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Abstract

Under changing climatic scenarios, precision agricultural practices are necessary that requires spatial relationship between land
attributes and crop yield. To identify the spatial distribution of growth and achene yield of sunflower using GIS map overlay
techniques, a field study was conducted at Agronomic Research Area, University of Agriculture, Faisalabad-Pakistan. Experiment
was laid out in Randomized Complete Block design with split plot arrangement having irrigation levels in main plots (1, 3 and
5 irrigations) and nitrogen in sub plots (90, 120 and 150 Kg N ha') replicated three times. GPS data of 27 data points were
marked using GARMIN eTrex30. Sunflower growth and yield parameters such as total dry matter, oil contents (%), oil yield
and achene yield were included in the analysis. The map overlay analysis indicated that irrigation and nitrogen levels established
the cause-effect relationships and GIS technique proves helpful in identifying the crop parameters that affects sunflower yield
and can be managed with the help of precision agricultural practices.

Key words: sunflower, GIS, map overlay, precision agriculture, achene yield

1 Introduction

Edible oil production in Pakistan is very low as compared to
other oil producing countries (Munir et al., 2007). With the
passage of time, the situation is more severe under higher
population growth rate which demands efficient utilization
of land and water resources (Igbal et al., 2008; Ali et al.,
2011). Sunflower is important non-conventional oilseed crop
that can only shortens the existing gaps among domestic
productions and demands (Hu et al., 2008; Nasim et al.,
2011). Koutroubas et al., 2008. Several scientists have
reported that topography, climatic conditions, management
practices and spatial variability effects within the field are
considered as the main factors affecting sunflower
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productivity. Although spatial variability is a natural
phenomenon, however, efforts are underway to manage this
factor by studying spatial relationships among the landscape
attributes and the yield patterns (Bakhsh et al., 2000; Abbas
et al., 2005; Ayoubi et al., 2007; Marques and Silva, 2008;
Begue et al., 2010). The spatial variability effects in the field
may be an outcome of interaction of many complex factors
such as soil properties, climatic conditions and management
practices (Jung et al., 2006; Piotrowska et al., 2011).

Bakhsh and Kanwar (2005) reported that soil characteristics
vary from point to point within a field and therefore, have
varying nutrients potential in the field. Several studies have
concluded that variations in the yield pattern are basically
the result of spatial variability which are controlled by soil
properties and management practices (Piotrowska et al.,
2011). Understanding the cause-effect relationship of the
sunflower yield patterns and the underlying spatial variability
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effects can help improve crop productivity. There is a need to
treat the soils according to their productivity potential. One
such strategy has been recognized as precision farming.

Precision farming practices are used to identify, analyze and
manage spatial variability effects within the field in order to
optimize profitability, sustainability and environmental
protection (Duffera et al., 2007). To make precision farming
a viable practice, there is a need to have better understanding
of the functional relationships between soil properties,
topography and crop yields. Geographic Information System
(GIS) have been used to identify influence of the landscape
attributes on crop yield patterns (Behera & Panda, 2009;
Bernard & Yakubu, 2010; Noori et al., 2011). GIS has also
been used to overlay data layers of landscape attributes to
establish the spatial relationships. To understand spatial
variability effects on crop yield, many researchers have used
GIS as a management tool to address these repercussions. A
study was conducted by Yang et al. (1998) using GIS found
that topographic attributes have an influence on the crop
yield variability in the Palouse region. Moreover, the effect
of soil and topographic attributes on yield variability can be
explained well when data layers of these soil attributes are
overlaid on the yield data layers. Many researchers have
used map overlay analysis to determine the integrated effects
of various factors (Hashmi et al., 1995; Diaz et al., 1998).
GIS software has ability to generate and overlay various data
layers in order to investigate their interaction with each other
over space and time domain (Bakhsh et al., 2007). Keeping
in view the above referred research work, no study has been
conducted so far to identify the influencing parameters
affecting sunflower yield using GIS approach and then
overlay these parameters to investigate their spatial
relationships. Therefore, this study has been designed with

the following specific objectives:

* To identify the irrigation levels and nitrogen rates affecting
sunflower yield.

* To investigate the spatial relationships of resources with
crop growth and yield patterns using ArcGIS software.

2. Material and Methods

The experiment was conducted at Agronomic Research
Area, University of Agriculture, Faisalabad (31°.26” N,
73°.06” E and Altitude 184.4m) during spring season of 2014
to study the spatial variability of sunflower productivity as
influenced by irrigation levels and nitrogen rates.

