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ABSTRACT: The silvopastoral system has been suggested as an alternative to recover degraded pastures in tropical regions. However, trees
reduce the light available for pastures, which may affect the growth and herbage accumulation. The objective of this study was to evaluate
the morphogenesis, canopy structure and herbage accumulation of signalgrass (Brachiaria decumbens) subjected to three light regimes (0,
20 and 70% of natural shading) and two fertilization levels (presence or absence of nitrogen, phosphorus and potassium). Leaf and stem
elongation rates increased under shading but did not vary with fertilization. The leaf appearance rate was greater under fertilizer treatment
but was generally similar among light regimes. The tiller density was greater in full sun and lower in intense shading. Tiller density responded
to fertilization under full sun and moderate shading. Herbage accumulation increased by 42% with fertilization under full sun, 12% under
moderate shading and did not vary under intense shading. Results showed that even under fertilization the herbage accumulation was limited
by reduced light. However, under moderate shade the fertilization was important to raise tiller population over the growth cycles.
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Morfologia e acumulo de forragem de capim-braquiaria
com ou sem fertilizacio, sob diferentes regimes de luz

RESUMO: Os sistemas silvipastoris tém sido sugeridos como alternativa para recuperag¢do de pastagens em regioes tropicais. Entretanto,
as drvores reduzem a disponibilidade de radiagdo para o pasto, o que pode influenciar no crescimento e acumulo de forragem. O objetivo
deste estudo foi avaliar a morfogénese, a estrutura do dossel e o actimulo de forragem de Brachiaria decumbens, submetida a trés regimes de
luz (0, 20 e 70% de sombreamento natural) e dois niveis de fertilizagdo (presen¢a ou auséncia de nitrogénio, fosforo e potassio). As taxas de
alongamento de folhas e colmos aumentaram com o sombreamento, mas ndo variaram com a fertilizagdo. A taxa de aparecimento de folhas foi
maior com a fertilizagdo, mas, em geral, foi semelhante entre os niveis de sombra. A densidade de perfilhos foi maior no sol pleno e menor na
sombra intensa. A densidade de perfilhos respondeu a fertilizagdo sob sol pleno e sombra moderada. O acumulo de forragem aumentou 42%
com a fertilizagdo no sol pleno, 12% na sombra moderada e ndo variou na sombra intensa. Os resultados mostraram que, mesmo com uso de
fertilizagdo, o acumulo de forragem foi limitado pela redugdo de luz. Em condig¢ées de sombra moderada, a fertilizagdo foi importante para
aumentar a populagdo de perfilhos ao longo dos ciclos de crescimento.

Palavras-chave: Brachiaria decumbens, densidade de perfilhos, morfogénese, sistema silvipastoril, sombreamento.
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INTRODUCTION grasses can continue to grow at levels considered to
be satisfactory, with an increase in the specific leaf
area (GUENNI et al., 2008) and in the leaf elongation
rate and leaf length (PACIULLO et al., 2008), and a
reduction in the tillering rate (PACIULLO et al., 2008).

In many parts of south-eastern Brazil,
the main soils are very acidic with low fertility, and

the pastures typically have low carrying capacity. A

Silvopastoral systems have been suggested
as an alternative to recover degraded pastures and
intensify animal production in ruminant grazing
systems (XAVIER et al., 2014). Despite the benefits,
the adoption of silvopastoral systems has been limited
by insufficient knowledge about the management of
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their components. Study of morphogenesis may be
useful in the design of more efficient management
strategies that are based on the morphophysiological
responses of plants to specific conditions in
silvopastoral systems. Light restriction to the pasture
may cause adaptive changes to growth patterns and
sward structure. Under conditions of moderate shade,
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series of studies performed in silvopastoral systems
have shown only reasonable herbage accumulation
and animal production in non-fertilized pastures
(PACIULLO et al., 2011a). Improvement of soil
nutrients through fertilization could increase herbage
production in silvopastoral systems. However, under
storey forages showed that lower light availability
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could affect the efficiency of pasture responses
to fertilizers applications, which also depends on
the availability of nutrients in the soil and in grass
species (PACIULLO et al., 2011B; PANDEY et al.,
2011). Some results have suggested the possibility of
increasing herbage production in shaded conditions
through the use of moderate doses of fertilizers
(PANDEY et al., 2011).

