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Abstract

In the searching of forest species with good wood quality, easy adaptability and high commercial
value, the African mahogany (Khaya ivorensis Chev. A.) have been a good alternative. This
study aimed evaluate the phenometric responses of African Mahogany submitted to irrigation.
The field experiment was carried out in Bonfindpolis-GO, Brazil, with young plants of African
mahogany, being 5 irrigated and 5 non-irrigated. The following variables were evaluated: plant
height, stem heigh, number of leaves and leaflets, stem diameter and leaf area. A completely
randomized design was used in a bi-factorial scheme 2x9 (A: irrigated and non-irrigated; D: 0,
120, 180, 240, 300, 360, 420, 480, 540 days after transplanting). All the variables showed significant
differences not only forirrigated and non-irrigated treatments but also for the times of evaluation,
except for stem diameter. Irrigation resulted in higher growth of plants and the irrigation of

young African mahogany plants should be used mainly in drought period.

Keywords: Brazilian Savanna, edaphoclimatic conditions, plant growth, water stress, Khaya ivorensis
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Infroduction one of the main pesfs thaf affacks fhe nafive

In the last decades, forest plantations
have stood out as an alternative for the recovery
deforested, altered and degraded areas.
Studies on technical, economic and financial
viability for the planting of African mahogany
(Khaya ivorensis A. Chev.) show that the species
can confribute to the Brazilian economy by
generating better opportunities for rural activities
and national and international income, since it
can provide a significant financial return, when
compared fo other forest species (Gomes, 2010;
Danquah et al., 2011).

One of the reasons for the infroduction
of African mahogany in Brazil is its resistance to

mahogany (Swietenia macrophylla King), named
meliaceae shoot borer (Hypsipyla grandella
Zeller - Lepidoptera: Pyralidae ), whose larvae
destroy the apical region of the host plant and
cause deformation and scraping, resulting in
wood depreciation (Newton et al., 2007, Opuni-
Frimpong et al., 2008). In Brazil, the cultivation of
the exotic meliaceae replacing mainly the native
(Swietenia macrophylla
King) is recommended by research and teaching
institutions (Falesi & Baena, 1999; Castro et al.,

Amazon mahogany

2008), while an ecological management program
for H. grandella is not established.
Due fo the recent infroduction of African
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mahogany cultivation in Brazil, when compared
to other countries, such as Costa Rica, there
is a lack of conclusive studies evaluating the
economic viability of forests planted with this
plant species, aswell as their social and economic
benefits and e environmental impacts. However,
it is currently estimated the amount of one million
of trees planted, mainly in the Pard State, in the
Amazon, being this crop, in general, associated
with silvopastoral systems, agroforestry or in
homogeneous plantations, aiming the wood
exportation (Gomes , 2010, Albuguerque et al.,
2013).

On the other hand, in regions submitted
to water deficiency, the growth of this species is
limited, as it interferes by altering its metabolism
(Albuguerque et al., 2013; Barkla et al., 2013).
Seasonal water deficit can exert a marked
effect on seedlings and young plants, whose root
systems would be more exposed to water scarcity
in the superficial layers of the soil, characterizing
the dry season (Lambers et al., 2008; Chaves et
al., 2009).

Although rainfall in the Cerrado of the
Goids State is greater than 1,400 mm year!, higher
than the need for average irrigation (1200 mm
year') for some tree species, it is expected that
African mahogany plants, when submitted to
irrigation, during drought period in the Cerrado,
present higher growth and development than
non-irrigated plants, allowing an earlier cut.

Thus, the aim of this study was to evaluate
the phenometric responses of African mahogany
young plants submitted to irrigation.