2.1 Crop Husbandry

Sunflower crop was grown in the field during growing season
of 2014. The Randomized Complete Block Design with split
plot arrangement was used for experiments. The size of each
experimental unit was 4 x 6 m. The main plots consisted of
the irrigation treatments (1, 3 and 5 irrigations), while
nitrogen levels (N1=90, N2=120 and N3=150 Kg N ha')
were in the subplots. Seeds of variety HYSUN-33 were
planted with a hand-mounted seed drill (dibbler) at 25 cm
distance between hills using a recommended seeding rate of
8 kg ha''. The analysis of soil was carried out before sowing
and after harvesting the crop shown in Table-1). Nitrogen
fertilizer was applied in 3 splits in the form of urea. 1/3"dose
of nitrogen and all of the phosphorus and potassium fertilizer
was applied at the time of seed bed preparation. Remaining
2/3"of N was used in two splits, first split at first irrigation
and second at the flowering stage.

Table-1. Chemical Analysis of Soil

Soil Properties

A. Physical Properties

Soil Type

Sandy clay loam

B. Chemical Properties

pH 7.56
Organic Matter 0.87 %
Total Soluble Salts 12.22 %
Nitrogen 0.062 %
Phosphorus 6.90 ppm
Potassium 193 ppm

One meter long row from each plot was harvested by cutting
each plant at the ground level with ten days interval starting
from one month after sowing leaving appropriate borders.
The plants that were cut were separated into leaves, stems
and heads. Fresh and dry weights of component fractions of
plant (leaf, stem and head) was determined. A sub-sample

(10 g) of each fraction was taken and dried in forced draft
oven at 70°C for at least 48 h up to constant weight. At final
harvest, two central rows for each plot were harvested. 10
plants were selected to measure the yield components with
their position data using Global Positioning System receiver
(GARMIN eTrex 30). All the heads including sub-sample
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were threshed manually to estimate achene yield of entire
plot and converted into kg ha!. Oil contents were measured
with the Soxhlet fat extraction method as described by Miner
et al. (1995) and Saleem (2004).

Wt.of flask + oil — Wt.of flask

040il =
#0il Wt.of flask + seed — Wt.of flask

2.2 Statistical analysis

The experimental data were statistically analyzed using the
computer program Statistix V 8.1. Analysis of variance
technique was employed to test the overall significance of
the data, while the least significance difference (LSD) test at
P = 0.05 was used to compare the differences among
treatments means for different yield and yield components
(Steel et al., 1997).

2.3 Weather data

The standard environmental data were collected from the
meteorological observatory of Department of Crop
physiology, University of Agriculture, Faisalabad. Each
weather station provided daily maximum and minimum air
temperature (°C), rainfall (mm), relative humidity and daily
sunshine hours (h).

2.4 Geographic Information System (ArcGIS)

Global Positioning System (GPS) device “GARMIN eTrex
30” was used to determine coordinates of 27 data points of
experiment place and digital layout/base map was developed
using ArcGIS V 10 (Figure-1). Field data obtained was
utilized to visualize, analyze, and interpret data. ArcGIS
digitized the crop data and combines geography and crop
data to visualize the results of experiment. ArcGIS utilized
the data and develop digital maps, imagery and geo-
databases. The ArcGIS Spatial Analyst Tool was used for
spatial interpolation with ordinary Kriging to generalize
input of the point data. The kriging interpolation technique
assumes that distance and direction between the samples
reflect point’s spatial correlation that can be used to explain
variation in the surface. Similar approach has been
recommended and was used by different researchers (Tran &
Nguyen, 2008; Bakhsh et al., 2007). Using equal interval
classification, polygon data layers were grouped into five
classes relatively, designated as very low, low, medium, high
and very high.

. * . Base map N i
/\/\;\Ieg‘er channel
: N rn

Sampling site

0 0004 Miles

Figure-1: Sampling sites at the experimental area in
University of Agriculture, Faisalabad-Pakistan

3. Results and Discussions

The increase in sunflower yields may be attributed to addition
of continuous application of irrigation and nitrogen under
favorable climatic conditions. The average temperature
ranged from 18.8 °C to 34.8 °C during the growing season of
crop. Average rainfall during the season was 11.86 mm and it
was maximum in June. However, the growing seasons of
2014 received total rainfall of 35.6 mm (Figure-2). Solar
radiation was 8.3 MJ m? day! in the month of March which
increased up to the month of May, having the value of 10.4
M J m? day! but it decreased in month of June.

