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Abstract: The coffee production is a prominent activity on the national scene and even international and in this
context, irrigation contributes to the maintenance of that highlight and increased production. Localized
irrigation system has been used in coffee production to maintain the productivity of coffee plant, due to its
timely application of water, bringing a savings to the producer, which is associated with these systems the
fertigation technique. The various studies show the importance of the wet track and its relationship with the
root development of the coffee plant, bringing with him important aspects for the management of the coffee tree.
Within these aspects of irrigation management is advantageous location in relation to other systems for
providing water in the root zone of the coffee tree, providing little variation in soil moisture during a period,
moreover, through the technique of fertigation supplies nutrients necessary for coffee located, promoting
greater efficiency in the absorption and utilization of nutrients by plants.
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INTRODUCTION 100%, therefore (PM/100) = 1. Localized irrigation already

The productivity of coffee production in recent years acreage, high-frequency and low-volume, keeping the soil
has been increasing gradually, due to managements as: in the root zone of plants close to field capacity. The area
fertilization, pruning, weed control, renewal of crops with of wet soil exposed to the atmosphere is well reduced and,
varieties with greater productive potential and use more consequently, is less water loss by direct evaporation
pronounced of technologies associated with the irrigation from the soil. Water applied by these systems penetrates
[1]. the soil and if it redistributes forming a wet bulb, whose

The irrigation water is a new input to the Brazilian shape and size depend on the applied flow, the type of
coffee, available in virtually every agricultural properties. transmitter, the duration of irrigation and soil type [3].
Its  rational  use could provide a leap in productivity in Other factors influencing the wet bulb dimensions
small, medium and large coffee-growing holdings, by its are: structure and texture of the soil, irrigation system, the
own action, by providing the nutrients in the soil and to transmitter height from the ground, initial moisture of the
conduct necessary fertilizers and pesticides to crops. soil and  the  presence of concretions and gravel [4-6].

The Conilon coffee has been normally irrigated with The overestimate of the percentage of wet soil reduces
pressurized systems of type sprinkling and dripping. the efficiency of the system charge from the oversizing
Among the existing irrigation systems are conventional hydraulic structure to the waste of water, energy and
irrigation, sprinkler fixed, drip and center pivot [2]. fertilizers; while under-estimating may result in risks to

In the case of irrigation sprinkler wet the entire culture stress and promote the bad distribution of root
project area, therefore, the percentage of wet area (PM) is system [7]. 

comprises the application of water in just a fraction of the
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Reliable information about the dimensions of the bulb linearly real irrigation required and total and the irrigation
in contact with soil under drip irrigation helps determine
the optimal flow transmitters and spacing to reduce the
costs of system equipment and offer better conditions of
water in the soil to the more efficient use of water and
fertilizers [8]. 

The bulb or damp soil volume is the distribution of
water in drip wet volume; it is also an indispensable tool
in determining how and when to irrigate [9]. There is a
need for a robust approach, yet easily implemented, to
calculate and show the default damping from drip
irrigation systems to assist in the management of the
system [10]. Due to specificity of soils, all adjusted tables
are not always suitable for soils of Brazil, making essential
studies that characterize [9].

In addition to the study of the characteristics of wet
bulb formation, another important aspect for the
management of irrigation is the root development of the
coffee tree, since this factor is directly related to the
calculation of the actual irrigation of culture. Relationship
brings some questions, such as how deep effective root
of the deployed today in the coffee crops in production,
the calculation of the actual irrigation necessary has been
met for coffee in order to provide a wet bulb formation in
root zone effective culture.

Soares et al. [11] evaluated the influence of
percentage of wet area (PAM) soil on production and
distribution of root system of the coffee tree in
Patrocínio-MG found that increasing the PAM provided
better distribution of root system, as the distance from the
stem. In the irrigated treatments, the root system had
better distribution in the lateral direction. In the treatment
with PAM equal to 30% wet track was 1.2 m and the
effective depth of root system was of 0.60 m, which was
done the water balance and had a concentration of 90% of
the roots in the ground portion equivalent to the wet
track. In the treatment with PAM equal to 50%, in which
the wet track was of 1.8 m and the effective depth 60 cm
was 80%, of the roots were found on the ground portion
equivalent to the wet tracks, showing that the best
development conditions promoted irrigation of root
system in the horizontal direction.

