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ABSTRACT

The objective was to evaluate the effect of calcium silicate on the chlorophyll content and gas exchange of two
tomato hybrids. The design used was in randomized blocks in a 2x5 factorial scheme, with four replications. The
first factor was composed of two tomato hybrids: Ivety and Natalia, and the second factor was composed of five
doses of calcium silicate (0, 150, 300, 450, and 600 kg ha't), applied to the substrate before planting the seedlings.
Gas exchange: net CO; assimilation rate (A), leaf transpiration rate (E), stomatal conductance (gs), internal CO;
concentration (Ci), water-use efficiency (WUE), intrinsic efficiency water use (IWUE), and instant carboxylation
efficiency (ACi); SPAD index and the levels of chlorophylls a, b, and total were evaluated. The analyzes were
performed in the stages of first flowering (17 days after transplanting - DAT), full flowering (58 DAT), and full
fruiting (78 DAT). At 17 DAT, no difference was observed for gas exchange variables and photosynthetic pigments.
The application of calcium silicate reduced gas exchange and photosynthetic pigments at 58 DAT. The hybrid
Natalia had the highest A, WUE, iWUE, and ACi at 78 DAT. However, the hybrid lvety in the same growth stage,
in full fruiting, was superior only for the internal concentration of CO, and SPAD index, with no difference for
photosynthetic pigments.

Keywords: fertilization, Solanum lycopersicum, gas exchange.

Eficiéncia fotossintética de plantas de tomateiro submetidas a aplicacdo de silicato de calcio

RESUMO

O objetivo foi avaliar o efeito de silicato de calcio nos teores de clorofilas e trocas gasosas de dois hibridos de
tomateiro. O delineamento utilizado foi em blocos ao acaso em esquema fatorial 2 x 5, com quatro repeti¢des. O
primeiro fator contou com dois hibridos de tomateiro Ivety e Natalia e o segundo fator com cinco doses de silicato
de calcio (0, 150, 300, 450 e 600 kg ha), aplicados no substrato antes do plantio das mudas. As trocas gasosas:
taxa de assimilagdo liquida de CO; (A), taxa de transpiracéao foliar (E), condutancia estomatica (gs), concentracao
interna de CO; (Ci), eficiéncia no uso da &gua (EUA), eficiéncia intrinseca no uso da agua (EiUA) e eficiéncia
instantanea de carboxilagdo (ACi); indice SPAD e os teores de clorofilas a, b e total foram avaliados. As analises
foram realizadas nos estadios de primeiro florescimento (17 dias ap6s o transplantio - DAT), pleno florescimento
(58 DAT) e plena frutificacdo (78 DAT). Aos 17 DAT nao foi observada nenhuma diferenca para as variaveis de
trocas gasosas e pigmentos fotossintetizantes. A aplicacdo de silicato de calcio reduziu as trocas gasosas e
pigmentos fotossintetizantes aos 58 DAT. O hibrido Natalia teve maior A, EUA, EiUA e ACi aos 78 DAT. Ja o
hibrido Ivety, no mesmo estadio de crescimento, em plena frutificacdo, foi superior apenas para concentracao
interna de CO; e indice SPAD, néo apresentando diferenca para os pigmentos fotossintetizantes.

Palavras-chave: adubacéo, Solanum lycopersicum, trocas gasosas.
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1. Introduction

The tomato (Solanum lycopersicum L.) is a vegetable
present in the daily diet of the population. Its cultivation
is carried out worldwide, being highly demanding in
technology and high doses of mineral fertilizers. The
quantitative and qualitative characteristics of the tomato
are genetically controlled and can be influenced by plant
nutrition, environmental conditions, and post-harvest
management (Dalastra et al., 2018). Thus, mineral
elements can affect the morphology and physiology of
photosynthetic organs (Rocha et al., 2019).

Among the macro and micronutrients, silicon (Si) has
been studied in recent years since its presence in the cell
wall of plant tissue results in benefits for plants. Although
not acting directly on the main metabolic pathways of the
plant, when present, this element can provide greater
tolerance to biotic and abiotic stresses (Rodrigues et al.,
2011). Silicon is absorbed in the form of orthosilicic
(H4Si04), being considered a beneficial nutrient for
plants, since it accumulates in the cell wall, in the xylem
vessels, and points of transpiration (Rodrigues et al.,
2011). Thus, Si acts as a physical barrier, increasing the
internal CO, concentration, net CO, assimilation rate,
stomatal conductance, and water-use efficiency in tomato
plants grown at different levels of salinity (Haghighi and
Pessarakli, 2013).