Material and Methods

The experiment was carried out in
the experimental area of the Mudas Nobres
Company, located in Bonfinépolis-GO, Brazil
(16° 35 '49 'S, 49° 16" 39" W, 780 m of altitude).
The climate of the region, according to Képpen,
was classified as Aw, tropical savannah, mega-
thermic. The average minimum temperature is
14.3°C and the maximum temperature is 31.5°C,
with an average annual temperature of 23.0°C.
The average annual radiatfion is 2,319 h. The
pluvial regime is well defined, covering a rainy
period (October to April) and a dry season (May
to September), with an average annual rainfall

of 1,487 mm. The annual average for relative
air humidity (UR) is 71%, with August being the
driest month (UR = 49%). The average annual
evaporation measured by Class A tank is 1,915
mm. The strongest winds (average 7 km h)
occurs in the month of August (Silva et al., 2007).

The soil is a dystrophic Red Latosol,
with clay texture, evergreen cerrado (Brazilian
savannah) with a flat relief (Silva et al., 2007).
Before sowing, the soiland chemical analysis were
carried out af the depths of 0.0-0.20 m and 0.20-
0.40 m. After the analysis, the standards of ‘Bulletin
100" for liming and fertilization of the area were
followed, incorporatfing an amount of dolomitic
limestone sufficient to raise the base saturation
to 70% three months before planting (December
2011). The fertilization of planting was of 100 g
P,O.. per hole, using the simple superphosphate.
In addition, six cover fertilizations were carried out
on every two months with 50 g of NH, SO, and 25
of KCI (450 g of plant! year').

The seedlings were ftransplanted on
March 6, 2012, containing one plant per hole,
with dimensions of 0.30 x 0.30 x 0.30 m and plant
spacing of 5 x 5 m, totaling 50 plants, in a 4 ha
planted forest area. At the planting the plants
were 30 days old and had averages of diameter,
total height and height of stem of 8 mm, 0.75
m and 0.32 m, respectively. The plants were
produced in using seeds from the Para State,
Brazil. The area was prepared with a plowing
and two harrowings, subsoiling the planting line.
Before application, the herbicide Glyphosate (3
L.ha') was applied. Right after the planting, a
manual irrigation was done (5 L.plant'). Almost
two months
sprinkler irrigation system was installed, replacing
water according to the crop evapotranspiration.
Imigation management was done through the
demand, estimated by
the reference evapotranspiration (ET.), by the
Thornthwaite Camargo method, in the first year

after planting a conventional

atmospheric  water

of cultivation; however, for the second year
the ET, was determined by Penman-Monteith
( FAO Standard). This was due to the lack of
meteorological data,
station (Davis Vantage PRO2) was installed at the
second year, collecting data on minimum and
maximum temperature, solar radiation, relative

since the automated
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air humidity, wind speed and rainfall. In the first
year of evaluation, only air temperature, relative
humidity and rainfall were obtained, from a
digital thermo-hygrometer and a rain-gauge.

In the period from May, 2012 to
November, 2013 the irigated
was established, replacing 100% of the crop
potential evapotranspiration (ETc), using the Kc
recommendation of Kc = 0.5 in the first year; Kc
=0.7 in the second year (Allen et al., 1998), since
there are no recommendations of these values

freatment

for African mahogany plants.

Growth analyzes were performed twice
a month in 10 plants, five of which were irrigated
and five were non-irrigated: i) plant height (PH)
- measurements from the plant soil surface to
the apex; (li) stem height (SH) - measure from
the soil surface to the insertion of the first leaf;
(li) stem diameter (SD) - measured 3 cm from
the soil surface; Iv) number of leaves (NL) and
leaflets (NLL) - the total number of leaves and
leaflets per plant were counted; V) leaf area:
leaf area (LA) was estimated from leaf length
(L) and width (W) of the leaflets (50 leaflets per
plant), in order to obtain a regression equation
(LA=0.9223LW+294.2; R?=0,92) comparing the
leaf area determined by the length and width
measurements, as a function of the leaf area
determined by the disk method (Eq. 1):

LA= [(ND-AD)-LTDM]/DTDM (1)

in which: LA - is the leaf area (cm?), ND
- the number of discs used, AD - the disk areq,
using a metallic driller with known diameter (cm?),
LTDM - leaves total dry mass G), MSTD - discs
total dry mass (g); Vi) leaf expansion (LE) - length
and width of 9 measured leaves per plant, 3 of
each vegetative canopy exiract (1/3 of upper,
medium and lower). The calculation of plant
growth rates was also performed.

