105
J. Agric. Res. Tanta Univ., 28(1) 2002

RESPONSE OF FOUR SUNFLOWER HYBRIDS TO LOW NITROGEN
FETILIZER LEVELS AND PHOSPHORINE BIOFERTILIZER

By

Abou Khadrah, S.H.*; A.A.LE.Mohamed*; N.R.Gerges** and Z.M.Diab**
* Agronomy Dept., Fac. Agric., Kafr El-Sheikh, Tanta Univ., Egypt
** Field Crops Research Institute, ARC, Egypt

ABSTRACT

Two field experiments were carried out during the two successive
growing summer seasons 1998 and 1999 at the Experimental Farm, Faculty
of Agriculture, Tanta University, at Kafr El-Sheikh, Egypt. Experiments
were designed to study the response of four promising sunflower hybrids i.e.
(Vidoc, Alamo, Euroflour and Malabar) to low nitrogen fertilizer levels 1.e.
(15, 30 and 45 kg N/fed.) and two treatments of phosphorine (without
phosphorine as control and with phosphorine). A split-split plot design with
four replicates was used in this study. The important findings could be
summarized as follows:

1- Sunflower hybnds differed significantly in their growth, yield and its
attributing  characteristics. Malabar hybrid surpassed the other three
hybrids in dry matter accumulation/plant, LAI, CGR, NAR as weli as
yield and its components.

2- Increasing N- level up to 45 kg'N/fed. significantly increased all traits
under study, except seed oil content. Increasing nitrogen level tended to
decrease seed oil content, however the differences did not reach the level
of significant in the first season.

3- Application of phosphorine biofertilizer significantly increased dry
matter accumulation/plant in some growth stages, head diameter, number
of seeds/head, seed oil content, seed yield/plant as well as seed and oil
yields/fed. On the other hand, application of phosphorine did not show
any significant effect on LAI, CGR, NAR, days to flowering, plant height
at harvest, 100-seed weight and seed husk percent.

4- Generally, the results indicated that Malabar hybrid with 45 kg N/fed.
and application of phosphorine biofertilizer could be recommended for
optimum sunflower seed yield per unit area under the environmental
conditions of this study.
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INTRODUCTION

Sunflower (Helianthus annuus L.) is one of the most important oil
crop: in the world. In Egypt, due to the severe shortage of edible oil,
sunflower received a great attention. At present, Egypt imports about 4/5 of
its annual requirements of edible vegetable oils.

A possible remedy to the present gap between the domestic
production and demand for edible oil could be the use of new sunflower
genotypes, which cane be imported from different countries of the world.
After being grown under local climatic conditions, these genotypes should
be evaluated for further introduction (Keshta et al., 1993; El-Hity et al.,
1994 a & b; Abou-Ghazala et al., 1996; Salama, 1996; Mohamed, 1997, El-
Essawy and Mohamed, 1998; El-Kalla er al., 1998; Abou-Khadra er a/.,
2000; Basha, 2000 and Abou-Ghazala et al., 2001).

Nitrogen plays an important role in plant growth and is considered
the most important fertilizer elements needed for maximum yield in most
field crops as well as sunflower, and it should be applied at the optimum
rate to meet the crop need (Kassem and El-Mesithy, 1992 a & b; El-Yamany
et al.. 1993; El-Hity et al., 1994 a & b; Ibrahim and Helmy, 1993; Abou-
Ghazala et al., 1996; Allam and Galal, 1996; Mohamed, 1997; El-Essawy
and Mohamed, 1998; Eil-Kalla et al., 1998; Abou-Khadra e/ af., 2000;
Basha, 2000 and Abou-Ghazala et al., 2001).

Phosphorine as biofertilizer is a commercial compound containing
active phosphate dissolving bactena, have ability to converse the insoluble
tricalcium phosphate to the soluble mono-calcium phosphate, supplying the
plant with its needs during different growth stages. Radwan (1997); Sherif
et al. (1997). Hanna (1999) and Hamissa et al. (2000) reported that in
general, inoculation with phosphate dissolving bacteria increased DM
accumulation/plant. vield and its components of different field crops.
Radwan (1996) observed that sunflower growth attributes, number and
weight of seeds/head. head diameter and seed index were increased
significantly by inoculation with phosphate dissolving bacteria compared
with non-inoculated plants.

