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Abstract

Brazilian soils are very contrasting in relatiorfedility and the main soil classes have low
levels of K. Agricultural activities, mainly graingoduction in Brazilian Cerrado, demand
high amounts of K. The most K fertilizers are imdr playing important role in crop
production costs. Although is common the inadequaeeof K fertilizers that may result in
this nutrient loss. Thus, since 2001 Embrapa aedinkernational Potash Institute (IPI)
have kept collaboration to study K behavior to wjite potassium application in Brazil. It
IS necessary to identify regions with different &éls whose variability may occur in
spatial and temporal scales. In addiction, a regi@ygricultural development planning
should built and publish a database that integeatéronmental and social-economic data.
In this way, the purpose this study was to mapiapand temporal K variability by
municipality of southwest Goias, Brazil, from 20@82005. The soil K availability was
obtained from database COMIGO Cooperative compdseapproximated 10,000 soil
fertility analysis at year. The K output by cropasicalculated from agricultural census
data. First of all, consistence analysis was agphedatabase to eliminate outliers. After
that, descriptive statistic was performed to soailability. The ARCGIS 9.1 tools were
used to associate values obtained to mapping (misicipality) getting soil K availability
and K output maps. Algebra tools were used to ayethese maps to get the K balance

map by municipality of SW Goias, Brazil.
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The results showed that spatial and temporal Kabdiy by municipality occur
due to different soil properties, different cropsdaagricultural economy situation that
determine the K amount that should be applied. Oested and consolidated, this
methodology may be used to map other major nutriehthe Brazilian agriculture such as
phosphorus, magnesium and calcium. Thus, the iotens to generate and provide
information to agricultural institutes and univéiess, but mainly, to provide technical
information applied to sustainable agriculture.

Key words: Potassium, K availability, K output, K balance, tfmznologies, digital
mapping.

1.0 Introduction

In 2005, Embrapa Soils and the International Potass$titute (IPl) started
collaboration to organize soil data for mapping gi@nt potassium availability found in
several soil surveys of the National Soil ArchivdsEEmbrapa Soils. The basic motivation
was the need for optimum regional distribution ofefilizers in Brazil, which are mostly
imported. Optimized fertilizer distribution wouldelp fertilizer delivery to farmers at
lower costs than usual. Presently, up to 40% ofteked production cost of grain crops is
due to mineral fertilizer (Bernarét al., 2002). Brazilian farmers receive no governmental
subsidies and the prices of mineral fertilizersibitnthem to apply adequate amounts of
fertilizer.

Since 1990s, the consumption of potassium fertill@s been the largest in Brazil,
and the recent growthy of agribusiness have prodnedeéassium fertilizer use, particularly
in the Cerrado region (Mascarenigasl., 2002).

One of the main reasons for the change in agri@llfproduction is the change in the
eating habits of consumers combined with envirortalgnfriendly technologies because
of social and environmental concerns (Poulisse3200his, in turn, demands the use of
environmentally sound techniques to promote foodust with simultaneous low
environmental impact (Sanchez, 1997).

The use of some geotechnologies tools in sciergtfidies may help transformations
in agriculture. Reliable data acquisition, orgatima in a georreferenced database and
mapping are efficient tools in the changing proc&ant nutrient mapping has been used
at the farm level as part of precision agricultyBernardiet al., 2002). However, a

regional approach is often needed for both goventah@nd private purposes.



Nevertheless, available data on soil fertility meaments are sparse and collected
at different scales in Brazil, associated to saiffifes. Then, the soil profiles data are not
representative for all brazilian biomes (Figure Ih).addition the interpolation is often
impededbecause of unreliable georreferencing. For this,ghrpose of this paper was to
map K spatial and temporal potassium variabilitynbynicipality of SW Goias — Brazil
(from 2003 to 2006). There, the farmers are orgahin a large cooperative (COMIGO) in
which a soil lab produces 10,000 soil analysesilyethat allowed this K mapping.

The objective to map soll fertility in regional $eas to contribute to the efficiency
of the fertilizer application and the reductiontioé production cost.
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Figure 1: Brazil's biomes map at 1:5,000,000 seal@ soil profiles distribution.

2.0 Study Area

SW Goias is located between 14°09’'S e 19°27’'S 8148P e 53°12'W geographic
coordinates. This area comprises approximately @ilomha inserted mainly in Cerrado
biome — Brazilian Savanna) (Figure 2). The greptet of Cerrado, recovered by natural
vegetation, was replaced by agriculture. The rpraperties have approximately 800 ha
and the land use/land cover pattern is presentédgiwre 3. It is an important economic
region producing the most quantity of grains of #iréo serve national and international
demands.

In grains tillage agricultural systems, there assitally two kinds of producers:
one of them uses low fertilizer levels which lirpitoduction and exhaust the soil, and the
other uses high fertilizer levels which generallyuse loss by leaching and volatilization.

