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ABSTRACT
 Precision Farming is a set of innovations that enable farmers to adjust management criteria to
specific georeferenced areas within a field. This technology includes variable seed rate, which makes it
possible to adapt plant population density to each specific site. The purpose of this work was to determine
the optimum plant population density of sunflower crops in sities within-fields with different soils
productive potential. It is hypothesized that sites with different productive potential have different
optimum plant population density.
 During 2008/09, 2009/10 and 2010/11 seasons plant population density trials of 3, 3 and 4 fields
respectively were carried out in the semi-arid central region of the Argentine Pampas ( 35° 45´ 50.7´´ S,
63° 35´ 37.7´´ W). In each field two sites were georeferenced as L ( loma ) or site with lower soil
productive potential, and B ( bajo) or site with higher soil productive potential than the former.
Georeference was achieved on the basis of satellite images, planialtimetric survey and historical yield
maps. Field plant population density trials of 15, 25, 35, 45 and 60.000 real plants ha-1 were performed in
each site by means of a randomized block design with 3 repetitions. Seed oil concentration and grain
yield were determined for each site and plant population density. Grain oil yield was analyzed using
linear regression and linear mixed model; and patterns of difference between means were studied using
Fisher’s LSD method for fixed effects ( α:0.05 ). The statistical software used was R and InfoStat.
 In the case of grain oil yield, a significant plant population density-site interaction was observed.
Optimum plant population density was 25.000 and 35.000 plants ha-1 at sites of lower and higher
productive potential respectively. Increase in plant population density from optimum plant population
density to 60.000 plants ha-1 did not decrease grain oil yield.
 In this study, results show that optimum plant population density differs with varying site
productive potential. In those sites with an expected grain oil yield below 2 tn ha-1 the minimum plant
population density to achieve the maximum yield is 25.000 plants ha-1, while in sites with higher
productive potential minimum plant population density grows by 40 %.
 The conclusions of this study provides solid evidence for the development of site-specific
management criteria in sunflower cultivation in the semi-arid central region of the Argentine pampas.
Keywords: optimum plant population density - precision farming - site-specific management
sunflower.

-

1

Introduction
In the semi-arid central region of the Argentine Pampas water availability in amount and frequency is
the main limiting productive factor for crops. The maximum grain yield to be obtained in a given
environment depends on the way in which the ontogenic cycle of the crop is able to adjust maximum
demand to environmental supply of resources and manage to reduce severe stress occurrence in critical
periods (Trapani et al., 2003.) Soil factors such as depth, texture, position in the landscape and presence
of a layer of subsurface water available determine significant differences among sites within the same
field as they may affect water availability for cultivation (Funaro et al., 2008.) Site-specific management
in environments characterized by significant intra-field variation allow enhanced use of inputs to achieve
higher efficiency. Andrade et al (2000) mention that in low productive potential sites, where expexted
grain yield is medium-low, grain yield is not affected by changes in plant population density within a
wide range. Along similar lines, Pereyra et al (2001), couldn’t report significant effects on grain yield
within 25.000 – 60.000 plants ha-1 range in environments of low productive potential in the Southeastern
Bonaerense Region. On the other hand, in sites of higher productive potential grain yield increases
significantly, showing a similar trend in plant population density (Andrade et al., 2000, Pereyra et al.,
2001). In practice, the possibility of adjusting inputs to differentiated, georeferenced areas requires the
adaptation of site-specific agronomic criteria to local edaphoclimatic conditions. The purpose of this work
is to determine the optimum plant population density of sunflower crops in sites within-fields with
different soils productive potential in the semi-arid central region of the Argentine Pampas. It is
hypothesized that sites with different productive potential have different optimum plant population
density.

