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ABSTRACT: Growth expressions of sunflower, supplied with 15, 30, or 45
kg N/ fed. after sugar beet, wheat, wheat + manuring with sugar beet tops and
faba bean were examined in the summer seasons of 2001 and 2002.
Responses of 100-seed weight, seed weight/ head and seed yield/ fed. to the
preceding crop were significant, having the maximum and minimum records
following faba bean and sugar beet, respectively. Increasing the level of
nitrogen fertilization up to 45 kg/ fed. signiflcantly increased plant height,
100-seed welight, seed weight / head and seed yield/ fed., but decreased the
net monetary return / kg N. Sunflower fertilized with 45 kg N/ fed. produced
the maximum seed yield after faba bean and the minlmum net profit / kg N
foilowing sugar beet.

Response of seed yield / fed. of sunflower to nitrogen fertilization was iinear
after sugar beet and wheat but quadratic following wheat manured with sugar
beet tops and faba bean as N level increased over 30 kg/ fed. Positive and
significant simple correiation coefficients were found between seed yield/
fed. and plant height (0.918), number of leaves/ plant (1.00), 100-seed welght
[0.838) and seed weight / head (0.79S).

The obtained data assured that the residual effect of legume (faba bean) or
incorporation of sugar beet tops In the soil achieved higher monetary net
return from sunflower planting at lower cost inputs (lower optimai N
fortilization level). These findings might, also, help in decreasing the
dependence on nitrogen fertilizers and, hence, improve environment through
decreasing soil pollution, in addition to decreasing hazards for human
health.
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INTRODUCTION

Sunfiower, which ranks the second to soybean among the world‘s oil
crops, is receiving increasing attention in Egypt as a source of vegetable oil
to decrease oil imports. ,

Cropping system of appropriate cropping pattern under efficient
management practices may faciiitate better utilization of plant resources and
reduce the reliance on chemical fertitizer N. The step rise in costs of fertilizer,
beside the concern of environmental safety, have urged the researchers to
explore systems that may organically provide part of the crop N needs. The
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preceding crops, such as legumes, and incorporation of sugar beet tops into
the soil were reported to increase the soil fertility and N uptake (Draycott,
1972; Page et al., 1982; Abshabhi et al., 1984; Hargrove, 1986; and Danso and
Papastylianou, 1992). Several investigations emphasized the role of legumes
in increasing the yield of the following nonlegume crop. Danso and
Papastylianou (1992) and Sparrow et al. (1995) reported high increases in
grain yield and its attributes of wheat and barley grown following legumes.
Maize and grain sorghum, sown after legumes, were of higher grain yields
than those obtained from planting following nonlegume crops (MacColl,
1989; Khalil et al., 1999). Draycott (1972) pointed out that tops of sugar beet
supplied soil with nitrogen equivalent to 19-45 kg/ ha. However, Abshahi et
al. (1984) reported that nitrogen, at the rate of 62 kg/ ha., applied to wheat
manured with shoots of sugar beet, produced grain yield similar to that
obtained from applying nitrogen fertilizer at the rate of 124 kg/ ha.

Nitrogen controls biomass production through its effects on the number
of leaves/ plant and leaf area generation as well as photosynthesis capacity
(Zamski and Schaffer, 1996). The increase in N uptake, as N level increased,
led to greater size of vegetative shoot system, hence, larger photosynthates
partitioning into seeds (Gardner et al., 1985; and Coonor and Sadras, 1992).
However, other researchers reported that the increase in N level led to higher
leaf area index (LAl), while reductions in both light intensity and net
assimilation rate (NAR), due to mutual shading between leaves, resulted in
yield decline (Wallach, 1995 b). Moreover, other studies reported that
sunflower plant height (Nawar, 1994), seed weight/ head (Bhalerao et al,
1993), seed index (Gewefiel et al., 1997), seed and straw yields (Nour El-Din et
al., 1983 and Sarmabh et al., 1994) were signlificantly affected by N fertilization
level. A field study, conducted by El-Nakhlawy (1993), revealed significant
linear increases in sunflower seed yield as N level increased. In addition,
several studies indicated positive and significant correlations between seed
yield and each of number of leaves/ plant, plant height, 100- seed weight,
seed yield/ head and straw and seed yields (Nour El-Din et al., 1983; Nawar,
1994; Gewefiel et al., 1997 and Khalil, 1997). The present investigation was
carried out to study the response of growth, in addition to seed yield and its
attributes, of sunfiower to the applied N rates when grown after different
winter crops.