The present investigation was conducted to study the yield potential
and oil content of four sunflower hybrids under low nitrogen levels and
phosphorine as biofertilizer under the environmental conditions of Kafr El-
Sheikh Governorate.
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MATERIALS AND METHODS

The present investigation was carried out at the Experimental Farm,
Faculty of Agriculture, Tanta University, at Kafr El-Sheikh, Egypt, during
the two successive growing seasons 1998 and 1999. The soil of the
experimental plots was clay in texture with pH of 8.15, 1.45% organic
matter and containing 16.7, 8.65and 283 ppm available N, P and K.
respectively (averages of the two seasons for the upper 30 cm of the soil
surface). The experiment was laid out in split-split plot design with four
replicates. The main plots were assigned to sunflower hybrids (Vidoc,
Alamo, Euroflour and Malabar), while sub-plots were allocated to nitrogen
levels (15, 30 and 45 kg N/fed.). The two biofertilizer treatments (without
phosphorine as control and with phosphorine) were randomly distributed in
sub sub-plots.

Each sub-sub plot consisted of 6 ridges each 4 m long and 60 cm in
width with 20 cm between hills. Sowing of seeds took place during June
19" and June 22™ in the first and second seasons, respectively. The
preceding crop was wheat in the two seasons. Calcium superphosphate
(15.5% P,0s5) was added during seedbed preparation at the rate of 100
kg/fed. Nitrogen fertilizer in the form of Urea (46 % N) was applied at the
above mentioned levels in two equal doses. The first was applied after
thinning and before the first irrigation and the second was added before the
second irrigation. Phosphorine is a commercial biofertilizer containing
active phosphate dissolving bacteria, produced by the General Organization
for Agricultural Equalization Fund, Ministry of Agriculture. The wetted
sunflower seed was thouroughly mixed with phosphorine just before
planting, then irrigated soon. Other cultural practices for growing sunflower
were conducted as recommended. - : '

Growth analysis was determined on five guarded plants, which
randomly taken from each experimental plot. Three samples in both seasons
were taken at 52, 62 and 72 days from sowing (DAS). The sum of dried
plant fractions were used to calculate the total dry matter accumulation
(g/plant). The growth attributes, viz. leaf area index (LAI), crop growth rate
(CGR) and net assimilation rate (NAR) were measured according to the
formula mentioned by Watson (1952).

LAI = unit leaf area per plant / plant ground area.

CGR = (W>- W)/ (tz-t,) g/ m®/ week.

NAR = (W, - W)) (In Az-In Aj) / (Az- Ay) (t2-t)) g / m?/ week

Where: W, A; and W3, A, refer to dry weight and leaf area at time t, and t
in week, respectively.
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Days to flowering as the number of days from sowing to 50%
flowering in each plot were recorded. At harvest, ten guarded plants were
randomly taken from the two inner ridges of each experimental unit and the
following characters were measured: plant height, head diameter in cm,
number of seeds/head, 100-seed weight, seed husk percent, seed yield/plant,
seed oil content (according to the method described by Comstock and
Culberston, 1958). The heads of the two inner ridges of each sub-sub plot
were harvested and seed yield was measured as kg/fed. Seed oil yield
(kg/fed.) was determined by multiplying seed yield (kg/fed.) by seed oil
content.

All the data collected were subjected to statistical analysis as
described by Snedecor and Cochran (1980). The treatment means were
compared according to Duncan's multiple range test (Duncan, 1955). All
statistical analysis was performed using analysis of variance technique by
means of "IRRISTAT" computer software package.

RESULTS AND DISCUSSION

A. Growth analysis and growth attributes :

Dry matter accumulation/plant, LAI, CGR and NAR values at all
arowth stages as influenced by sunflower cultivar, nitrogen rate,
phosphorine biofertilizer and their interaction in 1998 and 1999 scasons are
presented in Tables (1 and 2).

