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Climate change and the growth of Amazonian species seedlings: an ecophysiological

approach to Euterpe oleracea

Genilda Canuto Amaral, José Eduardo Macedo Pezzopane, Rogério de Souza Noia Jinior, Mariana
Duarte Silva Fonsecal, Manuel Fernandez Martinez, Vanessa de Oliveira Gomes, Joao Vitor Toledo,

José Ricardo Macedo Pezzopane, Raul Tapias Martin

Abstract

Climate change threatens many native species of the Amazon rainforest. Among the
endangered species is acai (Euterpe oleracea), a species of great national and international
interest due to the nutritional benefits and medicinal properties of its fruit. However,
information on the ecophysiological responses of agai to climate change is still lacking.
Therefore, the objective of this study was to evaluate the effect of increased temperature and
changes in CO2 concentration on the ecophysiology of agai seedlings. To this end, acai
seedlings were subjected, for 90 days, to three different climate scenarios: current Amazonian
conditions; RCP4.5 (current average temperature in the Amazon + 2.5 °C and 538 ppm carbon
dioxide concentration, i.e., CO2); and RCP8.5 (+ 4.5 °C and 936 ppm CO2 concentration). In
addition, two irrigation levels were applied in each climate scenario: seedlings were
maintained at 90% (without stress) and 40% (with stress) of the substrate's water-holding
capacity. Gas exchange, water status, fluorescence parameters, enzymatic antioxidant activity,
and dry matter production were evaluated. High CO2 concentration improved agai gas
exchange (increasing its assimilation), regardless of water availability and substrate
temperature. However, high temperature and high vapor pressure deficit reduced quantum
yield and increased minimum fluorescence and enzymatic antioxidant activity. Therefore, agai
seedlings did not convert the additional assimilated carbon (due to the higher CO2
concentration) into biomass, showing lower total dry matter accumulation for climate
scenarios RCP4.5 and RCP8.5. Our results indicated that the positive impacts of increased CO2
concentration on gas exchange might not offset the negative impacts of increased air

temperature and vapor pressure (VPD) on acgai growth.

Keywords: Amazon, Agai, High CO2, Gas exchange, Temperature, Water stress
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Introduction

The impacts of climate change on the planet have been the subject of public policy and
economic debates worldwide. The Intergovernmental Panel on Climate Change (IPCC)
estimates that the temperature could rise by up to 5.7 °C under the RCP8.5 scenario by the end
of the 2Ist century, compared to the baseline period of 1850-1900 (IPCC, 2021). This
temperature change could alter precipitation patterns (Kimball et al., 2001; Reich et al., 2016)
and atmospheric vapor pressure deficit (VPD), resulting in various ecophysiological changes
(ranging from cellular structure to morphology) in diverse plant species (Alvarenga et al.,
2014; Duursma et al., 2014; Marenco et al., 2014).

Increased CO2 concentration has positive effects on photosynthesis (Way et al. 2015; Amaral
et al. 2021) by stimulating the Rubisco carboxylation rate and decreasing photorespiration
(Bernacchi et al. 2001; Sage and Kubien 2007), thus improving photosynthetic efficiency
(Leakey et al. 2009). However, elevated temperatures intensify respiration, reduce chlorophyll
synthesis, and accelerate its degradation (Mathur et al. 2014). Furthermore, temperature also
affects stomatal conductance and causes leaf abscission (Taiz and Zeiger 2013; Neves et al.
2019). VPD also increases with high temperatures, further limiting stomatal processes (Costa
and Marenco 2007) and photosynthesis (Marenco et al. 2014). However, the physiological
processes of plants are also regulated by the availability of water in the soil, and plants under
water limitation reduce stomatal conductance to maintain water potential (Guo et al. 2010;
Noia Junior et al. 2019), which affects carbon assimilation (Farooq et al. 2009).

With climate change, heat waves and droughts will become more frequent and severe in the
Amazon rainforest, which has implications for native species, especially in the early seedling
stage. For example, rubber tree seedlings lose the ability to assimilate carbon after seven days
subjected to temperatures above 40 °C (Noia Junior et al., 2018), and jaborandi growth was
affected by high temperatures, even when cultivated under conditions of high atmospheric
CO2 concentration (Amaral et al., 2021; Amaral et al., 2022). This raises concerns about the
future of Euterpe oleracea (agai), a species native to the Amazon (Yamaguchi et al., 2015), which
has great global interest (Oliveira et al., 2016), due to the nutritional and medicinal properties
of its fruits (Cantu-Jungles et al., 2017; Oliveira et al., 2019). The growing consumption of agai

stimulated a shift in the extractive production system to commercial plantations, starting a
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process of expansion of the species to large commercial areas (Rufino et al. 2011). It is
noteworthy that the reports in the literature only assess the effect of single climatic elements
on acgai (Suresh et al. 2010; Oliveira et al. 2016, 2019; Silvestre et al. 2017; Silva et al. 2017; Rosa
et al. 2019). However, acai plants responses to climate change remains unknown, bringing
uncertainty to its commercial production expansion, which ultimately depends on seedling
survival after plantation.

Therefore, the objective of the study was to evaluate the effect of climate change by simulating
three climate scenarios: the current Amazon and Representative Concentration Pathways 4.5
(RCP4.5) and 8.5 (RCP8.5), on the ecophysiology of acai seedlings. Our hypothesis was that:
(i) The predicted increases in CO2 concentration, air temperature, vapor pressure deficit, and
water stress will cause a disruption of the homeostasis of physiological processes.; (ii)
Although the photosynthesis process is benefited by the higher CO2 concentration, associated
with the increase in temperature, the vapor-pressure deficit (VPD) and water stress will
promote oxidative damage and decrease the efficiency of photosystem II, resulting in a
reduction in seedling growth. Thus, we consider that knowing the physiological responses of
acali conducted in different climatic scenarios will provide advantages such as: (i)
Understanding on the future of the species under different climate change scenarios; (ii)
Assisting in the conservation of the species; and (iii) improve physiological knowledge in the

early stages of the species in a warm climate.

Material and methods

Experimental conditions

This study was conducted at the experimental area of the Federal University of Espirito Santo,
Brazil (latitude 20°47'25" S, longitude 41°23'48" W, and altitude 120 m). The experiment was
carried out in three greenhouses (Van der Hoeven®) with automated environmental control,
from June 23 to September 23, 2018. Three different climate scenarios were simulated in the
automated greenhouses, with controlled air temperature and humidity, and atmospheric
carbon dioxide (CO;) concentration. Each scenario was simulated in a different greenhouse.