MATERIALS AND METHODS

Two field experiments were conducted at the Agricultural Research
Station, Alexandria University, to study the response of sunflower (Vedok
cultivar) growth aspects to 15 (=N,), 30 (=N;) or 45 (=N;) kg N / fed. following
four preceding crops in 2001 and 2002 summer seasons.

Preceding crops were sugar beet (= P1), wheat (= P2), wheat + manuring
with sugar beet tops incorporated into sunflower soil (=P3) and faba bean
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(=P4). The soil, in which the experiment was conducted, was a clay loamy
soil with a pH value of 8.3 and its organlc matter was about 1.7%.

Sunflower was sown on May 15" and 20" in the two successive seasons,
on ridges (0.6 m wide) and in hills 20 cm apart (one seed/ hill). Nitrogen
(ammonium nitrate, 33.5% N) was added In two equal doses, the first at
sowing date and the second immediately before the first irrigation. All other
cultural practices were conducted according to recommendations. A split-
piot experimental design, replicated thrice, was used in both seasons.
Preceding crops occupied the main plots, while, subplots were allocated to N
leveis. Each experimental unit (16. 8m? in area) comprised seven ridges (each,
4m long and 0.6m wide).

At harvest, the inner ridges were taken, denoting the representative
samples, for estimation of plant height (in cm), number of leaves/ plant, seed
weight/ head (g), 100- seed weight (g) and straw, in addltion to, seed yields /
fed (kg).

Fertilization response curves were worked out for the sunflower, using the

equation: Y= a + bx + cx?, where Y is the expected seed yleld (kg/ fed.) for
a given N rate, x ='one unit of nitrogen (15 kg/ fed.), a Is a constant, whereas,
b and c are regression coefficlents describing the linear and quadratic terms,
respectively. The optimum dose of nitrogen was worked out by the formuia:

)?op +f1§ (—:;——b] (Gomez and Gomez, 1984), where X is the optimum dose

of N (kg/ fed,), b and ¢ are coefficients of the response curves, P is the price
of 1 kg of sunflower (1.05 pound) and q is the price of 1 kg N (1.2 pound).
Nitrogen optimum dose was calculated to estimate the monetary net return
invested In 1 kilogram N.

Data were statisticaily analyzed, according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

The analysis of variance, presented in Table (1), indicated significant
effects for preceding crops on 100-seed weight, weight of seeds/head and
straw and seed yieids/fed. Application of nitrogen fertilizer exhibited
insignificant effects for both number of leaves/plant and straw yield/fed.,
whereas the other studied characters were slignificantly influenced.
Preceding crops x N levels interaction showed significant effects only for
seed yield/fed. and monetary net return/kg of applied N.
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Table (1). Mean squafes of studied characters in 2001 and 2002 seasons.

Monetary nes®==—
. Plant height Numbers of 100-seed Weight of Straw yield/ fed.
da.f Seed yleldfad (kg) return/kgM .
Sov. (cm) Pl (@) dsead (g) {kg} -
{Pound)
2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2042

Preceding crops (A} 3 ns ns ne ns * * * * * > * ns ™. ==
- Error (a) 6 19.30 1.9 7.85 6.81 0.028 ¢.088 286 433 8003.2 11946.7 11316 614.83 1.4311 0.2Zenb8
@0
(=]
N .