LAl at all growth stages in the two seasons, dry matter
accumulation/plant at all growth stages in both seasons, except at the 1%
growth stage in 1998 season and NAR at all growth periods in 1998 and
1999 seasons, except at the first period (52-62 DAS) in the second season
were sgnificantly affected by sunflower cultivar. On the other hand, CGR
was not significantly affected by sunflower cultivar at all growth periods in
both seasons, except at the second period (62-72 DAS) in the first season.
Malabar cultivar significantly surpassed the other cultivars under study in
these traits at the most growth stages. The superiority of Malabar is
interpreted as such cultivar had greater photosynthetic area (LAI), which
contribute to more photosynthates production and consequently increased
dry matter accumulation/plant.Varietal differences in growth analysis and
growth attributes of sunflower plant were also obtained by El-Hity et al.
(1994a), El-Kalla er al. (1998), Abou-Khadrah et al. (2000) and Abou-
Ghazala et al. (2001).
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Table (1): Dry matter accumulation (g/plant), leaf area index (LAI), crop growth
, rate (CGR) and net assimilation rate (NAR) of sunflower plant at
different growth stages as influenced by sunflower hybrid, nitrogen

level and phosphorine during 1998 season.

Dry weight {g/plant) LAl CGR (g/m*/week) ( g]:;:?eek)
Factor Davs from sowing Growth period

52 62 72 52 | 62 72 52-62 | 62-72 ] 32-62 | 62-72

ybrid (A):
Vidloc 45.96 | 66.66c | 106.43c]1.29d] 1.55d | 1.61d | 96.63 | 185.61c | 46.04c | 85.76b
Euroflour 47.62 1 68.71ab | 1T1.56b|1.63¢| 1.76c | 1.93¢ | 97.09 |199.93bc|51.84bc|103.25ahy
Alamo 47.18 | 68.08b | 114.07b]1.81b} 1.99b | 2.30b | 97.52 | 214.63b ] 57.87b|110.81a
Malabar 47.91| 69.36a {119.332)2.03a) 2.37a [ 3.11a| 101.42 | 233.18a | 68.25a | 118.86a
F- test NS - - - - - N.S wx *% *
Nffed. (B):
15 36.31c) 48.84c | 88.73c J1.54b) 1.81b ] 2.03c | 58.548¢c ) 186.16b 3 37.22¢ | 102.34
30 46.17b] 69.13b | 115.63b]1.74a}1.91ab| 2.30b | 107.14b} 217.01a | 61.87b | 105.97
45 59.02a| 86.64a | 134.18a[1.80a| 2.04a | 2.3%a | 128.89a| 221.84a | 68.91a| 105.62
F- test *x ** .* e * = o o - NS
[Phosphorine (C):
Without Ph. {46.89b) 67.80 | 112.50 1 1.69) 1.92 | 2.23 | 97.56 | 208.61 § 5551 j t04.15
With Ph. 47.44a| 68.61 | 11319 11.69) 1.92 | 2.25 | 98.78 | 208.07 | 56.39 | 105.18
F- test ok N.S NS fNS|{ NS | NS N.S N.§ N.S NS
{Interaction:

A xB NS N.S N.S§ *« | NS s N.S§ N.S N.§ NS
AxC NS N.S NS [NS|{ NS I NS NS N.S NS NS
BxC NS N.S NS [NS{ NS | NS N.S N.S N.S NS
AxBxC | NS | NS NS {NS| NS {NS ] NS N.S NS | N§

* ** and NS indicate P<0.05, P<(.01 and not significant, respectively. Means designated by
the same latter are not significantly different at the 5% level, according to Duncan’s
Multiple range test,

Increasing nitrogen level up to 45 kg N/fed. significantly increased
LAI, dry matter accumulation/plant, CGR and NAR at all growth stages.
This fact is true i both seasons, but the differences between nitrogen level
in NAR trait did not reach the level of significant at the second growth
period in the first season. A significant increase in these traits accompanied
each increament of applied nitrogen. This increase in LAI, dry matter
accumulation, CGR and NAR might be due to the role of nitrogen fertilizers
on structure of protein molecule, which is essential for biological activity
and encouraged plant metabolism as well as growth of stems and leaves.
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Table (2): Dry matter accumulation (g/plant), leaf area index (LAI}, crop growth
rate (CGR) and net assimilation rate (NAR) of Sunflower plant at .
different growth stages as influenced by sunflower hybrid, nitrogen
level and phosphorine during 1999 season.

