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Abstract: The objective of the study was to evaluate the growth and production efficiency of forage-grain
dual-purpose wheat in two arrangements and four agroforestry systems (Intercrop-I and Intercrop-II), as
well as to evaluate crop management for the wheat crops in two planting seasons (Crop Season [-2014 and
Crop Season II-2015. The experiment was conducted in a randomized complete block design, factorial
scheme 7x2x2, with seven cultivation systems Eucalyptus urophylla x Eucalyptus grandis Intercrop-
II and Intercrop-I; Peltophorum dubium Intercrop-II and Intercrop-I; P. rigida Intercrop-I; S. parahyba
Intercrop-I; a wheat monoculture with no tree species present; and two harvest management techniques
(with and without harvesting of the forage species). Agroforestry systems generated shading for wheat
plants, with a higher phyllochron and lower values of leaf area index of those individuals kept under trees
with higher crown shading (non-deciduous trees) due to the lower transmissivity of solar radiation. The
systems composed with Schizolobium parahyba in Intercrop-1 and Parapiptadenia rigida in Intercrop-I
provide a minor phyllochron to the wheat, resulting in a higher leaf area index and dry matter yield.
Thus, the cultivation of tree species and dual-skilled agricultural crops, such as wheat, provides promising
alternatives for the future use of land in tropical countries.
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INTRODUCTION

Agroforestry systems are characterized by land
use management in which trees are grown in
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combination with agricultural crops or pastures,
and/or animals at the same time (Quinkenstein
et al. 2009, Cardinael et al. 2017) to improve
temporal resource capture among species (Artru
et al. 2017), and thus, increase the efficiency of
resource utilization (such as nutrients, light and

water) (Nair et al. 2008). Historically, agroforestry
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systems have been widely implemented as a way of
achieving agricultural sustainability and lowering
the negative effects of agriculture (e.g. water
pollution, biodiversity loss, desertification, erosion
and soil degradation) without compromising crop
productivity (Albrecht and Kandji 2003, Torralba et
al. 2016, Artru et al. 2017). In addition, integrated
cropping systems with trees, grasses and animal
components on the same land, is a widely used
tool for reducing the atmospheric concentrations
of greenhouse gases (Ferreiro-Dominguez et al.
2016).

In agroforestry systems, the inclusion of
shrubs and trees provides better forage and shade to
animals, which reduces stress for grazing animal, as
well as reduces water loss through soil evaporation
(Cubillos et al. 2016). In this type of system, an
increase in pasture production does not affect the
biomass of trees when the level of nutrients and
water is enough for both strata (Lopez-Diaz et al.
2017). A major obstacle for the adoption of this
system is a lack of quantitative knowledge regarding
the performance of different crops as they compete
for resources with trees (Artru et al. 2017).

Among the limiting factors in this system are
the underground competition for water and solar
radiation (Rivest et al. 2013), the latter being one
of the primary limiting resources for agricultural
crops grown in the understory of forest species.
This is because trees induce a heterogeneous
environment and influence the availability of solar
radiation which alters the quantity and quality
of incident solar radiation in the understory and
impacts the physiology and morphology of crops
(Artru et al. 2017). Many agronomic studies have
demonstrated a systematic reduction in the final
yield as the amount of shade increases; however,
the intensity of the crop response depends on
both the environmental conditions and shading
characteristics (Artru et al. 2017).

Other factors influencing the shading of
these systems include tree-row orientations,
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distance between rows and tree emergence and
leaf senescence (Reynolds et al. 2007); which also
affects the underground performance of agricultural
crops (Wang et al. 2016). The proximity of trees
is a key factor in crop performance, but little
information is available on the spatial distribution
and components of the species under tree influence
in agroforestry systems (Wang et al. 2016).