The objective of this study was to evaluate
the effect of three light regimes and two fertilization
levels on the morphogenesis, structure and herbage
accumulation of signalgrass.

MATERIALS AND METHODS

The experiment was carried out at Embrapa
Dairy Cattle in the city of Coronel Pacheco, Minas
Gerais, Brazil. The geographical coordinates are
21°33°22” south latitude, 43°06°15” west longitude, and
the altitude is 410m. The climate, according to Kdppen’s
classification, fits the Cwa type (mesothermal). The soil
in the experimental field was a Red -Yellow Latosol
(EMBRAPA, 1999), with undulated relief. The soil
texture characteristics for the 0-20cm layer included
the following: coarse sand = 100g kg, fine sand =
280g kg'!, silt = 190g kg! and clay = 430g kg'. Soil
analysis (0-20cm depth) showed the following results:
pH in water, 4.7, exchangeable A", Ca?* + Mg?*and K*,
1.06, 0.78 and 0.12cmolc dm, respectively, available
(Mehlich 1) P, 3.7mg dm and organic matter, 3.3dag
kg!. The historical mean monthly rainfall and daily air
temperature at the region, from October to March, are
230mm and 24.0°C, respectively. Climate data collected
during the experimental period (mean monthly rainfall
of 193mm and daily air temperature of 24.1°C) were
close to historical climate data.

Evaluations were performed in a
Brachiaria decumbens Stapf. cv. Basilisk pasture,
established in 1997, in both a monoculture and a
silvopastoral. Silvopastoral system consisted of
the tree species Acacia mangium and Eucalyptus
grandis, which measured 25 and 20cm in diameter at
breast height and 14 and 22m in height, respectively.
Trees were arranged in 10m-wide strips, and each
strip included 3x3m spaced rows. Tree species were
alternated within each row in each of the strips, and
the distance between two strips of trees was 30m.

Applications of dolomitic limestone at the
rate of 1,000kg ha™', Araxa phosphate at 600kg ha'! (5%
of P,O, soluble in citric acid), simple superphosphate
at 250kg ha'!, potassium chloride at 100kg ha' and
FTE (fitted trace elements) BR-16 (3.5% of zinc, 1.5%
of boron, 3.5% of copper and 0.40% of molibdenum)

at 30kg ha! were made before planting the grass, in
1997. After establishment, pastures were managed
with Holstein % Zebu heifers by the rotational stocking
method. Pastures received no additional applications
of fertilizers after planting in 1997.

For this study, the experimental area was
prepared between March and October 2010 (plots
allocation, elimination of some weeds, conditioning
of the pasture height). Evaluations were conducted
during the rainy season (November 2010 to April
2011), when 90% of annual rainfall occured. The
experimental design was a randomized block (based
on the slope of the area) with treatments arranged
in a factorial of 3 degree of shadings x 2 fertilizer
(nitrogen, phosphorous and potassium - NPK)
levels, with four replicates. Experimental units
had an area equal to 20m? (5x4m). The degree of
shadings included the following: 1) control treatment
representing full sun condition = total transmitted
PAR to pasture, 2) moderate shading = reduction of
20% of transmitted PAR and 3) intense shading =
reduction of 70% of transmitted PAR. The average
values of photosynthetically active radiation above
the Brachiaria decumbens canopy were 1,187; 942
and 362pum m? !, for full sun, moderate and intense
shade, respectively. Full sun condition was attained
in an open pasture; moderate shading was attained
between 8 and 12m from the tree rows, and intense
shading was attained directly under tree canopy.
The PAR measurements were made monthly using
a canopy analyzer (AccuPAR LP 80, DECAGON
Devices, Pullman, Washington, USA) on clear
days (full sunlight) at 9:00h, 12:00h and 15:00h, to
capture the day-to-day variation in sunlight. In each
treatment, 15 readings were taken above the forage
canopy. Readings were taken maintaining the bubble
level of canopy analyzer centralized to keep the probe
relatively level when making measurements.

