Egypt. J. Agric. Res., 82 (3} 2004. 1183

EFFECT OF NITROGEN FERTILIZATION AND WEED CONTROL
METHODS ON ANNUAL WEEDS AND YIELD OF SUNFLOWER
(HELIANTHUS ANNUUSL.)

MOSAD M. ABD EL-HAMID
Weed Research Central Laboratory, Agricufture Research Center, Giza, Egypt

(Manuscript received 10 October 2003)

Abstract

Two field experiments were conducted at Sakha Agricultural
Research Station during 2000 and 2001 surmmer seaschs to
investigate the effect of nitrogen fertilization and weed control
treatments on annual weeds and sunflower growth and yieid.

Resulfts indicated that as nitrogen fertilization increased up
to 40 kg N / fed., the fresh weight of total annual weeds
significantly increased. In the same respect, nitrogen rate had a
significant effect on plant height, dry weight of sunflower plant and
sunflower seed yield during both seasons. Application of butralin
(Amex 48% EC) at 1200 g a.iffed and oxadiargyi (Topstar 80%
WG) at 160 g a.i.ffed. surpassed cther weed control treatments
and reduced fresh weight of total annual weeds by 96.3 and 90.6%
and by B8.9 and 73.7%, respectively in both seasons. Weed control
treatments did not affect plant height, meanwhile it significantly
affected the dry weight of sunflower plant and sunflower seed
yield. Hence, butralin and oxadiargyl achieved the highest dry
weight and increased seed yield by 595 and 536 and by 338 and
229 kg/fed, respectively in both seasons as compared to the weedy
check. The interaction of nitrogen rate and weed control treatments
was statistically significant on total annual weeds, dry weight of
sunflower plants and sunflower seed vield. Hence, butralin or
oxadiargyl achieved the lowest fresh waight of annual weeds, the
highest dry weight of sunflower plant and the highest seed yield per
fed. as compared to the unweeded check with the high nitrogen
level. Therefore, to maximize the benefit from nitrogen fertilization,
it is necessary to eliminate weed competition by using butralin,
oxadiargyl or hand hoeing.

INTRODUCTION

Sunflower (Helianihus annuus L.) is one of the most important sources of
edibie oif production in the world. Associated weeds with sunflower are considered
as a major problem in sunflower fields, thus sunflower production is seriously
affected by weed competition. Upadhyay (1984) pointed that one of the major
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constraints to higher production in oilseed crops is the heavy infestation of weeds
and their ineffective weed control management. The fields of cilseed crops should
be kept free from weeds for at least 40 to 45 days after sowing. This may be done
either by cultural practices, herbicides application or by both methods. Robinson ef
al. (1967) pointed that sunflower competed well with weeds but failed to develop
vegetative ground cover sufficiently in early growing stages to prevent weeds
establishment, Weed competition account for considerable reduction in sunflower
seed vyield varying from 33 to 81% as reported by Singh and Singh (1978),
Nalewaja ef af (1982), Gil et a/ (1984), Tel et al. (1991}, Kholosy et af{1995) and
Ibrahim (2001).

Optimum yield of sunflower was obtained when weed free condition was
maintained for the first 45 days after sowing. Warmington (1981) reported that
sunflower would produce maximum yields only if it was grown without competition
from weeds. Failure to control weeds during the first six weeks of the crop’s life
frequently results in severe loss of yields.

The harmful influence of weeds must be eliminated from the period of
emergence until the end of vegetation. Weed control within the critical period of
competition could reduce weed damages. Kosovac (1981) indicated that weeds of
medium intensity negatively influence both development and yield of sunflower. If

weed control was carried out late, the yield would be reduced about 10%.

Hand hoeing is still a traditional method for weed control in Egypt but the
scarcity in the hand — iabour is becoming a problem. Concerning the effectiveness
of hand hoeing for weed contrel in sunflower fields, Gautam et al {1975) pointed
that hand weeding twice reduced the population of weeds by 62.1% as compared
with the unweeded treatment in sunflower fields. Mostafa and Hassanien {1983)
found that one hoeing at 21 days from sowing sunflower significantly increased
head diameter, 100-seed weight, seed yield per plant and seed yield per fed. by
10.1, 11,5, 31.5 and 42.4% respectively, over the unweeded. Shaban et a/. (1985)
found that hand hoeing twice after 21 and 45 days from sowing sunflower
decreased the dry welight of annual grasses by 60.8 and 57.7% after 30 days from
sowing and by 76.5 and 83.9% after 45 days from sowing, respectively, in 1981
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and 1882 seasons as compared with that of the unweeded check, Ibrahim and
Abusteit (1988) found that two cultivations at 30 and 55 days from sowing
decreased the fresh weight of annual grasses in sunflower by 80 and 71% in 1985

and 1986 seasons, respectively.

