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Nitrogen use efficiency, yield and other characteristics of sunflower (Helianthus annuus L.) hybrids as affected
by different levels of nitrogen
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Abstract

To assess the nitrogen use efficiency of hybrid sunflower (Helianthus annuus L.), an experiment was
conducted at New Developmental Farm, Khyber Pakhtunkhwa, Agricultural University Peshawar-Pakistan.
Randomized complete block (RCB) design with split plot arrangement, replicated four times, was used. Sunflower
hybrids (Suncross, Gulshan-98, Aritar-93, and Peshawar-93) were allotted to main plots while nitrogen levels (0, 45, 90,
135, 180, and 225 kg ha™) to the sub-plots. Statistical analysis of the data revealed that nitrogen had significant effects
(P<0.05) on all parameters under study. Days to button formation and flowering decreased with increase in nitrogen
levels. The delayed button formation (35.63) and flowering (52.06) were observed in controlled plots, while earlier
button formation (31.94) and flowering (48.56) were noted when 225 kg N ha™ was applied to the crop. Among hybrids
Peshawar-93 took less days (45.29), while Gulshan-98 took more days (56.42) to flowering. Maximum plant height
(87.54 cm), seed yield ha™ (1302.75 kg) and leaf area plant™ (9909.5 cm?®) was recorded in plots with highest dose of
nitrogen (225 kg ha™). Maximum leaf area plant™ (8777.53 cm?) has produced by Suncross. Values of nitrogen use
efficiency were higher in controlled plots (342) and lower (5.83) in plots with highest dose of nitrogen (225 kg ha™).
Out of tested hybrids, Suncross produced maximum yield with maximum dose of nitrogen. It is therefore suggested that
Suncross should be sown in Peshawar Valley by farmers with N application at the rate of 225 kg ha™.
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1. Introduction

Sunflower (Helianthus annuus L.) is a member of the family Compositae. It is said to be of American origin
(Heiser, 1976). Sunflower is a valuable plant both from economic and ornamental point of view. It is believed that it has
been evolved from sub-species as a mutation with less extensive branching than that exhibited by the wild form (Heiser,
1976). The cultivated sunflower is a tall, erect and unbranched, coarse annual, with a distinctive large golden head
(Arnon and Aslam, 1991).

Sunflower is considered to be a good source of both oil and proteins. Qil content of sunflower ranges from 39-
49%. Sunflower oil is generally considered a premium oil because of its light color, high level of unsaturated fatty acids
and lack of linolenic acid, bland flavor and high smoke points. The primary fatty acids in the oil are oleic and linoleic
(typically 90% unsaturated fatty acids), with the remainder consisting of palmitic and stearic saturated fatty acids. Due
to its edible oil content it is very important food supplement. Protein percentage of sunflower meal ranges from 28% for
non-dehulled seeds to 42% for completely dehulled seeds (Putnam et al., 1990). Sunflower is considered to be the most
suitable for margarine production, for hydrogenation and as cooking oil. The industrial uses of sunflower are the
production of soaps, paints, varnishes and candles. The resulting meal is a rich source of protein utilized in the livestock
and poultry feeds after oil extraction.
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Pakistan has been facing acute shortage of edible oil. A huge amount of foreign exchange (59093.4 Million
Rupees) was spent during year 2006-07 on the import of oil (Anonymous, 2008). This huge burden of foreign exchange
reserve necessitates the urgency of increasing domestic production of oil seed crops without disturbing the present
cropping pattern.

In Pakistan, total area under sunflower cultivation during 2009 was 0.3197 million hectares with total
production of 0.42 million tones. In Khyber Pakhtunkhwa province, total area under sunflower cultivation was 527
hectares with production of 812 tones (MINFAL, 2010).

Fertilizer is one of the most effective tools of increasing crop yields. Our farmers are mostly illiterate and can
not precisely follow scientific and agricultural instructions necessary for maximum output in term of yield. Successful
crop husbandry is a complex combination and interaction of different agricultural inputs in varying amounts, which
mainly depends on the nature of the crop, soil structure/texture and environmental conditions.

