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Sugarcane (Saccharum spp) is an expanding culture for the production of bioethanol around the world
which requires certain practices to improve its productive performance at the different ecosystems.
This work's aim is to evaluate the initial Sugarcane growth and drought tolerance through the
application of biostimulants. For this purpose an experiment was conducted in a greenhouse using
completely randomized design. Prior to planting, the cuttings were treated with: T, - Water; T, -
Indolebutgric Acid (IBA); Tz - Boron + Zinc; T, - Tryptophan; Ts - Kymon Plus® + Potamol®; and T -
Stimulate ™. Morphological analysis was performed at 40 and 124 days after planting (DAP) to assess the
plant initial growth. The biostimulants effect on drought stress mitigation was evaluated at 120 DAP,
after 3 days of suppression irrigation. The IBA and Stimulate® application delivered higher growth rates
and biomass accumulation. When compared to Control treatment, the application of Ubyfol® and
Stimulate® provided higher photosynthesis in the absence of drought stress and had higher PSII
effective quantum yield even when plants were under drought stress. The application of Stimulate®
enabled plants to maintain higher photosynthetic, transpiration and stomatal conductance rates under
moderate drought stress.
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INTRODUCTION

Sugarcane (Saccharum spp.) culture has great economic,
social and environmental importance due to its large
planted areas and capability to generate the raw material
source for sugar and ethanol agribusiness (Ferreira Jinior

et al., 2012). The productive performance of sugarcane is
dependent on several factors, including the use of growth
regulators (Serciloto, 2002; Silva, 2010; Ayele et al.,,
2014).
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Table 1. Chemical and physical characteristics of the sail.
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pH [Pk ][Na|] Al [ca|lmg| Fe [Mn]zn[cu| v [ m]ctc| som
(H20) | ---- mg kg™ - | ------ cmole dm® - | - mg kg™ % dag kg™
53 |12 | 28| 11| 026 | 1.8 | 1.2 [267.5]4.07]0.6]0.37]39.4 | 7.7 7.92 1.56
Coarse sand Fine sand Total sand Silt Clay
-1
g kg
369 192 561 112 327

Soil textural class: sandy clay loam; SOM: soil organic matter, V: base saturation, M: aluminum saturation, CEC: cation
exchange capacity, Mg: magnesium, Ca: calcium, Al: aluminum, H: hydrogen, K: potassium, P: phosphorus, Na:

sodium, Fe: Iron, Mn: manganese, Zn: zinc, Cu: copper.

Recent years show an increase in the use of products
known as plant biostimulants for a higher crop yield. It is
already considered a common technique in crops such as
Rice (Garcia et al., 2009), Cotton (Albrecht et al., 2009),
Soybean (Bertolin et al., 2010), Corn (Santos et al., 2013)
and Sugarcane (Serciloto, 2002; Ayele et al., 2014).
These substances used both in-furrow and as foliar
application in sugarcane, have increased yield from 6%
to 21%, with response magnitude non-dependent neither
from cultivars nor from planting environments (Silva,
2010; Silva et al., 2010).

The growth regulators or bioregulators have broad
applicability in humerous crops and are similar to plant
hormone substances (Albrecht et al., 2011). Biostimulants
can be found within the regulators category, these are
mixtures of one or more bioregulators with compounds of
different chemical nature such as: amino acids, enzymes,
vitamins, minerals, etc. (Castro, 2006). Its definition is still
evolving due to the biostimulators concept amplitude,
however the European Biostimulants Industry Council
(EBIC) defines it as a “substance(s) and/or micro-
organisms whose function, when applied to plants or
rhizosphere, is to stimulate natural processes to enhance
nutrients absorption, nutrient efficiency, tolerance to
abiotic stress and crop quality” (Calvo et al., 2014).

Recent studies show that the use of Stimulate®
promotes greater dry matter accumulation on plant aerial
parts (Garcia et al., 2009) of rice, as well as an increase
in yield of ratoon sugarcane (Silva et al., 2010), and as
such, a potentiator of crop performance. However no test
has yet been performed to confirm if it would raise the
sugarcane tolerance to drought conditions. Other root-
promoting substances, such as IBA, a synthetic auxin,
are widely used to improve rooting of cuttings of several
species, especially for those with difficulty in rooting
(Fachinello and Kersten, 1996).

