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Abstract: The objective of this study was to evaluate leaf nutrient status and to establish the rules of the diagnosis and
recommendation integrated system (DRIS) in corn for different nitrogen doses and source materials associated with
Lithothamnium. The experiment was carried out from December 2010 to February 2012 in Uberlandia, Minas Gerais.
The experimental design was randomized blocks with split-split plots. The main plot treatments were nitrogen source
materials (immediate release and controlled-release urea), the subplot treatments were doses of 60, 100 and 120 kg of N
ha™ and control (without N application), and the sub-sub plots were treatments with or without the use of Lithothamnium.
The dose of Lithothamnium corresponded to 20% of the dose of urea. Calculations to establish the diagnosis and
recommendation integrated system (DRIS) were made during the experiment. In the high-yield population the treatments
with the highest nitrogen dose provided the highest grain yield. The use of the controlled-release source ensured greater
nutritional balance of plants. No effect of Lithothamnium on improving the efficiency of urea applied via topdressing in
corn was observed. According to the DRIS indices, in the high-yield population the nutrients showed deficiencies in the
following descending order: Mg>Fe>Zn>S>B>Mn>P>Cu>Ca>K>N and excess: B>S>Fe>Ca>K>Zn>Mn>Cu>Mg>P>N.
The low-yield population followed the following order: Mg>Fe>Zn>Mn>Cu>N>B>P>S>Ca and excess:
Zn>S>Cu>Mn>Ca>K> P>B>N>Mg>Fe.

Keywords: leaf analysis, nutritional balance indices, urea, Zea mays.

Introduction available in adequate quantities. It is known that
Corn (Zea mays L.) has a greater economic  nitrogen has the greatest effect on increasing grain
importance due to the nutritional value of its grain. It  yield of corn, as it plays an important role in plant
plays an important role in the production of food for metabolism, thereby affecting productivity (Soratto et
humans, feed for animals and it is used as a raw al., 2011; Valderrama et al., 2011).
material in various industrial processes (Galvédo et Nitrogen is a mineral nutrient which is
al., 2014; Souza et al., 2012). According to the data required in the highest quantities by corn and it
collected by Conab (National Supply Company) the influences the grain yield the most. However, there
2014/15 harvest in Brazil yielded 85 million tons of are several processes in the soil which may cause N
grain, securing the country the third place in the losses, such as chemical and biological reactions,
world. Corn production from the main crop was losses by leaching, volatilization, denitrification and
30,244,100 tons occupying an area of 6,156,100 immobilization (Silva et al., 2005; Gava et al., 2006;
hectares (Conab, 2015). Vitti et al., 2007).

Several factors influence the achievement of Urea is the most popular nitrogen fertilizers
high yields in corn. Among them an adequate supply in the world. However, its disadvantages are its
of nutrients to plants via fertilization stands out. The highly hygroscopic nature and its high susceptibility
nutritional requirements of any plant are determined  to loss by volatilization, especially when it is applied
by the amount of nutrients it uptakes during its cycle.  on the soil surface in the no-till system (Martins et
It is therefore necessary that these nutrients are al., 2014). For these reasons, the management of
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nitrogen fertilization has been the subject of various
research works aiming to increase its efficiency with
consequent increases of crop productivity.

Controlled-release fertilizers aim to reduce
the loss of nutrients and to adjust the timing of their
release with the demand of plants (Cahill et al.,
2010). Nitrogen fertilizers with controlled release are
made of conventional urea granules coated with one
or more layers of polymers or resins permeable to
water, which regulate the process of release of the
nutrients (Silva et al., 2012).

In addition to the controlled-release nitrogen
fertilizers, other technologies can improve crop
performance as the use of seaweed extracts. The
use of algae extracts in agriculture has increased
significantly in recent decades. Studies show that
the use of algae helps to increase plant growth,
sometimes with consequent increases in production
(Carvalho, 2014). The Lithothamnium is a
cosmopolitan calcareous marine alga, mainly
composed of calcium carbonate and magnesium.
Besides being a source of calcium and magnesium it
also provides varying amounts of iron manganese,
boron, nickel, copper, molybdenum and selenium.
Furthermore, it contains iron, manganese, boron,
nickel, copper, molybdenum and selenium
(Melo&Neto, 2003).

The Lithothamnium has the ability to absorb
minerals from the environment and turn them into
chemical compounds which are easily absorbed by
plants. Lithothamnium is also attributed to increase:
(i) pH, (i) the availability of essential nutrients, (iii)
biological activity and (iv) cation exchange capacity
(CEC) of the soil, thus promoting favorable
conditions for the availability and uptake of nutrients
by plants (Mendonca et al., 2006; Moreira et al.,
2011).

