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ABSTRACT

A plant’s nutritional balance can influence its resistance to diseases. In order to evaludéztiod iecreasing
doses of N and K on the yield and severity of the maize white spot, two experiments were installed in the field, one
in the city of ljaci, Minas Gerais, and the other in the city of Sete Lagoas, Minas Gerais. The experimental delimitation
was in randomized blocks with 5 x 5 factorial analysis of variance, and four repetitions. The treatments consisted of
five doses of N (20; 40; 80; 150; 190 Kgiwh N in the experiments 1 and 2) and five doses of K (15; 30; 60; 120;
180 Kg haof K in experiment 1 and 8.75; 17.5; 35; 50; 100 KgdfeK in experiment 2). The susceptible cultivar
30P70 was planted in both experiments. The plot consisted of four rows 5 meters long, with a useful area consisting
of two central rows 3 meters each. Evaluations began 43 days after emergence (DAE) in the first experiment and 56
DAE in the second one. There was no significant interaction between doses of N and K and the diseasé&peogress.
effect was only observed for N. The K did not influence the yield and the severity of the disease in these experiments.
Bigger areas below the severity progress curve of the white spot and better yield were observed with increasing
doses of N. Thus, with increasing doses of N, the white spot increased and also did the yield.

Keywords: Nutritional stressZea mayd.., foliar diseases.

RESUMO

Efeito da adubacéao nitrogenada e potassica na produtividade e na intensidade
da mancha branca do milho

O equilibrio nutricional de plantas podelignciar a resisténcia a doencas. Com o objetivavdkar o efeito de
doses crescentes de N e de K na produtividade e na severidade da mancha branca do milho, foram instalados em campc
dois experimentos, um em ljaci, MG e o outro em Sete LagoasOMiglineamento experimental foi em blocos
casualizados com esquema de analise de variancia fatorial 5 x 5 e quatro repeticdes. Os tratamentos consistiram de
5 doses de N20; 40; 80; 150; 190 Kg Hale N nos experimentos 1 e 2) e de 5 doses de K (15; 30; 60; 120; 180 Kg ha
1 de K no experimento 1 e 8,75; 17,5; 35; 50; 100 KgdeeK no experimento 2). Foi plantado nos dois experimentos o
cultivar suscetivel 30P78s parcelas foram constituidas de quatro fileiras de 5 m de comprimento, sendo a area util
composta por duas linhas centrais com 3 m cAdgl@valiacdes iniciaram-se aos 43 dias aposgineia (DAE) no
primeiro e aos 56 DAE, no segundo experimento. N&o houve interagcdo significativa entre as doses de N e de K e o
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352 GabrielAvelar Dornelast al.

progresso da doenca. O efeito foi observado apenas para o N. O K ndo influenciou a produtividade e a severidade da
doenca nesses experimentos. Observaram-se maiores areas abaixo da curva de progresso da severidade da mancha branca
e maior produtividade com o aumento das doses de N. Sendo assim, com o0 aumento das doses de N houve aumento da
mancha branca do milho e também da produtividade.

Palavras-chave:Estresse nutricionaZea mayd.., doencas foliares.

INTRODUCTION infection by Colletotrichum graminicola(Ces.)Wils.
(SensuArx, 1957). In both cultivars, the amount of
damaged leaf area depended on the interaction between
the nutrients. The lowest severity levels were observed

. . . ..~ atthe lowest dose of N, combined to the highest dose of
the most important diseases in corn crop. Historicall

. , and nitrogen fertilization influenced the K content
it only occurred at the end of the cycle of the crop;

negatively in th Idwellet al (2002
however high severity was observed in young plants egatively in the upper canopgaldwellet al ( )

. . o Iso report an increase in the severity of cercosporiosis
during the vegetative phase, resulting in premature w & . .

i . . ercospora zeae maydighon & Daniels) of corn with
of plants in susceptible genotypes (Mende3ebaldi,

. . .increased doses of N (0, 60 and 120 Kg)tend K (O,
2011). The disease occurs in temperature and relatl\é% 50 and 150 Kg Ha in the soil. Howeverthere is