Efficient herbicides in sunflower solve weed prablem efficiently and ensuring
significant increase of yield and their application allows full mechanization of the
production process. Herbicides offer a vital solution in growing sufficient quantities
of sunflower especially in the case of labor shortage. Warmington (1981) found that
use of pre-emergent herbicides, as pendimethalin in sunflower fields should be
considered when it is known, or expected, that the soil contain large numbers of
weed seeds. Patel et a/. (1994) found that oxyfiuorfen at 0.3 kg a. i. / ha. as pre-
emergence after 4 days from sowing and hand weeding twice (20 and 40 days
after sowing) reduced the dry weight of total weeds by 74.3 and 66.7%,
respectively, as compared with that of weedy check. Poonguzhalan ef &/ (1996) -
reported that sunflower yield increased by pendimethalin or hand hoeing operation.
Giri ef af, (1998) found that pendimethalin as pre-emergence at the rate of 1.5 kg
/ha. and oxyfluorfen as per-emergence at 0,125 kg / ha. increased sunflower seed
yield by 35.7 and 36.2 %, respectively. Abo Ghazala ef a/ (2001} found that butralin
+ one hand hoeing were effective in controlling annual weeds and increasing seed

yield of sunflower.

In respect to the effect of nitrogen fertilization on sunflower and associated
weeds, Schatz ef af (1999) indicated that the application of excessive amounts of
nitrogen fertilizer might reduce profitability and create groundwater poliution
hazards. Determination of the optimum rate of fertilizer is necessary to maximize
profit. However, results sometimes show no yield benefit from N fertilization of
sunflower. Nitrogen fertilization not only increase yieid, but also improve the N-
status of soil for the next crop in the rotation. Sunflower yield increased slightly
with the increases in N fertilization, but differences were not statistically significant.
Tanaka and Anderson (1999) reported that controlling weeds in sunflower is a
chalienge to producers because of few herbicide options and rapid development of
herbicide resistant weeds. Cultural systems are needed that improve sunflower's

competitiveness with weeds,
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Thus the present investigation was undertaken to evaluate the effect of
nitrogen fertilization rates, some weed control treatments and their interaction on
annual weeds as well as to investigate their effect on sunflower growth and seed
yield.

MATERIALS AND METHODS

Two field experiments were conducted at Sakha Agricultural Research Station
during 2000 and 2001 summer season to investigate the interaction between some
nitrogen rates and weed contro! treatments and their effects on annual weeds,
growth and yield of sunflower. A split-plot design with four replications was used.
Nitrogen rates (0, 20 and 40 kg N/fed.) were distributed randomly in the main
plots, meanwhile weed control treatments were allocated in the sub-plot. The sub-
plot area was 12 m? (five rows, 4 m long, 60 cm between ridges and 20 cm
between hills). Weed control treatments were as follow:

1- Amex {butralin 48% EC) at the rate of 1200 g a.i. / fed. applied pre-
emergence.

2- Topstar {(oxadiargy! 80% WG) at the rate of 160 g a.i. ffed. applied pre-
emergence.

3- Hand hoeing twice at 30 and 45 days after sowing.

4- Weedy check.

Sunflower variety was hybrid (Vidoc). Sunflower was sown at June 15% in
both seasons. Nitrogen fertilization rates were added in equal two doses before the
first and second irrigation. All other agronomic practices were carried out as
recommended package. All used herbicides were applied by using knapsack

sprayer.

Weeds from 1 m* were hand pulled from each plot, counted, classified and
weighed €0 days after sowing and the following data were recorded:
1-Fresh weight of annual grassy weeds (g/m?).
2- Fresh weight of broad leaf-weeds (g/m?).
3- Fresh weight of total annual weeds (g/m?).
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At harvest, the following data on sunflower were taken:

1- Plant height (¢cm) average of 20 plants per plot.

2- Dry weight of plant leaves (g) average of 20 plants per plot.

3- Dry weight of sunflower plant (g} average of 20 plants per plot.

4- Sunflower seed yield (kg/fed).
Afl data were subjected to statistical analysis as described by Snedecor and
Cochran (1974).