The diagnosis of the nutritional status of
plants, such as critical levels of nutrients in plants,
mainly in leaves, depends on the reference values
for the crops. These values are generally
established in calibration experiments under
controlled environments, totally different from field
conditions, what limits the identification of nutritional
status. Calibration experiments do not considered
variables such as: crops, climate, fertilization, soil
types, among others, which influence the demand
for nutrients by plants (Bhargava&Chadha, 1988).

and source materials associated with marine alga Lithothamnium

complements the data obtained during the analysis
of soil for fertilization management is the
characterization of the nutritional status of plants
based on their yield. The values are obtained in a
particular location and serve as reference values
(Beaufils, 1973).

Unlike other methods, the DRIS (Diagnosis
and Recommendation Integrated System) is an
integrated procedure which identifies in the plant the
sufficiency of each nutrient in relation to others,
instead of considering only the critical concentration
of each specific nutrient (Samra&Arora, 1997). The
DRIS evaluates the nutritional status of the plants
considering the balance among nutrients. Thereby, a
nutritionally balanced crop can respond with high
yield, which does not happen in conditions of
deficiency or nutritional imbalances (Guindani et al.,
2009). Using the DRIS one can identify where the
production is limited by nutritional imbalance, even
when the content of any of the nutrients is below its
critical level (Baldock& Schulte, 1996).

The DRIS method is based on the
calculation of an index for each nutrient. It compares
the ratio of a specific nutrient to each of the other
nutrients in the sample under diagnosis with the ratio
involving the same nutrient in a crop of high yield
(Pinto et al., 2009).

In this context, the objective of this
study was to: (i) evaluate the efficiency of
Lithothamnium in corn using various nitrogen doses
and sources, and (ii) to obtain the nutritional status
of the high and low-yield populations using the rules
of the diagnosis and recommendation integrated
system (DRIS).

Methods

The experiment was carried out in
Uberlandia, Minas Gerais, at the Federal Institute of
TridanguloMineiro, from December 2010 to February
2011. The experimental area is located at the
geographic coordinates of 18°46'12"” south latitude
and 48°17’17" west longitude.

Soil sampling in the experimental area was
conducted at a depth of 20 cm for the chemical
(Table 1) and physical characterization. The soil was
classified as clayey red latosol (121 g kg™ of coarse
sand, 69 g kg™ of fine sand, 24 g kg™ of silt and 806
g kg ™ of clay).

Thus, a practical and efficient method which

Table 1.Chemical characterization of the soil on the experimental area, 0-20cm depth.

P K SO4 Al Ca Mg H+Al SB T \% oM
-------- mg dm>------- o1y 1o P o y— Y — g kg’
9.5 34 4 0.4 0.4 0.1 4.30 0.59 4.89 12 26
pH B Cu Fe Mn Zn
H,0O mg dm™

5.2 0.12 1.2 66 1.2 0.4

P, K = (HCI 0.05 mol L™ + H,S0, 0.0125 mol L™) avaliable P (Mehlich-1 extrator); Ca, Mg, Al, (KCI 1 mol L™); H+Al =
(Buffer — SMP at pH 7.5)pH H>O (1:2.5); SB = Sum of bases; T = CEC at pH 7.0; V = Base saturation; O.M= Organic

matter O.M. = Colorimetric method (Embrapa, 2011).
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We used a simple hybrid of maize "impact"
by Syngenta, planted in rows spaced 0.9 m apart,
with an average population of 60,000 plants per
hectare. Fertilization with a mixture of 08-28-16,
formulated using urea (45% N), triple
superphosphate (42% P,0s) and potassium chloride
(58% K,0), at a dose of 350 kg per hectare was
done at planting.

The experimental design was randomized
blocks with four replications on split-split plots. The
main plot treatments were immediate release and
controlled-release urea, the subplot treatments were
doses of 60, 100 and 120 kg N ha™ and control
(without application), and the sub-sub plots were
treatments with Lithothamnium, either incorporated
or not, totaling 8 treatments, 32 plots and 64
subplots.

Each plot consisted of 16 lines 3.5m long.
The subplots were composed of 8 lines each 3.5m
long. The area of the plot was 6.75 m>.

Topdressing was performed with immediate-
release and controlled-release urea 35 days after
planting, along with the application of
Lithothamnium, whose dose corresponded to 20% of
urea dose.

To evaluate the absorption of nutrients by
corn, 15 corn leaves were removed in each plot. We
considered as a diagnostic leaf the first leaf above
the insertion of the female inflorescence at the R2
stage, characterized by flowering (Faquin, 2002).

