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Understanding the action of the nitrogen (N) in grasses can aid in pasture management and increase
the efficiency of this nutrient. The objective of this study was to determine the influence of N rates and
of the available N from the previous crop on Brachiaria ruziziensis cv. Comum. The experiment was
conducted in a greenhouse. The treatments were arranged in a 2x4 factorial design and were
distributed according to a fully randomized block design with four replications. Two N rates (0 and 15
mg dm'3) were applied at grass planting and four N rates were applied as topdressing after the first
cutting (0, 15, 30 and 45 mg dm'3). The grass was cut twice above-ground. The comparison between N
rates applied at planting was made using F test, and the degrees of freedom of the N rates applied as
topdressing were broken down into orthogonal polynomials. The N rate of 15 mg dm™ applied at
planting the ruzi grass promoted increases in the numbers of leaves and shoot dry matter production.
During the second growth, N rates (15, 30 and 45 mg dm'3) applied as topdressing increased the number
of leaves and the shoot dry matter production. The available N from the previous crop (soybean) was
sufficient for the initial tillering of the ruzi grass. This study showed that the correct management of N

fertilization is necessary for ruzi grass when grown after a previous crop (soybean).
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INTRODUCTION

The use of soybeans as a supplier of nitrogen (N) to
succeeding crops in direct planting in straw is widely
discussed because legumes in general are able to fix
from 11 to 336 kg ha™ of N per year (Havlin et al., 1999).
By taking advantage of the available N from the previous
crop (soybean), one method has been developed where
grasses, especially Brachiaria ruziziensis cv. Comum
(ruzi grass), are sown between rows of the second-crop
corn so as to provide nutrients to the corn. Thus, the
fertilization prioritizes the second-crop corn without
considering that the limiting factor for the growth of
herbage species is often the level of available N (Bland,
1968).

Ruzi grass has good drought tolerance. It requires soils
with high fertility, such as Oxisols, and will tolerate acidic
soils. It suppresses weeds and is useful for erosion
control in areas where it grows well, but needs good
drainage (it does not tolerate flooding). Finally, it
responds well to nitrogen, either inorganic or from
legumes (Cook et al., 2005).

Nitrogen is necessary for rapid growth of forage, and is
an essential component of plant proteins. Since the
amount of available N from the soil is typically less than
the plants need, N fertilizer can be effectively used to
increase forage productivity in pastures, as needed
(Hancock et al., 2011). Nitrogen utilization efficiency can
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be 9 to 28 kg of dry matter per 1 kg of N applied. After N
fertilizer is applied, N is rapidly absorbed into plants and
growth is stimulated via improvement of root systems and
photosynthetic activity. Responses of grassland to
nitrogen vary according to several factors, such as type
of N applied, application rate and timing (Sun et al.,
2008).

Understanding the action of the N in the soil and
grasses can aid in pasture management and increase the
efficiency of this nutrient, especially knowing that the
reduction of N availability is a major cause of tropical
pasture degradation (Cao et al., 2012).

We hypothesize that the N doses usually applied at
planting and in topdressing of second-crop corn could be
also effective on B. ruziziensis cv. Comum. We tested
this hypothesis under controlled conditions. The objective
of this study was to determine the influence (i) of N rates
applied at planting (15 mg dm'3) and in topdressing (O,
15, 30 and 45 mg dm'3) of second-crop corn and (ii) of
the available N from the previous crop (soybean) on the
productive characteristics of B. ruziziensis cv. Comum.

MATERIALS AND METHODS

This study was carried out in a glass greenhouse under controlled
conditions to avoid interferences of other nutrients (e.g., transfer of
nutrients from other areas via animal manure) and ensure an
adequate water supply and ambient temperature for normal plant
growth.

The experiment was carried out in the summer of 2011 with soil
from an area cultivated with soybean-second-crop corn rotation
under a tillage system during 10 years, located in the municipality of
Itapetininga (23°35’08”S; 48°02'50"W), Sdo Paulo State, Brazil. The
soil is an Oxisol (dystrophic red Latosol). The soil was collected
immediately after the soybean harvest and before planting the
second-crop corn, at a depth of 0 to 20 cm. The soil was dried,
sieved,gweighed and then placed in ceramic pots with capacity of
3.6 dm”.