Mineral nutrients, such as zinc and boron, have marked
influence on tryptophan synthesis and on the transport of
indole acetic acid (Goldbach et al., 2001). Tryptophan is
an amino acid biosynthetic precursor of several indole
substances, such as indole acetic acid (Haggquist et al.,
1988). For example, in Zn-deficient bean (Phaseolus

vulgaris), the level of indole acetic acid on the shoot tips
and young leaves decreased to about 50% (Cakmak et
al., 1989). In the same way, boron stimulated root growth
in Vicia Fava L. (Liu et al., 2000) and in barley (Choi et
al., 2007).

Water deficit has a strong importance in several
aspects of plant growth; the most apparent effects are
plant size, leaf area and crop vyield reduction (Kramer,
1983). Artlip and Wisniewski (2002) divide the drought
responses in four types: 1) growth limitation; 2) water loss
minimization; 3) morphological adaptations; and 4)
physiological adaptations. Amongst the factors influencing
plants growth and development, the chemical signals,
such as the hormones synthesized by the plant, were
some of the most relevant.

Based on the hypothesis that biostimulants and root-
promoting substances provide greater sugarcane growth
during the tillering phase, even when under drought
conditions, this work’s aim was to evaluate the
sugarcane’s initial growth and drought stress tolerance
under these products’ influence.

MATERIALS AND METHODS

The experiment was conducted at Agrarian Sciences Center at the
Federal University of Alagoas — Brazil, in a greenhouse at the
geodetic coordinates 09°28'02" S; 35°49'43" W and 127 m altitude,
during December 2010 and April 2011.

Before the experiment was setup, a soil chemical and physical
analysis was performed (Table 1). The soil used in the experiment
was air dried, disaggregated and sieved. The experiment was
conducted in 20 L polyethylene pots containing 25 kg of soil. The
sugarcane variety used was the RB92579.

The experiment was conducted in a completely randomized
design comprising four replicas to evaluate the initial growth and
drought stress effect and eight replicas for final growth evaluation.
After 3 days suppressing irrigation, at 117 DAP, water deficit was
imposed until leaf wilting was visible. Initial growth was evaluated
40 days after planting (DAP). Final growth was evaluated at 124
DAP.

The chemical treatments were as follows: T; — Control (water); T»
- Indolebutyric Acid (IBA) at 1000 mg L™; Ts — Boron + Zinc (Borax
at 10 kg ha™ + Zinc Sulfate at 20 kg hectare™); T4 — Tryptophan at
7.2 kg ha; Ts - Kymon Plus® at 1.0 L ha™ + Potamol® at 0.5 L ha™*
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Figure 1. Temperature (A), Humidity (B), Radiation (C) and Vapor Pressure Deficit (VPD) (D) inside the
greenhouse during physiological analysis 120 days after planting.

and Ts - Stimulate® at 0.5 L ha®. Stimulate® has 90 mg L* of
Kinetin, 50 mg L™ of Gibberellic Acid and 50 mg L™ of 4-Indol-3-
ylbutyric Acid, Kymon Plus® already has 9.0% of N + 3.0% of K,O +
11.5% of Organic Carbon + contains Polihexose and Potamol® and
has 14.0% of Mo, in Potassium Molybdate form + 10.0% de K;0 +
Polihexose. Commercial recommendations were used for product
application based on estimating pot area and soil amount in the
po%s, considering a soil depth of 0.2 m and soil density of 1200 kg
m™.

The products were diluted in water and sprayed onto the plant
cuttings using micro sprinklers, with the exception of the IBA
treatment, where cuttings were immersed for ten seconds in the IBA
solution and planted just after. The IBA was dissolved in a small
amount of NaOH 1 N solution, before being mixed with water.

After plantlets emergence, thinning was performed leaving only
two plantlets per pot. The plants were kept under irrigation close to
the field capacity up to 117 DAP with water content of 0.17 m®*m™
VIV, measured with a soil moisture sensor, model SM200,
connected to a HH2 moisture meter (DELTA-T Devices, Ltd.,
Cambridge, England). The irrigation was then suspended for 3 days
to induce drought stress, when water content reached 0.015 m3.m?,
with visible leaves wilting on some of plants. At 120 DAP
physiological analyzes were performed.

Environmental conditions were monitored during the experiment
by an automatic weather station model WS-GP1 (DELTA-T Devices,
Cambridge, England), located inside the greenhouse, recording
temperature and relative humidity every 5 min and Solar radiation
every 10 s. Based on the temperature and humidity data the vapor
pressure deficit (VPD) was calculated. Environmental conditions
during physiological analysis are show in Figure 1.