Sunflower plant needs sufficient quantities of plant food nutrients depending upon soil fertility to produce a
bumper crop. Our soils have been exhausted due to mono crop cultivation without giving proper attention to replenish
the plant food nutrients in it. The aim of this study was to evaluate optimum nitrogen rate and select high yielding
sunflower hybrid for cultivation in Peshawar Valley. This experiment was designed in the year 2000 to study
phenology, yield and nitrogen use efficiency of different sunflower hybrids, when grown under different levels of
nitrogen.

2. Materials and methods

Four hybrids (Suncross, Gulshan-98, Aritar-93, and Peshawar-93) were plated with six nitrogen rates (0, 45,
90, 135, 180, and 225 kg ha™). The hybrids under study were Suncross, Gulshan-98, Aritar-93 and Peshawar-93.
Suncross is an imported Australian hybrid, while the other three have been evolved from the inbred lines of TMS-7 x
TRL-14 (Gulshan-98), TMS-17 x TRL-13 (Aritar-93) and TMS-11 x TRL-7 (Peshawar-93) respectively. The
experiment was laid out in randomized complete block (RCB) design with split plot arrangement replicated four times.
Hybrids were allotted to main plots and nitrogen levels to subplots. Data were recorded on the following parameters:

2.1.1. Days to button formation
Days to button formation were calculated when 80% plants reached to button stage (flowers in bud). Days
were counted from date of sowing to the date of button formation.

2.1.2. Days to 50% flowering
Dates were recorded for 50% flowering emergence in each treatment and number of days were counted from
date of sowing.

2.1.3. Plant height (cm)
Ten plants from four central rows were randomly selected. Plant height was measured from ground level to the
top edge of the collar disk with the help of measuring tape.

2.1.4. Leaf area plant™(cm?)

First a constant factor for leaf area was calculated by measuring the length and width of the representative
large, medium and small size leaves from ten randomly selected plants from each subplot. Leaf area of the selected
plant leaves was measured with the help of graph paper by counting small and big squares. Then this leaf area was
divided by their average leaf length and leaf width. A different factor for each hybrid was observed which are 0.9, 0.7,
0.9, and 0.6 for Suncross, Gulshan-98, Peshawar-93 and Aritar-93 respectively.

2.1.5. Seed yield ha™(kg)
Seed yield per hectare was calculated by multiplying seed yield per disc with plant population per hectare at harvest.

2.1.6. Nitrogen use efficiency

Nitrogen use efficiency (NUE) was calculated using the formula suggested by Moll et al., (1982) by dividing

seed yield (Gw) by nitrogen (N) applied to the soil plus mineral nitrogen in soil before sowing (Ns).
{NUE = Gw /N + Ns}

The data recorded were statistically analyzed using analysis of variance technique (ANOVA) appropriate for
randomized complete block design with split plot arrangement. Regression/trend analysis was carried out when F-
values were significant. The following model was used to analyze the data (Gomez and Gomez, 1984).

{Yijk = p + pi +aj + yij + pk + (ap) jk + ¢ijk}

Where

Yijk = Yield,  p= General mean, pi = i" replication, aj = j™ Hybrids

yij = Main plot error, Sk = k™ Nitrogen levels,

(ap) jk = Interaction between hybrid and nitrogen level

¢ijk = Sub plot error
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3. Results and discussion
3.1. Days to button formation

Statistical analysis of the data revealed that nitrogen levels had significant effect (P<0.05) on days to button formation,
while hybrids (H) and hybrid xnitrogen levels (HxN) interactions had no significant effect on days to button formation
(Table 1). Days to button formation decreased with increase in N application. Mean values for nitrogen levels showed

that maximum number of days to button formation (35.6) was observed in controlled plots, while minimum number of
days to button formation (31.94) was observed in plots with nitrogen level of 225 kg ha™. Similar results were reported
by Loubser and Human (1993), who concluded that high nitrogen level decreased days to button formation.

