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Pulses and intervals of subsurface drip irrigation on
sugarcane gas exchange and yield
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Highlights

The best production was obtained with the application of four irrigation pulses.
Irrigation application interval of 40 minutes was the best factor for gas exchange.
Pulse irrigation got the best results to the detriment of continuous irrigation.

Abstract

Pulsed irrigation is an alternative for irrigation management capable of reducing the harmful effects of
stress. The objective of this work was to evaluate the effect of the number and intervals of irrigation
pulses applied by pulsed subsurface drip on gas exchange in sugarcane. The experiment was conducted
inthe field at the Carpina Sugarcane Experimental Station (EECAC), from October 2022 to October 2023.
The experimental design used was completely randomized, in a 4 x 2 + 1 factorial arrangement, the first
factor consisting of 4 different numbers of pulses (2, 3, 4 and 5 pulses), the second factor consisting of
2 application intervals between pulses (20 and 40 minutes) and the third factor consisting of a control
treatment (irrigation applied in a continuous), with 4 repetitions. The sugarcane cultivar evaluated
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was RB 041443. The following variables were analyzed with an Infrared Gas Analyzer (IRGA LI-6400):
Internal CO,, concentration (Ci), Stomatal conductance (gs) mol, transpiration (E), net photosynthesis
(A), instantaneous water use efficiency (A/E), intrinsic water use efficiency (A/gs) and instantaneous
carboxylation efficiency (A/Ci). The best responses for net photosynthesis, stomatal conductance
and intrinsic water use efficiency were obtained with the application of 4 irrigation pulses. The highest
values of transpiration and instantaneous carboxylation efficiency were obtained with an interval of 40
minutes, the number and intervals of irrigation did not influence the internal carbon concentration and
instantaneous efficiency of water use.

Key words: Saccharum spp. Irrigation management. RB041443.

Resumo

Airrigacao pulsada é uma alternativa para o manejo da irrigacao capaz de reduzir os efeitos deletérios
do estresse. Objetivou-se com este trabalho avaliar o efeito do nimero e intervalos de pulsos de
irrigacao aplicados por gotejamento subsuperficial pulsada nas trocas gasosas da cana-de-agucar.
O experimento foi conduzido em campo na Estacdo Experimental do Cana-de-Acucar do Carpina
(EECAC), no periodo de outubro de 2022 a outubro de 2023. O delineamento experimental utilizado
foi inteiramente casualizado, em arranjo fatorial 4 x 2 + 1, o primeiro fator constituido 4 diferentes
numeros de pulsos (2, 3, 4 e 5 pulsos), o segundo fator por 2 intervalos de aplicacao entre os pulsos
(20 e 40 minutos) e o terceiro fator composto por um tratamento testemunha (irrigacao aplicada de
forma continua), com 4 repeti¢des. A cultivar de cana-de- acucar avaliada foi a RB 041443. Foram
analisados com Analisador de Gas Infravermelho (IRGA LI-6400), as seguintes variaveis: concentracao
Interna de CO, (Ci), condutancia Estomatica (gs) mol, transpiragéo (E), fotossintese liquida (A), eficiéncia
instantédnea de uso da agua (A/E), eficiéncia intrinseca do uso da agua (A/gs) e eficiéncia instanténea
de carboxilacédo (A/Ci). As melhores respostas para a fotossintese liquida, condutancia estomatica e
eficiénciaintrinseca do uso da agua foram obtidas com a aplicacao de 4 pulsos de irrigacdo. Os maiores
valores de transpiracao e eficiéncia instantanea de carboxilacdo foram obtidos com o intervalo de 40
minutos, o numero e intervalos de irrigagcdo nao influenciaram na concentracao interna de carbono e
eficiéncia instantdnea do uso da agua.

Palavras-chave: Saccharum spp. Manejo de irrigagcao. RB041443.