Two biometric evaluations were conducted, the first at 40 DAP
and the second at 124 DAP. On both evaluations the following was
measured: plant height (cm), number of fully expanded leaves (with
at least 20% greenness), number of tillers per pot, length (cm) and
width (cm) of the +3 leaf (third leaf bellow the last exposed dewlap).
The leaf area (cm2) was quantified by the method described by
estimating the area of individual leaves from measurement of leaf
width and length (Sinclair et al., 2004). The plants were then
collected, separated into leaves, culms and roots, and dried in a kiln
with forced air circulation at 70°C until a constant weight was
reached to obtain the dry mass (DM).

Based on morphological data from the first (40 DAP) and second
(124 DAP) evaluations, a quantitative growth analysis was
performed as per below (Benincasa, 1988; Cairo et al., 2008):

DM;—DM,
tp—ty '

Absolute growth rate (AGR) = (g day™) 1)

LpDM, _ LyDMy
tp—ty ]

Relative growth rate (RGR) = (g g*day™) (2

x (t, — t;), (cm? day™)

Duration of leaf area (DLA) = “’41;7“2)

(3)
Net assimilation rate (AR) = i’:zf/’:l L"L(’Z: Z‘)LAl, (g cm? day™)
4)
Location:
t1 = 40 DAP;



t, = 124 DAP;

DM; = Plant Dry Mass at 40 DAP.

DM, = Plant Dry Mass at 124 DAP.

LA; = Leaf Area at 40 DAP;

LA, = Leaf Area at 124 DAP;

L, LA; = Napierian logarithm of leaf area at time t3;;
L, LA, = Napierian logarithm of leaf area at time t;

The dry mass from different parts of the plants and leaf area from
the second evaluation (124 DAP) were used to evaluate the
following:

Leaf DM

Biomass allocation of the leaves = oo X 100 (%) 5)
Biomass allocation of the stalks = 22242y 100 (%) (6)
Plant DM
Biomass allocation of the roots = 222"+ 100 (%) (7
Plant DM
ROOUA.P. = —1ootDM (8)
Aerial part DM
. _ LA 2 -1
Leaf area ratio (LAR) = Py (cm®g™) 9)
Specific leaf area (SLA) = —=2— | (cm? g% (10)

Leaf DM

At 120 DAP, after inducing drought stress for 3 days, with visible
leaf wilting, physiological analyzes were performed only on plants
treated with the commercial products to see if they would induce
drought stress tolerance. Whilst the SPAD index was quantified in
all treatments.

The photochemical efficiency was measured on the middle third
of the top visible dewlap (TVD) leaves of each plant at 120 DAP.
The maximum quantum yield (Fv/Fm) was measured at 4:30am and
at noon, with a portable chlorophyll fluorometer, model OS-1FL
(ADC BioScientific, Ltd., Hoddesdon, England), with saturating
modulated light pulse of 1s duration, according to the method
described by Maxwell and Johnson (2000). The Fv/IFm was
measured after dark conditioning, with plastic tweezers for 20
minutes. The PSII effective quantum yield (®psi) was measured
between 11:00am and noon on the same leaves taken to measure
Fv/Fm, performing two readings per plant, according to Schreiber et
al. (1995).

The chlorophyll content on the sugarcane leaves was estimated
in vivo via SPAD index with a portable chlorophyll meter, model
SPAD-502 (Minolta Co, Ltd., Osaka, Japan), at 122 DAP. Eight
random readings were performed on the middle third of the TVD
leaf of each plant.

Gas exchange quantification was performed with a portable
photosynthesis system (IRGA), model LCi (ADC BioScientific, Ltd.,
Hoddesdon, England) in the middle third of the TVD leaves
between 10:00am and noon at 120 DAP, with one reading per
plant. All measurements were made at ambient CO, concentration
and humidity. Short term fluctuations of CO, and humidity were
eliminated by sucking atmospheric air into a 20 L plastic chamber
prior to the equipment measurements being taken. The CO,
concentration in the cuvette was stable close to 365 pL L™. The
photosynthetic photon flux density in the IRGA cuvette was fixed at
1000 pmol m* s with an artificial light source. The evaluated
parameters were: photosynthesis (A), stomatal conductance (gs),
transpiration (E), internal CO, concentration (Ci) and instantaneous
carboxylation efficiency (A/Ci).