The NPK levels corresponded to the
presence or absence of soil fertilization. Plots
received lime on the surface to increase the base
saturation of the soil to 40%. Fertilization with N, P
and K was divided in two split applications. The first
application, after the standardization cut, used 40,
60 and 40kg ha" of N, P,O, and K O in the form of
urea, single superphosphate and potassium chloride,
respectively. The second application of N and K,O
occurred after the second growth cycle using the
same doses and sources. Total doses applied during
experimental period were of 80kg ha' of N and K,O
and 60kg ha of P,O..

The end of the regrowth period was
determined by canopy height. The target to harvest
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was a canopy surface height of 40cm, a condition that,
based on the results of a previous series of experiments
under rotational stocking in the same area, resulted in
high animal performance and satisfactory persistence of
pasture over 10 years (PACIULLO et al., 2011a). Based
on the height criteria, the period between harvests varied
from 28 to 36 days. The used height of post-harvest
residue was 20cm (PACIULLO et al., 2011a).

Morphogenetic ~ characteristics ~ were
estimated using marked tillers monitored during
the period of regrowth. Six tillers in each plot were
identified, totaling 24 tillers per treatment. These tillers
were marked with a plastic ring and monitored once a
week. The full length of the leaf blade was measured
to ligule exposure. Length of emerging blades was
measured from the tip to the ligule of the last expanded
leaf, up to the point where its ligule was visible. The
date that a leaf appeared was defined as the day when
its ligule was first observed. Stem length was defined as
the distance from the soil to the ligule of the youngest
adult leaf and was measured at the beginning and the
end of each evaluation period. Data were then used to
calculate leaf appearance rate, which was calculated as
the number of new leaves produced per tiller divided
by the number of days of each assessment period.
Leaf and stem elongation rates were calculated as the
cumulative increase in leaf and stem length divided by
the number of days in each assessment period. Total
number of leaves per tiller was also determined.

Herbage mass was estimated from cuts
within two 0.5%0.5m frames per plot allocated on
two diagonally opposite quadrants. Cuts were made
at ground level at the end of each growth cycle, when
the canopy reached the average height of 40cm.
Harvests were performance when the average height
of all the four replications of each treatment reached
the target of 40cm. After sampling (two samples
per plot), canopy height of the whole plot was
standardized to 20cm, and the other two points were
sampled at ground level to estimate the residual mass.
Samples were weighed, sub sampled and divided
into live and dead components. Tillers were counted
in the live fraction. The fractions were dried at 55°C
for 72h and then weighed. Herbage accumulation
was calculated as the difference between herbage
mass at the end of growth period (sward with 40cm
height) and the preceding residual dry mass (sward
with 20cm height). Total herbage accumulation, in
the whole experimental period, was calculated as the
sum of herbage accumulation in each growth cycle.
For calculated herbage accumulation rate, herbage
accumulation value was divided by the number of
growth days.

Variance analysis of non-transformed data
were performed using the PROC MIXED procedure
of the SAS® statistical package (Statistical Analysis
System, version 9.0), which is appropriate for
measurements repeated over time and for which time
is investigated as a cause of variation. The variance
and covariance matrices were chosen using the Akaike
Information Criterion (WOLFINGER, 1993), and
variance analysis was performed for the following
variables: degree of shading, fertilization level, periods
of regrowth and their interactions. Effects of shading,
fertilization, growth cycle and their interactions were
considered fixed while the experimental error between
units and error for the same time unit were considered
to be random effects. Treatment mean values were
estimated using LSMEANS and the values were
compared using difference probability (PDIFF) at the
5% probability level.

RESULTS AND DISCUSSION

The leaf and stem elongation rates did not
respond to fertilization (P>0.05) but varied with the
interaction between degree of shading and growth
cycle (P<0.0001 for leaf elongation and P=0.002 for
stem elongation rate) (Table 1). During the first, second
and fourth cycles, there was generally a clear contrast
among shading treatments with higher leaf elongation
rate for intense shade, intermediate for moderate shade
and lower for full sun condition. Differences in leaf
and stem elongation rate among shading treatments
disappeared during the third growth cycle. Regarding
to the stem elongation rate, responses followed a
similar pattern with higher and lower values for intense
shade and full sun, respectively, except during the third
cycle when no difference was observed (Table 1).