The chemical soil analysis showed the following results: pH in
CaCl,=5.8; organic matter content=38.0 mg dm™; P (resin)=132.0
mg dm; K (resin)=4.9 mmol. dm™; Ca (resin)=60.0 mmol. dm™, Mg
(resin)=16.0 mmol. dm; Al=0 mmol. dm™®; H + Al=31.0 mmol. dm™;
S0,=6.0 mg dm™; base saturation (BS)=80.9 mmol. dm™; cation
exchange capacity (CEC)=112.0 mmol, dm’®; V=72.0%; B=0.19 mg
dm®; Cu=3.4 mg dm?; Fe=15 mg dm™; Mn=3.0 mg dm™ and zn=
3.0 mg dm™. These results showed that correction for soil acidity
and fertilization with macro- and micronutrients was not necessary
before sowing the grass (Werner , 1986).

Based on the observations of Batista et al. (2011), the treatments
were arranged in a 2x4 factorial design, where two N rates (0 and
15 mg dm™) were applied at planting the ruzi grass, and four N
rates (0, 15, 30 and 45 mg dm™) were applied as topdressing after
the first cutting. These N rates corresponded to those generally
used for supplying N at planting and topping of second-crop corn in
Brazil. Therefore, the following combinations were constituted: O, 0;
0, 15; 0, 30; 0, 45; 15, 0; 15, 15; 15, 30 and 15, 45 mg dm. These
combinations were distributed in a greenhouse in a fully
randomized block design with four replications.

Five plants of Ruzi grass were grown per pot. On the day of
sowing, initial N treatment of 15 mg dm was applied in the form of
an ammonium nitrate solution. The treatments without initial N
received only distilled water.

At 19 days after the germination of the ruzi grass, the counting of

leaves and tillers started. These counts were performed every
seven days. The tillers were counted as soon as they presented a
fully expanded leaf with a visible ligule, while the new leaves were
also counted when they presented a visible ligule. The tillers were
marked with plastic-coated wires, and inert ink was used for
identification of the leaves.

At 39 days after the germination, the first cutting was performed,
after which topdressing fertilization was applied to provide 40 mg
dm™® of P,Os in the form of potassium dihydrogen phosphate
(KH2PO4), 83 mg dm™ of K,O, with 384 mg dm™ in the form of
KH,PO, and 186.3 mg dm™in the form of potassium chloride (KCI).
A supply of potassium was necessary due to the appearance of
potassium deficiency symptoms during the first growth, and
phosphorus was provided to avoid limiting the response of the
plants to the N doses. On the day following the cutting, N rates of 0,
15, 30 and 45 mg dm™ were applied as topdressing in the form of
ammonium nitrate to provide the planned N.

Approximately eight days after the first cutting, chlorosis was
observed in young leaves, accompanied by narrow dark green
bands. As a result of these observations, 6 mg dm™ of manganese
was applied as manganese sulphate monohydrate (MnSO4.H;0),
and 15 mg dm™ of sulphur was applied in the form of potassium
sulphate (K2SOy).

The second cutting occurred 27 days after the first, and the
counting of the tillers and leaves was resumed eight days after the
first cutting. Thus, the first growth was 39 days after germination
and the second growth was 27 days after the first cutting.

After each cutting, each shoot was separated into: (a) Two newly
expanded leaves; (b) Emerging leaves; (c) Mature leaves and (d)
Stem + sheath. All these materials collected were dried in a forced
air oven at 65°C until a constant weight was achieved.

The production of the total dry mass in the shoots was
determined by the sum of the dry mass of the newly expanded
leaves, emerging leaves, mature leaves and stem + sheaths. The
leaf/stem ratio was determined using the dry mass production data
of the leaf and stem fractions.

The comparison between N rates applied at planting was done
using F test, and the degrees of freedom of the N rates applied as
topdressing were broken down into orthogonal polynomials.

RESULTS AND DISCUSSION
Tillering of ruzi grass

The available N from the previous crop (soybean) was
sufficient for the initial tillering of ruzi grass because in
the first growth of the ruzi grass, the number of tillers did
not differ between the N rates applied at planting (Table
1).

This result demonstrated that the available N from the
previous crop (soybean) permitted the partial substitution
of the N fertilizer. Legumes in general create very good
conditions for subsequent crops, the main reason being
the large amount of organic matter ploughed in Sarunaite
et al. (2006). Thus, it is necessary to adapt the available
N from the soybeans and the N from the fertilizer,
according to the demand of the grass (Halvorson et al.,
1999). In other words it is necessary to take care of
adequate supply of N to the grass ruziziensis.