Introduction million hectares, with the country producing
46 million tons of sugar and accounting for
Sugarcane (Saccharum spp.) is 26% of the world's bioethanol production
considered one of the main agricultural  (Companhia Nacional de Abastecimento
commodities in terms of yield, with Brazil [CONAB], 2024).
frequently being the largest producer,
followed by India and China (Vandenberghe
et al., 2022; Menezes et al., 2024). In 2023,
the Brazilian production of the crop was
685.8 million tons, in a planted area of 8.6

According to CONAB (2024), the
state of Pernambuco is the second largest
producer of sugarcane in the Northeast
region and the seventh in the country, with
a production of 13.8 million tons harvested
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in an area of 233 thousand hectares,
approximately 969.5 thousand tons of sugar
and 331 million liters of ethanol, and most of
this production results from the cultivation
of the crop in coastal areas. In these areas,
despite the high annual rainfall, the poor
distribution of rainfall at summer entails the
need for total irrigation o obtain satisfactory
yields (Andrade et al., 2024).

In this context, the search for new
technologies and the improvement of
existing techniques in irrigated agricultural
production systems of sugarcane are
fundamental for the rational use of water
resources, improvement of physiological
efficiency and, consequently, increase of
yield and improvement in the technological
quality of the crop. In this regard, pulse
irrigation emerges, a technique used within
irrigation management, which promotes
better use of the applied water, reducing
water losses by percolation (Zamora et al.,
2019).

This technique consists of applying
the required daily depth fractionated into
small amounts, with application periods
called pulses, applied in short cyclical
periods of wetting and resting, promoting
lower losses due to percolation, as well as
greater uniformity and application efficiency
(Rank & Vishnu, 2021).

Some studies point to the use of
pulse irrigation as a possible strategy to
mitigate the harmful effects of water deficit,
due to improvements in the distribution and
maintenance of moisture in the soil profile
throughout the day (Eid et al., 2013), and
also to increments in water use efficiency
and yield and improvements in crop quality
(Zamora et al., 2019; Cormier et al., 2020;
Menezes et al., 2024).

Semina: Ciénc. Agrar. Londrina, v. 46, n. 3, p. 875-882, maio/jun. 2025

Although some promising results for
this technique have been reported in the
literature, there is a need for more studies
evaluating the effects of pulse irrigation on
sugarcane crop and especially improving the
knowledge on the influence of irrigation with
differentnumbers and intervals of application
of these pulses onitsyield and gas exchange.

According to Taiz et al. (2017), the
decrease in gas exchange caused by water
limitation negatively affects CO2 assimilation
in chloroplasts, which limits the production
of sucrose. In sugarcane, the reduction of
the diffusive flux of CO2 to the mesophyll
causes, as a consequence, the decline of the
photosynthetic rate and the decrease in the
yield of the crop.

In view of the above, the objective of
this study was to evaluate the effect of the
number and intervals of pulses of subsurface
drip irrigation on the gas exchange and yield
of sugarcane.

Material and Methods

The experiment was carried out in
the fourth cycle of sugarcane production,
conducted in the field at the Carpina
Sugarcane Experimental Station (Estacao
Experimental de Cana-de-Acucar do Carpina
- EECAC), in the municipality of Carpina, PE,
Brazil, located at the following geographic
coordinates: 7° 51" 24.31" S and 35° 14’
16.97" W.

According to Képpen's classification,
the climate of the region is classified as
Tropical Megathermal (humid tropical)
(Alvares et al., 2014). The average rainfall in
thelastb2yearsis 1,149 mm, with the highest
concentration occurring between autumn
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and winter, with an average of 199.6 mm in
the wettest month (June). The maximum
and minimum annual air temperatures are
29.1 and 21.8 °C, respectively, with average
relative humidity of 79.8% and insolation
2550.7 hours.

The experiment was conducted
in a randomized block design, in a 4x2+1
factorial arrangement, with the first factor
consisting of 4 different numbers of pulses
(2, 3, 4 and 5 pulses), the second factor of 2
application intervals between pulses (20 and
40 minutes) and the third factor of a control
treatment (irrigation applied continuously),
with irrigation equivalent to 100% ETc, with 4
replicates, totaling 36 experimental units.

All pulsed treatments were irrigated
with 100% crop evapotranspiration depth.
The duration of each pulse for the pulsed
treatments was defined after the daily
calculation of the irrigation depth required by
the crop.

Each experimental plot consisted of
four combined furrows (double row of plants)
of 7 min length, at spacing of 1.4 m between
furrows and 0.6 m between rows of plants,
resulting in 56 m? per experimental unit, and

Table 1

the two combined furrows of the center
of each plot (20 m?), disregarding 1 m from
the ends of each row, were considered as a
usable area for the analyses.

