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ABSTRACT

The goal of this study was to define an empirical model to calculate the leaf area in rice from linear leaf measure in
genotypes used by farmers in Brazil. Through the leaf dimensions it is possible to identify the final crop yield from the
LAI. Therefore, the leaves shape is closely related to the production of photoassimilates that will be converted into
grain yield. Field experiments were carried out in four counties of Rio Grande do Sul with twelve-three varieties of rice
in four growing season&\le measured the length and width of leaves to construct the nidaekelationship
between leaf area and linear dimensions was shaped using a linear model for each genotype, and general model
grouping all genotype$he model accuracy was measure following statistics: Root Mean Squar®@E&modified
index of agreement and cfiefent r. The non-destructive method for individual leaves was appropriate for estimating
the leaf area in rice. Moreovéhe general equation was estimated and can be used for all modern genotypes of rice in
Brazil.
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INTRODUCTION responsible for intercepting the solar radiation for
photosyntesis, therefore the larger the leaf area, more solar
Rice (Oryza ativa L.) is a staple crop, feeding threeagjation is intercepted and higher the yield potentiah(V
billion people worldwide (Epeet al., 2016). Due to the |ttersumet al., 2013 Taiz & Zieger 2013). Leaf area index
increase of the world population, it is necessary to invegjreen leaf area per unit of soil area) may be calculated
in research and technology transference aiming to reduggought leaf blade size &haka & Kawano, 1965 and
the yield gap in food crops observed between yieldichteretal., 2014).
obtained at research stations and by farmers yield (Espe There are two methods to define leaf area which are
etal., 2016, Ribastal., 2017). In this context, basic studiesclassified in destructive or non-destructive (Marshall,
on crop growth and development for actual rice cultivars9ge). The destructive methods are based on the removal
in Brazil, the greatest rice producer outsiigian of leaves from the plant, and although it is the only way to
continent, are necessary (Rileasl., 2017). determine the actual leaf area, it may be an impractical
The major rice production system in Brazil is undeapproach when the sample number is limited, as in plant
flood irrigation, which means that the water is a norbreeding studies. In non-destructive methods, LAI
limiting factor and the temperature and solar radiation atetermination can be performed by optical instruments,
the main meteorologics elements that determine thehich allows to evaluate the same plant throughout the
flooded rice yield potentialeaves are the plant organgrowing season, and also by satellite images to larger
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areas (Jiret al., 2017, Hirookeet al., 2018). For some Jacana, IRGA 424 RI, IRGA 428,IRGA 429, IRGA 424, IRGA
species, such as forest, the instrument-determined LAI480, Guri INTA CL and BRS Catiana) and three hybrids
smaller than actual LAl measured directly in the planinov CL, QM 1010 CL and Prime CL) were used. These
(Stenberget al., 1994; Whiteet al., 2000). For the rainfed cultivars represent the range of maturation groups
rice crop, the use of instruments such as LAI-2200, presentrrently grown in BrazilAlso, two old conventional
LAl estimates close to the real (Xieial., 2002, Livetal., cultivars were used, Bluebelle and EEA 406, which
2018). Howeverthe performance of methods that useepresent 50% of the total rice area sowed in Rio Grande
vegetation index is affected by the saturation point, ort® Sul during the 1970's (Silveira, 1985361e 1).
of the major limitations this technique, and in advanced To estimate the relationship between leaf linear
crop stages, where the leaf area index reaches its maximdimensions and leaf area, 50 leaves with different sizes
value, the reflectance can be affected by leaves overlagére sampled from lowemedium and upper parts of the
Brantleyet al., 2011). In addition to these limitations, thecanopy for each cultivar throughout the rice development
equipment required to carry out this evaluation areycle (Figure 2).
expensive (Litet al., 2018). Howevethe non-destructive We collected 50 leaves, where we used 25 leaves to
methods where measurements are made directly in timake the calibration and the other 25 leaves to the
plant without leaves removal, allows us to allows thealidation.We used a ruler to measure the length and
evaluation of the same plant during the growing seasonidth, after that the leaves were scanned by resolution
and evaluate the LAI evolution during the crop growthscanner 300 dpi resolution scani@manned leaf area (LA)
besides being cheapdaster and less labor intensivewas calculated with the Quant software, version 14.2.
(Adamietal., 2008). linear model was fitted (Equation 1) through the
Studies with other crops like sunflower (Maldaner etelationship between each leaf dimension (length x width)
al., 2009), canola (Cargnelutti Filho et al., 2015), gladiolusnd scanned leaf area for each culti®dso, a general
(Schwab et al., 2014) and soybean (Richter et al., 201&quation (grouping all conventional and hybrid rice
have shown viability to estimate leaf area through norultivars) was estimated, which may be used to estimate
destructive methods, by measuring leaf blade size. Heaf area for new cultivarg/e forced the linear regression
Rice, some studies performed in 1960's and 1970's in Indimough the origin, i.e. the linear coefficient was zero
and Philippines, developed models for leaf area estimati@agundes et al., 2009, Richter et al., 2014, Schwab et al.,
through linear dimensions (Bhan & Pande, 196&014):
Palaniswamy & Gomez 1974). Howembiese studies were LA=a (L.W)
performed for old semi-dwarf japonica cultivars, grown in
tropical environment with decumbent leaves. Current rigghere LA is leaf area (cm?), L is leaf length (cm), W is the
cultivars grown in Brazil present a distinct plantargest leaf blade width (cm) and a is the angular coefficient
architecture, with shorter and narrower leaves, and greaggrthe slope of the linear regression.
yield potential, which indicates a need to review these The performance of the fitting approach of equation 1
non-destructive models to identify the rice LA. The godbor cultivar specific and general models, were evaluated
of this study was to define an empirical model to calculaigsing the statistics: Root Mean Square Error (RMSE)
the leaf area in rice from linear leaf measure in genotypgkanssen & Heuberger 1995), modified agreement index
used by farmers in Brazil. (d1) (Wilimott et al., 1985), BIAS index (Leite &ndrade
2002), and correlation coefficient (r) (Samborast.,