NA
Dry weight (g/plant) LAI CGR (g/m’/week) N R
{g/m"/week)
Factor
Days from sowing Growth period
52 62 72 52 62 72 52-62 | 62-72 1352-62]|62-72
Hybrid {A):

Vidoc 536.13c |74.07b{103.52b§ 1.33c{ 1.64b | 1.81c | 83.73 | 12539 | 45.90|56.60b
Euroflour | 59.40b {81.70a] 109.13a] 1.65b ] 2.09a | 2.15b | 89.69 | 127.63 [46.11|59.31b
Alamo 62.49a |80.22a| 108.92a] 1.83b{ 2.15a | 2.36a | 89.91 | 136.51 }36.59(59.77b
Malabar | 61.16a |81.70a] 109.76a{ 2.03a ] 2.16a | 2.36a | 104.03 | 136.92 [ 58.74 |76.41a

F- test * ** * ** = ** N.S N.S N.S *
Kg N/fed. (B): '

15 50.69¢c {73.88¢c| 87.62c | 1.64c | 1.92¢ | 2.04c | 77.93¢ | 63.33¢ |42.21¢|30.77¢

30 60.43b {79.43b]107.78b] 1.72b | 2.00b | 2.18b | 88.60b {132.35b149.20b(65.36b

45 68.26a |84.85a|127.95a] 1.78a | 2.11a{ 2.30n ] 108.99a]198.71a]62.61a}{92.94a

F- test .- " e .- * - " ** ** -
Phosphorine (C):

Without Ph. | 50.69b |78.99b] 107.27 | 1.70 | 1.99 | 2.15 | 93.31 { 130.18 {50.29| 62.28
With Ph. 60.43a [79.85a] 10829 1 1.72 | 203 | 219 | 9037 | 132.74 | 52.38 [ 63.76

F- test * * N.S NS { NS | NS N.5 N.S N.S | N§
Interaction:
AxB bl N.S NS NS | NS | NS NS N.S N.S | NS
AxC NS NS NS NS | NS | NS NS N.S NS | NS
BxC N.S N.S NS NS | NS | NS N.S N.S NS | NS

AxBxCf NS | NS§ N.§ NS | NS | NS N.S N.S NS [ NS

* ** and NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by
the same latter are not significantly different at the 5% level, according to Duncan’s
Multiple range test.

The beneficial effects of nitrogen in increasing growth analysis and growth
attributes were reproted by several investigators with sunflower crop such as
(Kasem and El-Mesilhy, 1992a; El-Hity et al., 1994a; Ibrahim and Helmy,
1995; Abou-Khadrah et ai., 2000 and Abou-Ghazala et al., 2001).

Dry matter of sunflower plants was responsed significantly to the
application of phosphorine at the 1¥ growth stage in the first season and at
the 1% and 2" growth stages in the second season. On the other hand, data
showed that there were no significant difference due to application of
phosphorine biofertilizer on LA], CGR and NAR in both seasons. In this
concern, Radwan (1997) on faba bean, Sherif ef al. (1997) on lentil, Hanna
(1999) on faba bean and Hamissa et al. (2000) on cotton, reported that in
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general, inoculation with mycorrhiza or other biofertilizer treatments
increased DM accumulation/plant with these different field crops.

B. Agronomic characters :

The presented data in Tables (3 and 4) indicated that flowering
took place earliear in Euroflour cultivar with a significant difference
between this cultivar and the other three cultivars in the two seasons. Data
indicated also that sunflower cultivar had a significant effect on plant height
at harvest and hcad diameter in both seasons. Malabar cultivar gave the
tallest plants and largest heads in 1998 and 1999 seasons. These results
agree with those obtained by Keshta er al. (1993), Abou-Ghazala e /.
(1996). Saiama (1996), Mohamed (1997), El-Essawy and Mohamed (1995},
Abou-Khadrah er al. (2000} and Abou-Ghazala et al. (2001).

