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RESUMO
Entre os vários fatores que contribuem para a produção de uma cultura de milho,
a distribuição vertical dos semeadores avaliada através da localização da
semente em profundidade é um fator-chave, especialmente na técnica de
sementeira direta.
Simultaneamente, dada a complexidade dos ecossistemas naturais e agrícolas
em sistemas de agricultura de conservação, a gestão diferenciada e localizada
das parcelas assume um importante papel na análise e gestão da variabilidade
das propriedades do solo e estabelecimento das culturas, nomeadamente
utilizando informação geo referenciada e tecnologia expedita.
Assim, o principal objetivo desta Tese foi a avaliação em culturas de milho da
variabilidade espacial da localização de semente em profundidade e
estabelecimento

da

cultura

em

sementeira

direta

usando

sistemas

convencionais de controlo de profundidade, tendo-se comparado com diferentes
sistemas de mobilização e recorrendo a tecnologias de agricultura de precisão.
Os ensaios decorreram na região Mediterrânea do Alentejo, em propriedades
agrícolas no decorrer das campanhas de 2010, 2011, 2012 e 2015 em 6
diferentes campos experimentais.
O trabalho experimental consistiu em ensaios com avaliações in loco do solo e
cultura, consumo de combustível das operações e deteção remota.
Os resultados obtidos indicam que não só o sistema de mobilização afetou a
localização da semente em profundidade, como em sementeira direta a
profundidade de sementeira foi afetada pelo teor de humidade do solo,
resistência do solo à profundidade e velocidade da operação de sementeira.
Adicionalmente observaram-se condições heterogéneas de emergência e
estabelecimento da cultura afetadas por condições físicas de compactação do
solo.
Comparando os diferentes sistemas de mobilização, obteve-se uma significativa
redução de combustível para a técnica de sementeira direta, apesar de se terem
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observado

diferenças

estatísticas

significativas

considerando

diferentes

calibrações de profundidade de sementeira
Do trabalho realizado nesta Tese ressalva-se a importância que as tecnologias
de agricultura de precisão podem ter no acompanhamento e avaliação de
culturas em sementeira direta, bem como a necessidade de melhores
procedimentos no controlo de profundidade dos semeadores pelo respetivos
operadores ou ao invés, a adoção de semeadores com mecanismos ativos de
controlo de profundidade.
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ABSTRACT
Among the various factors that contribute towards producing a successful maize
crop, seeders vertical distribution evaluated through seed depth placement is a
key determinant, especially under a no-tillage technique.
At the same time in conservation agriculture systems due to the complexity of
natural and agricultural ecosystems site specific management became an
important approach to understand and manage the variability of soil properties
and crop establishment, especially when using geo spatial information and
affording readily technology
Thus, the main objective of this Thesis was to evaluate the spatial variability of
seed depth placement and crop establishment in maize crops under no-tillage
conditions compared to different tillage systems, using conventional seed depth
control no till seeders and precision farming technologies.
Trials were carried out in the Mediterranean region of Alentejo, in private farms
along the sowing operations season over the years 2010, 2011, 2012 and 2015
in 6 different experimental fields.
Experimental work covered field tests with in loco soil and crop evaluations, fuel
operation evaluations and aerial sensing.
The results obtained indicate that not only tillage system affected seed depth
placement but under no till conditions seed depth was affected by soil moisture
content, soil resistance to penetration and seeders forward speed. In addition
uneven crop seedling and establishment depended on seed depth placement and
could be affected by physical problems of compaction layers.
Significant reduction in fuel consumption was observed for no till operations
although significant differences observed according to different setting
calibrations of seed depth control.
According to the results, precision agriculture is an important tool to evaluate
crops under no till conditions and seed depth mechanisms should be more
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accurate by the operators or is determinant the adoption of new active depth
control technology to improve seeders performance.
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Two of the three established priorities of Agenda 2020 are based on scientific
excellence and sustainable growth (European Commission, 2014). Sustainable
growth should be achieved by greater efficiency of resources using an economy
based on low-carbon technologies, while protecting the environment should be
achieved by a smaller loss of biodiversity improving on new green technologies
and production methods. In this scenario, with respect to the primary sector of
the economy, the concepts of conservation agriculture and precision farming
should be considered. If conservation agriculture is based on a minimalist
approach of implementation and crop production with the least change in the
composition, structure and natural biodiversity of the soil, precision farming is
associated with a concept of smart farming, improving the economic performance
of agricultural activity by increasing productivity or by reducing production costs,
also reducing their environmental impact and associated risk (Da Silva and Silva,
2008).

The adoption of conservation agriculture techniques such as no tillage in
Mediterranean regions is of major importance in preventing soil erodibility, and
considering traditional irrigated crops, corn is the crop with the highest expression
in Alentejo region in consequence on the one hand, because of the recovery
areas previously planted with this crop and on the other hand because of the
emergence of new irrigated areas, including Alqueva, where this crop has
increased since the last agricultural season about 70%, from 3558 ha to the
current 5925 ha (ANPROMIS, 2013).
Thus, gathering a new management concept concerning precision agriculture
technology, the study of maize crop is of great importance for farmers in the
region, especially under no till conditions due to the variability of soils in the region
and the type of no till seeders commonly used by the farmers.
Throughout this document are presented, first, the Problem Statement of this
dissertation including brief considerations about no tillage, seed depth placement
and machinery (Chapter II); a Literature

Review of the climate and soil

characterization of the Alentejo region, tillage systems, seed depth control and
crop precision management (Chapter III); Objectives (Chapter
3

IV); field
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Experimental Work and methodologies developed over the four years under
study within published works and congress contributions (Chapter V); General
Discussion of the results (Chapter VI); Conclusions (Chapter VII) and Proposals
for Further Work (Chapter VIII).
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2.1 No tillage

The concept of completely turning the soil over and burying all plant residues was
largely a development of the late 18th century when Thomas Jefferson formulated
the formula for the mouldboard plow in 1784. In 1837 John Deere's introduction
of manufactured steel plow, steam powered, followed by gasoline and later by
diesel engines have brought ploughing to the level we know today (Haycraft,
2002). In 1930 the United States were probably the first nation suffering a wide
environmental disaster

(Haycraft, 2002) known as dust bowl in which long

drought and high winds changed soil to dust and carried it away and in 1937 an
intensive extension campaign began to educate farmers to adopt soil
conservation and anti-erosion techniques, such as strip till, contour ploughing,
terracing and other farming practices in which the government paid reluctant
farmers a dollar an acre to practice the new methods (Hornbeck, 2009). When
the problem of weed control was solved with paraquat and atrazine herbicides, a
new concept of seeder to work under no till conditions was developed with the M21 no till machine (Figure 1) built in Purdue University followed by fluted coulters
to ensure residue cutting.

Figure 1. M-21 no till seeder mounted to a Farmall M tractor (Hornbeck, 2009).
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No tillage is one of the technics of a conservative agriculture system defined as
planting into unprepared soil and not disturbing more than of 1/3 of the soil
surface (Derpsch, 1998; Carvalho, 2003).
There are few reliable statistics on adoption of conservation practices, and
available data come largely from associations for conservation agriculture and
estimates from experts. So, on the one hand the rapid expansion of the area
under no-tillage from 45 million ha in 1999 to 105 million ha in 2008 (Table 1)
shows the increasing interest that this technology is having among farmers
(Derpsch, 1998; Derpsch et al., 2010), on the other hand over fifteen per cent of
the total arable area in the member countries of the European Conservation
Agriculture Federation (Lane et al., 2006; Basch et al., 2011) is under
conservation tillage but the area devoted specifically to no tillage is just over one
per cent in contrast to Australia, North and South America .

Table 1. Area under no tillage by continent (ad. Derpsch et al., 2010).

Continent
South America
North America
Australia & New Zeland
Asia
Europe
Africa
World Total

Area (hectares)
49579000
40074000
17162000
2530000
1150000
368000
110863000

Percent of total (%)
44,72
36,15
15,48
2,28
1,04
0,33
100

Despite the many benefits of no till farming of reducing energy consumption, soil
erosion, crop residue retention and as a result, the total soil carbon content
referenced by different authors (Tabatabaeefar et al., 2009; Carvalho and Basch,
1999; Govaerts et al., 2009; Basso, 2003; Sá, 2004 ), conservation agriculture is
less adopted in Europe compared to other adopting regions and, reduced tillage
is more common than no-tillage and cover crops due on one hand in part to the
lack of knowledge on conservation agriculture systems and their management
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and on the other hand because of the risky idea for European farmers to give up
ploughing which is a paradigm rooted in their cultural backgrounds (Lahmar,
2010). Also the absence of adequate machines and suitable herbicides to make
easier weed management, especially in developing countries (Derpsch and
Friedrich, 2010) difficult its adoption.

Alentejo region present different kind of constraints to farm production being one
of them the natural conditions of climate. Alentejo has a Köppen-Geijer Csa
climate characterized by hot dry summers and cold wet winters. Due to basic soil
properties, climatic and weather conditions and land use and management, the
status of soils varies both temporally and spatially. Unfortunately, conventional
tillage systems have altered the physical properties of the soil, contributing to
chemical and biological changes, reducing pH and soil organic matter, and thus
affecting soil fertility, trafficability and workability. 70.2% of the Portuguese soils
have medium cation exchange capacity and less than 1% organic matter and
82.9% have a pH of less than 5.5 (Table 2) (Alves, 1989).

Table 2. Percentage of some characteristics of Portuguese agricultural soils. The
values in parenthesis refer to the value considered as high, medium or low for
each of the parameter listed. (C.E.C. – Cation-exchange capacity meq./100 g
soil; O.M. – Organic matter (%); pH in water content), (ad Alves, 1989).
C.E.C (meq./100g)

O.M(%)

pH

High

4,2 (>20)

27,5 (>2)

11,8 (>6,5)

Medium

70,2 (10-20)

2,2 (1-2)

5,3 (5,5-6,5)

Low

25,2 (<10)

70,4 (<1)

82,9 (<5,5)

Apart from that, the subvention area under no till in the period of 2003 to 2013
according to the numbers of the Portuguese Ministry of Agriculture and Sea
(APOSOLO, personal communication, May, 2015), is shown in the diagram of the
Figure 2.
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Figure 2. Subvention area of no till in Portugal in the period 2003 – 2013
(APOSOLO, personal communication, May, 2015).

On the contrary, the major driving force behind the adoption of no tillage are the
cost reduction in machinery, fuel and labour (Kuipers, 1970). According to Basch
et al. (2008) key factors for the success of adoption of no tillage in EU are the
transfer of technology using scientific and practical expertise, extend incentive
programs to conservation and no tillage with agro environmental measures,
establish a network of no tillage demonstration farms, develop and introduce
appropriate no till seeders to handle field conditions in Europe, to implement long
term research projects and extension services with specialized no till advisers,
promote the involvement of stakeholders including political, farmer and
consumers organizations, and establish a market of carbon credit trading based
on soil carbon sequestration.
These factors in part agree with the current objectives of CAP 2020 in the horizon
2014 - 2020, looking forward a sustainable crop production, supporting the
principals of conservation agriculture may be an important opportunity to
successfully implement no tillage technology.
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2.2 Seed depth placement

Many studies have been conducted on seeding depth placement as described by
Karayel and Ozmerzi (2008). Two important factors that must be considered
when growing crop plants are, having a stand of uniform plants that develop at a
similar

rate

and

having

the

appropriate plant

population

(Desbiolles,

2013). Uniform stands are important for management of the crop because growth
requirements of the crop vary at different stages in the crops life cycle. Because
crop stands that are uneven in their development become very difficult to
manage, crop plants must be planted at the proper depth to achieve a uniform
stand of the intended population and that depends on the capacity of the vertical
distribution of the seeder (Karayel and Ozmerzy, 2008). Also, optimum depth of
seeding varies with many factors such as crop type, variety , seed batch quality,
furrow moisture conditions at seeding, furrow consolidation, furrow moisture loss
post seeding, subsequent rainfall or irrigation events, soil type and different types
of emergence (Vaz et al., 2011). So deeper plantings are possible in lighter soils
than in heavy soils considering the need of moisture to complete germination. On
the contrary, deep sown the primary shoot may not successfully emerge before
exhausting the seed energy reserve.

As the mesocotyl of maize seed elongates and pushes to the surface so
depending on soil texture and moisture, Fancelli (2000) suggests that maize seed
depth placement should be between 30 to 50 mm in clay soils and between 40 to
60 mm in sandy soils. Placements shallower than 30 mm increase the risks of
drying of the seedbed, especially in sandy or loam textures, resulted in an
extremely low final population and total crop failure easily exposing the seed to
predators or limiting the seed-to-soil contact needed for germination; while for
deeper sowns mesocotyl elongation can be stopped by superficial soil crust.
Another study of Özmerzi et al. (2002), demonstrated that the least emergence
time was achieved in 7.7 days with the shallowest sowing depth of 40 mm and
Neto et al. (2007) evaluating maize seed depth placement in 38 farms by
measuring mesocotyl length observed significant differences between rows in 21
11
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areas and a 20% coefficient of variation. Table 3 show the effect of planting depth
on population and yield at harvest of two maize seed varieties in the region of
Mississipi (Mahaffey, 2009).

Table 3. Effect of planting depth on population and maize yield at harvest (ad.
Mahaffey, 2009).
Corn Production

Planting Depth(mm)

Population Stand Count

Yield

at Harvest (plants/hectare)

(tonnes/hectare at 15% moisture)

12,7

4938

0

25,4

37037

9,6

50,8

88888

15,4

76,2

88888

1,6

12,7

4938

0

25,4

50617

11,8

50,8

81481

15,1

76,2

86419

14,9

by Relative Maturity (RM)
114 RM

119 RM

Although Tolon-Becerra et al. (2011) studied the effects of different tillage
regimes on soil compaction and observed that maize seedling emergence was
slower under conventional tillage systems when compared with direct seeding,
poor setting and operation of zero-till seeders, especially conventional seeders
without any dynamic seed depth control (Garrido et al., 2011), can easily result
in seed rows being sown too deep or too shallow due to soil throw or lack of
contour following ability (Desbiolles, 2013) and so definitely affecting plant stand
and crop yield.

2.3 Machinery

No-till farming is a way of growing crops or pasture from year to year without
disturbing the soil through tillage (Carvalho, 2001) so farm operations require
specialized seeding equipment and are made much more efficiently, particularly
improving sowing and enhancing better trafficability of farm operations. No till
operations usually start with the previous crop harvest. Combine harvesters may
be equipped with

straw choppers and so depending on the type of furrow
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openers of the seeder (could be a hoe or a disc) straw remains may be cutted in
smaller or larger lengths to be better handled at the time of sowing (GonzalezSanchez et al., 2013). In maize the height and uniform spreading of residue not
only play a major role in keeping the soil cover but also avoid that stalks snag on
hose or planter attachments.

Although similar to a conventional seeder, a no till seed drill does not need to till
the land completely or disturb the soil alignment except a small trench where the
seed is dropped from the seeder line. Some units are mounted on the tractor's
three-point-hitch but the majority are pull units. The seeding apparatus is
activated by a chain drive attached to a revolving wheel or drum that is in contact
with the ground. Sowing rates are controlled by adjustable gear devices in the
gear train system. Major characteristics of a no till seed drill are the capacity to
handle with remains of previous crops (Gonzalez-Sanchez et al., 2013), higher
frames weight and loads per seeding line up to 250 to 300 kg (Carvalho, 2001).
Key functions are cut residue, penetrate the soil, put seed in good contact with
the soil, and close the seed channel (Gonzalez-Sanchez et al., 2013)
Usually no till seeders are classified according the type of distribution systems as
mechanical or pneumatic, and furrow openers as shown in Table 4.

Table 4. No till seeders according to the type of opener and performance under
different conditions in the field (ad. Carvalho, 2001).
Type of opener

Shoe
Single
disc
Double disc

Capacity of Performance Performance
Ability
Prefered Line seeder Machinery
handling with in dry soil
in wet soil to handle with soil texture
weight
running
crop residues condition
condition
stony ground
costs
Good or low
Good
Good
Good
All
Low
Low
Weak

Weak

Weak

Susceptible

Good or high

Reasonable

Good

Susceptible

Sandy to
clay loam
All

Heavy
Heavy

Medium
to high
Medium

Seed depth is adjust by a passive or dynamic control. Passive depth control is
calibrated by means of a spring, compressed air or gas over oil system, while
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automatic or dynamic control planter usually use a sensing device that measuring
the hardness of the soil as the opener travels through, it adjust down force to
ensure the correct seeding depth (Baker and Saxton, 2007).
In Spain according to ROMA, official number of new no till seeders per region
and main sold brands is presented in Figure 3 and table 5 (MAGRAMA, 2015).

Figure 3. New no till seeders along the period from 2007 to 2014.

Table 5. Total of no till seeders along the period from 2011 to 2014 per region
and main sold brands.

Number of new no till seeders in Spain per region and main sold brands
Year
2011
2012
2013
2014

Total Spain
246
246
258
260

Castilla y Leon Aragón
Brand
134
44
163
34
Sola,John Deere, Gil, Kuhn
170
88
95
85

On the contrary, unfortunately there are not official statistical numbers of
implements as seeders or other non-self-propelled machines, but probably due
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to their commercial cost and mechanical simplicity conventional seeders without
dynamic seed depth control are still preferred.
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This chapter, according to specific topics is a general review of the importance of
maize production in the Alentejo region, the state of art of tillage systems, no till
seeders and seed depth control and the use of instruments and methodology
based on precision farming to understand relationships between seed depth
placement, soil properties and vegetative establishment.

3.1 The Mediterranean region of Alentejo and maize production

The Alentejo region situated in the south of Portugal has an area of about 31603
km2 representing approximately 35% of the territory and 7.1% of Portuguese
inhabitants (INE 2011), high aging population index and its economy is
particularly expertise in the agriculture sector. 81% of the area of Alentejo
accounts for only 2% of the universe of the farms in Portugal but represent almost
56% of the national Usable Agriculture Area (UAA) and the average size of this
2% is 142 hectares, 12 times higher than the national average (INE, 2011).

The region (NUTS II) covers the whole of the districts of Portalegre, Évora, Beja
and the southern half of the district of Setubal and is therefore the largest region
of Portugal. It is bounded to the north by the Central Region, to the east by Spain,
to the south by the Algarve region and to the west by Lisbon and Tagus valley
region and the Atlantic Ocean. Alentejo comprises five statistical sub regions
(NUTS III): Central Alentejo, Coastal Alentejo, Upper Alentejo, Lower Alentejo
and Tagus Marshlands sub region.

Alentejo, which under the Köppen-Geijer classification, has a Csa climate, is
characterized by hot dry summers and cold wet winters (Kottek et al.,2006). The
average temperature of the coldest month is below 18 º C and above - 3º C and
the mean temperature of the warmest month is greater than 22º C (IPMA, 2014).
Figure 4 shows the climate normal within the period from 1981 to 2010 in the
Alentejo region of Évora showing a long dry season due to a decrease in rainfall
in the months of June to September and a temperature increase over the same
period.
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Figure 4. Climate normal, rainfall (above) and temperature (below) within the
period from 1981 to 2010 in the Alentejo region of Évora (IPMA, 2014).

Concerning to soil formation, Costa (1973) adds the importance of human action
to factors as climate, organisms, parent rock, and topography. Under natural
conditions soil erosion is a normal and slow but gradual process in which the soil
and vegetation tends to a stability condition by the development in depth of Solum
compensating the destruction by natural erosion.
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In the Portuguese mainland, the combination of these factors is not favourable to
the origin of fertile and deep soils (Carvalho, 2003).
Climate action is mainly due to temperature, precipitation and rocks meteorization
is due to physical, chemical and biological processes increased by the
combination of moisture and temperature. However, excess moisture levels lead
to wash of nutrients as well as increase the risk of erosion. Under Mediterranean
climate conditions, the concentration of rainfall during the autumn and winter
season’s highlights these two aspects as well as long dry summers reduces the
rate of soil formation.