The leaf analysis is not very common, in spiteaphng the application of fertilizers.



Other serious problem in most agricultural systemBrazil is that producers use
commercial proportion recommendations that areadaipted to region conditions. In SW
Goias, for example, it is common to use 400 kg-@80218 in soybean crops. In this region,
the argissolos present a high K level, and theytdequire an application of 72 kg of,R
by ha. In addition, the excess of K in sandy soilght cause salinization of the radicle
system and K loss by leaching because of the legél lof solubility. In this situation, the
excess of K has been lost but its cost is high thml fertilizer is imported from other

countries.
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Figure 2: Study area localization map.

3.0 Material and Methods

The cartographic projection adopted in this mappivags Universal Transverse
Mercator (UTM) and WGS84 datum. The mapping uniesesthe municipalities of SW
Goias, obtained from IBGE (2001).

3.1 Soil potassium availability

The soil K availability data were obtained from C@MD soil data set. This
cooperative takes about 10,000 soil samples, yeAtlyirst, the consistence analysis of
data was done and outliers were deleted. Afterelimaination of outliers, the statistic
analysis was done for each municipality using thiedata set from 2003 to 2006 using a
statistical software. It is important to mentiomtithe sample number is different for each

municipality; for example, for Perolandia, theree & associated samples and for Rio



Verde there are 8.487. But for the temporal K almlity analysis only municipalities
whose soil data set was higher than 50 were comslde

SW Goias has 86 municipalities associated with CGOII But, in this step, only
51 of them were mapped because the others didava K information. Four classes of
interpretation of soil K were used to map K avallah as suggested by Raij (1985).
Besides, one more class was associated with no rditeed to municipalities without
associated soil K:
No data — municipalities without associated soil K
0-30 mg k@' soil — too low
30-60 mg kg soil - low
60-120 mg kg soil - medium
120-240 mg kg soil — high

3.2 Potassium output

The K average level outputs (kg/ha) for thirteeopsrfrom this region were obtained
from Yamada and Lopes (1999). This information fplikd by municipality agricultural
productivity (t/ha) (IBGE, 2003) allows us to eséita the K output of SW Goias from
2003 to 2006. The crops considered were: ricepopttoffee, sugar cane, lemon, orange,
bean, soybean, corn, tomato, peanut, manioc andtwBased on these results, the 2003-
2006 K average output map was done for 51 munitipslof SW Goias. Five classes with
equal intervals were used in K output maps: 0-15D-300, 300-450, 450-600 and >600
kg.ha'.

For temporal K output analysis, only municipalitefose soil data set was higher
than 50 were considered. To map both soil potassiuailability and output, the table
comprising the results associated with municipagitildbf format) was exported to
ARCGIS9.1. It allowed the K availability and outmgatialization.

3.3 Potassium balance

The K average availability unit (mg.Ry was converted to the same unit of K
average output (kg.Hy After that, both maps were converted from vetboraster format
and overlaid using Raster Calculator tool of ARCGI& to obtain the K balance map
(mg.ha). In this process was subtracted the K averagpuoutalues from K average

availability.



3.4 Textural solil classification

At first, a textural soil classification was applieonsidering sand, clay and silt
average percentage for each SW Goias municipdityBRAPA, 2006). In this step,
COMIGO soil data set was used. These data areingggrtant; they help the discussion
about K recommendation because the soil texturardarence K loss by leaching. After

that, the solil texture map was obtained by ArcGISfor 51 municipalities of SW Goias.

4.0 Results and discussion

4.1 Spatial K variability

Figure 3 shows the spatial variability of K averamaailability for municipality.
The municipalities 45, 52 and 56 presented too Hglevel because in this region
predominated the cotton crop until 90’s. And thispcneeds high level of K application.
Comparing the Figure 3 and 4 is possible obseratttie high and medium classes in K
average availability map are coincident to claylssorhese kinds of soils keep more K
available than sandy soils and there is not lange by leaching. On the other hand, the
low and too low classes are coincident to sandls.stn these kinds of soils the loss by
leaching is more common due to K solubility.
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Figure 3: K average availability map from 2003 @9& by municipality.

Figure 5 shows that the spatial variability of Keeage output doesn’t correspond,
exactly, to K average availability distribution. &Migh output classes are related to the
municipalities with greater productivity (mainlyysmean), for example, the 28, 31, 42, 62
(450-600 kg.hd) and 32, 38, 45, 56, 57 (300-450 kghaNevertheless, the K level



decreases from east to west for both K averagéatiay and output maps (Figure 3 and

5) due to different kinds of soil.
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Figure 4: Textural soil groups map by municipality.
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Figure 5: K average output map from 2003 to 200éniopicipality.

These results presented that the K availability @migbut spatial variability should
be consideredn the Krecommendation considering the regional scaleitin¢ financial

and natural resources.