Within each climate scenario, two open-roof chambers (OTCs) were used.
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The current scenario in the Amazon was constructed considering the minimum, mean, and
maximum air temperatures (Tair), relative humidity (RH), and vapor pressure deficit (VPD)
of the city of Manaus, Amazonas state. This region has (humid tropical rainforest climate (Af)
according to the Képpen classification (Alvares et al. 2013). These data were obtained through
the average of the historical climate data from 1980 to 2010 (30 years), from the National
Meteorological Institute (INMET). Microclimate conditions in this scenario were maintained
by the evaporative cooling system (pad cooling), air conditioners and heaters. VPD was
obtained through the difference between the water vapor saturation pressure (es) and the
partial water vapor pressure (ea). The es was calculated from the Tetens equation, and the ea
by the product between the RH and es.

The other two scenarios simulate climate change and were based on the scenarios proposed
by the UN Intergovernmental Panel on Climate Change (IPCC), built by its member
institutions (Pinheiro et al. 2014), consisting of the fifth phase of the Coupled Model
Intercomparison Project (CMIP5) (Taylor et al. 2012). A new set of scenarios called
Representative Concentration Pathways (RCPs) was used in the IPCC’s Fifth Assessment
Report (AR5), which serve as input for climatic modeling and atmospheric chemistry in the
numerical experiments of CMIP5. The RCPs comprise four emission scenarios which lead to
four levels of radiative forcing in 2100, and the number of each scenario is given according to
the forcing value in W/m2, namely 2.6, 4.5, 6.0 and 8.5 (IPCC 2021). Thus, the RCP4.5 scenario,
considered intermediate, in which the forcing stabilizes, and the RCP8.5 scenario of high
emission and a low technological level of mitigation were used, where the forcing continues
to increase after 2100 (IPCC 2021).

The Tair and VPD variation curves for the RCP4.5 and RCP8.5 scenarios were simulated from
the increased projected values of future climate scenarios based on the climate norm values
for Manaus (Central Amazon). Climate change projections for the RCP4.5 and RCP8.5
scenarios show an increase in the mean annual Tair temperature of 2.5 and 4.5 °C, respectively,
for the Manaus region (Supplementary Fig. S1). The CO2 concentration values for the
scenarios in these projections were 538 ppm for RCP4.5 and 936 ppm for RCP8.5 (IPCC, 2013).
The air temperature of the greenhouses was controlled by an evaporative cooling system (pad
cooling), air conditioners and heaters which were activated by temperature controllers (Full

GaugeR, MT-543Ri plus). Relative humidity values were maintained by using humidity
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controllers (Full GaugeR, AHC-80 plus) which are based on psychrometry (difference between
dry bulb and wet bulb) to measure the relative humidity of the air, in addition to a fogger
nozzle fogging system. Considering that VPD only varies with temperature and relative
humidity (both controlled), VPD values were also controlled in the greenhouses.

Variations in temperature and relative humidity values were controlled and maintained using
SistradR software. The temperature was adjusted every 30 minutes during the day and every
hour at night to simulate daily environmental conditions in each greenhouse in the study
(Supplementary Fig. S1), while a fixed value was programmed for the desired humidity.

Pots containing acai seedlings grown from seed (more details in the "Experimental Design and
Measurements" subsection) were placed in open-roof chambers (ORCs) to expose them to
different concentrations of atmospheric CO2. The ORCs are cylindrical, composed of two parts
(upper and lower), and each OR has a forced air injection system with internal CO2 and CO2
flow regulators (Supplementary Fig. S2). The CO2 injection system was turned on daily at 8:00
a.m. and turned off at 5:00 p.m. In addition, the CO2 concentration inside each OTC was
monitored at 8 am and 12 pm using a CO2 analyzer (Testo Sensor, model 535) during the
experiment.

Automatic weather stations were installed inside the greenhouses to characterize the
microclimate in each scenario (Table 1). The stations consisted of CS500 temperature and
relative humidity sensors (Campbell Scientific Inc., Logan, UT, USA). Data were stored on a
CR-10x data logger (Campbell Scientific, Inc., Logan, UT, USA), with readings taken every ten
seconds and averaged every five minutes. Two levels of water availability were established to
assess plant tolerance to water stress in each scenario, characterized as: well-watered seedlings
(considered the control: unstressed) and water-stressed seedlings (40% of the substrate's
maximum water-holding capacity: stressed). The two irrigation levels were based on studies
by Silvestre et al. (2016, 2017).

The maximum water retention capacity of the substrate (MWRC) was subsequently calculated
to characterize the two water availability levels as follows: a substrate sample was collected
before adding to the pots (control sample). The control sample was saturated with water and
after free heavy drainage to characterize the saturated weight. After weighting, the control
sample was taken to a forced circulation oven at a temperature of 105 °C for 24 h to characterize

its dry weight. Thus, the MWRC value was calculated using the equation below:
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MWRC = Wps — Wp —[(Wsp - Wds/Ws])

In which, Wps is the weight of the pots with saturated substrate (g); Wp is the weight of the
empty pots (g); Wsp is the weight of the substrate inserted in the pots (g); Wds is the weight
of the dry control sample (g); Ws is the weight of the saturated control sample (g).

The MWRC of all pots used in the experiment was determined using Eq. 1 using the Wvs of
each pots. The irrigation control was performed by daily weighing of the experimental units
and the water lost through evapotranspiration was replaced when necessary (Freire et al.
1980). The water content of the substrate was evaluated daily to measure the water retention
capacity (WRC) tested as a treatment, irrigated seedlings (Not stressed) were maintained with
substrate moisture at 90% of WRC, and seedlings subjected to water stress (Stressed) were

maintained at 40% of the substrate WRC.