In southern Brazil, one of the major limitations
of livestock activity is the scarcity of forage in the
period between autumn and early winter which leads
to a decline in milk and meat production (Meinerz et
al. 2012). Among the winter pastures, we highlight
dual-purpose wheat (7riticum aestivum L.) which
presents an appropriate cycle to enable one to two
grazing in addition to grain harvesting (Santos et al.
2015). With the introduction of new dual-purpose
wheat genotypes on the market, a wide field of
agricultural experimentation was opened, and the
growth and development of these crops gained
popularity in research.

BRS Taruma wheat is the most common
genotype for dual-purpose management in the
Central Depression of Rio Grande do Sul, due to its
balance between forage and grain yield (Meinerz
et al. 2012). Despite its popularity, data on animal
production in areas with dual-purpose wheat are
scarce, although grazing on this wheat has provided
weight gains similar to those found in animals fed
on oats and ryegrass pasture (Bartmeyer et al. 2011)
which encourages studies for improved winter
cereals for dual-purposes in production systems
with crop and livestock integration (Santos et al.
2015).

Most microclimate variations that result in
altered growth and development of understory
species depend on the shade level resultant from
the tree canopy (Righi et al. 2007). The level of
shading is a consequence of the tree species and
their leaf area index, tree canopy management, and
population and spatial arrangement of trees. It is
important to adopt a spacing between tree rows that
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allows the entry of light at levels appropriate for the
growth of species in understory.

Several studies have demonstrated the
environmental benefits of agroforestry systems
when compared to conventional agricultural
systems, and the present study aims to evaluate
the efficiency of growth and productivity of dual-
purpose wheatgrass for different tree shadings of
agroforestry systems, as well as to evaluate crop
management of the crop in two agricultural years.

MATERIALS AND METHODS

SITE DESCRIPTION

In order to analyze the meteorological variability
of the agroforestry system, the experiment was
carried out in two harvest (collection) periods,
harvest I and II, between June and November 2014
and from May to October 2015, respectively, in
the experimental area of the Federal University
of Santa Maria, Frederico Westphalen campus,
(Universidade Federal de Santa Maria campus
Frederico Westphalen) Rio Grande do Sul, Brazil
(27°23°26 “S, 53°25°43” W, 461.3 m altitude).
The soil of the experimental area is classified as a
shallow typical lithic eutrophic neosoil, with rock
outcrops and reasonable natural fertility (Cunha et
al. 2011).

The following tree species, approximately
seven years old, were used in the agroforestry
systems: Parapiptadenia rigida, Peltophorum
dubium, Eucalyptus urophylla x Eucalyptus
grandis, and Schizolobium parahyba (called
Prigida; P. dubium; Eucalyptus; S. Parahyba,
respectively); being arranged in two arrangements
of agroforestry systems: Intercrop-1 (6 m between
forages x 1,5 m between plants) and Intercrop-II
(12 m between forages x 1,5 m between plants)
(Figures 1 and 2).

The sowing of the dual-purpose wheat was
carried out by seeding (100 kg ha™) fields in June
2014 and May 2015, the cultivar BRS Taruma was
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used, with a density of 350 m? plants. Due to the
rainy season between May and April 2014, sowing
was completed in the June of that year, and not in
May, as it normally would be. Fertilization was
carried out during three periods. On the sowing
day, base fertilization with a 10-20-20 formulated
fertilizer (NPK) was carried out at a dose of 250 kg
ha™. For the second instance, 15 days after wheat
emergence at the full tillering stage, a treatment of
urea cover fertilization (45% of N) was performed
at a dose of 100 kg ha™', following the methodology
of Large (1954). In the third stage, replacement
fertilization with urea at a dose of 50 kg ha" was
performed only for the experimental units which
were to be harvesting for forage analysis.