Photosynthetic efficiency can be increased with the
application of silicon, consequently, increasing the levels
of chlorophyll in the leaves, in addition to reducing the
transpiration process and improve the water-use
efficiency (Murillo-Amador et al., 2007). In tomato,
silicate fertilization increased productivity, with 60.80 t
ha' at a dose of 401 kg ha! of SiO, (Marodin et al.,
2014).

The tomato crop is classified as a non-accumulator of
silicon in the leaf, having low levels in the plant tissue,
even with high levels of silicon in the soil (Lana et al.,
2003). However, even with the lowest accumulation,
silicon can increase productivity and post-harvest
conservation time of tomatoes (Marodin et al., 2014).

Itis essential, therefore, that more studies with the use
of silicon in agriculture take place, which highlights the
benefits of increasing tomato productivity, although the
crop is not considered as an accumulator. Besides, more
research is also needed on the physiological effect that
silicon has. In this context, this study aimed to evaluate
the impact of calcium silicate on the chlorophyll content
and gas exchange of two tomato hybrids.

2. Material and Methods

The experiment was carried out from August to
December 2017, in a protected environment, at the
Protected Cultivation and Biological Control Station
“Professor Dr. Mario César Lopes”, at the Western

Parana State University, in Marechal Candido Rondon,
Parand. The region's climate is Cfa-type, humid
subtropical mesothermal, with dry winter, well-
distributed rains throughout the year, and hot summers,
according to the Koppen classification (Alvares et al.,
2013).

The experiment was installed under a galvanized iron
structure with an arch-shaped ceiling, 7 x 30 m, and 3.5
m in height, covered with low-density polyethylene film
(150 pm thick), with transmissivity to solar radiation
80% and closed sides with white screen 40% shading. A
data logger (HOMIS, model 494) was installed in a
meteorological shelter at 1.20 m above ground level, in
the center of the protected environment, to record the
temperature and relative humidity data one-hour
intervals.

The experimental design was a randomized block in
a 2 x 5 factorial scheme, with four replications. The first
factor was composed of two tomato hybrids (lvety and
Natélia), and the second factor was composed of five
doses of calcium silicate (0, 150, 300, 450, and 600 kg
ha). The Natalia hybrid is of the long-life type with the
rin gene. The hybrid Ivety does not have this gene in its
genetic makeup, where the process of ripening and
degrading the cell wall of the tomato is more accelerated,
thus reducing the post-harvest life of this fruit.

The doses of calcium silicate were applied when
filling the pots, which was made with a mixture of
commercial substrate for vegetables and vermicompost
in a 1:1 ratio. Calcium silicate has 20% silicon and 29%
calcium in its composition. The chemical
characterization of the mixture was: P = 468.23 mg dm3,
K = 2.19 cmol, dm?, Ca?* = 13.72 cmol, dm3, Mg?* =
4.40 cmole dm3, Cu = 1.40 mg dm=, Zn = 44 mg dm®,
Mn = 136.58 mg dm, Fe = 91.1 mg dm=*, MO =51.95¢
dm, and pH = 6.6.

The 12 dm? pots were placed at a spacing of 1.20 m
between rows and 0.5 m between plants, using one dish
per pot. Each experimental plot was composed of four
vessels, arranged in a single row.

The plants were conducted vertically on a single stem,
using plastic tapes up to the height of approximately 1.90
m from the pot. Throughout the crop cycle, prunings
were carried out to maintain one stem per plant; all were
kept with six clusters, the apical bud being removed after
the third leaf above the sixth cluster.

The irrigation was carried out via drip, four times a
day, according to the crop needs, which was observed
with the tensiometers installed in the pots, being applied
around 1.0 to 2.5 L of water per day, maintaining the
humidity of the soil above 80%. A flexible tape with a
flow rate of 1.6 L h™* was used. Fertilization was carried
out via fertigation, applying during the cycle: 3084 g of
MAP, 3900 g of MgSOs, 1824 g of KNO3s, 8148 g of
K2SQ0s4, 7008 g of Ca(NOs),, and 876 g of H3BOs, being
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also applied 320 g of micronutrients (Mg 3.8%, S 12%,
B 5%, Cu 0.5%, Fe 0.1%, Mn 7%, Mo 0.1%, Zn 7%).