Nitrogen level (B) 2 * . ns ns . . ¢ * ns ns * . * ot

AB ] ns ns ns ns ns ns | ns ns ns ns . . . —

Ervor (b) 16 1930 | 24.00 | 0.120 | 0.130 | 0.039 | 0.059 | 0.619 | 0.803 | 99627.8 4026.2 489.54 1085.83 0.46894 0.3 =518

* Significantly different at 0.05 probability level

n.s. = Not significant
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Means of the studied characters, as affected by the two studied factors in
both seasons, are presented in Table (2).

Differences in 100 - seed weight among the four preceding crops were
significant, greater for sunflower after faba bean (P4), followed by P3,
compared to the two other preceding crops, (P1 and P2). These results might
be attributed to the more availability of soil N with respect to P4 (faba bean)
and P3 (wheat + manuring), leading to hgiher N uptake (Abshahi et al., 1983;
Narwal et al, 1983; Loubser and Human, 1992), which enhanced
photosynthesis and production of photoassimilates (Zamski and Schaffer,
1996). In addition, there was an increase in photoassimilates translocation
into seeds (Coonor and Sadras, 1992). The negative results after sugar beet
might be attributed to longer growth duration of sugar beet and greater N
depletion from soil, hence, lower N availability for sunflower. Meanwhile,
reductions in 100-seed weight for sunflower after wheat might be due to the
soil supply with lower organic N and / or greater N uptake from soil by the
preceding wheat. The 100-seed wheat, as an average of the two seasons, for
sunflower grown after P1, P2 and P3 (sugar beet, wheat and wheat +
manuring) were 83.0, 87.0 and 90.0%, respectively, of the 100-seed weight
obtained after P4 (faba bean).

Weight of seeds/head after faba bean was superior to those after sugar
beet (P1) and wheat {(P2), but was statistically similar to weight of seeds /
head of sunflower after wheat soil manured with sugar beet top (P3).
Doubtless, increased soil availability of N increased N uptake in P4 and P3,
compared to P1 and P2, resulting in the increase of LAI, light capture and
conversion into photoassimilates translocated to the heads, hence increased
both number of fertile seeds per head and individual seed weight (Loomis
and Coonor, 1992; Wallach, 1995 b). Compared to P, and P,, increases in this
trait for P4 and P3, preceding crops reached 7.33 and 5.52 g in the first
season, and 6.55 and 4.79 g in the second season, respectively. The iowest
sunflower seed production/head was obtained after sugar beet, and that
might be explained by its higher soil N removal due to its longer growth
duration.

Straw yield/fed. had the maximum and minimum values after faba bean
and sugar beet, respectively, in both seasons. Wheat, as a preceding crop +
manuring, produced straw yields lower than or almost equal to those of faba
bean in 2001 and 2002 seasons, respectively. Improved soil N status
following P4 and P3 {(compared to P2 and P1) increased vegetative growth in
terms of increased plant height {though not significant) and final straw yield.
Reductions in straw yields for P1, P2 and P3 compared to P4, were 29.84,
19.11 and 14.55% in 2001 and 27.6, 16.90 and 7.8 % in 2002, respectively .
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Table (2). Means of studied characturs as affected by preceding crops and nitrogen levels in 2001 and

2002 seasons.
Monetary net
Number of 100-se0d Weight of Straw yisid fod.

Treatments Planthelght €M) | qavesiplant weight(g) | sesdsmesd (g) t*g) Seed yleldfed (ko) m;"

2001 | 2002 | 2000 | 2002 | 2001 | 2002 | 2001 | 2002 | 2000 | 2002 2000 | 2002 2001 | 2002
Preceding crop
Sugar beet (P1) 16500 | 17280 | 2247 | 2218 | 657 [ 679 | 2430 | 2822 | 160622 | 133033 | 67122 | 88886 | 2635 | 2423
Wheat (P2) 16500 | 17294 | 2287 | 2253 | 678 | 7.43 | 2633 | 2983 | 172856 | 145278 | 896.60 | 98000 | 2658 | 24.29
Wheat + manuring