In order to ensure the uniformity of
regrowth and the establishment of sugarcane
plants after cutting, the treatments were
differentiated only at 45 days after cutting of
the third-cycle sugarcane. During this period,
uniform irrigations were carried out in all
treatments.

The experiment was carried out from
October 2022 to October 2023. The planted
sugarcane variety was RB041443, developed
by the Interuniversity Network for the
Development of the Sugarcane Sector (Rede
Interuniversitaria para o Desenvolvimento do
Setor Sucroenergético - RIDESA) through the
sugarcane breeding program of the Federal
Rural University of Pernambuco (UFRPE).

Fertilizer recommendation was based
on the chemical analysis of the soil (Table 1)
considering the nutritional requirement of
the crop. 200 kg ha™ of nitrogen using urea as
a source and 110 kg ha™' of potassium using
potassium chloride as a source were applied
through fertigation.

Chemical characterization of the soil in the experimental area, Carpina 2023

CHEMICAL CHARACTERIZATION OF THE SOIL
Ca+2 Mg+2 Na+

Al H*+AI”® SB CTC

00-02 5,86 21 2,58
02-04 593 20 2,53

1,34 023 0,11
1.34 022 0,08

0 414
0 398

4,27 841 0
416 814 O

50,76 23,8
51,09 219

SB: Sum of Bases; CTC: Cation borrow capacity; m: alumunium saturarion; V: Base saturation; M.O: Organic Matter.
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The fertilizers were applied via
irrigation water between March and August
2023, in a split manner, with one application
per month. A nutritional supply was made
with the mixed mineral fertilizer of the
manufacturer BIOGROW with the trade name
BIOSTIM COMPLEX, which claims to contain
magnesium (Mg) (23.1 g L"), boron (B) (2.8 g
L"), copper (Cu) (2.5 g L), iron (Fe) (25 g L),
manganese (Mn) (21.8 g L"), molybdenum
(Mb) (0.5 g L") and zinc (Zn) (21.8 g L).
Foliar application was performed at 230
DAC, at a dose of 2 L ha™, according to the
manufacturer’'s recommendation.

The irrigation system used was
subsurface drip, composed of drip tapes
(DN 16 mm) with pressure-compensating
and anti-drain inline emitters, spaced 0.50 m
apart and with cylindrical outlet (PC/AS type,
flow rate of 1 L/h), installed in the soil at 0.20
m depth. The system was also composed of
a centrifugal electric pump with horizontal
axis (3.5 CV), a filtration and backflushing
system with two sand filters, a fertigation
injection system consisting of a glycerin-
filed manometer, Venturi-type injector
nozzle (1.2") and a screen filter (1" basket
of 200 mesh), and a set of 10 ball valves to
control the flow of water for each treatment
individually.

After setting up the irrigation system,
a system flow uniformity test was carried
out following the methodology proposed
by Keller and Karmelli (1974), obtaining a
coefficient of 97,5%. Flow measurements

Semina: Ciénc. Agrar. Londrina, v. 46, n. 3, p. 875-882, maio/jun. 2025

were carried out with the aid of a graduated
cylinder and a stopwatch recording for 180
seconds, and the service pressure was
determined with a glycerin-filled manometer.

The irrigation time for each treatment
was determined daily, considering the gross
irrigation depth (GID), calculated by the ratio
between ETc and the application efficiency
(94%) of the irrigation system, obtained by
means of a water distribution uniformity test,
carried out according to the methodology
proposed by Keller and Karmeli (1974).

Irrigation was carried out daily
accordingtothewaterrequirementofthecrop
obtained based on crop evapotranspiration
(ETc) and on the treatments evaluated,
according to the equation: ETc=ECA xKpxKc,
where: ETc = Crop evapotranspiration, mm
day'; ECA = Evaporation from class A pan,
mm day’; Kp = Class A pan coefficient,
dimensionless, and Kc = Crop coefficient,
dimensionless.

The Kp values were obtained from
the data of wind speed, relative humidity and
evaporation from the class A pan, installed
near the experimental area, which has
herbaceous vegetation with a 10 m border,
according to the methodology proposed
by Doorenbos and Pruitt (1977). The Kc
values that were adopted in the experiment
followed the recommendation of Doorenbos
and Kassam (1994) for the development
stages of the plant, aiming to determine crop
evapotranspiration in each of them (Table 2).
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Table 2

Crop coefficients (Kc) for sugarcane at different development stages

Development stages

Days
1-61
62-153
154 - 244
245 -334
335-360

Source: Adapted from Doorenbos and Kassam (1994).