Experimental design and measurements

The experiment was conducted over a period of 90 days in a completely randomized design
within each climate scenario (current Amazonia, RCP4.5 and RCP8.5) reproduced separately
in different greenhouses and containing two levels of water availability within each
greenhouse, thus totaling six treatments with six replicates each. Four-month-old Euterpe
oleracea seedlings (average height + SE, 19 + 3.5 cm) were transplanted into white pots with a
capacity of five liters and dimensions of 17 x 22 x 17 cm, filled with a commercial substrate
(composed of bio-stabilized pine bark, vermiculite, charcoal grinder, water, and phenolic
foam). Then, 4.8 g/L of a controlled fertilizer was added to the substrate, containing the
following nutrients: macronutrients (15% nitrogen, 8% phosphorus, 12% potassium, 1.2%
magnesium, 4% sulfur) and micronutrients (0.4% iron, 0.02% boron, 0.02% zinc, 0.05% copper,
0.06% manganese, and 0.015% molybdenum). This ensured that there were no nutrient
deficiencies that could affect seedling growth. After transplanting, the seedlings were kept for
30 days in conditions similar to the natural environment of the species (current Amazon) and
then were randomly distributed into the scenarios (current Amazon, RCP4.5 and RCP8.5). The
variable responses of the physiological parameters and growth were then determined after 90

days of monitoring under the different treatments.
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Determination of gas exchange and water status of the leaves

The net CO2 assimilation rate (A, pmol m ™2 s '), transpiration rate (E, mmol H20 m ™2 s of
H20), stomatal conductance (gs, mol m 2 s ! of H20) and intracellular CO2 concentration (Ci,

umol mol ') were measured using a portable infrared gas analyzer (IRGA, model Li COR 6400,
LI-COR Inc., Lincoln, NE, USA), with 6 cm2 measuring chamber. A fixed light intensity of 1500

umol m™2 s™! (provided by the light source of the LI-6400-02B) and a reference CO2

concentration of 400, 538 and 936 pL L' were used in the Current Amazon, RCP4.5 and

RCP8.5 scenarios, respectively. Measurements were carried out at the following times: 8 am,
10 am, 12 pm and 3 pm on fully expanded leaves of the upper third of the plant, six seedlings

were used for each treatment. Each seedling was considered a replicate. The instantaneous
carboxylation efficiency (A/Ci, pmol m™2 s !/umol mol ') was established through the
relationship between the net CO2 assimilation rate and the intercellular CO2 concentration,
and the intrinsic efficiency of water use (A/gs, umol CO2 mol ' H20) was established through

the relationship between the net CO2 assimilation and stomatal conductance rate.
Leaf water potential was measured at two times: at 4 am and at 12 pm using a Scholander
1505D-EXP model pressure chamber (PMS Instrument Co., Albany, OR, USA). Water potential

was measured on fully expanded leaves from the upper third of all plants in each treatment.

Fluorescence and chlorophyll parameters
Quantum yield (Fv/Fm) and initial fluorescence (FO) were measured using a FluorPen model
FP 100 (Photon Systems Instruments, Brno, Czech Republic). Measurements were performed

on healthy, fully expanded leaves from the upper middle third of the plant, adapted to

darkness for 30 minutes and to a saturating light pulse of 1500 pmol m™2 s~ '. Data were

collected on three leaves of each seedling at two times: at 4 am (pre-dawn) and at 12 pm
(highest incidence of solar radiation).

Chlorophyll was characterized using chlorophyll a and b indices, measured in fully expanded
leaves from the upper third of the plant, using six plants per treatment and taking two readings

for each plant. Each seedling was considered a replicate. Chlorophyll index readings were
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taken using a chlorophyll meter (ChlorofiLOG R, model CFL 1030, Falker). ClorofiLOGR
provides results in dimensionless units of FCI values (Falker Chlorophyll Index) (Falker 2008).
Determination of enzymatic antioxidants activity Samples of fully expanded leaves were taken
from the upper third of the plant (between 10:30 am and 11:30 am) to analyze enzymatic
antioxidants activity. The crude enzymatic extracts were obtained following Peixoto et al.
(1999).

Superoxide dismutase (SOD, EC 1.15.1.1) activity was determined following Del Longo et al.

(1993), with the reaction mixture (2.97 mL) composed of 50 nM potassium phosphate buffer

(pH 7.8), 13 mM methionine, 75 uM p-nitro tetrazolium blue, 0.1 mM ethylene

diaminetetraacetic acid and 2 pM riboflavin. The reaction started with the addition of 30pL of

crude enzyme extract. Subsequently, the reading was taken in the spectrophotometer with an
absorbance of 560 nm, and activity was conferred to the formazan blue compound produced
by the photo-reduction reaction of p-nitro tetrazolium blue (Giannopolitis and Ries 1977).
Unitary SOD activity was defined as the enzyme content to inhibit 50% of the photoreduction
reaction of the p-nitro tetrazolium blue (Beauchamp and Fridovich 1971).

The catalase (CAT, EC 1.11.1.6.) activity was determined following of Havir and Mchale (1987).

The reaction mixture (2.9 mL) consisted of 50 mM potassium phosphate buffer (pH 7.0) and

12.5 mM hydrogen peroxide. The reaction was started by adding 100 uL of the enzyme extract.

The extract reaction was evaluated in a Multiskan Go model UV-Visible spectrophotometer

(Thermo Scientific, Multiskan GO, Finland) at 25 °C in absorbance at a wavelength of 240 nm

at two times, being in the first seconds and in the first minute of the reaction. CAT activity was
quantified based on the molar extinction coefficient of hydrogen peroxide (36 mM cm ™),
according to Anderson et al. (1995).

The evaluation of pyrogallol peroxidase (POX, EC 1.11.1.7) was determined based on the
purpurogalin production at 420 nm at 25 °C (Kar and Mishra 1976). The reaction mixture (2.9
mL) was composed of 25 nM potassium phosphate buffer solution (pH 6.8), 20 mM pyrogallol
and 20 mM hydrogen peroxide; the reaction started with the addition of 100 UL of the extract
enzymatic. The reading was taken at the first minute of the reaction to determine the activity

of POX, and was then calculated taking into account a molar extinction coefficient of

purpurogalin 2.47 36 mM cm-1 (Chance and Maehly 1955).
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Growth evaluation

The growth variables evaluated at the end of the experiment were: height, measured with a
millimeter ruler; total leaf area (LA), measured with a LI-3100 leaf area integrator (Li-Cor Inc.,
Lincoln, Nebraska, USA); shoot dry mass (SDM); and root dry mass (RDM). Seedlings were
sectioned into shoots (leaves and stems) and roots to measure dry mass production. The roots
were washed to remove the substrate using a fine-mesh sieve to reduce losses. Subsequently,
the shoots and roots were packed separately in paper bags and placed in a forced-air oven at
65 °C until a constant weight was reached (72 h). Total dry mass (TDM) was quantified by
summing the SDM and RDM values.

