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ABSTRACT

Two research fields were conducted on a Haplohufram 1998 and to 2005. The study aimed to evaltlage
strategies for starter fertilizer application onreg soybean and common bean yield as well as tbenaglation of
earlier dry matter for corn in a no-tillage crop tation system in south of Brazil. There was noéase in the yield
of soybean with phosphorus and potassium applingfiio at least seven seasons, while corn and comioeam

showed increased yields with phosphorus, potassinth nitrogen application. For soybean, corn and omon

beans in no-tillage systems with high levels ofsphorus and medium of potassium, the starter ifegtilcan be
applied in any of the methods evaluated and inafripe period considered. The presence or absehpetassium
in the furrow, phosphorus sources and row preparattomponents provided similar yields to corn, sayband
common bean.

Key words: Starter fertilizer, application technique, fartlr management, crop rotation, no-till

INTRODUCTION Generally the increases in yield due to furrow
fertilizer application occur when P and K contents

Fertilizers in soybean, common bean and cori the soil are low (Yibirin, et al., 1993; Pradb e
generally are applied in furrows, when sowingal., 2001). But it can happen in soils with high or
This strategy, besides increasing cost, increas&€ry high nutrient contents (Gordon, 1999; Bundy
the time necessary to sow which can affect the ugd Andraski, 2001). In conditions where
of potential soil moisture and the most adequatéhibition of P and K adsorption can occur; like
period to sow; it also demands more machineripydric deficit (Borges and Mallarino, 2000; Broch
and concentrates labor efforts. Furrowers morand Chueiri, 2005), low temperatures and
commonly used to incorporate fertilizers in no-excessive moisture during the crop development
tillage system are double-disc opener and coulté@n be advantageous to furrow application. The
opener and can make furrows about 70 mm andeather can affect the results of different kinéls o
150 mm deep, respectively, positioning fertilizerfertilizer application what makes to carry out leng
under seeds (Coelho, 1998; Silva, 2003). term studies very important.

“ Author for correspondence: vpauletti@ufpr.br
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The adoption of no-tillage system decreases thend altitude of 1030 m, south Brazil. According to
soil, water and nutrient losses by erosion (Cogo é€6ppen, the climate of this region is Cfb (IAPAR,
al., 2003; Guadgnin et al., 2005) and increases tt#905). Table 1 shows the monthly average
nutrient and organic matter concentration inemperature during the study and the average of
superficial layers (Eckert and Johnson, 1985the last 30 years. The historical average
Merten and Mielniczuk, 1991; Pauletti et al.,temperatures of the colder months (May to
1995). There is high root concentration (Yibirin etAugust) varied from 12.4 to 14.2°C and in the
al., 1993) and hyphae and mycorrhiza sporewarmer months (December to April) from 17.5 to
(Kabir et al, 1998) in the first centimeters in the20.4°C. The annual average was 16.2°C. During
superficial layer in no-tillage systems whichthis study, the average temperatures varied from
increases the possibility of absorption of nutisent14.3 to 17.3°C in the colder months and between
applied or accumulated in this layer. In no-tillage20.6 and 22.5°C in the warmer months, with an
the superficial nutrient application has propitiate annual average of 19°C.
similar yields to the furrow application in severalln Table 2 the monthly average data of
crops (Oliveira et al., 1992, Kochhann et al., 2998precipitation are shown for the period of study and
Bordoli and Mallarino, 1998; Borges andthe average of the last 30 years. The average
Mallarino 2000; Heckman and Kamprath, 1992;annual rainfall was 1,573 mm; the drier months
Sguario Jr., 2000, Howard et al., 2002) or evenaried from 84 to 115 mm and the rainy months
superior (Buah et al., 2000), but can vary acordingaried from 142 to 193 mm, which did not define a
to crop (Pottker, 1999). dry season. The average rainfall (September to
This long period study aimed to evaluate the effecApril) varied from 134 to 213; the sum of these
of strategies in the starter fertilizer applicatiom months was from 934 mm (1999/2000) to 1,455
grain yield and its components in corn, soybeansim (1998/99), with an average of 1,232 mm.
and common beans in rotation and no-tillagelhe soil is characterized as Haplohumox typical,
system. clayey texture, with smooth waved relief
(EMBRAPA, 2002). Soil samples were collected
before the experiment implantation and analyzed
MATERIALS AND METHODS according the method described by Raij et al.
(1987). According to Raij et al. (1996) the content
The experiment was carried out in theof P, extracted with resin, was high (41 to 80 mg
Experimental and Demonstrative Field belongingim®) and medium for K (1.6 a 3 mmadm?®) in
to the ABC Foundation, in Castro, PR statethe layer 0-20 cm (Table 3). The field was under
latitude 24°51'44.35” S, longitude 49°56°0.40"W no-tillage system for more than 10 years.