Under these climate conditions, the intrinsic properties of Mediterranean soils are
very much influenced by their physical characteristics. About three quarters of the
natural Portuguese lithologic territory consists of acidic igneous or metamorphic
rocks as granite and shale rocks in which mineral constituents are low in calcium
content and other important nutrients for crop stands. According to the
Portuguese Environment Agency’s Atlas (2013), Alentejo region presents a wide
diversity of geology and field soil composition with a predomination of luvisoils,
cambisoils and litosoils with low percentages of organic matter, pH and cation
exchange capacity (Alves, 1989).

Despite some natural constraints as described above, the region is characterized
by corporate farming, of large and medium economic dimensions, highly
mechanized and driven in the recent years with an increasing area of irrigated
crops along the irrigation perimeter of Alqueva dam.
Agriculture has a significant role in the productive structure of the Alentejo region
with the highest expression in cattle and sheep production in Portugal as well as
the main olive and vineyard growing region. In the last years the extensification
of production systems resulting from the change of the system of direct payments
under the Common Agricultural Policy made possible the use of 57% of the UAA
by permanent grasslands. Although, it is still these region responsible for more
than half of the area under cereals and almost all of the country's industrial crops.
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Figure 5 shows the evolution of the areas declared by crop in Alentejo in the
period 2004-2013.

Figure 5. Evolution of the areas declared by crop in Alentejo region in the period
2004 - 2013 (ad. ANPROMIS/IFAP, 2013).

Regarding to irrigate crops, the regions of Alentejo and Ribatejo represent about
half of the total national 541 thousand hectares. In the last 10 years the regional
irrigated area increased 17%, as a result of the investments in the irrigation
perimeter of Alqueva dam, in a total of 120000 ha.
Being the fith region in number of tractors with a total of approximately 19000
units in 2013 (Figure 6), the main power range is between 36.5 and 60 kW
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Figure 6. Evolution of the number of tractors in the Portuguese regions along the
period from 2008 to 2013 (DGADR, 2015).

Maize is the third most produced commodity in the world (Figure 7a) with a
continuous annual growth rate of the world harvested area, production and yield
of 2.47, 3.79 and 1.29%, respectively (Figure 7b), and the United States, China
and Brazil the world main countries producers (Figure 7c) (FAO, 2015).

a)
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b)

c)

Figure 7. Most produced commodities in the world (a), annual growth rates of
harvested area, production and yield (b); and maize production share by region
(c) in the period of 2003 to 2013 (FAO, 2015).

At the same period, in Portugal although decreasing in 3.3% the harvested area,
production and yield increased 2.12 and 5.32%, respectively (Figure 8) being the
63rd major country producer and the 15th higher yield producer (FAO, 2015).
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Figure 8. Annual growth rates of the Portuguese harvested area, production and
yield of maize crops along the period 2003 to 2013 (FAO, 2015).

In Mediterranean regions like Portugal, maize seeding begins in late winter and
extend over the entire spring. As an irrigated and row crop, due to machine
traficability there is some risk of soil erosion (Moule,1971) so soil structure is an
important factor to maintain avoiding compact areas that can difficult normal root
absorption (Ripado, 2010).

Currently in Portugal maize crop is the annual crop that more farmers involves,
estimating their number at more than 80,000 farms in a total UAA of
approximately 146719 hectares, being 91700 ha in 2012 dedicated to maize
grain. Figure 9 shows the evolution of maize sown areas in the period 2004 to
2013 for the region of Alentejo (ANPROMIS/IFAP, 2015).
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Figure 9. Maize sown areas in the period 2004 to 2013 for the region of Alentejo
(ad ANPROMIS/IFAP, 2015).

Unfortunately maize price as other commodities is under a high volatility (Figure
10) forcing farmers to a great accuracy in the use of production factors and
technological solutions allowing them to be competitive.

Figure 10. Evolution of maize monthly price per metric ton along the period of
August 2010 to August 2015 (World Bank, 2015).
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The emergence of the first precision agriculture monitors in-board harvest
machines in 2003 in the Alentejo region unleashed the beginning of several trials
to evaluate the spatial variability of crops. Unpublished data (Conceição, sd) of
the yield map of an irrigated area of 30 ha of maize under no tillage revealed high
spatial variability and low productivity (Figure 11).

Figure 11. Left, yield map of maize crop under no tillage; right, details of the
first yield equipment in-board a harvest machine in Alentejo region in 2003 (1.
moisture sensor, 2. yield sensor, 3. cut header position sensor) (Conceição,
2006).
As shown in Figure 10 there is a great volatility in maize price.
Considering a maize cost per hectare of 1500€, Figure 12 illustrates three
possible scenarios of revenue to the same area considering yield prices of 210,
180 e 160€ /ton. According to the lowest price a negative balance in more than
50% of the respective area is achieved. Among the many factors responsible for
low productivity under no tillage cited by several authors as described throughout
this document is the bad establishment of seedling emergencies due to the
sowing operation and field conditions (Laborde, personal communication, 2011).
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Figure 12. Spatial variability of revenue per hectare considering yield prices of
210 (left), 180 (centre) and 160 €/ton (right).

3.2 Tillage systems – Conventional Tillage vs Conservation Tillage

Tillage aims to create a soil environment favourable to plant growth (Klute, 1982).
Tillage includes all operations of seedbed preparation that optimize soil and
environmental conditions for seed germination, seedling establishment and crop
growth (Lal, 1984). Tillage is defined as the soil-related actions necessary for
crop production (Boone, 1988). The overall goal of tillage, embracing the
concepts and features of both conservation and conventional tillage systems is
to increase crop production while conserving resources as soil and water and
protecting the environment (FAO, 1993) allowing:
-

seedbed preparation,

-

weed control,

-

evaporation reduction,

-

water infiltration enhancement, and

-

erosion control.

There is an increasing awareness all over the world about the negative effects of
conventional agriculture and so the need to adopt conservational practices in
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farm management. Due to agricultural land use over decade’s soil organic matter
decreased considerably (Reicosky, 2001), large amounts of CO2 are released to
the atmosphere and a ratio of 17:1 of erosion to soil formation is observed in
Europe representing a loss of fertility of 25% (Tebrügge, 2003).
Europe represents less than one percent from a total of 106 million hectares
under conservation agricultural practices in the world under very diverse climatic
and soil conditions (Derpsch et al., 2010). Conservation tillage, by most
definitions, embraces crop production systems involving the management of
surface residues (Unger et al., 1988; Parr et al. 1990) is a concept that emerged
in the United States after the dust bowl of 1930s ( Derpsch, 1998). Figure 13
resumes the basic principles of this concept which are: a) minimal soil
disturbance, b) permanent soil cover and c) crop diversity in the form of well
balanced and wide crop rotations (Basch et al., 2012).

Figure 13. Principles of conservation agriculture (Basch et al., 2012).

In Mediterranean regions because of the low content in organic matter
conventional tillage affects negatively soil structure increasing soils potential
erosion, carbon loss and so decreasing potential production capacity and stability
(Cox et al., 1990; Madejón, 2009). However conventional tillage with two-third of
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the arable land is the most wide-spread tillage practice in EU-27 (Eurostat, 2013)
(Figure 14).

Figure 14. Tilled arable area by tillage practice in EU-27, Island, Norway, Czech
Republic and Hungarian Republic (EUROSTAT, 2013).

According to Trebugge and Durring (1999) conservation agriculture involves in
its main concepts minimum tillage, strip tillage and no tillage techniques.
Minimum tillage or reduced tillage systems is a soil conservation technique with
the goal of minimum soil manipulation that does not turn over the soil leaving
between 15 to 30% residues during the critical erosion period. This kind of
technology may involve the use of a chisel plow, field cultivators, or other soil
vertical tillage implements. Strip tillage combines the soil drying and warming
benefits of conventional tillage with the soil-protecting advantages of no-till by
disturbing only the portion of the soil that is to contain the seed row (Thomas et
al., 2007). This type of tillage is performed with special equipment and can
require the farmer to make multiple trips, depending on the strip-till implement
used, and field conditions. According the same author, performing strip till or zone
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till occasionally is the best compromise between conventional tillage and no
tillage in maize crops.
No-till farming, also called zero tillage or direct drilling is a way of growing crops
or pasture without disturbing the soil through tillage (Derpsch et al. 2010), in
which seeds are directly deposited into untilled soils that retain the previous crop
residues. The reasons for current interest in conservation tillage vary from soil to
soil, crop to crop, and from one agro-ecological region to another. One major
reason is its effectiveness for controlling erosion and water conservation benefits,
not only in semi-arid and sub-humid regions but also in humid regions (Unger et
al. 1988). In addition lower labour requirement, less energy consumption and
lower machinery costs, as well as other economic and environmental benefits,
are associated with no-till farming, compared to conventional tillage systems and
other types of conservation tillage (Uri, 2000; Tabatabaeefar et al., 2009). With
respect to fuel consumption a no tillage crop may represent a save of 15 (Dudek
et al., 1997) to 25 l/ha year (Thomas et al., 2007). Also Borin et al. (1997)
comparing conventional tillage (CT), obtained total energy savings per hectare of
10% with reduced tillage and 32% with no-tillage (NT), as a consequence of fewer
mechanical operations and a greater working capacity of the machines, there was
lower fuel consumption and a consistently higher organic matter content in the
soil with the conservation tillage methods.
For any given location, the choice of a tillage practice will depend on soil, crop,
climate and socio economic factors or government policies and objectives (Lal
1989; Unger et al., 1988).
From different concepts of tillage systems, different effects on soil properties can
be mentioned as consequence of land management.
Soil bulk density which is not a constant value along the seasons (Osunbitan et
al., 2005) depends on tillage, natural compaction, soil water content and soil
microbiological processes and so affects soil porosity. Different studies, under
different soil conditions show different relationships between soil bulk density
values of the upper layers of the soil and tillage treatments.
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Some trials demonstrated that high bulk densities in the upper soil layers,
especially in the range of 0 to 10 cm (Hernanz et al., 2002; Dam et al., 2005), 0
to 15 cm (Bescansa et al., 2006), 0 to 5 cm (Férnadez-Ugalde et al., 2009) are
related to no tillage practices although there were not significant differences from
15 cm deeper (Hernanz et al., 2002; Dam et al., 2005). Bescansa et al. (2006) in
the first 15 cm depth found values of 1620 kg m3, 1500 kg m3 and 1520 kg m3 to
no tillage, minimum tillage and conventional tillage treatments, respectively.
On the contrary no differences were found for bulk density depending on the
tillage system (Blevins et al., 1983; Gwenzi et al., 2008) or even lower values
were found for no tillage by Lal et al. (1994) after a long term trial in which values
of 1180 kg m3 were found comparing to values of 1240 and 1280 kg m3 minimum
and conventional tillage.
Soil tillage can affect the formation and stability of soil aggregates. The disruption
of soil structure weakens soil aggregates to be susceptible to the external forces
of water, wind, and traffic instantaneously, and over time. Al-Kaisi et al. (2014) on
a long-term tillage study with five tillage systems, moldboard-plow, chisel-plow,
deep-rip, strip-till, and no-till in a rotation cropping system of maize - soybean
concluded that no-till not only increased the stability of micro- and macro
aggregates and soil organic carbon storage, but also increased the stability of all
aggregate fractions in continuous wet conditions for extended periods of time.
Conservation agriculture and no tillage is largely responsible for the cationexchange capacity and stability of the physical characteristics of the soil, or stable
aggregates, as well as appropriate relationship between macro and micro pore
water retention and thus has a direct and indirect effect on crop stands, (Carvalho
and Basch, 1999; Govaerts et al., 2009), and the total soil carbon content (Basso
et al., 2011) reducing CO2 (Ussiri, 2009a), N2O and CH4 (Ussiri, 2009b)
emissions. Improvement of soil physical and chemical properties has also been
demonstrated by Sá (2004) over ten years of experiments with no-tillage
practices.

32

PhD Thesis
Luís Alcino Conceição
Literature Review
_____________________________________________________________________________

Also in Mediterranean semi-arid conditions in Tunisia, results showed that after
4 years the contents of some parameters for most crop types were greater under
NT than under CT at 0 – 20 cm depth layers, the results varied depending on
crop type and site. NT significantly improved soil content especially for K2O, P2O5
and N (Moussa-Machraoui et al., 2010). But also carbon sequestration can be an
advantage of conservation farming, especially in no tillage systems. Sombrero et
al. (2010) showed in a study conducted to determine the effect of tillage systems
and cropping sequences on soil organic Carbon (SOC) patterns after 10 years of
soil management that at a depth of 0–10 cm, the SOC content was significantly
higher with NT than CT or minimum tillage (MT), by 58% and 11%, respectively.
Considering soil penetration resistance as the capacity of the soil in its confined
state to resist penetration by a rigid object (Soil Survey Staff ,1993) also known
as cone index or mechanical resistance, it might be expected to be highly
correlated with root growth (Carvalho et al., 2006), soil compaction and density
(Freddi et al., 2009; Jung et al., 2010), seed emergence (Chi and Tessier, 1995),
soil crust formation (Baumhardt et al., 2004), and energy requirement for soil
cultivation (Bennie and Burger, 1988). Soil resistance to penetration can be
estimated using manual cone penetrometers that are simple, user-friendly and
relatively inexpensive devices (Vaz et al., 2011).
Comparing tillage systems for soil penetration resistance, although conservation
tillage initially leads to higher values of penetration resistance (Moreno et al.,
1997) some sort of equilibrium is reached after a few years of no tillage practices
with lower values of penetration resistance founded compared to conventional
tillage where compaction can be found in soil subsurface due to mouldboard
ploughing in wet conditions (Davies et al., 2002).
Soil temperature and moisture affecting seed germination (Kaspar et al., 1990)
depend on the ideal seedbed conditions of each tillage system. In maize crops a
difference of one Celsius degree in soil temperature can affect significantly early
growth and development under no tillage conditions (Schneider and Gupta,
1985). Tillage practices change dryness and heating rates because of soil surface
disturbance. Compared to conventional tillage, soil warming under conservation
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tillage is generally slower (Drury et al., 1999) because of the crop residue layer
on soil surface that reduces solar radiation (Saurer et al., 1998).
With regard to the environment, the adoption of no-tillage systems contributes
towards reduction of soil erosion, increased crop residue retention and greater
soil organic matter content. Basch et al. (2008) studying the combination of notill and the use of different crops and amounts of residues and their management
on the evolution of soil organic matter suggest that the return of cereal residues
instead of its removal or grazing in combination with no-till for crop establishment
can contribute considerably to improve the low soil organic matter levels found in
Mediterranean environments.
Although in all parts of Europe adoption of no-till depends strongly on successful
handling of surface residues, weed and compaction control as well as correct
selection and use of herbicides and direct drills, it seems increasingly important
as an allied preservation of surface residues to become the standard farming
practice in Mediterranean countries, because of better economics and improved
soil and water conservation (Soane et al., 2012). Main reasons for increased
water storage under conservation tillage practices are improved water infiltration
and hydraulic conductivity because of the reduced soil disturbance and cover
crop residues (Dao, 1993).
Portugal and Spain, based on the European Commission’s Pan-European Soil
Erosion Risk Assessment model, are among the regions with the highest risk of
soil erosion by water in Europe and have altered the physical properties of the
soil due to traditional grazing practices and conventional tillage systems. Thus, in
the last few years, there has been an emergence of low input farming systems
and concepts of environmentally friendly agriculture, such as conservation
agriculture, but also integrated farming, organic farming and precision farming.
Although, many farmers traditionally seed maize crops under conventional tillage
systems, no tillage and minimum tillage, year after year, are becoming cultural
practices in use in Alentejo region for maize crops representing time and cost
saving because under irrigation two crops per year become possible in
Mediterranean regions

(Carvalho et al., 1994). Since the 1980s, different
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experiments with soil tillage systems are being conducted for the major cereal
crops, such as grain cereals, pasture, and forage, sunflower and irrigated maize,
cultivated in the Alentejo region, in Portugal. Except for sunflower, results have
shown no yield reduction when compared with direct seeding. According to
farmers’ personal reports, based on a 2012 campaign, no-tillage in a maize crop
presents a saving of 120€ per hectare in total machinery management, compared
to c tillage (Conceição, personal communication, June, 2013). Considering soil
erosion and land degradation as well as the highest power requirements by tillage
systems, the application of energy-saving methods can make effective
contributions to economy and environment.

3.3 Seed depth control

Under no tillage, seeders should be adapted to different physical soil conditions
so that distribution performance is not affected. According to Karayel et al. (2008)
seeders’ distribution can be evaluated in the longitudinal and vertical planes being
the vertical plane specified by the seeding depth.
Adjusting seed depth is of great importance for better crop germination and
emergence (Al-Kaisi and Yin, 2004, Carvalho, 2001), especially under no tillage
conditions than compared to conventional tillage systems (Baker and Saxton,
2007).
To quantify the effects on seedling emergence of imperfect drilling depth under
no-tillage, Hadfield (1993) measured the variations in germination and
emergence of wheat (Triticum aestivum) and lupin (Lupinus angustifolius) drilled
in inverted-T-shaped no-tillage slots at various depths. Hadfield (1993) concluded
that wheat was less sensitive to depth of sowing than lupin in the 20 mm to 50
mm depth range, but both were seriously affected by depths greater than 50 mm.
Overall, seedling emergence with this variety of wheat decreased by 4% for each
10 mm increase in drilling depth between 20 mm and 70 mm.
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In no tillage, where there is always an accumulation of residues on the soil
surface, especially in colder regions, mulch slows the emergence, reduces the
stand and, in some cases, may even cause drop in yield crop depending on the
depth at which the seed was placed. Table 6 shows the effect of seeding depth
on the emergence, vigour and mean emergency period in maize (Bresolin, 1993).

Table 6. Effect of seeding depth on the emergence, vigour and mean emergency
period in maize.
Seed depth (mm) P.emergence (%)
25
100
50
97,5
75
97,5
100
80

Vigour
3
3
3
2,5

Mean emergence time (days)
8
10
12
15

Salmon (2005) examined the effects of seeding depths (from 0 to 50 mm) on the
emergence of brassica seedlings when sown into a range of no-tillage soils in
New Zealand using the disc version of winged no-tillage openers, he concluded
that, with this particular opener, which is known to create a favorable environment
for both seeds and seedlings, depths of sowing from 10 to 25 mm had no
significant effect on the rates or final counts of seedling emergence, but that zero
depth and 50 mm depth reduced emergence markedly.
For uniform planting on uneven fields, each row unit should operate
independently of the others (Bouaziz et al., 1990) for which there is a
parallelogram linkage between seeding lines and the seeder chassis. Regarding
seed depth, many factors determine the correct calibration such as seeder weigh
and furrow openers, side gauge wheels, pressure control and even press wheels
(Baker and Saxton, 2007). According to the same authors, openers are the only
components of a no-tillage drill or planter that actually break the soil surface,
placing seed and fertilizer in the soil as a function of opener design because, of
the capacity to control soil surface disturbance, soil stickiness, cope with stones
and other surface obstructions, avoid depositing seeds in hair pinned residue,
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prevent seed bounce and cover the slot to a consistent depth and usually require
low traction force (Johansen et al., 2012).
According to Carvalho (2001) the most common furrow openers in no-tillage
seeders used in Portugal are hoe and disc openers responsible for vertical slots
shapes (Figure 15).

a)

b)

iv

c)

iii

ii

i

Figure 15. Different furrow openers: (a) sharp hoe (Amazon, 2015), (b) winged
hoe (Kverneland, 2015), (c) (double disc (Semeato, 2000) and; (d) a complete
seeding element ((i) frontal cut disc, (ii) row cleaner, (iii) double disc and gauge
wheel, (iv) cover wheel (SOLA, 2015).