The growth variables evaluated at the end of the experiment were: height, measured with the
aid of a millimeter ruler; total leaf area (LA), measured using a LI-3100 leaf area integrator (Li-
Cor Inc, Lincoln, Nebraska, USA), shoot dry mass (SDM) and root dry mass (RDM). The
seedlings were sectioned into shoots (leaves and stems) and roots in order to measure dry
mass production. The roots were washed to remove the substrate with a fine mesh sieve to
reduce losses. Then, the shoots and roots were packed separately in paper bags and put in a
forced air circulation oven at 65 °C until constant weight was obtained (72 h). The total dry

mass (TDM) was quantified by the sum of the SDM and RDM values.

Statistical analysis

Statistical analyses were performed using R software (R Core Team 2017), ExpDes.pt package
(Ferreira et al. 2014). All data were subjected to analysis of variance (ANOVA), and means
were compared using Tukey's test (p < 0.05) to assess the interaction between climate scenarios
and water availability levels. The normality and homogeneity of the data (p < 0.05) were
analyzed using the Shapiro-Wilk test (1965) and Hartley's F-test (1950). Interaction graphs
between the climate scenario (current Amazonia, RCP4.5, and RCP8.5) and water availability
levels were plotted when significant. When the interaction was not significant, climate
scenarios were compared by grouping the two irrigation treatments, and all ANOVA results

are presented in Supplementary Tables S1-S5.
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Results

Gas exchange and water status

Gas exchange in agai seedlings was influenced by the interaction between climate scenarios
and water availability (p < 0.05, Supplementary Table S1) (Fig. 1). Higher rates of net CO2
assimilation (A) were observed throughout the day in CO2-enriched scenarios in well-watered
seedlings, especially in the RCP8.5 scenario. The highest A value was observed at 8:00 h, where
well-watered seedlings and those exposed to the RCP8.5 scenario showed 38% and 46% more
A than in the current Amazon scenario, respectively. Seedlings in the RCP8.5 scenario
maintained higher A activity throughout the day, even under water stress. Water-stressed
seedlings grown in the RCP4.5 scenario reduced A activity by 48% between 8:00 h and 10:00 h
(Fig.1a, b).

Seedlings grown in the RCP4.5 and RCP8.5 scenarios showed lower stomatal conductance (gs)
values throughout the day, regardless of water availability. The highest gs values were
observed in the current Amazon scenario. Intracellular CO2 (Ci) and A concentrations were
favored by the higher CO2 scenarios, RCP4.5 and RCP8.5. The results showed that Ci values
were, on average, 54% higher in seedlings in the RCP8.5 scenario (Fig. 1e, f) compared to those
in the current Amazon scenario.

Our results indicate that, during the warmest hours of the day, 12 p.m. and 3 p.m. (Fig. 1 g, h),
transpiration rates in acai seedlings were reduced in CO,-enriched environments (RCP4.5 and
RCP8.5), regardless of water availability levels. However, an increase in water use efficiency
(E) was observed in well-watered seedlings in the Amazonian scenario. Furthermore, when
comparing stressed and unstressed seedlings, water stress resulted in a 77% reduction in E at
10 a.m.

Intrinsic water use efficiency (A/gs) increased under RCP 4.5 and RCP 8.5 conditions (Fig. 11,
j)- Well-watered acai seedlings in the RCP8.5 scenario exhibited a 70% higher A/gs at 8 a.m.
than well-watered seedlings in the current Amazonian scenario. While water-stressed
seedlings in the RCP8.5 scenario exhibited a 65% higher A/gs at 12 p.m. than water-stressed
seedlings in the current Amazonian scenario. Instantaneous carboxylation efficiency (A/Ci)
was lower in the RCP8.5 scenario than in the other scenarios studied, for both water level
treatments (Fig. 1 k, 1). In the current Amazonian scenario, water-stressed seedlings exhibited

a higher A/Ci throughout the day.
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The water potential of acai seedlings under RCP4.5 and RCP8.5 scenarios was more negative
at 4 am than the observed in the current Amazon scenario seedlings (Fig. 2A). Furthermore,
the RCP8.5 scenario was the most stressful for the acai seedlings (Fig. 2B) at 12 pm, with greater

water potential compared to the other scenarios studied (Supplementary Table S2).

Fluorescence and chlorophyll parameters

No statistically significant differences were observed between water availability treatments in
the different climate scenarios (Supplementary Table S3). At 4:00 a.m., no statistically
significant differences were found in quantum yield (Fv/Fm) in the studied climate scenarios
(Fig. 3A). On the other hand, the environmental conditions of the RCP8.5 scenario negatively
affected the acai seedlings at 12:00 p.m., showing a 17% reduction in Fv/Fm compared to the
current Amazonian conditions (Fig. 3B).

Minimum fluorescence (FO) values were affected by the scenarios at both evaluation times.
Seedlings under the RCP8.5 scenario showed the highest FO values at both times (Fig. 3D).
Likewise, the RCP4.5 scenario did not influence acai fluorescence, as it showed no differences
compared to the current Amazonian conditions. Finally, only FO showed a significant
difference in water availability levels at 12:00 p.m., where well-watered seedlings showed the
lowest values.The chlorophyll of agai seedlings was also affected by the studied scenarios (p <
0.001, Fig. 4, Supplementary Table S3). Chlorophyll a of the leaves of the seedlings was
attenuated under the conditions of the RCP8.5 scenario (Fig. 4A), showing a 17% reduction in
leaf pigments. Chlorophyll b decreased under RCP8.5 (Fig. 4B), unlike RCP4.5, in which
chlorophyll b presented the highest value. In the RCP4.5 scenario, the chlorophyll b of the
seedlings was 56% higher than the seedlings in the RCP8.5 scenario. In this scenario, the

chlorophyll b of the seedlings was 56% higher than the seedlings under RCP8.5 scenario.

Enzymatic antioxidant activity

The production of superoxide dismutase (SOD) and catalase (CAT) enzymes was affected by

the climatic scenarios and the water availability levels (p < 0.02, Fig. 5A and B, Supplementary

Table S4). The lowest SOD enzymatic activity occurred in RCP8.5 for not stressed seedlings,

with a reduction of 53% in relation to the RCP 4.5 scenario. The pyrogallol peroxidase enzyme
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(POX) activity did not differ between climatic scenarios and showed an average activity of

1595 mmol min~' g DM.