The harvesting of the forage species was
conducted when the plant reached an optimum
resting point on the sigmoid curve of plant growth,
which is to say, when senescence of the first basal
leaves of the plant were observed (Voisin 1957,
Yin et al. 2003); being this management carried
out for crops I and II, in the following agroforestry
systems: Eucalyptus in Intercrop-1l; P. dubium in
Intercrop-1I and Intercrop-1; P.rigida Intercrop-I;
S.parahyba Intercrop-1; and wheat in monoculture;
and on October 10", 2014 and September 22M,
2015 for Eucalyptus Intercrop-1.

DATA COLLECTION

During the course of two wheat Crop Seasons
(Crop Season I - June to November 2014 and Crop
Season II - May to October 2015), there were 8 and
12 evaluation points of incident solar radiation,
transmissivity, temperature and relative air humidity.
For the Crop Season I, the evaluation dates were:
August 19" and 26", September 08", 16™ and 23",
October 2", 14™ and 28", 2014. For Crop Season
11, evaluation dates were: June 12", 19" and 26",
July 28" August 14", 19" and 25", September
1, 15" and 29", and October 6" and 20™ 2015.
A pyranometer (LI-COR 32164) coupled to a LI-
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Figure 1 - Description of the sampling scheme for the agroforestry systems of two different spacings: (a) Intercrop-I (6
m between forages x 1.5 m between plants) and (b) Intercrop-II (12 m between forages x 1.5 m between plants); (¢) dual-
purpose wheat in monoculture. All systems with four blocks, and with or without grazing simulation (cut) dual-purpose

wheat. Circles represent trees spaced 6 or 12 meters away.

COR" 1400 model datalogger (solar radiation) and
a thermohygrometer (relative air humidity and air
temperature) were used to take measurements in the
agroforestry systems. Three observations were made
for each measurement, at distances of 0, 1.5 and 3
m from the trees to the Intercrop-I and 0, 3 and 6
m distance from the tree to the Intercrop-11. For the
monoculture three random locations were sampled.
We also collected continuous data for incident
solar radiation (MJ m™ h™), rainfall (mm) mean
temperature (°C) and relative humidity (%) of
the INMET A854 automatic station of the 8"
DISME/INMET (Brazilian National Institute of
Meteorology). During the experiment, average

values for each observed meteorological variable

An Acad Bras Cienc (2019) 91(4)

was calculated; incident solar radiation on the
vegetative canopy of the forage species was
calculated from transmissivity.

EXPERIMENTAL DESIGN FOR GROWTH AND
PRODUCTIVITY VARIABLES

The experiment was conducted in a randomized
complete block design (RCDB), with a factorial
scheme of 7x2x2, with seven cultivation systems
Eucalyptus Intercrop-11 and Intercrop-1; P. dubium
Intercrop-11 and Intercrop-I; P. rigida Intercrop-I;
S. parahyba Intercrop-1; and a wheat monoculture
(with no tree species present), two harvest
managements (with and without harvesting of the
forage species), and two agricultural Crop Seasons
(Crop Season I - June to November 2014 and
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Figure 2 - Agroforestry system among seven years old tree species, with a spacing of 6 or 12 meters between trees, and double
purpose wheat (7riticum aestivum) with or without grazing simulation (harvesting). Total area prepared for sowing of double
purpose wheat (a); arboreous canopy of Prigida (b), of Pdubium (c), of S.parahyba (d), of Eucalyptus (e), and simulation of
double purpose wheat grazing (approximately 10 cm above the soil) consortium with P.dubium after three months of sowing (f).
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Crop Season II - May to October 2015), totaling
28 treatments with three replicates each. Due to
the mortality of P. rigida and S. parahyba trees
in Intercrop-II, it was not possible to study these
cropping systems.

The analyzed variable were as follows: leaf
area index (LAI) with three plants per replicate;
total dry matter (TDM; kg ha) from green plant
matter collected in an area of 0.625 cm’ per
replicate; grain yield (kg ha™) collected at 1 m’
per replicate; and conversion efficiency of solar
radiation (eb).