Hoe openers may be distinguished by the shape of the hoe from winged to sharp
undercut points, which are designed to make a relatively narrow slot and
penetrate the soil easily. Even with weights per seedline relatively low of 60 to
180kg (Carvalho, 2001) their ability to seed soil under dry conditions is good. The
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biggest disadvantage of hoe openers, is the fact that they can only handle modest
levels of residues without blockage (Carvalho, 2001; Baker and Saxton, 2007;
Sánchez and Ribes., 2013).

Disc openers with a free rotational movement due to soil contact, can be single,
double or triple discs. In both, single and double systems, discs are mounted with
an inclined angle relative to the ground plane and forward direction. With lower
penetration capacity than hoe models and higher weight per seedline up to 250
kg (Carvalho, 2001) their main advantage is the capacity to handle with the
remains of the previous crops. In triple disc versions a third vertical disc is placed
ahead of, or between two angled discs cutting the residues on the seeders
trajectory and additional amount of downforce is required for penetration
(Mitchell, 1983). These seeders have an intermediate capacity between single
and double disc versions to handle with crop residues where the assembly of row
cleaners significantly improve their performance in particular leading with major
crop residues such beet and corn (Sánchez et al., 2013). Because of the weight
supported by three discs the penetration capacity of these sowers is lower than
that of the double disc versions (Carvalho, 2001).

About the effects of the relationship of different openers to different residue levels
and soil moisture, Choudhary (1985) concluded that on barley seedling
emergence most openers performed reasonably well in favorable soil moisture
conditions, regardless the level of residue, but when the conditions became wet
the shortcomings of the vertical double disc opener became progressively more
apparent as the length of the residue increased and winged and hoe openers
performed best.

Also because of the accuracy needed in seed placement of precision crops like
maize, precision seeders usually are equipped with disc furrow openers (Baker
and Saxton, 2007; Sánchez et al., 2013) and gauge wheels. Gauge wheels,
usually adjusted by a handle and controlled by a pressure system are responsible
for tracking the uneven conditions of soil surface typical of no till parcels to
maintain seed depth (Figure 16).
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Each handle position represents a different planting depth; raising gauge wheels
lowers seed depth for deeper planting and lowering gauge wheels raises seed
depth for shallow seeding. For a better accuracy, gauge wheels should be as
closer as possible to disc furrow openers so side gauge wheels are considered a
more efficient system than those ahead or rear to furrow openers (Baker and
Saxton, 2007).

b

a

Figure 16. Left, seed depth control of a disc furrow opener with a side gauge
wheel (a) and handle calibration (b) of a RAU Maxem seeder; right, spring
pressure control of a Semeato no till seeder (Semeato, 2000).

Seed depth control is achieved with the combination of seed weight and individual
pressure calibration of the seeder’s lines according to soil resistance to
penetration, moisture, and residue cover (Carvalho, 2001). Pressures less than
700 psi (4.8 MPa) are normally used when seeding in conventionally tilled fields,
pressures of 700-900 psi (4.8 - 6.2 MPa) are normally used in minimum till and
no-till conditions to keep gauge wheels in contact with the surface and pressures
above 900 -1100 psi (6.2 – 7.5 MPa) are for most difficult operating conditions
(Baker and Saxton, 2007).
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Seed line pressure may use a passive or dynamic system. The passive system
is obtained by mechanical adjustment of a spring or hydraulic pressure of a
cylinder and its calibration value remains constant unless there is an operator
intervention. Spring pressure is more commonly obtained by compression than
by tension and less pressure should be calibrated behind the drive wheels to
avoid soil compaction (Alpendre and Carvalho, 1990). The disadvantages of
passive systems are lack of adjustability; if too little down-pressure is applied,
insufficient opener arm spring compression and inconsistent opener penetration
will occur; if too much down pressure is applied, the opener arm will effectively
change the relationship between the disk opener, seed boot and closing wheel
resulting in inaccurate and or uneven seed placement. In addition springs lose
pressure capacity due to spring distortion and so more frequently repairs and
maintenance will be needed (Baker and Saxton, 2007). However because of their
mechanical simplicity and cost, passive systems are commonly used.

No till seeders may be assembled with dynamic seed depth control mechanisms
allowing a suspension system which provides more consistent down pressure
throughout its vertical travel allowing infinite pressure adjustments from a single
control point. The two most useful mechanisms are the use of air and hydraulic
actuators for pressure control (Morrison, 1988).

Figure 17 illustrates different types of actuators for dynamic seed depth control.
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a

C

b

d

Figure 17. Dynamic seed depth control actuators: a) compressed air (John Deere,
2015), b) hydraulic system (AgLeader, 2015), c) electro-hydraulic system (Cross
Slot, 2015), d) and gas over oil system (Slyfrance, 2015).

3.3.1 Compressed air pressure control
The air pressure option uses large volumes of air acting on large-diameter
cylinders attached to the drag arms. Landoll and Gengler (2012) patented an air
spring down pressure system for implements. According to this patent, in a
suspension system, an air spring assembly disposed between upper and lower
mounts provides consistent and adjustable down pressure on the arm of an
agricultural implement by keeping the mounts parallel to each other using a guide
rod.

In a seeder each row-unit has a single air bag located between the parallel arms.
The air bag is hooked in parallel so air can be added or released from all rows at
once from one location.

The air springs are connected to a source of air pressure such as an air hydraulic
compressor responsible for maintaining a consistent pressure value allowing
seeder of consistent planting depth. Figure 18 shows the main components
described above assembled as a compressed air system of a John Deere no till
model (John Deere, 2015).

41

PhD Thesis
Luís Alcino Conceição
Literature Review
_____________________________________________________________________________

a

b

d

c

Figure 18. Compressed air pressure elements assembled in a John Deere no till
seeder: (a) air compressor, (b) hydraulic driven, (c) pneumatic valve, (d) airbag
spring (John Deere, 2015).

Once calibrated a margin of additional down force applied to a row unit above
and beyond what is required for penetration to a certain planting depth, the
system frees the operator from constantly making manual downforce adjustments
as soil conditions change (Figure 19).
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A) Margin – Amount of additional down force applied to a row unit above
and beyond what is required for penetration to achieve planting depth. This
additional weight will ride on the depth gauge wheels.
120 + 80 = (200 – 150) = 23 kgf (50 lbf = 0.23 kN) of margin
B) Weight of row-unit - 54 kgf (120 lbf = 0.53 kN)
C) Downforce – Force that is applied to the row-unit by the air bag circuit 36 kgf (80 lbf = 0.36 kN)
D) Resistance from soil - 68 kgf (150 lbf = 0.67 kN )
Figure 19. Schematic example of a down force and margin calibration to a John
Deere no till seeder (ad. John Deere, 2015).

According to Baker and Saxton (2007) the biggest disadvantages of using air
directly are the limited amount of pressure that can be practically obtained, and
the fact that the oxygen in air under high pressure can be explosive and that highpressure air cylinders need to be independently lubricated, which is a problem in
a semi-static systems such as this.
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3.3.2 Hydraulic pressure control

Hydraulic pressure control is a gas over oil system in which there is the use of oil
in a hydraulic system in equilibrium with a compressed inert gas contained in one
or more accumulators (Baker and Saxton, 2007).

According to Basset (2014) that patented an hydraulic down pressure control
system (Figure 20) for an agricultural implement, as computers and GPS systems
have allowed crop production to be managed in a location-specific way as an
implement moves through the field, it has become necessary to achieve more
rapid changes in the setting or adjustment of the implement. In the case of a
planter row unit, it is also necessary to generate a large amount of force. Each
individual planter row unit must be able to react to the soil it encounters
independently of the other row units.

An air spring can allow remote adjustment of the planter down pressure without
stopping the forward motion of the implement, but it is inefficient. The slow rate
at which an air spring system can be inflated or deflated means that even if a
GPS system determines that a change needs to be made because of a
programmed or sensed change in the local soil composition or conditions, by the
time the pump can change the air pressure the implement has already moved too
far forward of where the change needed to be made. This forces the average grid
size in which active adjustments of the planter down pressure can be made to be
quite large.
On the contrary, mechanical springs have historically required that the operator
stop the implement, get out of the tractor, and make a manual adjustment.
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Figure 20. Left, perspective view of a planting row unit attached to a towing frame
(1. bin, 2. frame, 3.gauge wheel, 4. V hopper, 5. Hydraulic cylinder and
accumulator) and, right, detail of a hydraulic cylinder and accumulator unit (1a.
hose, 2a. hydraulic cylinder and 3a. accumulator).

As the planting row unit is moved by the tractor, the V-opener penetrates the soil
to form a furrow or seed slot and a gauge wheel determines the planting depth
for the seed and the height of introduction of fertilizer. The planting row unit is
urged downwardly against the soil by its own weight, and, in addition, a hydraulic
cylinder is coupled between the front frame and the linkage assembly to urge the
row unit downwardly with a controllable force that can be adjusted for different
soil conditions. The hydraulic cylinder may also be used to lift the row unit off the
ground for transport by a heavier, stronger, fixed-height frame that is also used
to transport large quantities of fertilizer for application via multiple row units.
Pressurized hydraulic fluid from the tractor is supplied by a hose to a hydraulic
cylinder if an obstruction requires quick movement, oil can flow quickly and freely
between the force cylinder and the adjacent accumulator, without exerting force
on other actuators in the system. In addition, gas over oil cylinders can be
arranged so that the downforce on the openers remains virtually unchanged
throughout the entire length of opener travel upwards and downwards because
the force exerted and, if the individual hydraulic cylinders are of the double-acting
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type these downforce cylinders can also be used to lift the openers for transport.
(Baker and Saxton, 2007).

An upgrade of the hydraulic seed depth control is to assemble the seeder with an
electronic device that constantly measures the hardness of the soil as the opener
travels through it and according to that oil pressure adjusts automatically on the
move to ensure a correct downforce and so a uniform seed depth. In the
commercial versions the system automatically adjusts this force as the soil gets
harder or softer, monitoring the ground hardness 10 times a second and adjusts
the hydraulic pressure three times a second on the move (Baker and Saxton,
2007). The system can be over-ridden at any time. In manual mode it allows the
operator to change the oil pressure manually on-the-move using the tractor’s
spool valves in the cab, in automatic mode the control system tells the tractor
hydraulic system to make the necessary alterations to the down force pressure
that the operator would have been making manually in manual mode.

3.4 Precision crop management

According to Cox (2002) Information Technology as a concept concerned with
the acquisition, recording and communication of information is being applied in
adapting technology to the complex requirements of food production and rural
environment. These techniques can be grouped under the general heading of
Precision Agriculture, which include applications to livestock production as well
as the spatially-variable field operations made possible by the satellite Global
Positioning System (GPS) (Cox, 2002).
In conventional farming large areas are treated as homogeneous, leading to the
concept of average inputs requirements such as fertilizers, pesticides and water
management (Capelli, 1999). On the contrary the importance of site specific
management (Atherton et al., 1999; Stafford, 2000) namely to conservation
agriculture systems (Basso, 2003) is to quantify yield variability in small areas of
the field and spatial variability of soil properties allowing the adjustment of inputs
such as fertilizers, pesticides, seeding rates and machinery correct setup and
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calibrations (Manzatto et al., 1999; Tschiedel and Ferreira, 2002). Yields can now
be mapped and prompt technology is needed to assist management practices
based on that variability (Mulla, 1992).
Since fields contain an arrangement of soil and landscapes, extensive spatial
variability in soil properties and crop productivity is the norm rather than the
exception. In the case of maize crops, mean values for crop yield within sub
regions of a field can vary from 3500 to 8500 kgha-1 for maize (Sadler et al.,
1995). Both delayed and variable emergence can lead to yield loss in maize (Ford
and Hicks, 1992).
Emergence variability and any resulting growth and developmental nonuniformity can thus result in increased per-plant yield variability, which often
lowers overall yield (Nafziger et al., 1991; Liu et al., 2004).
Soil fertility variations can be so extensive that some areas of a field don’t require
fertilizer additions, while others need significant amounts in soil nitrogen or
phosphorus (Mulla et al., 1992). But climate variability is no less important. The
difference in crop yield between poor and excellent climate years can often be
one order of magnitude (Huggins and Aldefer, 1995).

A successful precision farming management system is one in which the key
limitations to optimum profitability and environmental protection can be identified,
characterized and managed at the appropriate locations and times (Mulla and
Schepers, 1999). According to the same authors, several processes and
properties affecting spatial and temporal variability in crop yield may be identified
(Table 7).
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Table 7. Processes and properties affecting spatial and temporal variability in
crop yield (ad. (Mulla and Schepers, 1999)
Process

Properties
Temperature, radiation, soil aeriation and
drainage, compaction, weed population
Photosynthesis and root respiration
density and weed growth stage
Precipitation, irrigation, evapotranspiration,
leaf area index, leaf temperature, crop
rooting patterns, soil water and hydraulic
conductivity, soil moisture and drainage
Water uptake
status, soil compaction, top soil depth,
landscape position and weed population
density
Soil and tissue nutrient availability tests,
nutrient placement and timing, nutrient
uptake efficiency, landscape position,
Nutrient uptake
organic matter content, temperature, soil
moisture availability and drainage status,
weed population
Planting date, depth and density, crop
cultivar, growing degree days and growth
Crop phenology
or leaf stage index
Yield, harvest index, grain stress
index,protein content, lysine content, test
Grain filling
weight, landscape position, soil moisture
and drainage and soil mapping unit

Precision farming technologies, not only help us giving more detailed information
to know how to conduct crop fields but also can be part of instrumental machinery
technology to reach better performance saving environmental impact (Valero et
al., 2010) and associated risks (Coelho and Silva, 2009).

There are several technologies associated with precision farming concept. Thus
technologies of precision agriculture can be classified as one-time applications
or cycle applications according to the short or long term they are used,
respectively (Coelho and Silva, 2009). One time are the applications used in a
year compared to those that can deal with spatial variability along crop cycles
determining considerable changing of inputs or crop environmental conditions,
and, were soil sampling, remote sensing and in site sensors are important tools
to evaluate the need of spatial variability management.
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Besides these applications, the adoption of crop management technologies such
as GPS guidance systems, allows the operator to guarantee that tracking work is
more assertive, minimizing overlaps or gaps and thereby increasing the
economic efficiency of the operation (Pinto et al., 2013).
In 2011 year’s survey by the Centre for Food and Agricultural Business and
Department of Agronomy at Purdue University has partnered with CropLife
magazine and Trimble, from a total of 2500 dealership readers and 171
respondents, GPS guidance systems represented the anchor in the precision
technology relay with either manual control, light bar, or automatic control,
automatic steering, being used by 82% of retailers responding. In Portugal a
recent survey concluded that 90% of precision agriculture devices in agriculture
machinery were related to GPS guidance systems and only 10% to yield monitors
or other equipment (Conceição, 2015).

In addition to GPS related technologies are geographic information systems
(GIS) crop yield monitors; variable rate technologies (VRT), multispectral remote
sensing information obtained through NDVI maps and different soil sensors
(Serrano 2014; Pinto and Braga, 2011).

GIS software solutions support precision farming and agriculture by integrating
sensing, GPS and variable rate technology to maximize agricultural production.
Covering all information, each waypoint has associated data, such as slope, soil
chemical and physical properties, crop yield, that can be managed separately or
together through different interpolation methodologies (Coelho and Silva, 2009).
El Nahry et al., (2011) in a studied area represented by an experimental pivot
irrigation field cultivated with maize determined the profitability of precision
farming economically and environmentally compared to traditional tillage
methods. After applying precision farming a dramatic change in management
zones was noticed and three management zones of a total of four were merged
to be more homogenous representing 84.3% of the pivot irrigation. Remote
sensing and geographic information system techniques have played a vital role
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in the variable rate applications that were defined due to management zones
requirements. Fertilizers were added in variable rates, natural drainage system
was improved by designing vertical holes to break down massive soil layers and
to leach excessive salts and so economic and environmental profitability using
precision farming has been achieved by potentially reducing input costs,
increasing yields, and reducing environmental impacts.
3.4.1 Remote sensing technologies
Since the 1960s a new dimension was added with the development of airborne
and satellite platforms for remote sensing of land surface features and with the
improvement of radiation sensors, satellite and airborne receivers by increasingly
detailed information on the reflected spectra, while fast digital processing of their
output data, coupled with data fusion techniques, have led to a variety of
powerful, thematic mapping presentations (Cox, 2002).
The importance of remote sensing is the acquisition of information about an
object or phenomenon without making physical contact with it using aerial sensor
technologies that gather natural radiation emitted or reflected by the object or
surrounding areas (Elachi, 1987; Tilling et al., 2007).
According to Bastiaanssen et al. (2000), five relevant advantages can be
mentioned about remote sensing: 1. Measurements derived from remote sensing
are objective; they are not based on opinions; 2. information is collected in a
systematic way which allows time series and comparison between schemes; 3.
remote sensing covers wider areas compared to ground studies; 4. information
can be aggregated to give a bulk representation or disaggregated to very fine
scales to provide more detailed and explanatory information related to spatial
uniformity; and 5. information can be spatially represented through geographic
information systems, revealing information that is often not apparent when
information is provided in tabular form.
According to Jackson et al., (1991) there are sensors that detect more than 18
wavelengths through images collected from aircrafts flying at low altitude with
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resolutions on the order of 10 to 28 cm allowing a characterization of the crop
that otherwise would not be possible.
More recent multispectral and hyperspectral optical remote sensing sensors
record reflective radiation in the visible, near infrared, and shortwave infrared
bands, (Salami et al., 2014)
Figure 21 illustrate a typical spectral response of green vegetation (Meneses,
2001).

Figure 21. Typical spectral response characteristics of green vegetation.

