits by Shrinivasa (1983).
Graphical analysis :

The data obtained herein were also subjected to genetic analysis by
means of diallel cross graphs as constructed by Jinks (1954). According
to this analysis, the parabola marks limits within which the vanance-
covariance points (Wr- Vr) should lie. If the regression coefficient (b) of
(Wr, Vr) is not differed from unity the genetic system can be deduced to
be additive  without the complication of non allelic interaction.
Complementary type of epistatsis generally decreases the covariance
disportionally more than the variance causing the slope of the regression
line to be less than unity. If dominance1s complete, the regression line
would pass through the origin. Overdominance cause the regression line
to intersect the (Wr) axis below the origin, while partial dominance causes
the regression line to intersect the (Wr) axis above the origin. The
closeness of the regression line or (Wr, Vr) points to the limiting parabola
indicates little dominance. The position of the array points along the
regression lines depends on the relative proportion of dominant and
recessive alleles present in the common parent of each array. Parents
with preponderance of dominant alleles will have a low array variance
and covariance, and will lie near the origin. Highly recessive parents will
have a large array variance and covariance and lie at the opposite end of

the regression line. If the dominance effects of the genes are unequal, the
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position of an array point will be weighted in favor of genes with large

dominance effects.

The regression of parent- offspring covariance (Wr) on parental
array vanances (Vr) and their limiting parabola of the seven parental
(inbred lines) diallel crosses for all the studied traits at the three nitrogen
levels are illustrated in Fig 1- 30.

With the exception of flowering date and seed yield per plant in the
three nitrogen levels, number of seeds per head in the first, second
nitrogen levels, number of leaves per plant in the first nitrogen level, 100-
seed size i the second nitrogen level and 1000- seed weight in the third
nitrogen level, the slope of the regression lines did not deviate
significantly from unity. This result might reveal that the genetic system
could be deduced to be additive without the complication of non allelic
interaction. For. exceptional cases,  regression slops were differed

from unity, indicating that complementary type of epistasis was involved.

The regression lines were found to intersect the (Wr) axis above
the origin for plant height, head diameter, 100- seed size, number of
seeds/ head, 1000- seed weight and seed yield per plant in the three
nitrogen levels, flowering date in the first nitrogen level, number of leaves
per plant in the first and third nitrogen levels, husk percentage in the
second nitrogen level, and oil percentage in the first and second nitrogen .
levels, suggesting partial dominance. Similar results were obtained by
Unrau (1947), Clement (1968), Velkov (1970) and Marinkovic (1993) for
plant height, Manjunath (1978), Dua (1979), and Rao (1981) for 1000-
seed weight, Dua and Yadava (1982), Pathak et al. (1987) and Taha
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(1993) for head diameter, Pathak ef al. (1987), Jukic (1990), Marinkovic
(1993) and Taha (1993) for oil content, Manjunath (1978), Dua (1979),
Miller et al. (1981), Marinkovic (1993) and Taha (1994) for yield/ plant
and Unrau (1947), Manjunath (1978), Rao and Anand (1981) and Taha
(1994) for flowering date.

For flowering date in the second and third nitrogen levels, husk
percentage in the first and third nitrogen levels and oil percentage in the
third nitrogen level, the regression lines passed through the origin
revealing the complete dominance for these cases. similar results were
obtained by Pathak ez al. (1987).

The position of the actual regression lines was shifted to the right
of unit slope line and below the origin for number of leaves per plant in
the second level of nitrogen, indicating a case of overdominance in the

inheritance of this trait. The same result was obtained by Taha (1994).

For flowering date, number of leaves per plant, number of seeds
per head and seed yield per plant, significantly positive intercept was
obtained in these traits suggesting partial dominance. Presence of over
dominance for these traits, however, was the conclusion drawn from
computing the ratio of (ﬁl) to (D) as presented in Table (12). This
contradiction between both types of analysis might be a logical result of
the presence of complementary type of non allelic interaction which
- influenced the ratios of (H1) to (D) and distorted the (Vr, Wr) graphs
(Hayman, 1954b and Mather and Jinks, 1971).
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The array points were significantly scattered along the regression
Line for all the studied traits, revealing genetic diversity among the parents
and corroborating with the results obtained herein for degree of

dominance presented in Table (12).