- . . 0
humldlt.y hlgher_than or equql to 1_4 € and 60 A)still no information about the influence of N and K have
respectively (Rolimet al, 2007) in regions above 700 . .

upon the maize white spot.

m.a.s.|. (altitude) (Silva & Menten, 1997), due to the Therefore, this study was performed in order to assess

longer duratlorl.of leaf wetness period, provided by.de\%e effect of nitrogen and potassium fertilization on the
In these conditions, damages can cause losses of uR/ite% and intensity of the white spot infection of corn.
60% of corn yield (Rolinet al, 2007).
Among environ_mental factors that influen_ce _thEMATERIAL AND METHODS
occurrence of the disease, some studies have highlighted
the important role of temperature and water (Fernandes The experiments were installed in two field areas.
et al, 1995; Fantiret al, 2005). Howeverfew studies The first one was implemented otv25/201, in an area
have described the interaction of mineral nutrition wittocated onPalmital farm of the Universidade Federal
this disease. The nutritional status of plants is a@¢ Lavras (UFLA), in the city of ljaci, Minas Gerais,
environmental factor that can be manipulated with relatidecated at 21°09'°50"S, 44°55'0&/ and 837 m.a.s.l.
ease, via fertilization. The supply of nutrients in a balancd@ltitude). The second experiment was implemented on
way assists in building of several horizontal resistancl/18/201, in EMBRAR Milho e Sogo's experimen-
barriers, including the wax layer (Pozzal, 2004) and tal area, in the city of Sete Lagoas, Minas Gerais,
the cell wall, responsible for slowing the penetration ant9°26'00"S, 44°10'59W and 732 m.a.s.l. (altitude). In
colonization of the pathogen, reducing the epidemieoth experiments, the Pioneer® 30P70 corn was
progress rate (Pozza & Pozza, 2012). cultivated, a simple hybrid likely to develop the white
In the literature, there are several reports about ha#pot. The experiments were conducted under natural
the effect of macro and micro nutrients promoténfection. The soil preparation was done by minimum
reduction of the intensity of diseases in different cropgultivation with scarification and harrowing on the
such agercosporiosi§Pozzaet al, 2001; 2004; Garcia SOwing eve.
Junioret al, 2003) and the stain of Phoma in coffee The experimental design was installed in randomized
trees (Limaet al, 2010), anthracnose in strawberriedlocks, in 5 x 5 factorial design, and four repetitions. The
(Tanakaet al, 2002), Phoma in Brassicas (Sochtingreatments corresponded to five doses of N and five doses
&Verret, 2004) and the perforations in plum leave@f K combined with each othein each ared’he N doses
(Tutidaet al, 2007) among others. were 20, 40, 80, 150 and 190 Kg'hghe doses of K were
When it comes to corns, nutritional imbalancegalculated individually in each experimental area,
between N and K predisposed plants of two cultivars &ccording to the results of soil analysisifle 1) and

The white spot -Pantoea ananatifPaccola-
Meirelleset al, 2001; Bomfetiet al, 2008), is one of
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following the recommendations for the crop in Minady minimum, maximum and average temperatures,
Gerais (Ribeircet al, 1999). The doses of K were 15,average relative humidity and precipitation, in both
30, 60, 120 and 180 Kg #af K,O for experiment 1 and places with Campbell Scientificweather stations
8.75, 17.5, 35, 50 and 100 Kg'haf K,O for experiment implemented near the experiments.
2. The parts consisted of four rows of 5m long and the Data of theAUCPS and of grain yield, from each
useful area by two central rows of 3 m each. The sourcesperiment, were submitted to analysis of variance. Then,
of N and K were urea and potassium chloridethe significant variables in the F test were submitted to
respectively Twenty-five percent and 50% of doses othe adjustment of linear regression models. Peasson’
N and K respectively were applied at sowing, and theorrelation analysis were performed between yield and
rest was divided in two side dressings, one 35 days aftte AUCPS of both experimentsAnalysis were
sowing and the other 15 days after the first one. conducted in the SASprogram (SAS Institute Inc.,