Isla and Lopez-Lozano (2005) from the radiometric data received and chlorophyll
relationship grouped vegetation indexes into 5 categories. The first set of indexes
is calculated from reflectance in the visible, in the green, PSR, NPCI,
MCARI,TCARI and PRI being PRI according to Barton and North (2001) the
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highly correlated with efficiency of the use of solar radiation of the crop cover.
The second group is of those based on the reflectivity differences between red a
near infrared such as NDVI, NIR, and OSAVI (Steven, 1998). The third group of
indexes is based on the reflectance differences between the green and the near
infrared such as GNDVI and SIPI which is carotenoids correlated with relationship
to chlorophyll affected in stress conditions. A fourth group accounts for
reflectance in near infrared regions, red and green, as TCARI / OSAVI with the
objective of minimize the influence of leaf area and maximize chlorophyll
sensitivity, and a fifth group is based on amplitude and position of the red edge
region in the near infrared range to account for the brightness of foliage in infrared
photography for chlorophyll content (Curran et al., 1990).
In principle non-photosynthetic vegetation and soils have similar spectra, but in
fact it is possible to separate crop residue from soils using optical remote sensing
imagery because crop residue has a unique absorption feature near 2100 nm
associated with cellulose and lignin (Moran et al., 2002).
Zheng et al. (2014) summarize different tillage indices into three categories
according to the types of sensors: hyperspectral, Advanced Space borne
Thermal Emission and Reflection Radiometer (ASTER) and Landsat-based
tillage indices. The Cellulose Absorption Index (CAI), one of the hyperspectral
tillage indices, is most sensitive to crop residue (Serbin et al., 2009).
According to the same author tillage indices calculated based upon the 2100 nm,
cellulose absorption region outperform those that are not based upon cellulose
absorption so the Shortwave Infrared Normalized Difference Residue Index
(SINDRI) is the best ASTER tillage index, while Normalized Difference Tillage
Index (NDTI) is the best Landsat-based tillage index.
In addition, tillage indices with wider spectral bands have higher levels of
sensitivity to green vegetation and soil variation thus Landsat-based tillage
indices can be easily confounded by the presence of green vegetation and by
variation in soil colour and soil moisture (Zheng et al., 2014).
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Several studies showed the possibility of use remote sensing to evaluate a large
number of vegetation properties by different vegetation indices such as the NDVI.
The NDVI is a widely used vegetative index developed and implemented in the
late 1970’s (Deering (1978) cited by Jackson et al., 1991) which gained a wide
acceptance due to its ease of use, utilizing only two wavelengths, and because
of the important plant characteristics the ratio reflects. The NDVI is calculated
from these individual measurements as shown in Equation (1):

,

Eq.(1)

where VIS and NIR stand for the spectral reflectance measurements acquired in
the visible (red) and near-infrared regions, respectively (Basso et al., 2007).
The NDVI index can be correlated for different vegetative parameters including
Leaf Area Index, biomass, chlorophyll concentration in leaves, plant productivity,
fractional vegetation cover and thus a practical tool to monitor crop growth and
development (Shanahan et al., 2001; Solari et al., 2008; Verhulst et al., 2011).
Verhulst et al. (2011) evaluating the crop growth and development under different
tillage, rotation and residue management practices concluded that zero tillage
with residue removal had low NDVI values throughout the growing season. Thus
zero tillage with retention of crop residues results in time efficient use of resources
as opposed to conventional tillage, regardless of residue management and zero
tillage with residue removal.
Gopalapillai et al., (1998) conducted a study using aerial photography in the NIR
band for evaluating the spatial variability of soil, nutritional status and yield of a
maize crop. The results of the processed images showed different groups of
pixels indicating the spatial variability and soil types in order to be able to create
a guide for sampling the soil rather than the conventional sampling method.
The reflectance of vegetation was correlated with crop yield between 75th and
141st days after the sowing date, and the spatial variability of yield was linearly

53

PhD Thesis
Luís Alcino Conceição
Literature Review
_____________________________________________________________________________

correlated with the spatial variation of the individual bands of near infrared (NIR),
Red (R ) and green (G).
Because of its simplicity in the interpretation of vegetation phenology Motohka et
al. (2010) used the GRVI as a phenological indicator (Equation 2);

(Eq.2)
where ρgreen is reflectance of visible green and ρred the reflectance of visible red.
According to the same authors the balance between green reflectance and red
reflectance can find three groups of spectral reflectance patterns for major
components of ground cover: green vegetation (conifers, deciduous trees, and
grass) where ρgreen is higher than ρred, soils (brown sand, silt, and dry clay) where
ρgreen is lower than ρred and water and snow where ρgreen and ρred are mostly the
same. So they concluded that GRVI is a useful indicator of not only vegetation
phenology especially for leaf autumn colouring, but also disturbance and
ecosystem types.
Goel et al., (2003) using the digital Compact Airborne Spectrographic Imager
(CASI) to obtain digital land information, at a lower cost and higher resolution,
compared to satellite imagery evaluating through the visible and near infrared
bands the presence of weeds and nitrogen stress of a maize crop by three
observations at 4, 8 and 12 weeks after sowing. The results indicated that maize
reflectance was significantly influenced by the presence of weeds, nitrogen levels
and by the interaction of both parameters. The influence of weeds was most
significant observed in the first evaluation compared to the stress deficiency in
nitrogen which was observed in any of the three evaluations and evident at the
wavelength of 498 nm to 671 nm.
Diker and Bausch (2003) in another trial in a maize crop, evaluating leaf area
index, biomass and vegetation indexes concluded that any of the vegetation
indexes (NDVI, SAVI, MSAVI and NIR) showed similar determination coefficients.
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Also Haboudane et al. (2002) studying a methodology for prediction of crop
chlorophyll content in precision agriculture used a model through the TCARI and
OSAVI indexes calculated by aerial imaging obtained by the CASI. The data
showed a correlation of R2= 0.81 between the estimated and measured
chlorophyll data in the field.
Satellites provide a continuous set of imagery which permits monitoring on a
regular time basis, whereas full-scale aircraft improve the resolution of the
imagery by flying at lower altitudes; however, because of the cost, the frequency
of full-scale aircraft is not as regular as that of satellites (Salami et al., 2014). The
same authors presented in Table 8 a subset of documented case studies that
demonstrate the great potential of the use of UAVs in precision agriculture as well
as in Table 9 a set of primary vegetation indices used in UAV-based remote
sensing.

Table 8. Vegetation remote sensing applications using UAVs (ad Salami et al.,
2014).
Use case in Precision Agriculture
Modeling canopy struture
Ripeness monitoring
Water stress detection

Estimation of nitrogen level
Pathogen detection
Aerobiological sampling
Plant health monitoring
Mapping invasive weeds
Monitoring herbicide applications

Authors and year
Ambrosia et al. (2009); Merino et al. (2012)
Johnson et al. (2003)
Zarco-Tejada et al. (2012); Berni et al. (2012);
Gago et al. (2013); Baluja et al. (2012)
Lelong et al. (2008); Tokekar et al. (2013); Uto et al.
(2013)
Calderón et al. (2013); Bendig et al. (2012)
Techy et al. (2009)
Nebiker et al. (2008)
Herwitz et al. (2004)
Xiang et al. (2011)
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Table 9. Primary vegetation indices used in UAV-based remote sensing (ad.
Salami et al., 2014).
Index
Thermal indices
CWSI

Description

Bands

Uses

Authors

Crop Water Stress Index

TIR

Water stress detection

Ig, I3
Spectral indices
GI

Stomatal Conductance indices

TIR

Water stress detection

Calderón et al . (2013); Gago et al . (2013)
Baluja et al. (2012)
Gago et al . (2013), Baluja et al. (2012)

Greenness Index

VIS

Chlorophyll concentration

GNDVI

Green Normalized Difference VI

NIR, VIS

NDVI

Normalized Difference VI

NIR, VIS

PRI
SAVI
TCARI/OSAVI

Photochemical Reflectance Index
VIS
Soil-Adjusted VI
NIR,VIS
Transformed Chlorophyll Absorption in NIR,VIS
Reflectance/Optimized Soil-Adjusted VI

Lelong et al . ( 2008); Calderón et al. (2013)
Zarco-Tejada et al . (2012)
Nitrogen concentration
Lelong et al . (2008)
Water stress detection
Baluja et al. (2012)
LAI estimation
Hunt et al. ( 2010)
LAI estimation
Lelong et al. (2008); Calderón et al. (2013);
Berni et al. (2009); Nebiker et al. (2008)
Sugiura et al. (2005); Grenzdörffer et al . (2008)
Water stress detection
Baluja et al. (2012)
Water stress detection
Baluja et al. (2012); Sugiura et al. (2005)
LAI estimation
Hunt et al. ( 2010); Lelong et al . (2008)
Chlorophyll concentration
Baluja et al. (2012), Berni et al. (2009)
Baluja et al . (2012)
Water stress detection

Typically, the UAV payload produces as final result a NDVI map as a large mosaic
constructed by stitching images together, which is recognized as a good
estimator of the biomass of the vegetation and for long-term water stress
assessment. The near-infrared channel wavelengths are the most basic input to
obtain them, namely by the use of commercial off-the-shelf cameras that can be
rapidly transformed to obtain the near-infrared band.
The largest advantage of UAV remote sensing for PA, is not as much the
resolution, but the fact that they can have a high resolution image at the time the
farmer needs it, and with a short delivery time and minor operational cost as well
large applications in precision agriculture (Medeiros et al., 2008; Watts et al.,
2012). Major problems may consist in light reflectance for N measuring and flight
height because of the need of overlapping images to complete a total area which
involves high standards of autonomy for electric engines, or adequate strips to
land and take off for fuel models.
The payload capacity and flight autonomy of the platform are usually a trade-off
decision being the most frequent values in monitoring vegetation ok 5 kg and halfhour to one-hour range (Salami et al., 2014). This disadvantage also affects the
final information that a given platform (drone or fixed wing) is able to capture, as
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most of the low-weight cameras can register VIS and close-NIR wavelengths
(providing, therefore, NDVI or similar indexes only), but higher wavelengths are
reserved for high-weight sensors such as multi and hyperspectral cameras.

3.4.2 Soil sensing technologies

Different soil properties and parameters can be evaluated and controlled through
different soil sensors solutions. Some of the sensors used for the study of the
working depth suggested from different authors are summarized in Table 10.

Table 10. Sensors and parameters measured by different authors in order to
study soil working depth
Sensors used

Parameters evaluated

A load cell and a circular
potentiometer
Ultrasonic

and

linear

displacement sensors.
Ultrasonic

Authors and year

Controlling tillage depth “on-the-go”.

Goruco et al. (2001)

Regulate seeding depth

Marlow et al. (2009)

Minimize the difference of the manure
injection depth

Load cells and sets of strain

Measure

the

load

applied

gauges

implement during tillage.

to

the

Saeys et al. (2007)
Adamchuck et al.
(2004)

Alimardani et al. (2007) determined the optimum tillage depth using a cone
penetrometer on three different coastal plain soils to compare energy
requirement of site-specific tillage with uniform depth tillage operations. Also, the
effects of tractor speed, soil texture, moisture contents and electrical conductivity
on energy requirement and fuel consumption were determined. Based on the
penetrometer data, approximately 75% of the tested area required tillage
operations shallower than the recommended tillage depth for coastal plain soils.
There was a strong positive correlation between ECa readings and seed cotton
yield. Also, the predicted tillage depths were inversely correlated to the soil
electrical conductivity. Soil texture was found to override the effects of deep tillage
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operation. The authors also concluded that in the soil surface for sections of the
field with high clay contents and depth up 20 cm, there were no differences in
yield between variable depth tillage, no-till, and conventional tillage operations.
In the sandier part of the field with depth to clay layer more than 20 cm there was
a significant difference in yield between no-till and the other two tillage treatments.
The energy savings of 42.8% and fuel saving of 28.4% were achieved by
variable-depth tillage as compared to uniform-depth tillage.
Similar results were obtained by Keskin et al. (2011) that observed a strong
positive correlation between ECa readings and cotton yield while predicted tillage
depths were negatively correlated to soil ECa readings and applying a variable
depth tillage system, energy savings of 56.4% and fuel savings of 33.8% were
achieved compared to CT.
Currently ECa evaluations combined with the use of global navigation satellite
systems and geographical information systems are one of the most reliable
techniques to characterize the spatial pattern of soil properties within fields
(Sudduth et al., 2003; Moral et al., 2010). Measurement of apparent soil electrical
conductivity has the potential to make rapid measurements of soil water content,
clay content, cation exchange capacity and levels of exchangeable calcium and
magnesium, depth hardpan horizons, organic matter content and salt content soil
solution (Corwin et al. 2005) and so providing a correlation between soil
properties and soil electrical conductivity mapping is possible to delineate
management zones and soil boundaries (Kühn et al., 2009).
The two primary methods of measuring soil conductivity are by electromagnetic
induction or by direct soil contact. On one hand contact methods use at least four
electrodes that are in physical contact with the soil to inject electrical current and
measure the voltage that results. On the other hand, EMI sensors does not make
contact but instead uses a transmitter coil to induce a field into the soil and a
receiver coil to measure the response. Research has shown that the two methods
produce similar results (Sudduth, et al., 2003). The robust construction, freedom
from metal interference, and elimination of daily calibration are some of the
characteristics of the direct contact method that make it practical for widespread
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use in agriculture. Griffin and Hollis (2013) using a ECa survey data concluded
that soil types zones based on ECa could be used to estimate crop establishment
in wheat. They concluded that soils with higher content in clay had better
estimates of establishment than those with lower content and stones, and that
physical soil inspection will also be required because of the relationship between
crop establishment stone content and soil texture.
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4. OBJECTIVES
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To know the real sowing depth performance of no till seeders is a very laborious,
and economically unviable task to the farmer. Thus the main objective of this
thesis is to perform a survey on sensors and precision farming technologies that
could be useful to estimate the working performance of seed drill machines,
specifically regarding the vertical distribution of conventional no till seeders, in
order to obtain reliable information of seed depth placement of maize crops under
a variety of real farming fields in the Mediterranean region of Alentejo.
Trials took place in private farms according to the operator’s calibrations along
the years of 2010, 2011, 2012 and 2015. Plots and working conditions were
selected with the aim to explore the genuine difficulties suffered by maize growers
when using no tillage systems.
Therefore, the specific objectives of this thesis are:


to carry out a field assessment of the effect of tillage system and vertical
distribution on maize (Zea mays) seed depth placement and fuel
consumption;



to understand correlations between seed depth placement, soil resistance
to penetration and crop vegetative and establishment parameters such as
mean emergence time and percentage of emergence;



to carry out new concepts of site specific management, such as geo spatial
information tools and sensorial technologies on conservation systems
allowing the detection of physical limitations associated with the soil and
the consequences of such limitations with regard to possible reductions in
productivity.
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5. EXPERIMENTAL WORK
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This chapter describes the set of field works that took place along the
experimental period of this thesis.
Given the interest and practical approach in which trials were conducted, in
different moments these works have been published in technical and scientific
journals. The main references are:



Conceição, Luís A., Da Silva, J.R., Valero, Constantino, Elorza, Pilar
Barreiro Maize site specific establishment considering in loco soil-plant
evaluations and remote spectral sensors drone-transported. (under
submission to Biosystems Engineering Journal)



Conceição, L.A., Barreiro, P., Dias, S., Garrido, M., Valero C., Da Silva,
J.R., 2015. A partial study of vertical distribution of conventional no-till
seeders and spatial variability of seed depth placement of maize in the
Alentejo region, Portugal. Precision Agriculture Journal, DOI
10.1007/s11119-015-9405-x. Springer, US.



Conceição, Luís A., Valero, Constantino, Elorza, Pilar Barreiro, Dias,
Susana, Freixial, Ricardo. (2014). Variabilidade espacial de uma cultura
de milho (Zea mays): influência da distribuição vertical de
semente. Revista de Ciências Agrárias, 37(3), 329-339. Recuperado em
26
de
setembro
de
2015,
de
http://www.scielo.mec.pt/scielo.php?script=sci_arttext&pid=S0871018X2014000300010&lng=pt&tlng=pt. .



Conceição,L.A. ,Elorza, P.B.; Dias, S., Valero,C. (2013). Spatial variability
of seed depth placement of maize under no tillage in Alentejo, Portugal.
In: Proceedings of the 9th European Conference on Precision
Agriculture 7- 8 July 2013 - Lerida, Spain, pp 283-290. ISBN 978-90-8686224-5.



Conceicao,L., Elorza,P., Freixial,R., Dias,S. Garrido,M.,Valero,C. (2013).
Avaliação da resistência mecânica do solo na homogeneidade de
profundidade na sementeira de uma cultura de milho feita sob diferentes
técnicas culturais. Resumos das III Jornadas de Investigação e
Experimentação do Instituto Politécnico de Portalegre 6 e 7 Dezembro
2012, Portalegre, pp 522-531. ISBN 978-989-98406-3-8.



Conceição, L.A., Garrido, M., Valero, C., Dias, S., Barreiro, P., Freixial, R.,
2012. Effects of different soil management practices on soil mechanic
resistance and seed depth placement in a maize crop in Alentejo, Portugal.
In Proceedings of the International Conference of Agricultural Engineering.
CIGR Ageng2012, Valencia, Spain ISBN 84-615-9928-4, pp. CC-937.
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 Conceição,L.A., Garrido,M., Baguena,E.M., Elorza,P.B; Valero,C.,
Dias,S., Amante,R. (2011). Sementeira Directa e Tecnologias de
Agricultura de Precisão Contributo para o Aumento de Performance do
Semeador. Resumos do VI Congresso Ibérico de Agro-Engenharia, pp.
79. Universidade de Évora, Portugal.


Garrido,M.,Conceição,L.A.,Baguena,E.M.;Valero,C.,Barreiro,P.,2011.Eva
luating the need for an active depth-control system for direct seeding. In
Portugal. In John V. Stafford and Jim Schepers (Eds). Introduction:
Special Issue on 8th European Conference on Precision Agriculture
(ECPA), Precision Agriculture, 2013, 1, DOI: 10.1007/s11119-012-93034.



Ubierna,C.V.,Garrido,M.,Conceição,L.A (2010). Ahorro y Eficiencia
Energética Derivados de Nuevas Tecnologias de Siembra. Vida Rural
17(315), 72 – 76.



Conceição, L.A., Elorza,P.B.,Ubierna,C.V.,Garrido,M.,Dias,S.(2010).
Sementeira Directa de Precisão. Vida Rural Dezembro 2010, 26 – 28.
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5.1 Tillage system effect on maize seed depth placement and fuel
consumption

This experimental work has been presented and published in the Proceedings of
the International Conference of Agricultural Engineering CIGR Ageng2012,
Valencia, Spain, pp. C-937, and an enhanced version presented at the SIMA
EurAgEng conference in Paris on February 2015.

5.1.1 Introduction

Considering soil erosion and land degradation as well as the highest power
requirements by tillage systems the application of energy-saving methods can
make effective contributions to economy and environment. Compared to
conventional tillage, fuel consumption and therefore total energy savings per
hectare are 10% with reduced tillage and 32% with no-tillage, due to fewer
mechanical operations and the higher working capacity of the machines (Borin et
al., 1997).
Although, many farmers traditionally seed maize crops under conventional tillage
systems, no tillage and minimum tillage year after year are becoming cultural
practices in use in Alentejo for maize crops. Besides, direct drilling option also
represents cost and time saving (Carvalho et al., 1994) because under irrigation
two crops per year become possible in Mediterranean regions.
Although seeder implements should be adapted to different soil physic
conditions, so that seed crop can be sown with correct seed depth as soil
conditions change in different locations, it is important that operators check seed
placement behind the seeder for depth and seed-to-soil contact (Al-Kaisi et al.,
2000).
Considering one of the goals for correct seed depth placement overcoming soil
resistance to penetration (understood as the capacity of the soil in its confined
state to resist penetration by a rigid object) (Soil Survey Staff,1993), it might be
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expected to be highly correlated with root growth (Carvalho et al., 2006), soil
compaction and soil density (Freddi et al., 2009).
Appart from the tillage system, forward speed is usually a common
recommendation of seeder manufacturers. According to Laborde (2011) forward
speeds up to 5 kmh-1 under no tillage conditions should guarantee a regular
vertical and horizontal distribution for homogeneous crop emergence with
corresponding effect in regular mesocotyil length.
In a sowing operation the importance of furrow openers is to cut a furrow and
allow seeds or seedlings to be deposited before being partially covered with soil;
thus, to maximize potential maize yield, seed placement close to optimum sowing
depth must be maintained. Common types of furrow openers used for
conventional tillage are hoe, shovel, shoe, runner, single disc, double disc, chisel
and inverted T furrow openers (Choudhuri, 2001) as mentioned in the
bibliographic review.
Under no tillage conditions, seeder performance also depends on several factors
related to field conditions, including type and amount of residues at soil surface,
opener design and soil moisture content, this one, although can usually be found
with increasing depth, hazards of soil mechanical impedance increase with
sowing depth (Ozmerzi, 2002) affecting seeders distribution. Soil impedance can
be a result of soil surface or subsurface compaction. While surface compaction
can be partly lighted by normal tillage operations, subsurface compaction below
the normal tillage depth will remain. Fracturing or cutting subsurface compacted
soil has, in some cases, resulted in remarkable yield increases so a diagnostic
tool is important to measure the extent and depth of subsurface compaction: a
penetrometer, or soil compaction tester. The number of readings in a field
depends on the accuracy desired. It is recommended to take one reading every
100 to 150 feet (30 to 45 m), or three to four readings per acre (0.4 ha) (Duiker,
2002).

Considering that seed depth uniformity affects crop emergence, Liu et al. (2004)
showed a higher correlation between crop yield and emergence uniformity than
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regarding longitudinal plants distribution. Neto et al. (2007) evaluating seed depth
placement by measuring maize mesocotyl length under no tillage conditions in
38 farms found a coefficient of variation of 20% suggesting the need for improving
seeder depth control mechanisms. According to the same authors, conventional
criteria for evaluating vertical distribution of furrow openers has been through the
use of mean, standard deviation or coefficient of variation of seed depth
placement.
Thus, the objective of this study was to evaluate under Mediterranean conditions
the effect of different tillage systems on maize seed depth placement and fuel
consumption.