Water availability levels in each scenario affected the activity of the three enzymes studied.
The effect of water stress was least pronounced on SOD activity in seedlings under scenario
RCP4.5 (Fig. 5A), affecting 15% of the enzyme's antioxidant activity compared to well-watered
seedlings. The scenario with the greatest effect of irrigation was RCP8.5, in which water-
stressed seedlings showed a 68% increase in SOD production compared to well-watered
seedlings.

Water availability levels affected CAT activity, most significantly in scenario RCP4.5 (Fig. 5B).
Water-stressed seedlings in this scenario showed a 97% increase in CAT activity. On the other
hand, the activity of this enzyme was less affected by water stress when seedlings were
subjected to scenario RCP8.5. Water availability levels also affected POX activity, as water-

stressed agai seedlings showed 25% more activity than those under well-watered conditions.

Seedling growth

Seedlings grown under the RCP4.5 climate scenario showed the greatest growth in height and
leaf area (Fig. 6A and B, Supplementary Table S5). In addition, acai seedlings showed a
reduction of 13% and 29% in height and leaf area under the RCP8.5 scenario, respectively. The

highest total dry mass (TDM) production values were observed in the current Amazon and
RCP4.5 scenarios in well-watered seedlings (p < 0.03, Fig. 7, Supplementary Table S5). For

water-stressed seedlings, the TDM production under the conditions of the RCP4.5 and RCP8.5
scenarios was on average 11% higher than in the current Amazon (Fig. 7A). Note that the effect
of water stress was more pronounced in the current Amazon climate scenario, in which water-
stressed seedlings showed a 53% reduction in TDM production compared to well-watered
seedlings.

On the other hand, agai seedlings under water stress, presented in the RCP 8.5 scenario,
showed a 28% reduction in shoot dry matter (SDM) production compared to well-irrigated
seedlings. Shoot dry matter (SDM) production of well-irrigated seedlings was higher in the
current Amazon and RCP4.5 scenarios (p < 0.01, Fig. 7B). Seedlings from the RCP8.5 climate

scenario showed a 39% reduction in SDM production compared to the current Amazon
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scenario, while water-stressed seedlings in the RCP 8.5 scenario showed a 21% reduction in

SDM compared to well-irrigated seedlings.

The root dry mass (RDM) showed the same trend as the TDM and SDM variables (p < 0.01,

Fig. 7C). The root system was negatively affected in water stress conditions in all of the studied
scenarios. Water stress had a more pronounced effect in the current Amazon, in which the root

growth of water-stressed seedlings reduced 58% in relation to well-watered seedlings.

Discussion

Our results revealed the effect of climate change scenarios with high CO2 concentration, air
temperature, and VPD (potential deposition), associated with different levels of soil water
availability, on gas exchange, fluorescence, enzymatic antioxidant activity, and the growth of
acai seedlings cultivated in the Amazon region. A beneficial effect on gas exchange was
observed with increasing CO2 concentration in climate scenarios RCP4.5 and RCP8.5.
However, total seedling dry biomass production was significantly reduced, intensified by
water stress. These results indicate that the combined effect of increased CO2 concentration

with high temperatures and VPD could decrease net primary production.

Gas exchange responses to climate change

Gas exchange in acai seedlings revealed stimulation caused by increased atmospheric CO2
concentration in the RCP4.5 and RCP8.5 scenarios, under different water deficit treatments
(Fig. 1). The net CO2 assimilation rate (A) and, consequently, the intracellular CO2
concentration (Ci) were higher in the RCP 4.5 and RCP 8.5 scenarios, compared to current
Amazonian conditions. The higher A and Ci may be related to the activation of Rubisco due
to the increased CO2 concentration, which is the main substrate of the Calvin cycle (Urban et
al. 2019). This indicates that the beneficial effects of increased CO2 on gas exchange in agai
seedlings outweighed the stressful conditions caused by high temperature (Neves et al. 2019),
high VPD (Jiao et al. 2019), and low water availability (Noia Junior et al. 2019). The beneficial
effect of high CO2 concentration on agai is consistent with the results found by several authors
(Diksaityteé et al. 2019; Urban et al. 2019; Jiao et al. 2019).

In addition to the increase in A, there was a decrease in stomatal conductance (gs), reducing

transpiration (E), especially in seedlings under water stress. This was also due to the increase



397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

in CO2 (Leakey et al. 2009), which resulted in an increase in intrinsic water use efficiency
(A/gs). However, instantaneous carboxylation efficiency (A/Ci) decreased, indicating
limitations in Rubisco activity (Niinemets et al. 2009). These results may indicate that water-
stressed plants needed to invest more in non-structural carbohydrates than in structural
carbon for biomass in order to cope with the water deficit, which can cause downregulation of
photosynthesis in response to high CO2 levels (Jimenez et al. 2013; Tissue et al., 1993, 2001). In
addition, the decreased Instantaneous carboxylation efficiency (A/Ci) in water-stressed plants,
may indicate limitations to Rubisco activity (Niinemets et al. 2009). Similar results have also
been reported by other authors for Agai (Oliveira et al. 2019) and for other palm trees (Oliveira
et al. 2016; Suresh et al. 2010; Silva et al.

2017).

Fluorescence and chlorophyll parameters as affected by climate change

Climatic conditions and water stress also affected fluorescence parameters. We observed that
seedling stress increased with CO,, temperature, and DPV, leading to an increase in quantum
yield (Fv/Fm) and minimum fluorescence (F0), and affecting chlorophylls (a and b). Under
optimal plant growth conditions, Fv/Fm values range from 0.77 to 0.81 (Murchie and Lawson,
2013; Zha et al., 2017). The Fv/Fm at 4:00 a.m. was greater than 0.8, indicating no damage to
photosystem II (PSII) at that time. However, Fv/Fm decreased to around 0.5 at 12 pm under
RCP 8.5 scenario, and considering that Fv/Fm is a measure of the electron transfer chain
efficiency of the PSII (Wu et al. 2018), its low measured values, may indicate the inactivation
of PSII photochemistry (Adams et al. 2013).

Our results also show an increase in FO (Fig. 3), which may indicates that heat dissipation
occurred in an uncontrolled manner caused by stomatal closure and increased water potential
(Fig. 1 and 2), producing an excess of excitation within the leaves (Thwe and Kasemsap 2014).
In addition, this increase in FO could indicate structural changes in the antenna pigments such
as dissociation of the pigments from the light-collecting antennas of the PSII main complex
(Mishra and Terashima 2003; Mishra et al. 2007).