Most  work  with the Rena and Guimarães [12],
Partelli et al.[13] e Silva and Martins[14], show that much
of  the root  system of  the  coffee  plant is in layer of
0.00-0.20 m, whereas the majority of producers use depths
of 0.25 to 0.35 m for the management of their irrigation in
coffee, to conclude that for several times the farmer you're
wasting water, since effective roots of plants are in more
superficial layers of the soil, besides using a longer
irrigation,  whereas as  depth  increases,  also   increases

time.

Influence of Soil Type on the Wet Bulb: The knowledge
of the particle size distribution of solid particles of the soil
is essential for various applications, such as in the
analysis of quality, study on compaction and water
movement in the soil, the availability of water, aeration,
soil conductivity to air, to water and heat [15,16]. The soil
texture second Scheinost et al.[17], is the primary factor
among several that affect the retention of water in the soil,
because it determines the contact area between water and
solid particles, determining that the accommodation of the
particles and the distribution of pores. Klein et al. [18]
also report that the main factors that influence on
retention and availability of water to plants are the texture
and soil structure. The wet bulb is formed from a punctual
source of ground water that propagates three-
dimensionally through front of wetting [6]. Already
Kandelous et al. [19] studied the distribution of water
content between two transmitters, with overlapping, in a
subsurface drip irrigation system, the authors concluded
that the system can be described by a two-dimensional
model just before the wet bulb overlap occurs and from
then on would require a three-dimensional model. Second
Subbaiah [10] found that the flow of water under drip
irrigation is more complex, since the water is applied from
issuers and each transmitter, the water spreads out in all
directions. Such behavior is in sharp contrast with the
geometry and dynamics of volume of wet soil under
sprinkling irrigation when the total area of the surface of
the soil is wet and the vertical distribution of water
content in the soil is essentially constant [20]. The
knowledge of the dimensions of the wet bulb has
importance for the determination of depth and maximum
width in planning of irrigation, thus preventing water loss
by leaching and exaggerated overlay the emitters. The
agronomic point of view, the dimensions of the bulb are
useful to determine the volume of wet soil for irrigation,
where are concentrated plant roots. In addition, the
knowledge of these dimensions is also useful in
calculations of water slide to be applied and the amount
of nutrient in the wet volume, being fundamental to the
program of fertigation [21-22]. In clay soils, due to the
lower rate of infiltration, it turns the bulb formation with
greater horizontal dimension, explained by greater
influence of capillarity on gravity. In soils with stratified
layers, there are layers with different porosities, affecting
the flow and water retention and, consequently, the wet
bulb. This implies that, when the front of wetting reaches
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layers of different textures, these acts as a barrier, the application of water by plants is attended and that this
especially in soils that exhibit textural gradient in the soil volume of soil is inserted inside the radicular system of
profile. For different flows and emitter for same time, minor culture [30]. The storage of water to be considered in
irrigation flows will tend to form wet bulbs deeper, less studies of water balance depends on the depth of
superficial radius; already for the same flow rate higher exploration of the root system in soil. As the culture of the
the issuers irrigation time, the greater the surface radius coffee tree explores different depths of soil in terms of
[23]. Taking into consideration the average wet volume for stage of development, physiological characteristics and
different combinations of flow and while, Maia [21] noted attributes of the soil, the water capacity available (CAD)
that the average volume was higher than in the Argisols, is always subject to a continuous variation over the years
being followed by Cambisols and Neossolo Quatzarênico, and the seasons [31]. The more intense drying on the line
which showed approximately 87% Argisol volume. After of culture up to 1.6 m was verified by Serafim et al. [32]
these, the latosol appears Luvissolo and Neossolo which indicated the presence of drying bulb caused by