To obtain the yield we removed the kernels from
corn ears harvested from the two central rows of the
plot. The ears were handpicked from each row,
weighed and the data were used to estimate yield in
bags per hectare.

The calculations to establish DRIS indices
were based on high-yield populations (or reference
population) and low-yield populations. The reference
populations were those treatments whose yields
were above 130 bags ha ™.

Yield spreadsheets of the experiments, as
well as the DRIS indices and the nutritional balance
(NBI) were obtained wusing Excel software
(Microsoft). The calculations were made using the
method originally proposed by Beaufils (1973)
(Equation 1, 2, 3 and 4)

If: Y/IX,, <YIX,

Then:

The Joxnvy) == (v /X, 1Y IX,, )]x(100xk/CV)
1)
If YIX, =YIX,
Then: [(x 1Y) =0(zero) (2)
If YIX, > YIX,

[ 1) =Y X, 1¥ 1%, )-Ixaooxk/cv ) (3)
Where: .[(Y/X): ratio of nutrient Y to X;

Y/X , = sample to nutrient ratio; Y/XN= the standard

to nutrient ratio; s= standard deviation of the ratio Y/Xn:
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CV= coefficient of variation (%) to the ratio Y/Xn;
k=sensitivity constant.

_émf (Y/Xi)—ém_[(xi/Y) @

i
Iy

m+n

Where: I,: DRIS index for nutrient Y; Y:
nutrient of the index; X: other nutrient; m: number of
functions whose nutrient Y is the denominator; n:
number of functions whose nutrient Y is in the
numerator.

Using the DRIS formula we calculated
relative indices for the nutrients, which were
negative, positive or zero. The negative and positive
indices indicate deficiency and excess, respectively,
while values near zero indicate adequate levels.
Having calculated the indices for each nutrient, we
established nutritional balance index (NBI) according
to the method originally proposed by Beaufils
(1973).

NBI =[indice A] +[indice B] + K +[indice N]

Results and Discussion

Regarding the average foliar levels found in
the populations of high and low yield, phosphorus
(P), potassium (K), calcium (Ca), boron (B), copper
(Cu), iron (Fe), manganese (Mn) and zinc (Zn) are
suitable for corn, according to Embrapa (2010) and
Faquin (2002) (Table 2). However, according to the
same authors, foliar nitrogen (N) and sulfur (S) are
suitable only in high-yield population (Table 2).

Low levels of N and S found in corn leaves
in the population of low yield are likely to have
caused the low yield due to the interaction of these
nutrients. According to Malavolta&Moraes (2007),
the synergistic effect between nutrients directly
influences the development of plants. Synergism
occurs when an ion increases the absorption of
other ions, resulting in a better plant development,
which can be observed in this study.

For poaceae, as corn, the most required
nutrient is nitrogen, whose absorption depends on
the amount of sulfur available to plants. The balance
between the amounts of nitrogen and sulfur in soil
and plants is important because it reflects the
nutritional status of the plant (Mattos&Monteiro,
2003).

Sulfur and nitrogen are  structural
components of amino acids such as cysteine,
cystine and methionine. In addition to this, they are
part of ferredoxin, an electron transferring molecule
involved in the photosynthesis of plants
(Mengelé&Kirkby, 2001).

The foliar magnesium (Mg) found in corn
plants in low and high-yield populations (Table 2)
are not at adequate levels for this culture, according
to Faquin (2002) and Embrapa (2010). The
competition between nutrients may be synergistic
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when an ion assist another one, or antagonistic the effect of K™ and Ca’*cations which often induce
when an ion absorption is impaired by the presence Mg deficiency in plants (Silva &Trevisam, 2015). In
of another ion. There is also a non-competitive this study, K and Ca levels are suitable for this crop,
inhibition when the ions do not compete for the what may have caused the deficiency of Mg.

same carrier site. An example of such interactions is

Table 2.Average foliar contents and high and low-yield populations of corn.

Yield N P K Ca Mg S B Cu Fe Mn Zn

gkg™ mg kg™

Above 130 bags ha™

149.63 29.42 312 2420 284 145 157 4.69 13.76 100.58 88.23 28.52
Below 130 bags ha™

107.383 2560 301 234 269 148 133 516 1414 101.34 76.625 26.795

When the DRIS index for each nutrient is  well. This behavior was reflected in the low-yield
negative, it indicates that the nutrient is below the group, which showed lower levels of N and K.
appropriate level, and when it is positive, it indicates  Panaullah et al. (2006) evaluating the absorption of
that the nutrient is above the optimal level. Thus, a potassium in the cultivation of rice and wheat in
negative (-) DRIS parameters indicates deficiency, succession, found that nitrogen fertilization
while a positive value (+) indicates excess of the increased potassium uptake in wheat. According to
nutrient in relation to the others, while a value closer these authors, the correct use of nitrogen fertilizer
to zero indicates that the nutrient is in equilibrium in  increased K uptake by 57%, with the supply of 120
the plant (Baldock& Schulte, 1996). and 80 kg ha™ of N and K respectively. Although K is