Table 1 - Monthly average temperatur®Cj from 1998 to 2005 and monthly average of the38@syears in Castro,
PR state, ABC Foundation.

Year Average
Month 1998 1999 2000 2001 2002 2003 2004 2005 Agera 30 Years
Jan 23.4 22.5 22.0 22.6 21.9 22.8 22.6 22.4 22.5 4 20
Feb 22.6 22.6 21.5 23.0 21.4 23.8 23.0 23.5 22.7 .8 19
Mar 21.3 22.4 20.5 229 23.4 22.6 22.4 24.7 225 .6 19
Apr 19.4 19.0 19.1 20.8 22.2 21.1 21.2 22.6 20.7 117
Mai 15.4 13.9 15.4 15.0 17.0 16.8 16.0 19.3 16.1 214
Jun 13.4 13.1 15.9 13.1 16.4 17.6 16.2 18.2 155 512
Jul 14.6 14.4 11.4 14.2 13.8 15.7 16.1 17.0 14.6 412
Aug 16.7 15.1 14.3 16.1 17.1 14.9 18.8 18.8 16.5 713
Sep 16.1 17.7 16.3 16.2 16.2 18.2 21.8 16.0 17.3 114
Oct 17.9 17.6 21.0 18.9 21.3 195 19.9 20.0 19.5 316
Nov 19.9 18.3 20.7 20.5 20.8 21.2 215 215 20.6 .6 16
Dez 21.7 20.6 21.7 20.6 22.1 21.6 22.7 22.3 21.7 517

Average 18.5 18.1 18.3 18.7 19.5 19.7 20.2 20.5 019. 16.2
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Table 2 - Monthly average precipitation (mm) from 1998 2605 and monthly average of the last 30 years in
Castro, PR state, ABC Foundation.

Year Average
Month 1998 1999 2000 2001 2002 2003 2004 2005 Agera 30 Years
Jan 267 227 120 193 213 181 261 245 213 193
Feb 270 229 313 275 113 200 104 34 192 156
Mar 458 121 104 141 68 152 185 63 162 142
Apr 196 103 19 72 29 145 228 103 112 111
Mai 67 91 45 176 192 44 328 160 138 125
Jun 97 83 153 171 9 42 97 111 95 127
Jul 76 144 92 127 68 115 173 70 108 90
Aug 183 5 141 73 119 24 18 67 79 84
Sep 334 110 174 114 201 87 88 285 174 126
Oct 236 78 185 265 185 120 256 258 198 146
Nov 28 76 172 144 214 215 128 95 134 116
Dez 177 113 215 174 149 235 162 48 159 158
Total 2,388 1,382 1,733 1925 1558 1558 2,027 39,5 1,764 1,573

Table 3- General chemical and textural analyses of tha,gsrior to the experiment implantation (1998).

Depth pH Pt OCt K Ca Mg Vg8 Al Clay" Sand{ Silt]
cm CaC} mg dn?® g dnm® _ mmo} dm®_ % g kg

0-5 5.9 122 38 4.0 66 39 78 0 607 136 257
5-10 5.4 43 34 2.6 56 32 64 0 622 136 242
10-30 5.1 11 28 1.4 34 16 47 1,9 627 150 223
0-20 5.2 51 30 22 43 30 60 0 616 131 253

TAnionic resin; $Organic Carbon; §Basis saturatidtip&tte method.