70 1
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Il Rainfall (RF)
A Solar Radiation (SR)
Relative Humidity (RH)

60 R
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40
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Figure-2: Weather conditions of Faisalabad during 2014
3.1 GIS Data Layers Analysis

GIS data layers for various parameters (TDM, yield, oil
contents % and oil yield) for growing season 2014 were
separately analyzed with land attributes and results were
quite good. Experimental field showed the variation due to
treatment effect.
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3.2 Total Dry Matter (Kg ha™):

Total dry matter (TDM) is the total biomass produced by a
plant on dry matter accumulation basis, as a result of
environmental conditions and soil nutrients uptake by the
plant. In general, the effect of nitrogen fertilizer was
promotive and linear in the production of TDM. Different
nitrogen increments significantly affected TDM. Maximum
TDM (8962.7 Kg ha'') was observed at nitrogen level of 150
kg ha'! while minimum TDM (8184.2 Kg ha'!) was recorded
at nitrogen level of 90 kg ha'. The enhancement in TDM
with increasing rate of nitrogen was due to better crop growth
rate, which gave maximum photosynthates, LAI and
ultimately produced more biological yield. Irrigation effect
on TDM accumulation of sunflower was significant.
Depending upon the irrigation levels, I1 (five irrigations)

Legend

@ Sampling site
Experimental path

=== Water course

sm=sme. Plots

BN Non Experimental Area

Inverse Distance Weighting

oM (kg ha ™)

B 7227 -7707.6

| 7.7076-81882
5,186.2-8,666.8
[ 5.668.8-9,149.4

Il 5.149.4- 9,630

] 0,001 0.002
—

gave the higher TDM (9120.8 g m™) as compared to I2 (3
irrigations). Lowest TDM (7544.8 Kg ha') was produced
where only 1-irrigation was applied. The interactive effect
was positive and linear between irrigation levels and nitrogen
rates.

Similarly, under GIS map analysis, figure-3 showed that high
value of total dry matter observed in south western and north
eastern parts of the field having nitrogen status of 150 kg ha™!
which is actually treatment effect discussed earlier. Very low
dry matter accumulation was obtained in the zone of 90 kg
ha'! nitrogen dose in the south eastern part of the field and
some patches of low value in the center and north western
part of the field. Similar trend shows by the irrigation
treatments in which five irrigations treatment show higher
total dry matter than plots in which only 1-irrigation was
applied.

Figure-3: Map Overlay Analysis-Total Dry Matter of Sunflower

3.3 Oil Contents (%):

Treatment effects on achene oil content of sunflower were
highly significant (Table-2). The oil contents were higher
(40.5%) at 5-irrigations treatment followed by 3-irrigations
(39.6 %) and the minimum oil content were observed in the
plots where I-irrigation was applied (38.5 %) as same
reported by Hussain et al. (2000). The favorable climatic
conditions (lower temperature and higher relative humidity)
during growing season especially at achene filling stage
might be the reason of higher oil content.

The data regarding achene oil content significantly affected
by different nitrogen doses. The response of oil contents was
decreasing with increasing application of nitrogen fertilizer.
Maximum oil content (40.2%) were produced under
treatment of 90 kg N ha! which was statistically higher than
the plots having benefit of 30 Kg ha' more nitrogen that
gained oil content of 39.7%. The minimum oil content
(38.7%) observed by the treatment where there was
maximum application of nitrogen fertilizer (150 kg N ha™').
This shows that with increasing nitrogen fertilizer, it
increased the achene yield but reduced oil content. Such



Asian Journal of Geoinformatics, Vol.18,No.1 (2018)

findings in response to N fertilization have also been reported
by Dreher et al. (1983).

The interactive effect of irrigation and nitrogen level was
non-significant (Table-2). Furthermore, the relationship
between achene yield and achene oil content was linearly
associated and value of R? was 0.95 (Figure-4).

Figures-5 and 6 showed high values of achene oil content
(%) and achene oil yield estimated in south western and
north eastern parts of the field having nitrogen status of 150
kg ha! and a very low value was obtained in the zone of 90
kg ha! nitrogen dose in the south eastern part of the field and
some patches of low value in the center and north western
part of the field. Similar trend shows by the irrigation
treatments.

Relationship between achene yield and
achene oil content (%)
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Figure-4: Relationship between Achene Yield (Kg ha') and
Achene Oil Content (%)

Effect of irrigation and nitrogen levels on the oil contents of sunflower
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Figure-5: Map Overlay Analysis-Oil Contents of Sunflower

Effect of irrigation and nitrogen levels on the achene oil yield of sunflower
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Figure-6: Map Overlay Analysis-Achene Oil Yield of
Sunflower

3.4 Achene Oil Yield (Kg ha'):

The achene oil yield of sunflower was highly significant for
irrigation levels. Higher achene oil yield was recorded from
irrigation at five growth stages of crop (1025 kg ha')
followed by 3-irrigations (961 kg ha') and minimum oil
yield (698 kg ha') was observed in treatment where
1-irrigation was applied.