Flúvico, with 81, 77 and 40% Argisol volume. In Luvissolo the plant. According to those authors relevant
Háplico in addition to spacing between transmitters, the information to be drawn is that the roots present to 1.6 m
effective depth and width of the wet soil volume and are active and remove water from the soil. Thus, although
water content at field capacity are more important than the culture does not have water readily available in layers
just the volume of wet soil. An increase in the total closer to the surface during the drought, the greater
amount of water in the soil contributes more to an volume of soil explored by that contributes to reduce the
increase in the wet depth than an increase in diameter wet. water deficit. How deep is operated by culture is directly
In addition, incorrect irrigation practices can cause proportional to the water available and considering the
serious and permanent damage to the environment, since field observations in which the roots of conventional
the increased flow of transmitters above the recommended crops exploit a depth of up to 0.8 m [33] the presence of
causes the water which flows out take down not only the roots up to 1.7 m in crops studied, provides approximately
fine particles of soil, but also nutrients that, in some twice more water available to plants. In the same way that
cases, can cause soil contamination [24]. The experimental soil attributes influence occurs in wet bulb, the root
investigations show that in fine texture horizontal and system also suffers consequence due to soil management,
vertical extension of the wetting front moves with velocity since according to Serafim et al.[32] the root development
approximately equal. But in coarse textured soils, vertical depends on several attributes related to soil structure,
speed component of front of wetting is greater than the being difficult to establish, in isolation, the effect of these
horizontal component, which causes the percolating is attributes on the growth of plants.
deeper in such soils under water application point [25].
Phogat et al. [26] report that dampened volume changes Wet Bulb and Fertigation: One of the major bottlenecks
also depend on both the flow and soil properties. From in the irrigated coffee production is related to the supply
the analysis of the different numerical experiments, it is of nutrients via irrigation water technique called
concluded that, for the same depth of drip irrigation and fertigation. Localized irrigation is the most suitable for
soil, spacing the vertical component of the wet zone is fertigation because it allows keep in limited area available
deeper to a slower discharge rate than for a faster. This is to the roots, soil moisture and nutrient concentration
in line with the conclusions of Bresler et al. [27] model optimal for the development of culture, met with the same
without considering the extraction of roots and water distribution system [34, 35], satisfying their needs
evaporation. Also they noted that there was a brief promptly, according to their stage of development [36].
overlap of wet bulbs in soil of fine texture and deep Compared to the conventional system of fertilization,
percolation appears to be smaller in fine textured soil than fertigation allows you to increase productivity and
in thick texture. Deep percolation increases with increase improve the quality of the fruit of the coffee tree, reduces
in irrigation application depth [28]. The distribution of the costs with labor on fertilization and increases efficiency in
water and the shape of the volume of wet soil can be soil management [37-40]. The fertigation on coffee
predicted by physical laws of capillary water movement in production has been discussed on the basis of works
the soil for a punctual as linear [29]. It is necessary to related to irrigation [37, 38, 41], for liquid fertilizing [42]
know  how  that water distribution is affected by soil and the fertigation [43-46]. For the coffee plant cultivated
water-physical. Thus, it is possible to scale the irrigation in non-irrigated land, the main producing regions
system so wet a sufficient volume of soil to ensure that established after years of research, the doses and
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installments of N and most appropriate to the period of roots, as well as most of the roots concentrate under the
K O formation of crop. However, for the coffee plant canopy and 0.2 m depth. Confirmed-if the restriction of the2