MATERIALAND METHODS 2013).

Field experiments were conducted in a randomizddSE = [2(S - O)* n]**® @)
block design in four locations in Rio Grande do Sul Statgll = 1 - f|S - O] . [£(S - O]) + (D, - O)I* (3)
Brazil, during four growing seasons (2013/2014, 2014/201 _ )

2015/2016, 2016/2017): Santa Maria (29°43'S, 53°43' IAS= (2§ -20) . ¢0)" “)
altitude: 95m), Restinga Seca (29°48'S, 53022ltitude: r =3(0,- O)(S-S) . {[Z(O,- OF] [ES-97}°5  (5)

49m), Cachoeirinha (29° 57'S, 51¥Wy'altitude: 17m), and

Itaqui (29°07'S, 56°33'Waltitude: 57m) (Figure 1).he In equations 2, 3, 4 and 5, Si is the estimated LA (cm?
climate is subtropical humid and soil varies according tieaf?), Oi is the observed LA (cm2 leifand n is the number
location, withTypic Albaqualf andTypic Plinthaqualf, of observations.

representing the majority of soil types cultivated with The RMSE express model errors, therefore as much
flooded rice in Rio Grande do SuTen modern close zero, better is the model performance (Janssen &
conventional cultivars (Puita IMTCL, BRS Pampa, BRS Heubeger, 1995). For the d1 index ({ivnott et al., 1985),

Rev CeresVicosa, v66, n.3, p. 191-199, mai/jun, 2018




Can leaf area in rice be defined by a mathematical model? 193

the closer to 1 the better the model concordance. THespersal is estimated from observed data, wherein closer
BIAS index gives the deviation between estimated artd one indicates a good correlation (Samborastlzh.,
observed data (Leite &ndrade, 2002), which indicates 2013).

the model tendency to underestimate or overestimate the For cultivars IRGA424 RI, BRS Pampa, Guri IMICL
observed dataA correlation codicient (r) shows how and Puita INA CL LAI determination (Equation 6), 20
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Figure 1: Trials location in Rio Grande do Sul.