The volume of the solution prepared for fertigation
was 20 L per application, with 45 applications being
carried out weekly, where 27 of them were in the stages
of full flowering and beginning of fruiting, applying in
this phase between 50-60% of the total amount of
fertilizers with macro and micronutrient. In full fruiting,
the first and second clusters were already being harvested
when the rest of the fertilizers were applied,
corresponding to a percentage between 40-50% of macro
and micronutrients, with fertigation being carried out
until one week before the last harvest.

Gas exchanges were measured three times during the
crop cycle: at 17 days after transplanting (DAT) (first
flowering), at 58 DAT (full flowering), and at 78 DAT
(full fruiting), where the fruits of the first and the second
cluster was in the ripening and harvesting period. The
first evaluation was carried out on the fourth leaf, from
the base to the apex of the plant, and the other two on the
fourth leaf from the apex to the base located below the
last cluster. The leaves used for the evaluation were fully
expanded and with no apparent presence of lesions or
symptoms of nutritional deficiency.

Gas exchange analyses were carried out with a
portable infrared gas analyzer (Infra-red gas analyzer -
IRGA, model Li-6400XT, LI-COR INC., Nebraska,
EUA). The net CO2 assimilation rate (A - pmol CO, m™
s1), leaf transpiration rate (E - mmol H,O m? s?),
stomatal conductance (gs - mol H,0 m? st), and internal
CO; concentration (Ci - umol CO2 mol air?) were
evaluated. Water efficiency was also calculated (WUE -
umol CO2 m? s*/mol H,O m? s1), intrinsic water-use
efficiency (iWUE - pmol CO, m s/mol H,0 m=2 s%),
and instant carboxylation efficiency (ACi - umol CO; m
2 sYumol CO; mol air?). The measurements were
performed on days without cloudiness, from 9:00 am to
11:00 am, under the saturated artificial light of 1200
pumol m2 st and CO; concentration at 380 umol.

Air temperature (°C)

1 9 17 25 33 41 49 57 65 73 81 89 97 105 113

Days after transplanting

—— Minimum temperature =~ e Maximum temperature

— — - Relative humidity — - — Average temperature

Relative humidity (%6)
Radiation (Mj m? dia'")
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The SPAD index was performed on the same leaves
as the gas exchanges were measured. It was obtained with
the aid of the portable SPAD 502 Plus Daminolta meter,
with three measurements per leaf. Subsequently, these
leaves were collected to determine the levels of pigments,
such as chlorophyll a, b, and total (Sims and Gamon,
2002). Pigment concentrations were estimated according
to Lichtenthaler (1987).

The data were tested for normality of variances by the
Lilliefors test and then subjected to analysis of variance
by the F-test and regression at 5% probability. The
correlation analysis (Pearson) between the parameters
was performed using the GENES software (Cruz, 2013).

3. Results and Discussion

The recordings of temperature, relative humidity, and
radiation were carried out throughout the experimental
period (Figure 1). The temperature and radiation during
the gas exchange measurement schedule showed
temperature fluctuations from 34 to 39 °C and solar
radiation of 16.22 MJ m day™ in the first assessment, at
17 DAT. At 58 DAT, the temperature fluctuated from 27
to 31 °C with solar radiation of 23.54 MJ m day™; at 78
DAT, the temperature was 32 to 33 °C with solar
radiation of 24.05 MJ m*2 day.

For each tomato hybrid and phase of the cycle, there
is an optimal temperature; these climatic elements are
within the recommended for the crop, although
temperatures above 35 °C have been observed only in the
first crop stage. The ideal temperature for the crop is
above 10 °C and below 35 °C (Dalastra et al., 2018).

There was no interaction between hybrids and
calcium silicate doses for any phenological stage in any
gas exchange variable. Thus, the factors were evaluated
separately, where a difference was observed between
doses only at the flowering stage, at 58 DAT, for A, gs,
E, and ACi (Figure 2).

] _.__m/'\
— .7 N

40 50 60 70 80 100 113

Days after transplanting

1 10 20 30 90

——Radiation

Figure 1. Average, minimum, and maximum values of air temperature, and average relative air humidity (A), and solar radiation (B),

during tomato cultivation in a protected environment.
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Figure 2. CO; assimilation rate (A), stomatal conductance (gs), leaf transpiration (E), and instant carboxylation efficiency (ACi) of

tomato at 58 DAT according to the calcium silicate doses.