fertigation such information is not yet defined. For root development in the range of fertilization. Drip
fertigation drip coffee in the formative phase in dense irrigation on the root development is limited to the volume
planting may reduce by 30% the amount of N e K O of wet ground by issuers, with root length density2

recommended for cultivation in upland [47], already decreasing with depth [54-56], hence the importance of
Guimarães et al. [48] working in the region of Minas the study of the formation of the wet bulb into the soil,
Gerais with Arabica coffee noted that using the which second Nafchi et al. [24] very little attention is
fertigation, can reduce the doses of fertilizer recommended given to estimate soil water distribution using drip
for 70% of the recommendation basic. The drip irrigation irrigation in real conditions in the field, according to Souza
offers important advantages to meet the standards of and Folegatti [49] unfortunately, important factors for this
water and nutrient management contemporary efficiency, estimate, both in design and management are often
since it allows the accurate control of water supplied in forgotten and current practices in Brazil and elsewhere are
small quantities directly to the root zone. Frequent often based on empirical information or data collected
irrigation helps maintain favorable water conditions near indiscriminately from the professional literature. Some
field capacity to root development in the volume of soil studies have shown that the depletion of water in the soil
partially wet [49]. Moreover, combining the application is closely related to the depth of rooting [57, 58]. Other
fees and the plant through the wet volume ensures the studies have highlighted the leading role of main root
efficient absorption of water and nutrient absorption, systems on the uptake of water in the soil [59]. Generally,
reducing losses due to deep percolation of water and the default extraction of soil moisture from the root zone,
agrochemicals [50]. Another advantage of the drip is that the water is initially extracted from the surface
irrigation system corresponds to greater efficiency in the layer, with the extraction zone progressing downward
application of fertilizers when compared to manual or through the profile. Whenever the ground water near the
mechanized methods of application for coverage [51]. surface is supplied by precipitation or irrigation, extraction
According to Antunes et al. [51], when the irrigation front returns the surface and subsequently moves down
technique is combined with the application of fertilizers, again. Then, the water will be taken from deeper and
there is a 35% increase in productivity of roots in relation deeper layers. Roots in topsoil play the dominant role in
to water use only. Evaluating the effect of drip fertigation water harvesting, when soil moisture is not restricted [60].
on spatial distribution of root system of the coffee tree, Despite the widespread use of fertigation through drip
Barreto et al. [52] observed that the coffee plant irrigated irrigation, information about the simultaneous movement
and fertilized conventionally different conditions for root of water and dissolved solids are scarce [49, 61]. The
development occurred, varying according to the tax fertigation monitoring should be done to evaluate the
treatments. For the plants irrigated by tubgotejadores with management itself, based on impacts caused in the soil
emitters spaced every 0.50 m, root depth was less that might influence the development of plants, which
effective (Average of 0.63 m) than observed for the plants must involve the monitoring of the application of
irrigated by emitters positioned every 0.80 m (Average of fertilizers observing the concentration of the solution
0.70 m). In nutritional management for fertigation was injected, concentration of the final solution in the output
observed less inequality in effective root depth among the of the transmitters, distribution uniformity along the area,
treatments, as well as in an average increase of 51.1% of distribution of nutrients in the soil profile and the
density of roots. There was a tendency of root volume interaction between irrigation and fertilizer system trapped
maintenance in the region near the emitters, while more [62-64], those factors that will result in increased
distant points of the development of the wet bulb, root productivity and in reducing negative impacts of
growth was 77%. Irrigation of plants by tubgotejadores irrigation, when well-planned [65].
buried the 0.10 m depth provided greater root
development in response to the fertigation. Results CONCLUSION
obtained by Motta et al. [53] with Catuaí coffee in non-
irrigated, fertilized conventionally, found a wide variation Given that the various studies show the importance
in horizontally and vertically in the soil chemical of the wet track and its relationship with the root
properties and distribution of roots. The thin roots have development of the coffee plant, bringing with him
contributed to higher proportion in the total length of important aspects for the management of the coffee tree.
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Within these aspects of irrigation management is 7. Santoro, B..L., L.M. Sato, J.P.B. Brunhara, J.G. Peres
advantageous location in relation to other systems for and C.F. Souza, 2013. Monitoramento da distribuição
providing water in the root zone of the coffee tree, de uma solução no solo via fertirrigação por
providing  little  variation  in  soil moisture during a gotejamento. Irriga, 18(3): 572-586.
period, In addition, through the technique of fertigation 8. Keyyan, M. and R.T. Peters, 2011. Wetting pattern
supplies  nutrients  necessary for coffee located, models for drip irrigation: new empirical model.
promotes  greater efficiency in absorption and utilization Journal of Irrigation and Drainage Engineering,
of nutrients by plants, as several papers report that the 137(8): 530-537.
NPK nutrients are concentrated near the emitter water 9. Barros,   A.C.,   M.V.   Folegatti,   C.F.   Souza  and
irrigation systems and may conclude, near the area of B.L. Santoro, 2009. Distribuição de água no solo
nutrient absorption of coffee. Despite the importance of aplicado por gotejamento enterrado e superficial.
the aspects mentioned, some soil factors (density, Revista Brasileira de Engenharia Agrícola e
structure and soil texture), should be observed in the Ambiental, 13(6): 700-707.
formation of the bulb/wet track, but also the management 10. Subbaiah, R., 2013. A review of models for predicting
of irrigation (flow rate and spacing of emitters) due to the soil water dynamics during trickle. Irrigation Science,
behavior of nutrients in the soil and the influence on the 31(3): 225-258.
development of the root system, for the irrigation system 11. Soares,   A.R.,    E.C.    Mantovani,   A.A.  Soares,
can  contribute  to  positive  development  were  coffee. A.B. Rena, M.B. Coelho and R.O. Batista, 2007.
On the studies mentioned concludes the importance of Produção e distribuição de raízes em cafeeiros
studying the field, with respect to these factors and the irrigados por gotejamento. Engenharia na
wet bulb/track ratio and root system development mainly Agricultura, 15(2): 130-140.
in Brazil, where still and found to have been superficial in 12. Rena, A.B. and P.T.G. Guimarães, 2000. Sistema
the literature. radicular do cafeeiro: estrutura, distribuição,