The number of tillers in the second growth of the Ruzi
grass indicated that when the N was deficient, the
development of the tillers was inhibited, but when the
supply of N to the plants grown individually was increased,
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Table 1. Number of tillers and leaves, total dry mass of shoots and leaf/stem ratio of ruzi grass as a
function of nitrogen applied at planting (first growth).

N at planting Number Dry mass

-3 - Leaf/stem
(mg dm™) Tillers Leaves (g/pot)
0 20.40° 85.25° 10.18° 2.07°
15 20.30° 96.87° 13.13% 2.07%
Means 20.35 91.06 11.65 2.07
CV (%) 13.92 7.01 8.45 13.13

Means followed by different lowercase letters in the column differ by F test (P < 0.05) for each variable.

Table 2. Numbers of tillers and leaves of ruzi grass grown in soil from cultivation of soybean planting system as a function of

nitrogen applied at planting and topdressing (second growth).

Number of tillers

Number of leaves

N at coverage (mg

N at planting (mg dm™)

N at planting (mg dm™®)

dm)

0 15 Means 0 15 Means
0 29.50 45.00 37.25 63.25 104.25 104.25
15 29.25 44.00 36.62 83.75 120.50 102.12
30 36.75 52.25 44,50 129.75 156.00 142.87
45 44.50 51.50 48.00 130.50 162.25 146.37
Means 35.00° 48.19" 101.81° 135.75"
F test
Linear effect *x xx
Quadractic effect ns ns
CV (%) 12.60 9.28

Means followed by different capital letters for each variable differ by the F test (P< 0.05). **, P< (0.01). ™, not significant (P=0.05).

the number of tillers per plant increased, in line with the
findings of Langer (1963). This result occurred because
during the second growth significant differences were
observed between the N rates that were applied at
planting of the grass, where the N dose of 15 mg/dm3
resulted in a greater production of tillers (Table 2).

In the second growth, there was no interaction between
the N rates applied at planting and those applied as
topdressing (Table 2). An isolated response was
observed, but only for the N rates that were applied as
topdressing, fitting a linear regression equation (Figure
la).

In second growth there was an average two-fold
increase in the number of tillers, indicating that during the
initial growth period, the soil N was sufficient for growth of
the grass. However, during the second growth, N
supplementation was necessary to increase the number
of tillers. These results demonstrated the need to
properly manage N fertilization associated with the use of
legumes in the system of crop rotation using soybean as
the previous crop.

According to Garcez Neto et al. (2002) N influences the
activation of dormant buds and accelerates the tissue
flow in individual tillers, increasing the turnover of leaves

and tillers, which favors the production of forage. Since
the flow of fabric appears to be influenced by the
processes of absorption and partition recycling of
nitrogen (Gastal et al, 1992). However, these results
showed that the use of a legume alone in the system may
not promote sufficient N accumulation for ruzi grass
intercropped with second-crop corn, as also reported by
Papendick et al. (1987).

Number of ruzi grass leaves

With respect to the number of leaves in the first growth,
differences were observed between the N rates at the
planting, where the addition of 15 mg dm? promoted a
10% increase in the number of leaves (Table 1). The
increase in the number of leaves in the first growth
occurred because variation in the emergence of the
leaves of the grasses fertilized with N are related to the
direct effect that N has on the flow of cells within the
meristematic region (Paiva et al., 2012).

In the second growth of the ruzi grass, the number of
leaves exhibited differences between the N rates at
planting, where supplying 15 mg dm™ of N promoted a
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Figure 1. Production of tillers (a), leaves (b) and dry mass of
shoots (c) in the second growth of ruzi grass a function of
nitrogen rates.

30% increase in the number of leaves (Table 2).
However, for the number of leaves in the second growth
of the grass, no interaction was observed between the N
rates applied at planting and those as topdressing (Table
2). The number of leaves in the second growth
responded linearly to the N topdressing rates and

increased up to 80% as the N topdressing rates
increased (Figure 1b).

This increase in the number of leaves as a function of
the N concentration is related, according to Silveira et al.
(2010), to the genetic characteristics of ruzi grass,
because the number of leaves is genetically determined
and is conditioned by environmental variation, with the
most pronounced effects being related to temperature
and N rate. It can therefore be inferred that the plants
receiving N will reach their maximum number of
leavesttillers sooner than those that are not fertilized
(Paiva et al., 2012).