At 330 days after cutting of the
third-cycle sugarcane, gas exchange
measurements were performed using a
Portable Infrared Gas Analyzer (IRGA), model
L1 6400 XT (LI COR) under photosynthetically
active radiation maintained at 2500 pmol m
s

The measurements were carried out
between 11 and 1 p.m., a time of intense
sunlight and high evapotranspiration
demand, in three plants per plot, chosen
randomly, in the middle third of leaf +3, which
corresponds to the third leaf of the stem
or TVD (Top Visible Dewlap) leaf, which is
classified as a diagnostic leaf of the crop
(Malavolta et al., 1997).

At the time of the readings, net
photosynthesis (A), pmol CO, m? s7,
transpiration (E), mmol H,O m= s, stomatal
conductance (gs), molH,0m=s™, internal CO,
concentration (Ci), pmol mol, instantaneous
water use efficiency, pmol CO, m? s™'/mmol
H,O m= s, given by the ratio between net
photosynthesis and transpiration (A/E),
intrinsic water use efficiency, pmol CO, m=
s/mol H,O0 m~? s, quantified by the ratio
between net photosynthesis and stomatal

880

Kc
0.40
0.75
1.710
1.25
0.70

conductance (A/gs), and instantaneous
carboxylation efficiency, molm=2 s, obtained
by the ratio between net photosynthesis and
internal CO, concentration (A/Ci).

At the time of harvest, which was
carried out at 350 days after the cutting of
the third cycle, the stalks of the usable area
of each experimental plot were weighed
with a dynamometer, and the values were
extrapolated to obtain stalk yield (ton ha™).

The data obtained were subjected to
analysis of variance by the F test (p<0.05),
usingthestatisticalsoftware SISVAR (Ferreira,
2011). When a significant effect was found
for the F test, the data related to the different
numbers of pulses were decomposed by
means of regression analysis (p<0.05). The
data related to irrigation application intervals
were compared using the F test (p<0.05).
The control treatment was compared with
some treatments of interest by means of
orthogonal contrasts.

The choice of the regression models
thatbestfitthe datawasbased onfour criteria:
non-significant effect of the regression
deviation, significance of the parameters of
the fitting equation (p<0.05), highest value
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of the coefficient of determination (R2) and
biological explanation for each variable as a
function of the treatments evaluated.

Results and Discussion

The summary of the analysis
of variance (Table 3) showed that net
photosynthesis (A), stomatal conductance

Table 3

(gs) and intrinsic water use efficiency (A/gs)
were influenced individually by the pulses and
application intervals. Transpiration (E) and
instantaneous carboxylation efficiency (A/Ci)
were influenced only by irrigation application
intervals. On the other hand, the internal CO,
concentration (Ci) and instantaneous water
use efficiency (A/E) were not influenced by
the factors studied.

Summary of the analysis of variance for the variables: net photosynthesis (A), transpiration (E),
stomatal conductance (gs), internal CO, concentration (Ci), instantaneous water use efficiency
(A/E), intrinsic water use efficiency (A/gs) and instantaneous carboxylation efficiency (A/Ci) of
sugarcane subjected to different irrigation pulses and application intervals, in Carpina, PE, Brazil,
at 330 DAC

Mean Square

SV DF ; X X
A gs E Ci A/E Algs A/Ci Yield
PULSES (PUL) 3 26.41* 0.001* 0.3067™ 1612.1" 0.696" 3053.9** 0.015™ 670.01**
INTERVALS (INT) 1 68.71** 0.019* 3.1187** 1739.0 0.8172" 4038.6** 0.103* 611.8**
PUL x INT 3 1.79» 0.0008™ 0.2473" 1952.8" 3.28" 79227 (0.026" 285.02"
BLOCK 3 1098 0.0004 0.3581 407.9 0.145 90.65 0.023 68.67
ERROR 21 7.65 0.0004 0.2191 743.8 0.519 324.8 0.015 111.03
CVv % 15.55 16.69 14.12 33.72 13.19 11.6 47.88 4.85

SV: Source of variation; DF: Degrees of freedom; ns not significant; ** and *, significant at 0.01 and 0.05 probability levels,
respectively.