The experiment was carried out in a
completely randomized design, in a bifactorial
2x9 scheme (A: two irrigated and non-irrigated
water regimes, and D: nine evaluation times- O,
120, 180, 240, 300, 360, 420, 480 and 540 days
affer transplanting - DAT), with five repetitions.
The data were submitted to analysis of variance
by the F test, and the means were compared

by the Tukey’s test at 5% of error probability. The
Levene fest was used fo fest the homogeneity
of the variances and the Shapiro-Wilk test for
normality of the errors, both at 5%.

Results and Discussion

Positive exponential
adjusted to the phenometric variables of the
plants as a function of the nine evaluations,
twice a month, indicating higher plant growth
in irrigated plants, when compared fto plants
without irrigation (Figure 1).

This lower growth may indicate the crop
sensitivity to water deficit, and it can be inferred
that the plant efficiently confrols water losses
by regulating the stomatal opening, as already
observed in young mahogany plants of other S.
macrophylla (Cordeiro et al. 2009) and Carapa
guianensis (Gongalves et al., 2009) species, both
from the same family as K. ivorensis (Meliaceae).
significant
between irigated and non-irrigated freatments,
and evaluation times for the averages and rates

equations were

There was a interaction

of the evaluated variables (Table 1).

For all evaluations during the 18 months,
no wilt or senescence of the mahogany plants
were observed as according to water deficit and
it can be inferred that this species has tolerance
to this condition (Albuguerque et al., 2013;
Chaves et al., 2009; Zhao et al., 2015).

Young plants of African mahogany have
a high stomatal sensitivity to water deficiency,
which, together with the proline accumulation,
can lead fo a moderate water stress of the
species. In addition, the water status of the plants
and the gas exchange are fully recovered affer
plants rehydration (Albuquerque et al.,, 2013).
According to Flexas & Medrano (2002), the lowest
plant growth recorded in plants submitfed tfo
water deficit may occur due to stomatallimitation
to CO, influx, photochemical damage of the
photosynthetic system, reduction in ATP synthesis,
and decrease in Rubisco activity (Ribulose-1,5-
bisphosphate carboxylase oxygenase) or its rate
of regeneration.

The treatments, irigated and non-
irigated, showed significant differences and for
the evaluation time, being the highest averages
observed in irrigated plants (Table 1). Growth
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Figure 1. Biometric values for plant height (A), stem height (B), number of leaves (C), number of leaflets (D), stem
diameter (E) and leaf area (F), from African mahogany, cultivated in irrigation system (subscript “i"; “o" ; full line)
and not irrigation (subscript “ni”; o ; dotted line), obtained during the first 18 months (9 evaluations, twice a
month) of the forest implantation in Bonfindpolis-GO, Brazil.
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Table 1. Average of plant total height (PH, cm), stem height (SH, cm), number of leaves (NL), number of leaflets
(NLL), stem diameter (SD, cm) and leaf area (LA, cm?), from nine evaluation performed in days after transplantation
(DAT), for African mahogany irrigated and not irrigated plants. Bonfindpolis—-GO, Brazil, 2012.