The results were submitted to variance analysis at 5% and 1%
probability by t-test with means and compared by Duncan Test
at5% probability.
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RESULTS

Biomass production of plants treated with IBA and
Stimulate® was approximately 25% higher than the
Control treated plants (Table 2). This may have been a
consequence of the root system growth, which was 83%
(IBA) and 80% (Stimulate®) higher compared to the
Control treated ones. This larger plants’ root system was
also made evident on the biomass allocation of the roots,
about 43% (IBA) and 40% (Stimulate®) higher than the
Control treated plants (Table 2). The biomass allocation
of the leaves was higher for B+Zn, Tryptophan, Ubyfol®
and Control treatments and lower in IBA and Stimulate®
treatments (Table 2). Meanwhile, leaf area (LA) was 16%
higher in plants treated with Stimulate® compared to the
ones receiving Control treatment (Table 2). Plants
receiving IBA and Stimulate® treatment had the lowest
leaf area ratio (Table 2).

Net assimilation rate was higher for plants treated with
IBA (21%) and Stimulate® (9%) and lower for the ones
under Ubyfol® treatment (-8%) compared to the Control
treated ones (Table 2). Plants treated with IBA and
Stimulate® showed relative growth rate about 27% higher
than the Control treated ones (Table 2). Plants treated
with B+Zn and Tryptophan had the lowest values for
relative growth rate, about -6.25 and -9.37%, respectively,
compared to Control treated plants.

Tryptophan application was the only one not to show
an increase on the sugarcane leaf area duration
compared to the Control treated ones. The dry mass ratio
of root/shoot was significantly higher in plants treated
with IBA, Tryptophan, Ubyfol® and Stimulate® compared
to Control and B+Zn treatments. The leaf and stalk dry
mass, stalk percentage, plant height, stalk diameter,
number of leaves, number of tillers and specific leaf area
(Table 2) did not differ between treatments. The
Stimulate™ application increased the sugarcane SPAD
index by 6% compared to the Control treatement (Figure
2). The B+Zn, Tryptopnan and Ubyfol® application appear
to stimulate the chlorophyll production, however, they
have not differed significantly from Control treated ones.

Drought stress caused a Fv/Fm reduction on plants
receiving B+Zn, Ubyfol® and Control treatment compared
to the hydrated plants (Figure 3A). The plants treated
with IAB and Stimulate® had less dynamic photoinhibition,
both irrigated and under drought stress plants (Figure
3B). On well hydrated plants, all treatments improved the
®psy, and had strong reduction in ®pg; when under
drought condition; however, this reduction was less on
Ubyfol® and Stimulate® treatments (Figure 3C).

The Ubyfol® and Stimulate® application increased the
stomatal conductance in hydrated plants (Figure 4A).
This reflected on the transpiration and photosynthesis of
these plants (Figure 4B-C). On drought stressed plants,
only Stimulate® treated plants maintained higher stomatal
conductance, photosynthesis and transpiration compared
to untreated plants.
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Table 2. Leaf dry mass (Leaf DM), stalk dry mass (Stalk DM), root dry matter (Roots DM), biomass allocation of the leaf (leaf weight
ratio, LWR), biomass allocation of the stalk (stalk weight ratio, SWR), biomass allocation of the root system (root weight ratio, RWR),
leaf area (LA), plant height, stalk diameter, number of leaves, number of tillers, net assimilation rate (AR), absolute growth rate
(AGR), relative growth rate (RGR), duration of leaf area (DLA), leaf area ratio (LAR), Specific leaf area (SLA) and root to shoot ratio
(Root/shoot) of sugarcane at 124 DAP under the influence of root-promoting substances. Averages in the same row followed by the
same letter do not differ according to Duncan’s Test (P<0.05).