A, gs, Ci, E, WUE, iWUE, and ACi were not affected
by the factors studied at 17 DAT (Table 1). The A was
reduced with the increase of calcium silicate doses at 58
DAT (Figure 2A), and at this stage, the plant was in full
bloom with the first formed clusters. This difference only
at this stage may have occurred due to the hormonal issue
of the plant because, in this period, it was preparing for
fruiting, where the accumulation of calcium silicate
regulated the hormone that stimulates the formation of
fruits; this same result was observed in the pepper crop
(Abdelaal et al., 2020).

The hormonal imbalance in the plant decreases the
redistribution of photoassimilates to flowers and fruits,
thus providing changes in the number of fruits and
unbalanced growth of the plant in the successive stage of
development, changing the size and shape of the fruit
(Dalastra et al., 2018).

The A, WUE, iWUE, and ACi of the hybrid Natalia
were higher at 78 DAT (Table 1). The lack of effect of
calcium silicate at 78 DAT may have occurred due to the
translocation of the photoassimilates to the main drains
of the plant at this time, which are the tomato fruits
(Marodin et al., 2014). Changes in A during the growth
and development stage of the crop also occur in response

to light, temperature, and nutritional status, as this plays
an important role in plant adaptations and contributes to
them being productive (Echer et al., 2020).

The Natalia hybrid, in the period of full fruiting, at 78
DAT, presents the highest A, due to the greater amount
of CO; in the sub-stomatal chamber, thus having more
substrate to perform photosynthesis, that is, all the light
that the antenna complex received was sent to the
electron transport chain to supply energy to the Calvin
cycle, having substrate to transform into sugar in the next
step (Table 1). Considering that the two hybrids have C3
metabolism, without CO; concentration mechanisms,
these differences must be related to the greater efficiency
of using ATP and NADPH in the Calvin cycle
(Ehleringer and Bjérkman, 1977; Kirschbaum, 1994).

The A correlated with all other gas exchange variables
at 78 DAT (Table 2). This correction confirms the results
obtained in a study with water ratio in bell peppers for
one day, where the authors stated that A and Ci are
variables that correlate because the higher concentration
of CO; in the leaves is the result of greater assimilation
in plants (Jadoski et al., 2005).

Although high temperatures occurred in some days
(Figure 1), this did not affect the plants physiologically.
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Gas exchanges may vary depending on the phenological
stage of the crop, between cultivars and hybrids (Driever
et al., 2014), by management conditions (Zeist et al.,
2018), and depending on climatic conditions at the time
of assessment (Dalastra et al., 2018).

The gs decreased with the increase of calcium silicate
doses at the full flowering stage, at 58 DAT (Figure 2B),
with no significant effect for this variable in the other
evaluations. This reduction may have occurred due to
some momentary stress, such as an increase in
temperature, as gs is a punctual measure and will
determine the number of stomata opened at the time of
reading (Rocha et al., 2019).

The reduction of gs according to the calcium silicate
doses may have occurred due to the accumulation of ions
in the cell wall (Parveen and Ashraf, 2010), although
tomato is not a silicon accumulator culture in the leaf, as
this element has been translocated to the formation of
fruits, which are the main drains (Haghighi and
Pessarakli, 2013; Marodin et al., 2014). When this
occurs, the gs limits the flow of CO; in the leaves, which
causes a reduction in A; this same event was observed in

a study with the effect of drought and saline stress on
melon genotypes (Kusvuran, 2012).

The gs had a positive correlation with Ci and E, which
are characteristics that can cause an increase or decrease
in photosynthetic yield (Ferraz et al., 2012). Presenting a
negative correlation for WUE and iWUE (Table 2); this
occurs due to the limitation of stomatal opening and
closing, which controls the loss of water through
transpiration, which may be limited to A (Adams et al.,
2016). E is the main mechanism that plants have to
protect themselves from excessive radiation and regulate
leaf temperature, depending on the stoma opening and
closing mechanism (Taiz et al., 2017).

The E had a difference due to the calcium silicate
doses only at 58 DAT (Figure 2C), with a reduction in
the E with increasing doses. Leaf E correlated positively
with ACi and, as observed for gs, negatively correlated
with WUE and iWUE (Table 2). This reduction in water
loss to the growing environment in the form of steam,
demonstrated at stage 58 DAT, is regulated by the
activity of the guard cells (Parveen and Ashraf, 2010;
Haghighi and Pessarakli, 2013).