The highest  value of net  40-minute interval promoted the highest

photosynthesis (A) (Figure 1) found for
sugarcane plants was 19.66 pmol CO, m=
s obtained with the application of 3.53
irrigation pulses. Regarding the application
intervals evaluated, it was verified that the

value for this variable, with a maximum of
19.26 pmol CO, m? s and an increase of
17.94% when compared to the 20-minute
application interval.
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=~ ¥ Intervalo (20 minutes) = 16.33 pmol CO,m2s' b ¢
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15 T T 1
2 3 4 5
Irrigation pulses

Figure 1.Netphotosynthesis(A) of sugarcane subjectedto differentirrigationpulsesandapplication
intervals, in Carpina, PE, Brazil, at 330 DAP. *, significant at 0.05 probability level. Different letters
indicate significant differences (p < 0.05) by the F Test between the irrigation application intervals

(20 and 40 minutes).

The highest value of net
photosynthesis, obtained with 3.53 irrigation
pulses, highlights the greater efficiency of
this type of irrigation management in keeping
the soil moist for longer throughout the day
and the better efficiency of water absorption
by sugarcane plants. For photosynthesis,
water is important in the photochemical
phase due to the release of protons and
electrons; in addition, in case of water stress,
one of the immediate responses of plants
is the reduction of water potential in their
tissues, resulting in stomatal closure (Taiz et
al., 2017), causing decreased transpiration
and diffusion of CO, to the interior of the
leaf, essential for photosynthesis (Klein et al.,
2016).

The best result for net photosynthesis
found in this study with the application of 3.53
pulses (19.66 pmol CO, m™ s™) is consistent
with those reported by Gongalves et al.
(2010) in sugarcane plants irrigated without

882

water limitation, with values ranging from 19
to 24 pmolm2s.

Regarding the irrigation application
intervals, the 40-minute interval promoted
better results for net photosynthesis (Figure
1). The lowest value of net photosynthesis
verified with the 20-minute interval shows
the need for a longer pause, which in the
present study was 40 minutes between
pulsed applications so that the absorption
of water and nutrients by the plant is more
efficient, because provides a longer period
of time for water absorption by the plant.

In general, when subjected to less
efficient water conditions, plants adopt
conservative mechanisms, reducing stomatal
conductance, transpiration (Soares et al.,
2012)and, consequently, net photosynthesis.
According to Hoang et al. (2019), when the
availability of water in the soil is reduced,
plants close their stomata to reduce water
loss to the atmosphere; however, this process
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also limits the absorption of CO,, which
results in a reduction in the photosynthetic
rate due to the scarcity of substrate to
support photosynthetic activity.

A.
0.16 -
gs =-0.0104*x? + 0.0749*x + 0.0024
R2=0.8073
= .
B3 o [ —
= °
=
Eonzq{
% & Interval (20 minutes) = 0.10 mol H,Om? s1b ¢
g Interval (40 minutes) = 0.14 mol H,Om? s’ a
0.10 T T 1

o

3 4

i

Pulses irrigation

The behavior of the variables
stomatal conductance (gs) and transpiration
(E) of sugarcane plants subjected to different
irrigation pulses and application intervals is
presented in Figure 2.

B.
40 -
a

35

Q, b
T 30 4
f 25 4
20 4

20 minutes 40 minutes

Irrigations intervals

Figure 2. Stomatal conductance (gs) of sugarcane subjected to different irrigation pulses and
application intervals (A) and transpiration of plants as a function of irrigation application intervals
(B). in Carpina, PE, Brazil, at 330 DAP. *, significant at 0.05 probability level. Different letters indicate
significant differences (p < 0.05) by the F Test between the irrigation application intervals (20 and

40 minutes).

Data referring to stomatal
conductance (Figure 2A) were described
by an increasing quadratic model, with the
highest value (0.137 mol H,O m?s™") obtained
with the application of 3.6 irrigation pulses.
A significant difference was also observed
between irrigation with 20-minute intervals
and irrigation with 40-minute intervals, and
the 40-minute irrigation interval promoted a
higher value of stomatal conductance, with
an increase of 40% compared to irrigation
performed with 20-minute intervals. The
stomatal conductance is important because
the plant that has been irrigated for longer

Semina: Ciénc. Agrar. Londrina, v. 46, n. 3, p. 875-882, maio/jun. 2025

will have greater control over its stomatal and
directly influence photosynthesis.