When compared to the full sun condition,
the higher leaf and stem elongation rates in plants
grown under shading indicates changes in the pattern
of allocation of assimilates. Grasses respond to shade
by allocating a higher proportion of carbohydrates to
maintain or increase leaf area and stem length while
decreasing dry matter for root growth (GUENNI et al.,
2008). Acceleration of leaf growth can result in greater
leaf expansion to improve light interception in low-
light environments (PACIULLO et al., 2011b). Longer
internodal length under shade is also an attribute of
morphological adaptation to a low light environment
and might provide better spatial arrangement of leaves
so that the plant can intercept and utilize available light
more efficiently (LIN et al., 2001).

Leaf appearance rate varied with the
interaction between degree of shading and fertilization
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Table 1 - Morphogenetic and structural traits of B. decumbens, according to degree of shading and growth cycle.

Shade (%) Mean P-value'
1 2 3 4

------------------- Leaf elongation rate (mm tiller” day)----------mmmmmnnnnnnm- N
0 17.2%¢ 11.3% 15.8% 15.0%% 14.8 3
20 2314 16.15 12.7% 18.7% 17.7 <0.0001 1.45 1w
70 29.54 25.842 14.1% 26.0%* 23.9 »
Mean 23.3 17.7 14.2 19.9 i

------------------- Stem elongation rate (mm tiller” day™)-------------——-—-wee-
0 7.1%¢ 348 4,65 3.38¢ 4.6
20 9.34° 428 3.7 5.1% 5.6 0.002 0.59
70 11.5% 6.95 424 6.6 7.3
Mean 9.3 438 42 5.0

------------------------ Number of live leaves per tiller----------------=--eoeee--
0 5.54° 42 5.4ABs 4,65 49
20 5,74 5.18 4,88 5.3ABw 52 0.0057 0.13
70 6.0 5.15 42 5.5488 5.2
Mean 5.7 438 4.8 5.1

Tiller density (tiller m™)

0 711 618" 8475 9284 776
20 601 570% 8587 709" 685 0.002 38.3
70 3915 308 4914 3208¢¢ 378
Mean 568 499 732 653

Growth cycle

For each variable, means followed by the same upper case letters in lines and lower case letters in columns are not different (P>0.05).
'Probability of significant effect due to shade x growth cycle interaction. SEM = standard error of mean.

level (P=0.029) (Table 2). Fertilization positively
influenced the values except under moderate shading.
No effect of the degree of shading was observed in the
absence of fertilization. However, under fertilization,
the leaf appearance rate was lower in moderate shade
than in intense shade and full sun. Leaf life span was
influenced only by the degree of shading (P=0.034)
with the highest value estimated in moderate shade
(60.2 days) compared to the other conditions which
were similar (53.7 and 50.6 days for full sun and
intense shading, respectively).

Number of live leaves per tiller was
affected by the interaction between degree of shading
and growth cycle (P=0.005) (Table 1). The number of
leaves per tiller increased with the degree of shading
in the first, second and fourth cycles, while the value
was larger under full sun and decreased with shading
in the third cycle (Table 1).

The fertilization was effective at increasing
the leaf appearance rate in full sunlight and intensive
shade, suggesting a strategy in which plants direct
greater amounts of nutrients to the synthesis of new
leaves in the canopy. Increase in leaf appearance rate
with fertilization was not accompanied by an increase
in the number of leaves per tiller, which might mean
a higher mortality rate for leaves subjected to the

fertilization treatment. However, both leaf longevity
and the number of leaves per tiller did not vary with
fertilization. Furthermore, the leaf appearance rate
remained practically unchanged under the different
conditions of shading. Studies of morphogenesis in
shaded grasses showed little or no effect of shading
on leaf appearance rate (PACIULLO et al., 2011b)
most likely due to the central role shading plays in
the morphogenesis of plants. A contributing factor is
that leaf appearance rate is the last modified trait for
plant growth under adverse conditions.