5.1.2 Material and methods

5.1.2.1 Location of the experimental fields

This study took place between April and May 2011 in three different field crop
conditions, conventional tillage (CT), minimum tillage (MT) and no tillage (NT) in
private farms, Pigeiro, Comenda and Lages in north Alentejo region with the
geographic coordinates 38º36'29'' N, 7º23'17,01'' W; 38º53'37,35'' N, 7º02'41'' W;
38º38'51,25'' N 7º46'55'',55 W; respectively.
Climatic factors for the region during the period of the trial were monthly average
temperatures and rainfall of 18.4ºC and 73.5 mm in April and 21ºC and 88,3mm
in May.

5.1.2.2 Soil, tillage and crop evaluations

Soil sampled analyses from the different fields had been taken from 0 to 100 mm
depth and, according the soil parameter being estimated, different protocols were
followed.

Texture was determined by the Bouyoucos hydrometer method
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(Bouyoucos, 1962); volumetric moisture content was determined following the
protocol described by Gardner (1986); organic matter by the Walkley-Black
protocol (Walkley and Black 1934); pH by a potentiometric method using a 1:2.5
dilution of soil to water and phosphorous and potassium by the Egner-Riehm
methodology (Egner and Riehm, 1955). Bulk density samples were taken with a
50 mm diameter ring and determined by dividing the weight of soil dried at 105°C
for 48h by the mass of water that would occupy the volume of the ring.
Table 11 show the initial conditions and soil characteristics in the three trial fields.

Table 11. Initial conditions and soil characteristics in the three trial fields.
CT

NT

MT

Field area
Seeding date

1.4ha
15th April

1.1ha
21st May

0.4ha
25th May

Previous crop
FAO soil classification
Texture (0-100mm)
pH
Soil organic matter
content (%)
Crop residue (g dry
matter m-2)
Assimilable phosphorus
(mg P2O5 kg-1)
Assimilable potassium
(mg K2O kg-1)
Bulk density (gcm-3)

Maize
Luvisol
Clay loam
8.1
2.6

Maize
Luvisol
Clay
6.2
2.9

Set aside
Fluvisol
Clay loam
6.5
1.8

-

2010

455

200

222

161

200

222

200

1.53

1.4

1.45

Soil moisture content (%)

14.8

12.5

11.0

In CT seedbed preparation before sowing consisted of a chisel ploughing to an
approximate depth of 30 cm followed by a two disc harrowing and a rototiller
passage. For MT seedbed preparation before sowing consisted of two disc
harrowing passages.
A Rau Maxem, a Semeato SPE06 and a Semeato SSE5/6 seeders with similar
technical specifications comprising double disc furrow openers were used (Table
12 and Figure 22). Maize seed of 320g 1000-1 FAO 500 was used in all three
treatments.
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Table 12. Seeders and field calibrations.
CT
RAU Maxem

NT
Semeato SPE06

MT
Semeato SSE 5/6

Number of rows/row
spacing
Depth control
mechanism
Seed depth set up
Average forward speed

4 row 0,75m

4 row 0,75m

4 row 0,75m

30 mm
3 km.h-1

30 mm
4 and 6 km.h-1

Seeding rate
Seeder Weight

80 000 seeds/ha
2550 kg

85 000 seeds/ha
2650 kg

Seeder model

Side gauge wheel and press wheels

73

50 mm
4 km.h-1
80 000 seeds/ha
2650 kg
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Figure 22. Seeders and sowing operations in conventional (top), minimum
(centre) and no tillage (bottom) condition at Pigeiro, Comenda and Lages farms,
respectively.

Seeding rate calibration per hectare and the number of seeds planter per meter
followed the Equations (3) and (4), respectively:

𝑃𝑙𝑎𝑛𝑡𝑠 𝑝𝑒𝑟 ℎ𝑒𝑐𝑡𝑎𝑟𝑒 𝑑𝑒𝑠𝑖𝑟𝑒𝑑

𝑆𝑒𝑒𝑑𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 𝑝𝑒𝑟 ℎ𝑒𝑐𝑡𝑎𝑟𝑒 = 𝑃𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 (%).

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑝𝑙𝑎𝑛𝑡𝑒𝑑 𝑝𝑒𝑟 𝑚𝑒𝑡𝑒𝑟 =

𝑃 survivability(%)

𝑆𝑒𝑒𝑑𝑖𝑛𝑔 𝑟𝑎𝑡𝑒

10,000
𝑟𝑜𝑤 𝑠𝑝𝑎𝑐𝑖𝑛𝑔 (𝑚)

(Eq.3)

(Eq.4)

As soil condition is affected by the different tillage methods, a Dickey John soil
penetrometer (model Soil Compaction Tester, USA) (Figure 23) was used
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together with a handled Magellan receiver (model Mobile Mapper CX, Santa
Clara, USA), with differential correction signal (DGPS) providing a position
accuracy of 0.15 – 0.20 mm. Mobile Mapper™ CX is a handheld GPS receiver
compatible with Windows CE based GIS applications.
Soil penetration resistance was measured three times for the upper 0 – 50mm
depth using: a 3/4" tip in CT and MT, while a 1/2" tip was used for NT.

Figure 23. Dickey John Soil Compaction Tester. The driving shaft is graduated
every 3 inches to allow the determination of depth of compaction and the pressure
gauge indicates pressure in pounds per square inch.

Considering the topographic uniformity of the fields, 14 randomized points were
georeferenced and for each located point, data represented the average of four
registered measurements of soil resistance to penetration, seed depth placement
and plant population were evaluated. Data of soil resistance was georeferenced
at the same moment of the sowing operation while seed depth placement was
measured after crop emergence.

To estimate seed depth placement the same methodology of Vamerali et al.
(2006) and Neto et al. (2007) was used by measuring mesocotyl length of four
sampled plants (Figure 24).
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Figure 24. Evaluations of seed depth placement by measuring maize mesocotyl
length.

Plant population was estimated by mean emergence time (MET) and percentage
of emerged seedlings (PE) using equations (5) and (6) (Bilbro and Wanjura,
1982):

𝑀𝐸𝑇 =

𝑃𝐸 = (

𝑁1𝐷1+𝑁2𝐷2+⋯+𝑁𝑛𝐷𝑛

(Eq.5)

𝑁1+𝑁2+⋯+𝑁𝑛

𝑡𝑜𝑡𝑎𝑙 𝑒𝑚𝑒𝑟𝑔𝑒𝑑 𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑝𝑒𝑟 𝑚𝑒𝑡𝑒𝑟

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑝𝑙𝑎𝑛𝑡𝑒𝑑 𝑝𝑒𝑟 𝑚𝑒𝑡𝑒𝑟

) × 100

(Eq.6)

where N is the number of seedlings that had emerge since the previous counting
and D is the number of post-planting days.
For each trial the diesel fuel required for field operation and CO 2 emissions were
measured. Diesel fuel was estimated by filling the fuel tank of the tractor before
and after each field operation, noting the number of hectares covered. The
number of litres used, divided by the number of hectares covered, gives the fuel
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consumption in litres per hectare (Grisso and Kocher, 2004). Considering the
Fuel Quality Directive 2009/30/EC that defines the requirements for basic fuel
properties for diesel fuel, CO2 emissions were estimated on a base of 2670g CO2
emissions per litre of diesel (U.S. Environmental Protection Agency, 2009;
Murtonen, 2010). Under no tillage conditions the average of diesel consumption
was determined for both forward speeds.

5.1.2.3 Fuel consumption evaluation

In addition to evaluating the effect in fuel consumption due to the interaction of
sowing depth calibration and seeders load, using the Semeato seeder model SSE
5/6 and a Massey Ferguson 3095 tractor equipped with a 80 kW (DIN) engine
power, four modalities were tried in an area of approximately 5000 m 2, being:
minimum sowing depth/ Loaded seeder (mL), Maximum sowing depth/ Loaded
seeder (ML), Maximum sowing depth/ Unloaded seeder (MU) and minimum
sowing depth/ Unloaded seeder (mU). Sowing depth is controlled by a side gauge
wheel and the tension of a spring above a side gauge wheel system. Minimum
and maximum depths correspond to zero spring deflection or maximum
deflection, respectively. Load depends on the amount of fertilization carried in the
bin, in which totally loaded corresponds to 1000 kg and unloaded to
approximately a quarter of its value. Fuel consumption per hour was measured
using the flow sensor equipped with the tractor performance monitor “Datatronic”
system (Figure 25), which also provides information about engine speed, forward
speed and wheel slip percentage.
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Figure 25. Left, Datatronic performance monitor, right, engine fuel flow sensor

Water ballast tyres in front and rear wheels was 50%. Tractor tyre inflation
pressure was adjusted according to the operator manual. Static axle loads and
tyre inflation pressure are presented in Table 13.

Table 13. Static axle loads and tyre inflation pressure.
Tyres

Dimension

Axel load (kN)

Inflation pressure (kPa)

Front

380/85R28

30.30

152

Rear

460/85R38

32.75

124

Fuel consumption per hectare is determined through the performance monitor
according to the Equation (7);
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Cha = Ch

A

(Eq.7)

3600.v.l

Where, (Ch) is fuel consumption per hour (l), (A) is the total area, (V) forward
speed (ms-1), (l) implement with (m).

5.1.2.4 Statistical analysis

To describe the variables under study, the mean, standard deviation, coefficient
of variation (CV) and correlation coefficient were used. To evaluate the influence
of soil penetration resistance and tillage systems on the seed vertical distribution,
an ANOVA and comparison of the means by the Tukey test, using Statistica 6.0
(Statsoft®) were employed. A spatial representation of the variables is presented
by IDW interpolation of the available data using ArcView software, version 9.0.

5.1.3 Results and discussion

5.1.3.1 Correlations between seed depth placement, soil resistance and
vegetative parameter of PE and MET

With regard to the test plots, Figure 26 presents the existing relationship between
the seed vertical distribution, provided by the sowing depth, obtained with the
various tillage systems and soil resistance to penetration values.
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Figure 26. Relationship between the seed vertical distribution provided by the
sowing depth and soil resistance to penetration values at the different tillage
systems.

Regardless of the tillage system, it was noted that there is a negative correlation
between sowing depth and soil resistance. The highest correlation (r) value of
0.77 observed in the NT system at 4 km h-1 can be explained by the relationship
between soil moisture content and the respective texture. Other authors (Garcia
et al, 1999; Osunbitan et al., 2005; Canakci et al., 2009). Vaz et al. (2011) also
concluded that soil penetration resistance increased with increasing soil clay
content, which occurs in this experimental plot. Adhesion and plasticity of soils of
fine texture in winter, and their tenacity in the absence of moisture in the summer
can affect the normal functioning of the mechanisms that control seeding depth,
affecting seed distribution in the vertical plane (Carvalho, 2001).

Table 14 presents the values of mean, standard deviation and coefficient of
variation of soil penetration resistance to the variables sowing depth, MET and
PE of crops in the experimental plots.
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Table 14. Mean, standard deviation (sd) and coefficient of variation (CV) of soil
penetration resistance, sowing depth, MET and PE of crops in the experimental
plots in 2011.
Tillage system

Soil resistance (kPa)

Sowing depth (mm)

MET (days)

PE (%)

Foward speed

±sd

CV

±sd

CV

±sd

C Tillage

(kmh-1)
4

CV

±sd

CV

642,66±207,11

32,22

27,01±4,74

17,5

6,04±0,88

14,56 78,27±9,90

12,64

M Tillage

4

619,14±149,20

24,08

23,43±6,75

28,8

6,77±0,91

13,29 70,93±12,78

18,01

No Tillage

4

713,59±371,92

52,12

28,49±6,07

21,25

9,78±1,40

15,18 61,83±13,77

22,28

No Tillage

6

852,14±273,53

32,1

25,27±2,56

10,13

9,33±0,76

8,23 68,75±11,67

16,9

A coefficient of variation of 28.8% in MT suggests a poor regulation performed by
the operator or even inadequate use of a no till seeder under minimum tillage,
unfortunately a choice often made by no tillage seeder owners in this region.

In 2012, it was likely that, under uniform conditions of soil moisture content and
soil texture or using a dynamic depth control, the seeder would have been able
to place the seeds more regularly to the initial depth calibration.

Similar results were obtained by Neto et al. (2007) as well as Nemenyi et al.
(2006) that demonstrated that mapping soil penetration resistance can be an
effective tool in defining the zones or areas where the physical conditions of the
soil could limit the productivity of the plot.

Tables 15 and 16 show the effect of sowing depth in maize crop mean emergence
time (MET) and percentage of emergence (PE), respectively.

Table 15. Effect of sowing depth in mean emergence time (MET).
Sowing depth
(mm)

< 20
n = 21

20 - 30
n = 129

> 30
n = 44

Significance

MET (days)

6,48 ± 1,25a

8,24 ± 1,8b

9,02 ± 2,0c

***

Note: *** p <0.001 values followed by the same letter are not significant for the
comparison test of Tukey's.
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Table 16. Effect of sowing depth in the percentage of crop emergence (PE).
Sowing depth
(mm)

< 20
n = 21

20 - 30
n = 129

> 30
n = 44

Significance

PE(%)

58,33 ± 12,1a

68,6 ± 12,7b

76,42 ± 12,42c

***

Note: *** p <0.001 values followed by the same letter are not significant for the
comparison test of Tukey's.
For both parameters, highly significant differences are observed for both
parameters, MET and PE among the different classes of sowing depth.
Figures 27 and 28 show the ratios between sowing depth and mean emergence
time and sowing depth and percentage of emergence, respectively, according the
different tillage systems.
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No tillage 6 km/h
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Figure 27. Ratios between crop sowing depth and mean emergence time to
conventional tillage, minimum tillage, no tillage at 4 kmh -1 and no tillage at 6 km
h-1.
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Figure 28. Ratios between crop sowing depth and percentage of emergence to
conventional tillage, minimum tillage, no tillage at 4 kmh -1 and no tillage at 6 km
h-1.

Apart of the tillage system there is always a positive correlation between sowing
depth and crop mean emergence time. With a higher value of the coefficient of
determination for conventional tillage and to no tillage when the seeder was
operated at 4 km h-1, less time was observed to crop emergence under
conventional and minimum tillage conditions.
As well as MET, also PE presented a positive correlation with sowing depth
probably due to better soil conditions for seed germination at deepest depths.
Higher values of coefficient of determination were observed under conventional
and minimum tillage conditions, also being the areas with the higher values of
PE.

Figure 29 show the evolution of the percentage of emergence according to the
mean emergence time for the different tillage systems.
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Figure 29. Evolution of the percentage of emergence according to the mean
emergence time for the different tillage systems.

Faster mean time to emergence was observed under conventional and minimum
tillage compared to no tillage. Apart of a lowest coefficient of variation of sowing
depth, seedbed conditions of soil moisture and a shallow sowing depth could
contributed to that result. On the contrary, under no tillage emergence occurred
between the 8th and 12th day after the sowing date.
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5.1.3.2 Spatial variability of seed depth placement and correlated
parameters

Spatial representation for vertical distribution based on sowing depth and soil
resistance in 2011 for different tillage systems is shown in figure 30.

a)

b)
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c)

d)

Figure 30. Spatial representation for vertical distribution based on sowing depth
and soil resistance for different tillage systems: CT (a), MT (b), NT at 4 kmh-1 (c)
and NT at 6 kmh-1 (d).
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Similarly, the spatial representation presented in Figure 30 demonstrate that
areas where seeds were deposited closer to the soil surface correspond to areas
of higher soil penetration resistance, which agrees with Ozmerzi et al. (2002),
regarding the effect of soil resistance on homogeneous seed depth distribution.

5.1.3.3 Effect of soil resistance and tillage system in vertical distribution

Tables 17 and 18 show the effect of soil resistance in the vertical distribution of
seed in 2011 trial regardless the tillage system and the effect of tillage system on
vertical distribution, respectively.
Table 17. Effect of soil resistance in the vertical distribution of seed in the 2011
trial regardless the tillage system.
Soil resistance (kPa)

> 1033
n = 37

689 - 1033
n = 69

< 689
n = 88

Significance

Sowing depth (mm)

22,95 ± 2,54a

25,19 ± 5,6a

28,35 ± 5,39b

***

Note: *** p <0.001 values followed by the same letter are not significant for the
comparison test of Tukey's.

Table 18. Effect of tillage system on vertical distribution.
Tillage system
Sowing depth (mm)

CT
n = 42
27,01 ± 4,74

MT
n = 40
ab

23,43 ± 6,75

NT4
n = 56
a

28,49 ± 6,07

NT6
N = 56
c

25,27 ± 2,56

Significance
ab

***

Note: *** p <0.001 values followed by the same letter are not significant for the
comparison test of Tukey's.
Comparing the classes of soil penetration resistance above 1033 kPa, from 6891033 kPa and below 689 kPa, there were significant differences in sowing depth
as demonstrated in Table 17. Although agronomically the average sowing depth
values were admissible, as provided by Fancelli (2000), the seed vertical
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distribution of sowers was significantly affected by the soil preparation system,
particularly when comparing the CT system with the NT system at 4 km h-1.

Nevertheless, the greatest uniformity in vertical distribution was observed in the
same plot, when the working speed was changed from 4 to 6 km h -1, during
sowing; possibly because of the greater effect of reverberation on the soil surface,
due to higher CV of soil resistance in the plot, where the sower moved at 4 km
h1. This value is consistent with a higher mean of PE in the NT plots and agrees
with the results of Silva et al. (2000) in identical assessments, particularly when
these forward speeds are compared with higher ones.

5.1.3.4 Fuel consumption per tillage operation and interactions under no
tillage

Table 19 presents fuel diesel consumptions and CO2 and the diagram of Figure
31 the relative percentage of CO2 emissions per hectare for field operations.
Table 19. Fuel diesel consumptions and CO2 emissions for field operations. In
2011, fuel consumption represents the average values obtained at both forward
speeds.
Tillage system/
consumptions
Sprayer
Chisel
Disc Harrow
Rotovator
Seeder
Total

CT

MT

-1

gCO2 ha

10,5
9,5
12,2
3,8
35,7

28035
25365
32574
10146
95319

l ha

-1

l ha

-1

NT 2011

gCO2 ha

11

29370

4,2
15,2

11214
40584
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-1

l ha
1,9

gCO2 ha
5073

4
5,9

10680
15753

NT 2012
-1

-1

l ha
1,8

gCO2 ha-1
4806

4,5
6,3

12015
16821
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Figure 31. Relative percentage of CO2 emissions per hectare for field operation.

Table 20 represents the effect of the interaction of sowing depth calibration and
seeder load in the fuel consumption per hectare.

Table 20. Effect of the interaction of sowing depth calibration and seeders load in
the fuel consumption per hectare.
Interaction
Fuel (l ha-1)

mL

ML

UM

um

n=59

n=59

n=59

n=59

4,30±0,32a

4,30±0,19a

4,17±0,17b

4,04±0,16c

Significance
***

Note: *** p <0.001 values followed by the same letter are not significant for the
comparison Tukey's test.

Concerning to fuel consumption, as Lobb (1989) and Borin et al. (1997),
reductions were noted in machine operating cost in no tillage system and so the
emission of CO2 from fuel during machinery usage is always appreciably reduced
with no-till (Soane et al., 2012, Ussiri et al. 2009a ). In no tillage, the interaction
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between depth calibration and seeder load affecting fuel consumption was
especially due to the quantity of fertilizer in the bin.