16566 | 17350 | 2384 | 2263 | 692 | 794 | 3044 | 3520 | 162841 | 157619 | ez | oeer7e | 2082 | 2434
sug. beet tops (P3) ,
Faba bean (P4) 166.33 17417 26.01 2287 7.3 8.77 31.72 36.47 2137.00 1697.67 1000.44 1082.21 26.69 24.49
L.S.D. 08 ns. ns, na. ns. 0.18 0.34 1.96 2.40 103.20 126.08 16.44 T ns ns
Nitrogen level
15 15040 | 168.90 | 2320 | 2238 | 643 | 7.256 | 2480 | 28.30 | 184330 | 151090 | 857.25 | 90000 | 328 | 3084
30 18690 | 17260 | 2370 | 2260 | 680 | 7.67 | 28.20 | 3240 | 184880 | 151530 | 937.08 | 90047 | 2680 | 2216
45 17010 | 17842 | 2420 | 2270 | 743 | 830 | 31.70 | 3850 | 18s1.80 | 152208 | 3625 | 101180 | 1830 | 2004
L.S.D.08 3.80 024 ne | ns | 047 | 021 | 079 | os0 ns ne 221 2n 062 | 083

n.s. = Not significant
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Differences among preceding crops in seed yield per fed. of sunflower
were significant in both seasons. Faba bean (P4) resulted in the highest
significant seed yield / fed., compared to those obtained from P1, P2 and P3.
These results were attributed to the good residual effect of faba bean on soil
fertility, greater N uptake and conversion into photoassimilates, resulting in
the increase of seed yield attributes and seed yield/fed. (Narwal et al., 1983).
The previous findings might, also, in general, be attributed to the beneficiary
effects of legumes and beet tops as organic manures in increasing soil
fertility and enriching the soil with organic nitrogen. These results were in
accordance with those obtained by Draycott (1972), Abshahi et al. (1984),
Danso and Papastylianou (1992) and Sparrow et al (1995) who concluded that
legume crops and beet tops added a part of N needs of the following non-
legumes and could, in turn, increase their yields.

Increasing the level of nitrogen fertilization from 15 to 30 Kg N/fed.
significantly increased plant height in both seasons. However, further
increase of nitrogen (45 kg/fed.) significantly increased plant height only in
the second season (Table 2). Increases in N level increased N uptake, leading
to greater vegetative growth and consequently, taller sunflower plants (Steer
and Hocking, 1984; Gardner et al., 1985 and Gheith et al., 1986).

Increases in 100-seed weight and weight of seeds/ head were insignificant
at 30, but significant at 45 kg N/fed. in both seasons. Compared to N1,
increases in 100-seed weight of N; and N; averaged 0.30 and 1.00 g,
respectively. However, N, and N, were superior to N, in seed weight/head by
3.8 and 7.6 g, as averages of both seasons, respectively.

Application of nitrogen at a rate up to 30 Kg/fed. significantly increased
seed yield/fed., whiie further increase in N application up to 45/fed. led to an
insignificant increase (in 2002) in that trait. Lesser N uptake during seed
development and maturity, as a result of applying lower N levels might
reduce photosynthates translocation into the developing seeds, resulting in
small or infertile seeds (Steer and Hocking, 1984 and Loubser and Human,
1993). This might explain the reductions. in 100-seed weight and seed
weight/head. These findings are in agreement with results reported by
several investigators indicating that increasing the nitrogen fertilizer rate led
to substantial increase in plant height, 100-seed weight, weight of
seeds/head and seed yleld/fed. (Narwal and Malik, 1985; Bhalerao et al., 1993;
El-Nakhlawy, 1993; Nawar, 1994; Sarmah et al., 1994; Gewefiel et al., 1997;
and Halvorson et al., 1999).