Table1: The growing seasons in which the experiments were conducteds (2013/14, 2014/15, 2015/16 e 2016/17) at four locations in
Rio Grande do Sul, Brazil

Experimental site Cultivars Maturity group Sowing date range

Santa Maria Inov CL Early 2 (03 Dec — 27 Oct)
Cachoeirinha

Santa Maria Prime CL Early 1 (27 Oct)

Itaqui Puitd INTA CL Early 4 (26 Nov — 01 Oct — 9 Nov — 03 Dec)
Restinga Séca

Cachoeirinha

Cachoeirinha BRS Pampa Early 3 (01 Oct — 9 Nov — 03 Dec)
Cachoeirinha Bluebelle Early 1 (04 Nov)

Itaqui IRGA 428 Early 1 (13 Nov)

Restinga Séca

Santa Maria IRGA 424 Early 3 (3 Dec — 20 Oct — 28 Oct)
Santa Maria QM 1010 CL Intermediate 4 (03 Dec -03 Dec — 27 Oct — 28 Oct)
Cachoeirinha

Cachoeirinha IRGA 424 Rl Intermediate 3 (01 Oct — 09 Nov — 03 Dec)
Cachoeirinha IRGA 429 Intermediate 1 (21 Nov)
Cachoeirinha IRGA 430 Intermediate 1 (21 Nov)
Cachoeirinha Guri INTA CL Intermediate 3 (01 Oct — 09 Nov — 03 Dec)
Cachoeirinha BRS Jacana Intermediate 1 (01 Oct)
Cachoeirinha EEA 406 Intermediate 1 (04 Nov)
Cachoeirinha BRS Catiana Late 3 (01 Oct — 09 Nov — 03 Dec)
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leaves were collectein R1 (panicle differentiation), R4 LAl = ((LDM.LA).Weight)*. (Area . Coefficient)* (6)

(anthesis) and R9 (physiological maturity), in three sowinghere LDM is the leaf dry mattelA represent the leaf
dates in Cachoeirinha during the 2015/16 growing seas@ftea, Weight is the 20 leaves dry mattérea is the

In each sampling, length and widest width were measureg|lected area of LDM and Coefficient refers to specific
and then leaves were oven dried at 65 °C. More@ter and general coefficient.

these stages, above ground matter was collected andThe specific and general LA equations were validated
separated into leaves, stems, senescent leaves @bfhparing the observed and simulated LAI of four
panicles in 0.51 frarea, then oven dried at 65 °C ancultivars (IRGA424 RI, BRS Pampa, Puitd INTL, Guri
weighted. LAl was calculated by the relationship betweeNTA CL) in three sowing dates (10/01/2015/09/2015,

the leaf dry massmal measured area, shown below: 12/03/2015) in Cachoerinha, RS, Brazil.
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Figure 2: Relationship between leaf area obtained with the software Quant and leaf area obtained from leaf dimensions (maximum
length and width) of individual leaves of hybrid rice cultivars (a, b, ¢) and conventional rice cultivars (d, e, f, g, h, 1, j, k, I, m, n) of rice.
Cultivar specific equations are presented in each panel.
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RESULTSAND DISCUSSION The linear rgression coefficient (R2) used to estimate
+ H " ” H 1 2 ”

Of 700 leafs used in the model construction, the hybri e angular cgefﬂment a" (Equation .1) were hlgh (Ree
a’r85)’ showing that the method is appropriate for

and the old cultivars were the ones that presented simi . . . .
. . . . simulating LA for all cultivars. There was a slight variation
size, an important feature used by rice breeding programs - . .
in angular coefficient, ranging from 0.73 to 0.86 (Figure 4),