The relationship between nutritional balance not a structural compound in plants, it plays an
and yield is evident. DRIS indices for the high yield important role in many biochemical and
group present lower values than the indices for the  physiological processes. Potassium can also
low yield group (Tables 3 and 4). influence the use of nitrogen by plants because the

Table 3, which compares the high yield metabolism of nitrogen in plants requires adequate
group with the low vyield group, shows that N is amounts of potassium in the cytoplasm (Xu et al.,
closer to balance (close to zero) in the high yield 2002).
group. Foliar N content was influenced by increasing Zinc is an enzymatic activator of many
nitrogen doses from the controlled-release fertilizer metabolic processes such as the production of
(Table 3). The treatments with the highest doses of tryptophan - the precursor of auxins responsible for
N are in the high-yield group (Table 3). The highest the growth of plant tissues (Mengel and Kirkby,
grain yield was 161.46 bags ha™, obtained in the 1987). The demand for zinc, by most crops, does
treatment with the highest N dose (120 kg ha™ from  not reach 1 kg ha™. In the plant, its adequate and
the controlled-release urea showing that its use met  toxic levels vary, ranging from 18-67 to 100-673 mg
the demand for N more effectively without the use of kg™ respectively of dry matter of the shoots (Fageria,
Lithothamnium). The importance of N in plants is  2000). According to Table 2, Zn levels are suitable
great as it plays important roles in the metabolism of  for corn according to Fageria (2000), even though
plants. It is a constituent of the molecules of presenting excess in low-yield group.
proteins, coenzymes, nucleic acids, cytochromes, According to table 2, foliar Fe contents are
chlorophyll etc. It is also one of the most important  considered adequate when compared with levels
nutrients responsible for increased production and it  found in the literature also established with DRIS for
is the most absorbed nutrient by corn(Ferreira et al.,  this nutrient. However, its levels show deficiency in
2001). the population with low-yield (Table 4). The

Nutrients in deficiency in the low-yield group  participation of Fe is essential for N assimilation by
were N, K, Fe and Mn, and a nutrient in excess was corn plants. It acts on the nitrite reductase which
Zn. After N, K is the most required nutrient by corn, promotes the assimilation of N by the plants
with 30% of its amount which is absorbed by the (Bredemeier&Mundstock, 2000). Most Fe deficiency

plants being exported to the grain (Rodrigues et al., in low-yield group may have been influenced by the
2014). The availability of N and K, and their proper assimilation of N, resulting in lower yields.

proportion ratio in the soil solution are crucial for the Regarding the nutritional indices in the high-
growth and development of plants. The metabolism vyield corn, the nutrients in deficiency are in the
of nitrogen in plants requires adequate amounts of following descending order:
potassium in the cytoplasm (Xu et al., 2002), vital for ~Mg>Fe>Zn>S>B>Mn>P>Cu>Ca>K>N, and in
the production of amino acids in the plants. excess: B>S>Fe>Ca>K>Zn>Mn>Cu>Mg>P>N

In the present study, it appears that as the (Table 5). Magnesium, iron and zinc are deficient in
levels of N increased, the levels of K increased as  high productivity corn. Regarding iron, it can be
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attributed to the soil used in this test. It is an Oxisol,
a soil with high content of Fe due to the nature of
iron oxides present in its source material (Reatto,
2016). The nutritional deficiency rates in the low-
yield population are in the following descending
order: Mg>Fe>Zn>Mn>Cu>N>B>P>S>Ca and in

and source materials associated with marine alga Lithothamnium

excess: Zn>S>Cu>Mn>Ca>K> P>B>N>Mg>Fe
(Table 5). The low yield of the plants may be due to
P deficiency, as it is the second most important
macronutrient extracted by corn plants. Regarding
excess, in general, there was none in relation to
micronutrients.

Table 3. DRIS indices for macronutrients in high (> 130 bags ha'l) and low (< 130 ha'l) yield population of corn.