Figure 2B shows that transpiration
was significantly influenced, individually, by
the irrigation application intervals evaluated,
and the highest value for the variable (3.62
H,O ms™") was obtained with the application
of the 40-minute irrigation interval.

Irrigation with 3.6 pulses (Figure
2A) contributed to the maintenance of
satisfactory results of stomatal conductance
in sugarcane, highlighting the benefits of this
number of irrigation pulses on this variable. In
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this regard, Stallmann et al. (2020) state that
the frequency of irrigation events modifies
plant growth and can contribute to higher
yields.

The highest value of stomatal
conductance (0.137 mol H,0 m~s") obtained
in the present study with the application
of 3.6 irrigation pulses (Figure 2A) is similar
to the highest value obtained by Lira et al.
(2018), who evaluated the sugarcane crop,
cultivar RB92579, subjected to optimal water
supply, and found a value of 0.130 mol H,O
m=2 s, at 320 days after planting.

The higher values of stomatal
conductance observed for irrigation applied
with a 40-minute interval to the detriment of
the 20-minuteinterval (Figure 2B) are possibly
due to the maintenance of a more constant
soil moisture promoted by the Ilonger
interval of irrigation application, resulting
in a greater stability of the soil solution and,
consequently, a more balanced and constant
water absorption, with direct effects on
these higher values found for the variable.
According to Dlamini (2021), water availability
to plants is one of the fundamental factors
responsible for the process of regulating
stomatal opening or closing.

Closure of stomatal pathways
compromises photosynthetic carbon
assimilation, thus leading to a limitation of
stomatal conductance, which results in a
decrease in intracellular CO, concentration
(Zivcak et al., 2013).

According to Taiz et al. (2017),
stomatal conductance is affected by water
stress, even when it is moderate, as the
stomata tend to close in the early stages of
stress, resulting in other consequences for
plants, such as reduced CO, availability

884

In this context, it is highlighted
that water and CO, are limiting factors
of photosynthesis, and greater diffusive
resistance of the stomata reduces
photosynthesis, mainly by restricting gas
conduction in the leaf, so water stress may
cause inhibition in photosynthesis due to
stomatal limitation. Ribeiro et al. (2014), when
evaluating the effect of partial rootzone
drying onthe gas exchange, growth and water
use efficiency of sugarcane, observed that
there was no reduction in net photosynthesis,
stomatal conductance and transpiration.

The trend of plant transpiration
is similar to that observed for net
photosynthesis and stomatal conductance,
as reductions in the irrigation interval and,
consequently, in water availability over time,
reduced transpiration in sugarcane plants.

According to Inman-Bamber and
Smith (2005), the reduction of stomatal
conductance is an important strategy
of sugarcane to avoid leaf dehydration.
According to the results obtained for
net photosynthesis (Figure 1), stomatal
conductance (Figure 2A) and transpiration
(Figure 2B), a close relationship between
them is observed when water availability in
the soil decrease over time, which is probably
related to stomatal closure and the limitation
of these variables. Taiz et al. (2017) report
that higher rates of stomatal conductance,
transpiration, and photosynthesis lead to a
significant increase in crop yield.

Initially, stomatal closure can be a
good alternative for the plant because it
responds quickly against excessive water
loss, avoiding leaf dehydration, but when it is
prolonged, it becomes inefficient, as it ends
up interfering with the diffusive flux of CO,,
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which then interrupts the processes of cell
division and elongation, compromising the
growth and development of plants (Inman-
bamber & Smith, 2005).

Transpiration is the main mechanism
involved in leaf temperature regulation.
When transpiration is reduced, the leaf loses
its cooling capacity and its temperature
increases since it continues to receive light.
Loss of water vapor during transpiration
contributes to heat dissipation, controlling
the thermal conditions of the plant, which
can cause irreversible damage to the plant

under high temperatures in the environment
or under water deficit (Araujo et al., 2010).

Figure 3 shows the effect of the
number of irrigation pulses and irrigation
intervals on the intrinsic water use efficiency
(A/gs). The highest value found for the
variable was 173.5 pmol CO, mol H,O",
when irrigated with 3.98 pulses. Regarding
the irrigation intervals evaluated, it was
found that irrigation with 40 minutes of rest
promoted better performance of the plants,
increasing the intrinsic water use efficiency
by 15.33% compared to the value obtained
with the 20-minute interval.