LAI was determined with the following
equation:

LAI= LA
SA

Where: LAI - leaf area index (dimensionless);
LA - leafarea (m?); SA - soil area used by the forage
plant (m?). Leaf area was determined by a leaf area
determiner LI-COR model LI-3000.

To calculate the variable eb, the following
observations were used:

Transmissivity rate - observations were
determined on the days of each dry matter harvest,
which were performed between 11am and 12pm.
Subsequently, the averages for transmissivity of
each agroforestry system was calculated (100%
transmissivity was used for the monoculture/
treeless system), using the following formula:

T=Rn/Rt)*100

Where: T - rate of transmissivity (%); Rn -
incident solar radiation beneath the canopy of the
tree species (W m~); Rt - solar radiation on the
exterior of the vegetative canopy of the tree species
(W m™).

Intercepted photosynthetically active radiation
(400-700 nm) was determined by the model
proposed by Varlet-Grancher et al. (1989), as seen
in the following formula:

PARi = 0.95*(PARinc)*(1-¢*"")
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In which: PARi - photosynthetically active
radiation intercepted (MJ m-> h™'); PARinc -
photosynthetically active radiation incident (MJ m™
h); LAI - average leaf area index; k - coefficient
of extinction of luminous (dimensionless). For
the present study, the value of k used was 0.825
(Lunagaria and Shekh 2006).

Total dry matter (TDM) was obtained from the
dry matter of the plant, in which green plant material
was sampled in an area of 0.625 m’ per repetition.
Sampling followed a methodology proposed by
Fagundes et al. (1999) and Barro et al. (2008), and
preceded drying at 45 °C in a forced air ventilation
oven until constant weight was reached. TDM was
calculated using a model proposed by Monteith and
Moss (1977) and the conversion efficiency of solar
radiation (eb), using the following formula:

TDM =&b* PARi

Where: TDM - dry matter production (g m>);
PARi - accumulated photosynthetically active
radiation intercepted (MJ m™) and €b in g MJ".

EXPERIMENTAL DESIGN FOR PHYLLOCHRON
RELATED VARIABLES

Due to the harvest management factor not being
evaluated for the phyllochron variable (°C day™),
CDB was performed in a 7x2 factorial scheme,
with seven cultivation systems: Eucalyptus
Intercrop-1 and Intercrop-1I; P. dubium Intercrop-I
and Intercrop-11; Prigida Intercrop-1; S.parahyba
Intercrop-1; and two crops (Crop I - June to
November 2014 and Crop II - May to October
2015), for a total of 14 treatments and three
replications/treatment, and an experimental unit
composed of three randomly selected wheat plants
which were tagged and evaluated for each system.

To calculate the phyllochron, the following
observations were used:

Foliar emission - To determine the index of
Haun (IH) (Haun 1973), the length of the last and
penultimate leaf emitted, and the number of leaves
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for three wheat plants randomly selected 35 days
after sowing (DAS) were collected at intervals of
twice weekly. To determine IH, the length of the last
emerging leaf was used in the following equation:

IH = (CFem/CFexp)+(N-1)

Where CFem - leaf length emergence; CFexp
- fully expanded leaf length; N - total number of
leaves on the plant.

The calculation for the daily thermal sum
(STd; given in °C day") was performed for the
emission of a leaf (Gilmore Junior and Rogers 1958,
Wilhelm and McMaster 1995, Streck et al. 2007).
The thermal sum was calculated by the method
proposed by Gilmore Junior and Rogers (1958).
For this, the lower base temperature was considered
to be 0°C, optimum temperature = 22°C and upper
base temperature = 35°C, these are proposed by
Alberto et al. (2010) for wheat cultivation. The STd
was calculated from the emergence of wheat plants
and resulted in the accumulated thermal sum (STa,
in °C day), calculated by:

STa = YSTd.

Phyllochron was determined using the inverse
of the linear regression coefficient between IH and
STa (Xue et al. 2004).

