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ABSTRACT

Chlorophylls and carotenoids are the main photosynthetic pigments in plants, and photosynthetic potential can be
used to determine the nitrogen fixation or cycling capacity of cover crops. Therefore, this study quantified and
compared the content of photosynthetic pigmentRaphanus sativuand Vicia sativaby using two diferent
methods, namely the extraction method and measurements with a portable chlorophydindetetermined whether
the results of these two methods showed a significant correlation. Photosynthetic pigments were measured, using
both methods, in a greenhouse and laboratdrfour developmental stages: the vegetative stages | (30 days after
sowing [DAS]), Il (60DAS), and Ill (90DAS), and the reproductive stage (150DAS). The determination of the
photosynthetic pigment contentin sativuandV. sativg obtained from the extraction method and chlorophyll index,
revealed significant differences depending on the developmental stage in both species. Furthermore, the contents of
chlorophyll a, chlorophyll b, and carotenoids determined using the extraction method showed high coefficients of
correlation with the total chlorophyll index determined using the portable chlorophyll Meteefore, the portable
chlorophyll meter can be used for the accurate evaluation of the photosynthetic potdRéiphahus sativuand
Vicia sativa which also saves time and reagents.
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availability to next crops, which is illustrated by the fact
INTRODUCTION that it can provide more than 200 kg of nitrogen per hecta-
The forage radish Raphanus sativuk.) and vetch re (Restoviclet al, 2012).
(Mcia satival.) are forage species considered important |n current agriculture, the photosynthetic efficiency
for cultivation during winter in southern Brazil, especiallyof crop plants is used to determine the rate of nitrogen
to cover and protect soil with plants, plant residues in neertilization or the potential amount of nitrogen that cover
tillage systems, and as weed suppressors (€util, crops can bring to the next crop because the total
2016; Krenchinsket al, 2018). The forage radish is mainly chlorophyll content is associated with the organic nitrogen
used due to its fast growth, low nutrient demand, higbontent of leaves and, consequentipp yield in many
tolerance to climatic adversities, and pivotal root systergrops (Smeal & Zhang, 1994; Rigetal, 2012; De Castro
which increases soil exploration and may improve sodt al,, 2014; Cavalcantet al, 2016; Kaspargt al, 2019).
physical conditions, in addition to presenting an intense The content of photosynthetic pigments are measured
nutrient cycling rate, with easy availability to the crop irmostly using the traditional methodologyhich implies
succession (Cardosbal, 2014; Krenchinslét al, 2018). the destruction of leaf samples. This procedure is costly
As for the vetch, it is widely used because of itas it involves the use of laboratory reagents, and it is
considerable nibgen fixation capacity and rapid impractical because it does not produce instant results.
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In contrast, portable chlorophyll meters rely on Estimation of pigment content
nondestructive, simple, and instantaneous measurementstpe relative chlorophyll content was measured

(Sallaet al, 2007). In recent years, portable chlorophylingividually using a ClorofiLOG1030(Falker PortaAle-
meters have been successfully used to measure (j}g, Brazil) portable meteand the index reading was
content of photosynthetic pigments and leaf nitrogegptained directly from the leaf without removing it from
content in different species (Cigargtal, 2009; Rigort  the plant. The relative chlorophyll content determined
al., 2012; Rigoret al, 2013; Kaspargt al, 2014b; Kaspary ysing the portable chlorophyll meter was calculated from
etal, 2019). the amount of light transmitted by the leaf, based on the
Chlorophyll meters indirectly determine the re|atiVQ/vavelength with variable absorbance, thus
chlorophyll content, which is calculated from the amounhstantaneously providing a single reading proportional
of light transmitted by the leaf, measured at wavelengths the content of chlorophyll a, chlorophyll b, and
with variable absorbance, hence providing a uniqu&rotenoids (Rigomt al, 2012). Notablythe portable
reading that is proportional to the contents of chlorophyf|orofiLOG1030 meter operates at the following three

