" Revista de la

FACULTAD DE
«= CIENCIAS AGRARIAS
N

- Universidad Nacional de Cuyo

Tomo 53 - N22 Ao 2021
ISSN on-line 1853-8665
MENDOZA - ARGENTINA



EVALUADORES 2021

Fabio Achinelli | UNLa Plata

Cristian Adasme Berrios | UCatélica del Maule-Chile

Hudhaifa AL-Hamandi | Tikrit University-Iran
Nora Andrada | UNSan Luis
Daniel Antenucci | UNMar del Plata
Alma Ayala Garay | INIFAP-México
Erika Banchio | CONICET

Martha Bargiela | UBA

Alicia Basso | UBA

German Berone | INTA

Teresa Boca | INTA

Lucia Bortolini | UNIPD-Italia
Sofia Boza | UChile

Leonardo Coll | INTA

Laura De Luca | INTA

Roberto De Rossi | UNC

Andrea Duplancic | FCEN-UNCuyo
Carina Gallo | INTA

Stella Maris Garcia | UNR
Mariano Gatti | INTA

Julio Gaviola | INTA

Cristian Geldes | UAHurtado-Chile
Lucrecia Gieco | INTA

Carla Giordano | CONICET

Carla Guzzo | INTA

Patricio Hinrichsen | INIA-Chile

Martin Irurueta | INTA

Roberto Kiesling | CONICET
Daniel Laureda | UBA

Maria Fernanda Leggio | EEAOC
Tomas Manzur | UNCuyo
Leandro Martin | INTA

José Miguel Martinez Pax | UMurcia-Espafia
Andrés Moltoni | INTA

Marcos Mora | UChile

Nicolas Neiff | UNNE

Paula Ormando | INTA
Carolina Pérez | INTA
Alejandro Perretta | URepublica Uruguay
Francisco Pescio | INTA

Lucas Petigrosso | INTA

Dario Pighin | INTA

Edmundo Ploschuk | UBA
Héctor Osvaldo Roby | UNCuyo
Deborah Rondanini | UBA
Héctor Salgado | UBA

Gustavo Sbarra | U. de Moro6n
Roberto Sopena | INTA

Mario Steinberg | UNC

Tonci Tomic | UChile

Horacio Valdéz | UNC



Revista de la Facultad de Ciencias Agrarias
Universidad Nacional de Cuyo

Tomo 53(2) - Diciembre 2021
indice

GENETICA Y MEJORAMIENTO VEGETAL

Effect of plot size and plant spatial arrangement on the efficiency of family selection in sugarcane (Saccharum
officinarum)

Efecto del tamario de la parcela y la disposicion espacial de la planta sobre la eficiencia de la seleccion familiar en la cafia de
azucar (Saccharum officinarum)

Aparecido de Moraes, Matheus Henrique Silveira Mendes, Mauro Sérgio de Oliveira Leite, Regis de Castro Carvalho, Flavia
Maria Avelar Gongalves 1

Mixed modeling for fiber yield genetic selection in sugarcane (Saccharum officinarum)
Seleccion genética de genotipos de caiia de azticar (Saccharum officinarum) hacia rendimiento de fibra mediante modelos mixtos

Jodo de Andrade Dutra Filho, Lauter Silva Souto, Rdmulo Gil de Luna, Anielson dos Santos Souza, Frank Gomes-Silva, Fabiana
Aparecida Cavalcante Silva,Djalma Euzébio Simdes Neto, Tercilio Calsa Junior 11

Tropicalization of canola (Brassica napus L.): commercial hybrids show potential for cultivation in the Brazilian Cerrado
Tropicalizacién de canola (Brassica napus L.): hibridos comerciales muestran potencial de cultivo en el Cerrado brasilefio

Lucas Nobre de Aratijo, Tatiana Barbosa Rosado, Erina Vitério Rodrigues, Adriano dos Santos, Bruno Galvéas Laviola.............. 20

Prioritization of vigor QTL-associated genes for future genome-directed Vitis breeding
Priorizacién de genes asociados a QTLs de vigor para futuros planes de mejoramiento dirigido en Vitis

Inés Hugalde, Marcos Paolinelli, Cecilia B. Agiiero, Summaira Riaz, Sebastian Gémez Talquenca, M. Andrew Walker, Hernan
Vila 27

Germination and development of M, seedlings of two Selliera radicans Cav. accessions subjected to gamma radiation
Germinacidn y desarrollo de pldntulas en M, de dos accesiones de Selliera radicans Cav. sometidas a radiacién gamma

Fabian Soto, Patricia Pefialoza, Eduardo Oyanedel, Flavia Schiappacasse, Oscar Duran, Alexis Vidal 36

ECOFISIOLOGIA Y MANE]JO DE CULTIVO

Implementation of ice plant (Mesembryanthemum crystallinum L.) production under semi-controlled conditions
Implementacion de la produccién de lechuga glacial (Mesembryanthemum crystallinum L.) bajo condiciones semicontroladas
Maria del Carmen Rodriguez-Hernandez, Idoia Garmendia 47