Results and Discussion
1. Effect of nitrogen fertilization:
I. 1. On annual weeds:

Data at Tabie (1) revealed that as nitrogen rate increased, the fresh weight of
total annual weeds significantly increased. In 2000 season, results indicated that
increasing nitrogen to 20 and 40 kg N/fed. increased fresh weight of grassy, broad
leaf and total annual weeds by (43 and 88%), {25.5 and 72.7%) and by (31.6 and
80.4%), respectively as compared to zero hitrogen level.

Table 1. Effect of nitrogen rates on the fresh weight of grassy, broad leaf and total
annual weeds (g/m?) during 2000 and 2001 seasons.

2000 season 2001 season
Nitrogen Grassy Broad ieaf | Total annual Grassy Broad leaf Total annuat

rates weeds weeds Weeds weeds weeds Weeds
(kg N/fed) | (a/m?) (a/m?) (g/m?) (g/m?) (g/m?) (g/m?)

0 79 172 250 218 563 781

20 113 216 329 367 726 1094

40 149 297 451 386 934 1320
LSD 13.9 15.1 27.9 121.1 249.1 242.0

Also, in 2001 season results indicated that the fresh weight of annual weeds
increased as nitrogen rate increased, where the use of nitrogen at the rate of 20
and 40 kg N/fed. increased fresh weight of grassy, broad leaf and total annual
weeds by (68 and 77%), (29 and 65.9%) and by (40 and 69%), respectively as
compared to zero nitrogen. Similar results were obtained by Ibrahim (2001).
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I. 2. On sunflower growth and yield components:

Data of 2000 season revealed that nitrogen rate significantly increased plant
height, hence the use of nitrogen at the rate of 20 and 40 kg N/fed. increased the
highest plant by 3.8 and 10.5%, respectively as compared to zero nitrogen,
meanwhile there was no significant effect as a result of nitrogen rates on plant
height in the second season as shown in Table (2).

Data of 2001 season revealed significant effect of nitrogen rates on the dry
weight of leaves per plant. Where, nitrogen rate at 20 and 40 kg N/fed. recorded
8.3 and 18.8% increase in the dry weight of plant leaves, respectively as compared

to zerc nitrogen level (table 2).

Data of the two seasons revealed that nitrogen rates significantly affected the
dry welght of sunflower plant. Where, nitrogen rate at 20 and 40 kg Nffed.
increased the dry weight per plant by (7.9 and 13.6%) and by (1.5 and 8.9%),
respectively in 2000 and 2001 seasons as compared to zero nitrogen level (Table2).

Table 2. Effect of nitrogen rates on sunflower growth and yield components during
2000 and 2001 seasons.

2000 season 2001 season
Nitrogen rates
Plant Dry wt. of | Dry wt. Plant | Dry wt. of | Dry wt.
(kg N/fed) Seed yield Seed yield
height | plant leaves | of plant height | plant leaves | of plant
Kg/fed. kg/fed.
{cm) (9) (@) (cm) (@) 0)]
0 103.3 24.4 553 747.3 90.8 18.1 48,1 635.8
20 107.2 26.5 59.7 887.9 92.0 196 48,8 698.4
40 1141 288 62.8 939.7 99.1 215 52.4 775.4
LSD 4.63 NS 2.48 20.8 NS 0.78 2.52 28.06

Data of the two seasons revealed that nitrcgen rates significantly affected
seed yield. Hence, seed yield increased as nitrogen rate increased. This was frue in
both seasons, where the use of nitrogen rate of 20 and 40 kg N/fed. improved
sunflower seed yield by (18.8 and 25.'7%) and by (9.8 and 21.9%), respectively in
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2000 and 2001 seasons as compared to the zero nitrogen level as shown in Table
(2). In this concern Schatz et al {1999) indicated that determination of the optimum
rate of fertilizer is necessary to maximize profit. Nitrogen fertilization not only
increase yield, but also improve the N-status of soil for the next crop in the

rotation.

I1. Effect of weed control treatments:
I1. 1. On annual weeds:

Data shown in Table (3) revealed that all weeds control treatments
significantly reduced fresh weight of grassy, broad leaf and total annual weeds
compared to the untreated check during both 2000 and 2001 seasons. Butralin at
1200 g a.i. / fed., oxadiargy! at 160 g a.i. / fed. and hand hoeing twice achieved
the highest reduction at both seasons and reduced the fresh weight of annual
grassy weeds by 96.3, 92.8 and 80.1%, respectively in 2000 season and 85.4, 78.1
and 45.7%, respectively in 2001 season. Ibrahim and Abusteit (1988) found that
two cultivations at 30 and 55 days from sowing decreased the fresh weight of
annual grasses in sunflower by 80 and 71% in 1985 and 1986 seasans,

respectively.