DAT PH SH NL NLL SD LA
....................................................................... |rrigo1-ed
0 155.0 aB’ 67.4aC 420 aB 576.0 aA 4.8 aD 734.5 aA
120 156.6 aB 450 aC 47.8 aB 551.0 aA 5.3 aD 814.0 aA
180 192.6 aAB 76.6 aABC 56.4 aB 884.8 A 5.7 aD 897.3 aA
240 219.2 aAB 47.0 aBC 55.4 B 760.4 aA 6.0aCD 900.9 aA
300 228.4 aAB 78.0 aC 67.6 aAB 958.0 aA 7.1 aCD 1279.5 aA
360 244.4 aAB 55.2 aAB 62.6 AAB 927.4 aA 7.2 aBC 1210.3 aA
420 274.4 aAB 84.0 aBC 76.2 aAB 1361.0 aA 8.3 aBC 1727.1 aA
480 287.6 aA 62.4 aA 91.8 aAB 1359.9 aA 8.9 aAB 1396.7 aA
540 366.4 A 89.4 aA 118.8 aA 2121.9 aA 9.1 aA 24953 aA
Mean 236.07 67.22 68.73 1055.60 6.93 1272.84
CV% 24.10 20.70 26.82 33.83 12.22 63.56
...................................................................... NOT IIrigated «oeereeesessesenieiee
0 31.0bD 23.2 bBCDE 9.2 bE 28.2 bC 0.8 bE 22.0bC
120 33.2bD 20.8 bF 9.8 bDE 42,6 bC 0.9 bDE 14.5bC
180 55.6 bBCD 35.6 bABCD 10.0 bCDE 40.6 bC 0.9 bDE 30.3 bBC
240 56.2 bBCD 31.6 bEF 11.6 bCDE 71.8 bC 1.5bCD 57.2 bBC
300 58.4 bBC 26.8 bABC 18.4 bCD 118.6 bBC 1.9 bBC 45.8 bBC
360 83.2 bBC 50.8 aDEF 25.6 bCDE 239.2bC 2.4 bB 56.5 bBC
420 84.8 bB 31.8 bAF 23.4 bBC 157.8 bB 2.5bA 116.1 bAB
480 120.8 bB 55.4 aCDEF 31.6 bB 310.2 bB 3.4bA 123.6 bBC
540 123.6 bA 42.0 aABC 38.4 bA 398.4 bA 4.1 bA 462.8 bB
Mean 71.87 3533 19.78 156.38 2.04 103.20

*Means followed by the same lowercase letter in the column and upper case in the line are not statistically different according to Tukey's test at 5% of probability level.

rates were also evaluated, where a significant
interaction between irigated and non-irrigated
freatments was evidenced, as well as the different
evaluation times (Figure 2). Highest averages of
growth rates were observed in irrigated plants for
all evaluated variables, except for stem diameter
(SD). On average, irrigated plants presented PH
rates of 0.70 cm.day’!, SH of 0.40 cm.day', NL of
0.22 leaves.plant', NLL of 4.33 leaflets.plant!, SD
of 0.017 cm.day' and LA of 80.57 cm?2.day'. For
non-irrigated plants these averages were PH 0.51
cm.day’, SHO.11 cm.day', NL0.17 leaves.plantT,
NLL 2.78 leaflets.plant’, SD 0.016 cm.day' and LA
63.27 cm2.day.

Young plants of Brazilian mahogany
(Swietenia macrophylla King). culfivated in soil
water contents close to the field capacity, also
recorded higher values of plant height (116%),
leaf area (200%) and stem diameter (50% ) when
compared to plants in water deficit (Cordeiro
et al., 2009). On the other hand, plants under
water stress presented a reduction in the number
of leaves and leaflets and, consequently, in the
total leaf area, but no effects were detected

at plant height and stem diameter (Cordeiro
et al., 2009). The authors report that this can
be explained by the increase of proline (400%),
minimizing the effect of drought (Cordeiro et al.,
2009). Other studies, also with Khaya ivorensis,
detected higher growth of plant height (23%),
stem height (28%) and stem diameter (21%) in
drip irrigated plants compared to non irrigated
plants, also in the ‘Cerrado’ biome of the Goias
State (Barbosa, 2014).