Table 1. CO2 assimilation rate (A), stomatal conductance (gs), internal CO2 concentration (Ci), leaf transpiration (E), water-use
efficiency (WUE), intrinsic water-use efficiency (IWUE), and instant carboxylation efficiency (ACi) in two tomato hybrids, at 17, 58

and 78 days after transplanting (DAT).

**17 DAT
Hybrids A gs Ci E
pmol CO2 m? st mol H20 m? st pmol CO2 mol ar? mmol H20 m?s!
lvety 27.17 0.32 232.08 7.76
Natalia 27.21 0.31 225.95 8.17
CV % 14.37 24.86 7.52 16.26
0 0.87 0.02 3.85 0.29
Hybrids WUE lwue ACi
pmol CO2m2 sY/mmol H20 m2 s pmol CO2 m2 s/mol H20 m2 st pmol CO2m2 st/ umol CO2 mol ar?
lvety 3.51 86.27 0.12
Natalia 3.37 89.59 0.12
CV % 7.31 12.66 13.43
d 0.06 2.49 0.00
58 DAT
Hybrids Ci WUE iWUE
pmol CO2 mol ar? pmol CO2 m2 sY/mmol H20 m2 st pmol CO2m2 s/mol H20 m? st
lvety 275.12 4.47 53.92
Natalia 272.71 4.45 54.53
CV % 6.90 14.81 22.22
d 4.23 0.15 2.69
78 DAT
Hybrids A gs Ci E
pumol CO2 m? st mol Ho0 m? st pmol CO2 mol ar? mmol H20 m?s?
lvety 24.58 b* 0.37 293.61 a 3.05
Natalia 3151a 0.39 269.39 b 341
CV % 20.32 19.15 9.05 17.42
d 1.27 0.02 5.69 0.13
Hybrids WUE iWUE ACi
pumol CO2m? s'Y/mmol H20 m? s umol CO2m? s'¥/mol H20 m2 st umol CO2m2 s/ umol CO2 mol ar?
lvety 8.34b 68.70 b 0.09b
Natélia 9.47a 81.13 a 0.12a
CV % 18.70 19.43 27.24
0 0.37 3.26 0.01

*Significant at 5% probability by the F test. ** Phenological stages.
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Table 2. Pearson correlation coefficients between gas exchange variables (CO2 assimilation rate (A), stomatal conductance (gs),
internal CO2 concentration (Ci), leaf transpiration (E), water-use efficiency (WUE), intrinsic water-use efficiency (iWUE), instant
carboxylation efficiency (ACi), chlorophyll a, b, total (CL a, CL b, and CL T) and SPAD in tomato hybrids at 17, 58, and 78 days after
transplanting (DAT). Values from the means of four replications of two tomato hybrids submitted to calcium silicate doses application.

DAT A gs Ci E WUE  iWUE ACi CLa CLb CLT
17 77.39%*
gs 58  70.12%*
78  50.01%*
_ 17 262"  56.58**
Ci 58 5.08™  63.54**
78  73.00%*  19.96™
17 89.03**  84.24**  17.55™
E 58 75.08**  87.56%*  40.34**
78 49.69%*  84.79%* 4.02"
17 1.95™  -30.03"  -45.85%% 42 75%*
WUE 53 -3.627  -53.73**  -69.54**  -66.84**
78 4821**  -31.41*  -73.47**  -50.35%*
_ 17 -12.99"  -68.16**  -98.70**  -32.50*%  48.20**
IWUE &g -19.90™  -80.14**  -96.49%*  -B1.78%*  74.22%*
78 65.07**  -30.89*  -99.08**  -16.54"  78.39%*
_ 17 82.93*  3219%  -5B.73**  62.07**  28.20™  43.41%*
ACi 58 92.49%*  39.42*%  -41.98%%  5277** 22357  18.05™
78  97.06%*  30.15™  -86.01**  35.18%  58.92%*  79.90**
17 -33.72*  -31.82*  -421  -3545% 1324 979  -2581m
CLa &g 33.60*  12.90™ -8.01m 18.93™ 428  -0.16™  35.46*
78 -28.45"  -28.69" 9.66" -18.37"  -10.35™  -6.84™  -24.95"
17  -33.00*  -18.71"™  18.95™  -37.17*  20.06™ -12.14™  -36.43* 41.69**
CLb  =5g 1897  -8.10™  -25.48™ 0.87" 1453  20.34™  28.93" 88.94**
78 -33.00* -3051™ 1365  -2652%  -7.18"  -10.17™  -27.37™ 76.89**
17 -39.35"  -31.43* 5.68™  -4251%% 18.71™  1.46™  -35.26% 90.86** 75.85**
CLT 58 30.11" 6.98" -1337%  14.02 742" 590"  34.35% 09.08** 94.31%*
78 -31.79%  -30.99*  11.69"  -22.42%  -Q78"  -846"  -27.27™ Q7.17** 89.82**
17 -8.76"™  -7.90"  -1251™ 201 569 13707  -1.88™  18.79"  -1.45"  12.82m
SPAD  5g 20.00™ 4.46™ -18.46™  15.03™  -1.22% 1047  27.01™ 17.38™ 20.89™ 18.82"™
78 20.15"  23.80"  -12.66™  18.81™  10.35"  10.08™ 2597  -540™  £.92"  -1.16™