Two experiments were conducted simultaneouslfurrowing mechanisms and kinds and period of
during the seasons 1998/99 to 2004/05. Eaamineral fertilizer application. For corn and
experiment had an area of 50x50 m. The objectiveommon bean, nitrogen (N), phosphorus (P) and
of having duplicates was to eliminate partially thepotassium (K) were applied; for soybean, just P
effect of the year over the crops, since two of thend K were applied. Urea, KCl| and triple
evaluated crops were cultivated each year. Theuperphosphate as N, P and K sources were used,
adopted crop rotation was black oaf\véna respectively. The exceptions were treatment 4,
strigosa L.)/soybean/black oat/corn/wheatwith natural phosphate instead of triple
(Triticum aestivumL.)/common bean. The study superphosphate, and treatment 10, without
started with soybean in one of the experiment anértilizers. The treatment 10 was conducted to
corn in the other one. Five seasons of corn, fbur @valuate the effect of fertilizers on crops. The
soybean and four of common bean were evaluatedatural phosphate used was from North Carolina,
In 2000, the data about soybean were naip to the 2001/02 season, after this, phosphate
considered due to problems in the planfrom Gafsa was used, both in the milled form, and
population. The spacing between the rows was 0t8e total P content was considered to the
m for corn and 0.4 m for soybean and commonletermination of quantity to be applied.
bean. The corn sowing was done on 10/10/199&nmediately before the application, the mixture of
29/09/1999, 11/10/2001, 28/09/2002 andhese was prepared in order to obtain the necessary
22/10/2004. The soybean sowing was done oguantity per hectare to apply in the furrows during
03/11/1998, 27/11/2001, 11/12/2003 andhe sowing of each crop (Table 5), according to the
25/11/2004, and the common bean sowing walseatments.

done on 21/12/1999, 07/12/2000, 27/12/2002 an@lhe furrowing devices were: the coulter opener;
05/01/2004. made by Semeato, a.k.a. guilhotina (Semeato,
For each experiment, the same treatment wd&006), with 2.5 cm at its end, 4.0 cm as the widest
carried out (Table 4), combining P sourcesportion of the coulter and 11.0 cm of working
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depth; and the double disk opener, one of 339 m2, 3 and 4 (Table 4). The black out cover crop did
(14" and other of 363 mm (15”). Both the not receive fertilizer application except those
furrowing devices worked aligned to the seedproposed to winter in the same treatments 1, 2, 3
furrow, the first device put the fertilizer aboubb and 4.

6 cm below the seeds, while the second (doubl€he experimental design was a randomized block,
disk) put the fertilizer about 2 or 3 cm below thewith four blocks and 10 treatments. The size of
seeds. each experimental unit (parcel) was 5.55 x 12.5 m,
Since the application strategies were analyzed f@nd the useful area was 3.2 x 8.5 m (2722 Wl

the summer crops, to the wheat fertilizers in th¢he evaluations were done in the useful area of the
winter were spread manually before sowing in alplot. The wheat yield was evaluated only to further
the plots (Table 4). The wheat fertilizer applioati determination of nutrient exportation; it was
was based in the reposition of P and K exported bybtained harvesting nine rows, spaced 17 cm, 5
the harvest, according to Pauletti (1998), andneters each.

additionally the fertilizer to winter on treatmerits

Table 4 -Period and kind of fertilization and furrowing dess per treatment.

Period and kind of nutrient aplication T Furrowing mechanism

Winter Summer

Treatment Spread Furrow Spread§ Soybeans Corn oFeija
1 NPK - - Double disk Coulter Coulter

> p NK ) Double disk Coulter Coulter

3 P - NK Double disk Coulter Coulter

4 P - FNY NK - Double disk Coulter Coulter

5 - NPK - Double disk  Double disk Double disk
6 - NPK - Coulter Coulter Coulter

7 - NPK# - Double disk Coulter Coulter

8 . . NPK Double disk Coulter Coulter

9 - NP K Double disk Coulter Coulter
10 - - - Double disk Coulter Coulter

tIn soybean N was not applied; fimmediately befeseing, without incorporation; §immediately afteswdng; fNatural
phosphate of North Carolina up to the crop 2001fi2@afsa after this.

Table 5 - Quantity of nutrients applied and cultivars toteamp.

Crop (cultivar) Nt P,Os K,0 Zn
kg ha'

Corn (XL 214) 30 60 60 3

Soybean(EMBRAPA 133) 00 40 40

Common bean (regular Carioca) 30 60 40

tApplication of 90 and 35 kg Ha\ in top dress fertilization in V3/V4, to corn andmmon bean, respectively, except treatment
10.