The correlation coefficient values between parental mean (Yr) and
(Wr + Vr) for each array were significant negative values for head
diameter in the first and second nitrogen levels and husk percentage in the
third nitrogen levels and appreciable negative values for both traits in the
other levels of nitrogen and oil percentage in the nitrogen levels, revealing
that increaser genes were dominant over decreasers.  However,
appreciable positive correlation coefficient values were detected for
number of seeds per head, 1000- seed weight and seed yield per plant in
the three nitrogen levels and 100- seed size in the first and third nitrogen
levels, indicating that decreaser genes were dominant over increasers.
For the other cases, low correlation values which could not be fruitful in
getting any idea about the direction of dominance were obtained. Such
low values might be due to the presence of epistasis and to additively of
most genes involving the system in these traits, also, it might reveal that
high performance for such traits was controlled by dominant genes and

recessive genes.

Dominance in generally towards the higher parent or towards the
lower parent was obtained by Unrau (1947), Clement (1968), Velkov
(1970), Dua (1979), Kongchuensin and Marinkovic (1984), Kovacik and
Skaloud (1990) and Taha (1994) for plant height trait, Manjunath (1978),
and Rao (1981) for 100- seed weight, Pathak et al. (1987), Jukic (1990)
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and Marinkovic (1993) for oil content, Pathak er al. (1987) for head
diameter, Unrau (1947), Manjunath (1978) and R&e and Anand (1981) for
flowering date and Dua (1979), Miller ef al. (1981) and Marnnkovic
(1993) for yield.

The parental lines (P6) and (P7) for flowering date and plant height
in the three nitrogen levels, (P1) for number of leaves per plant in the
three nitrogen levels and 100- seed size in the second nitrogen level,
(P7) for husk and oil percentage in the three levels of nitrogen, (P5) for
seed yield in the three nitrogen levels, and 1000- seed weight in the
second and third nitrogen levels, (P6) for 100 seed size, number of seeds
per head and 1000- seed weight in the first nitrogen level, (P1) and (P6)
for head diameter in the first and second nitrogen levels, (P5), (P6) and
(P1) for 100- seed size in the third nitrogen level and (P3) for head
diameter in the third nitrogen level and (P2) for number of seeds per head
in the second and third nitrogen levels seemed to carry most of dominant
genes responsible for these traits. However, (P5) for flowering date,
number of leaves per plant, husk percentage, and head diameter in the
three mtrogen levels, and number of seeds per head in the second and
third nitrogen levels, (P2) and (P4) for seed yield per plant, (P2) for 1000-
seed weight, (P1) for oil percentage in three nitrogen levels, (P2) for
number of seeds per head in the first nitrogen level, and (P2) and (P3) for
100- seed size in the three nitrogen levels possessed more recessive genes

for the previous traits.

It could be concluded that, the present genetic material could be

utilized as follows :
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a) Releasing superior single crosses as commercial cultivars, however,

b)

such proposal may sucessfull the economic point of view for
producing cheap high yielding single crossing, for example the three
crosses (P1 x P4), (P1 x P2) and (P1 x P7).

The good crosses which exhibited significant SCA effects for a
particular trait and having at least one parent involved which
exhibited a good general combiner for this trait may be

recommended for practising selection between and among plants of
head to row lines through inbreeding generation to isolate superior
inbred lines. The crosses showed significant Sij effects for any
character may be interest in breeding programs towards inbred line
as most of them involve at least one good combiner for the trait in

ViEW.

c¢) For synthetic varieties, Wright (1922) and Stephens and Finker (1953)

equations could be made for predicting superior synthetic varieties.
Also, the results indicated the possibility of selection for 1000 seed

index, or number of seeds per head and/ or head diameter.

Simple phenotypic correlation:

The simple correlation coefficients between each two traits under

study were calculated within each nitrogen levels. Study the associations

between seed yield and main yield components and some growth

characters gives very useful information for the plant breeder who wants

to incorporate desirable characters.
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Table (13)shows significant positive phenotypic correlation values
between seed yield per plant and each of other traits except flowering
date and oil percentage in each of separate levels of nitrogen, Therefore,
selection for each of higher number of seeds per head, number of leaves/
plant, heavy 1000- seed weight, increasing of plant height, 100- seed size
or husk percentage is more effective for obtaining new higher yielding
inbred lines. The present results are in agreement with those obtained by
Putt (1943), Serry (1964), Natali and Shaikh (1970), Kovacik and
Skaloud; (1972), Singh et al., (1977) Zali et al., (1977), Omran et al.,
(1979), Sheriff et al., (1986) and Chaudhary and Anand ( 1993).

Significant negative correlation coefficient values were found
between oil percentage and each of plant height and 100- seed size in the
three levels of nitrogen, 1000- seed weight in the first and second nitrogen
levels (20 and 30 kg N/ fed.), and 100- seed size and husk percentage at
the first and second levels, respectively. High oil percentage might be
accompained by lower values of the previous traits. Significant negative
correlation cofficient values between oil percentage and each of flowering
date, plant height, number of leaves per plant, head diameter, 100- seed
size, number of seeds per head, 1000- seed weight, husk percentage and
seed yield per plant were previously obtained by Kurnik and Varsanyi
(1963), Heikal (1976), Zali et al., (1977) and Moursi et al., (1980).

