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ABSTRACT

The aim of this work was to study the effects géanic and mineral fertilizers at sowing (withouttfiézers, organic
poultry litter fertilizer on the surface and minéndK + reactive natural phosphate from Arad and Nkiriple
superphosphate in the furrow) and topdressing (@uitifertilizers, organic poultry litter fertilizatin and urea) on
chemical attributes of a no-till Oxisol and nutoiti and yield of maize landracda mayd..), Carioca variety in a
field experiment. Results revealed that P contitah(ich 1 and resin) was increased in the soil ceflayer with
organic poultry litter fertilizer on the surface abwing. Mineral fertilizer in the sowing furrowud be replaced by
organic fertilizer with poultry litter on the suréa, but topdressing fertilization with urea resdlteetter N nutrition
for the plants and higher grains yield than theamg poultry litter fertilization.
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INTRODUCTION With the evolution of agriculture, many advances
related to the crop management and the
No-till systems are as one of the most effectivelevelopment of genotypes with high productive
strategies to improve the sustainability of farmingootential adapted to different environments have
system in the tropical and subtropical regions byeen achieved. Because the search for higher grain
reducing soil and nutrient losses through erosiopield originated great changes in relation to the
(Lal 1995; Hobbs et al. 2008). The growth of thegenetic interaction with management techniques,
area under no-till has been especially rapid i®ver the years, maize crop is often regarded as a
South America where some countries such agnd of technological development model.
Argentina, Brazil, Paraguay, and Uruguay ard-andraces have been gradually substituted by
using this system on about 70% of the totamaize hybrids with higher productive potential,
cultivated agricultural area (Derpsch and Friedrichvhich resulted in genetic erosion of maize
2009). In Brazil, the cultivated agricultural arealandraces (Paterniani 1980). Despite being less
under no-till has rapidly increased to 25.5 millionproductive than the maize hybrid varieties, the
hectares (Derpsch and Friedrich 2009), includingandraces present high potential of adaptation to
the areas in which conventional crop managemepil-climate conditions, lower cost to obtain the
systems and natural pasture grazing by the cattkeeds and high crop potential to attend market
are common. niches (Paterniani et al. 2000; Pinto et al. 2009).
However, very little information is known about
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their nutritional demands for agronomic adaptatiotMATERIALS AND METHODS

to different crop environments.

Fertilizers cost in Brazil has contributed The experiment was carried out at Ponta Grossa,
significantly to the reduction of crop profits. Parana State, Brazil (25°10'S, 50°05'W), on a
Organic fertilizers might become a viableloamy Typic Hapludox under a no-till system for
alternative for the maize landrace production byight years. Table 1 shows the soil chemical
small farmers, considering the high cost of minerahnalyses results, layers 0-10 to 10-20 cm, carried
fertilizers and the possibility of aggregating valu out before the beginning of the experiment. A
to the product through quality improvement. randomized complete block design was used, with
Poultry litter is one of the best organic fertiige three replications in a 4 x 3 factorial arrangement
available for agriculture uses as it shows th&he 38.4 m (6.4 x 6.0 m) plots received four
ability to increase the organic matter and supplytreatments of fertilizers at sowing: no fertilizati
mainly, nitrogen (N) and phosphorus (P) to theorganic fertilization, NK + reactive natural
plants (Moore et al. 1995; Endale et al. 2008phosphate from Arad (RNF) and NPK mineral
Yadvinder-Singh et al. 2009). Reactive rockfertilization, as well as three treatments of
phosphates (sedimentary rocks) might also be aopdressing fertilization: no fertilization, organi
interesting option for small farmers in replacementertilization and nitrogen mineral fertilization.
to the totally acidulated phosphates, as theBased on the results of the soil chemical analyses
usually represent lower cost per P unit. They arand the maize nutritional demands, 30 kg loé
usually less soluble in water and effective withinN, 60 kg hd of P,Os and 45 kg ha of K,O were
specific conditions of soil management, such aapplied at sowing and 120 kg “haof N at
high organic matter and clay content acid soilstopdressing.