Tiller density was influenced by the
interaction between shading degree and growth cycle
(P=0.002). Tiller density consistently was lower
for intense shading than the other two conditions
(Table 1). During the second and third growth cycles,
moderate shade and full sun treatments showed
similar results, but a larger tiller density was estimated
in full sun than in intense shade during the first and
fourth cycles. Tiller density was also influenced
by the interaction between degree of shading and
fertilization level (P=0.036) (Table 2). Differences
were observed only in plants submitted to full sun
and moderate shade where fertilization reflected in
increase in tiller density of 24 and 18%, respectively.
In intense shading, there was no effect of fertilization
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Table 2 - Leaf appearance rate, tiller population density, herbage accumulation rate and herbage accumulation of B. decumbens, according tc
degree of shading and fertilization.

Fertilization: .
Shade (%) Mean P-value SEM
Present Absent

--------------- Leaf appearance rate (Leaf tiller” day)--------------
0 0.1038** 0.0875% 0.0957
20 0.09134° 0.0944% 0.0929 0.029 0.004
70 0.1144% 0.0963% 0.1054
Mean 0.1032 0.0927

----------------------- Tiller density (tiller m)-------mm---nnnnmmmeeeme
0 8594 6935 776
20 74340 626" 685 0.0361 37.8
70 3584 39840 378
Mean 653 572

------------ Herbage accumulation rate (DM kg ha™ day™)----------
0 54.4% 36.1% 453
20 37.74° 31.9% 34.8 0.0131 3.3
70 15.74¢ 19.74° 17.7
Mean 35.9 29.2

———————————————— Herbage accumulation (DM kg ha™')-----------------
0 7,4024 5,206 6,304
20 5,130 4,5925 4,861 0.0165 410.1
70 1,961%¢ 2,343%¢ 2,152
Mean 4,831 4,047

For each variable, means followed by the same upper case letters in lines and lower case letters in columns are not different (P>0.05).
'Probability of significant effect due to shade x fertilization interaction.

SEM = standard error of mean.

on tiller density (Table 2). With fertilization, the in important morphogenetic responses in plants such
tiller density was larger for full sun, intermediate for as reductions in tillering (GAUTIER et al., 1999).
moderate shade and lower for intense shade. Without Shading was more limiting than the level
fertilization, full sun and moderate shade showed of soil fertility to tiller density. In fact, light represents
higher mean values than intense shade (Table 2). the most limiting resource for plant life and is critical
There was a substantial reduction in the for the acquisition of carbon and mineral nutrients
number of tillers due to the increased shading as (BARUCH & GUENNI, 2007; PACIULLO et al.,
noted by other authors (BARUCH & GUENNI, 2011b). The tiller density decreased gradually with
2007). Typically, to maintain the development of the increase in shade level in fertilized plants; in the
the tiller under shade, plants prioritize the growth of absence of fertilizer, tiller density in full sun and
existing tillers at the expense of the production of moderate shading was similar and reduced only with
new tillers. Changes in tillering are induced either 70% of shade. These results confirmed the assertion
by changes in the intensity or the quality of light that the level of radiation becomes more limiting
. intercepted by shaded plants. Higher tiller mortality to tillering than the availability of nutrients under
o may occur beyond axillary bud abortion even before conditions of excessive shading.
N 3 the emergence of new tillers due to limitations in the Even though the period of evaluation is not
-“\‘ ‘ supply of carbon generated by competition for light sufficient to conclude about pasture persistence, the
.“\‘\ (KIM et al., 2010). Quality of light that passes through comparisons of herbage accumulation rates observed
W the arboreal canopy is altered by increased absorption by PACIULLO et al. (2008), in the same silvopastoral
at the wavelengths of blue and red. Thus, the light system, and those estimated in this study showed a
intensity in bands becomes smaller when compared to clear trend regarding the persistence of the pasture.
the green and far red spectrum, reducing the red/far red Values for full sun and moderate and intense shade

ratio. The decrease in this ratio in natural shade results were, respectively, 38; 32 and 41kg ha! day! in 2006
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(PACIULLO et al., 2008), and 36; 32 and 20kg ha’
day’!, for the present study (Table 1). While values
remained stable under full sun and moderate shade, a
decrease of 51% in intense shade, after five years (2006
to 2011), represented a severe decrease in the herbage
accumulation, which could affect pasture persistence.