Significant positive correlation values were detected between husk
percentage and each of plant height, head diameter, 100- seed size, and
1000- seed weight at the three nitrogen levels and number of leaves per

plant at the second and third nitrogen levels (30 and 40 kg N/ fed.).
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These results might indicate that selection for lower number of leaves per
plant and decreasing plant height or head diameter or 1000- seed weight
are more effective for obtaining new lower husk percentage varieties.

The same results were obtained by Attia (1980).

Significant positive correlation values were found between 1000-
seed weight and each of plant height, number of leaves per plant, head
diameter and 100- seed size at the three nitrogen levels. Also, significant
_positive correlation values were detected between 100- seed size and
each of plant height, number of leaves per plant and head diameter.
These results might indicate that selection for high values of the five
characters are more effective for increasing 1000- seed weight. These
results agrred with those reported by Serry (1964) Natali and Shaikh
(1970) and Singh et al. (1977).

Highly significant positive correlation values were found between
head diameter and each of plant height and number of leaves per plant.
The present results are in agreement with those obtained by Ross (1939),
Serry (1964), Bums (1970), Khanna (1972), Singh et al., (1977),
Varshney and Singh (1977), Attia (1980), Ahmed et al., (1991) and Taha
(1994).

Sigmficant positive correlation values were detected between
number of leaves per plant and plant height. Height may be accompained

by higher number of leaves per plant, that is logic.
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Path coefficient analysis:

To calculate path coefficient, simple correlation coefficient were
made between all possible pairs of seed yield, head diameter, number of
seeds per head and 1000- seed weight. The nature of the interrelated
variables system used in connection with seed yield per plant is presented

diagramatically in Figur (31).

A Py3 (3) Head diameter
r§.4 ‘)
A Pyd (4) Number of seeds perhead r3.5
Seed yield per plant r$1.5 v
A Py5  (5) 1000- seed weight
N Pyo (0) Residual factors.

Figure (19): A path diagram and coefficient of factors influencing
individual seed yield per plant.

p = Path coefficient

1 = Simple correlation coefficient.

Py3, Py4 ... etc = path coefficient of head diameter (x3), number of seeds
per head (x4) ... etc on individual seed yield (y).

r 34 = Smnple correlation between head diameter (x3) and unmber of

seeds per head (x4).
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Partitioning of simple correlation coefficient between seed yield
and head diameter, number of seeds per head and 1000- seed weight in

the three nitrogen levels js. presented in Table (14).

1000- seed weight had the most direct effect on seed yield by
values 0.692, 0.672 and 0.569 at 20, 30 and 40 kg N/ fed respectively.
Also, 1ts indirect effects are important through head diameter at the three

nitrogen levels.

Number of seeds per head had a second large and positive effect
on yield by 0.573, 0.545 and 0.353 at 20, 30 and 40 kg N/ fed.,

respectively.

head diameter had a high positive direct effect on seed yield by
values 0.245, 0.195 and 0.308 at 20, 30 and 40 kg N/ fed., respectively.
Also, the highest indirect effects were found through 1000- seed weight
by values 0.467, 0.478 and 0.431 at 20, 30, 40 kg N/ fed., respectively.

The coefficients of determination were calculated for the direct and
indirect effects of the three yield factors studied and transformed into
percentages m order to evaluate these: factors as to their importance as
source of variation in plant yield. The component in percent for seed
yield variation in the three nitrogen levels are presented in Table (15).
From this Table it could‘ be concluded that the most important sources of

variation in plant yield are:

1- The direct effect of 1000~ seed weight followed by direct effect of
number of seeds per head and then by indirect effect of head

diameter x number of seeds per head at 20, 30 kg N/ fed.
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9- The direct effect of 1000- seed weight followed by indirect effect of
head diameter x number of seeds per head and then by direct effect

of number of seeds per head at 40 kg N/ fed.

