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ABSTRACT

The measurement of leaf pigments using non-destructive methods can be influenced by water
management conditions and the use of nutrients in cauliflower, not showing adequate correlations
with chlorophyll contents. The objective of this study was to evaluate the correlation between
the SPAD index and the pigment content in cauliffower leaves managed with different water
conditions and the application of silicon (Si). The cultivation was carried out in a protected
environment in the city of Maringa, Parana State from October 2019 to March 2020. It was
adopted a randomized block design, with treatments in a 3 x 4 factorial scheme, with three levels
of water recharge (40; 70 and 100% of crop evapotranspiration (ETc)) and four doses of Si (0;
50; 100 and 150 kg ha™), with four replications. Once plants showed developed inflorescence,
the SPAD index was determined in the field and the levels of chlorophyll a, chlorophyll b, and
carotenoids in the laboratory using leaves from the upper third. The correlation between water
recharge and Si fertilization on the SPAD index was determined. The proportion of carotenoids
in relation to total pigments was compared under different conditions. Correlation analysis was
performed considering silicon fertilization, water recharge, leaf pigments, and the SPAD index.
Silicon fertilization reduced the levels of carotenoids in addition to being related to chlorophyll a
(100% of ETc) and chlorophyll b (70% of ETc). The correlation of the SPAD index with pigments
is variable with the water condition of the crop, in a condition without water deficit, it is related
to chlorophyll a and in a condition of 70% replacement of ETc, it is correlated with chlorophyll b.
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INDICE SPAD E PIGMENTOS FOLIARES EM COUVE-FLOR EM DIFERENTES
CONDICOES HIDRICAS E ADUBACAO SILICATADA

RESUMO

A mensuragio dos pigmentos foliares, por métodos ndo destrutivos, pode ser influenciada pelas
condigdes de manejo hidrico e pela utilizagdo de nutrientes na couve-flor, ndo apresentando
correlacdes adequadas com teores de clorofila. O estudo objetivou avaliar a correlagdo entre
o indice SPAD e o conteudo de pigmentos em folhas de couve-flor manejadas com diferentes
condi¢des hidricas e aplica¢des de silicio (Si). O cultivo foi conduzido em ambiente protegido no
municipio de Maringa-PR entre outubro de 2019 e marco de 2020. Foi adotado delineamento de
blocos casualizados, com tratamentos em esquema fatorial 3 x 4, sendo trés niveis de reposigao
hidrica (40; 70 e 100% da evapotranspiragdo da cultura (ETc)) e quatro doses de Si (0; 50; 100
e 150 kg ha''), com quatro repeti¢des. Com plantas apresentando inflorescéncia desenvolvida,
foi realizada a determinag@o do indice SPAD a campo ¢ os teores de clorofila a, clorofila b e
carotenoides em laboratdrio utilizando folhas do tergo superior. Foi determinada a correlagéo da
reposi¢ao hidrica e a adubagdo com Si sobre o indice SPAD. A propor¢do de carotenoides em
relacdio aos pigmentos totais foi comparada nas diferentes condigdes. Foram realizadas analise
de correlacdo considerando a adubacdo silicatada, a reposic¢@o hidrica, os pigmentos foliares e
o indice SPAD. A adubagio silicatada reduziu os teores de carotenoides, e apresentou relacdo
com clorofila a (100% da ETc) e clorofila b (70% da ETc). A correlagdo do indice SPAD com
pigmentos ¢ variavel com a condicao hidrica da cultura, sendo em condi¢do sem déficit hidrico
relacionado com a clorofila a e em condigdo de reposi¢do de 70% da ETc correlacionado com
clorofila b.
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INTRODUCTION
The cultivation of caulifiower (Brassica
oleracea var. botrytis) stands out among

horticultural species, with a volume sold of greater
than 80 thousand t year-1between 2016 and 2018,
considering only the supply centers (RIBEIRO et
al.,2019). Regarding growth conditions, it requires
mild temperature and adequate water availability
during its cycle (MAY et al. 2007).

In water deficit conditions, caulifiower may
show a reduction in photosynthetic activity,
morphological development, and yield (VIDIGAL
et al., 2018, HACHMANN et al., 2019). Under
such conditions, crops tend to change morphological
characteristics by changing leaf insertion angle,
reducing transpiration through the regulation of
the stomatal opening, and modifying leaf pigment
contents to adapt to conditions to allow maximum
efficiency in the use of resources (FRANCA et
al., 2017, MARQUES et al., 2011; TAIZ et al.,
2017). Such responses to stress conditions (biotic
or abiotic) can be mitigated by using beneficial
elements such as silicon (BARRETO et al., 2017;
CURVELO et al.2017, RODRIGUES et al., 2016).