REFERENCES Empresa de Pesquisa Agropecuária de Minas Gerais,

1. Souza,   J.M.,     R.    Bonomo,    M.   Magiero  and 13. Partelli,   F.L.,   H.D.   Vieira,   A.R.   Santiago  and
D.Z. Bonomo, 2014. Interrupção da irrigação e D.G. Barroso, 2006. Produção e desenvolvimento
maturação dos frutos de café Conilon. Científica, radicular de plantas de café ‘Conilon’ propagadas
42(2): 170-177. por sementes e por estacas. Pesquisa Agropecuária

2. Partelli, F.L., M.G. Oliveira and M.B. Silva, 2013. Café Brasileira, 41(6): 949-954.
Conilon: Qualidade, Adubação e Irrigação. 1ª ed. São 14. Silva, V.L.B. and P.F.S. Martins, 2010. Propriedades
Mateus -ES., pp: 54. físicas do solo e sistema radicular do cafeeiro,

3. Pizarro, F., 1996. Riegos localizados de alta frecuencia variedade Conilon, sob diferentes espaçamentos.
(RLAF): goteo, microaspersión, exudación. Madrid: Revista Ciência Agrária, 53(1): 96-101.
Mundi-Prensa, pp: 511. 15. Prevedello, C.L., 1996. Física do solo com problemas

4. Bell,  J.P.,  S.R.  Wellings,   M.G.   Hodnett  and resolvidos. Curitiba: Discovery, pp: 446.
P.D.A. Koon, 1990. Soil water status: a concept for 16. Silva, J.U.C., B. Wendling, R. Camargo, L.B. Prazeres
characterizing soil water conditions beneath a drip Mendonça and M.C.M. Freitas, 2011. Análise
irrigated row crop. Agricultural Water Management, comparativa ente os sistemas de preparo do solo:
17(1): 171-187. aspectos técnicos e econômicos. Enciclopédia

5. Folch, J.R.G. and J.A.G. Fábrega, 1999. El volumen Biosfera, 7(12): 1-11.
húmedo del suelo en el riego localizado: importancia 17. Scheinost, A., W. Sinowski and K. Auerswald, 1997.
y evaluación. In: Carpena, R. M. (Eds). Estudios de la Rationalization of soil water retention curves in a
zona no saturada del suelo. Tenerife: ICIA, pp: 11-17. highly variable soils cape, I. Developing a new

6. Elaiuy, M.L.C., 2012. Bulbos úmidos a partir da pedotransfer function. Geoderma, 78(1-4): 129-143.
irrigação por gotejamento subsuperficial com água de 18. Klein,  V.A.,  M.   Baseggio,   T.   Madalosso  and
abastecimento e efluente de esgoto tratado. C.D. Marcolin, 2010. Textura do solo e a estimativa
Dissertação (Mestrado). Universidade Estadual de do teor de água no ponto de murcha permanente com
Campinas, Campinas, SP, pp: 83. psicrômetro. Ciência Rural, 40(7): 1550-1556.

atividades fatores que o influenciam. Belo Horizonte:

pp: 80.