Optimal plot size for experimentation of common beans (Phaseolus vulgaris L.) in the northern region of Minas
Gerais, Brazil

Tamario de parcela éptimo para la experimentacion de frijoles (Phaseolus vulgaris L.) comunes en la regién norte de Minas
Gerais, Brasil

Bruno Vinicius Castro Guimaraes, Abner José de Carvalho, Ignacio Aspiazu, Liliane Santana da Silva, Rafael Rogério Pereira da
Silva, Amanda Maria Leal Pimenta, Marielly Maria Almeida Moura 55

Does foliar nicotinamide application affect second-crop corn (Zea mays)?
¢La aplicacion foliar de nicotinamida afecta al cultivo de maiz (Zea mays) de sequnda?

Raphael Elias da Silva Colla, Sebastido Ferreira de Lima, Eduardo Pradi Vendruscolo, Vinicius Andrade Secco, Gabriel Luiz
Piati, Osvaldir Feliciano dos Santos, Mariele Silva Abreu 64

Crop coefficient estimated by degree-days for ‘Marandu’ palisadegrass and mixed forage
Coeficiente de cultivo estimado por grados-dia para el pasto en empalizada ‘Marandu’y el forraje mixto

Débora Pantojo de Souza, Arthur Carniato Sanches, Fernando Campos Mendonga, José Ricardo Macedo Pezzopane, Danielle
Morais Amorim, Fernanda Lamede Ferreira de Jesus 71




Changes in physiological and biochemical parameters during the growth and development of guava fruit (Psidium
guajava) grown in Vietnam

Cambios en los pardmetros fisioldgicos y bioquimicos durante el crecimiento y el desarrollo de la fruta de guayaba (Psidium
guajava) cultivada en Vietnam

L.V.Trong, N.N. Khanh, L.T. Huyen, V.T.T. Hien, L.T. Lam 82

Collard greens and chicory intercropping efficiency as a function of chicory (Cichorium intybus) transplant time
Eficiencia de los cultivos intercalados de col y achicoria en funcion del tiempo de transplante de la achicoria (Cichorium intybus)
Tancredo José Carlos, Arthur Bernardes Cecilio Filho, Danilo dos Reis Cardoso Passos, Isaias dos Santos Reis .........ccemreerinnns 91

Lotus tenuis and Schedonorus arundinaceus co-culture exposed to defoliation and water stress
Co-cultivo de Lotus tenuis y Schedonorus arundinaceus ante defoliacién y estrés hidrico
Ileana V. Garcia 100

Mycorrhizal fungi and phosphate fertilization in the production of Euterpe edulis seedlings
Hongos micorricicos y fertilizacion con fosfato en la produccion de pldntulas de Euterpe edulis

Déborah Sampaio de Almeida, Marta Simone Mendonga Freitas, Almy Junior Cordeiro de Carvalho, Romulo André Beltrame,
Sarah Ola Moreira, Marlene Evangelista Vieira 109

Competitive ability of canola (Brassica napus var. oleifera) hybrids with black oat (Avena strigosa) in a subtropical
environment

Habilidad competitiva de hibridos de canola (Brassica napus var. oleifera) contra avena negra (Avena strigosa) en un ambiente
subtropical

Leandro Galon, Germani Concenco, Luciane Renata Agazzi, Felipe Nonemacher, Laryssa Barbosa Xavier da Silva, Thais
Stradioto Melo, Gismael Francico Perin, Ignacio Aspiazu 119

RECURSOS NATURALES Y AMBIENTE

Assessment of fodder corn grown under surface and subsurface drip irrigation in Mendoza, Argentina
Evaluacidn del maiz forrajero regado por goteo superficial y subterrdneo en Mendoza, Argentina

Richard José Ortega Justavino, Pablo Fernando Loyola, Joaquin Antonio Llera Giménez 132

Modeling natural mortality for different plant densities in dendroenergetic trials
Modelacion de la mortalidad natural en diferentes densidades de plantacién en ensayos dendroenergéticos

Sim6n Sandoval, Eduardo Acuiia, Jorge Cancino, Rafael Rubilar 143

Root length density (RLD) of oil palm (Elaeis guineensis Jacq) in a haplic Luvisol in Chiapas, Mexico
Densidad de longitud de raices (DLR) en palma de aceite (Elaeis guineensis Jacq) en un Luvisol de Chiapas, México

José Jests Obrador-0Olan, Mepivoseth Castelan-Estrada, Alberto Cérdova-Sanchez, Sergio Salgado-Garcia, Eustolia Garcia-
Lépez, Eugenio Carrillo-Avila 157

ECONOMIA Y POLITICA AGRARIA

Implantation of corporate social responsibility measures in the horticulture in Mexico and Spain
Implantacion de medidas de responsabilidad social corporativa en la horticultura de México y Esparia
Karina Adalessa Bafiuelos Torrontegui, Belem Dolores Avendafio Ruiz, Federico Martinez-Carrasco Pleite ......ceeeenn 165