The data for all variables were submitted
to analysis of variance by the F test, to 5% of
probability of error. LAI and TDM were evaluated
in graphs with presence of average standard
error bars, the phyllochron and eb variables were
analyzed by regression (p <0.05). The program
SAS “Statistical Analysis System” was used.

RESULTS

By the analysis of variance, it was possible to
observe a significant triple interaction between
the factors cropping systems x crops x harvest
management only for the grain yield variable.
For the variables LAI, phyllochron, TDM and b,
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there was a significant difference for the factors
of cultivation system, crops and separate harvest
managements (p <0.05).

The average solar radiation flux was 17.8 and
13.8 MJ m*day”', with an average air temperature
of 18.4 and 17.8 °C and relative air humidity of
73.6 and 75.6 %, for the years 2014 and 2015,
respectively. Among the evaluation years, the
highest cumulative rainfall during the wheat
development cycle was measured in 2014, with
898.2 mm. However, this amount of precipitation
occurred during a season which experienced
prolonged periods of little rainfall; for example,
228.6 mm of rainfall was seen from September 28"
to 30" 2014. In 2015, 790.6 mm was measured,
this amount of rainfall was more equally distributed
throughout the wheat development cycle. It is
important to mention the low values of relative
humidity in the month of August 2015, mainly due
to the lower rainfall which occurred in this period.
These conditions led to the lengthening of the dual-
purpose wheat development cycle, from 133 to
165 days (from 2014 to 2015), due to reductions
in solar radiation flux and average air temperature,
which reduced thermal accumulation (Figure 3).

It was possible to observe changes in the
meteorological variables for the two harvests due
to the greater occurrence of cloudy days in the year
of 2015, resulting in smaller quantities of solar
radiation and, consequently, lower air temperature
and greater relative air humidity. For the year 2015,
87 cloudy days were observed, while in 2014 only
66 cloudy days were observed during the wheat
development period.

Composting systems with Eucalyptus and
P. dubium intercepted more solar radiation when
compared to S.parahyba and Prigida species.
S.parahyba and P.rigida are deciduous species
and result in greater incident solar radiation in
undergrowth after tree-leaf senescence (Figure 2).
Although P. dubium is deciduous, it was observed
that its leaves began senescence later, when
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Figure 3 - Incident global solar radiation and air temperature (minimum, average and maximum), rainfall and relative humidity
(minimum, average and maximum) for the two agricultural crop seasons, 2014 (a, b) and 2015 (¢, d); Crop Season I was from
June to November 2014 and Crop Season II from May to October 2015.

compared to the species S.parahyba and Prigida.
The canopies of S.parahyba and Prigida trees had
higher transmissivity averages when compared to
Eucalyptus and P. dubium. It is noteworthy that from
October 2014, all agroforestry systems presented
transmissivities below or close to 50% (Figure 4).
Due to the cold season during the initial phase of
the study, the agroforestry system with S.parahyba
Intercrop-1 and P.rigida Intercrop-I had fewer
leaves, allowing greater values of transmissivity.

An Acad Bras Cienc (2019) 91(4)

After the cold season, these species obtained an
increase in foliar area and, consequently, increased
interception of the solar radiation and lower rates
of transmissivity.
Itwaspossibletoobservethattheinfluence ofthe
agroforestry system encompasses the modification
of the microclimate in the undergrowth, which
changes, for example, meteorological elements
such as air temperature and relative humidity. These
both being dependent on solar radiation flux. In
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the average of three daily values.

2015, within the agroforestry systems, the average
values for instantaneous air temperature values
were lower (Figure 4c¢) while relative humidity
was higher (Figure 4d) when compared to the year
2014, which extended the cycle of development.
Lower values of transmissivity were associated
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with lower values for air temperature and higher
values for relative air humidity.