Doses Yield N P K Ca Mg S NB

N bags ha™ DRIS indices for high-yield population
120 Pol Sem 161.46 -0.9 4.4 7.2 -1.0 5.1 -23.1 65.28
120 Pol Litho 156.71 -3.8 2.4 5.9 -13.8 5.1 -1.9 74.71
120 Conv Sem 154.8 35 -6.6 -4.6 0.1 7.0 0.2 57.82
60 Pol Litho 154.74 -0.5 1.3 6.1 10.5 -12.1 55 75.28
90 Pol Litho 139.81 0.8 4.4 -1.0 5.8 4.1 -0.7 45.34
90 Conv Litho 130.26 1.7 -4.9 -0.5 -1.7 3.0 12.3 54.25
62.11

DRIS indices for low-yield population
60 Conv Sem 127.02 -0.1 -0.7 -27.4 12.6 -18.7 12.7 161.07
90 Pol Sem 125.81 8.8 -1.6 -18.1 -0.5 21.2 -0.6 84.10
90 Conv Sem 123.84 4.2 6.4 -24.3 4.9 15 4.3 103.88
120 Conv Litho 121.35 7.2 -12.5 9.2 0.4 2.0 -4.8 83.42
60 Conv Litho 121.35 -6.2 6.2 -15.4 7.5 10.1 7.6 116.38
0 Conv Sem 95.95 9.1 12.2 10.5 4.2 -30.4 26.1 181.50
0 Conv Litho 93.81 -12.0 1.8 2.4 26.6 -58.5 18.0 21252
60 Pol Sem 93.23 2.0 -4.0 5.1 5.6 -21.8 -0.8 100.86
0 Pol Sem 86.69 7.4 -35 6.5 -0.6 9.4 2.2 98.84
0 Pol Litho 84.78 3.8 8.3 11.0 16.5 -36.3 11.7 129.54
127.21

Pol (polymerizedurea). Conv (convencional ureia). Sem (sub-sub plot without the application of Lithothamnium). Litho

(sub-sub plot with the application of Lithothamnium).

Table 4. DRIS indices for micronutrients in high (> 130 bags ha'l) and low (< 130 ha'l) yield population of corn.

Doses Productivity B Cu Fe Mn Zn
N bags ha™ DRIS indices for high-yield population
120 Pol Sem 161.46 -23.1 -3.4 -4.4 6.2 4.4
120 Pol Litho 156.71 -1.9 -5.6 9.5 14.2 -1.2
120 Conv Sem 154.8 -0.2 17.0 14 -4.2 -4.8
60 Pol Litho 154.74 55 -1.7 2.2 -11.4 12.0
90 Pol Litho 139.81 -0.7 -7.6 -7.2 6.0 15
90 Conv Litho 130.26 12.3 7.8 -2.0 -6.7 -11.3
DRIS indices for low-yield population
60 Conv Sem 127.02 -3.8 19.9 -21.0 -9.0 35.3
90 Pol Sem 125.81 0.8 14.3 4.1 10.5 3.7
90 Conv Sem 123.84 9.1 21.5 -12.1 -9.9 -5.7
120 Conv Litho 121.35 15.2 5.1 2.6 -4.0 -20.4
60 Conv Litho 121.35 8.2 -12.5 -13.1 -4.8 24.8
0 Conv Sem 95.95 2.0 4.1 -11.0 -32.0 39.9
0 Conv Litho 93.81 9.1 8.9 -22.4 -10.9 41.8
60 Pol Sem 93.23 -6.4 -4.4 -11.1 11.8 27.9
0 Pol Sem 86.69 0.1 -13.8 -9.5 -3.1 42.8
0 Pol Litho 84.78 7.9 04 -15.6 -12.8 51
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Pol (polymerizedurea). Conv (convencional ureia). Sem (sub-sub plot without the application of Lithothamnium). Litho

(sub-sub plot with the application of Lithothamnium).

Table 5.Indices of deficiency and excess of macro and micronutrients in the high and low-yield group of corn.due to
the use of conventional urea and polymerized urea. with or without the application of Lithothamnium.

Order Deficiency indices Excess index

>130 bags ha™ <130 bags ha™ >130 bags ha™ <130 bags ha™
1 Mg -8.16 Mg -28.0 B 12.40 Zn 27.66
2 Fe -7.43 K -17.50 S 8.90 S 13.40
3 Zn -6.86 Fe -16.54 Fe 8.80 Cu 11.68
4 S -6.47 Zn -13.05 Ca 8.15 Mn 11.15
5 B -6.07 Mn -10.81 K 6.65 Ca 10.58
6 Mn -5.76 Cu -8.70 Zn 6.30 K 8.46
7 P -5.75 N -6.13 Mn 5.96 P 7.17
8 Cu -4.53 B -5.10 Cu 4.36 B 6.55
9 Ca -4.15 P -4.75 Mg 3.84 N 6.00
10 K -3.0 S -2.10 P 3.12 Mg 453
11 N -1.73 Ca -1.76 N 2.15 Fe 3.35

Conclusions

In the high productivity population, corn
treatments with the highest nitrogen doses
ensured the highest grain yield.