In addition to N and K, 120 and 70 Kg-hef PO, 1996).

were applied in experiments 1 and 2, respectively and, 2
Kg hat of Zn in the form of zinc sulphate and 30 Kgtha RESULTSAND DISCUSSION

of calcium sulfate (1_4% of S) in the fgrm of . The average of the maximum, average and minimum
phosphogypsum, according to the results of soil analysig;jy, temperatures, during the conduction period of the
and recommendations of Ribeiet al, (1999), at oy noriments were 28, 22 and 18 %werage relative
sowing date.Two micronutrient sprays of 2.0 b, igity was of 76% and precipitation of 1078 mm in
containing 5%.Zn, 3% Mn, 0.50% of B, 0.60% Cu_’O'O.G()/éxperiment 1 (Figure 1A). In experiment 2, the
Mo and 4% S in 200 L heof water were also applied, in ayimum, average and minimum daily temperatures were
stages V3 and V6’_(R'tChH al, 2003), that is, 30 and 29, 22 and 18° C, and the average relative humidity was
45 days after planting. 74% and the precipitation was 1225 mm (Figure 1B).

Planting fertilization and zinc sulfate andaccording to Oliveiraet al (2004) and Reit al.
phosphogypsum were applied in the furr@ewingwas  (2004) the weather conditions favorable to the

performed manuallyat a spacing of 0.70 x 0.20 m. Forgccyrrence of white spot are relative humidity above

weed control, applications of glyphosate (2.0 E)vere - goo, high precipitation and moderate temperatures
used at pre-emergence and nicosulfuron (1.5 Y hapenveen 20 to 25 °C.

mixed with atrazine (5.0 L b3 as post-emergence
herbicides. Area under the curve of progress
The evaluation of the disease severity was initiated of disease severity (AUCPS)
at 43 and 56 days after emergence (DAE) in experiment |n both experiments there was no significant
1 and 2, respectiveglyith the appearance of the firstinteraction (P> 0,05) between N and K to tA&JCPS of
symptoms. From then on, evaluations were carried otife white spot (@ble 2). Howeverthe increasing doses
every 10 days, totaling six and seven evaluations, in areg#sN influenced theAUCPS.
1 and 2, respectivelyffhese severity evaluations were \With the increase of N doses, a linear risAUECPS
performed with the help of diagrammatic scalgvas observed. There was an increase of 23.8 (Figure 2A)
(Agroceres, 1996). The data was used to calculate thed 51.7% (Figure 2B) in disease severity from 20 to
area under the curve of progress of disease severity0 Kg ha-of N in experiments 1 and 2, respectively
(AUCPS), according to Shanner & Finney (1977).  The contribution of nitrogen fertilizer on plants’
After the manual harvest the grains were thresherksistance to diseases varies, among other factors,
weighted and the humidity content was determined. Gragfepending on the pathogen, genotype, dose and source
yield data were refined to 13% of humidity content andf the nutrient used and on the interaction between
expressed in t Ha Climatic variables were monitored nutrients (Pozza & Pozza, 2012ppropriate doses of

Table 1 Results of chemical analyses of the soils in Sete Lagoas — MG (Soil 1) and ljaci- MG (Soil 2) prior to the establishment of the
experiment

) P-rem P K Ca Mg Al H+Al SB T \
Soil pH mg L+ mg dn? cmoldm? cmqldm=3%
Soil® 5.8 15.6 3.4 a7 2.0 0.3 0.1 3.2 24 5.7 42.8
Soil2® 6.8 20.1 22.0 107 4.7 0.6 0.0 2.1 5.6 7.7 72.9