4.2 Temporal K variability

Figure 6 shows the temporal K availability map bumcipality in 2003, 2004,
2005 and 2006. It is observed that the soil K amlity increased from 2003 to 2005, after
that its level decreased until 2006. This fact o due to economical processes like the
soybean price that kept high from 2003 to 2005 lantr in 2006. For this, more quantity
of K was applied when the soybean price was higbrehsing in 2006. Consequently, the

K availability in soil reduced, too.
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Figure 6: Temporal K availability maps by municipal
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Figure 7:Temporal K output maps by municipality.




Figure 7 shows the temporal K output map by muaidip in 2003, 2004, 2005
and 2006. The greater K output levels occurreddi®32(above 400 kg. iy mainly in the
municipalities whose soybean productivity was hrgheo (31, 39, 42 and 45). In 2004 K
output decreased due to natural phenomena likeselagon and soybean illness. But in
2005 the K output increased again. K output deesk&som 2005 to 2006. It is explained

by K application reduction due to low price of gwybean.

4.3 K balance

K balance map obtained from availability and outmaps has six classes, three
related to negative balance (-250 to — 100, -108 &) and -50 to O kg. Haand three
related to positive balance (0 to 50, 50 to 100 @ to 250 kg. h8 (Figure 8). 50 kg de
K is, approximately, the K fertilizers amount agpliin a soybean cycle. Then, a deficit of
50 kg of K for ha correspond to a harvest withqupleation of K fertilizers. In this case,
probably, the productivity will decrease in the nhéwarvest. On the other hand, the
municipalities that presented positive K balandeyt should reduce the K fertilizers
application in the next crop cycle, without redube productivity. The ideal situation

should be all municipalities presenting K balanearto zero.
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Figure 8: K balance map by municipality.




5.0 Conclusions

The results showed the importance to considergitliZer recommendation, not
only the different soil characteristics and spatalariability, but the temporal variability
that is influenced by economical and natural aspethe monitoring of solil fertility in
spatial and temporal level should occur not onlynanicipality scale but in farm leavel.
For this, is necessary to organize a data baseswitHertility information, yearly. Thus,

geoprocessing tools can be used to otimize thiéiZers application planning.

Acknowledgment
This work was financially supported by the Interoaal Potash Institute (IP1). The Soil
Database was supplied by COMIGO-Rio Verde (Goias).

References

Bernardi, A. C. C.; Machado, P. L. O. A.; Silva, &.Fertilidade do solo e demanda por
nutriente no Brasil. In: Manzatto, C. V.; Freitamibr, E.; Peres, J. R. R. (edd)so
agricola dos solos brasileirasRio de Janeiro: Embrapa Solos, 2002. p. 61-77.
EMBRAPA. Centro Nacional de Pesquisa de Sdkistema Brasileiro de Classificacado
de Solos 2a ed. Brasilia: Embrapa Informacdo TecnologRey de Janeiro: Embrapa
Solos, 2006. 306p.

IBGE. Instituto Brasileiro de Geografia e EstatistiDepartamento de Cartografidalha
municipal digital do Brasil: escala 1:2.500.000Rio de Janeiro: IBGE, 2001. 1 CD-
ROM.

IBGE. Instituto Brasileiro de Geografia e EstatistiBIM - Base de Informacdes
Municipais 4. Rio de Janeiro: IBGE, 2003.

Mascarenhas, H. A. A.; Tanaka, R. T.; Wutke, E. Baga, N. R.; Miranda, M. A. C.
Potassio para a sojalnformacdes Agrondmicas, Piracicaba, n. 105, P, har. 2004.
Poulisse, J. Issues of sustainable agricultureeweldping countries. In: Johnston. A.E.
(ed.). Feed the soil to feed the people: The rblgotash in sustainable agriculture. Invited
papersBasel. International Potash Institute 2003. vol. 1, p. 49-69.

Raij. B. van; Cantarella, H.; Quaggio, J. A.; FaiJaA. M. C. Recomendacbes de
adubacao e calagem para o Estado de Sao Paulb ed. Campinas: IAC, 1996. 285 p.
(IAC. Boletim técnico, 100)

Sanchez, P. A. Changing tropical soil fertility pdigms: from Brazil to Africa and back.
In: Moniz, A.C.; Furlani, A.M.C.; Schaeffert, R.EFageria, N.K.; Rosolem, C.A;
Cantarella, H. (eds.). Plant-soil interactionsat IpH. Vicosa. MG:Brazilian Soil Sci.
Sog 1997. p.19-28.

Yamada, T. and Lopes, A.S. Balanco de nutrienteagngultura brasileira. In: Siqueira,
J.O.; Moreira, F.M.S.; Lopes, A.S.; Guilherme, IGR.Faquin, V.; Furtini Neto, A.E.;
Carvalho, J.G. (eds.nter-Relag&o Fertilidade Biologia do Solo e Nutriéo de Plantas
Vigosa. MG: SBCS:UFLA/DCS. 1999. p.143-161.