The use of the controlled-release urea
ensured greater nutritional balance in plants.

Lithothamnium did not improve the
efficiency of urea applied via topdressing in corn.

According to DRIS in the high-yield
population nutrients in deficiency were in the
following descending order:

Mg>Fe>Zn>S>B>Mn>P>Cu>Ca>K>N and in
excess: B>S>Fe>Ca>K>Zn>Mn>Cu>Mg>P>N. As
for the low-yield group, they followed the following
order: Mg>Fe>Zn>Mn>Cu>N>B>P>S>Ca and in
excess: Zn>S>Cu>Mn>Ca>K> P>B>N>Mg>Fe.

References

BALDOCK, JO., SCHULTE. EE. Plant analysis
with standardized scores combines DRIS and
sufficiency range approaches for corn. Agronomy
Journal 88:448-456,
1996.<https://dl.sciencesocieties.org/publications/a
jlabstracts/88/3/AJ0880030448>. Access: 15 de
mayand 2016.

BEAUFILS.E.R. Diagnosis and recommendation
integrated system (DRIS). A general scheme of
experimentation and calibration based on
principles developed from research in plant
nutrition.  University of Natal.Pietermaritzburg.
South Africa. 132 p. 1973.

BREDEMEIER, C., MUNDSTOCK, CM. Regulagdo
da absorcdo e assimilacdo do nitrogénio nas
plantas. Ciéncia Rural 30:365-372,
2000.<http://www.scielo.br/scielo.php?script=sci_a
rttext&pid=S0103-84782000000200029>. Access:
23 abr and 2016.

BHARGAVA, BS., CHADHA, KL. Leaf nutrient
guide for fruit and plantation crops.Fertiliser News
33:21-29, 1988.

CAHILL, S., OSMOND, D., WEISZ, R., HEINIGER,
R. Evaluation of alternative nitrogen fertilizers for
corn and winter wheat production. Agronomy
Journal 102:1226-1236, 2010.Available
in:<https://dl.sciencesocieties.org/publications/aj/a
bstracts/102/4/1226?access=0&view=pdf>.Accss:
21 mayand 2016.

CARVALHO, M.E.A., CASTRO, P.R.C. Extratos de
algas e suas aplicagdes na agricultura. ESALQ -

31


https://dl.sciencesocieties.org/publications/aj/abstracts/88/3/AJ0880030448
https://dl.sciencesocieties.org/publications/aj/abstracts/88/3/AJ0880030448
https://dl.sciencesocieties.org/publications/aj/abstracts/88/3/AJ0880030448
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782000000200029
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782000000200029
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782000000200029

Bernades et al. Establishment of DRIS indices and foliar nutrient levels for corn plants fertilized with various nitrogen
doses and source materials associated with marine alga Lithothamnium

Divisdo de Biblioteca, Piracicaba, Brasil. 58 p.
2014.Available
in:<http://www4.esalq.usp.br/biblioteca/sites/www4
.esalg.usp.br.biblioteca/files/publicacoes-a-
venda/pdf/SPR56.pdf>. Access: 02 fevand 2016.

CONAB. Acompanhamento da Safra Brasileira:
Gréos: DécimoPrimeiro Levantamento. 2015.
Companhia Nacional de Abastecimento, Brasilia,
Brasil. 33 p. 2015.

DIAS, TMG. Granulados bioclasticos — Algas
calcarias. Brazilian Journal of Geophysics 18:307-
318. 2000. Available in:
<http://www.scielo.br/pdf/rbg/v18n3/a08v18n3>.
Access: 03 may and 2016.

EMBRAPA.Cultivo do milho. 2010. Available in:
http://www.cnpms.embrapa.br/publicacoes/milho_6
_ed/ferdiagnose.htm.

FAGERIA,NK. Niveis adequados e toxicos de
zinco na producdo de arroz, feijdo, milho, soja e
trigo em solo de cerrado. Revista Brasieleira de
Engenharia Agricola e Ambiental 4: 390-395,
2000.Available
in:<http://www.scielo.br/pdf/rbeaa/v4nl/vdnlall.p
df>. Access: 05 junand 2016.

FAQUIN, V. Diagnose do estado nutricional das
plantas. UFLA/FAEPE, Lavras, Brasil. 76 p. 2001.

FERREIRA. ACB., ARAUJO, GAA., PEREIRA,
PRG., CARDOSO, AA. Caracteristicas
agrondmicas e nutricionais do milho adubado com
nitrogénio. molibdénio e zinco. ScientiaAgricola
58: 131-138, 2001.Available
in:<http://www.scielo.br/scielo.php?script=sci_artte
xt&pid=S0103-90162001000100020>. Access: 02
may and 2016.