a, chlorophyll b, and carotenoids (Minolta Camer@vavelengths: 635, 660, and 850 nm (Rigoal, 2012).
Company1989; FalkeAutomacad\gricola, 2009). Models

of chlorophyll meters describe the relationship betweelfl€asurement of chlorophyll using a destructive
the readings displayed by the portable chlorophyll meter method
and extractable chlorophyll according to species and their Leaves oR. sativunandV. sativawere collected and
intrinsic characteristics, which requires independeraken to the laboratory for analysis with the extraction
calibration (Lee, 1988; Markwedit al, 1995; Uddlinget methodology as described previously (Hiscox &
al., 2007).To date, no studies have been conducted teraelstam, 19790 dissolve the samples, 0.05 g of fresh
understand the relationship between different methotgaf weight (FMW) was placed in test tubes containing 3
for the measurement of photosynthetic pigment&.in mL of dimethyl sulfoxide (DMSO) and incubated in a water
sativusandV. sativa. bath at 65 °C for 45 min. SubsequenfymL of DMSO

The objective of the present study was to quantifwas added, and samples were manually shaken for 30 s.
and compare the content of photosynthetic pigments Then, the absorbance of the final solution (2.5 mL)
the cover cropRaphanus sativusndVicia sativausing —containing the pigments was measured using a BioMate3
two different methods, namely the extraction method argpectrophotometer (ThermoFischdiadisonWI, USA)
measurements with a portable chlorophyll medad to at470, 645, and 663 nm for carotenoids, chlorophyll b, and
determine whether the results of these methods wegklorophyll a, respectivelyReadings obtained at each

significantly correlated. wavelength were used in the equations reported by
Lichtenthaler (1987), based on theVi#Lto determine the
MATERIALSAND METHODS content of total chlorophyll, chlorophyll a, chlorophyll b,