®Soil Analysis Laboratory of the Department of Soil Science (UFLA).
@Soil Analysis Laboratory of the Department of Soil (UFV).
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Figure 1:A) Total precipitation, relative humiditynaximum temperature, average temperature and minimum temperature in ljaci
(experiment 1) of 01/17/2012 to 03/14/2012 and in B) Sete Lagoas (experiment 2). Data obtained in the Bioclimatology sectors of
UFLA, and EMBRARA
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N contributes to the synthesis of lignin, phytoalexinsvall may be compromised due to the rapid cell growth,
and tannins, but in excess, N reduces the productionrafiking them thinner and less resistant to fungal
these compounds, due to the demand of carbon penetration (Pozza & Pozza, 2012).

photosynthesis via cycle of Krebs. Thus, the synthesis Similarly, Fideliset al (2003), relate the increased
of the secondary metabolites via shikimic acid iseverity of the white spot of corn in early stages of growth
compromised and the turgor cell also raises, providingith high doses of N compared to lower doses. The
greater amounts of water and also the production ofaction of 23 cultivars of corn, submitted to low N (32
carbohydrates, such as glucose (Huber & Thompsog ha' of N at sowing) and to high N supply (32 Kgtha
2007; Taiz & Zieger 2013), essential to the infectionat sowing + 90 Kg h&aof N on side dressing), was 6 and
process of the pathogen. In addition, horizonta30% of the severity of white spot, respectivedy 30
resistance barriers as the layer of wax and also the cgélys after flowering.

Table 2 Summary of the analysis of variance for severity of white spot and yield of corn, according to the doses of N and K in
experiment 1 (ljaci) and in experiment 2 (Sete Lagoas)

Experiment 1

Severity Productivity
Fv GL
QM. Fc Pr > Fc QM . Fc Pr > Fc

Doses of N 4 1614496.9 17.60 0.00** 58.53 59.69 0.00**
Doses of K 4 82454.8 0.90 0.46° 1.15 1.17 0.33¢
Doses N x K 16 68376.7 0.75 0.73 2.74 2.79 0.00®
Block 3 129095.6 141 0.24"s 0.14 0.14 0.93
Error 72 91717.8 - - 0.98 - -
CV (%) 9.97 13.85

Experiment 2

Severity Productivity

Fv GL
QM Fc Pr>Fc QM Fc Pr > Fc

Doses of N 4 5524974.8 52.85 0.00** 64.55 22.03 0.00**
Doses of K 4 180333.8 1.73 0.18+ 2.99 1.02 0.40
Dose N x K 16 86976.5 0.83 0.64 1.08 0.37 0.98™
Block 3 333440.7 3.19 0.03* 3.78 1.29 0.28+
Error 72 104537.1 - - 2.93 - -
CV (%) 11.04 27.45

"snon-significant
** and * significant, probability of 1 e 5%, by F test, respectively

4000 - A 4000 - B
AUCPS = 2667.13 + 3.84*N; R2 = 0.96" AUCPS = 2234.15 + 7.24*N; R2 = 0.99*
3500 - 3500
® 3000 @ 3000-
o o
= =
4 <
2500 2500
2000 2000
T T T T T 500 T T T T T
20 40 80 150 190 20 40 80 150 190
N doses (kg ha1) N doses (kg ha™1)