5.1.4 Conclusions

The cost of mechanized tillage operations and the importance of conservation
farming systems, namely direct seeding technique, in improving soil quality and
fuel saving has led to its adoption by farmers, especially in areas at risk of erosion,
such as the Mediterranean region of Alentejo. Although the design of no till
seeders takes into consideration their work in untilled soils, the heterogeneity of
soil and climatic conditions lead to difficulties in the machines' performance,
which can be monitored by precision agriculture technologies.
The soil physical conditions affect seed depth placement by sowers. There was
a negative correlation between the seeding depth and soil penetration resistance,
in all the plots in this study, and increased sowing depth was shown to be
positively correlated with crop MET and PE. In both trials, the increase in seed
depth was positively correlated with crop PE and MET.
Under NT results seem to indicate that an increase in speed from 4 to 6 km h -1
provides a more uniform vertical distribution by the sower, demonstrated by a
lower CV (10.13%) and inadequate the use of a no tillage seeder under MT
conditions.

5.2 Vertical distribution of conventional no-till seeders and spatial
variability of seed depth placement of maize in the Alentejo region

Although a part of this trial (no tillage in the year of 2011) corresponds to data
presented in the previous chapter, for a better understanding of the reader, some
explanations are briefly transcribed according to the published works presented
at the 9th European Conference on Precision Agricultures in Lerida, Spain in July

93

PhD Thesis
Luís Alcino Conceição
Experimental Work
_____________________________________________________________________________

2013 and published in the Precision Agriculture Journal, 2015, (DOI)
10.1007/s11119-015-9405-x.

5.2.1 Introduction

Studies on the combination of no-till and the use of different crops and amounts
of residues and their management on the evolution of organic matter in soil
suggest that returning cereal residues instead of removing them or grazing in
combination with no-till for crop establishment can contribute significantly towards
improving the low organic matter levels found in soil in Mediterranean
environments (Madejón et al., 2009; Basch et al., 2008). It can also promote an
appropriate ratio between macro and micro pore water retention and thus it has
a direct and indirect effect on crop stands (Carvalho and Basch, 1999; Govaerts
et al., 2009), and the total soil carbon content (Basso et al., 2011), thereby
reducing CO2 (Ussiri and Lal, 2009a), N2O and CH4 (Ussiri et al., 2009a)
emissions and hence improving the physical and chemical properties of the soil
(Sá, 2004).
It seems increasingly likely that no-till seeding and the associated conservation
of surface residues will become the standard farming practice in Mediterranean
countries, because of better economics and improved soil and water
conservation (Soane et al., 2012)
According to the Portuguese Environment Agency’s atlas (SROA, 1978), the
Alentejo region presents a wide diversity of geology and field soil composition
with a predominance of luvisoils, cambisoils and litosoils. The physical properties
of the soil can be greatly influenced in a Koppen-Geijer Csa climate (Kotteck et
al., 2006), characterized by dry hot summers and cold wet

winters. Major

constraints on production in these soils include the low carbon nitrogen ratio due
to a very active mineralisation process, low organic matter content and low
average pH (Carvalho, 2003). The possibility of flooding, soil compaction and
difficulty in mechanical operations due to high soil cohesion and weed invasion
may affect seeder performance and so it is important to choose the right seeder
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furrow opener. Soil texture affects moisture retention of the profile, depending on
the season of the year. In winter, rainy periods increase soil cohesion in clay
textures, which can make the seeding operation difficult because of the impact
on the seeder gauge wheels. In contrast, dry weather conditions in spring make
seeder performance depend on soil moisture under irrigation systems, so that
soil tenacity does not compromise seeder furrow openers.
Because good germination conditions for cereal crops depend on several
characteristics of the seedbed environment and the sowing depth (Alessi and
Power, 1971; Mahdi et al., 1998), the latter related to soil opener interaction
(Tessier et al., 1991), seed placement close to optimum sowing depth must be
guaranteed, in order to maximise potential maize yield. Canakci et al. (2009) and
Fancelli (2000) showed that maize crop seed must be placed at the appropriate
depth to generate uniform plants. Depending on soil texture and moisture,
Fancelli (2000) suggested that maize seed depth placement should be between
30 to 50 mm in clay soils and 40 to 60 mm in sandy soils. Placements shallower
than 30 mm increase the risk of the seedbed drying, especially in sandy or loam
textures, and deeper mesocotyl elongation can be halted by a superficial soil
crust. Seeder distribution can be evaluated in the longitudinal and vertical planes.
The vertical plane is specified by the seeding depth (Karayel and Özmerzi, 2008).
Conventional criteria for examining the vertical seed distribution of furrow
openers has been through the use of mean standard deviation or coefficient of
variation of sowing depth. Considering the influence of the seeding operation on
maize crop yield, Liu et al., (2004) demonstrated that there is a higher correlation
between seed emergence uniformity and vertical seeder distribution than with
horizontal distribution (Karayel and Özmerzi, 2008).
In tillage systems, Neményi et al. (2006) proved that force mapping can be an
effective tool for marking out within-field management zones or areas where the
actual physical conditions of the soil may have a limiting effect on yield. Thus,
different sensor technologies have been used to study machinery depth control
performance; a load cell and a circular potentiometer to control tillage depth
(Goruco et al., 2001), load cells and sets of strain gauges to measure the load
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applied during tillage (Adamchuck et al., 2004), ultrasonic and linear
displacement to control manure injection depth and regulate seeding depth
(Saeys et al., 2007; Marlowe et al., 2009).
The current possibilities include a variety of sensors such as load cells mounted
on the depth control spring and linear variable differential transformers (LVDT) or
transducers for determining the angular or vertical displacement of the seeding
arms.
The most common depth control device used in conventional no-tillage seeders
is the combination of a side gauge wheel activated by a spring-loaded or hydraulic
system with press wheels. Carvalho (2001) classified the different no-till seeders,
equipped with passive depth control mechanisms based on their furrow opener
type and their ability to handle different physical conditions of the soil. Under
these conditions, unless there is a new calibration set up, initial conditions remain
constant, regardless of the physical conditions, texture, moisture or surface
residue of the soil.
Although different active depth control mechanisms have recently been patented,
conventional seeders are still preferred in Portugal, probably due to their
commercial cost and mechanical simplicity. The aim of this study was to evaluate
the vertical distribution performance in conventional no-till seeders and the spatial
variability of seed depth placement along the plots in non-controlled trials made
under farmer conditions in the Alentejo region.
The correlation between seed depth placement and some vegetative and growth
characteristics as mean emergence time and percentage of emergence of maize
were evaluated.
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5.2.2 Materials and methods

5.2.2.1 Location of the experimental fields

Tests were conducted over a period of three years (2010, 2011 and 2012) using
conventional no-till seeders in three different fields at private farms in Alentejo
(Figure 32).

Figure 32. Location of the three experimental fields in Alentejo region in 2010,
2011 and 2012.

According to the FAO classification, the soil was Fluvisol in 2010, Luvisol in 2011
and a Cambisol in 2012, which corresponds to a homogeneous area of loam, clay
and clay loam texture, respectively, sampled at a depth of 0-100 mm. Average
values for texture, organic matter in soil, crop residue, pH, phosphorous,
potassium, bulk density and gravimetric moisture are shown in Table 21.
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Texture was determined by the Bouyoucos hydrometer method (Bouyoucos,
1962); volumetric moisture content was determined following the protocol
described by Gardner (1986); organic matter by the Walkley-Black protocol
(Walkley and Black 1934); pH by a potentiometric method using a 1:2.5 dilution
of soil to water and phosphorous and potassium by the Egner-Riehm
methodology (Egner and Riehm, 1955). Bulk density samples were taken with a
50 mm diameter ring and determined by dividing the weight of soil dried at 105°C
for 48h by the mass of water that would occupy the volume of the ring. In 2010,
field plot management included set-aside. In 2011 and 2012, although maize was
grown in monoculture, since 2004 field management has included traditional crop
rotation with winter wheat (Triticum aestivum L.) and maize (Zea mays L.) under
no-till conditions.

Table 21. Initial conditions and soil characteristics in the three trial fields.
2010
38º53'47,52" N
7º2'53.86" W
4.16ha
15th June

2011
38º38'51,25'' N
7º46'55'',55 W
1.1ha
21st May

2012
38º47'17''N
8º17'44''O
2.5ha
14th May

Previous crop
FAO soil classification
Texture (0-100mm)
pH
Soil organic matter
content (%)
Crop residue (g dry
matter m-2)
Assimilable phosphorus
(mg P2O5 kg-1)
Assimilable potassium
(mg K2O kg-1)
Bulk density (gcm-3)

Set-aside
Fluvisol
Loam
6.2
1.3

Maize
Luvisol
Clay
6.2
2.9

Maize
Cambisol
Clay loam
6.1
2.6

255

2010

2340

203

222

200

200

222

198

1.53

1.4

1.45

Soil moisture content (%)

5.21

12.5

11.3

Local coordinates
Field area
Seeding date
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The climate is Mediterranean. Figure 33 represents the local temperature and
precipitation data from the Plant Research Institute (INIAV) in Elvas for the three
years of the trial.
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Figure 33. Average temperature (ºC) and monthly rainfall (mm) data for the three
years in trial, 2010, 2011 and 2012.

5.2.2.2 Sowing operations

The corn seed used was FAO 400 hybrid seeds for grain. The maize crop was
irrigated by a drip irrigation system in 2010 and by a centre pivot irrigation system
in the 2011 and 2012 trials. The previous crops were a forage cereal graminea in
2010 and maize in both 2011 and 2012.

Sowing operations were preceded by the application of a glyphosate-based
herbicide. In 2011 and 2012, 7 mm of water was applied at the time of sowing.
The no-till seeders used were double disc furrow openers equipped with
pantographic seed rows, independent drive wheels and a guillotine fertilizer
opener. In all seeders, a mechanical press control was set by the tension of a
spring system calibrated by the operator at the beginning of the operations and
following the operator manual instructions for calibrations. The specific set-up
characteristics and calibrations are listed in Table 22.
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Table 22. Seeders characteristics and calibrations.

Seeder model
Number of rows/row
spacing
Depth control
mechanism
Seed depth set up
Average forward speed
Seeding rate

2010
Semeato
SSE 5/6
4/0.75m

2011
Semeato
SPE06
4/0.75m

2012
Semeato
SPE06
4/0.75m

Side gauge wheel and press wheels
30
3 kmh-1
70,000
seeds/ha

Weight

30
4 and 6 kmh-1
85,000
seeds/ha
2,650 kg

50
4 kmh-1
80,000
seeds/ha

The seeders (Semeato, models SSE 5/6 and SPE06, Brazil) were towed by 80
kW power tractors (Figure 34).

Figure 34. Left; double disc furrow opener seeder and tractor during sowing
operation in 2011 and 2012 trials and, right; detail of the remains of the previous
crop.

In 2010, the seed depth placement and linear seedling down force were
measured. To do this, an arm of the seeder was assembled with a LVDT sensor
(Sensorex, model SX20MECR050, USA) and a load cell (Lorenz Messtechnik
GmbH, model K-2529, Germany) (Figure 35). A datalogger (Datataker, model
DT80, Australia) was used for receiving and recording the values registered by
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the sensors and two GPS receivers, (Garmin model HVS, USA; and Arvatec,
model Arvanav2, Italy) were installed in the tractor cab in order to georeference
the sensor data and measure the forward speed. A total of 10,418 points were
georeferenced; representing approximately 2,500 samples per hectare.

Figure 35. LVDT (A) and load cell (B) sensors assembled on the seeder arm and
side gauge wheel for depth control in 2010 trial.

5.2.2.3 Soil and crop evaluations

The experimental design (Figure 36) considered several seeder runs with a
working length of 6 meters. The instrumented lines were or 0.75 m close or 12 m
apart, considering the seeder turns at each run so that geostatistical analysis can
compare closer autocorrelations with larger distances autocorrelations.
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Figure 36. Seeder runs schematic of the experiment design in 2010 trial.
Considering the topographic uniformity of the field, 14 and 30 randomised points
were georeferenced, in 2011 and 2012, respectively, with a portable Magellan
receiver (model Mobile Mapper CX, USA), with differential correction signal
(DGPS), providing a position accuracy of 0.15 – 0.20 m. Soil resistance to
penetration, seed depth placement and plant population were measured for each
point. Throughout the trial, soil resistance was measured over a 0-50 mm depth
using a manual Dickey John field penetrometer (model Soil Compaction Tester,
USA) with a 12.7 mm outside diameter tip and a 35° apex angle, as
recommended by the American Society of Agricultural Engineers (ASAE) as the
standard measuring device for characterising the penetration resistance of soils
(ASAE, 1999). In each located point, data represented the average of four
measurements. The methodology of Vamerali et al. (2006) and Neto et al. (2007)
was used to estimate seed depth placement, by measuring the mesocotyl length
of four sampled plants. Plant population was estimated by mean emergence time
(MET) and percentage of emerged seedlings (PE) using equations (4) and (5)
(Bilbro and Wanjura, 1982).
In 2011, two forward speeds of 4 and 6 kmh-1 were used.
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5.2.2.4 Aerial sensing

In 2012, a week after crop emergence, a selective herbicide for broadleaf weeds
and grass was applied, and aerial photos of the georeferenced field were taken
using an RGB camera Panasonic (model Lumix DC Vario 10.1 Mpixel CCD,
Kadoma, Japan) assembled in an unmanned aerial vehicle flying at an
approximate altitude of 500 m with a spatial resolution of 50 mm. On a 5 x 5 m
square grid, the crop cover percentage was determined from the vegetative
fraction, using the excess green technique (Meyer et al., 1999). With this
technique, an image of green prevalence is generated, and the vegetation
fraction is obtained using the ratio of the number of green pixels to the total
number of the pixels in the image.

5.2.2.5 Statistical analysis

Parameters were described using the mean standard deviation, coefficient of
variation and correlation values. To determine the influence of soil resistance and
seed depth placement, the collected data were subjected to analysis of variance
using Statistica 6.0 software (StatSoft®, Tulsa, USA). In 2010, spatial variability
maps for the seeder down force and seed depth were created using ordinary
kriging interpolation and ArcView software, version 9.0 (Redlands, USA) Given
the dimensions of the plots in 2010 and 2011, spatial variability was demonstrated
by a graphical representation of the average and standard deviation values of the
parameters under study grouped by their neighbouring positions.
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5.2.3 Results and discussion

5.2.3.1 Correlations between vertical distribution and soil and crop
evaluations
The data for the 2010 trial are displayed in Table 23 and for the 2011 and 2012
trials in Table 24.
Table 23. Mean, standard deviation, coefficient of variation and correlation data
for the seeder down force and estimated seed depth in the 2010 trial.
Seeder down force (N)

2010

Seed depth (mm)

Forward speed
(kmh-1)

X±sd

CV

X±sd

CV

r

4

961.43±241.05

25.07

23.61±7,57

32.08

0.34

Table 24. Mean standard deviation and coefficient of variation of soil resistance
to penetration, seed depth placement, mean emergence time (MET) and
percentage of emerged plants (PE) for the 2011 and 2012 trials.

Trial (Year)

Soil resistance (kPa)
Foward speed

±sd

CV

Sowing depth (mm)
±sd

CV

MET (days)
±sd

PE (%)
CV

±sd

CV

-1

2011NT

(kmh )
4

713,59±371,92

52,12

28,49±6,07 21,25

9,78±1,40

15,18 61,83±13,77 22,28

2011NT

6

852,14±273,53

32,1

25,27±2,56 10,13

9,33±0,76

8,23 68,75±11,67

2012NT

4

1286,33±191,47 18,52

11,71±3,96

7,60±1,57

18,11 61,49±13,43 21,85

39,6

16,9

The ratios between soil mechanical resistance and seed depth placement for
2011 and 2012 trials are shown in Figure 37.
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Figure 37. Ratio between seed depth (mm) and soil resistance to penetration
(kPa) in the experimental fields in 2011 and 2012 considering two forward speeds
Seed depth placement, MET and PE seedlings were analysed to determine
significant differences in the variability of the parameters and Pearson’s
correlation values of seed depth placement with mean emergence time and
percentage of emergence are shown in Table 25.

Table 25. Pearson's correlations for seed depth placement, mean emergence
time (MET), and percentage of emergence (PE) for 2011 and 2012 trials at 4 km
h-1.
Seed depth
Seed depth

1

MET
PE

MET

PE

0.723***

0,196*

1

0.262**
1

Correlations are presented with level of significance of * p <0.05, ** p <0.01 and
*** p <0.001.
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5.2.3.2 Spatial variability of seed depth placement and seeder down force

Figure 38 shows spatial variability maps and variograms of seed depth and load
cell down force, for the 2010 trial.
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Figure 38. Spatial variability and spatial structure in 2010 trial: (a) and (c) - seed
depth; (b) and (d) - seeder down force.

In 2010, it was expected that the increasing down force would also increase the
estimated depth. However, high coefficients of variation were observed of
25.03% for down force and 32.08% for sowing depth. Despite a positive ratio
between the two parameters, the correlation was very low. Spatial correlation to
seed depth was observed for a range of 12m (Figure 38c) by adjusting the
variogram to a spherical model. In contrast, there was no autocorrelation to the
seeder down force parameter as can be seen on Figure 38d, perhaps due to the
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spring system tension control limits, initially calibrated by the operator, that were
not adjusted to the real soil conditions. The last is a key issue related to the
passive depth control and probably surpassable with a dynamic depth control
system. Figures 38a and 38b actually shows that both along and across the crop,
values with a certain heterogeneity can be observed. These results are probably
due to dryness and some stone content observed in the soil during the trial, thus
also affecting seed depth spatial variability. Considering that this field was
managed using drip irrigation, soil moisture content at the sowing date depended
on natural rainfall, which was low at the time.

Under these conditions, the seeder had difficulty reaching the appropriate depth,
as shown by the high coefficient of variation observed. Seed depth placement
values closer to the calibration set of the seeder (in the class over 25 mm)
represented only 37% of the plot.

5.2.3.3 Spatial variability of seed depth placement, MET and PE in the 2011
trial

Figure 39 shows the spatial variability of the average and standard deviation
values of grouped points in 7 neighbouring areas along the plots for the 2011 trial.
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Figure 39. Spatial variability representation along the plots in 2011 for soil
resistance to penetration (a), seed depth placement (b), MET (c) and PE (d) for
4 kmh-1 and soil resistance to penetration (e), seed depth placement (f), MET (g)
and PE (h) for 6 kmh-1.
In 2011 the relationship between soil mechanical resistance and seed depth
placement as shown by Garrido et al. (2011), shows that there was always a
negative correlation between the studied parameters (Figure 37). Spatial
variability along the plots, Figure 39, shows that the lowest seed depth placement
values are related to the areas of higher soil mechanical resistance. This is
somewhat consistent with Vaz et al. (2011), who demonstrated that penetration
resistance was lowest for very wet soils and that it increased with clay content.
The highest influence of soil mechanical resistance on seed depth associated
with a coefficient of determination (R2) value of 0.59 (Figure 37) was
demonstrated when working at 4 km h-1. The best seeding uniformity was
achieved by increasing the forward speed from 4 to 6 km h -1, demonstrated by
the lowest coefficient of variation of 10.13% (Table 24). In this plot, not only the
adjusted forward speed contributed to such a coefficient of variation but also
probably a more consistent value of soil resistance and so a better performance
of the seeder.
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5.2.3.4 Spatial variability of seed depth placement, MET, PE and aerial
sensing in 2012 trial

Figure 40 shows the average and standard deviation values of grouped points in
5 neighbouring areas along the plot for soil resistance and seed depth placement
and for the 2012 trial.

Figure 40. Spatial variability representation along the plot in 2012 for soil
resistance (above a)) and seed depth placement (bottom b)).
In 2012 as in 2011, the same relationship between soil mechanical resistance
and seed depth placement was observed.
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Although the average value of soil moisture was 11.3%, due to agronomic
moisture conditions to crop germination, two main areas were identified, below
8% (area A) and above 8% (area B). The influence of the average values of soil
moisture content was determined for the main areas with seed depth below and
above 10 mm. The differences in seed depth placement are represented in the
box-plot diagram in Figure 41.

Figure 41. Average values of seed depth placement and corresponding standard
deviation for soil moisture content in 2012, with average values of 7.2% and
15.1%, respectively, in trial field areas A and B.