The monetary net return invested in one kilogram of applied N was
inversely related to nitrogen rates, where the maximum and minimum
responses of 31.42 and 22.20 Egyptian pounds, as an average of the two
seasons, were observed for 15 and 45 Kg Nffed., respectively. Increasing N
fertilization level might have increased production costs, which was not
compensated for by a proportional increase in outputs.
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Differences in seed yiold for the combined treatments of the two factors
were significant, as indicated by preceding crops X N levels interaction in
both seasons (Table 3). The maximum seed yield was obtained from P4 at 45
K? N/fed., whereas one resulted from P1 (in 2001) and P2 (in 2002) at 15 Kg
N/fed. Data showed that increases in seed yield were of lower magnitude for
P1 and P2 in the two seasons, compared to those of P3 and P4 at 30 Kg
Nifed., while the reverse trend was obtained at 45 Kg N/fed. Application of N;
rate to a soll higher in soli fertility (N status; i.e., P3 and P4) aliowed vigorous
growth over a longer vegetative period, resulting in reduction for seed yield,
comparing to the application of 45 kg/fed. to P1 and P2, which were of low
soil N status. Similar findings were reported by Narwal et al. (1983).

Preceding crops x N levels interactions, also, were significant for the
monetary net return J)er kilogram of applied N. The values for such scale
were inversely related to N levels, "(l' able 3). The maximum and minimum net
profits were found at 15 and 45 Kg Nifed. across the different preceding
crops, where returns attributed to grain yleld increases did not compensate
for the excess costs as N level increased. Differences in the economic use of
one kilogram N under the same N level, among the different preceding crops,
depended upon N status after the preceding crop, where soil higher in N
content increased such profit. As a result, the monetary net returns, invested
in nitrogen fertllizer unit, were the largest when sunflower was grown after
faba bean, followed by wheat + manuring with sugar beet tops, where soil
organic N contributed to increasing seed yield and its attributes with
addlitional costs. The lower profits after sugar beet, at the highest N leveli,
Indicated that the increase in production costs was higher than any increase
in seed yield, if any, resulting from application of higher N rates.

The response equations of seed yield to nitrogen fertilization levels under
different preceding crops, in both seasons, are presented in Table (4). The
polynomial equation, in both seasons, indicated that seed yield of sunflower
after both sugar beet and wheat increased linearly as nitrogen fertilizer
increased up to 45 Kgffed. The increases in seed yield were 16.50 and 13.62
Kg (in 2001 season) and 12.33 and 14.00 Kg (in 2002 season) 3fter sugar beet
and wheat, respectively. The coefficients of determination (R“) for sunflower
linear response to nitrogen Indicated that 100 and 96% in 2001, as well as
99.40 and 92.00% in 2002, of the total varlation in the seed yield after sugar
beet and wheat, respectivel}y,' weré due to seed yield regression on the
nitrogen rate. That finding might indicate the rossibility of obtaining higher
seed yleld in sunfiower through application of N fertilizer levels higher than
45 kg fed. after wheat and sugar beet. Meanwhile, response of seed yield to
nitrogen after P3 and P4 preceding; crops was inciluded both linear and.
quadratic responses with respective dgtermination coefficients of 94.30 and
94.00%, as well as 93.60 and 91.80% in the first and second seasons,
respectively. The negative quadratic coefficients indicated that increasing N
level above 30 kg/fed. would cause progressive reduction in seed yield. The
economic level for sunflower was 36.40 and 31.25 kg N /fed., in the first
season, in addition to 36.88 and 33.40 kg N/fed. in the second season when
grown following P3 (wheat + beet tops) and P4 (faba bean), respectively,
suggesting that faba bean, as a preceding crop, reduced the nitrogen
requirement of sunflower (Narwal and Malik, 1985).
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Table (3) Means of sunflower as influenced by preceding crops X N levels interaction in 2001 and 2002
seasons. ‘
N lavels Seed yield / fed. (kg) Monetary net return / kg N (pound)
2001 2002 2001 2002
Preceding crops 15 30 45 15 30 45 15 30 45 15 30 45
Sugar beet (P1) 783.33 | 81667 | 87167 | 813.33 | 86667 | 95667 | 3068 | 1849 | 1427 | 3115 | 1860 | 1376
Wheat (P2) 845.00 | 37500 | 955.00 | 883.33 | 94333 | 1023.33 | 36.38 | 2043 | 1533 | 3198 | 2111 | 1593
868. 95167 | 97333 | 91267 | 983, 100333 | 4383 | 2367 | 17.05 | 3684 | 23 16.
et top (72) 68.33 6 33 | 1003.33 | 3.63 u
Faba besn (P4} 908.33 | 105500 | 106500 | 966.67 | 1093.33 | 110667 | 5240 | 27.28 | 1890 | 3867 | 2532 | 1875
L.SD 005 16.27 . 18.19

1.19 , 1.07

e hpue sdoJo bupedsesd jueseylp 0} Jamopuns jo asuodsoy
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Table (4) Response equations of seed yield to N fertilization levels under the different preceding crops # san

2001 and 2002 seasons.