In Crop Season I (June to November 2014),
lower values of phyllochron were observed in the
wheat crop, mainly due to the higher available solar
radiation flow and higher air temperature when
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compared to Crop Season II (May to October 2015),
in which a significant increase of this variable was
observed, due to a reduction of leaf emission. In
Crop Season II, when wheat was cultivated in
monoculture, a dramatic reduction in phyllochron
was observed. In the two agricultural seasons, Crop
Seasons I and II (June to November 2014 and May
to October 2015), despite the distinction of time in
days, similarities in the maximum number of leaves
were observed in the plants grown in monoculture;
this was not observed in the agroforestry systems
for the two agricultural crops (Figure 5).

Despite obtaining the same number of leaves
between the years of cultivation, the year of 2015
provided the lowest leaf emission, as evidenced
by the lower values of LAI found in monoculture
in that year. The highest amount of incident solar
radiation observed in 2014 provided the highest
LAI values, being higher when compared to Crop
Season II (2015).

After the leaf reduction caused by the harvest
management in the cropping systems, a greater
increase in LAI values was observed, especially
in those with the highest available solar radiation.
Even after harvesting, wheat plants had a similar
foliar emission as before the management, this
was not equally observed for the plants submitted
to the agroforestry systems such as Eucalyptus
Intercrop-1 and Intercrop-II, which resulted in
lower LAI (Figure 6).

The greatest leaf emission found for wheat
plants in agroforestry systems with greater incident
solar radiation reflected higher TDM (Figure
7). When the dual-purpose wheat was subjected
to shading in the S.parahyba Intercrop-1 (Figure
7a) and Prigida Intercrop-1 (Figure 7b) and
monoculture (Figure 7¢), TDM values of 6,453,
6,810and 7,626 kg ha’ "were observed, respectively.
Such values are higher than those found in 2015,
the crop season with lower incident solar radiation.
When cultivated in a monoculture, it was possible
to observe similar TDMs between Crop Seasons
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I and II; however, the average daily increase in
dry matter was lower in 2015. As the number of
observed days increased, this difference became
similar to what was observed in 2014 (Figure 7e).

It greater values of eb for the wheat plants
were observed when cultivated in the Eucalyptus
Intercrop-1 system, which was superior when
compared to the other cultivation systems. In the
agroforestry systems S.parahyba Intercrop-I and
Prigida Intercrop-I, it was possible to observe the
lowest values of €b, which were comparable to
wheat in monoculture (Figure 8a, 8b and 8e).

For grain yield, the monoculture wheat
cultivation system was significantly higher in 2014
and 2015, regardless of the harvest management
(with and without harvesting), and with an
exception of S.parahyba Intercrop-1 for 2015 with
harvesting, did not differ (p <0.05). For the two
crops and all cultivation systems, it was possible to
observe that the harvest management reduced grain
yields (Table I).

DISCUSSION

This work describes, for the first time, the
monitoring of the growth and productivity of
dual-purpose wheat and the importance of the
solar radiation and transmissivity in multiple
agroforestry systems. And, it has been observed
that the ideal cropping system is one in which
deciduous plants are associated with agricultural
crops. This is to avoid excessive shading for those
crops grown in the understory, and thus allowing a
more ideal transmission of incident solar radiation.
Incident solar radiation becomes diffuse in these
types of systems which can negatively impact the
growth and productivity of plants grown in their
understory; the success of agroforestry systems
depends on the selection of shade tolerant species.

The average solar radiation flux was higher in
2014 than in 2015, however, the greatest value of
transmissivity was observed in the year 2015. These
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results are related to the inter-annual variation of
solar radiation and the increase in seasonal cloud
cover; this is a function of an increase in the fraction
of diffuse, multidirectional incident radiation on
the system. This can be seen as the result of the
interaction of the direct radiation with the medium
(Drechmer and Ricieri 2006).