Am-Euras. J. Agric. & Environ. Sci., 15 (6): 1040-1047, 2015

1045

19. Kandelous, M.M., J. Simunek, M.Th. Van Genuchten 31. Pereira,  A.R.,  2005.  Simplificando   o  balanço
and K. Malek, 2011. Soil water content distributions hídrico    de     Thornthwaite-Mather.   Bragantia,
between two emitters’ of a subsurface drip irrigation 64(2): 311-313.
system. Soil Science society of America Journal, 32. Serafim, M.E., G.C. Oliveira, J.M. Lima, B.M. Silva,
75(2): 488-497. W.M. Zeviani and V.M.P. Lima, 2013. Disponibilidade

20. Zur, B., 1996. Wetted soil volume as a design hídrica e distinção de ambientes para cultivo de
objective  in  trickle irrigation. Irrigation Science, cafeeiros. Revista Brasileira de Engenharia Agrícola
16(1): 101-105. e Ambiental, 17(4): 362-370.

21. Maia, E.C., 2010. Aplicação de modelos matemáticos 33. Rena, A.B. and M. Maestri., 2000. Relações hídricas
na estimativa do volume de bulbo molhado por no cafeeiro. ITEM: Irrigação & Tecnologia Moderna,
gotejamento superficial em diferentes tipos de solo. 48(1): 34-41.
Ciência Rural, 40(11): 2301-2309. 34. Villas Bôas, R.L., J.R. Zanini and L.H. Duenhas, 2002.

22. Thabet, M. and K. Zayani, 2008. Wetting patterns Uso e manejo de fertilizantes em fertirrigação. In:
under trickle source in a loamy sand soil of south Zanini, J.R., Villas Bôas, R.L., Feitosa Filho, J. C. Uso
Tunisia. American-Eurasian Journal of Agricultural & e manejo da fertirrigação e hidroponia. Jaboticabal:
Environmental Sciences, 3(1): 38-42. FUNEP, pp: 1-25.

23. Maia, C.E. and S.L.A. Levien, 2010. Estimativa de 35. Jimenez-Bello,   M.A.,    F. Martínez,   V.   Bou  and
dimensões de bulbo molhado em irrigação por H. Bartolín, 2011. Analysis, assessment and
gotejamento superficial aplicando modelo de improvement of fertilizer distribution in pressure
superfície     de        resposta.       Ciência    Rural, irrigation systems. Irrigation Science, 29(1): 45-53.
40(6): 1302-1308. 36. Li, J., J. Zhank and L. Ren, 2003. Water and nitrogen

24. Kuklik, V. and T.D. Hoang, 2014. Soil moisture distribution as affected by fertigation of ammonium
regimes under point irrigation. Agricultural Water nitrate  from  a  point  source.  Irrigation  Science,
Management, 134(1): 42-49. 22(1): 19-30.

25. Nafchi, R.F., F. Mosavi and K. Parvanak, 2011. 37. Silva, A.L., M.A. Faria and R.P. Reis, 2003.
Experimental study of shape and volume of wetted Viabilidade técnico-econômica do uso do sistema de
soil in trickle irrigation method. African Journal of irrigação por gotejamento na cultura do cafeeiro.
Agricultural Research, 6(2): 458-466. Revista Brasileira de Engenharia Agrícola e

26. Phogat, V., M. Mahadevan, M. Skewes and J.W. Cox, Ambiental, 7(1): 37-44.
2012. Modelling soil water and salt dynamics under 38. Gomes, N.M., L.A. Lima and A.A. Custodio, 2007.
pulsed and continuous surface drip irrigation of Crescimento vegetativo e produtividade do cafeeiro
almond and implications of system design. Irrigation irrigado no sul do Estado de Minas Gerais. Revista
Science, 30(4): 315-333. Brasileira  de  Engenharia  Agrícola  e  Ambiental,