P Treatments
arameter Control IBA B +Zn Tryptophan Ubyfol® Stimulate®
1. Leaf DM (g plant™) 21.82% 22.13" 22.05" 19.90% 22.52% 22.27"
2. Stalk DM (g plant™) 61.14" 68.31" 65.62" 56.20" 55.26" 69.36"
3. Root DM (g plant™) 22.60° 41.43" 22.14° 26.87° 32.18"° 40.72"
4. Plant DM (g plant™) 105.57° 131.87" 109.82° 102.98°% 109.97° 132.36"
5. LWR (%) 21.16" 17.45° 20.99" 19.53%® 20.90" 17.06°
6. SWR (%) 56.72" 50.93" 57.51% 53.05" 49.53" 51.86"
7. RWR (%) 22.11° 31.60" 21.48"° 27.40"8 29.55" 31.06"
8. LA (cm? plot™) 1834.63° 1926.17%° 1924.88"° 1850.48° 2070.07"® 2128.02"
9. Plant height (cm) 78.15" 78.28" 83.93" 82.62" 79.59" 81.21"
10. Stalk diam. (mm) 16.15" 16.20" 16.04% 19.05" 16.36" 17.11%
11. Number of leaves 7.81" 7.62" 7.93" 7.56" 7.68" 7.37"
12. Number of tillers 2.31° 2.37" 2.56" 2.56" 2.50" 2.50"
13. AR (g cm? dia™®) 0.53%¢ 0.64" 0.53%¢ 0.51%¢ 0.49° 0.58"®
14. AGR (g dia™) 1.17° 1.49% 1.20° 1.12° 1.23° 1.50%
15. RGR (g g™ dia™) 0.032°P 0.035"8 0.030° 0.029° 0.033%¢ 0.036"
16. DLA (cm” dia™) 94673 99124"° 101179"® 97026°¢ 105745"° 108389"
17. LAR (cm® g™ 17.88" 15.25° 18.45"8 18.44"8 19.29% 16.39°%¢
18. SLA (cm®* g™) 84.51" 92.10" 89.76" 127.52" 92.72" 103.36"
19. Root/shoot 0.29° 0.58" 0.28° 0.41"° 0.46"° 0.47"°
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Plants treated with IBA and Stimulate® had about 43%

Figure 2. SPAD index of sugarcane at 124 DAP with the application of bio-stimulants.
Averages followed by the same letter do not differ according to Duncan's test (P<0.05).

SSION

and 40.5% higher biomass allocation of their roots
compared to Control treated plants, respectively (Table

2). Auxin induces the formation of root hairs, as well as
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Figure 3. Maximum quantum vyield of photosystem Il (Fv/Fm) at predawn (A) and at
midday (B) and, Effective photosystem Il yield (®ps;) at midday (C) on sugarcane leaves at
120 DAP with the application of bio-stimulants and reinforcers. The average between
treatments followed by uppercase and lowercase letters in the same color columns do not
differ according to Duncan's test (P < 0-05). The averages within each treatment
superscript ** and * differ without stress and stressed at 1% and 5% by t-test, respectively.

lateral root formation (Péret et al., 2011). This increases treated sugarcane, and by Dantas et al. (2012) on
the root system and probably the water and nutrient Stimulate® treated tamarind. Thus, when an auxin
adsorption, favoring the absolute and relative growth rate, biosynthesis inhibitor was applied to tomato seedlings,

which was also observed by Verri et al. (1983) on IBA the root relative growth rate was inhibited (Higashide et
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Figure 4. Stomatal conductance, gs (A), photosynthesis, A (B), transpiration, E (C), intercellular CO
concentration, Ci (D) and instantaneous carboxylation efficiency, A/Ci (E) of sugarcane at 120 DAP with the
application of bio-stimulants and root-promoting substances. The averages followed by the same uppercase
and lowercase letters in columns of the same color do not differ according to Duncan’s test (P < 0-05). The
averages within each treatment superscript ** and * differ from controlled and stressed at 1% and 5% by t-
test, respectively.
al., 2014). growth (Porter, 1989). Moreover, as the plant grows,

All products used in this work, with the exception of
tryptophan, have increased the sugarcane leaf area
duration, conveying the time that the photosynthetic leaf
area is effectively active, that is, the leaf area magnitude
and persistence (Coombs et al., 2014; Costa et al.,
2000), potentially enabling greater sugarcane productivity.
Similarly, in Sugar beet, the yield was directly affected by
the leaf area index and leaf area duration (Cerkal et al.,
2007). According to Delgado (1995), the yield potential of
a given rice cultivar may be related to the leaf area
duration. It was also a strong determinant of biomass
yield across genotypes of poplar (Verlindenet al., 2015).
The increase in leaf area ratio is related to the
improvement of the plant nutritional status, as a result of
increased allocation of assimilates for leaf development,
resulting in higher leaf weight values and/or leaf area

there may be a reduction in leaf area ratio due to an
interference increase of upper leaves on the lower leaves
by self-shading (Benincasa, 1988). This should have
been the case in this work (Table 2), since the plants with
greater LA showed less leaf area ratio.