The content of leaf pigments is directly linked
to the photosynthetic capacity of the plant, so the
change in the content of these pigments may indicate
that the plant is under stress conditions (SANTOS
et al., 2011). The contents of leaf pigment are
determined by extracting these pigments, using the
destructive method. This method allows quantifying
the levels of chlorophyll a, chlorophyll b, and
carotenoids (LICHTENTHALER, 1987). Non-
destructive methods can be used to estimate the
characteristics of pigments in leaves, also allowing
for adequate crop management. The SPAD (Soil
Plant Analysis Development) is one of the main
non-destructive methods that is used as a support
tool for the definition of management strategies,
quantifying pigments at wavelengths of 650 and
940 nm (COELHO et al.,2018; NOGUERIA et al.,
2018; PORTO et al., 2011; VIDIGAL et al., 2018).

Although the SPAD index indirectly quantifies
the content of leaf pigments and is used to assess
the nutritional status of plants, changes in crop
management may be not be detected through the
method (NOGUERIA et al., 2018; NASSER et al.,
2020). The correlation with chlorophyll contents
can also be influenced by the species under analysis
and by the environmental and management
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conditions (COELHO et al., 2018; MAIA JUNIOR
etal., 2017; VIDIGAL et al., 2021).

Studies involving the determination of the
SPAD index in horticultural species, specifically
in the cauliflower crop, are still limited, which
impairs the determination of suitable ranges under
growing conditions. Therefore, the objective of this
study was to evaluate the correlation between the
SPAD index and the pigment content in cauliflower
leaves managed with different water conditions
and silicon dose applications.

MATERIAL AND METHODS

The experiment was conducted in a greenhouse
at the State University of Maringa (23°25°S,
51°57°W and 542 m above sea level), in the
municipality of Maringd, Parana State. Field
conduction occurred from October 2019 and
February 2020, with relative humidity ranging
from 58 to 98% and temperature from 16 to 37°C
inside the protected environment.

The experiment used the randomized block
design, in a 3 x 4 factorial, with three water
replacement conditions (40; 70 and 100% of crop
evapotranspiration (ETc)) and four silicon doses
(0; 50; 100 and 150 kg ha') with four repetitions.

Cultivar Sharon was evaluated in this work, as
it is adapted to mid-season periods (MAY et al.
2007). The crop was implanted using seedlings 30
days after sowing and conducted in beds (0.5 x 3
m). Water was recharged employing drip irrigation
(5 L h') considering the ETc, determined with
constant water table lysimeters inside the protected
environment.

The soil is classified as Dystroferric Red
Nitosol (SANTOS et al., 2018), with a very clayey
texture. Tillage was done using a motor cultivator
and fertilized using 30 kg ha'! of N (urea), 250 kg
ha'' of P,O, (simple superphosphate), 100 kg ha™'
of KO (potassium chloride), and 4 kg ha" of B
(boric acid), according to soil nutrient content
and crop recommendations (PAULETTI and
MOTTA, 2017). Silicon (Si) was applied using
the product AgriSil® (98%Si0O,) in the form of
wettable powder. The doses of Si (50, 100, and
150 kg ha') were split (1/3 of the dose) into phases
I (from transplanting until the plant had 7 to 10
leaves), II (7 to 10 leaves until the occurrence of
inflorescence in the meristem) and III (from the
presence of inflorescence to harvest), according to
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the classification proposed by Allen et al. (1998).
The doses were applied via fertigation.

In phase III (ALLEN et al., 1998) with the
inflorescence developed, the SPAD index was
determined in the upper-third leaves, using
the SPAD-502 Plus® (Minota) equipment with
readings taken between 8 and 9 a.m. In the leaves
where the SPAD index was determined, segments
were collected to determine the pigment content
(chlorophyll and carotenoids). For extraction of
leaf pigments (chlorophyll a, chlorophyll b, and
carotenoids), 150 mg of fresh mass were kept
in the absence of light and at low temperature,
in pure acetone to remove the pigments. The
determination of leaf pigments was performed
using a double beam UV-VIS spectrophotometer
(model AJX-6100PC), using quartz cuvettes (3.5
mL), with readings at 661.4; 644.8 and 470 nm,
employing pure acetone as blank, according to the
methodology described by Lichtenthaler (1987).

Data on the SPAD index under the conditions
of fluid replacement and Si doses are presented by
Wenneck et al. (2021), and the water replacement
conditions were compared by means of the test of
the means and the application of Si with polynomial
regression using univariate mathematical equations.