Table (3): Effect of low nitrogen level and phosphorine on some
characteristics of some sunflower hybrids during 1998 seasor:.

Plant Head 100-

. Days to N . Number of Seed
Factor flowering h(ils:;t dl::;::;er seeds/head Ws:leg(:l ¢ husk %

Hybrid (A):

Vidoc 5633a | 148.11b | 19.22d [ 1055.11b{ 597b 21.17d

Euroflour 51.6¢c | 143.50c | 19.67¢c {1116.50ab| 6.26a 21.84¢

Alamo 53.50b | 144.66¢c | 20.74b | 1154.56a| 6.28a 24.19a

Malabar 5322b | 150.41a | 21.17a |1157.06a| 6.31a 22.75h

F- test *sk *% *x % * * ok
Kg N/fed. (B):

15 5400 [ 14293c | 18.33¢ | 970.63¢ | 5.81c¢ 22.17b

30 53.50 | 146.75b | 20.19b 11172.63bj 6.21b 22.38b

45 53.50 | 15032a | 22.08a [1219.17a| 6.60a 23.00a

F_ test NS *% k¥ *¥ L3 *

Phosphorine (C):

Without Ph. | 53.64 146.28 19.76b | 1103.64b| 6.12 2227

With Ph. 53.69 147.06 20.64a | 113797a| 6.29 2279
F- test NS NS * * NS NS
Interaction:
A x B NS ok * * * NS
AxC NS NS NS NS NS N5
BxC NS NS NS NS NS NS
AxB>»C | NS NS NS NS NS NS
* % and N3 ndheate P<0.05, P<0.01 and not significant, respectively. Means designated
by the «am: laver wre not significantly different at the 5% level, according to Duncan’s

Multiple range 1est.
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lant height and head diameter significantly increased with
increasing nitrogen fertilizer rate, while days to flowering did not
sign'* antly affected by nitrogen rate. In both seasons, each increament of
nitrc zen level resulted in a significant increase in plant height and head
diameter. This stimulating effect of nitrogen may be related to the increase
of metabolic components synthesized in the plant, which consequenty
increased the metabolites translocated from the source to the different plant
organs. Similar resuits were reported by several researchers such as (El-Hity
et al. (1994 b), El-Kalla et al. (1998), Abou-Khadrah er o/ (2000), Basha
(2000) and Abou-Ghazala et al. (2001).

Table (4): Effect of low nitrogen level and phosphorine on some
characteristics of some sunflower hybrids during 1999 season.

Factor Daysto |Plant height I."“d Number of| 100, | Seed
flowering (cm) (cm) sceds/head weight husk %
Hybrid (A): oo
Vidoc 58.33a 15829c | 19.98c | 1017.57b | 6.20b | 22.78¢
Euroflour 52.28¢c 163.66b | 20.09¢ | 1103.71a | 6.46a | 23.19b
Alamo 55.44b 164.93b | 2041b | 1130.87a | 6.51a | 23.78a
Malabar 55.33b 17563a | 21.88a | 1139.56a | 6.51a | 23.19b
F' 3Cﬂ -0 "k ¥ *® * EX ]
Kg Nffed. (B): :
15 55.13 161.85¢c | 19.36c | 966.74c | 5.98¢c | 22.17¢
30 55.63 165.75b | 20.59b | 1128.78b | 6.46b | 23.25b
45 5529 169.28a | 21.82a | 1198.26a | 6.83a | 24.2%a
F- test NS % *% *k * %k
Phasphorine (C):
Without Ph. 5547 165.19 20.06b | 1077.66b | 632 | 23.17
With Ph. 55.22 166.07 21.12a | 111820a | 653 | 23.31
F- test NS NS * = NS NS
Interaction: :
AxB NS * *e NS NS NS
AxC NS NS NS NS NS NS
BxC NS NS NS NS NS NS
AxBxC NS NS | NS NS NS NS

* ** and NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by
the same latter are not significantly different at the 5% level, according to Duncan’s
Multiple range test.