The herbage accumulation rate was
affected by the interaction between degree of shading
and fertilization level (P=0.013). A clear advantage
to fertilizer treatment was observed in the full sun
condition compared with no fertilizer (Table 2).
Although the difference between fertilization levels
suggested a benefit for fertilized plots, there was
no statistical significance between treatments under
moderate shade. In the intense shade, no difference
was observed. For total herbage accumulation, there
were significant (P=0.016) responses to fertilization
for full sun and moderate shading. The larger herbage
accumulation was observed under full sun regardless
of the fertilization level. Under intense shading,
an accentuated reduction was observed for both
fertilization levels (Table 2).

Literature indicated that shading above 40-
50% can affect the production of most forage grasses
(BARUCH & GUENNI, 2007; PANDEY et al,
2011), which was confirmed in this study by the lower
herbage accumulation under shading treatments,
compared to full sunlight. Although signalgrass
presents morphophysiological adjustments as a
strategy for shade tolerance (GUENNI et al., 2008),
such mechanisms have been unable to compensate
for the reduction of radiation and to maintain pasture
productivity under conditions of intense shading.
LEE & YUN (1985) have reported that tiller density
and dry matter yield increased with enhanced NPK
rates while decreases occurred with shading. In the
same study it was concluded that optimum rates of
fertilizers depend on shading intensity, and forests with
40% or more shade offered no prospect for pasture
improvement. In fact, in an endeavor to increase
light absorption to compensate for lower levels of
irradiance, the morphogenetic adjustments were
effective under moderate shading with no fertilizer,
and the treatment showed similar accumulation rates
to full sun (Table 2).

For total herbage accumulation, the
difference was small in magnitude but was statistically
significant. However, the data show that total herbage
accumulation increased with fertilization by 42 and
12% for the conditions of full sun and moderate
shading, respectively. XAVIER et al. (2104)
evaluated the N cycling in the same silvopastoral
system of our experiment and have estimated the

input of N to the pasture from senescent legume tree
leaves varying between 15.4 and 19.7kg ha'! year!,
which could have influenced plant responses to N
applied in shading conditions. However, the amount
of N from legume trees (XAVIER et al., 2014) can
be considered low to affect the pasture response to N
applied or even to influence the herbage production
under shading condition. The literature demonstrated
that plants cultivated under shade, especially under
intense shade, have increased N content in tissues,
without a correspondent increase in biomass
production (GENNI et al., 2008). The reduction of
radiation available for pasture growth, imposed by
the tree component of the silvopastoral system, limits
the use of nutrients from fertilization. Results also
showed that the efficiency of fertilization, indicated
in this case by the accumulation rates under different
conditions, is inversely proportional to the level
of shading imposed on a pasture, as observed by
GUENNI et al. (2008) and PACIULLO et al. (2011b).
These observations are consistent with the response
pattern observed in other studies with grasses
that have shown increases in forage production
in silvopastoral systems with Eucalipytus spp. in
response to fertilization but with values significantly
below those observed in pastures without interference
of an arboreal component (PANDEY et al., 2011).

In tropical areas with low fertility
soils, the use of moderate doses of fertilization is
an alternative to improve herbage production in
full sun. In silvopastoral systems under moderate
shading, the magnitude of responses to fertilization
was lower than those obtained in full sun; although,
fertilization was effective to increases tiller density
and herbage accumulation.

CONCLUSION

Under fertilization, the shading level
becomes the primary limiting factor influencing
tiller density and herbage accumulation. Although
signalgrass showed morphogenetic adjustments
in response to reduction in photosynthetic active
radiation, intensive shading should be avoided
because it may threaten pasture persistence over
time, because it greatly reduces tiller density and
herbage accumulation. Although the fertilization
markedly increased herbage accumulation of
signalgrass in full sun, under moderate shade it
was observed a slight increase. Under moderate
shade fertilization is more important to raise tiller
population, contributing for pasture persistence,
than to increase herbage production.
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