In consortium crops where forest species are
present, as in the case of agroforestry systems, there
is a continuous growth in height, canopy projection
and leaf area index, which alter the distribution of
environmental resources over time (Miiller et al.
2014), mainly solar radiation (Elli et al. 2016). The
fraction of the solar radiation transmitted through
the canopy, available for the plants in the understory
is often present in mostly a diffuse form (Pezzopane
et al. 2015). The increase in the proportion of
diffuse incident radiation results in increases to
the photosynthetic rates of the annual crop, due to
the multidirectional solar radiation being absorbed
with greater efficiency by leaves (Johnson and
Smith 2006), and the efficiency in the interception
of the radiation of plants in the understory. Thus,
more efficient plants which intercept and absorb
solar radiation will have a greater capacity for
acclimatization and/or adaptation in agroforestry
systems.

Lower solar radiation transmissivity in the
canopy of the trees is often associated with lower
values of air temperature and higher values of
relative humidity. In the reduction of the solar
radiation flux, observed inside the agroforestry
systems of the present work, there was reduction
of the air heating process by irradiation, which was
reflected in a decline in air temperature. Valentini et
al. (2010) observed that the greatest effects of the
production system with the presence of the arboreal
component were observed in the maximum air
temperature, where a greater reduction in the
values for the summer and spring seasons can be
observed. Menezes et al. (2002) found reductions
of 2, 8°C in the maximum temperatures under
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canopies of Ziziphus joazeiro in relation to full sun
Marin et al. (2006) observed increments up to 2°C at
maximum air temperature at three meters distance
from Gliricidia sepium trees when compared to
measurements more near to the plant. The positive
balance of photosynthesis is highly dependent
on the plant respiration process. It is vital for the
accumulation of carbohydrates and subsequent
growth of the plant, and both processes are
influenced by the air temperature in the environment
(Sanchez 1995). In agroforestry systems, the main
physiological process affected is photosynthesis;
it is activated by the photosynthetically active
radiation (RFA1) which is directly associated with
the accumulation of dry matter production and is
the main factor that conditions the growth of the
plants (Caron et al. 2012).

Acclimatization of plant phenotypes depend
on the growth environment (Casas et al. 2011),
which makes complex growth assessment
(Bundchen et al. 2015). For example Yoshida et
al. (2011) reported that when growing tomato
plants, in the absence of light, leaf emission was
halted but resumed when again in the presence of
solar radiation. In the present study, the reduction
in incident solar radiation resulted in a lower
phyllochron, suggesting that the lesser availability
of solar radiation are conditions that influence the
reduction in wheat leaf emission.

LAI restoration by plants is greater in plants
that receive a higher intensity of solar radiation; this
is due to the greater storage of energy sources in the
roots, which lead to a greater re-sprouting capacity
(Voisin 1957, Wang et al. 2009, Mielke and Schaffer
2010). Studies indicate that the low availability of
solar radiation reduces the photosynthetic rate,
directly reflecting the production and allocation
of plant biomass in roots, stems and leaves (Wang
et al. 2009, Mielke and Schaffer 2010); and under
a consortium system (7riticum aestivum under
Zizyphus jujuba trees) reductions occur in root
length and total volume of produced wheat (Zhang
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et al. 2013). In the present work, the tree species
presented distinct crowns which each uniquely
affected the transmission of solar radiation. For
example, in the Prigida Intercrop-1 and S.parahyba
Intercrop-1I culture systems, where higher
transmissivity was observed, showed the greatest
LAI values.

In addition, the years of cultivation were
also significantly related to an increase of the leaf
emission. In 2014 it was possible to observe a
decrease in the wheat cycle, which influenced the
greater leaf emission in a shorter period of time,
and also grain yield (Table I), when compared
to the year 2015; proving the hypothesis that
solar radiation has an important influence on the
physiological processes of plants. Using the tree
species of Nothofagus antarctica, Bahamonde et
al. (2014) also observed higher dry matter yields
of different grasses under forests with higher rates
of solar radiation transmissivity, stating that dry
matter production of understory plants increases
according to availability of solar radiation; and thus,
the final yield of the crop varies between species
levels and levels of shade (Artru et al. 2017).