The corn, soybean and common bean werthe yield determination, with further correction to
harvested in four rows, each five meters, weigheti3% of moisture and multiplied by four. The total
and corrected to 13% moisture and transformedumber of plants and ears were obtained by plant
per hectare. The a thousand grains mass (TGMhd ear counting of the harvested area and further
was obtained through accounting and weighting afransforming per hectare.

250 grains obtained after processing the sample for
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The height of pod insertion in soybeans or eaoven at 68C until constant weight.

insertion of corn were determined, measuring th8efore statistical analysis the discrepant data
distance between the soil and insertion of the firqoutliers) were eliminated after being identified
pod in the main stalk (soybean), or the first eathrough the criterion of standard normal
(corn) in five plants in sequence in two rows, ltotadistribution, using the criterion of more or less
10 plants per plot, while the plant height waghree times the standard deviation. For the
obtained measuring the distance from the soil tetatistical treatment of the data, the variance
the insertion of the last leaf, for soybean in thanalysis per year and crop was performed
main stalk, in the same plants the height of pothdividually, using the randomized complete block
and ear insertions were determined. design. In case of significant variance analy$is, t
The biomass production in the beginning of theéScheffé test was applied in order to evaluate the
corn growth in the last crop (2004/05) wascontrasts (Montgomery, 2001). A confidence level
determined by cutting five plants in sequencef 5% was considered. The contrasts are presented
approximately one centimeter from soil, on day 3%n Table 6. The statistical analyses were done in
and 47 after the emergence and determining thtbe software R 2.1.1 (R Development Core Team,
dry matter by putting the plants in a forced air2005).

Table 6 - Contrasts used in the evaluation of experimedatd and objectives.

Contrast Obijective Treatmentst
I To evaluate the effect of fertilization 1,2,3,4,5,6,7,8,9 vs
10
Il To evaluate the fertilization in the winter coarpg to summer lvs8
i With P application in the winter, to compareethK application in the winter lvs3
with the summer application
v With P application in the winter, to compare th in furrow with NK in 2vs3
total area in the summer
Y To compare P from natural phosphate with sol&ble 2vs4
\ To compare NP in furrow with NP out of furrows summer 5and 6vs 7 and 8
Vi To compare furrowing devices 5vs 6
VIl To evaluate the K application in furrows conney to K out of furrows 5and 6 vs 9
IX To compare NPK in bands with NPK in total area vS78

tAccording to Table 4.

RESULTS AND DISCUSSION conditions, soil fertility and independence of

soybean from N fertilizer. The climate conditions
The effect of treatments for soybean variablewas favorable for the crop development with the
occurred only in the plant population (Pop) inexception of a slight drought in February 2005,
1998/99 and 2003/04 and on the TGM in 2003/04luring the reproductive stage for the soybeans,
(Table 7). However, the contrast analyses done favhich probably contributed for the average yield
this crop did not show significance for all cropto be lowest to this agricultural year (2004/05) fo
yields (Table 8) and for the other variables (dat&oybean compared to others. The condition of soil
not shown). There was no effect of fertilizer overertility was good with low soil acidity, high and
soybean yields (Table 8), which were higher thamedium content of available P and K, respectively.
Parana state average (from 2,550 to 2,880 Ky haln this condition of P and K soil availability, the
for the period studied (Conab, 2006) as well as thaverage yield increase for soybeans (obtained with
regional yield of the last three agricultural yeardertilization) varied from 1.3 to 11% (Table 8),
evaluated in this study, which varied from 2,360 t@ccording with Raij et al. (1996) who observed an
3,040 kg ha (SEAB, 2006). increase of 10% for medium soil K.

The high yields could be related to the climate
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Table 7- P-values of variance analyses (ANOVA) for soyhemrn and common bean variables.