The direct effect for both yield components (1000- seed weight and
number of seeds per head) were 80.6,74.96 and 44. 78 % at 20, 30 and
40 kg N/ fed., respectively, of seed yield/ plant variation. Other important
sources of seed yield were indirect effects of head diameter x number of
seeds per head at the three nitrogen levels. Other sources in variation are
negligable as shown in Table (15). In this connection, Chaudhary and
Anand (1993) found that the most important sources of variation in plant
yield were the direct effect of 1000- seed weight and number of seeds per
head. Also, Ahmed ef al., (1991) indicated that yield components had

direct effects on seed yield.
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Table (14); Partitioning of simple correlation coefficient between seed yield
and some of its components at the three nitrogen levels-

Sources N levels (kg/ fed.
20 30 40

I- Head diameter

Direct effect (Pyq) 0.2453 0.1947 | 0.3077

Indirect via no. of seeds/ head -0.0487 0.0229 | 0.0380

Indirect via 1000 seed weight 0.4673 0.4780 | 04311

Total (ry;) 0.6640 | 0.6960 | 0.7770
II- No. of seeds/ head

Direct effect (Pys) 0.5733 0.5455 | 0.3527

Indirect via head diameter -0.0208 0.0081 0.0332

Indirect via 1000 seed weight -0.1475 -0.0888 | 0.0159

Total (rys) 0.4050 0.4650 | 0.4020
- 1000 seed weight

Direct effect (Py3) 0.6924 | 0.6724 | 0.5688

Indirect via head diameter 0.1655 0.1384 0.2332

Indirect via no. of seeds/ head -0.1220 -0.0720 | 0.0098

Total (1y3) 07360 | 0.7390 | 0.8120
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Table (15): Direct and joint effects of seed yield components as percentage
of yield variation at the three nitrogen levels .

N levels (kg/ fed.)
Seed yield components 20 30 40
CDt | %t CD Yo CD Yo

1- Head diameter 0.0601 | 6.01 0.0379 3.79 10.0946 | 9.46
2- No. of seeds/ head 0.3286 | 32.86 { 0.2975 | 29.75 |0.1243 | 12.43
3- 1000- seed weight | 04794 | 4794 | 0.4521 | 45.21 {0.3235 {3235
4- Head diameter x

no. of seeds/ head -0.0239| 2.39 | 0.0089 | 0.89 |(0.0234 | 234
5- Head diameter x

1000 seed weight 0.2293 22.-93 0.1862 | 18.62 | 0.2653 | 26.53
6- No. of seeds per head x

1000 seed weight -0.1691 | 16.91 [-0.0961 961 |00112 1.12
7- Residual 0.0884 | 8.84 0.1135 | 11.35 | 0.1577 | 1577

Total 1.0000 | 100.00 | 1.0000 | 100.00 | 1.0000 | 100.00

* Coefficient of determination
++ Contributed %
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Fig..1: WR/VR graph for No. of days to flowering
N1 = 20 kg N/fed
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Fig. 2: WR/VR graph for No. of days to flowering
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Fig. 3: WR/VR graph for No. of days to flowering
N3 = 40 kg N/fed
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Fig. 4: WR/VR graph for plant height
N1 = 20 kg N/fed
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Fig. 7: WR/VR graph for No. of ieaves/plant
N1 = 20 kg N/fed
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Fig. 8: WR/VR graph for No. of leaves/plant
N2 = 30 kg N/fed




-117-

Wr

$ = 0.2248555 + 0144 : nt = D.5651772

&
|
1

f-Y
PO A
1

.

v

.

h

I
T

N
|
1

4

o
|||||||||L:|.||

N

A

Fig. 9: WR/VR graph for No. of leaves/plant
N3 = 40 kg N/fed
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Fig. 11: WR/VR graph for head diameter

N2 = 30 kg N/fed
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Fig. 13: WR/VR graph for 100 seed size

N1 = 20 kg N/fed
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Fig. 14: WR/VR graph for 100 seed size

N2 = 30 kg N/fed
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Fig. 15: WR/VR graph for 100 seed size

N3 = 40 kg N/fed
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Fig. 16: WR/VR graph for number of seeds/head

N1 = 20 kg N/fed
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Fig. 17: WR/VR graph for number of seeds/head
_ N2 = 30 kg N/fed
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Fig. 18: WR/VR graph for number of seeds/head

N3 = 40 kg N/fed
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Fig. 19: WR/VR graph for 1000 seed weight
N1 = 20 kg N/fed
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Fig. 21: WR/VR graph for 1000 seed weight

N3 = 40 kg N/fed
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Fig. 23: WR/VR graph for husk percentage

N2 = 30 kg N/fed
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Fig. 25: WR/VR graph for yield/plant
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N2 = 30 kg N/fed
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Fig. 27: WR/VR graph for yield/plant

N3 = 40 kg N/fed
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Fig. 28: WR/VR graph for oil percenta

N1 = 20 kg N/fed
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N2 =

30 kg N/fed

..................................................

Fig. 30: WR/VR graph for oil percentage

N3 = 40 kg N/fed