Data show also that days to flowering and sunflower plant height at
harvest time was responsed insignificantly to the application of phosphorine
biofertilizer. However, application of phosphorine significantly increased
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head diameter in the two seasons. In this conection, Hamissa ef al. (2000)
observed that application of some biofertilizer on cotton plants did not affect
plant height. Cn the other hand, Radwan (1996) found that application of
some biofertilizer to sunflower increased head diameter.

C. Yield and its components :

The differences in number of swdsfhead, 100-seed welght, seed
husk percentage. seed yield/plant, seed yield/fed., seed oil content and oil
yield/fed. among cultivars were significant or highly significant in both
seasons. but the differences in seed oil content in the 2™ season and in seed
oil vield/fed. In the 1% season did not reach the level of significant, (Tables
3, 4 and 5). Malabar cultivar gave the highest values of number of
seeds/head, 100-seed weight, seed yield/plant, seed yield/fed. and seed oil
yield/fed. without significant differences with Alamo and Eurflour cultivars
at the most cases. Vidoc cultivar had the lowest seed husk percentage and
was superior in seed oil percentage, while Alamo cultivar gave the highest
seed husk percentage - in the two seasons. Mohamed (1997), El-Essawy and
Mohamed (1998), El-Kalla et al. (1998), Abou-Khadrah et al. (2000), Basha
(2000) and Abou-Ghazala et al. (2001) observed varietal differences in yield
and its components between different sunflower cultivars under their study.

Sced vield and its components were significantly increased with
increasing mirogen level up to 45 kg N/fed. Each increament of applied
nitrogen increased significantly all traits of seed yield and its components. It
was noted that the application of nitrogen affects growth attributes and yield
components of sunflower plant. This reflects the important of nitrogen in
building up the photosynthetic area of sunflower plants and consequently
accumulation of more dry matter, which is reflected in seed yield and its
components. Increasing nitrogen level up to 45 kg N/fed. gradually
increased oil yield/fed., while it reduced seed oil content, but the differences
in seed oil content did not reach the level of significant in the 1* season.
Ibrahim and Helmy (1995), Salama (1996), El-Kalla er al. (1998) Abou-
Khadrah et al. (2000), Basha (2000) and Abou-Ghazala er al. (2001) and
many other investigators found that in general, increasing nitrogen level
increased seed yield and its components of sunflower.

Application of phosphorine biofertilizer significantly increased
number of seeds/head, seed and oil yields/fed. in both seasons as well as
seed oil content in 1999 season only. While, phosphorine biofertilizer had
no significant effect on 100-seed weight and seed husk percentage in the
two seasons. In this concern, Radwan (1996) observed that application of
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some biofertilizer increased number of seeds/head and seced yield/plant in
sunflower. Also, Radwan (1997) found that application of some biofertilizer
to faba bean increased 100-seed weight, seed yield/plant and seed yield/fed.

Table (5): Effect of low nitrogen level and phosphorine on some
characteristics of some sunflower hybrids during 1998 and

1999 seasons.
Seed yield Seed yield (kg/fed.) Seed oil % Oil yield (kg/fed.)
Factor {g/plant)
1998 1999 1998 1999 1998 | 1999 1998 1999
Hybrid (A):
Vidoz 63.50b | 63.69b | 913.11b | 915.22b | 42.63a {41.87| 38928 ;378.28b
Euroflour 70.50a | 71.74a } 1001.23a | 1016.94a | 40.52b [ 41.28 | 403.00 [422.22a
Alamo 72.56a | 73.42a | 1027.28a | 1044.83a | 40.18b | 40.51 | 404.17 |423.56a
Malabar 73.33a | 74.53a | 1036.94a | 1052.17a | 40.22b {40.80 | 41531 [430.00a
F- test *% *% L2 *% * NS NS *
Kg N/fed, (B):
15 56.54c | 57.62c | 822.13c¢ | 840.67c | 41.50 [42.83al 334.90b ;359.96¢
30 72.83b | 73.05b | 1032.38b | 1035.0b | 40.71 [40.31b| 425.96a {420.33b
43 80.54a | 81.88a | 1129.46a | 1146.21a{ 40.45 |40.19b] 447.96a |460.23a
I:__ test *k *¥ (1] ¥ NS L E 13 e