with high P adsorption capability (Chien andOrganic fertilization at sowing and topdressing
Menon 1995; Prochnow et al. 2006; Pauletti et aas carried out by applying the poultry litter on
2010). the soil surface at 10 and 5 t haespectively,
Despite increasing interest in substituting thdased on dry weight and organic fertilizer nutsent
mineral fertilizers by organic fertilizers and fast(Table 2). The rates of poultry litter used at sayvi
growth of no-till crop areas in Brazil, effects of and topdressing were calculated from the maize
organic fertilizers on the surface, both in sowingcrop need of N, considering about 50%
and topdressing, aiming at replacing omineralization (CQFS — RS/SC, 1997) of the total
complementing mineral fertilization in maize N found in the compound. Nitrogen, P, and K
crops are unknown. This work examined themineral sources wused were urea, triple
effects of organic and mineral fertilizers at sogvin superphosphate (TSP) and potassium chloride
and topdressing on soil chemical attributes an(KCl), respectively. The topdressing fertilization
grain yield of maize landrace crop under a no-tiliwas carried out at the vegetative stage V

system.

Table 1— Soil chemical attributes at 0—10 and 10-20 cmidgefore the establishment of the experiment.

Depth  pH (CaCl) A¥*  H+A ca®* Mg* K* P (Mehlich 1) Organic—C
S —— T T L —— mg dni’ g dnt®
0-10 5.1 0.0 53.5 28 17 2.9 12.8 28
10-20 5.1 0.0 53.5 24 16 1.7 2.6 18

Table 2 —Characteristics of poultry litter used in the study

Water content Organic-C N P K CIN ratio
g kg*
389.4 194.1 16.3 11.4 16.7 11.9

Analysis performed according to the methods deedrlty Kiehl (1985).
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The maize Zea maysL.), variety Carioca, was varieties (Machado et al. 1999). Seasonal rainfall
sowed in November 2006, after black oAvéna and air temperature data for the period 200607
strigosa Schreb) growth at a seeding rate of @vhen the maize crop was in the field are shown in
seeds/mand row spacing of 0.80 m. The landrace~igure 1. Throughout the development period of
Carioca presented dent grains and high potential tfie crop, weather conditions were normal and
response to fertilization when compared to othethere was no water limitation.

Maize sowing Maize harvest

400
300

200

(Do) ainresadwa |

Rainfall (mm)

100

Oct Nov Dec Jan Feb Mar Apay
2006 2007
Months and years

Figure 1 —Monthly rainfall (vertical bars) and minimum-¢ apd maximum==— ) temperatures
during the maize crop development period, and 4Bsyaverage monthly rainfaitfe— )
at Ponta Grossa, southern Brazil.

Samples of leaves were collected at the beginning, P, and K by the maize plants was calculated by
of the maize crop flowering. The leaf under andnultiplying the dry matter production by the
opposite to the ear was picked from 30 plants inutrients concentration in the shoot.

each plot. Chlorophyll content was measured iMaize grain yield was evaluated after the
the leaves collected, with ten readings of thghysiological maturation of the crop through hand-
central part of each leaf, using a Minolta SPADpicking and threshing with a stationary thresher.
502 chlorophyllometer. After that, the leavesThe four central rows of each plot were harvested,
samples were washed with deionized water, thdischarging 1 m of each end (12.8)mGrain
leaves ends were cut out and the veins removed. yields were corrected to 130 g “kgmoisture
The leaves samples that contained the mid-thirdontent. While harvesting, the total number of
without veins were dried in a forced-air oven aplants was counted as well as the number of
60 °C until constant mass was achieved ankbdged plants within the area (12.8)nused for
ground. Nitrogen, P, and K contents werehe calculation of lodging percentage.

determined according to the methods described I§oil samples were taken as soon as maize was
Malavolta et al. (1997). harvested. To obtain a composite sample, five soil
Ten plants from each plot were used forcores (two from each inter row and one from the
measurement of culm diameter and height carriesbwing row) were taken from three different
out at the flowering peak. Culm diameter wadocations in each ploat 0-5, 5-10 and 10-20 cm
measured with a pachymeter and the plants heigbepth using a soil probe. Organic carbon content
with a ruler, from the plant base to the last culnwas determined through the Walkley-Black
node. At the same time, ten plants were randomigethod. Exchangeable "Kwas extracted with
removed from each plot. Plants collected werélehlich 1 solution (Pavan et al. 1992) and P with
then washed with deionized water and dried iMehlich 1 solution (Pavan et al. 1992) and anionic
oven with forced air circulation at 60 °C until theexchange resin (Raij et al. 2001).