For data analysis of this study, the SPAD index
was analyzed using a multivariate polynomial
regression approach, with an equation considering
the two analyzed factors (water replacement
and Si dose) and correlated with the contents of
chlorophyll a, chlorophyll b, total chlorophyll (a
+b), carotenoids (carotene + xanthophylls) and sum
of pigments (chlorophyll + carotenoids). Regarding
multivariate polynomial regression analysis and
determination of the R? coefficient of the model,
the Surfer 10 software was used. Determination
of the Pearson linear correlation was done using
Excel® software.

RESULTS AND DISCUSSION

Considering a significant effect (p<0.05) on
the interaction between the level of water recharge
and silicon application, the mathematical equation
(Equation 1) was estimated, which presents the
multiple coefficients of determination (R?) equal
to 0.84, allowing the estimation of the impact of
conditions on the SPAD index in leaves of the
upper third of cauliflower grown in a greenhouse.
Graphical analysis can be performed as shown in
Figure 1.
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SPAD = —146575 + (0466792 » ETO) + (0.110627 +51) (1)

In which,

SPAD = SPAD index (dimensionless);

ETc (%) = water regharge according to the crop
evapotranspirtation;

Si = Applied silicon dose (kg ha™').

SPAD index

Figure 1. Multivariate regression for the SPAD
index in cauliflower leaves at flowering,
as a function of water recharge and
silicon fertilization

The imposition of water deficit, according to
Wenneck et al. (2021), has a significant effect on
the SPAD index, and Si application may attenuate
the stress effects. Works involving Si application
found positive effects related to the element on
nutrient absorption, photosynthetic efficiency,
protection against pathogen and insect attacks,
toxicity attenuation, and commercial quality of
cauliflower inflorescence in the post-harvest stage
(MENEGALE et al., 2015; SOUZA et al., 2015,
BARRETO et al., 2017; CURVELO et al., 2017).

Regarding plant development, the imposition
of water restriction may have direct effects on
the mass accumulation by the plant and on the
SPAD index measured in the leaves throughout
cultivation, as observed by Coelho et al. (2018)
in oat crops. However, considering the species
and the analyzed factor, differences in the SPAD
index may not present significant changes, being
mainly associated with the nitrogen content in the
leaf (ARAGAO et al., 2020; NASSER et al., 2020;
VIDIGAL et al., 2021).

For the experimental conditions, the
mathematical model allowed us to predict that the
increment in the amount of Si raises the values of
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the SPAD index in the different water conditions
of the crop. Considering that the technique of
determining the SPAD index is mostly used to
indirectly measure the content and response of
the plant to N, the results obtained also reflect the
nutritional status of the plant (NOGUERIA et al.,
2018; VIDIGAL et al., 2018).

The determination of the SPAD index can also
be correlated with the total chlorophyll content
in studies with water regimes (MAIA JUNIOR et
al.,2017). Thus, based on the quantification of the
evaluated leaf pigment contents and the correlation
analysis with global data, it was observed that
the carotenoids had a higher correlation with
the SPAD index (-0.56), in which the negative
value represents an inverse behavior between the
variables. For chlorophyll a, chlorophyll b, and for
the sum of leaf pigments, a low correlation was
observed with the SPAD index (Table 1).

Considering the expression of the correlation
results (Table 1), it was observed that the total
chlorophyll (a+b) was largely related to the sum of

pigments (0.99), while a negative correlation was
obtained between carotenoids and chlorophylls.
The correlation between the SPAD index with the
leaf pigments allows indirect prediction of leaf
components, as obtained in sunflower, where the
total chlorophyll can be calculated considering
the SPAD index (MAIA JUNIOR et al., 2017).
In horticultural species such as tomatoes, the
correlation between indirect measures, determined
by non-destructive methods such as SPAD, and
levels directly determined by destructive methods
such as quantification by extraction, was significant
and positive (NOGUEIRA et al., 2018).

The percentage of carotenoids was higher at
recharge levels of 40 and 70% of ETc without Si
application (Figure 2), due to pigment synthesis in
response to water deficit (SILVA et al., 2016; TAIZ
et al., 2017). The application of 50 kg ha™' of Si
resulted in a significant decrease in the replacement
of 40% of ETc, from 33.8 to 15.6%, while for
70% of ETc, a decrease from 22.3 to 15.6% was
observed.