Phasphorine (C):

Without Ph. 67.94b 68.30b 962.39b | 970.19b | 40.97 |39.11b: 385.74 b |379.53b
With Ph. 72.00a | 73.41a | 102692a | 1044.39a | 40.81 {43.1iai 4710.140a | 447.50a
F- test L3 * . L) NS u: * *
Interaction:

AxB NS NS NS NS NS NS NS NS
AxC NS ** NS NS NS | N§ NS NS§
Bx(C NS NS NS * NS NS NS NS
AxBxC * *¥ ** NS§ NS NS NS NS

* ** and NS indicate P<0.05, P<0.01 and not significant, respectively. Means designated by
the same latter are not significantly different at the 5% level, according to Duncan’s
Multiple range test.

I». Effects of interactions:

Data presented in Table (6) show a summary of interaction effects.
In this Table, the highest values of the interaction among the three
experimental factors [i.e., sunflower hybrid (A), N- ievel (B) and
phasphorine biofertilizer (C)] on some characteristics are shown. The data
in Tablc {6) reveal that the highest values of LA at 52 and 72 CAS in the 1%
sezson, dry matter accumulation/plant in the 2™ season, plant height at
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harvest and head diameter in both seasons as well as number of seeds/head

- in the 1" season were achieved when Malabar hybrid received 45 kg N/fed..
while the highest value of 100- seed weight in the 1% season was obtained
by Vidoc hybrid with 45 kg N/fed. It also clear from these data that
application of phosphorine biofertilizer to Malabar hybrid resulted in the
highest value of seed yield/plant, while the interaction between N- level and
phosphorine gave the highest value of seed yield/fed. in the 2™ season. The
data also reveal that the combination between Malabar hybrid. 45 kg N/fed.
and application of phosphorine biofertilizer recorded the highest values of
seed vield/plant in both seasons and seed yield/fed. in the 1¥ season.

Generally, the results indicated that Malabar hybnd with 45 kg
N/fed. and application of phosphorine biofertilizer could be recommended
for optimum sunflower seed yield per unit area under the environmental
conditions of this study.

Table (6): Highest values of some sunflower characteristics as affected by the interaction

of sunflower hybrid (A), N- level (B) and phosphorine as biofertilizer (C) in
1998 and 1999 seasons.

Characters Interaction ;g @ Treatments
23
1998 season
LAT at 52 DAS A X B** 2.12 Malabar X 45 ke Nifed.
LAI at 72 DAS AX B** 3.38 Malabar X 45 kg N/fed.
Plant height at harvest {(cm) AX B+ 154.57 Malabar X 45 ke Nifed.
Head diameter (cm) A X B** 23.15 Malabar X 45 kg N/fed.
Number of seeds/head AXB* 1253.3 Malabar X 45 kg Nffed.
100- seed weight AXB* 6.85 Vidoc X 45 kp N/ed.
Seed yield (g/plant) AXBXC* 85.67 Malabar X 45 kg N/fed. X with
phosphorine
Seed yield (kg/fed.) AXBXC* 1199.0 | Malabar X 45 kg N/fed. X with
phosphorine
1999 season
Dry weight (g/plant) at 52 DAS AX B** 72.68 Malabar X 45 kg N/fed.
Plant height at harvest (cm) AX B** 179.63 Malabar X 45 kg N/fed.
Head diameter (cm) AX B** 23.42 Malabar X 45 kg Nifed.
Seed yield (g/plant) AXCHe 76.49 Malabar X with phosphorine
AXBXC(C** 86.63 Malabar X 45 kg N/fed. X with
phosphorine
Seed yield (kg/fed)) BXC* 1174.8 | 45 kg N/fed. X with
phosphorine

* and ** indicate significant at 5% and 1% level of significance,
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