Preceding crops 2001 2002
Sugar beet (P1) ¥ = 2410.8 + 16.50 X R2 = 100% Y. 2533.1-1233X R? = 99 40%
Wheat (P2) Y = 22200 + 13.62X R? = 96% ¥ . 24306 - 14.00X R = 92 00%
Wheat + manuring sug. beet N . R , R
tops (P3) 1 v-735.73.5%-0842%? R'=843% . Xop =3640 - 7.66 + 70.20 X - 0.9400 X? R*=9360% . Xop =36.88
Faba bean (P4) # ¥ - 376 455X -T14 X2 R7=840% , Xop =3125 3089 43.00X-0.6312%? R=9180% . Xopr =3340
* R"= Coefficient of determination.

** Xq = Nitrogen optimum dose (Kg/ fed.).

WIVHM 3 °H



Simple correlation coefflcients, presented in (Table §), indicated positive
and significant relationships between seed yield/fed. and each of plant
height, number of leaves/plant, 100-seed weight and seed weight/head over
the two seasons. Meanwhile, straw yield/fed. was significantly and pesitively
correlated with plant height, number of leaves/plant and 100-seed weight and
seed weight per head. Simple correlation coefficients were significant and
positive both plant height when 100-seed weight was correlated to number of
leaves/plant, whereas, the association between number of leaves/plant and
plant height was positive and significant in both seasons. The simple
correlation between number of leaves/plant with seed weight/head, straw
yield and seed yield/fed. might indicate the possibility of using these
characters as reliable indicators of seed yield potential and growth aspects
under varying growth conditions, as those of the present research. Different
studies reported positive and significant correlation between seed yield with
number of leaves/plant, plant height, 100-seed weight, seed weight’/head and
straw and seed yields (Nour EI-Din et al., 1983; Nawar, 1994; Gewefiel et al.,
1997 and Khalil, 1997).

The present study showed that sunflower seed yield responded
significantly to the different preceding crops and nitrogen fertilization levels.
Organic fertilization, through legume crops or turning under of sugar beet
tops in the soil, led to high seed yieid and monetary net return/ kg N at lower
nitrogen fertilization levels, indicating the possibility of increasing seed yield
of sunflower at lower cost inputs. That was emphasized by the lower optimal
N fertilization level needed for sunflower after faba bean and soil manured
with sugar beet tops, compared to those after wheat or sugar beet. These
findings, also, might help in decreasing the dependence on nitrogen
fertilizers and, hence, improve environment through decreasing pollution, in
addition to decreasing hazards for human health.
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Table (5) Simple correlation coefficients cr-values between some studied characters

seasons.

in 2001 and 2€C3202

Characters Number of leaves/ plant 100-seed weight (g) Seed weight/ head (g} Straw yietd/ fed (kg) Seed yleld/ fed (k@ )
2001 2002 2001 2002 2001 2002 2004 2002 2004 00==
Plant height 0.8%0° 0.975 0.558"°* | 0.572"* 0.950' 0.905 0.970° 0.925 0.928" 0.50mms’
Number of leaves/ plant 0.916" 0.872° 1.00 1.00° 1.00' 1.00° 1.00° 1.00m8
100 — seed weight 0.967 0.931 0.948° 0.918’ 0.888 0.78=m’
Seed weight/ head 0.993 0.964 0.834° 0.75 =5’
Straw yield/ fed. 0.507 ™ | 0.5100—"*
* Significant at 0.05 probability level.

n.s. = Not significant

MIVHI '3 °'H
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