* - significant at 1% probability by the t-test; ** - significant at 5% probability by the t-test; ™ - not significant at 5% probability by

the t-test.

The plants that received the highest doses of calcium
silicate had lower E, a fact that happened due to the
change in the structure of the leaf organelles, which
activated the defense system of the plants and the
mitigation of specific ions, thus improving the water
status due to the lowest loss of water vapor. These results
agree with the controls of a study that worked with
tomato plants grown at different levels of salinity, which
obtained around 3 mmol m2 s (Haghighi and Pessarakli,
2013).

Ci had no difference due to the applied calcium
silicate doses, having difference only between the
hybrids in the full fruiting stage (78 DAT), where lvety
was superior (Table 1). It was also observed that Ci
presented a negative correlation with WUE, iWUE, and
ACi (Table 2), which influenced the stoma opening and
closing, the entry and exit of CO, the loss of water, and
consequently, its fixation in the formation of new
carbohydrates. Lower Ci values stimulate stoma closure
with a consequent decrease in the rate of CO;
assimilation (Rocha et al., 2019).

The WUE and iWUE were not influenced by the
calcium silicate doses, with a difference between the
hybrids only in the full fruiting stage (78 DAT), where
the Natalia hybrid was superior (Table 1). In this study,
water demand was met, and it is known that silicon, when
present in the leaf cell wall, can increase the WUE. This
fact is confirmed in a study carried out with pumpkin on
saline stress (Siddiqui et al., 2014). The WUE had a
positive correlation with iWUE and ACi, thus
demonstrating that stomatal opening is efficient for these
variables, since it presented a CO; fixation in the leaf
mesophyll without providing H,O loss (Table 2).

ACi was influenced by calcium silicate doses in the
full bloom stage at 58 DAT (Figure 2D), with a reduction
due to the increase in Si doses. At 78 DAT, a difference
between hybrids was observed, with 'Natalia’ being
superior as ACi (Table 1). The reduction in ACi at 58
DAT may be the result of Ci, as this may provide a
reduction in A due to the decrease in CO concentration
for the enzyme Rubisco (ribulose-1,5-bisphosphate
carboxylase-oxygenase), reducing its efficiency in
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uptake and incorporation into the Calvin cycle studied in isolation. As the effects of calcium silicate
(Ehleringer and Bjérkman, 1977; Kirschbaum, 1994). doses on leaf contents of chlorophyll a, b, and total, only
These results, obtained at different phenological stages in at 58 DAT, a significant difference was observed (Figure
the two hybrids due to the calcium silicate, may change 3).
due to the climatic conditions of each cultivation site, The content of total chlorophyll had the same
besides the stage in which the crop is found and among behavior as chlorophyll a and b, with no difference
other factors. between hybrids at any phenological stage in which they
For photosynthetic pigments, no interaction was were measured, with only a reduction in the total
observed between tomato hybrids and calcium silicate chlorophyll content due to the increase of calcium silicate
doses for any phenological stage, and the factors were doses at 58 DAT (Figure 3C).
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Figure 3. Content of chlorophyll a, b, and total at 58 DAT and SPAD index at 17, 58 and 78 DAT of tomato plants according to the
calcium silicate doses.
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The chlorophyll a content did not differ between
hybrids at any phenological stage (Table 3). A decreasing
linear adjustment was observed at 58 DAT, with a
reduction in content due to the increase of calcium
silicate doses (Figure 3A). This photosynthetic pigment
correlated only with the levels of chlorophyll b and total
(Table 2). Chlorophyll a is a very important pigment in
the plant, as it is present in the photochemical phase, and
the other pigments help in absorbing light and
transferring energy to the reaction centers (Taiz et al.,
2017).