GAVA, GJC., TRIVELIN, PCO., OLIVEIRA, MW.,
HEINRICHS, R., SILVA, MA. Balanco do
nitrogénio da uréia (15n) no sistema solo-planta na
implantacdo da semeadura direta na cultura do
milho. Bragantia 65: 477-486, 2006.Available in:
<http://www.scielo.br/scielo.php?script=sci_arttext
&pid=S0006-87052006000300014>. Access: 03
may and 2016.

GALVAO, JCC., MIRANDA, GV., TROGELLO, E.,
FRITSCHE-NETO, R. Sete décadas de evolucao
do sistema produtivo da cultura do milho. Revista
Ceres 61: 819-828, 2014.Available in:
<http://lwww.scielo.br/scielo.php?script=sci_arttext

&pid=S0034-737X2014000700007>. Access: 03
junand 2016.
Guindani, RHP.,Anghinoni, 1., Nachtigall, GR.

DRIS na avaliacdo do estado nutricional do arroz
irrigado por inundacdo. Revista Brasileira Ciéncia
do Solo 33:109-118, 2009.Available
in:<http://www.scielo.br/scielo.php?script=sci_artte
xt&pid=S0100-06832009000100012>. Access: 03
junand 2016.

32

MALAVOLTA, E., MORAES, M.F. Fundamentos
do nitrogénio e do enxofre na nutricdo mineral das
plantas cultivadas. In: YAMADA, T., ABDALLA,
S.R.S., VITTI, G.C. Nitrogénio e enxofre na
agricultura brasileira. Internacional
PlantNutritionInstitute, Piracicaba, Brasil. p. 189 —
238, 2007.

MARTINS, IS., CAZETTA, JO., FUKUDA, AJF.
Condicdes. modos de aplicacdo e doses de ureia
revestida por polimeros na cultura do milho.
Pesquisa Agropecuaria Tropical 44: 271-279,
2014.Available

in:<http://www.scielo.br/scielo.php?script=sci_artte
xt&pid=S1983-40632014000300010>. Access: 03
junand 2016.

MATTOS, WT., MONTEIRO, FA. Producdo e
nutricdo de capim-braquiaria em funcdo de doses
de nitrogénio e enxofre. Boletim de Industria
Animal 60: 1-10, 2003. Available
in:<http://revistas.bvs-
vet.org.br/bia/article/view/8809/9326>. Access: 12
junand 2016.

MELO, PC., FURTINI NETO, AE. Avaliacdo do
lithothamnium como corretivo da acidez do solo e
fonte de nutrientes para o feijoeiro. Ciéncia e
Agrotecnologia27: 508-519, 2003.Available
in:<http://www.scielo.br/pdf/cagro/v27n3/a04v27n3
.pdf>. Access: 03 junand 2016.

MENDONCGCA, V., ORBES, MY., ABREU, NAA,
RAMOS, JD., TEIXEIRA, GA., SOUZA, HA.
Qualidade de mudas de maracujazeiro-amarelo
formadas em substratos com diferentes niveis de
lithothamniun. Ciéncia e Agrotecnologia 30: 900-
906, 2006.Available
in:<http://www.scielo.br/scielo.php?script=sci_artte
xt&pid=S1413-70542006000500012>. Access: 03
jun and 2016.

MENGEL, K., KIRKBY, E.A. Principles of plant
nutrition. Bern: International Potash Institute. 687
p. 1987.

MENGEL,K..KIRKBY.E.A. Principles of plant
nutrition.London: Kluwer Academic. 849 p. 2001.

MOREIRA,RA., RAMOS, JD., MARQUES, VB.,
ARAUJO, NA., MELO, PC. Crescimento de pitaia
vermelha com adubacao organica e
granuladobioclastico. Ciéncia Rural 41: 785-788,
2011.Available

in:<http://www.scielo.br/scielo.php?script=sci_artte
xt&pid=S0103-84782011000500008>. Access: 12
jun and 2016.

PANAULLAH, GM., TIMSINA, J., SALEQUE,MA,
ISHAQUE, M.,PATHAN, ABMBU., CONNOR, DJ.,
SAHA, PK.,QUAYYUM, MA., HUMPHREYS,E.,
MEISNER, CA. Nutrient uptake and apparent
balances for rice-wheat sequences. Ill. Potassium.
JournalofPlantNutrition 29: 173-187, 2006.