) and carotenoids, in mgtg
Plant material

This study was conducted in a greenhouse and Satistical analysis
in the Laboratory of ChemicaAna]ysis of the The data obtained fdR. sativusandV. sativausing
Department oAgronomic and Environmental Sciencesthe two methods were subjected to analysis of variance
of the Universidade Federde Santa Maria (UFSM), using the F test, and the means of the treatments were
Campus of Frederic‘ﬂ/estphabn' RS - Brazil, from May Compared using the DMS test, with a 5% probablllty level.
2013 to November 2013. Seed$nfkativusandV. sativa The correlation between the readings obtained USing the
were sown in 6 L plastic pots filled with agricultural€xtraction method and with the portable chlorophyll me-
substrateAfter seed germination, only one seedlinger was assessed with a regression analysis. Curve
was retained per pot_ Photosynthetic pigments Wepéijustments were performed with the quadratic function,
measured, using both methods, at four developmenggcording to the determination coefficient, using
stages: the vegetative stages | (30 days after sowifigmaplot version 11.2.
[DAS]), Il (60 DAS), and Il (90 DAS), and the
reproductive stage (150 DAS)Y.0 measure the RESULTS
photosynthetic pigments at each developmental stage, Nondestructive method of chlorophyll
two leaves from the middle third of the main stalk of the measurement
same plant were analyzed and collected. For each The results obtained in the present work demonstrated
species, this procedure was repeated with four planthat the chlorophyll content measured with the portable
totaling eight replicates per treatment. chlorophyll meter varied significantly with the
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developmental stage &. sativusandV. sativa(P > 0.05 coefficients of 0.90 and 0.92 for forage radisid vetch,
for both; Table 1). FoR. sativusthe chlorophyll index respectively (Figures 1C and 1D). Finattye chlorophyll
measured at the vegetative stage | was the lowest (iiadex obtained with the chlorophyll meter showed a high
43.0), whereas that measured at the vegetative stagedpacity to indirectly measure the total chlorophyll content
was the highest (i.e., 49.63s for V. sativg the mean in both species, with determination coefficients of 0.90
chlorophyll index measured at the vegetative stage Il wasid 0.93 foR. sativusandV. sativg respectively (Figures
the highest (i.e., 50.4), whereas that measured at thie and 1F).
reproductive stage was the lowest (i.e., 40.1). Nojéindy The measurement of carotenoids using the laboratory
chlorophyll index measured during the reproductive stagsctraction method was strongly correlated with the
of R. sativuswas intermediate between the indiceghlorophyllindex obtained with the chlorophyll meteith
measured during other stages, with a value of 47.2.  determination coefficients of 0.94 and 0.90Rosativus
. andV. sativa respectively (Figures 2and 2B). Based on
Destructive method of chlorophyll measurement o i determination coefficients, the chlorophyll a and
in the laboratory b contents could be correlated with the indices determined
The evaluation of the photosynthetic pigment®in using the chlorophyll meterand a highly reliable
sativusandV. sativawith the extraction method revealedmathematical model was developed for these variables,
that the contents of chlorophyll a, chlorophyll b, totalvhen analyzed iR. sativusandV. sativa(Figures 2C and
chlorophyll, and carotenoids varied with the2D).
developmental stage of the plantalfle 1). FOR. sativus
these contents were the lowest at the reproductive sta@éSCUSS| ON
(1.0358, 0.2456, and 2814 mgFW for chlorophyll a, The results indicated that the chlorophyll index
chlorophyll b, total chlorophyll, and carotenoids,increased in the vegetative stage Ill for bBthsativus
respectively) and highest at the vegetative stage ldhd V. sativg before subsequently decreasing in the
(1.4603, 0.2949, 1.8552, and 0.4487 mgFgW for  reproductive stage éble 1).A higher photosynthetic
chlorophyll a, chlorophyll b, and total chlorophyll, pigment content facilitates the use of luminosity to
respectivelyTable 1) At the other stages, the values ofincrease the rate of liquid accumulation of
these pigments were intermediate, with the exception photoassimilates, which is also linked to a high vegetative
carotenoids, whose values did not differ between thgrowth rate (Fleckt al,, 2003). This suggests that forage
vegetative stages | and Il and the reproductive stage.radishand vetch present a similar capacity to utilize
ForV. sativa the contents of chlorophyll a, chlorophyllluminosity in the vegetative stages I, II, and IlI, thus
b, total chlorophyll, and carotenoids at the vegetativicreasing the accumulation of dry matter as well as their
stage Il were 1.9958, 0.3025, 2.2983, and 0.4705ing gompetitive potential.
FLW, respectivelythus revealing superior photosynthetic  The results of the measurement of photosynthetic
performance at this stagealdle 1).The values of these pigments using the laboratory extraction method
pigments were intermediate during the vegetative stagedrroborated the results obtained with the chlorophyll
and reproductive stage. These data indicate a greatester (ble 1). Notablysuch correspondence has also
accumulation of photosynthetic pigmentsRn sativus been reported in studies that compared the ClorofiLOG

than inV. sativa. index and laboratory extraction wiBesamum indicum,
) ) Ricinus communis, Conyza bonariengigna strigosa,
Comparison between the destructive and andAvena sativgRigonet al, 2012; Rigoret al, 2013;
nondestructive methods of chlorophyll Kasparyet al, 2014a; Kaspargt al,, 2019).
measurement

High correlations were observed between the two
The regression analysis of the results obtained usingeasurement methods for all the analyzed photosynthetic
two different methodologies (i.e., measurements with thgigments (Figures 1 and 2). For instance, the correlation
portable chlorophyll meter and the laboratory extractiofor chlorophyll a was high in the present studsjth a
method) showed a high correlation, with all determinatiodetermination coétient of 0.91 foR. sativusndV. sativa
coefficients above 0.75 (Figures 1 and 2). The correlatiavhich is similar to the results of previous studies.on
between the chlorophyll index for chlorophyll a generateghultifiorum andA. strigosethat obtained determination
with the chlorophyll meter and that measured with theoefficients of 0.98, 0.96, and 0.91, respectively (Kaspary
laboratory extraction method was high, with determinatioat al., 2014b; Kaspargt al, 2019). Thus, we conclude
coeficients of 0.85 and 0.91 fdR. sativusandV. sativa  that it is possible to efficiently estimate the chlorophyll a
respectively (Figures 1A and 1B). For chlorophyll b, theontent using portable chlorophyll meters and
data showed a quadratic behavior and determinatiomathematical models that have been developed in parallel
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with the laboratory extraction method (Kaspetrgl, 2019).  (>0.90 in the two evaluated biotypes; Kaspigl, 2014a).