Season
Crop 1998/99 1999/00 2000/01 2001/02 2002/03 2003/0 2004/05
Soybeanst
Yield 0.56 - - 0.07 - 0.57 0.5
TGM 0.79 - - 0.6 - 0.03* 0.12
Pop 0.0008*** - - 0.08 - 0.04* 0.16
Pheight 0.07 - - - - - -
Epod 0.88 - - - - - -
Corn
Yield 2.8e-06*** 3.2e-09*** - 5.8e-08***  3.4e-10*** - 7.7e-10***
TGM 0.003** 0.001** - 0.002** 1.8e-09*** - 0.006**
Pop 0.000003**=* 0.49 - 0.003** 0.89 - 0.39
Ears 1.0e-05*** 0.03* - 0.12 0.84 - 0.16
Pheight - 0.0002*** - - 8.1e-06*** - -
Eheight - 1.4e-05*** - - 0.0001*** - -
DM1 - - - - - - 0.006**
DM2 - - - - - - 0.0003***
Common bean
Yield - 8.9e-06*** 0.03* - 0.1 0.03* -
TGM - 0.26 0.03* - 0.53 0.08 -
Pop - 0.04* 0.07 - 0.005** 0.002** -

TTGM: thousand grain mass; Pop: plants per ha,:Ears per ha; Pheight: plant height; Epod: hegfhfirst pod insertion;
AltEsp: height of ear insertion; DM1 and DM2: dnatter of 3 plants day 35 and 47 after emergenspgegtively.

Table 8 - Effect of fertilization in the yields (kg H of corn, soybean and common bean (contrasts uhiag

Scheffé test).

Crop

Season

Contrastt 1998/99

1999/00

2000/01 2001/02

2002/03 2003/04

2004/05

Soybeans
Trat 10 3,130
VS. nst
Other trat 3,171
Corn
Trat 10 4,355
VS. *
Other trat 7,328
Common bean
Trat 10 -
VS.
Other trat -

5,997

*

10,450

2,488

*

3,615

2,724 -
ns ns
3,246 -

- 3,211 -
ns
- 3,564 -

- 6,165 6,004

* *
- 10,280 10,215
2,612

3,012

3,180

3,245

2,869
ns ns
3,031

- 4,051

*
- 338,
2,138 -

ns
2,723 -

tTreat 10: average of the treatment without ferilj others treatments: average over all treatmertept the treatment 10;  P:

* <0.05, ns: not significant.

No difference among

fertilizer

application wheat crop was enough to keep the yield similar to

methods was also obtained by Oliveira et althe treatment that had fertilizer for soybean (60 k
(1992) and Lantmann et al. (1996). Working withha® of P,Os and 100 kg H& of K,0) and in the

a Rhodic Ferralsol with high P and K contentwheat (50 kg ha of P,Os and 30 kg ha of K,0)

in theduring four years. In the areas with 10 years of no

Lantmann et al.