Butralin at 1200 g a.i. / fed. and oxadiargyl at 160 g a.i. / fed. surpassed the
hand hoeing treatment and reduced the fresh weight of broad leaf weeds by (96.3
and 89.5%) and by (90.5 and 71.8%), respectively in the two seasons as compared
to the weedy check. Meanwhile hand hoeing reduced fresh weight of broad leaf
weeds by 79.5 and 49.3%, respectively in the two seasons as shown at Table (3).

Data revealed that butralin and oxadiargyl recorded the highest reduction of
total annual weeds in both seasons, hence, these treatments reduced the fresh
weight of total annual weeds by 96.3 and 90.6%, respectively in 2000 season and
by 88.9 and 73.7%, respectively in 2001 season, meanwhile hand hoeing recorded
79.8 and 48.3% reduction in the fresh weight of total annual weeds, respectively at
both seasons. Gautam et a/. (1975) pointed that hand weeding twice reduced the
population of weeds by 62.1% as compared with the unweeded treatment in
sunflower fields. Abo Ghazala et a/ (2001) found that butralin + one hand hoeing

were effective in controiling annual weeds and increasing seed yield of sunflower.
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Warmington (1981) found that use of pre-emergent herbicides, as pendimethalin in
sunflower fields should be considered when it is known, or expected, that the soil

contain large numbers of weed seeds.

Table 3. Effect of weed control treatments on fresh weight of grassy, broad leaf and

total annua! weeds (g/m?) during 2000 and 2001 seasons.

2000 season 2001 season
Weed controt | Grassy weeds | Broad leaf | Teotal annual Grassy |Broad leaf weeds| Total annual

treatments g/m? weeds weeds weeds gfm? weeds
g/m? g/m* g/m’ g/m?

Butralin 13 25 38 99 150 249
Oxadiargyl 25 71 96 149 444 593
Hand hoeing 69 139 208 369 797 1166
Weedy check 347 678 1025 680 1573 2252
LSD 14.2 14.6 21.2 145.2 188.6 196.8

II. 2. On sunflower growth and seed yield:
Data at Table (4) revealed that weed control treatments did not affect plant
height during both 2000 and 2001 seasons.

Data of 2001 season showed a significant effect of weed control treatments on
the dry weight of leaves per plant. All studied weed control treatments increased
dry weight of plant leaves significantly compared to the weedy check. Butralin,
oxadiargyl and hand hoeing (twice) increased the dry weight of plant leaves by
156, 130 and 94%, respectively as compared to the weedy check Table 4.

Results showed significant effect of weed control treatments on the dry weight
of sunflower plant. Butralin, oxadiargyl and hand hoeing (twice) increased the dry
weight by 117.8, 100.8 and 74.6%, respectively in the first season and by 109.4,
89.2 and 50.2%, respectively in the second season as compared to the weedy
check Table 4.
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Data of 2000 and 2001 seasons revealed that weed control treatments
significantly affected seed yield. All studied weed control treatments increased
sunflower seed yield significantly compared to weedy check. Butralin, cxadiargyl
and hand hoeing (twice) increased sunflower seed yield by 595, 536 and 426,
respectively in the first season and by 338, 229 and 104 kg/fed, respectively in the
second season as compared to the weedy check (Table 4). These results are in
agreement with those obtained by Nalewaja et a/, (1971) where they reported that
sunflower, given neither cultivation nor herbicide treatment, ylelded 53% less than
weed free plots. Mostafa and Hassanien {1983) found that one hoeing at 21 days
from sowing sunflower significantly increased seed yield by 42.4% over the
unweeded. Poonguzhalan et a/ (1996) reported that sunflower yield increased by
pendimethalin or hand hoeing operation. Abo Ghazala et a/ (2001) found that
butralin + one hand hoeing were effective in controlling annual weeds and

increasing seed Yyield of sunflower.

Table 4. Effect of weed control treatments ‘on sunflower growth and seed yield
during 2000 and 2001 seasons.