Chlorophylls a and b were significantly reduced in the RCP8.5 scenario, demonstrating that
increased CO2, temperature, and VPD reduced photon absorption by the leaves. According to

the literature, higher CO2 concentrations reduce chlorophyll content (Ceulemans and
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Mousseau 1994; Wullschleger et al. 1992), increase the accumulation of inactive or damaged
photosystem II reaction centers (Jordan et al. 2016; Sprtova et al. 2003; Kalina et al. 2001),
and/or modify thylakoid membrane proteins involved in electron transport (Hideg and Strid
2017). Increased temperature reduces chlorophyll content (Hasanuzzaman et al. 2013; Mathur
et al. 2014; Perdomo et al. 2017). Silvestre et al. (2017) reported that acai seedlings grown under

water stress conditions had a reduced chlorophyll content, as also indicated in this study.

Enzymatic antioxidants activity under climate change scenarios

The results of enzymatic antioxidants activity demonstrated that there was an increase in POX,
SOD and CAT enzymes, mainly for water-stressed seedlings. These enzymes are part of the
antioxidant defense system of plants, are related to their tolerance to abiotic stress, and play
an important protective role against the harmful effects of ROS, such as O,, H;O,, and OHy"
(Mittler, 2002). Several studies demonstrate that plants protect themselves against the effects
of ROS under adverse conditions thanks to increased activity of antioxidant enzymes (Li et al.,
2017; He et al., 2014). Increased concentration of POX, SOD and CAT enzymes, as found here
for Acai seedlings under water stress conditions, indicates high ROS production, causing
oxidative stress to the plants (Li et al. 2017). Similar results have also been reported by Tang et
al. (2018) in evaluating Cucumis sativus L., Soni and Abdin (2017) in studying Artemisia annua

L., Omidi et al. (2018) in Lallemantia ibérica, and Wang et al. (2019) in Prunus persicae L.

Climate change will affect acai ecophysiology in Amazon forest

Climatic scenarios and water stress affected the growth of Acai seedlings. Our results indicated
a beneficial effect on gas exchange caused by the increased CO2, however total dry mass
decreased, particularly under RCP 8.5. This indicated that growth is not only determined by
carbon assimilation capacity, but also by the interaction of many other factors, such as
respiration rate, assimilate translocation efficiency, and leaf area (Marenco and Lopes, 2005).
Our results indicated that acai growth and production in the Amazon region could be
threatened by future climate change, even with increased gas exchange rates due to rising CO2
levels.

As hypothesized, increased CO2 concentration, air temperature, VPD and water stress

associated with climate change disrupt the homeostasis of physiological processes in agai
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seedlings. Despite the benefits of increased CO2 concentration for acai photosynthesis,
warmer temperatures, along with high VPD and water stress, promote oxidative damage and

decrease the efficiency of photosystem II, affecting seedling growth..

Conclusion

Our results highlight the impact of climate change on the growth of acai seedlings in the
Amazon region. We reveal that the positive impacts of increased CO2 concentration on gas
exchange may not offset the negative impacts of increased air temperature and water vapor
pressure (VPD) on acai growth under conditions without water deficit. However, increased
CO2 concentration minimized the impacts of water deficit stress on acai growth. These results
provide an important foundation for future studies aimed at protecting native species in the
Amazon region from the threat of climate change. Future studies focusing on forest
regeneration and restoration, plantation survival and yield, and the development of agai
clones with greater ecophysiological capacity to grow in complex environments could benefit

from the findings of this study.
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701  Table 1. Microclimatic characterization of the simulated scenarios in the air-conditioned greenhouses
702  from June 23, 2018 to September 23, 2018. In which: T is the air temperature, RH is relative humidity
703  and VPD is vapor-pressure deficit (minimum, mean and maximum)
Climatic Current Amazon RCP4.5 RCP8.5
variables
Air temperature (°C)
Tmin 23.9 (+0.15) 24.5 (+0.13) 26.7 (+0.15)
Tmean 28.3 (+0.14) 29.4 (+0.13) 31.7 (+0.15)
Tmax 32.9 (+0.13) 34.3 (+0.13) 36.7 (+0.15)
Relative Humidity (%)
RHmin 81 (x0.47) 47 (+0.48) 29 (+0.55)
RHmean 93 (+0.39) 55 (+0.47) 38 (+0.56)
RHmax 98 (+0.33) 62 (+0.49) 46 (£0.57)
Vapor-Pressure Deficit (kPa)
VPDmin 0.1 (x0.01) 1.2 (+0.02) 1.9 (+0.04)
VPDmean 0.3 (x0.01) 1.9 (+0.02) 3.0 (£0.04)
VPDmax 0.9 (+0.01) 2.8 (+0.02) 4.3 (+0.04)
704
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707 Figure 1. Net CO2 assimilation rate (A, a, b), stomatal conductance (gs, c, d), intracellular CO2
708  concentration (Ci, e, f), transpiration rate (E, g, h), intrinsic efficiency of water use (A/Gs, i, j) and
709  instantaneous carboxylation efficiency (A/Ci, k, 1) of acai seedlings subjected to in different climatic
710  scenarios (current Amazon, RCP4.5 and RCP8.5) and water availability levels: well-watered (Not
711 stressed) and water-stressed (Stressed). Data are means + standard deviation. ": not significant, *:
712 significant according to ANOVA, F < 0.05. The results from the analysis of variance (ANOVA) taking
713  into account the effects of the different scenarios and water availability levels are presented in
714 Supplementary Table S1.
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Figure 2. Water potential (A, 4 am and B, 12 pm) of Acai seedlings subjected to different climatic
scenarios (current Amazon, RCP4.5 and RCP8.5) and water availability levels: well-watered (Not

stressed) and water-stressed (Stressed). Different letters represent statistically significant differences
between treatments (Tukey, p < 0.05). For water potential at 12 pm (B), uppercase letters compare the

statistical difference by climatic scenarios (upper case for not stressed and upper case bold/italic for
stressed), and lowercase letters represent the statistical difference between water availability levels.
Values represent means + standard deviation. Graphs of the interaction between climate scenarios
(current Amazon, RCP4.5, and RCP8.5) and water availability were plotted when the interaction was
significant (panels with black and white bars); when the interaction was not significant, the climate
scenarios (current Amazon, RCP4.5, and RCP8.5) were compared by combining both irrigation
treatments (panels with gray bars). The results of the analysis of variance (ANOVA), considering the