The highest values of plant height (PH),
number of leaves (NL), number of leaflets (NLL)
and leaf area (LA) were recorded in the last
evaluation (540 days after transplanting - DAT).
However, the highest stem height (SH) and SD
rates were observed at 360 DAT and 300 DAT,
respectively. The fact that the highest rates
occurred for most variables in the last evaluation
time may be due to the full adaptation of the
plants in the area, as well as their response to
rehydration (Cordeiro et al., 2009, Albuquerque
et al. 2013), considering that there was an excess
of water from the 10th (300 DAT) to the 15th (450
DAT) months of evaluation (Figure 3).
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Figure 2. Rates of total plant height (Rate PH), stem height (Rate SH), number of leaves (Rates NL), number of leaflets (Rate NLL),
steam diameter (Rate SD) and leaf area (Rate LA), according fo the water regime (irrigated m and not irigated o) and times of
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Figure 3. Climatic water balance of the experimental area (Bonfindpolis-GO) by the Thornthwaite-Camargo method, from
March/2012 to November/2013, with available water capacity of 90 mm. Stripped area correspond to the excess of water and

black area is the water deficit.

Com. Sci., Bom Jesus, v.8, n.2, p.239-246, Abr./Jun. 2017
244



Casaroli et al. (2017) / Phenology of African mahogany...

The significantinteraction between water
regimes (irigated and non-irrigated) and the time
of evaluation showed a difference between the
growth rates according to time, with the highest
averages recorded in the irrigated treatment af
540 DAP, for the rate of the variables PH, NL, NLL
and LA, although some of these variables did not
present significant differences in other evaluation
times (Figure 2).

Periods of water deficit were recorded
from July 2012 to December 2012, and from
July 2013 to November 2013. Some evaluations
were carried out during these periods of water
deficit (120, 180, 240, 480 and 540 DAP) (Figure 3),
which may explain the higher rates observed in
irigated plants for most variables. The SHrate also
obtained the highest averages in the irigated
freatment, but at 360 DAP (March / 2013), where
there no deficit was recorded (Figure 3), this
may have occurred because the non-irrigated
plants are recovering from a period of drought,
not responding positively, even under favorable
conditions of water confent in the soil. Some
studies confirm the cumulative effect of water
stress, in which the plants submitted to the deficit
may not recover their potential CO, assimilation
due to possible damages to the photochemical
and / or biochemical fixation apparatus of
CO, (Shinozaki & Yamaguchi-Shinozaki, 2007,
Albuguerque et al., 2013).

The highest SD rates (Figure 2) were
observed at 300 DAP (January / 2013), beginning
of the rainy season in the region (Figure 3),
showing no significant differences between the
water regime freatments, (Figure 2), at 480 DAP
(July / 2013), period of water deficit (Figure 3).

It was verified a cyclical behavior in
the freatments of water regime as a function of
time, being the highest averages observed for
irigated plats. Higher leaf area (LA) rates were
observed in irigated plants at 120, 180, 300 and
540 DAT, and for non-irrigated plants at 420 and
480 DAP (Figure 2). The period corresponding
to the highest LA rates of irigated plants was
marked by water deficit (Figure 2 and 3), except
for 300 DAP (January / 2013), when the water
excess period began. This may have occurred
because irrigated plants had better physiological
conditions for renewal, even after a decrease in

the LA rates in November / 2012 (240 DAP).

On the other hand, the highest LA rates
of the non-irrigated plants were observed during
periods of water deficit, between May / 2013
and July / 2013, showing that the morphological
characteristics of these plants, after passing
through water deficit conditions, are significantly
efficient and that there is no irreversible damage
to the water absorption capacity by the roots
and their tfransport to the aerial part.

Albuguerque et al. (2013) reported that
non-irrigated African mahogany plants had
complete recovery of their variables indicating
gas exchange (CO, assimilation, stomatal
conductance, franspiration,
concentration and atmospheric CO, ratio)
within seven days after irrigation resumption.
These results indicate that species can retake its
photosynthetic metabolism, guaranteeing the
photoassimilates production, confirmed by the
values found for soluble carbohydrates on the
first day after rehydration and on the remaining
days of evaluation. Similar results were observed
in plants of Andiroba (C. guianensis) (Goncalves
et al., 2009), Eucalyptus and Acacia spp. (Warren
et al., 2011), submitted to water deficit and
rehydration.

intercellular

Conclusions

Irigation of young plants of African
mahogany result in higher plant growth, mainly
during periods of water deficit in the '‘Cerrado’
biome of the Goids State.
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