27. Bresler, E., 1978. Analysis of trickle irrigation with 11(6): 564-570.
application to design problems. Irrigation Science, 39. Carvalho,  A.M.,  A.N.G.  Mendes,  G.R. Carvalho,
1(1): 3-17. C.E. Botelho, F.M.A. Gonçalves and A.D. Ferreira,

28. Elmaloglou, S. and E. Diamantopoulos, 2010. Soil 2010. Correlação entre crescimento e produtividade
water dynamics under surface trickle irrigation as de cultivares de café em diferentes regiões de Minas
affected by soil hydraulic properties, discharge rate, Gerais, Brasil. Pesquisa Agropecuária Brasileira,
dripper spacing and irrigation duration. Irrigation and 45(3): 269-2750.
Drainage, 59(3): 254-263. 40. Pereira, M.G., A. Loss, S.J. Beutler and J.L.R. Torres,

29. Levien, S.L.A., 2014. Simulação de formação de faixa 2010. Carbono, matéria orgânica leve e fósforo
molhada na irrigação por gotejamento superficial em remanescente  em  diferentes  sistemas  de  manejo
solo franco. Irriga, (Edição Especial 01): 47-54. do   solo.    Pesquisa     Agropecuária   Brasileira,

30. Júnior,   J.B.T.,    L.B.   Marinho,   C.F.   Souza  and 45(5): 508-514. 
J.A. Frizzone, 2014. Desenvolvimento de um modelo 41. Silva, C.A., R.E.F. Teodoro and B. Melo, 2008.
numérico para modelagem do Bulbo molhado em Produtividade e rendimento do cafeeiro submetido a
irrigação por gotejamento. Irriga, (Edição Especial lâminas de irrigação. Pesquisa Agropecuária
01): 11-20. Brasileira, 43(3): 387-394.



Am-Euras. J. Agric. & Environ. Sci., 15 (6): 1040-1047, 2015

1046

42. Fagundes, A.V., 2006. Adubação líquida na 52. Barreto, C.V.G., E. Sakai, F.B. Arruda, E.A. Silva and
implantação da lavoura cafeeira (Coffea arabica L.). R.C.M. Pires, 2006. Distribuição espacial do sistema
pp: 54, Dissertação (Mestrado) - Universidade radicular do cafeeiro fertirrigado por gotejamento em
Federal de Lavras, Lavras. Campinas. Bragantia, 65(4): 641-647.

43. Karasawa, S., M.A. Faria and R.J. Guimaraes, 2002. 53. Motta, A.C.V.,    J.A.   Nick,   C.T.   Yorinori  and
Influência da irrigação e do parcelamento de B.M.  Serrat,  2006. Distribuição horizontal e vertical
fertirrigação sobre a produtividade, rendimento e da fertilidade  do solo e das raízes de cafeeiro
qualidade do café (Coffea arabica L. cv. Topázio (Coffea arabica L.) cultivar Catuaí. Acta Scientiarum
MG?1190). Ciência e Agrotecnologia, (edição Agronomy, 28(4): 455-463.
especial): 1427-1438. 54. Goldberg, D., B. Gornat and Y. Bar, 1971. The

44. Nazareno, R.B., C.A.D.S. Oliveira, C. Sanzonowicz, distribution  of  roots,  water  and  minerals  as a
J.B.R. Sampaio, J.C.P.D. Silva and A.F. Guerra, 2003. result  of  trickle   irrigation.   Journal   of  the
Crescimento inicial do cafeeiro ‘Rubi’ em resposta a American   Society    of     Horticultural   Science,
doses de nitrogênio, fósforo e potássio e a regimes 96(5): 645-648.
hídricos.    Pesquisa      Agropecuária   Brasileira, 55. Stevens, R. and T. Douglas, 1994. Distribution of
38(8): 903-910. grapevine roots and salt under drip and full-ground

45. Costa, E.L., 2005. Fertirrigação nitrogenada por cover microjet irrigation systems. Irrigation Science,
gotejamento em cafezal e sua influência em 15(4): 147-152.
características químicas do solo. 2005. pp: 79, Tese 56. Michelakis, N., E. Vougioucalou and G. Clapaki, 1993.
(Doutorado)  Universidade Federal de Viçosa, Water use, wetted soil volume, root distribution and
Viçosa. yield of avocado under drip irrigation. Agricultural