(1997) found that

succession wheat/soybean the application of 50 Kglage system and in rotation corn/soybean, Buah
ha' of P,Os and 30 kg hd of K,O only in the et al. (2000) observed equal or higher yields for
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soybeans when P and K were applied superficiallgropitiated yields 27% higher than the one without
compared to the furrow application, suggestindertilizers.
that corn and soybean fertilizer could beDifferently from the results for soybeans, the
performed totally in the corn for soil with high or treatment affected the common bean yield in three
very high nutrients availability. These resultsof the four evaluated crops (Table 7). The same
indicated that in the areas with high content of Pccurred to the final plant population while the
and K, the system fertilization can be implementedGM was affected only in the crop 2002/03.
for soybean, where nutrient application could bédowever, in the contrast analysis (Table 8), only
performed independent on its kind (furrow orthe vyield in the first agricultural year was
surface) and in precedent crops, supporting Parasgnificant to the contrast I, which compared the
state recommendation (EMBRAPA, 2006). treatment without fertilizer (treatment 10) witreth
No difference between no-fertilized (treatment 10pther ones.
and fertilized soybean crop (Tables 8) even aftdn general, the common bean plant is considered as
seven years suggested a high extraction capacityghly affected by P (Fageria et al., 2004) and
for residual fertilization of this crop. In conttas lowly affected by K (Sguario Jr., 2000). This
Lantmann et al. (1996) found that it was possiblsuggests that the fertilization effects were
to relinquish the soybean fertilization only whenespecially due to P or even N. Common bean yield
the wheat was fertilized. What can explain theesponse to N application has been shown to be
difference in the obtained results is the kindaif s variable with positive results (Silveira and
in these studies, due to the different P and HKDamasceno, 1993; Barbosa Filho and Silva, 2000)
availability for the plants. Martins et al. (2004)or no effect (Arf et al., 1999). It is important to
observed a great variation in the potential supplgefine which is the minimum P dose demanded for
of K from non-exchangeable form to wheat plant®ach season and the remainder can be applied in
in soils of the region from actual work, where upother culture or in the same season, considering
to 54% was absorbed by the plants. In their studyhe crop rotation adopted.
in Haplohumox, the non-exchangeable KCorn was the only crop in which the yield and
contributed with 10%. TGM were affected by the treatments in all the
The superficial nutrient concentration and theevaluated years (Table 7). The yields (Table 8)
higher moisture in this layer due to the preserice avere highly superior to the state average (from
straw (Muzzili 1983; Stecker et al., 1988) could3,780 to 5,600 kg i3 in the same period in which
also contribute positively to the nutrient absampti this data was developed (Conab, 2006), and higher
by the soybean and consequently affect ththan the regional yield in the last three years of
absence of effects of the fertilizer applicationthis study which varied from 6,360 to 6,700 kg ha
besides the favorable climatic conditions during (SEAB, 2006). This demonstrates the high
the crops (Tables 1 and 2). Lack of significanproductive potential of this crop in the region.
difference occurred between the furrow device¥ield and TGM increased with fertilization
over yield and other variables, possibly indicatingaccording to the contrast analyses presented in
the absence of physical limitation. Tables 8 and 9, without significant difference
Like soybean, the yields for common bean werbetween the application strategies (data not
superior to the average of the Parana state thsthown).
varied from 850 to 1,340 kg Hain the same Just as for the common beans, these results could
period in which this study was done (Conab, 2006he attributed partially to N, which was not applied
or in this region, from 1,290 to 1,840 kg'hia the in the treatment without fertilizers, since cornswa
last two agricultural years this study evaluatedighly affected to the application of this nutrient
(SEAB, 2006), respectively. Considering that thgPauletti and Costa, 2000; Fontoura, 2005). The
common bean yield in the treatment withoutlack of a treatment in which the covering N rate
fertilizer was always inferior (Table 8), althoughwere kept, did not allow the quantification the
there was no significance in the crops 2000/0lisolate effects in the absence of N in the
2002/03 and 2003/04. This difference also couldertilization in the sowing. Furthermore, the need
be due to N application considering that theof higher N level during the sowing under no-
treatment without fertilizer (Treatment 10) thistillage is well documented (S&, 1995b; Fontoura,
nutrient was not applied. On average, the treatme@005), without causing seed damage (Fontoura et
al., 1999; Tessaro et al., 2000).
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Table 9- Effect of fertilization on the thousand grainsadg) for corn (contrasts using the Scheffé test).

Contrastt Season
1998/99 1999/00 2001/02 2002/03 2004/05
Trat 10 257 322 346 311 273
VS. *t * * * *
Other trat 290 369 392 393 307

TTrat 10: average of the treatment without feeiljzOther trat: average of all treatments, exdeptteatment 10; £ P: * <0.05.

Working with a clayey oxisol with high P content furrow, obtained an increase in the corn yield with
under no-tillage and in the same region of actudl application only when there was hydric deficit
work, Sa (2004) obtained increases between 8 andth no difference for the way of application.

19% in the accumulated yield of two corn crops ififThe abundance of straw on the soil surface of
rotation with wheat and soybean when applying xperimental area also could influence the nutrient
in furrows. This yield increment was far belowavailability for corn, as observed by Yibirin et al
than near 70% observed in this work (Table 8]1993). The authors found reduction of K response
what reinforced the possibility of larger effects o and plant demand by this nutrient applied in the
N. Nevertheless, considering other comparisonfirrows, where a larger amount of straw was found
among the treatments, one could infer that then the surface due to the higher root growth in
starter fertilization in the corn crop could bethose plants.