The biomass allocation of the leaf and stalk, plant
height, stalk diameter, number of leaves, number of tillers
and specific leaf area (Table 2) have not differed between
treatments. This may be due to the fact that measure-
ments were taken at 124 DAP, when the sugarcane had
not yet reached its peak growth and carbon accumulation,
and it could still be under the influence of plant cuttings
reserve used for propagation (Santos et al., 2009).
Meanwhile, the following parameters: leaf area ratio, root
to shoot ratio (root/shoot), leaf area, root mass, plant
mass and biomass allocation of the root system (root %)



were good variables to detect changes in the initial
growth of sugarcane.

According to Davies (2004), auxins and cytokinins may
delay leaf senescence. This may be the reason why
treated plants with Stimulate® had higher SPAD readings,
since its formulation contains cytokinin and gibberellin.

The PSII maximum quantum yield (Fv/Fm) at predawn
indicates chronic photoinhibition when presenting values
below 0.7 (Dias and Marenco, 2007). In our experiment,
even on plants subjected to stress, Fv/Fm below 0.7 was
not observed at predawn, showing that the drought stress
was moderate and allowing overnight recovery of the
photosynthetic  apparatus. According to Bolhar-
Nordenkampf et al. (1989), Fv/Fm between 0.75 and 0.85
are characteristic of plants under optimal growth
conditions.

A decrease in Fv/Fm throughout the day is an accurate
indicator of photoinhibitory damage, when the plants are
subject to environmental stresses, including cold and dry
(Bjorkman and Powles, 1984). The plants treated with
IBA, Ubyfol® and Stimulate® presented minor damage to
the photosynthetic apparatus, that is, less energy loss by
photoinhibition along the day, and consequently may
have greater conversion of energy into biomass.
Meanwhile, the other plants showed a decrease in Fv/Fm,
similar to those found by Silva et al. (2007) and Molinari
et al. (2007) in sugarcane under drought stress and by
Heckathornet al. (1997) in a greenhouse experiment with
C, prairie grasses under drought stress conditions.

The application of biostimulants reduced the photo-
inhibition throughout the day and increased the
photosystem Il yield (®PSIl) compared to the Control
treated plants when the water conditions where
adequate. In plants under stress, the ®PSII reduction
was less intense in plants under Ubyfol® and Stimulate®
treatments (Figure 3C). Plants under these treatments
also showed high root/shoot ratio, allowing a better use of
soil moisture. Silva (2010) found ®PSII values of 0.65 in
sugarcane plants subjected to moderate drought stress,
and 0.62 when subjected to severe drought stress. In this
work, lower values were observed when subjected to
drought stress conditions.

The application of Ubyfol® and Stimulate® biostimulants
improved the photochemical efficiency and significantly
increased the leaves gas exchange (Figure 4), indicating
a more intense photosynthetic activity. However, under
drought stress conditions, the stomatal closure to
minimize water loss through transpiration can trigger the
reduction of CO, diffusion to the substomatal cavity,
resulting in smaller photosynthesis activity (Prado et al.,
2001). In our work, even in these conditions, plants
treated with Stimulate® showed the highest stomatal
conductance, transpiration and photosynthesis rates
amongst treatments.

The highest stomatal conductance and transpiration
rates on Stimulate® treatment under water deficit
conditions verified in this experiment, possibly occurred
due to these plants greater roots dry mass ratio compared
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to the other ones, allowing an increase in water and
nutrients absorption from the soil. According to Chaves
(1991), the maintenance of stomatal opening in drought
stress conditions is due to the ability of some plants to
extract water from the soil fast enough to compensate for
the losses in carbon assimilation. This adaptation can be
achieved by plants with deep root systems. It was also
found that the Ubyfol® and Stimulate® treatments had the
highest rates of photosynthesis; however the Stimulate®
treatment presented the highest carbon accumulations
with the highest total plant dry mass.

Conclusions

The application of IBA and Stimulate® treatments enables
higher growth rates and biomass accumulation in the
initial phase of the sugarcane vegetative growth. When
compared to Control treated plants, the application of
Ubyfol® and Stimulate® treatments enables greater gas
exchange in the absence of drought stress and increases
the photosystem Il yield even when plants are under
drought stress. In plants under moderate stress,
Stimulate® treatment application allows higher stomatal
conductance, transpiration and photosynthesis rates.
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