 46. Rezende,   R.,    C.    Helbel    Júnior,   R.S.  Souza, Water Management, 24(2): 119-131.
F.M. Antunes and J.A Frizzone, 2010. Crescimento 57. Entz,  M.H.,  K.G.  Gross  and  D.B.  Fowler,  1992.
inicial de duas cultivares de cafeeiro em diferentes Root growth and soil water extraction by winter and
regimes hídricos e dosagens de fertirrigação. spring wheat. Canadian Journal of Plant Science,
Engenharia Agrícola, 30(3): 447-458. 72(4): 1109-1120.

47. Sobreira,  F.M.,   R.J.   Guimarães,   A.  Colombo, 58. Angadi,  S.V. and  M.   Entz,   2002.   Root  system
M.S. Scalco and J.G. Carvalho, 2011. Adubação and  water  use  patterns  of  different height
nitrogenada e potássica de cafeeiro fertirrigado na sunflower     cultivars.        Agronomy     Journal,
fase de formação, em plantio adensado. Pesquisa 94(1): 136-145.
Agropecuária Brasileira, 46(1): 9-16. 59. Clothier, B. and S. Green, 1994. Root zone processes

48. Guimarães,   R.J.,    M.S.    Scalco,    A.  Colombo, and the efficient use of irrigation water. Agricultural
G.A. Assis, G.R. Carvalho and L.P.B. Alexandre, 2010. Water Management, 25(1): 1-12.
Adubação para primeiro ano pós-plantio (N e K2O) 60. Shao, L., X. Zhang, S. Chen, H. Sun and Z. Wang,
de cafeeiros fertirrigados na região sul de Minas 2009. Effects of irrigation frequency under limited
Gerais. Coffee Science, 5(2): 137-147. irrigation on root water uptake, yield and water use

49. Souza, C.F. and M.V. Folegatti, 2010. Spatial and efficiency of winter wheat. Irrigation and Drainage,
temporal characterization of water and solute 58(4): 393-405.
distribution patterns. Scientia Agricola, 67(1): 9-15. 61. Clothier,  B.E.      and     T.J.     Sauer,    1988.

50. Souza, C.F., M.V. Folegatti and D. Or, 2009. Nitrogen  transport  during  drip  fertigation  with
Distribution and storage characterization of soil urea.  Soil  Science  Society  of  America Journal,
solution  for  drip  irrigation.   Irrigation  Science, 52(8): 345-349.
27(4): 277-288. 62. Zanini, J.R., 1987. Hidráulica da fertirrigação por

51. Antunes, R.C.B., A.B. Rena and E.C. Mantovani, gotejamento utilizando o tanque de derivação de
2001. Fertirrigação na cultura do cafeeiro arábica. fluxo e bomba injetora. pp:103. Tese (Doutorado em
Viçosa: Associação dos Engenheiros Agrícolas de Solos e Nutrição de Plantas) – Escola Superior de
Minas Gerais.  Universidade   Federal   de  Viçosa, Agricultura “Luís de Queiroz”, Universidade de São
pp: 39. Paulo, Piracicaba, 1987.



Am-Euras. J. Agric. & Environ. Sci., 15 (6): 1040-1047, 2015

1047

63. Villas Bôas, R.L., M.V.M. Oliveira, P.R.A. Mota and 65. Zanini,   J.R.,  A.K.G.   Barreto,   L.C.   Foratto  and
M.O. Bettini, 2003. Fertirrigação no Brasil, técnica W. Natale, 2007. Distribuição de fósforo no bulbo
inovadora nos cultivos irrigados. In: Congresso molhado,  aplicado  via  fertirrigação  por
Brasileiro de Fertirrigação, João Pessoa 2003. Anais... gotejamento com ácido fosfórico. Engenharia
João Pessoa: UFPB/CCA. Agrícola, 27(1): 180-193.

64. Santoro, B.L., L.M. Sato, J.P.B. Brunhara, J.G. Peres
and C.F. Souza, 2013. Monitoramento da distribuição
de uma solução no solo via fertirrigação por
gotejamento. Irriga, 18(3): 572-586.