In order to relate dry matter production
to the amounts of incident solar radiation in the
undergrowth, €b is a variable that indicates the
energy used by the plant to produce and allocate
dry matter. Some plants have the capacity to modify
this efficiency when submitted to different levels of
stress due to radiation deficit. In general, despite
the fact that it presents a lower incidence of solar
radiation, which presupposes an increase in wheat
eb, the year 2015 resulted in the the plants’ low b
when compared to 2014. Thus, it can be assumed
that eb is directly correlated to LAI for a cultivar.
That is, LAI influences the interception of solar
radiation, in which reflects the plant’s dry matter
production potential (Caron et al. 2012). In the
present work, the low availability of solar radiation
in shaded environments affected wheat production
and the crop cycle; suggesting that plants grown
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in high shading environments reduce LAI and,
consequently, reduce development (Caron et al.
2012).

Grain mass is directly related to the plant’s
capacity to accumulate or deposit reserves, and
the reduction of incident solar radiation and low
interception by the plant causes a reduction in grain
yield (Fioreze and Rodrigues 2014). This is because
the plant has two basic sources of assimilates:
through the remobilization of assimilates stored
temporarily in other organs of the plant, such as
the stem, and directly from current photosynthesis.
Considering that the transport of carbohydrates
between the source (leaves and/or stem) and the
drain (grain) involves a series of active metabolic
processes, it is concluded that plants submitted to
low levels of solar radiation tend to accumulate
lesser amounts of dry matter in the grain.

The monocultures provided the highest
grain yield, independent of the year and crop
management, mainly due to the greater availability
of solar radiation during the entire cycle. Incident
solar radiation observed in 2014 for the S.parahyba
and Prigida systems in Intercrop-I were similar
to monoculture in almost all the cycle (Figure
4), however, lower values were seen during the
last three evaluations (including grain filling)
which negatively influenced grain filling and,
consequently, the final yield of the crop. This is
explained by the low incidence of solar radiation,
eb, and LAI at the time of grain filling in these
agroforestry systems.

Agroforestry systems have been proposed as a
sustainable agricultural system when compared to
conventional agriculture and silviculture; however
forestry species should be chosen which do not
compromise the productivity of the agricultural
crop. The potential benefits of agroforestry systems
are dependent upon contextual land use, and may
depend on the interactions of multiple elements
(Torralba et al. 2016).
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Influenced by the low availability of solar
radiation, the phyllochron of wheat was reduced,
reflecting in lower dry matter yield and grain
yields; however, such losses can be compensated
by the reduction of animal load during grazing or
the pruning or thinning of the forest component
which would further facilitate the transmission of
solar radiation. The dual-purpose wheat crop has
been shown to be highly plastic in response to its
growth environment. Changes to the production
microclimate, mainly solar radiation flux, air
temperature, and relative air humidity, caused by the
forest component, showed were strongly associated
with changes in the growth and development of
wheat plants when grown in shaded environments.

In spite of the lower conversion efficiency of
solar radiation in wheat dry matter, the systems
composed by S.parahyba Intercrop-1 and Prigida
Intercrop-1 provided a lower phyllochron for
wheat and, therefore, a higher leaf area index and
dry matter yield compared to other agroforestry
systems.

This first work carried out in Brazil provides
valuable responses for the growth and productivity
of dual-purpose wheat in normal field planting
conditions compared to the different shading
levels generated in the agroforestry systems, and
may help future researchers and applications in
latitudes and tropical longitudes. The combination
of forest species and agricultural crops well suited
to each agroforestry system offers a promising
alternative for integrating wood production as well
as biomass for grazing animals and, in parallel,
reinforces fertility through the positive effects of
fixing of nitrogen and soil structuring. Additional
research should be conducted in the quest to
monitor tree productivity, to consider the economic
value of agroforestry systems, and to measure
forage production generated by crops grown in the
understory in agroforestry systems.
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