195 -
Interval (20 minutos) = 144,1 pmol CO,mol H,0! b
_ Interval (40 minutos) = 166,2 pmol CO,mol H,O' a
5 180 o
- S I e
S 165 - 3
= .
Biis. Algs =-7375%2 +58.795%x + 56.355
= . R2=0.8235
135 T T )
2 3 - 5

Irrigation pulses
Figure 3. Intrinsic water use efficiency (A/gs) of sugarcane subjected to different irrigation pulses

and application intervals, in Carpina, PE, Brazil, at 330 DAP. * significant at 0.05 probability level.
Different letters indicate significant differences (p < 0.05) by the F test between the irrigation

application intervals (20 and 40 minutes).
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The lower intrinsic water use
efficiency found for irrigation with a shorter
application interval shows that during the
photosynthetic process the plants subjected
to this irrigation interval fixed a lower
amount of carbon per unit of transpired
water compared to plants subjected to the
40-minute irrigation interval. In addition, the
behavior of the data related to the number of
pulses that promoted the highest value for
intrinsic water use efficiency (3.98 pulses)
(Figure 3) was similar to that (3.6 pulses) that
allowed plants to have a higher stomatal
conductance (Figure 2A).

033

ASCi (mol m? s)

0.11 -

000 4

Figure 4 shows that the highest
instantaneous carboxylation efficiency (A/
Ci) (0.316 mol m? s') was obtained with
the application of irrigation at 40-minute
interval, indicating that this irrigation
interval promoted a greater assimilation of
photosynthetic carbon, which, associated
with the increase in stomatal conductance,
increased this value compared to that
obtained with irrigation at 20-minute interval.

20 minutes

40 minutes

Irrigation intervals

Figure 4. Instantaneous carboxylation efficiency (A/Ci) of sugarcane as a function of irrigation
applicationintervals (20 and 40 minutes), in Carpina, PE, Brazil, at 330 DAP. Different letters indicate
significant differences (p < 0.05) by the F test between the irrigation application intervals (20 and

40 minutes).
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These results are of great importance
considering that the improvement of
photosynthetic carbon assimilation
promoted by irrigation management
strategies may help increase crop yield in
places where abiotic conditions become
limiting.

Figure 5 shows that the highest yield
of sugarcane (228.38 ton ha™") was obtained
with the application of 3.84 irrigation pulses.
As for the application intervals evaluated, it
was verified that crop yield was increased
by 9.75% under the 40-minute application
interval compared to the 20-minute interval.

235 -
""""""""""""" —
~ 220 - ¥
2 ‘
g ’ :
£ 205 - b
=l
8=
= :
5 190 - 2 3
= Produtividade =-18.65**x* + 143.09**x - 46.074
£ R?=0.9964
175 4 ¢ Interval (20 minutes) = 205,98 ton halb
: Interval (40 minutes) = 226.07 tonha a
160 - T T ,
2 3 4 5

Irrigation pulses

Figure 5. Yield of sugarcane subjected to different irrigation pulses and application intervals
in Carpina, PE, Brazil. *, significant at 0.01 probability level. Different letters indicate significant
differences (p < 0.05) by the F test between the irrigation application intervals (20 and 40 minutes).

In view of the results obtained (Figure
B), it is worth highlighting that the benefits of
pulse irrigation on the increase in sugarcane
yield are mainly associated with a better
distribution of moisture in the rhizospheric
zone of the plants and, when combined
with an adequate number and interval of
pulse application, the benefits led to even
more significant increases in crop Yyield.
According to Zamora et al. (2021), with the
use of pulse irrigation and its intervals, the
wet bulb remains constant for longer, due
to better water availability conditions and
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reduction of losses due to evaporation or
deep percolation.