Table 1. Correlation between leaf pigments and SPAD index

Total . Sum of the
Chlorophyll a Chlorophyll b Carotenoid . SPAD
chlorophyll pigments
Chlorophyll a 1.00 - - - - -
Chlorophyll b 0.45 1.00 - - - -
Total chlorophyll 0.85 0.85 1.00 - - -
Carotenoids -0.19 -0.62 -0.48 1.00 - -
Sum of the pigments 0.87 0.81 0.99 -0.34 1.00 -
SPAD 0.16 0.12 0.18 -0.56 0.10 1.00
40 -
040 w70 w100
35 + _}
~ 30 -
(7] 25 n
=
g 20
z 15
o -
5
010
5 4
0 T T T
0 50 100 150
Si dose (kg ha'!)

Figure 2. Carotenoid proportion (%) in total pigments in cauliflower leaves at flowering as a function of

silicon application (kg ha)
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The tendency to reduce the content of
carotenoids was maintained for all recharge levels
according to the addition of silicon fertilization,
indicating a mitigating effect of Si on water deficit
(Figure 2).

In the condition without water deficit (100%
of ETc) there was a high positive correlation with
chlorophyll a, and negative with carotenoids. In
the condition of moderate water deficit (70% of
ETc), a high correlation with chlorophyll b was
observed. In the condition of severe water deficit
(40% of ETc), it was reported a high correlation
with carotenoids, being negative (-0.99), as shown
in Table 2.

In a study carried out using rice, it was
determined that the application of Si raised the
levels of chlorophyll a and chlorophyll b, with an
impact on the productive components (AVILA
et al., 2010). In tomatoes, silicon fertilization
(K,Si0,) incremented the levels of chlorophyll a
(RODRIGUES et al., 2016). Silicate fertilization
correlated at different levels according to the water
conditions (Table 2).

Considering the dynamics in leaf pigment
contents associated with the environmental and
management conditions of the crop of interest
(MARQUES et al., 2011; FRANCA et al., 2017;
MOURA NETO et al., 2021), and the differences
in the proportion of carotenoids (Figure 2), it was
proposed to analyze the correlation of the SPAD
index with the pigments, in each condition of water
recharge (Table 3).

In water deficit conditions, increments were
observed in the levels of chlorophyll b in order to
improve photosynthetic efficiency (FRANCA et
al., 2017). In the condition of mild water deficit
(70% of ETc), the SPAD index was particularly
correlated to chlorophyll b contents (Table 3).

The contents of chlorophyll b and total
chlorophyll are mostly influenced by environmental
conditions, while chlorophyll a is associated with
crop management (MOURA NETO et al., 2021).
In the condition of cultivation without water deficit,
the correlation was higher with total chlorophyll
(Table 3), showing that the determination of the
SPAD index indirectly allows the estimation of
chlorophyll levels in cauliflower.

In conditions of severe water deficit (40% of
ETc) no correlations greater than 0.3 were observed.
Possibly, the high-stress condition caused photo-
oxidation damage, impairing pigment dynamics,
photosynthetic efficiency, and plant growth
(MARQUES et al., 2011; TAIZ et al., 2017). In
this context, the determination of the SPAD index
does not present practical efficiency, considering
the water management as a limiting factor for plant
growth.

Further studies addressing this topic should
be considered, especially with the use of other
cultivars, planting times, and production locations.
Thus, being able to consolidate more extensively
the SPAD index as a tool to estimate levels of leaf
pigments in cauliflower.

Table 2. Correlation between silicon fertilization and leaf pigment contents and SPAD index

Water

Chlorophyll . Sum of the
recharge Chlorophylla  Chlorophyll b Carotenoids ] SPAD
atb pigments
(%ETc)
100 0.99 0.85 0.96 -0.99 0.95 -0.05
70 -0.46 0.99 0.59 -0.88 0.08 0.94
40 0.80 0.58 0.93 -0.99 0.91 0.97

Table 3. Correlation between SPAD index and leaf pigments at different water-deficit levels in cauliflower.

Water recharge - rophylla  Chlorophyll b ~ Cheropivl Carotenoid Sum of the
(% ETc) a+b pigments
100 0.69 0.57 0.84 20.95 0.84
70 -0.74 0.89 0.29 -0.98 027
40 20.10 0.29 0.10 0.19 0.12
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CONCLUSIONS

e The SPAD index determined in cauliflower
leaves can be represented by a multivariate
mathematical equation, considering the silicon
doses and water replacement levels.

o Silicon fertilization reduced the proportion of
carotenoids in leaves.

e Silicon fertilization in the condition without
water deficit (100% of ETc) showed a
correlation with chlorophyll a; with a recharge
of 70% of ETc, correlation with chlorophyll b,
and with recharge of 40% of ETc, a negative
correlation with carotenoids.

e The determination of the SPAD index is
negatively correlated with the content of

carotenoids in conditions of water recharge of
70 and 100% of ETec.
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