2000 seasan 2001 season
Weed control 55 F Thry we. of | Dry wt. | Seed yield | Plant Dry wt. of | Dry wt. | Seed
teatments | pojght| plant | ofplant | kg/fed. | height | plantieaves | of plant | vield
(cm) | leaves {g) (cm) (9 (@) kg / fed.
(@

Butralin 1108 34.0 74.5 1064.3 96.8 25.9 64.3 9228
Oxadiargy! 108.5 56.1 68.7 1004.8 91.4 23.2 58.1 814.4
Hand hoeing 106.8 26.5 59.7 895.2 95.1 196 46.1 688.9
Weedy check 106.4 13.7 34.2 469 92.1 10.1 30.7 585
LSD NS NS 1.99 379 NS 0.99 1.61 394
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III. Effect of the interaction of nitrogen rate and weed control

treatments:

IIL. 1. On annual weeds:

Data shown at Table {5) revealed that the effect of the interaction of nitrogen
rates and weed control treatments on the fresh weight of total annual weeds was
statistically significant in both 2000 and 2001 seasons. The highest fresh weight of
total annual weeds was obtained from weedy check treatment under the highest
nitrogen level (40 kg Nffed). These results were true in both seasons. This mean
that the highest nitrogen fertilizer rate stimulate weed growth and consequently
increased weed competition, meanwhile, chemical weed control treatments by
butralin or oxadiargyl masked the effect of the higher nitrogen rates on weed

biomass.

Table 5. The inferaction between nitrogen rates and some weed control treatments on
the fresh weight of annual weeds, g/m2 during 2000 and 2001.

2000 season 2001 season
Weed control Fresh weight of annual weeds, g/m2 Fresh weight of annual weeds,
treatments g/m2
Nitrogen rates (kag/fed) Nitrogen rates {kg/fed)
0 20 40 0 20 40
Butralin 25 35 54 169 .242 336
Oxadiargyl 72 99 115 451 593 735
Hand hoeing 170 196 258 819 1399 1278
Weedy check 735 986 1374 1686 2141 2930
LSD | 36.4 340.9 .

I1I. 2. On sunflower growth and seed yield:

The effect of the interaction between nitrogen rates and weed control
treatments on the dry weight of sunflower plants was statistically significant in
2000 and 2001 seasons, where butralin, oxadiargyt and hand hoeing increased dry
weight of sunflower plant up to 184 and 215 percent increase as compared to the
unweeded check under the highest nitrogen level. These resulls indicated that
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increasing nitrogen fertilization without controlling weeds resulted in a severe

competition to sunflower growth (Table 6).

Table 6. Effect of the interaction between nitrogen rates and weed control treatments on

sunflower growth and seed vield, 2000 and 2001 seasons.

2000 season 2001 season
ight of ' £

o plnt | Seedvieid | e | Seedveld

kg/fed : kg/fed

Weed control (@) (kaffed) () (kg/fed)
treatments Nitrogen rates, Nitrogen rates, Nitrogen rates, kg/fed| Nitrogen rates, kg/fed

kg/fed kg/fed
0 20 {40 0 20 | 40 ] 0 | 20 40 0 20 40
Butralin 66.1 |76.1)81.4) 890 |1100(1203(56.5| 64.8 | 71.7 | 749 | 928 | 1092
Oxadiargyl 61.3 169.5(75.3| 822 |1064{1129|543t 548 | 65.1 { 712 | 786 | 945
Hand hoeing 53.0 |60.1166.0) 716 | 922 |1048144.3) 43.8 | 50.3 | 620 | 691 | 756
Weedy check | 410 133.0]286| 561 | 466 | 830 {37.5[ 320 [ 22.7 | 463 | 389 | 903
LsD 3.5 65.7 2.78 68.2

The effect of the interaction between nitrogen rates and weed control
treatments on sunflower seed yield was statisticaily significant in both 2000 énd
2001 seasons and gave similar trends with their effect on dry weight of sunflower
plant. Hence, increasing nitrogen rates with chemical or hand hoeing increased
sunflower seed yield than the unweeded check, where the highest seed yield per
feddan was achieved by butralin or oxadiargyl which increased seed yield by 737
and 663 kg/fed, respectively in 2000 season and by 703 and 556 kg/fed,
respectively in 2001 season as compared to the unweeded check with nitrogen rate
of 20 kg N/fed. (Table 6).

It could be concluded that in order to increase the benefit from nitrogen
fertilization by sunflower, it is necessary to eliminate weed competition by using

butralin, oxadiargyl or hand hoeing (twice).
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