In other words, it is an important tool to assess thidotably, with chlorophyll meters, measuring the
photosynthetic potential of these species and to infer theilorophyll b content is more difficult than measuring the
nutritional status (Coelhet al.,2012). The nutritional chlorophyll a content (Nevest al, 2005) because the
status of plants, which is related to nitrogen availabilityvavelength emitted by the apparatus is closer to the
can be gauged with chlorophyll indices because nitrogatsorption peak of chlorophyll a (i.e., 660 nm), whereas
is part of the structure of chlorophyll (Coekial.,2010). the absorption of chlorophyll b has two peaks (i.e., 500
In tomatoes, for example, a study showed that thend 650 nm; DVittorio, 2009). Howeverin the present
chlorophyll index varied proportionally to the differentstudy high eficiency was observed in the ClorofiLOG
rates of nitrogen fertilization that were used (Coadho readings, in relation to the laboratory analyses,Ror
al., 2010). Therefore, the photosynthetic capacity of theativusandV. sativa Similarly, high reliability co€ficients
plant as well as its potential for accumulation ofor chlorophyll b were obtained with ClorofiLOG readings
photoassimilates and development, can be inferred framprevious studies oln. multiflorum, A. strigoseandA.

the chlorophyll index. sativa(Kasparyet al, 2014b; Kaspargt al., 2019).

High determination coefficients for chlorophyll b The total chlorophyll content also showed a high
(>0.90 for forage radiséind vetch) between the chlorophyllcorrelation with the chlorophyll index, with determination
index and the results of the laboratory extraction methaseficients of 0.90 and 0.92 f&®. sativusandV. sativg
corroborate those previously observeirbonariensis respectively (Figures 1E and 1F). These values are similar

Table 1: Relative chlorophyll index generated by the ClorofiLOG metred chlorophyll a, chlorophyll b, total chlorophyll, and

carotenoids (FW mg ¢*) obtained with the extraction method RnsativusandV. sativa.

Chlorophyll index

Vegetative - | Vegetative- 11 Vegetative- 111 Reproductive
Raphanus sativus 43.0 B 49.6A 51.3A 47.2AB
CV (%) 8.93
Vicia sativa 42.9B 45.4AB 50.4A 40.1B
CV (%) 7.23
Chlorophyll a
Vegetative - | Vegetative- 11 Vegetative- 111 Reproductive
Raphanus sativus 1.1174 B 1.4273A 1.4603A 1.0358 B
CV (%) 5.64
Vicia sativa 1.1046 B 1.2298 B 1.9958A 1.0088 B
CV (%) 8.91
Chlorophyll b
Vegetative - | Vegetative- 11 Vegetative- 111 Reproductive
Raphanus sativus 0.2658AB 0.2623AB 0.2949A 0.2456 B
CV (%) 8.04
Vicia sativa 0.2296 B 0.2036 B 0.3025A 0.1977 B
CV (%) 8.74
Chlorophyll total
Vegetative - | Vegetative- 11 Vegetative- 111 Reproductive
Raphanus sativus 1.3832 B 1.6896A 1.8552A 1.2814 B
CV (%) 12.01
Vicia sativa 1.3342 B 1.4334 B 2.2983A 1.2065 B
CV (%) 7.45
Carotenoids
Vegetative - | Vegetative- 11 Vegetative- |11 Reproductive
Raphanus sativus 0.2875 B 0.3647 B 0.4487A 0.3648 B
CV (%) 10.01
Vicia sativa 0.3823 B 0.4198 B 0.4705A 0.3596 C
CV (%) 6.75

1Coefficient of variation2Similar uppercase letters in the row do not differ from one another by the DMS test at 5% significance.
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to those obtained using the correlation method witteliable mathematical model for this variable when
Gossypium hirsuturandS. indicumwith coefficients of comparing pigment measurements that were performed,
0.91 and 0.98, respectively (Britbal, 2011; Rigoretal, in forage radistand vetch, using different methods (Fi-
2012). This confirms that it is possible to adjust a highlgures 1E and 1F).