constant mass was obtained. After dry matteResults were submitted to the analysis of variance,
production evaluation, the plants were ground antbllowing a randomized complete block design in
after that N, P and K contents were determined factorial arrangement model. Treatment effects
according to Malavolta et al. (1997). Extraction ofwere compared by the Tukey tespat 0.05.

Braz. Arch. Biol. Technol. v.55 n.2: pp. 221-230aiApr 2012



224

RESULTS AND DISCUSSION

Caires, E. F. et al.

organic or mineral fertilization at sowing or
topdressing (Table 3). Soil P content extracted

Variance analysis of the chemical analyses of soWith Mehlich 1 solution or resin was significantly

did not reveal a significant interaction betweea th higher at the soil surface layer (0-5cm) when
fertilization treatments at sowing and topdressingerganic fertilization at sowing was applied, when
The organic C and exchangeablé dontents, at compared with the treatments without fertilization
different soil depths were not influenced by theor with NK + RNF and NK + TSP fertilization.

Table 3 —Contents of organic C, exchangeable K, and avail®bin the soil as affected by the fertilizer treants
at sowing and topdressing for growing the maizellace under a no-till system.

Treatment Organic—C K* P
Mehlich 1 Resir
gdn’ mmolgy dn® e I L ——
0-5cm
Sowing fertilizer
No fertilizer 229a 48 a 181b 226 b
Poultry litter 23.2a 56a 385a 348a
NK + Arad Phosphate Rock 222 a 4.7 a 185b 21.1b
NK + Triple Superphosphate 22.3 a 48 a 17.4Db 20.5b
Topdressing fertilizer
No fertilizer 219a 51a 23.2a 21.1b
Poultry litter 228 a 49a 224 a 28.1a
Urea 23.2a 5.0a 239a 25.0 ab
CV (%) 7.2 154 31.1 21.0
0-10 cm
Sowing fertilizer
No fertilizer 195a 3.7a 175a 17.9 bc
Poultry litter 20.5a 42a 22.8a 243 a
NK + Arad Phosphate Rock 204 a 3.6a 155a 154 c
NK + Triple Superphosphate 206 a 39a 18.7 a 21.0ab
Topdressing fertilizer
No fertilizer 20.4 a 3.8a 179a 193 a
P0u|try litter 20.0 a 39a 18.4 a 19.6 a
Urea 20.3 a 3.8a 196 a 20.1a
CV (%) 9.4 13.1 30.4 185
0-20 cm
Sowing fertilizer
No fertilizer 19.1a 2.6a 95a 119b
Poultry litter 18.7 a 3.1la 10.2 a 149 a
NK + Arad Phosphate Rock 19.0a 26a 7.4 a 10.2b
NK + Triple Superphosphate 18.8a 2.7a 6.9a 9.6b
Topdressing fertilizer
No fertilizer 189 a 29a 8.1la 99a
P0u|try litter 185a 2.8a 9.1a 115a
Urea 19.2 a 26a 8.4a 13.6 a
CV (%) 7.5 16.3 34.8 25.0