Materials and Methods
The experience took place in the dune plains located in the northern part of La Pampa province, at
“La Barrancosa” Ranch (35º 45´ 50.7” S, 63º 35´ 37.7” W) not far from General Pico city, during
2008/09, 2009/10 and 2010/11 seasons. In the first two seasons 6 fields were sown (3 in each season),
whereas in the last season the number of lots involved was 4. In each field two sites were georeferenced,
identified as L ( loma) or site lower soil productive potential, and B ( bajo) or site higher soil productive
potential site than the former. This was done by means of satellite imagery, planialtimetric survey and
historical yield maps. In each site a plant population densities trial was perfomed in random blocks with
3 repetitions. Trials were conducted with a TX Mega coarse grain Agrometal Seeder of 22 furrows, some
features of which were pneumatic direct seeding, deep fertilization and high plant population density.
Firstly, plants in line were manually thinned in 2 true leaves, and experimental units of 4 furrows were
established 0.52 m. apart and 10 m long with an achieved density of 15.000, 25.000, 35.000, 45.000 and
60.000 plants ha-1. In each field only one hybrid was sown. The plant cultivars used for trial were DK
4200, CF 31, DK 3820, DK 3810, DK 4050 and DK 3945. Cultivation took place at the end of October
and end of November. In each site soil samples 0 to 20 cm-thick were taken to determine granulometric
fractions (sedimentation), total organic matter (MOT, Walkley and Black), and available forms of
phosphorus (P, Bray and Kurtz I). Nitrogen content of nitrates was determined in samples of 0-20 cm and
20-60 cm (Cromotropic Acid). Soil water availability at sowing (gravimetric method) was determined at
set intervals of 20 cm up to a depth of 300 cm. In each experimental unit a surface of 5.2m-2 was
harvested. All units were threshed, weighed, and their moisture content was measured by means of Tesma
Campo hygrometer; oil concentration was measured as well by NIR. Grain yield was adjusted by oil
concentration on the basis of the methodology used by Red INTA – ASAGIR (Alvarez D. et al, 2006).
Grain yields were statistically analyzed by applying linear regression and linear mixed models –LMM(Littell et al., 2006 ). After application of LMM followed trials to analyze the difference between means
using Fisher’s LSD method for fixed effects with a signifiance level of 0.05. The statistical software used
was R (R Development Core Team, 2011) and InfoStat ( Di Rienzo et al., 2011).

Results
Rainfall during crop development (November to February) were variable among years. During
2008/09 season rainfall was 36 % lower than historical average in the area (1921-2010 period), at 230

2

mm. In 2009/10 figure were similar to the historical average at 365 mm. In the last season, however,
(2010/11) rainfall was 12% lower at 310 mm. Figure 1 shows the hydric status as observed during the 3
seasons under analysis.

Figure 1: Rainfall (R) during sunflower cultivation cycle for 2008/09, 2009/10, 2010/11 seasons,
historical average 1921-2008 and average potential evapotranspiration 2008/2011 (PET)
Table 1 shows edaphic characterisitcs of each site. Contents of clay + slime, total organic matter and
nitrate-nitrogen were higher, whereas phosphorus content was lower in B sites in comparison with L sites.
Soil water availability at sowing was always higher in B sites with increases ranging from 1.5 to 8.8 times
higher than L sites. In some B sites a layer of subsurface available water ( Napa ) was detected at 2.6 - 3
meter-depth.
Table 1: Edaphic characteristics of assessed sites in the semi-arid central region of the Argentine Pampas.
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Grain oil yield was related to soil water availability at sowing during 2008/09 and 2009/10 seasons
(Figure 2), characterized by rainfall below historical average during sunflower critical period (January).
These results match the ones observed by Quiroga et al (2008), who found a relationship between water
content in the soil and sunflower grain yield in years with scarce rainfall during January.
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Figure 2: Relationship between soil water availability at sowing and grain oil yield in years with rainfall
levels below historical average during January.
During the 2010/11 season, which had a rainfall level above historical average in January, there was
no relationship whatsoever between soil water availability at sowing and grain oil yield achieved for
plant population density averages (R2= 0,2; p=0,14)
The analysis of grain oil yield based on the different plant population densities under study showed
that variability associated to year, field and hybrids used was not significant. However, the plant
population density – site interaction did show differences in average values of grain oil yield ( p< 0,000).
Higher loss of grain oil yield was observed when low plant population densities were used in B sites with
respect to more limiting environments, such as L sites (Figure 3). Optimum plant population density for
sites with higher productive potential was 35.000 plants ha-1, whereas sites with lower productive
potential showed a lower optimum plant population density: 25.000 plants ha-1.

Figure 3: Grain oil yield sunflower based on the different plant population density for sites having
different productive potential (L: lower productive potential, B: higher productive potential)

Conclusions
Soil water availability at sowing is a highly significant indicator of site productive potential in years
with rainfall below average during the critical period. Sites with different productive potential determine
different optimum plant population densities. In deep sandy soil sites of the semi-arid central region of the
Argentine Pampas, where expected grain oil yield is lower than 2 tn ha-1, optimum plant population
density is over 25.000 plants ha-1, whereas at sites with more than 2 tn ha-1 optimum plant population
density is 35. 000 plantas ha-1. Based on the conditions analyzed in the present study, in those sites with
higher productive potential plant population densities should be approximately 40 % higher than in sites
with lower productive potential.
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