effects of the different scenarios and water availability levels, are presented in Supplementary Table S2.
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Figure 3. Quantum yield (Fv/Fm) and minimum fluorescence (F0) at 4:00 a.m. (A and C) and 12:00 p.m.
(B and D) of acai seedlings subjected to different climate scenarios (current Amazon, RCP4.5 and
RCP8.5) and water availability levels: well-irrigated (no stress) and under water stress. Different letters
represent statistically significant differences between treatments (Tukey, p < 0.05). Data are expressed
as mean * standard deviation. The results of the analysis of variance (ANOVA), considering the effects

of the different scenarios and water availability levels, are presented in Supplementary Table S3.
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Figure 4. Chlorophyll a4 (A) and chlorophyll b (B) of acai seedlings subjected to different climatic
scenarios (current Amazon, RCP4.5 and RCP8.5) and water availability levels: well-watered (Not
stressed) and water-stressed (Stressed). Different letters represent statistically significant differences
between treatments (Tukey, p < 0.05). Data are means * standard deviation. Values represent means +
standard deviation. The results from the analysis of variance (ANOVA) taking into account the effects

of the different scenarios and water availability levels are presented in the Supplementary Table S3.
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Figure 5. Effects of the antioxidant superoxide dismutase (A, SOD) and Catalase (B, CAT) enzymatic
antioxidants activity of agai seedlings subjected to different climatic scenarios (current Amazon, RCP4.5

and RCP8.5) and water availability levels: well-watered (Not stressed) and water-stressed (Stressed).
Different letters represent statistically significant differences between treatments (Tukey, p < 0.05).

Statistical differences between climate scenarios are represented by capital letters (uppercase for
unstressed and bold/italic uppercase for stressed), and differences between water availability levels
within each climate scenario are represented by lowercase letters. Values represent the mean + standard
deviation. The results of the analysis of variance (ANOVA), which considers the effects of the different

scenarios and water availability levels, are presented in Supplementary Table 54.
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Figure 6. Height (A) and leaf area (B) of Acai seedlings subjected to different climatic scenarios (current
Amazon, RCP4.5 and RCP8.5) and water availability levels: well-watered (Not stressed) and water-
stressed (Stressed). Different letters represent statistically significant differences between treatments
(Tukey, p < 0.05). Data are means o} standard deviation. Data are means o} standard deviation. Values
represent means + standard deviation. The results from the analysis of variance (ANOVA) taking into

account the effects of the different scenarios and water availability levels are presented in

Supplementary Table S5.
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Figure 7. Total dry mass (A), shoot dry mass (B) and root dry mass (C) of Acai seedlings subjected to
different climatic scenarios (current Amazon, RCP4.5 and RCP8.5) and water availability levels: well-
watered (Not stressed) and water-stressed (Stressed). Different letters represent statistically significant
differences between treatments (Tukey, p < 0.05). Statistical differences between climate scenarios are
represented by capital letters (uppercase for unstressed and bold/italic uppercase for stressed), and
differences between water availability levels within each climate scenario are represented by lowercase
letters. Values represent the mean + standard deviation. The results of the analysis of variance
(ANOVA), which considers the effects of the different scenarios and water availability levels, are

presented in Supplementary Table S5.
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1: CO, cylinder; 2: CO, regulator; 3: pneumatic hose; 4: ventilation exhaust; 5: homogenization chamber; 6: lower
part of the chamber; 7: upper part of the chamber; 8: coating detailing (double).

Figure S2. Schematic representation of the structure of open top chambers (OTCs) used to control atmospheric CO;
concentration. Source: The author



Tables

Table S1. Net CO. assimilation rate (A), stomatal conductance (gs), intracellular CO:
concentration (Ci), transpiration rate (E), intrinsic efficiency of water use (A/Gs) and instantaneous
carboxylation efficiency (A/Ci) of acai seedlings subjected to in different climatic scenarios
(current Amazon, RCP4.5 and RCP8.5) and water availability levels: well-watered (Not stressed)
and water-stressed (Stressed). Different letters represent statistically significant differences
between treatments (Tukey, p < 0.05). The values are the mean values of each variable for the

individual treatments.

Causes of variation pumol m? 5! molgm'2 s? umolmol? mmol m?s? pmol ?nol'l pumol m? 5!
8 am
Scenario 54.38* 14.47* 198.46* 0.04M 69.86* 5.95*
Irrigation 43.17* 39.18* 8.66* 12.95* 9.58* 16.80*
Scenario X irrigation 0.023™ 3.60* 0.336"™ 0.91™ 0.22" 1.02"
Scenario
Current Amazon 8.10c 0.16 b 282.00 c 3.97 a 54.74 ¢ 0.03a
RCP4.5 10.83 b 0.13a 380.80b 3.89a 84.82 b 0.03a
RCP8.5 13.85a 0.09a 586.81 a 3.83a 166.16 a 0.02b
Water avalability levels
Not stressed 1241 a 0.16 b  435.29a 4.60 a 89.58 b 0.03a
Stressed 9.45b 0.09a 397.78b 3.19b 114.23 a 0.02b
C.V. (%) 10.08 21.94 7.50 22.07 19.14 11.67
10 am
Scenario 36.31* 2.28™ 162.08* 1.09" 26.58* 12.94*
Irrigation 98.11* 200.01*  96.14* 413.43* 117.55* 0.01™
Scenario X irrigation 16.05* 1.11™ 4.52* 0.41™ 5.22* 9.50*
Scenario
Current Amazon 6.57b 0.11a 243.15¢ 411a 78.47 ¢ 0.03a
RCP4.5 7.86b 0.09a 32397b 3.69a 120.36 b 0.02b
RCP8.5 1091 a 0.09 a 585.97 a 4.03a 169.72 a 0.01c
Water avalability levels
Not stressed 10.57 a 0.16a 464.37a 6.43 a 67.40b 0.02a
Stressed 6.33b 0.04b 304.35b 1.46 b 178.30 a 0.02a
C.V. (%) 12.40 20.80 10.36 15.17 20.39 16.41
12 pm
Scenario 31.32* 28.06*  177.30* 26.59* 123.33* 3.61™
Irrigation 65.17* 151.48* 189.94* 278.14* 196.59* 0.01m
Scenario X irrigation 12.59* 4.35* 16.11* 5.70* 15.33* 5.80*
Scenario
Current Amazon 5.80Db 0.12a 268.80 ¢ 454 a 62.12 c 0.02 a
RCP4.5 6.13b 0.07b  325.32b 2.76 b 121.41b 0.0l1a
RCP8.5 9.18 a 0.05b 523.37 a 2.85b 207.78 a 0.0la
Water avalability levels
Not stressed 8.59 a 0.13a 452.38 a 5.26 a 77.17Db 0.01a
Stressed 5.48b 0.03b 29261Db 1.51b 183.70 a 0.01a