performed with furrowing devices, period andThe corn dry mass at the beginning of the crop
application ways, in agreement with Bordoli anddevelopment was influenced significantly by the
Mallarino (1998) who studied P and with Pavinatareatments (Table 7), with lower values occurring
and Ceretta (2004) who studied the ways anth the treatment without fertilizer (Table 10). But
periods of P and K application in a succession dhe contrast analysis, therefore, was not significa
wheat/corn. (data not shown), which disagreed with several
Similarity of response between P sourcestudies that although did not find differences in
evaluated could be related to extractable P levelorn yield, obtained significant biomass
since high P contents in soil generally favoraccumulation in the initial phases of the crop
equality between the soluble sources and naturdevelopment when the fertilizer was applied
phosphates (Sousa and Lobato, 2004). locally (Anghinoni, 1992; Model and Anghinoni,
The presence of the K application in furrows alsd992; Silva et al., 1993; Bordoli and Mallarino,
did not interfere in the yield and other evaluated998; Mallarino et al., 1999; Kaiser et al., 2005).
variables, disagreeing with Fancelli and Douradd he high P and medium K contents in the soil and
Neto (2005), who did not recommend to applythe superficial concentrations of these nutrients,
doses up to 50 kg Heof K,O through KCI due to associated to the high initial moisture due to
its saline effect. Heckman and Kamprath (1992):egular rainfalls occurred in the beginning of the
working in sandy soil with high K content where crop development (Table 2- year 2004 and 2005),
K was broadcast applied and incorporated, with azould justify the difference of this study compared
without complementary application in the sowingto the others.

Table 10-Average dry mass per corn plant (DM), due todiinategy of fertilization.

Trat 1 2 3 4 5 6 7 8 9 10
Dry mass - g plafit
DM1t 57 6.7 6.7 6.3 8.4 7.8 7.6 6.6 6.6 4.9

DM2t 25.2 30.3 33.1 24.6 33.9 28.7 35.3 29.9 27.4 0.72
tDry mass per plant in the 35 (DM1) and 47 (DM2ygiafter emergence.

Braz. Arch. Biol. Technol. v.53 n. 3: pp. 563-5®ay/June 2010



Yield Response to Fertilization Strategies in Nte§e Soybean 571

The final number of plants was lower in theand plant height are related mainly to the N
treatment without fertilizers (treatment 10)covering application.

compared to other treatments only in the seasdrhe temperature (Table 1) seemed to have no
1998/99 and 2001/02, while the final number okffect in the methods of application, as suggested
ears was lower in treatment 10 compared to thiey Stecker et al. (1988).

others only in the season 1998/99 (Table 11)Considering the data obtained in this work, the
possibly due to the less nutrient availability he t fertilization in the no-tillage system can be
plants in treatment 10. The plant height and eagserformed independent of period and method of
insertion for corn were also influenced in the twaapplication, using natural phosphate as P source
seasons in which these variables were measuradd with or without the application of K in furrows
(Table 7), differences occurring only with for the studied region when the P content was high
applying fertilizers (Table 11). Possibly theseand K content was medium in the soil.

higher values for the number of plants and ears

Table 11 - Effect of fertilization in the plant number (Popnd ears (Ears) per hectare and in the planthheig
(Pheight) and ear insertion (Eheight) for corn (casts using the Scheffé test).

Contrastt Season Contrastet Season
1998/99 2001/02 1999/00 2002/03
Value Value cm cm
Pop Pheight
Trat 10 43438 48750 Trat 10 200 190
VS. *f * VS. * *
Other trat 59462 61904 Other trat 217 217
Ear Eheight
Trat 10 43750 56250 Trat 10 90 91
VS. * ns VS. * *
Other trat 57836 61319 Other trat 109 113

tt1Trat 10: average of the treatment without femeilj Other trat: average of all treatments, extieptreatment 10.
T P: * <0.05; ns= not significant

CONCLUSIONS soybean. The natural phosphate provided the same
yield as triple superphosphate provides for these

The results obtained in this study indicated that t crops. The furrowing devices with double disk or

soybean crop was not affected by fertilization withcoulter had similar results for corn, common bean

P and K for at least seven years when the conteragid soybean. The corn dry mass in the beginning

of P and K were high and medium in the soil of the crop development was not influenced by the

respectively. The corn and common bean yieldbcalization and period of fertilizer application.

were increased by nitrogen, phosphorus and

potassium application. The application of

fertilizers for soybean, corn and common bean INCKNOWLEDGEMENTS

the established no-tillage system and with high P
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