Chlorophyll b had the same behavior as chlorophyll
a, with a difference for leaf contents only at the flowering
stage at 58 DAT, with a reduction of the content of this
pigment due to the increase in calcium silicate doses
(Figure 3B). However, despite similar results, the
contents of chlorophyll a and b are presented in different
proportions. This is because the proportion of chlorophyll
a and b is 3:1, as a rule, but varies according to the
species, leaf age, and location of the leaf and canopy of
the plant (Taiz et al., 2017). The leaves collected to carry
out the evaluations of pigment contents were the same as
the gas exchange analyses, with the tip of the leaf blade
being removed.

Chlorophylls are pigments responsible for converting
light radiation into energy, in the form of ATP and
NADPH. In this way, these photosynthetic pigments are
related to the rate of A, which at this same phenological
stage is reduced due to the increasing doses. It is
important to note that both chlorophylls play a different
role in plant metabolism; chlorophyll b is an accessory
pigment that, together with carotenoids, helps in the
photoprotection of chlorophyll a, maximizing the energy
absorption that effectively acts in photochemical
reactions (Gill and Tuteja, 2010).

This absence of difference in the other phenological
stages for the levels of photosynthetic pigments is in
agreement with the study that evaluated the tolerance to
salinity with cherry tomatoes, where it was also observed
a reduction of A due to gs, due to the addition of silicon
in cherry tomato (Haghighi and Pessarakli, 2013).

The nutrient that makes up the chlorophyll molecule
is magnesium, which is responsible for enzymatic
activation. The ratio of magnesium and calcium
influences the process in the soil and the plant, altering
the absorption of other elements. It can thus influence the
growth and development of the crop. Calcium has low
mobility in plants, especially in leaves (Aradjo et al.,
2015).

There was an influence of interaction between tomato
hybrids and calcium silicate doses on the SPAD index
only at 58 DAT (Figure 3E). For the other phenological
stages, the factors were studied in isolation, with
differences being observed only for doses of calcium
silicate (Figure 3).

This difference between the studied phenological
stages shows that in the stages of full flowering and
fruiting, there was an increase in the values of the SPAD
index compared to the other stages. In response to this
increase in the values of the SPAD index throughout the
crop cycle, there was an increase in the photosynthetic
capacity of the plants, which is due to the content of
ribulose-1,5-bisphosphate carboxylase/oxygenase
(Rubisco) (Echer et al., 2020).

The observed difference of A between hybrids in full
fruiting stage at 78 DAT may have an impact on
increased fruit productivity, thus demonstrating that the
hybrid Natéalia, due to its genetic traits, directly
influences its metabolism, having a greater capacity to
perform photosynthesis, with a smaller Ci in intercellular
spaces and a larger WUE.

Table 3. Content of chlorophyll a, b, and total at 17 and 78 DAT
in leaves of two tomato hybrids

**17 DAT

Hybrids Chlorophyll a Chlorophyll b Total chlorophyll
mg g mg g mg g
Ivety 0.1491 0.0499 0.1991
Natalia 0.1547 0.0421 0.1968
CV % 22.65 44.50 23.50
b 0.0077 0.0046 0.0104

78 DAT

Hybrids Chlorophyll a Chlorophyll b Total chlorophyll
mgg* mgg* mgg*
lvety 0.1480 0.0856 0.2337
Natalia 0.1303 0.0709 0.2012
CV % 31.95 29.23 29.42
b 0.0099 0.0051 0.0143

* Significant at 5% probability by the F test. ** Phenological
stages.

4. Conclusions

At 17 DAT, no difference was observed for gas
exchange variables, nor photosynthetic pigments,
showing a linear increase only for the SPAD index.

Calcium silicate reduced the net CO assimilation
rate, stomatal conductance, leaf transpiration, instant
carboxylation efficiency, contents of chlorophyll a, b,
and total, at full bloom stage at 58 DAT.

At 78 DAT, the hybrid Natalia showed higher rates of
net CO, assimilation, water-use efficiency, intrinsic
water-use efficiency, instant carboxylation efficiency.
The hybrid Ivety was superior only for the internal
concentration of CO; and SPAD index, with no
difference between the hybrids for photosynthetic
pigments.
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