Table 1. Means for days to button formation of sunflower hybrids affected by N levels

Nitrogen level Hybrids Means
(Kg ha) suncross Gulshan-98  Aritar-93 Peshawar-93

0 36.75 36.00 36.00 33.75 35.63 a
45 34.00 34.25 35.75 32.50 34.13b
90 34.00 33.00 34.75 35.75 34.38 ab
135 34.25 34.00 33.50 32.00 33.44 bc
180 32.00 34.00 31.25 31.25 32.13 cd
225 32.50 32.00 32.00 31.25 31.94d
Means 33.92 33.88 33.88 327 -

LSD for N levels at P<0.05 = 1.44
3.2. Days to 50% flowering

Statistical analysis of the data revealed that hybrids and different levels of nitrogen had significant effect
(P<0.05) on days to 50% flowering (Table 2). The main effect of hybrid indicated that maximum number of days to
flowering (56.42) was taken by Gulshan-98, whereas minimum number of days (45.29) was taken by Peshawar-93.
Maximum number of days to flowering (53.19) was recorded in plots with nitrogen level of 135 kg ha™which was not
significantly different from days taken by plots with 0 and 45 kg N ha™. The (HxN) interaction had no significant effect
on days to flowering. These results are not in conformity with Ali (1998), who reported that days to 50% flowering
increased with increase in nitrogen level. He reported that maximum days to flowering were observed in plots with
nitrogen applied at the rate of 135 kg ha™*, while minimum days to flowering were taken by plants received nitrogen at
the rate of 120 kg ha™.

Table 2. Means for days to flowering of sunflower hybrids as affected by N levels

Nitrogen level Hybrids Means
(Kg ha™) suncross Gulshan-98  Aritar-93 Peshawar-93

0 56.25 55.75 50.25 46.00 52.06 a
45 53.50 60.25 52.00 43.50 523la
90 52.00 59.25 50.75 44.75 51.69 ab
135 55.00 56.50 53.00 48.25 53.19a
180 47.75 54.00 49.75 45.00 49.13 bc
225 46.25 52.75 51.00 44.25 48.56 ¢
Means 51.79b 56.42 a 51.13b 4529¢ 0 eeeeeee-

LSD for N levels at P<0.05 = 2.77
LSD for Hybrids at P<0.05 = 4.26

3.3. Plant height

Different levels of nitrogen significantly affected (P<0.05) plant height, while hybrid and their interaction had
non-significant effect on plant height (Table 3). Mean values for the nitrogen level showed that maximum plant height
(87.54) was observed in plots with nitrogen at the rate of 225kg ha™. The data revealed that plant height increased with
increase in nitrogen level. Similar results were also reported by Nur (1975), who states that increase in nitrogen level
usually increase plant height. These results are however not supported by Ali (1998), who reported significant effect of
hybrid on plant height.
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Table 3. Means for plant height (cm) of sunflower hybrids as affected by N levels

Nitrogen level Hybrids Means
(Kg ha) suncross Gulshan-98  Aritar-93 Peshawar-93

0 74.98 72.53 65.6 76.65 72.44 ¢
45 78.98 77.28 71.73 82.2 77.55b
90 81.93 75.6 75.58 82.05 78.79b
135 84.95 81.6 76.48 78.1 80.29b
180 89.48 84.73 81.63 82.75 84.65a
225 84.75 90.35 83.55 91.5 87.54a
Means 82.51 80.35 75.77 8221 e

LSD for N levels at P<0.05 = 3.03

3.4. Leaf area plant™

Data regarding leaf area presented in Table 4. Different levels of nitrogen, hybrids and their interaction
significantly affected leaf area plant® at (P<0.05). Suncross recorded maximum leaf area plant®(12019 cm?) at
maximum nitrogen level of 225kg ha™. Illeiv and Vangelova (1977) reported that leaf area increased by 2.8, 22.23, and
36 % respectively with increase in nitrogen level. Effects of N on leaf size are largely due to effects on cell production
in the un-emerged leaf and on both cell production and expansion during the first phase of expansion of the emerged
leaf (Trapani et al. 1999). Hybrids resulted in significantly different leaf area. Similar results are reported by Ali (1998)
stating sunflower hybrids have significant effect on leaf area.