Same letters in the columns do not differ signifibaby Tukey test ap = 0.05.
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Anionic exchange resin presented higheteaf content than the treatments without fertilizer
sensitiveness than Mehlich 1 solution to detect thend with NK + RNF and NK + TSP fertilization
increase in soil P at 0—-10 and 0-20 cm depth¢JTable 4). Nitrogen extraction by the shoot of
with organic fertilization at sowing, and also at 0 maize was higher after organic fertilization or NK
5 cm depth, with topdressing organic fertilization+ TSP application than after NK + RNF
Soil P-resin content at 0—-10 cm depth was similaapplication or without fertilizers at sowing. Such
with the use of organic fertilization or NK + TSP effects should be regarded as a result of N x P
at sowing. However, the higher increase in soil Ihteraction, since N extraction by the shoot was
was obtained with the addition of poultry litter onnot significantly different in the treatments witho
the soil surface at sowing. According to thefertilizers or with NK + RNF at sowing. Thus,
available P found in the soil, compared to théiigher soil P content provided by the organic
control treatment, it could be observed that theréertilizaers and TSP addition might have favored N
was high P mineralization added by the poultryuptake by the maize plants. Alves et al. (1999) als
litter. Besides, due to the presence of calcium anobserved higher N accumulation in the shoot of
magnesium phosphates and the formation ahaize when P and N were supplied together to all
precipitates in the poultry litter (Fordham androot system. The increase in P concentration in the
Schwertmann 1977), continuous P release occursaize leaf tissue resulting from the organic
during the growing time because such compoundertilization at sowing (Table 4) was followed by
tend to react more slowly than the solublehe increase in soil P availability, extracted by
fertilizers (Sharpley and Sisak 1997). This effecMehlich 1 solution or resin (Table 3). It was
was also expected with the application of RNFpbserved that exchangeablé &ntent in the soil
however, the P rate added with the use of RNas not limiting and the treatments with organic or
was smaller than the one applied through poultrynineral fertilization at sowing did not exert any
litter. Considering the TSP application, its highinfluence on the Kcontent in the soil (Table 3) or
solubility might have resulted in an increase in An the maize leaf tissue (Table 4). On the other
availability at the early development of the maizeéhand, N extraction by the shoot and N, P and K
crop; however, at the time of the soil samplingconcentrations in the maize leaves were
there was no difference in relation to the treatmersignificantly higher with urea application than
without fertilization. It should be considered thatwith organic fertilizer in topdressing (Table 4).
the soil had sufficient content of P at the 0—-10 cnTherefore, organic fertilization with poultry litte
depth (Table 1). proved efficient in providing adequate nutrition to
Leaf content and uptake of N, P, and K by maizenaize, when employed to replace the mineral
landrace plants were not significantly influencedertilization at sowing, but urea provided a better
by the interaction betweehefertilizers treatments plant nutrition than the poultry litter fertilizatn in

at sowing and topdressing. Organic fertilizertopdressing.

applied during the maize sowing provided better N

Table 4 —Leaf content and uptake of N, P, and K by maizellace plants as affected by fertilizer treatmets
sowing and topdressing under a no-till system.

Treatment Leaf content Nutrient uptake
N P K N P K

------------ R e — kg ha
Sowing fertilizer
No fertilizer 25.1b 28b 209 a 2422 b 95a 146.3 a
Poultry litter 28.3a 34a 219a 337.7a 123 a 171.8a
NK + Arad Phosphate Rock 26.1ab 29b 218a 301.0ab 9.7a 173.8a
NK + Triple Superphosphate 26.2ab 29b 20.7a 331.8a 10.2a 188.3 a
Topdressing fertilizer
No fertilizer 24.2Db 28b 21.3ab 263.8b 111a 149.7 a
Poultry litter 249b 29b 205b 2779b 114 a 176.4 a
Urea 322a 3.7a 222 a 3679 a 88a 184.2 a
CV (%) 7.7 10.7 7.1 21.9 26.7 22.7

Same letters in the columns do not differ signifibaby Tukey test ap = 0.05.
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Figure 2 shows correlation data obtained betweencrease in soil P detected by the Mehlich 1 and
the soil P (0—-20 cm) extracted by Mehlich lresin extractants (Table 3) was correlated to P
solution and resin and maize landrace leaf hcrease in the maize leaves, when organic
contents for the treatments with organic fertilizerfertilizer was surface-applied at sowing (Figure
with poultry litter and mineral fertilizer with Nk 2). However, when NK + TSP was applied in the
TSP at sowing. Treatments without fertilizers andowing furrow, only the extraction with the resin

NK + RNF fertilizers at sowing did not result in method detected gains in soil P availability relate

soil P changes (Table 3), and, for this reasoneweto increase in P content in the maize leaves.