Figure 2:Area under the curve of progress of disease severity (AUCPS) of the white spot in the corn crop depending on the N doses,
(A) experiment 1 (ljaci) and (B) experiment 2 (Sete Lagoas).
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However other authors, studying the isolateteef experiments, but the doses of N (P < 0,01) influenced
of N on the severity of the white spot on the corn, fountis variable (&ble 2).
no significant effects of nitrogen fertilization and the In experiment 1, the quadratic effect of the N dose
intensity of the disease. Pegorabal (2001) relate on grain yield was observed. The increment of nitrogen
no substantial differences among six corn hybrids ti@rtilization to dose 170.5 Kg ha(Figure 3A)
the reaction of the white spot with two doses of nitrogeimcreased yield. The response of the N doses compared
fertilization (42.5 and 85 Kg haof N). According to to the lowest dose (20 Kg tawas 18.8, 48.2, 73.7,
the authors, these N doses were high enough to ensidB4% in the doses 40, 80, 150 and 190 Kd,ha
the nutrition of plants not favoring high intensities ofespectively For each Kg of N applied to the soil, an
the white spot on the corn. Meanwhile, these doses wenerease of 47.0, 40.2, 28.4, 21.6 Kgldagrain was
lower than the last two used in experiments of this studybtained, in the doses 40, 80, 150 and 190 K¢ ha
and, also lower than the highest dose used in thespectively compared to the lowest dose. In the
experiment of Fideliset al. (2003). The results treatment with the highest dose of N (190 Kghha
obtained by Pegoraret al. (2001) also agree with yield was 3,677 Kg hagreater than the lower dose
Duarteet al. (1999) and Souza & Duarte (2002) in(40 Kg hat).
experiments with lower doses of N (8 and 32 Kd)ha In experiment 2, a rising linear effect to the N (Figu-
in which changes in the susceptibility of cultivars tae 3B) was observed. The increase in grain yield
the white spot were not observed. But these authozempared to the lowest dose (20 Kg'haas 0.56% per
also did not study how much the dose can increag@ of N applied.That is, there was an increase &f3]
without causing increment in the intensity of the34.0, 73.7, 96.4% in the doses 40, 80, 150 and 190 Kg
disease, as studied in this work. hat, respectivelyFor each Kg of N applied, an increase
In other pathosystems, N can both reduce armaf 24.6 Kg hdof grain was obtained. In the treatment
increase diseases. The tropical ruBhysopella zeae with the highest dose of N (190 Kg-hahe yield was
(Mains) Cummins & Ramachar) of the corroffazela 4,200 Kg ha more grains than the lowest dose (20 Kg
et al, 2006), for example, increased with the additioha?).
of 200 Kg ha of N, also followed by increased yield. =~ The use of high doses of N has contributed to the
This study reports the importance of nitrogen fertilizatiomcrement in the yield of grain in the majority of the
favoring foliar diseases of the corn, although it did natesearches done, being fundamental in the composition
study the interaction with other nutrients and did natf the yield of the corn crofAn example of this was
quantify its increment in relation to higher doses ovehe increased yield of corn with 147 Kghaf N, in
time. direct planting, without irrigation, in the Brazilian “cer-
Still in relation to the corn, Carvalhet al (2013), rado”, obtained by Fernandes al. (1999).Also Silva
studying the interaction of doses of N (75, 150, 30&t al (2005), in the region of llha Solteira, S&o Paulo,
600 and 1200 mg df and K (63, 125, 250, 500 andobtained the maximum yield of rain-fed corn, achieved
1000 mg dnd) in pots, and two cultivars, one moderatelywith the dose of 166 Kg Haf N. In another experiment
resistant and the other highly susceptible, report an the same region, the maximum efficiency of N was
interaction between N and Kccording to these authors, achieved with doses between 144 and 174 Kéahd
for both cultivars, the largest leaf area injured (LAI) wasvith quadratic response to doses of N (Sibtaal,
obtained in the treatment with the lowest doses of N ar2)06).
K (75 mg dn? de N and 63 mg diof K, respectively According to Sousa & Lobato (2004,) corn plants
The increasing of the doses of N-NHeduced the K require around 20 Kg Haf N per ton of grains produced.
content in the upper cangpipr both cultivars. Thus, in the present experiments, income below the
In this paperthe amount of K that already present irexpected to the largest dose was obtained, that is, in
both soils (&ble 1), may have contributed to supply the@xperiment 1, 21.90 Kg per ton of corn was spent, which
plants without needing to provide the doses vi# equivalent to a loss of 9%, and in experiment 2, 22.20
fertilization. This can be the cause of the lack oKg per ton of corn were spent, equivalent to a 10% of
interaction between the two nutrients on the severity ¢dss. Nevertheless, this loss can be related to the severity
the disease. For future researches, it is necessary to fofdhe white spot, which contributed to the reduction of
soils with low levels of K. yield.
. Once K did not contribute to an increase in yield,
Grain Yield Pavinatoet al (2008) conducted an experiment with
For grain yield, the interaction between the doses gfx doses of N (0, 80, 120, 160,200 and 240 K§) a
N and K was not significant (B 0,05) for both the form of urea and four doses 0faX(0, 40, 80 and