C.V. (%) 13.37 22.20 7.62 16.27 14.27 17.62
15 pm
Scenario 11.09* 12.36*  139.00* 8.58* 23.17* 19.92*
Irrigation 115.10* 60.95* 41.29* 138.39* 43.65* 17.02*
Scenario X irrigation 18.54* 2.69M 5.31* 2.92M 5.59* 7.08*
Scenario
Current Amazon 575b 0.12a 270.09b 4.66 a 57.04 b 0.02a
RCP4.5 573D 0.07b  297.08b 3.13b 139.72 a 0.02a
RCP8.5 7.68a 0.05b 612.21a 3.16b 150.51 a 0.01b
Water avalability levels
Not stressed 8.41a 0.12a 45293 a 5.68 a 75.23b 0.02a
Stressed 430b 0.04b  333.32b 1.62b 156.28 a 0.01b
C.V. (%) 14.88 32.15 11.60 23.11 25.95 16.71

* = significant at the 5% probability level; ns = not significant; C.V. = coefficient of variation.

Table S2. Water potential at 4 am and 12 pm, respectively of acai seedlings subjected to in different
climatic scenarios (current Amazon, RCP4.5 and RCP8.5) and water availability levels: well-

watered (Not stressed) and water-stressed (Stressed). Different letters represent statistically
significant differences between treatments (Tukey, p < 0.05). The values are the mean values of

each variable for the individual treatments.

Causes of variation

Water potential (MPa)

4 am 12 pm
Scenario 8.17* 13.07*
Irrigation 3.47™ 178.52*
Scenario x irrigation 2.81"M 3.66*

Scenario
Current Amazon 0.15b 1.67b
RCP4.5 0.24a 1.67b
RCP8.5 0.22a 1.83 a
Water avalability levels

Not stressed 0.19a 154D
Stressed 0.22a 1.90 a
CV% 20.90 3.86

* = significant at the 5% probability level; ns = not significant; C.V. = coefficient of variation.



Table S3. Quantum yield (Fv/Fm) and minimum fluorescence (Fo) at 4 am and 12 pm, respectively,
and Chlorophyll A and B of acai seedlings subjected to in different climatic scenarios (current
Amazon, RCP4.5 and RCP8.5) and water availability levels: well-watered (Not stressed) and
water-stressed (Stressed). Different letters represent statistically significant differences between
treatments (Tukey, p < 0.05). The values are the mean values of each variable for the individual
treatments.

. Fu/Fm Fo Chlorophyll (ICF)
Causes of variation Zam 12 pm Zam 12 pm A B
Scenario 0.94 " 3.86* 32.52* 4.42* 27.45* 47.67*
Irrigation 10.94* 5.24* 0.001" 7.47* 3.39"™ 3.92M™
Scenario X irrigation 0.40"™ 3.11™ 2.31" 0.11" 0.48" 0.45"
Scenario
Current Amazon 0.84a 0.60a 3623.00c 10175.50ab 43.83a 16.25b
RCP4.5 0.83a 0.55ab 3332.25b 9757.00b 46.06a 19.64a
RCP8.5 0.83a 050b 4061.12a 10605.25a 38.33b 8.60 c
Water avalability levels

Not stressed 0.83b 052b 3673.00a 9861.16b 4355a 15.77a
Stressed 0.84 a 0.59a 3671.25a 10497.33a 4194a 13.89a
CV% 0.66 12.96 4.96 5.60 5.03 15.62

* = significant at the 5% probability level; ns = not significant; C.V. = coefficient of variation.

Table S4. The activity of enzymatic antioxidants superoxide dismutase (SOD) and catalase (CAT),
of acai seedlings subjected to in different climatic scenarios (current Amazon, RCP4.5 and
RCP8.5) and water availability levels: well-watered (Not stressed) and water-stressed (Stressed).
Different letters represent statistically significant differences between treatments (Tukey, p <
0.05). The values are the mean values of each variable for the individual treatments.

Causes of variation .SOD C'.A‘T
U mint g?! MS mmol mint g MS
Scenario 0.49" 4.76*
Irrigation 32.83* 42.67*
Scenario x irrigation 4.98* 7.18*
Scenario
Current Amazon 76.69 a 1.20 ab
RCP4.5 82.75a 1.41a
RCP8.5 73.10 a 054b
Water avalability levels

Not stressed 5458 b 0.27b
Stressed 100.45 a 1.84 a
CV% 25.30 55.76

* = significant at the 5% probability level; ns = not significant; C.V. = coefficient of variation.



Table S5. Growth variables of acai seedlings subjected to in different climatic scenarios (current
Amazon, RCP4.5 and RCP8.5) and water availability levels: well-watered (Not stressed) and
water-stressed (Stressed). Different letters represent statistically significant differences between
treatments (Tukey, p < 0.05). The values are the mean values of each variable for the individual
treatments.

Total dry mass Shoot dry mass Root dry mass Height  Leaf area

Causes of variation >
------------ g---------- cm cm
Scenario 8.29* 9.52* 4.95* 35.48* 13.82*
Irrigation 107.37* 95.11* 91.78* 54.21* 58.56*
Scenario X irrigation 8.28* 9.31* 5.68* 0.15™ 0.29™
Scenario
Current Amazon 25.01a 17.68 ab 7.32a 23.87b 1082.92Db
RCP4.5 26.86 a 19.74 a 7.12 ab 25.25a 1321.70a
RCP8.5 21.25b 15.39 b 585b 21.93¢ 93452b
Water avalability levels
Not stressed 30.32a 21.57 a 8.75a 24.87a 1345.16a
Stressed 18.43 b 13.64 b 478 b 2250b 880.93b
CV% 11.53 11.31 14.98 3.34 13.35

* = significant at the 5% probability level; ns = not significant; C.V. = coefficient of variation.