not taken into consideration in this analysis. The

Organic Fertilizer

c Mehlich 1 _ Resin
5 5
| o | u
4 o 5 4 . -
3 [m] 3 _".'_’.——T”_-
(m] ]
2 A 2
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20 - 0
;L 5 10 15 20 25 5 10 15 20 25
=L
= NK + Triple Superphosphate
= . Mehlich 1 B Resin
] 309 5 -
4 4 4 4
3 a EF 3 'A/-/.
o
5 !JD 5 ]| ||
1 4 1 1 v=0.97+0.23x r=0.88%*
0 T 0
5 10 15 20 25 5 10 15 20 25

Soil P (mg dm™)

Figure 2 —Relationship between soil P (0—20 cm) extracted/ieplich 1 solution [d) and resin
(m) and maize landrace leaf P contents for the treatsnwith organic fertilizer with
poultry litter and mineral fertilizer with NK + ple superphosphate at sowing. p*<
0.05 and **p<0.01.

Mehlich 1 solution extracts P bound to Ca and, iml. 1999). However, soil P determination by the
lower proportion, P bound to Fe and Al (Raijresin in these circumstances is also subject to
1991). Acid extractants have been criticizedproblems resulting from intense soil milling, with
mainly for their capability to solubilize the disaggregation and particle breakage, jeopardizing
unavailable P to the plants in the soils thathe analytical results (Novais and Smyth 1999). In
received natural phosphates application (Moreiréhe present study, both the extractants, Mehlich 1
and Malavolta 2001). Extraction of soil P byand resin, presented similar efficiency in
anionic exchange resin presents certain similaritieestimating the available P after RNF application.
with P uptake by the plants roots, characterized byhat meant that none of the extractants detected
labile P transference to the soil solution and fronthanges in soil P content following RNF
there to the roots (Silva and Raij 1999). Somepplication (Table 3), but P content in the maize
studies have shown superiority of the resin methokkaf tissue was not changed after RNF application
in discriminating the available P in the soils(Table 4). A closest relationship between the Boll
fertilized with natural phosphates (Korndérfer etand leaf P contents was obtained with Mehlich 1
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after organic fertilization with poultry litter and TSP application at sowing resulted in higher maize
with anionic exchange resin after fertilizationhwit plants and larger dry biomass production than the
TSP (Figure 2). treatment without fertilizers, even if the plants
Chlorophyll content in the leaves (SPAD), dryheight and dry biomass production were similar
biomass, height, culm diameter, and lodging ofor all the organic or mineral fertilizers treatnten
maize landrace plants were not significantlyat sowing (Table 5). The plants culm diameter was
influenced by the interaction betwetarfertilizers  larger in the treatments with organic or mineral
treatments at sowing and topdressing. Chlorophyfertilizers at sowing than in the treatment without
reading (SPAD) in the maize leaves (Table 5jhe fertilizers. Regarding topdressing fertilizatio
showed similar behavior as the N leaf contenthe use of urea resulted in plants with increased
(Table 4) to the fertilizers treatments at sowingheight and larger dry biomass production than the
and topdressing. The highest chlorophyll values itreatment without fertilizers and plants with large
the leaves were obtained with organic fertilizatiorculm diameter than the treatment with organic
at sowing and urea at topdressing (Table 5). Thiertilizer. The dry biomass production in the
close correlation (r = 0.879 < 0.01) obtained treatment with poultry litter application at
between the N contenty,( in g kg') and topdressing was similar to the treatment without
chlorophyll reading X, in SPAD) in maize topdressing. Improvement in the plant nutrition
landrace leavesy(= -7.88 + 0.78%) showed the caused by the fertilizers at sowing resulted inenmor
possibility to estimate the N content in leaf tissu vigorous plants resistant to lodging, taking into
based on the chlorophyllometer reading. Theonsideration that the highest percentage of lodged
chlorophyll relative content was based on thelants was obtained in the treatment without
positive correlation between the chlorophyll andertilization at sowing. The elevated percentage of
leaf N levels (Argenta et al. 2001; Rambo et allodged maize plants in the present study was a
2004), so that the indirect measurement ofesult of the high height of the landrace variety
chlorophyll in the leaves through portable devicesssociated with the occurrence of winds in the
in the field might provide valuable information for region.

the management of nitrogen fertilization. NK +

Table 5 —Chlorophyll content in leaves (SPAD), dry biomassight, culm diameter and lodging of maize landrac
plants as affected by fertilizer treatments at sgwiand topdressing under a no-till system.