The maximum sugarcane Yyield
obtained in the present study, both with the
use of 3.84 pulses (228.38 ton ha') and with
the use of the 40-minute interval (226.07
ton ha) (Figure 5), was considerably higher
than the national average, in the 2023/2024
season, which was 85.58 ton ha”, and the
average for the state of Pernambuco, which
was 58.16 ton ha™, according to CONAB
(2024).
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Menezes et al. (2024), when evaluating
the growth, yield and industrial yield of
sugarcane (cultivar RB041443) cultivated
under continuous and pulse drip irrigation,
found maximum yield of the crop (147.4 ton
ha') when the plants were irrigated with pulse
drip compared to continuous drip irrigation,
which promoted a yield of 135 ton ha™.
These results show the importance of the
pulse irrigation technique during irrigation
management, as well as the positive impact
of the correct definition of the number and
interval of pulses to be employed during the

Table 4

application of the technique on the increase
of crop yield.

According to the analysis of
the orthogonal contrasts (Table 4), net
photosynthesis (A), transpiration (E), stomatal
conductance (gs) and yield of sugarcane
were significantly influenced by the irrigation
intervals applied, and it was found that any of
the irrigation intervals applied promoted the
best results for the variables compared to the
control treatment (continuous application of
100% ETc).

Summary of the analysis of variance of the orthogonal contrasts tested for net photosynthesis (A),
transpiration (E), stomatal conductance (gs), internal CO, concentration (Ci), instantaneous water
use efficiency (A/E), intrinsic water use efficiency (A/gs), instantaneous carboxylation efficiency
(A/Ci) and yield of sugarcane subjected to different irrigation pulses and application intervals,
and a control treatment in which irrigation management was carried out continuously and with the
application of 100% ETc

Mean Square

SV DF ; . .
A E gs Ci A/E Algs A/Ci Yield
INT 20 x CTRL 1 1.487* 0.047* 0.004* 7924 0.099" 595 0.185" 932.3**
INT 40 x CTRL 1 8.736* 0.083* 0.0035* 1220.4" 0.031™ 4.32" 0.054" 1447.2**
PUL x CTRL 1 1.419* 0.001* 0.007* 817.04* 0.054™ 5.96™ 0.105"™ 4488.9**
ERROR 12 40.2 2.42 0.005 302.4 2.67 10.5 0.45 218.6
Cv % 5.73 5.82 4.03 11.3 5.85 5.69 15.9 7.23

ns not significant; ** and *, significant at 0.01 and 0.05 probability levels, respectively. INT: intervals; CTRL: control; PUL:
pulse; CV: coefficient of variation; DF - Degrees of freedom.

It can be seen (Table 3) that the variables
internal CO, concentration, instantaneous
water use efficiency, intrinsic water use
efficiency and instantaneous carboxylation
efficiency were not significantly influenced
by the contrasts tested, highlighting that the
values obtained with the control treatment
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do not differ from those obtained with any
of the irrigation intervals evaluated (20 or 40
minutes).

Table 3 shows that the contrast
between irrigation pulses (PUL) and
control (CTRL) significantly affected net
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photosynthesis (A), transpiration (E),
stomatal conductance (gs), internal CO,
concentration (Ci) and yield of sugarcane.
These results highlighted that any number of
pulses among those evaluated in the present
study has already promoted higher values
for the aforementioned variables (A, E, gs,
Ci and yield) than those obtained with the
application of continuous irrigation and with
100% ETc depth.

According to the results obtained,
through the orthogonal contrasts tested on
gas exchange and yield of sugarcane in this
study (Table 3), it can be emphasized that the
conservation of soil moisture foralongertime
throughout the day due to the application of
irrigation pulses and the fixed intervals of 40
minutes between the applications of these
pulses favored the photosynthetic activities
of plants and contributed significantly to
the signaling of stomatal control and their
metabolic processes. In addition, through the
orthogonal contrasts tested, it was possible
to highlight the importance of defining not
only the correct number of pulses but also
the interval between them compared to the
conventional irrigation management (100%
ETc depth applied continuously).

Conclusions

In general, the best physiological
responses for net photosynthesis, stomatal
conductance, intrinsic water use efficiency
and yield of sugarcane were obtained with
the application of 4 irrigation pulses;

The  highest values of net
photosynthesis, stomatal conductance,
transpiration, intrinsic water use efficiency,
instantaneous carboxylation efficiency and
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yield were achieved with the 40-minute
irrigation interval;

The number and intervals of irrigation
pulses evaluated did notinfluence theinternal
CO, concentration and instantaneous water
use efficiency;

Net photosynthesis, transpiration,
stomatal conductance and yield showed
better values when using any of the irrigation
pulses and application intervals compared to
irrigation applied continuously.
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