(a:;:nlse(t)zle ozfotrg) i?\?&oen:nn::ziplz tnd?:ﬁgzm:; f(r:(r)(:r? g Iendicating the possibility to use the general equation (LA
geral, i g 9 - =0.78 (L.W), R2=10.97). The values of linear regression

to 48 cm and the width from 0.47 to 1.31 cm for th%oefficient found in this study are close to those alread
conventional cultivars. Nowor hybrid and old cultivars, y y

I 2

the minimum value both from length as for width of lea found for trees and grasses, sucfieatonas grandis (R
. . . = 0.88) Bragat al. (2018).

was superior to the conventional cultivars. The mean

length of hybrid leaves ranged from 19.5 to 49.9 cm and The RMSE ranged from 0.98 to 5.16 cm?1eafspecific

the mean width from 0.96 to 1.80, for the old cultivars th@duation and from 1.24 to 4.72 cm? le&dr the general
mean length was from 17.2 to 53.1 and the mean widgsiuation, that shows good capability in estimating leaf
from 0.90 to 2.05 cm. The collections were realized sinéze (Figure 5).

V3 until R9 and the different extrapolations of plants, what These RMSE values were less than those found for
explains a big variety on leaves size and also the modgadiolus (6.23 a 10.42 cm? |€af(Schwabet al. 2014),
capacity of being used to adjust the leaf area in anyhich leaves shape are lanceolate, similar to rice leaves.

development phase of the culture (Figure 3). For soybean, which has @dfiate leaf, Bakhshanded
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Figure 3: Leaf size of hybrids (a, b, ¢) and conventional rice cultivars (d, e, f, g, h, i, j, k, [, m, n).
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al. (2011) found RMSE from 7.33 to 9.22 cm? leahd  using the general equation. The statistics RSME, d1, BIAS
Richteret al. (2014) found RMSE from 6.48 to 16.92 cm?and r showed that is possible to use the general equation
leaf?. to estimate leaf area for other rice cultivars. Similar errors
Statistics conform the good model performanc(& between specific equations and general equatiatséT

2). For Inov CL hybrid and IRGA 424 RI, IRGA 429 and?2) are plausible, as the leaf shape is similar among the
EEA 406 cultivars, d1 statistic shows a higher fulfillmentultivars.