Treatment Chlorophyll Dry Plant Culm Lodged

(SPAD) biomass height diameter plants

kg ha' m %

Sowing fertilizer
No fertilizer 42.0b 9567.3 b 29b 0.021 b 69.7 a
Poultry litter 453 a 12044.7 ab 3.0ab 0.023a 60.0ab
NK + Arad Phosphate Rock 44.0 ab 11150.6 ab aB.0 0.023 a 526 b
NK + Triple Superphosphate 440ab 124624 a 3.1la 0.023 a 59.5ab
Topdressing fertilizer
No fertilizer 415b 10888.3 a 29b 0.022 ab 56.1
Poultry litter 422 b 10848.5 a 3.0ab 0.021b 56
Urea 478 a 12281.9b 3.1la 0.023 a 63.8 a
CV (%) 3.9 12.7 5.0 7.6 16.0

Same letters in the columns do not differ signifttaby Tukey test gp = 0.05.

Maize grain yields were significantly influenced TSP in relation to the treatment without
by the interaction between the fertilizersfertilization at sowing, when poultry litter was
treatments at sowing and topdressing (Fig. 3 anabplied at topdressing (Fig. 3). Fertilization with
4). When there was no topdressing fertilizationNK + TSP resulted in a higher maize yield than
organic fertilization with poultry litter resultad a  the treatment without fertilization at sowing, when
higher maize yield than the treatment withouturea was used at topdressing (Fig. 3). Topdressing
fertilization at sowing (Fig. 3). Maize yield was fertilization, both poultry litter and with ureaijdd
higher with poultry litter or NK + RNF and NK + not change maize yield in the absence of
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fertilization at sowing (Fig. 4). Urea application Poultry litter application at topdressing showed
provided a higher maize vyield than topdressindpow efficiency for the maize production, with

poultry litter fertilization, when fertilization at similar effect to treatment without topdressing.
sowing was poultry litter or with NK + RNF and Because the mineralization of organic N of the
NK + TSP (Fig. 4). Results revealed that in ordepoultry litter occurs over time after application
to obtain higher maize landrace vyield, fertilizatio (Yadvinder-Singh et al. 2009), the utilization of N
at sowing could either be organic with poultryfrom poultry litter by maize crop is increased with
litter or mineral with NK + RNF or NK + TSP, but the previous application at sowing.

topdressing fertilization should be with urea.

No Fertilizer Poultry litter
6000 - , .
ab b
4000 - . ;
a a
=~ 2000 - ]
=2
07 , —
% NK + Arad Phosphate Rock NK + Triple Superphosphate
- a
'z 6000 - a . Topdressing fertilizer
E 4000 - pb b | b b W No fertilizer
= Poultry litter
2000 + . :
O Urea
0 - ] —

Figure 3 — Grain yield of maize landrace as affected by tresits without fertilizer and with
poultry litter, NK + Arad phosphate rock, and NKriple superphosphate at sowing,
considering the treatments without fertilizer andhwpoultry litter, and urea at
topdressing. Same letters do not differ signifibarty Tukey test atp = 0.05.
Vertical bars indicate standard deviation of theme

No Fertilizer Poultry litter Urea
~—
E 6000 a ab ab 1 Sowing Fertilizer
ic ab a a a B No Fertilizer
it 4000 1 ab 7 1 E Poultry litter
= b b 0 NK+Arad Phosphate Rock
; 2000 4 r o 0 NK+Triple Superphosphate
£
Z
© 01 L 1 1

Figure 4 — Grain yield of maize landrace as affected by tmemits without fertilizer and with
poultry litter, and urea at topdressing, considgtime treatments without fertilizer and
with poultry litter, NK + Arad phosphate rock, amNK + triple superphosphate at
sowing. Same letters do not differ significantly ykey test ap = 0.05. Vertical bars
indicate standard deviation of the mean.
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