Rev CeresVicosa, v62, n.4, p. 351-359, jul-ago, 2015




Nitrogen and potassium fertilization on the yield and intensity of the maize white sp867

121 A 12 - B
Yield (T ha‘1) =3.930272 + 0.057122*N - 0.000169NZ; Yield (T ha‘1) =3.864470 + 0.024708*N; R2 = 0.92*
104 R#=092" 10 4
- Ch < 87
© ©
< <
= Ll
3 6 B 3 6
2 2
S S
41 4 A
2 T T T T T 2 T T T T T
20 40 80 150 190 20 40 80 150 190
N doses (kg ha™) N doses (kg ha1)

Figure 3 Yield of corn kernels (t ha-1) in relation to increasing doses of N (A) in experiment 1 (ljaci) and (B) in experiment 2 (Sete

Lagoas).

120 Kg ha), allocated in bi-factorial design, and alscused in these researches. For example, Souza & Duarte
did not observe an increase in yield of corn when high€2002) with doses of N (8 Kg hand 32 Kg hd) found
doses of K were applied. They relate that yield was nab correlation between white spot and corn yield. On the
affected by the application of K and justified this byother hand, Britcet al. (2012), in an experiment with
the high levels of K available in the soil. HoweMéiere chemical control of white spot, with the same fertilization
was an increment with the doses of N and there was (86 Kg ha at sowing + 90 Kg h&aof N as side dressing),
significant interaction observed between N and Hound a negative correlation between the severity of white
fertilizers. These results are similar to those found ispot and yield, -0.41, -0.37, -0.46 in the cities of Lavras,
experiments 1 and 2 described above, in which dosBassos and Patos de Minas, respectively
of K did not affect the yield of grain, which is only  In another pathossystem, howewaz-de-Meloet
dependent of increased doses of N. The lack @l. (2010) observed the reaction of corn hybrids to
interaction between the two nutrient@fle 2) can also Curvularia sspn two levels of fertilization with N (high
be justified by “medium and good” rates of the levels 80 Kg haand low - 40 Kg hd) and found a significant
of K in the soil (47 and 107 mg di) in experiments 1 correlation between the severity of the Curvularia spot
and 2 respectively @ble 1) according to the tables ofwith yield. Nevertheless, the correlation between
interpretation of results of soil analysis presented b@urvalaria severity and yield was weak and negative (-
Ribeiro et al, (1999). 0,178) under high N conditions but negative and stronger
Positive and significant values were observed farnder low N supplySuch results points out thefesdts
correlations between the severity of the diseasd the disease severity on yield under limiting N
(AUCPS) and grain yield (t Hy that is, with both N or conditions.
K increasing (&ble 3). Therefore, the use of balanced mineral nutrition
In the biggesAUCPS, grain yield was highehis could can help establish integrated management program
be explained by the fact that N is the main nutrient fallowing greater efficiency to control the white spot
increasing yield and it is required in greater amounts tmn the corn, in addition to strategy based on evasion
the crop, but it also encourages the severity of thend protection, in order to reduce the damage of this
pathogen. In this pathossystem, other studies showeitease in plantation®lthough N has raised the
different correlations, perhaps due to the low doses of §¢verity of the disease, yield also increased in
response to the doses applied in the soil, requiring

Table 3: P rﬂ lati dients bet i vield recommendations of additional management practices
aple s:Pearsors correlation cogcients between grain yie fOtlh better eiﬁciency.

and the area below the disease progress curve, considering bo

experiments (1 — ljaci and 2 — Sete Lagoas)
CONCLUSIONS

AUCPS
Treatments " .
Experiment 1  Experiment 2 Under the conditions that the experiments were
Yield of grains 0.42% 0.90* conducted, the increase of dose of nitrogen favored the
** Significant, probability of 1% (H r=0) yield and the severity of the white spot on the corn.
! [
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