Figure 42 shows the PE and MET variability along the plot following the same
methodology described above and a green spectral band image after crop
emergence.
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Figure 42. MET (above c)), PE (above d)) and green spectral band image (below)
after crop emergence along the plot in 2012.

Considering the same forward speed of 4 kmh-1, seed depth placement had a
significant influence on MET and PE and as described by Valero et al. (2010) in
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direct seeding systems, the variability of the ground resistance and the residues
of previous crops magnify the difficulties in seed placement and emergence, with
sometimes dramatic consequences for crop productivity. Both fields, 2011 and
2012, were covered by a significant quantity of crop residues, 2010 and 2340 g
m-2, respectively.

In 2012, the results of the analysis show a shallow seed depth placement
distribution, with an average value of 11.71 mm and the highest coefficient of
variation of 39%.

Although seed depth placement was negatively correlated with soil resistance to
penetration it was significantly influenced by the moisture content of the soil
(Figure 41) on the seeding date. Nevertheless, the relationship between soil
moisture content and soil resistance is similar to that indicated by Gracia et al.
(2012). It was likely that under uniform conditions of soil moisture content and soil
texture, the seeder would have been able to place the seeds at more regular
intervals, to the initial depth control calibration. Also, the absence of a dynamic
depth control may have contributed to the high coefficient of variation. Similar
results were obtained by Neto et al. (2007) and Sunderman (1964). Nevertheless,
these results are consistent with the preliminary trial by Conceição et al. (2012)
who compared seeding uniformity in different tillage systems and found that seed
depth placement was negatively correlated with soil resistance and significantly
affected by the tillage system, particularly when comparing conventional tillage
and minimum tillage with no-tillage.

The extreme values of soil moisture content observed in the 2012 trial were
probably due to incorrect irrigation by the centre pivot irrigation system at the time
of seeding. The shortest MET was found in the shallowest area with 6.2 days and
the longest was at the deepest points with 8.6 days.

In both the 2011 and 2012 trials, Pearson's correlations show that seed depth
was positively correlated with MET. This is consistent with Tolon-Becerra et al.
(2011) and Ozmerzi et al. (2002), who demonstrated that the shortest emergence
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time was obtained at the shallowest depths. According to Ozmerzi et al. (2002)
although adequate moisture can usually be found with increasing depth, the risk
of soil mechanical impedance also increases with seeding depth, thereby
affecting seeder distribution.

In this experiment, the best PE result was found in the deepest areas, probably
due to the more stable soil moisture conditions, especially in 2012, because of
the lowest mean value of seed depth and the best uniformity of seeder vertical
distribution in 2011 at 6 km-1 by the lowest coefficient of variation, 10.13%
compared to 21.25%. Comparing MET and PE, both parameters are significantly
positively correlated. Similar results were found by Abrecht (1989), when deep
planting slowed emergence but increased seedling growth in maize. Considering
that MET determines crop vegetative development it appears that areas with a
higher percentage of maize crop coverage were located where these were at a
more advanced stage of growth, corresponding to areas with shallower depths
and earlier emergence despite the small number of plants.

5.2.4 Conclusions

The costs related to tillage operations and the importance of conservation farming
systems, especially direct seeding, for improved soil quality are leading farmers
to adopt no-tillage systems, particularly in areas identified as being at risk of
erosion, such as Mediterranean countries like Portugal and Spain and regions
like the Alentejo. Although seeders used are designed for direct seeding in
undisturbed soil, the heterogeneity of soil and climatic conditions of the observed
areas creates some operational difficulties which can be recorded and analysed
through the use of precision agriculture technologies. As expected, soil conditions
affect the quality of the sowing operation with respect to vertical distribution and
hence the distribution uniformity of the seed depth placement.

In 2010, despite the positive trend between the seeder down force and estimated
seed depth placement, it can be concluded that the low moisture content of the
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soil on the seeding date and the probable presence of some stones observed
during the trial conditioned this correlation, leading to the high coefficients of
variation that were observed for both parameters and thus hampering the
operation conditions of the seeder.

In 2011 and 2012, there was a negative correlation between soil resistance and
depth of seeding and, in 2012, soil texture and the extreme values of soil moisture
observed significantly conditioned the main deep and shallow areas of seed
depth. In both trials, the increase in seed depth was positively correlated with
crop PE and MET. Except in 2011, when increasing the forward speed from 4 to
6 km h-1 doubled the uniformity of sowing depth with a coefficient of variation of
10.13%, the value of the coefficient of variation was above 20%. This suggests
that the performance of seeders should be enhanced by improving the calibration
system for depth control or precision tuning by the operator during operation,
depending on the existing field conditions. Given the relevance for no tillage
technology of the results, due to the observed different sowing conditions in each
year, a more complete experiment should be carried out in larger areas to better
understand spatial variability across fields.
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5.3 Site specific maize establishment considering in loco soil-plant
evaluations and drone-transported remote spectral sensors

This trial has been submitted to Biosystems Engineering Journal

5.3.1 Introduction

Portugal, located in the Mediterranean-Atlantic region, according to the European
Environment Agency, presents a moderate to high erosion risk in about 80% of
its territory (Eurostat, 2015). In the Alentejo region, the risk of erosion is not only
due to a Csa Koppen-Geijer climate (Kotteck et al., 2006) but, similar to other
regions of the world, it is also due to the use of heavy farm machinery in
conventional agricultural production systems, responsible for disturbing the soil's
natural characteristics (Kondo and Dias Junior, 1999). Soil compaction has been
identified as one of the contributing factors to soil degradation in Western Europe
affecting air capacity, permeability and water-holding capacity of soils, as well as
root development and soil biological activity, and therefore it has been observed
to determine plant growth and agricultural yield (Van den Akker et al., 2003).
Thus, in Alentejo since the 1990s the alternative has been to adopt conservation
systems of farming and techniques such as no-tillage. Although there are many
advantages attributed to no-tillage (Carvalho and Basch, 1999; Govaerts et al.,
2009; Basso et al., 2011; Soane et al., 2012), and similar yields have been
obtained in most cereal crops in no-till compared to conventional systems
(Carvalho and Basch, 1994) farmers still resist to accept it, probably due to a
complex management framework.
Site specific management is important (Atherton et al., 1999; Stafford, 2000)
particularly with regard to conservation agriculture systems (Basso, 2003) in
order to quantify yield variability and spatial variability of soil properties in small
areas of the field, allowing adjustment of inputs such as fertilizers, pesticides,
seeding rates as well as correct machinery setup and calibration.

117

PhD Thesis
Luís Alcino Conceição
Experimental Work
_____________________________________________________________________________

Currently, geo spatial information tools are used to provide readily available and
detailed soil and crop mapping (King et al., 2005; Coelho and Da Silva, 2009).
Apparent electrical conductivity (ECa) (Moral et al., 2010; Serrano et al., 2014)
and remote sensing, are among the most reliable techniques for characterizing
the spatial pattern of soil properties within fields (Grisso et al., 2007; Moral et al.,
2010;) as well as vegetation condition (Lawley, 2015) and thus contribute to the
concept of sustainable agriculture (Bullock et al., 2007).
Conductivity is a measure of the ability of a material to transmit an electric charge
(Kitchen et al., 1999). Initially employed for locating saline seeps in the northern
Great Plains (Halvorson and Rhoades, 1974; Corwin and Lesch, 2005) ECa is
related to various physical-chemical properties across a wide range of soils at
distinct depths (Sudduth et al., 2003) such as compaction (Bhandral et al., 2007),
and sand and clay content (Domsch and Giebel 2004) and thus allows for
management of separated areas of the principal plant's macro and micronutrients
(Peralta and Costa, 2013). Currently two types of commercial electrical
conductivity sensors are available for measuring soil ECa in the field: contact and
non-contact sensors (Sudduth et al., 2013). In the electrode based system,
sensors are pulled or rolled across the fields making direct soil contact and
measurements are recorded simultaneously (Lund et al., 1998). Non-contact
sensors induce eddy current loops into the soil with one coil and determine
conductivity by measuring the resulting secondary current using another coil
(Abdu et al., 2007).
Measuring the reflectance of red and infrared light from green crop canopies,
radiometers, either handheld or assembled on mobile platforms, have been
successfully used to estimate the total above ground biomass of maize and
soybean (Tucker et al., 1979).
Aerial images are widely used for crop yield prediction before harvest (Taylor et
al., 1997) providing high spatial information of the crop’s spectral characteristics
and detecting changes in vegetation patterns, such as emergence rate, leaf area
index and biomass (Eastman, 2003, Sankaran et al., 2014, Hunt et al., 2010).
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So, the aim of this trial was to put in practice a new concept of site specific
management in conservation systems studying seedling and vegetative
establishment of a maize crop under no-till conditions using in loco data from the
soil and vegetative evaluations and aerial sensing.

5.3.2 Materials and methods

5.3.2.1 Location of the experimental field

The study was conducted in an irrigated area of 30 ha of a Luvisol soil (IUSS
Working Group WRB, 2014) in Évora, Alentejo region (Portugal) with the local
coordinates of 38º 28' 47'' N; 8º 01' 58'' W between April and June 2015. The
climate is Mediterranean and Figure 43 shows the local temperature and
precipitation data during the trial period obtained from the Divor weather station
in Évora, located 20 km from the experimental site.

Figure 43. Mean maximum (MMTemp) and minimum temperature (Mm Temp)
(ºC) and monthly rainfall (mm) data from April to June 2015.
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5.3.2.2 Soil evaluations

A preliminary evaluation of the field was carried out using Global Positioning
System (GPS) with a real time kinematic (RTK) base station for soil topography
and a Veris contact-type sensor, 2000 XA model (Veris Technologies, Salina, KS,
USA) made of a cart and four disc-electrodes for apparent soil electrical
conductivity (ECa) towed by an all-terrain vehicle (ATV). As the cart was pulled
across the field, one pair of coulter-electrodes injected an electrical current into
the soil, while the other coulter-electrodes measured the voltage drop in the top
soil, at a depth of 0 to 0.30 m. ECa was recorded by a data logger along with
location information.
To improve the accuracy of swat passages and forward speed the ATV was
equipped with a light bar Trimble, EZ-Guide 250 model (Trimble Navigation
Limited, Sunnyvale-California, USA) (Figure 44). The working pattern was an AB
straight line of 12 m width at 10 km h-1 forward speed. A total of 10,590 points
were georeferenced; representing approximately 350 ECa samples ha-1.

d

c
a

b

Figure 44. Left; details of the Veris sensor and its coulter-electrodes (a) and b)
coulters inject electrical current into the soil and c) and d) coulters measure the
transmitted voltage), right; detail of the light bar system that assists the guidance
pattern.
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In addition soil was sampled in a grid pattern of one point per hectare to determine
soil texture and volumetric moisture. Geo-referenciation was performed with a
handled Magellan receiver (Mobile Mapper CX model, Santa Clara, USA), with
differential correction signal (DGPS). Soil was sampled at a depth of 0-100 mm
and initial conditions were determined (Table 26). Texture, volumetric moisture
content, soil organic content, pH, crop residue, assimilable phosphorus,
assimilable potassium and bulk density followed the same protocols and
methodology of the previous trials.

Table 26. Average values of the initial conditions of the field.
Soil Type
Texture
pH
Soil organic matter content (%)
Crop residue (g dry matter m-2)

Luvisol
Loam/Loam clay
5.8
2.9
10

Assimilable phosphorus (mg P2O5 kg-1)
-1

140

Assimilable potassium (mg K2O kg )

60.2

-3

Bulk density (gcm )

1.5

Soil moisture content (%)

10.9

Considering the ECa evaluation, two main areas of high and low conductivity were
identified and for each of them fifteen points were selected. For each point, soil
resistance to penetration was evaluated, at the time of sowing, using three
measurements using a manual Dickey John field penetrometer (Soil Compaction
Tester model, Minneapolis, USA) with a 12.7 mm outside diameter tip and a 35°
apex angle, as recommended by the American Society of Agricultural Engineers
(ASAE), as the standard measuring device for characterising the penetration
resistance of soils (ASAE, 1999).
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5.3.2.3 Sowing operation

Considering that the previous crop was an annual ryegrass (Lolium multiflorum
Lam.) the sowing operation was preceded by a glyphosate-based herbicide
application. An average value of 10gm-2 of dry matter of stubble covered the
surface of the parcel.
Silage FAO 300 hybrid seeds were used. A conventional no-till seeder Stara Sfil,
SS 13000 model (Stara, Rio Grande do Sul, Brasil) equipped with a pneumatic
Amazone (Amazone, Hasbergen-Gaste – Germany) system was used, towed by
a 120 kW tractor, working in a straight line pattern (Figure 45). The specific setup characteristics and calibrations are listed in Table 27.
A day before sowing, 9 mm m-2 of water was applied by a center pivot.

Figure 45. Left; sowing operation with an 8 row pneumatic Sara Sfill SS 13000,
right; detail of a seeder unit equipped with a double side gauge wheels for depth
control and seedling cover.
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Table 27. Seeder characteristics and calibrations.
Number of rows/row spacing (m)
Depth control mechanism
Seed depth set up (mm)
Average forward speed (km h-1)
Seeding rate (seeds/há)
Weight (kg)
Furrow system

Stara Sfil SS 1300
Pantographic 8 rows/0.75
Double side gauge wheel and press
wheels
40 mm
6
95,000
2,500
Double disc

5.3.2.4 Crop evaluations

In both selected areas and at the same georeferenced points for EC a, seed depth
placement, seedling and vegetative establishment were measured. Seedling
establishment was evaluated by the percentage of plant emergence determined
using the equation (5) (Bilbro and Wanjura, 1982).
Seed depth placement was evaluated after crop emergence by measuring the
mesocotyl length of four sampled plants (Vamerali et al., 2006; Neto et al., 2007).
Vegetative establishment was evaluated thirty five days after the sowing date
using the Maize Height Method, measuring maize plant height from the soil
surface to the highest point of the arch of the uppermost leaf whose tip is pointing
down, and identifying leaf stage, using the Leaf Collar Method by counting the
number of leaves on a plant with visible leaf collars (Abendroth et al., 2011).
Three plants were measured, in each located point.

5.3.2.5 Aerial sensing

Infrared aerial images of the experimental field were taken in two moments, after
seedling emergence and crop vegetative establishment. In both moments, aerial
sensing was preceded by application of a selective herbicide for broadleaf weeds
and grass.
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Images were obtained using an unmanned aerial vehicle (UAV) as remote
sensing platform. The UAV model was a hexacopter platform controlled by an
autopilot system Pixhawk (3DRobotics, USA) that enables autonomous
navigation, based on the coordinates set in the flight plan, designed with Mission
Planner open software (http://planner.ardupilot.com/). It has an automatic GNSS
waypoint navigation and altitude control, capable of carrying a payload of up to
1.5 kg and flying for 20 min at an altitude of 120 m above ground level. The UAV
followed a flight plan made of 30 waypoints covering the entire field, flying at a
speed of 5.2 ms-1.
Photographs were taken with a Canon Powershot A490 camera (Tokio, Japan)
modified to capture near-infrared light (750 – 950 nm) with a resolution of
31mm/pixel and a focal length of 6.6 mm. The images (3648 × 2736 pixels) were
taken at the rate of one every 2.5s and were synchronized through the GPS
position and triggering time recorded for each image. Image data were processed
and analysed using PTGui open source software (Rotterdam, Netherlands) and
ImageJ/Fiji (Flight Riot) to create Normalized Difference Vegetation Index (NDVI)
pictures.

5.3.2.6 Statistical analysis

Topographic and ECa spatial variability maps were created using ordinary kriging
interpolation with ArcView software, version 9.0 (Redlands, USA). The average
value of the parameters were described using the mean standard deviation,
coefficient of variation and correlation values. To determine the influence of seed
depth placement on vegetative establishment, the collected data were subjected
to analysis of variance using Statistica 6.0 software (StatSoft®, Tulsa, USA).
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5.3.3 Results

Figure 46 shows the spatial variability map of the experimental field for
topography and ECa as well as georeferenced points where in loco soil and plant
samples were taken. Two main areas of extreme values of EC a were identified,
within the range from 60 to 90 mS/m and from 1 to 5 mS/m, areas A and B
respectively.

Figure 46. Spatial variability map of topography and ECa and sampled points
location in the experimental field.

Mean, standard deviation and coefficient of variation values of ECa for each area
and the average values of soil resistance to penetration, seed depth placement,
gravimetric moisture, percentage of plant emergence and plant height for areas
A and B are shown in Table 28.
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Table 28. Mean, standard deviation and coefficient of variation values of ECa and
average values for seed depth placement, soil gravimetric moisture, soil
resistance to penetration, percentage of plant emergence and plant height for
areas A and B.
Area A
N

15
X±sd

Area B
CV

15
X±sd

CV

Eca (mS/m)
Seed depth (mm)
Soil gravimetric moisture (%)
Soil resistance (kPa)
Plant emergence (%)

73.74±7.81
31.24±3.16
12.17±3.10
1063.37±198.2
102.5±7.54

10.59
10.1
25.53
18.63
7.34

3.86±0.74
35.44±3.10
9.55±0.89
956.95±215.56
89.66±8.96

19.19
8.66
9.32
22.53
9.99

Plant height (cm)

40,33±8.75

21.7

61.66±77.28

28.03

Considering the different ranges of ECa in each area of the experimental field,
lower average values of seed depth placement and plant height and higher
coefficients of variation for seed depth and soil gravimetric moisture were
observed in area A compared to area B. On the contrary, the average values of
soil gravimetric moisture, soil resistance to penetration and percentage of plant
emergence were higher, and coefficients of variation for soil resistance, plant
emergence and plant height were lower in Area A compared to area B.
The scatter diagrams of area A and area B for ECa and soil gravimetric moisture
and, soil moisture and soil resistance to penetration are shown in Figures 47a
and 47b, respectively.
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A

B

a)

b)
Figure 47. (a) Ratio between ECa and soil gravimetric moisture for areas A and
B, (b) ratio between soil resistance to penetration for areas A (light marks) and B
(dark marks).

In the scatter diagram two main areas of extreme values of EC a in the
experimental field were identified (Fig. 47a). Significant correlations (p<0.05)
were found between ECa and soil gravimetric moisture for both areas (R2=0.27
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for area A and R2=0.13 for area B) (Fig. 47a) as well as between soil gravimetric
moisture and soil resistance to penetration (negative) with R2 (0.05) and R2
(0.34), in areas A and B, respectively (Fig. 47b).

The scatter diagrams of the total area under study for soil gravimetric moisture
vs seed depth and vs. plant emergence, and for seed depth vs. plant emergence
are shown in figure 48.

a)
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b)
Seed depth vs Plant emergence

Plant emergence (%)

120,0
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45,0

Seed depth (mm)

c)

Figure 48. Scatter diagrams for the total area between soil gravimetric moisture
and seed depth (a), soil gravimetric moisture and plant emergence (b) and seed
depth and plant emergence (c).

According to Figure 48a, despite the difference in ECa, seed depth was not
determined by soil moisture, but plant emergence was significantly correlated
(R2=0.22, p <0.05) with soil moisture (Figure 48b) and seed depth (R2=0.20,
p<0.05), (Figure 48c). Values of plant emergence above 100% are due to the
emergence of seeded double grains.
Figure 49 shows the ratios between seed depth and plant height for the total area
(Figure 49a) and for areas A (Figure 49b) and B (Figure 49c).
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a)

b)
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c)

Figure 49. Ratios between seed depth and plant height for the total area (a), for
area A (b) and area B (c).

There is a statistically significant positive correlation between both parameters,
especially in area A (R2=0.47, p<0.05) where ECa values were higher.
Figure 50 shows NDVI aerial images of the experimental field: i) after seedling
emergence (Figure 50a); and ii) at crop establishment, 35 days after the sowing
date (Figure 50b). Figure 50c presents a detail from Figure 50b where crop
establishment was in a rather bad condition.
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a)
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b)

c)
Figure 50. (a) NDVI aerial images of the experimental field after seedling
emergence, (b) crop establishment 35 days after the sowing date and, (c) detail
of failure zone at the same moment of crop establishment.