Table 4. Means for leaf area plant™ (cm?) of sunflower hybrids as affected by N levels

Nitrogen level (Kg  Hybrids Means
ha”) Suncross Gulshan-98 Aritar-93 Peshawar-93

0 6759 hi 5242 Im 3702 n 5433 ki 5284.00 f
45 7046 ghi 5657 ki 3734 n 6837 ghi 5818.50 e
90 7388 fgh 6500 ij 4735 m 7450 fg 6518.25d
135 8819 cd 7057 ghi 6068 jk 8101 e 7511.25¢
180 10635 b 8279 de 6521 ij 9174 ¢ 8652.25 b
225 12019 a 9287 ¢ 7732 ef 10600 b 9909.50 a
Means 8777.67 a 7003.67 b 5415.33 ¢ 793250a @ -

LSD for N levels at P<0.05 = 264.8
LSD for Hybrids at P<0.05 = 914.7
LSD for NxH at P<0.05 = 648.7

3.5. Seed yield ha™

As stated statistical analysis of the data also revealed that different levels of nitrogen had significant effects
(P<0.05) on seed yield ha™, while hybrids and (HxN) interaction had no significant effect on seed yield ha™* (Table 5).
Mean values for N levels showed that maximum seed yield (1302.75 kg ha™) was recorded in plots applied with
nitrogen at the rate of 225 kg ha™ while minimum seed yield(588.75 kg ha™) was obtained from plots with no nitrogen.
Seed vyield significantly increased with increase in nitrogen level. It might be due to proper application of nitrogen at
proper time during the growth. Nitrogen usually increases vegetative growth of plants that ultimately increased leaf
area, which is the key for photosynthesis. Maximum leaf area intercepted more sunlight and hence more seed formation
resulting in more yield. These findings are in conformity with Morris (1975), Scheiner & Lavado (1999) and Ruffo et
al. (2003) who reported that high doses of nitrogen increased seed yield. Similar results were also reported by Tianu et
al. (1978), who concluded that seed yield was increased with increase in N rate.

Table 5. Means for seed yield (kg ha™) of sunflower hybrids as affected by N levels

Nitrogen level Hybrids Means
(Kg ha™) suncross Gulshan-98  Aritar-93 Peshawar-93

0 679 478 492 706 588.75d
45 842 587 533 934 724.00 ¢
90 1106 593 703 921 830.75 ¢
135 1367 994 1025 1128 1128.50 b
180 1163 1141 896 1293 1123.25b
225 1545 1211 937 1518 1302.75 a
Means 1117 834 764.33 1083.33 -

LSD for N levels at P<0.05 = 129.8
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3.6. Nitrogen use efficiency

Significant (P<0.05) effect of different levels of nitrogen use efficiency was observed, while hybrid and their
interaction with nitrogen levels had non-significant effect (Table 6). Mean values for nitrogen use efficiency of the
nitrogen levels indicated that maximum nitrogen use efficiency was recorded in controlled plots, while minimum
nitrogen use efficiency was recorded in plots applied with nitrogen at the rate of 225 kg ha™. Nitrogen use efficiency
significantly decreased with increase in nitrogen levels. These results are supported by Gutschick (1993) who reported
increase in nitrogen use efficiency at optimum availability of nitrogen. He also stated that nitrogen use efficiency
(NUE) increased as external nutrient concentration in soil decreased.

Table 6. Means for nitrogen use efficiency of sunflower hybrids affected by N levels

Nitlrogen level (Kg Hybrids Means
ha) suncross Gulshan-98 Aritar-93 Peshawar-93

0 394.76 277.61 286.06 410.59 342.26 a
45 18.02 12.55 11.39 20 15.49b
90 12.05 8.96 7.66 10.04 9.68 b
135 9.99 7.27 7.49 8.25 8.25b
180 6.43 6.26 4.93 7.11 6.18b
225 7.15 5.34 4.13 6.69 5.83b
Means 74.73 52.99 53.61 7711 e

LSD for N levels at P<0.05 = 25.27
4. Conclusions

It is clear from the results obtained in our study that Suncross hybrid can be cultivated in Peshawar with higher
yields compared to other hybrids. Hybrids performed well when they were applied with 225 kg N ha™. Farmers in
Peshawar Valley are therefore suggested to plant Suncross with applying 225 kg N ha™ to get maximum returns.
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