Raphanus sativus Vicia sativa
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Figure 1: Relationship between the readings of the portable ClorofiLOG for chlorophyll a, chlorophyll b, and total chlorophyll
contents irR. sativugA, C, and E) and. sativa(B, D, and F).
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The relationship between chlorophyll and carotenoidetermined from the readings obtained with portable
contents of leaves iR. sativusandV. sativa shown in  chlorophyll meters
Figures 2A and 2B, present equations of high The correlation analysis between the chlorophyll index
representativeness (R2 > 0.90 for forage raaighvetch), measured with the ClorofiLOG meter and the extracted
enabling the estimation of the actual content of these plattilorophyll a and b contents measured using the
pigments from the readings of the ClorofiLOG meteldaboratory extraction method revealed high determination
Notably, similar results have been reported for corn ancbeficients, namely 0.75 and 0.87 fBr. sativusandV.
cotton (Cigandat al, 2009; Britcet al, 2011). Measuring sativa respectivelyThe relationship between chlorophyll
carotenoids is important because these pigments actaaand chlorophyll b is important in assessing the ability of
photoprotectors in photosystem Il and dissipate excegkants to capture light under shade conditions (Nakazono
light enegy, and, owing to their high antioxidant potential,et al, 2001). In the present stydlye results for the forage
they prevent chlorophyll damage (et al, 2010). radishand vetch are similar to those previously observed
Furthermore, the ratio of chlorophyll to carotenoid igor R. communis, A. strigosandA. sativa which were
altered under stress conditions, especially under watdraracterized by determination coefficients of 0.70, 0.89,
stress (bung & Britton, 1990).Thus, the rapid and and 0.87, respectively (Rigetal, 2012; Kaspargt al,
accurate measurement of carotenoid content helps in2419).
the state of the plant. Using reliable models, the Overall, the measurement of photosynthetic pigments
carotenoid content iRR. sativusand V. sativacan be in R. sativusandV. sativausing a portable chlorophyll
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Figure 2: Relationship between the readings of the portable ClorofiLOG for carotenoid contents and chlorophyll a/lRratio in
sativus(A and C) and/. sativa(B and D).
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meter and adjusted mathematical models is accurah Vittorio AV (2009) Enhancing a leaf radiative transfer model

efficient, and economical in comparison to the laboratory tg estimate concentraﬂgns and in-vivo specid ¢ absorptlon.coefu
. . cients of total carotenoids and chlorophylls a and b from single-

extraction method. Thus, the chlorophyll meter is an needie rea ectance and transmittance. Remote Sensing of

important tool to determine the photosynthetic potential Environment, 113:1948-1966.

of forage radistand vetch. Falker —Automac&o agricola (2009) Medidor eletrdnico de teor
de clorofila: dados técnicos clorofiLOG CFL103%:ailable at:
; ofile i
CONCLUSION http://www.falker.com.br/ download.php?file_id=74Accessed

on: June 18, 2020.
The determination of the photosynthetic pigmengieck NG Balbinot-JuniorAA, Agostinetto D & Rizzardi MA
content inR. sativusandV. sativawith the extraction  (2003) Velocidade de estabelecimento em cultivares de arroz
method and chlorophyll index revealed significant irrigado como caracteristica para aumentar a habilidade compe-

. . . . titiva com plantas concorrentes. Ciéncia Rural, 33:635-640.
differences in pigment levels depending on the _
developmental stage, in both species. Hiscox JD & Israelstam GF (1979)'method for the'extractlon qf

chlorophyll from leaf tissue without maceration. Canadian
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