Anzoua et al. (2010) also found a greater yield response for
sunflower with N application under adequate soil moisture
conditions. The response of nitrogen fertilizer rates was
significant with application of more nitrogen fertilizer.
Maximum oil yield (948 kg ha'') was observed in N2 (120 kg
N ha') treatment. In the similar way, N3 (150 kg N ha™)
treatment produced oil yield (936 kg ha™') that was statistically
higher than N1 (90 kg N ha') producing minimum value of
oil yield (801 kg ha'). Many researchers (Ahmad and
Fayyaz-ul-Hassan, 2000; Abelardo and Hall, 2002) also
noted a greater yield response for sunflower with N
application.

The interactive effect of irrigation and nitrogen level was
non-significant (Table-2). Relationship between achene yield
and achene oil yield was linearly associated and value of R?
was 0.96 (Figure-7).

Relationship between Achene yield and
Achene oil yield

1400 y =3.8128x +1065.6
R2=10.9689

Achene Oil Yield (kg ha')
I
g

0 10 20 30 10 50 60 70 80 9 100
Achene Yield (kg ha'!)
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Figure-7: Relationship between Achene Yield (Kg ha') and
Achene Oil Yield (Kg ha')

3.5 Achene/grain Yield (Kg ha'):

The effect of treatments on achene yield (AY) was highly
significant during spring 2014. The favorable climatic
conditions (lower temperature and higher relative humidity)
during growing season especially at achene filling stage
might be the reason of higher AY (Table-2). The data
regarding AY showed that, it was significantly affected by
different irrigation levels. Higher AY was recorded from plot
having S5-irrigations (2532 kg ha') followed by 3-irrigations
(2430 kg ha'). Lower achene yield was recorded from
1-irrigation treatment (1813 kg ha') and it was also reported
by Ghani et al. (2000); Erdem et al. (2001); Kakar and
Soomro (2001).

The response of nitrogen fertilizer rates on AY was significant,
increasing with application of more nitrogen fertilizer. Ghani
et al. (2000) also described a greater yield response for
sunflower with N application under adequate soil water
conditions. The maximum AY (2409 kg ha') was produced
in N3 treatment (150 kg N ha'). The standard treatment N2
(120 kg N ha') produced 2381 kg ha' AY, that was
significantly higher than N1 (90 kg N ha') which produced
minimum AY (1985 kg ha™'). An increase in AY of sunflower
inresponse to N fertilization has also been reported by Munir
et al. (2007) and Ozer et al. (2004).

The interactive effect of different irrigation levels and
nitrogen level was non-significant (Table-2). The relationship
of AY and TDM was linearly associated and the values of
regression accounted for 0.95 variability in data (figure-9).

Figures-8 of GIS Map showed high values of achene yield
estimated in south western and north eastern parts of the field
having nitrogen status of 150 kg ha! and a very low value
was obtained in the zone of 90 kg ha! nitrogen dose in the
south eastern part of the field and some patches of low value
in the center and north western part of the field. Similar trend
shows by the irrigation treatments.

Legend
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Figure-8: Map Overlay Analysis-Achene Yield of Sunflower
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Figure-9: Relationship between Achene Yield (Kg ha') and
Total Dry Matter (Kg ha!)

4. Conclusions

Based on statistical analysis and map overlay analysis of the
yield data and landscape attributes, following conclusions
are drawn: The statistical analysis identified the fertilizer
treatments as the most influencing parameter on growth, oil
contents, achene and oil yield of sunflower. Moreover, map
overlay analysis showed that areas having higher yields,
however, were influenced by the integrated effects of higher
soil nitrogen contents and higher number of irrigations.
These results indicate that the analysis carried out statistically
and GIS approaches, proved to be a useful approach to find
the most influencing parameters affecting sunflower yield.
The map overlay analysis, however, helped in understanding
the spatial distribution of the yield pattern. This approach
can be used to establish cause-effect relationships for
adopting precision agriculture.

Table-2. Effect of Irrigation and Nitrogen Levels on Achene
Yield, TDM, Oil Contents and Oil Yield

Treatments Achene yield TDM 0Oil Contents Oil Yield
(Kg ha!) (Kg ha!) (%) (Kg ha)
Irrigation Levels
I1= 5-Trrigations 2532.2a 91208 a 40.544 a 1025.6 a
I,=3-Irrigations 2430.2a 9012.3 b 39.644a 961.9b
I=1-Irrigation 1813.5b 75448 ¢ 38.533b 6982 ¢
LSD 5% 143.36 2.57 0.90 43.46
Significance ok wx * *
Nitrogen levels
N;=90 kg ha! 1985.0 b 8184.2¢ 40.289 a 801.44 b
N>=120 kg ha™! 2381.0a 8550.8 b 39.711a 948.10 a
N3=150 kg ha™! 2409.9 a 8962.7 a 38.722b 936.09 a
LSD 5% 100.53 1.68 0.59 44.36
Significance wk o * *
Interaction NS NS NS NS
Mean 2558.63 8562.6 1.66 0.448

Means having different letters differ significantly from each other by LSD (p=0.05)
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