Shoot dry matter production of ruzi grass

The shoot dry matter production in the first growth
showed differences according to the N supply at planting.
A supply of 15 mg dm® N at planting promoted a 30%
increase in the shoot dry matter production, which may
have been influenced by the greater number of leaves
per pot, because there was no change in the number of
tillers (Table 1).

The increase in the shoot dry matter production of the
ruzi grass in the first growth can be because the first
response of pastures to N fertilizer application is a rapid
uptake of N and increased plant growth (Sun et al.,
2008). Thus, the observed result in this work should be
taken into account in soybean succession with
consortium of second-crop corn with ruzi grass because
showed that N from biological fixation of the soybean can
be insufficient for adequate grass production (Sousa
Nunes et al., 2011).

In the second growth of the ruzi grass, the shoot dry
matter production showed no interaction between the N
fertilizers applied at planting and the rates as topdressing
(Table 3). However, differences were observed between
the absence of N fertilization and the application of 15 mg
dm? at planting (Table 3). This result also coincides with
the increase in number of tillers and leaves per pot, which
contributed to the production of the forage mass.

During the second growth, a linear response of the N
topdressing supply was observed (Figure 1c), with a
310% increase between the lowest and the highest N
doses used for the topdressing. The response to the N
rates observed during the second growth reaffirms the
need to adjust the N rate and the application period to
coincide with peak absorption by the grass and the
improvement possible from use of the residual N from the
previous crops (Islam and Garcia, 2012).

The linear increase in the shoot dry matter production
in the second growth of the ruzi grass, as function of the
N rates , can be explained by the fact that tropical forage
needs N in large quantities as a result of the deposition of
most of this nutrient during cell division. Furthermore, it is
known that N fertilizer increases the production of dry
mass because it accelerates the N flow to the tissues,
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Table 3. Production of dry mass of shoots and leaf/stem ratio of ruzi grass as a function of nitrogen applied at planting and

topdressing (second growth).

Dry mass Leaf/Stem

L\Imagt ;:(r;\{se)rage N at planting (mg dm™®) N at planting(mg dm™)

0 15 Means 0 15 Means
0 7.68 8.43 8.06 0.97 1.05 1.01
15 11.15 11.70 11.46 1.11 1.10 1.11
30 16.66 18.36 17.51 1.10 1.07 1.08
45 22.50 23.75 23.13 1.09 1.04 1.07
Means 14.50° 15.56" 1.07 1.07
F test
Linear effect ok ns
Quadractic effect ns ns
CV (%) 8.77 10.09

Means followed by different capital letters for each variable differ by the F test (P< 0.05). **, P< (0.01). ™, not significant (P=0.05).

increases the length of the leaves and increases the
emergence and development of tillers. These factors are
all positively correlated with forage production (Freitas et
al., 2012).

The highest shoot dry matter production was observed
in the final grass growth period, a result that may be
related to the greater accumulation of non-structural
carbohydrates that are mobilized from the roots and
bases of the stems and transported to the shoots during
the regrowth of the grass after the first cutting and to an
increase in the number of tillers and leaves (Gomide,
1973; Botrel et al., 1990).

Leaf/stem ratio of ruzi grass

The leaf/stem ratio in the first growth of the ruzi grass did
not exhibit differences between the absence of
fertilization and the application of 15 mg dm™ of N at
planting (Table 1). The lack of differences in leaf/stem
ratio is caused by acceleration in the growth rate with
response in terms of forage accumulation, characterized
by the proportional increase of leaves and stems in the
forage mass (Pereira et al., 2010)

For the second growth, the F test revealed no
interaction between the N rates applied at planting and
those as topdressing. Although no significance at N rates,
there was 1.9-fold reduction in the relationship for the N
rates applied at planting with the growth second.
Additionally, the leaf/stem ratio in the second growth, of
1:1, is considered critical. These results demonstrate that
nitrogen applications should be systematically evaluated
(Sun et al., 2008).

Conclusions

The N rate of 15 mg dm™ applied at planting the ruzi

grass promoted an increase in the numbers of leaves and
shoot dry matter production in the first and second
growths. During the second growth, N doses (15, 30 and
45 mg dm?® applied as topdressing increased the
number of leaves and the shoot dry matter production.
The available N from the previous crop (soybean) was
sufficient for the initial tillering of the ruzi grass, but the
number of tillers in the second growth indicated that when
N is deficient, the development of tillers is inhibited.

This study showed that the correct management of N
fertilization is necessary for ruzi grass when grown after a
previous crop (soybean in this case).
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