using the general equation. For IRGA 424 RI, BIAS showed There was a slight difference between LAI estimated
a higher fulfillment using the general equation, and forwith the general and the specific equations (Figure 5).
index the higher fulfillment was found for Inov CL hybrid The equations presented similar LAl evolution during the
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Figure 4: Relationship between leaf area obtained by the software Quant, and LA estimated by leaf dimensions (length and width
maximum using specific hybrid coefficient (a, b, c) and conventional rice cultivars (d, e, f, g, h, I, j, k, I, m, n). The line 1:1 has shown
the accuracy between model estimative and measured.
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crop growth, increasing during the emergence-floweringanging from 8.0 to 12.0 in different years (Aschoretis
phase, when the crop achieved the maximum value, aald 2014).
decreased towards the maturity The general coefficient (0.78) found in this study was
The maximum LAl near flowering is very important forvery close from those found in IRRIRice Experimental
rice crops, as flowering and grain filling stages are thgtation, Los Bafios, for dry (0.73) and wet season (0.75)
most critical stages for solar radiation interception, ag®alaniswamy & Gomez 1974). Furthermore, estimated
higher amounts of energy intercepted by the canompefficient for old semi-draws cultivars in India (0.80)
during this phase will result in higher yields (Esgiedl., (Bhan & Pande, 1966) was very close to general coefficient
2016). The higher differences between maximum LAl wer®und for modern cultivars in this studyne results found
for Puit&4 INTA CL cultivar, which was 6.0, 9.3 and 7.9 with in this study are in agreement with those found in the
specific equation and 6.5, 10.0 and 8.5 with general equatipast 50 years. In other words, similar leaf shape between
sowed in OctobeNovember and Decembeespectively old and modern cultivars allows to use the general
This difference was attributed to the lower Puitd NJL  coefficient (0.78) for new cultivars LAl estimation, with
specific coefficient equation (0.73) in relation to generatlo need to estimate new specific coefficients for new
coefficient equation (0.78). There were little differencesultivars. Due to high labor demand in measure leaf
between estimated LAl with specific and general equatiatimensions (length and width) to estimate LAI, we
for IRGA 424 Rl in three sowing dates and for Guri NT strongly recommend to use the destructive method (dry
CL and BRS Pampa in two sowing dates (Figures 5A, 5Batter sampling at key stages of development) associated
and 5D). Through the correlation between leaf dry weight the general coefficient (0.78), which allows to estimate
and leaf area, using predetermined ratios between grdefl with high predictive power and few manpower allows
leaf area and dry leaf mass, found LAl max values for ride analyze LAI. The highlights of this study may be
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Figure5: Leaf area index as a function of days after sowing for four rice cultivars in three sowing dates at Cachoeirinha: sowing date
1 (10/01/2015), sowing date 2 (11/09/2015) and sowing date 3 (12/03/2015). Leaf area was estimated using the cultivar specific
equations (solid line) and the general equation for all cultivars (dashed lines).
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Table 2: Statistics for the performance of models for estimating rice leaf area (LA) from leaf dimensions length (L) and width (W)
using independent data

Statistics
Cultivars RM SE* d1* BIAS* r*
Statistics using the cultivar-specific equation
Inov CL 5.16 0.9109 -0.0171 0.9411
QM 1010 CL 2.19 0.8994 0.0045 0.9324
Prime CL 2.25 0.9750 -0.0011 0.9835
Puita INTA CL 0.98 0.9669 0.0188 0.9795
BRS Pampa 1.63 0.9935 -0.0123 0.9958
BRS Jacana 1.23 0.9360 0.0114 0.9601
IRGA 424 RI 1.47 0.9079 0.0045 0.9384
IRGA 428 161 0.9870 0.0042 0.9914
IRGA 429 1.74 0.9911 0.0017 0.9941
IRGA 430 1.46 0.9852 0.0077 0.9902
Guri INTA CL 2.10 0.9852 -0.0050 0.9902
BRS Catiana 1.53 0.9723 0.0100 0.9818
EEA 406 4.61 0.9064 0.0015 0.9369
Bluebelle 2.05 0.9760 0.0072 0.9842
Statistics using the general equation [AF = 0.78(L.W)]

Inov CL 3.11 0.9902 -0.0652 1.0000
QM 1010 CL 2.24 0.8975 0.0173 0.9324
Prime CL 3.39 0.9654 -0.0534 0.9835
Puitd INTA CL 1.24 0.9608 -0.0437 0.9795
BRS Pampa 1.89 0.9926 0.0230 0.9958
BRS Jacana 1.29 0.9343 -0.0118 0.9601
IRGA 424 RI 1.47 0.9082 0.0029 0.9384
IRGA 428 1.87 0.9853 0.0363 0.9914
IRGA 429 2.16 0.9893 0.0440 0.9941
IRGA 430 1.77 0.9825 0.0541 0.9902
Guri INTA CL 2.58 0.9823 0.0485 0.9902
BRS Catiana 2.18 0.9615 0.0914 0.9818
EEA 406 4.72 0.9054 -0.0138 0.9369
Bluebelle 4.23 0.9471 0.1077 0.9842

*RMSE: root mean square error, d1: modified agreement index, BIAS: BIAS index, r: correlation coefficient.

associated to use a remote sensing equipment, suclRISFERENCES
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