Bernades et al. Establishment of DRIS indices and foliar nutrient levels for corn plants fertilized with various nitrogen
doses and source materials associated with marine alga Lithothamnium

PINTO, PAC., DIAS, LE.,ALVAREZ, VH,
CHOUDHURY, MM., VIEIRA, G. Avaliagdo de
estado nutricional da mangueira Tommy Atkins no
submédio do vale do rio S&o Francisco:
estabelecimento das normas DRIS.
RecursosRurais 5: 5-13, 2009.Available
in:<https://dialnet.unirioja.es/servlet/articulo?codigo
=3173464>. Access: 20 may and 2016.

REATTO, A, MARTINS, ES., SPERA,
ST.,CORREIA, JR. Variabilidade mineralégica de
latossolos da area da Embrapa cerrados em
relagdo aos do bioma cerrado. Embrapa cerrados,
Planaltina, Brasil. 39 p. 2000.

RODRIGUES, MAC., BUZETTI, S., TEIXEIRA
FILHO, MCM., GARCIA, CMP., ANDREOTTI, M.
Adubacédo com KCI revestido na cultura do milho
no Cerrado. Revista Brasileira de Engenharia
Agricola e Ambiental 18; 127-133, 2014.Available
in:<http://www.scielo.br/pdf/rbeaa/v18n2/a01v18n2
.pdf>. Access: 02 may and 2016.

SAMRA, J.S.,ARORA, Y.K. Mineral nutrition. In:
LITZ. R.E. The mango: botany, production and
uses. CAB International, New York, USA. 1997.
Access: 02 may and 2016.

SILVA, AA,, SILVA, TS., VASCONCELOS, ACP.,
LANA, RMQ. Aplicagdo de diferentes fontes de
ureia de liberacdo gradual na cultura do milho.
Bioscience Journal 28: 104-111, 2012.Available
in:<http://www.seer.ufu.br/index.php/biosciencejour
nal/article/view/13242>. Access: 25 may and 2016.

SILVA, EC., FERREIRA, SM., SILVA, GP., ASSIS,
RL., GUIMARAES, GL. Epocas e formas de
aplicag&o de nitrogénio no milho sob plantio direto
em solo de cerrado. Revista Brasileira de Ciéncia
do Solo 29: 725-7383, 2005.Available
in:<http://www.scielo.br/scielo.php?script=sci_artte
xt&pid=S0100-06832005000500008>. Access: 25
may and 2016.

SILVA, MLS., TREVISAM, AR. Intera¢bes ibnicas
e seus efeitos na nutricho das plantas.
Informacdes agrondmicas 149: 10-16,
2015.Available
in:<http://www.ipni.net/publication/ia-
brasil.nsf/0/8C2796BCB76E0F9B83257E2000656
OE2/$FILE/Pagel0-16-149.pdf>. Access: 05 abr
and 2016.

SORATTO, RP., SILVA, AH., CARDOSO, SM.,
MENDONCA, CG. Doses e Fontes Alternativas de
Nitrogénio no Milho sob Plantio Direto em Solo
Arenoso. Ciéncia e agrotecnologia 35: 62-70,
2011.Available
in:<http://www.scielo.br/scielo.php?script=sci_artte
xt&pid=S1413-70542011000100007>.

SOUZA, JA., BUZETTI, S., TARSITANO, MAA.,
VALDERRAMA, M. Lucratividade do milho em
razdo das fontes. doses e épocas de aplicacdo de
nitrogénio.  Revista Ceres 59:  321-329,

33

2012.Available
in:<http://www.scielo.br/scielo.php?pid=S0034-
737X2012000300005&script=sci_abstract&ting=pt
>. Access: 02 may and 2016.

VALDERRAMA, M., BUZETTI, S., BENETT, CG.,
ANDREOTTI, M., TEIXEIRA, MCM. Fontes e
doses de NPK em milho irrigado sob plantio direto.
Pesquisa agropecuaria tropical 41: 254-263,
2011.Available
in:<http://www.scielo.br/pdf/pat/v41n2/al5.pdf>.
Access: 02 may and 2016.

VITTI, AC., TRIVELIN, PCO., GAVA,
GJC.,FRANCO, HCJ., BOLOGNA, IR., FARONI,
CE. Produtividade da cana-de-aclcar relacionada
a localizacdo de adubos nitrogenados aplicados
sobre 0s residuos culturais em canavial sem
queima. Revista Brasileira Ciéncia do Solo 31:
491-498, 2007.Available
in:<http://www.scielo.br/scielo.php?script=sci_artte
xt&pid=S0100-06832007000300009>. Access: 20
may and 2016.

XU, G., WOLF, S., KAFKAFI, U. Ammonium on
potassium interaction in sweet pepper. Journal of
Plant Nutrition 25: 719-734, 2002.