Strip lines of the previous crop highlighted by the inserted arrows in Figure 50a
and the dashed circle in Figure 50b point to different NDVI patterns across the
experimental field where uneven seedling and crop establishment were observed
in the first and second moments of the aerial sensing, respectively. Failure zones
represented a total of 3.5 ha of the experimental field.
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5.3.4 Discussion

5.3.4.1 Correlation between ECa measurements and soil evaluations

In this trial the spatial variability of ECa in the experimental field showed presence
of two extreme areas of high and low values (Figure 47a). A positive ratio was
observed between this parameter and soil gravimetric moisture with coefficients
of determination (R2) of 0.27 and (R2) 0.13 in the areas with high and low values
of ECa, respectively. Since soil conductivity varies in general with grain size, finer
grained soils, such as silts or clays tend to produce higher ECa signals than
coarser grained sands and gravels (Lund et al., 1998). These results suggest the
presence of two different textures, a fine clay texture in the area with high values
of ECa and a coarser sand texture in the area with low ECa, agreeing with the
Faulin and Molin (2006) when studying the influence of soil moisture on the
apparent soil electrical conductivity.
In both areas a negative and significant correlation (p<0.05) was found between
soil moisture and soil resistance to penetration with a higher coefficient of
determination R2 (0.34) in area B. Different average values of soil moisture were
observed in areas A and B (Table 28). The effect of wet and dry cycles naturally
influences soil moisture content that in turn affects cohesion, angle of internal
fiction, compressibility and adhesion. When soil moisture decreases, negative
water potentials develop and the water held by soil particles acts as a bonding
agent, therefore increasing cohesion (Van Quang et al., 2012). Because the
hardness or strength of untilled soils usually varies across a field, as a result of
natural settling of the soils (Baker and Saxton, 2007), resistance to penetration
increases as the soil dries and decreases as the soil becomes wetter (Bar-Yosef,
1981; Lamers et al., 1986).
Although in both areas soil gravimetric moisture did not statistically determine
seed depth (Figure 48a), in area A, the average value of seed depth placement
was shallower than in area B and negatively correlated with ECa values, probably
due to a high level of clay that limited the seed depth control mechanism of the
134

PhD Thesis
Luís Alcino Conceição
Experimental Work
_____________________________________________________________________________

seeder. Although with lower coefficients of variation of seed depth compared to
those of Neto et al. (2007) and Conceição et al. (2015), the results in this trial still
agree with the lower quantity of stubble of the previous crop and low coefficients
of variation of soil resistance to penetration. Considering the average values of
soil resistance, similar results were obtained by Vaz et al. (2011), who
demonstrated that penetration resistance increased with the clay content of the
soil and so a dynamic seed depth control could have even contributed to better
result of seed depth uniformity.

5.3.4.2 Seedling and crop establishment

In maize crops, regardless of the tillage system, uneven stand establishments
reduce yield potential, with the critical period being from planting to about kneehigh or V4 stage (Nielson, 2000). Under no-tillage, sowing depth and seed to soil
contact (Garrido et al. 2011) and weed control in the first 35 to 40 days are
essential for maximum maize yield (Coelho and Da Silva, 2009). In this trial
although lower coefficients of variation were observed with regard to plant
emergence, these were negatively correlated with seed depth (Fig. 48c). Plant
emergence rate was higher in area A than in area B, probably due to higher clay
content and better soil to seed contact, which was also corroborated by the
positive ratio between this parameter and soil moisture, as shown in Figure 48b.
After plant emergence, the aerial image of the experimental field looks rather
uniform (Figure 50a) although there are some straight patterns showing the
presence of the previous crop due to irregular application of the roundup based
herbicide before the sowing date. In the second moment (Figure 50b), different
NDVI patterns were detected in each area with different crop heights and stages
of transition, emphasizing the importance of remote sensing as a tool for precision
crop management (Sankaran et al., 2014) in agricultural conservation systems.
Evaluation of crop establishment 35 days after the sowing date showed
significant differences (p<0.05) in plant height, positively correlated with seed
depth, with a coefficient of determination of R2 (0.47) in area A (Figure 49b).
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Although the observed percentage of plant emergence was higher in area A than
in area B (Table 28), lower plant height and earlier crop stage were observed,
agreeing with different patterns of NDVI images in the clay area, as shown by the
detail in figure 50c. According to their leaf stage and height, plants in area A were
in V3 stage compared to V4 or V5 in the most uniform areas of sand textures, in
area B. Plant populations affect most growth parameters of maize, even under
optimal growth conditions and therefore it may be considered a major factor
determining the degree of competition between plants (Lindquist et al., 1998;
Sangakkara et al., 2004). As Sangoi (2000) and Abuzar et al. (2011) concluded,
while studying the effects of plant density on maize growth and development,
when the number of individuals per area increases beyond the optimum plant
density, there is a series of consequences that compromise yield crop, due to
uneven morphological establishment. In addition, despite higher levels of soil
moisture, the positive ratio between seed depth and soil resistance to penetration
and the opening of soil profiles in area A showed an impermeable and compact
layer limiting the regular vertical root system of the plants. This suggests higher
values of bulk density and soil mechanic impedance limiting crop development
(Pelegrin et al., 1990; Ozmerzi et al., 2002; Murdock and James, 2008).

5.3.4.3 Site specific crop management

Site specific soil and crop management, also known as precision farming, implies
the concept of using information about variability of site and climate
characteristics to manage specific sites within a field with best practices
(Manzatto et al.,1999; Tschiedel and Ferreira, 2002). There are several
technologies associated with precision farming concept. In this trial, on one hand
soil ECa map gave valuable information about soil differences and similarities,
which made it possible to divide the field into smaller management zones based
on soil and crop evaluations. Despite the need for setting different calibrations for
seed depth due to the site field conditions (Carvalho, 2001), seed depth had a
significant effect on plant emergence and height, as described above.
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Similar to Liebisch et al. (2015), infrared and NDVI images by remote sensing
were decisive in detecting areas of uneven crop establishment across the field,
as shown in figure 50. Remains of the previous crop (Figure 50a), identification
of curve lines (dashed circle in Figure 50b) probably due to irrigation problems
and presence of compact layers in the area, shown in Figure 50c, account for a
total of almost 12% of the experimental field.
Geoelectric survey of the parcel, as well as follow up chlorophyll sensors, carried
by drones, made it possible to somewhat evaluate soil-water-plant system of the
plot in the study:
a) It was possible to evaluate the herbicide spraying operation, which did not work
well in some parts of the plot (Figure 50a), overlapping in some parts and not
being applied in others. The economic impact of this type of inconsistency can be
high, as there is a poor distribution of pesticide and a negative impact on
establishment of culture in face of competition, because the corn plants could be
affected by existing vegetation that is not controlled by the herbicide;
b) it was possible to evaluate the functioning of the irrigation ramp and understand
that there were some sprinklers that were not working well because a there was
a continuous row with lower vegetative vitality (lack of water) as it can be seen in
Figure 50b (dashed line). The result of this inconsistency has direct implications
in terms of reduced productivity and indirect ones, in terms of inefficient use of
production factors such as previously applied fertilizers,
c) it was possible to evaluate the physical limitations associated with the soil and
the consequences of such limitations with regard to possible reductions in
productivity. It was noted that about 12% of the plot presented physical problems
with the soil (details can be seen in Figure 50c), which are normally associated
with high values of ECa (Figure 46) which are certainly associated with finer soil
textures. This type of physical limitation of the soil has a direct negative influence
on the germination of plants, as well as on their growth and development, thus
jeopardizing final productivity and indirectly inefficient use of production factors.
Current precision agriculture techniques make it possible to quickly and
expeditiously assess complex production systems and somehow understand
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whether they can be optimized or not, thus improving the sustainability of
agricultural activity and reducing the impact it has on resources.

5.3.5 Conclusions

In this trial, data from a soil sensor for electrical conductivity and remote sensing
were used with in loco soil and plant evaluations to study establishment of a
maize crop under no-till conditions in the Mediterranean region of Alentejo.
Based on the extreme ECa values two site specific management areas were
identified where soil and crop evaluations took place.
According to the results, significant differences were found for each area under
study. In the area with higher ECa lowest average values of seed depth placement
and plant height were observed as well as higher values of soil gravimetric
moisture, soil resistance to penetration and percentage of crop emergence,
compared to the area with lower ECa values.
Through the use of remote sensing, different NDVI patterns were detected in the
two areas with different crop heights and stages as corroborated in loco by
significant differences between crop establishment and seed depth, as well as
the identification of soil compact layers.
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In this chapter a join presentation of the most relevant results is carried out
together with a discussion in regard to the effect of vertical distribution of no till
seeders in seed depth placement. Seeders, correlations between seed depth
placement and soil resistance to penetration, spatial variability of seed depth
placement, crop MET and PE, and site specific crop management are discussed.

No tillage technique is a conservation agriculture system which, even though it is
still not statistically representative according to the data of INE (2011) compared
to other agricultural systems, already shows some consolidation on farmers who
adopt it. In the four years of trials, except for the case of 2010 field, farmers were
already using this technique for over 10 years. The average results of the soil
samples showed important values of the chemical conditions of the fields, namely
to the values of soil organic matter content and pH considering those presented
by Alves (1989) about the soil constraints for agriculture use. These results agree
with those obtained by different authors for similar conditions of adoption of no
tillage for different crop production systems. The improvement of soil condition
(Basch et al., 2008; Madejón et al., 2009; Carvalho and Basch, 1999; Govaerts
et al., 2009; Soane et al., 2012) and lowest cost production (Uri, 2000;
Tabatabaeefar et al., 2009) as well detailed by a survey in 2012 campaign are for
sure the reason of the permanence of farmers using no tillage despite the
absence of agro-environmental subventions in the period of 2006 to 2009 in
Portugal.

Considering the approach of this research thesis in which the experimental fields
were at private farmers, all trials corroborated the type of models of no till seeders
described by Carvalho (2001) equipped with disc furrow openers and side gauge
wheels as well as passive depth control mechanisms. Regarding these type of
seeders, on the contrary of the same author and Baker and Saxton (2007) any of
the operators of the experimental fields had proceeded to new calibrations along
the field depending on soil physical conditions.
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As Karayal et al., (2008), in all trials vertical distribution of no till seeders was
evaluated according to seed depth placement using both methodologies, by
electronic sensors (Garrido et al., 2011) and vegetative evaluations on maize
crops as described by Neto et al., (2007). Similar and shallow averages values
of seed depth were observed in all plots of 25 to 28 mm. An extreme shallow
average value in 2012 of 11 mm was observed and deeper average of 31 and 35
mm in areas A and B of the 2015 trial.

In addition, considering soil resistance to penetration, under no tillage conditions
values observed between 713 and 1286 kPa illustrated that any of the plots was
under compaction according to the range values of the soil cone penetrometer
sensor, at least for the first 100 mm of the arable layer were measurements have
been taken.

These results and the respective coefficients of variation seem to indicate a high
variability of the physical conditions of the soil limiting the breaking capacity of
the seeder crop rows and so compromising the optimal conditions for seed
germination. So, despite the lower emergency rates observed in the different
trials in 2010, 2011 and 2012, in the last plot, the soil type and the lower
composition in crop residue at soil surface contributed to a more uniform
distribution and higher percentages of emergency.

Comparing tillage systems for soil resistance to penetration seed depth was
significantly affected by tillage system. Lower values of soil resistance were
observed in the fields under conventional and minimum tillage compared to the
ones under no till agreeing partially with Moreno et al. (1997) that observed the
same soil physical behaviour in the first years of introducing no till technique. In
the experimental fields under study if in 2010 it was the first year of no till, all the
other trials were in plots of at least ten years under this tillage practice so probably
results are due to a shallow evaluation done with the soil cone penetrometer
compared to the other authors that evaluate soil subsurface for compaction layers
caused by the use of mouldboard ploughing (Davies and Finney, 2002).
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Apart of the tillage system, negative and significant correlations were observed
between seed depth placement and soil resistance to penetration. In addition,
with the exception of the last trial in 2015, soil resistance was positive and
significantly affected by soil moisture in all the experimental fields probably
because of water infiltration and hydraulic conductivity of the reduced soil
disturbance and cover crop residues under no till conditions as mentioned by Dao
(1993). In 2015, the high values of ECa suggesting a higher content in clay
textures showed a shallow seed depth. The same results were obtained by Vaz
et al. (2011) that concluded about texture effects on soil resistance that for very
wet soils resistance to penetration was lower (Gracia et al., 2012), but increased
with clay content.
Correlations in 2010 could be affected by the low content in soil moisture of the
experimental field due to the fact of a late seeding date and drop irrigation system
adopted by the farmer, as well as the presence of some stone content observed
on the micro topography of the soil.
Considering the areas of the experimental fields, spatial variability of seed depth
placement along the plots of 2011 and 2012 and across the plot in 2010 showed
high coefficients of variability related to different textures and soil moisture
contents. If in 2010 as mentioned before some of the content in stone could
affected sowing performance as well as some high content in stubble in 2011. In
2010 spatial correlation to seed depth placement was observed for only a range
of 12m by adjusting the variogram to a spherical model which agree once again
to the hard condition of soil moisture content and micro relief of the parcel.
Although all the seeders in the different trials were equipped with disc furrow
openers known as better equipment’s to handle with the remains of previous
crops (Carvalho, 1994), Altikat et al. (2013) demonstrated that the best results of
sowing performance and seed emergence were observed in the plots with short
and standing stubble. This also agrees with the results obtained in 2015, where
the lowest quantity of residues of the previous crop probably not interfered as
much as in the other trials in the sowing operation.
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Concerning to crop MET and PE, shallow seed depth placement observed in the
different trials resulted in general to lower PE and MET values. The most common
reason for uneven maize emergence is dry soil at or shortly after the sowing
operation, so it is of highest importance that moisture at seed depth may be
adequate for seed germination and emergence all over the field apart of
variations on soil type or topography or from uneven distribution of moisture and
dry soils caused by secondary tillage (Ford and Hicks, 1992). In addition, crop
germination depends on temperature and seed to soil contact (Fancelli, 2000),
so, considering that normal values for the season and crop needs of temperature
and physical characteristics of the soil such as pH or bulk density (Cardoso et al.,
2013) were observed in all trails, low PE could be a consequence of light soil
textures that may compromise seed germination due to badly seedbed conditions
(Fancelli, 2000).
Because seedling emergence occurs as a result of elongation of the mesocotyl a
negative ratio between seed depth and MET was observed with lower values
respecting to shallow depths.
On the contrary, in 2015 compared to the other trial results showed higher values
of crop PE but a negative ratio between this parameter and seed depth
placement. High values of PE may be caused by double seeds distribution at the
same time that deepest values of seed depth were observed in this trial and soil
physical limitations in the areas with finer soil textures associated to subsoil
impermeable layers affected seed germination.
With regard to fuel consumption and corresponding CO2 emissions it was
possible to test in 2011 that no tillage option presented a significant saving of fuel,
since only a sowing operation and a pre seed spraying operation were performed.
In minimum tillage and conventional mobilization not only increased the number
of transactions up to sowing as the machines used in these operations are quite
demanding in power. These results agree with Farhani (1998) and Lenssen et al.
(2015) that in no tillage there are significant reductions compared to minimum or
conventional mobilization systems.
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Similarly it was found that under no tillage conditions, due to the type of seeders,
with passive depth control systems, there were differences in fuel consumption
related to the relationship between seeder load and press control calibration.
So, no significantly differences were found to fuel consumption when the seeder
was loaded, but on the contrary, when load was reduced to a quarter of its
capacity, consumption reduces highly significantly when a low pressure
calibration was performed.
Although the results were obtained in only one trial, they seem to indicate that
load and different pressure adjustments determine the operating cost by the
variation in fuel consumption somehow according with the results obtained by
Keskin et al. (2011).
Thus, when less load is in the seeder, not only there is interference with seed
depth like in 2011 but also in fuel consumption. As described by Serrano et al.,
(2014), and also verified by these trials these, constantly changing soil resistance
to penetration is expected to also change fuel consumption, because of the
absence of a dynamic calibration to assist seed performance.
Related to crop management it was possible as Da Silva (2006) in maize crops
to demonstrate the applicability of different procedures and technologies to
evaluate sowing operation and crop establishment developing management
zones and obtaining important field information related to soil properties and crop
development.
As Medeiros et al. (2008), the use of aerial images by a UAV has shown
tremendous potential for use in the identification of germination failure areas,
weed infestation, irrigation problems and allowing digital cartography making
possible the identification in loco of the detected situations. On the contrary of the
cost of the ECa equipment, despite the importance they represent in terms of the
fast characterization of the physical and chemical characteristics of the soil,
prevents its broad application. The use of remote sensing has shown also the
advantage that this type of technology can assume with the farmer for the fast
way to achieve results, low cost compared to other forms of remote sensing and
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increasing resolution as mentioned by Salami et al. (2014). Gathering precision
farming instrumentation to no tillage is of great importance because of the need
of the understanding of agronomic interactions and so the need of data to be
measured (Basso et al., 2011) which was observed in the different trials that took
place along these four years.
As Griffin and Hollis (2013), although the importance of data given by the different
instrumentation, it is also important a real soil physical contact survey because of
the different components that may involve and be related to crop establishment
such as stone content impermeable soil layers observed in 2010 and 2015,
respectively.
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The work presented in this thesis has given a contribute to the study of vertical
distribution of conventional no till seeders in maize crops.
Although different soil tillage managements are performed on maize crops, the
cost of mechanized tillage operations and the importance of conservation farming
systems, namely no tillage has led to its adoption by farmers.
Along four years of field trials and six experimental fields a total of 41 hectares
was surveyed in where it was possible to try different sensors (displacement of
the sowing unit with LVDT, pressure sensors, remote sensing) that have proven
be useful in verifying the high variability that occurs in the depth of deposition of
the seed along the same plot, and plots in successive campaigns.
The great variability found in all cases concluded that no tillage seeders must
include mechanisms or electronic systems that integrate variable soil conditions
as part of its calibration.
Because of the way that operators use to calibrate and manage no till seeders,
it is of great importance to promote extension services and training to improve
sowing technic under no till conditions due to the physical specific conditions of
the plots.
As it is the case for conventional tillage systems, in conservation agriculture
systems due to the complexity of natural and agricultural ecosystems site
specific management becomes an important approach to understand and
manage the variability of mechanical operations, soil properties and crop
establishment, especially when using geo spatial information and affording
readily technology. Throughout spatial variability cartography it was possible to
identify failures in herbicide spraying operations, irrigation systems and soil
physical limitations.
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This thesis had two major areas of study, on one hand evaluate the vertical
distribution of no till seeders with passive depth control systems, on the other
hand the adoption of precision farming technologies in conservation agriculture
systems.
Both areas assume the need of further work towards better results from direct
seeding operations and crop yield, so much required by farmers in areas at risk
of erosion as it is the Mediterranean region of Alentejo.
Regarding the type of seeding equipment and sowing operations, it would be
extremely important to conduct comparative tests of conventional machines with
others equipped with dynamic depth control mechanisms to effectively evaluate
the income of the existing devices and the improvement of crop establishment
considering the current price differences between both kinds of equipment.
Also considering the results obtained of the relationships between soil resistance
to penetration and seed depth placement, further work should consider the
hypothesis of a new sensorial kit based on piezoelectric sensors to control an
actuator at the seed press system and its possible assembling to the existing
seeders. The option of a kit may have the economic advantage of keeping in
place the existing sower in the farm improving their performance with a lower cost
of investment.
Finally, given the specific characteristics of the plots under no tillage conditions,
the development of new research work gathering both concepts of precision
agriculture and conservation agriculture is of higher importance than in
conventional tillage systems, allowing a more sustainable and smart farming
concept, so important in the current time for the need of crop intensification.
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