Modeling the adoption of a garlic (Allium sativum L.) variety in Mexico through survival analysis
Modelando la adopcion de una variedad de ajo (Allium sativum L.) en México mediante andlisis de supervivencia

Blanca Sanchez-Toledano, Venancio Cuevas-Reyes, Oscar Palmeros Rojas, Mercedes Borja Bravo 178




The role of fuel prices in spatial price transmission between horticultural markets: empirical analysis from
a developing country

El rol del precio de combustible en la transmisién espacial de precios en mercados horticolas de paises en desarrollo
Rodrigo Valdes 193

Chinese consumers’ purchase intention of fresh cherries: Modeling of relations between satisfaction and perceived
quality

Intencidn de compra en cerezas frescas de los consumidores chinos: modelando relaciones entre satisfaccion y calidad percibida
Andrés Chiang, Mauricio Aguilera, Ricardo Cabana, Marcos Mora 204

PROTECCION VEGETAL

Evaluation of tolerance to Fusarium oxysporum and Fusarium solani in Virginia-type tobacco (Nicotiana tabacum L.)
varieties under controlled conditions in Northwestern Argentina

Evaluacion de la tolerancia a Fusarium oxysporum and Fusarium solani en variedades de tabaco (Nicotiana tabacum L.) tipo
Virginia bajo condiciones controladas en el noroeste de Argentina

Lorena A. Berruezo, Eleonora M. Harries, Marta Z. Galvan, Sebastian A. Stenglein, Guadalupe Mercado Cardenas ... 214

Predation capacity and larval development of Ceraeochrysa claveri (Neuroptera: Chrysopidae) fed with Raoiella
indica (Acari: Tenuipalpidae)

Capacidad de depredacion y desarrollo larval de Ceraeochrysa claveri (Neuroptera: Chrysopidae) alimentado con Raoiella
indica (Acari: Tenuipalpidae)

Martin Palomares-Pérez, Yadira Contreras-Bermudez, Pedro Fabian Grifaldo-Alcantara, Rosa Elia Garcia-Garcia, Manuel
Bravo-Nufiez, Hugo Cesar Arredondo-Bernal (Nota cientifica) 225

PRODUCCION Y SANIDAD ANIMAL

Effect of rearing system and sex on the composition and fatty acid profile of Andinoacara rivulatus meat from
Ecuador

Efecto del sistema de produccion y sexo en la composicion y perfil de dcidos grasos de la carne de Andinoacara rivulatus
criada en Ecuador

Ana Gonzalez-Martinez, Elena Angdén, Martin Armando Gonzalez, Jorge Magno Rodriguez Tobar, Cecilio Barba Capote, Ant6n
Rafael Garcia Martinez 232

Effects of different energy source diets, as corn substitutes, on carcass characteristics and meat quality of feedlotlambs

Efectos de diferentes dietas con fuentes de energia, como sustituto del maiz, sobre las caracteristicas de la canal y la calidad
de la carne de los corderos de engorde

Leticia Jalloul Guimaraes, Isabella Guartieri da Silva, Ana Claudia Ambiel, Fabiola Cristine de Almeida Rego, Calié Castilho, Luiz
Fernando Coelho da Cunha Filho, Gabriella Capitane Sena, Francine Mezzomo Giotto, Marilice Zundt..........ccc.ccoueernmeeeersneens 243

TECNOLOGIAS AGROINDUSTRIALES

Effect of thermosonication on enzymatic oxidation and physicochemical properties of soursop (Annona muricata) pulp

Efecto de la termosonicacién en la oxidacion enzimadtica, y las propiedades fisico-quimicas de la pulpa de guandbana
(Annona muricata)

Victor Manuel Gelvez Ordéiiez, Ivan Daniel Lopez Castilla, Luis Eduardo Ordofiez-Santos 252

Water loss and chemical composition of cactus pear genotypes submitted to post-harvest storage periods

La pérdida de agua y composicién quimica de las variedades de pera de cactus forrajeras sometidas a periodos de
almacenamiento posteriores a la cosecha

Chrislanne Barreira de Macédo Carvalho, Ricardo Loiola Edvan, Romilda Rodrigues do Nascimento, Keuven dos Santos
Nascimento, Julian Junio de Jests Lacerda, Marcos Jacome de Aratijo, Lucas de Souza Barros 261




Rev. FCA UNCuyo. 2021. 53(2): 1-10. ISSN (en linea) 1853-8665.

Effect of plot size and plant spatial arrangement
on the efficiency of family selection in sugarcane
(Saccharum officinarum)

Efecto del tamaiio de la parcela y la disposicion espacial de la planta
sobre la eficiencia de la seleccion familiar en la cafia de azucar
(Saccharum officinarum)

Aparecido de Moraes !, Matheus Henrique Silveira Mendes ?, Mauro Sérgio de Oliveira
Leite 3, Regis de Castro Carvalho ?, Flavia Maria Avelar Gongalves 2

Originales: Recepcion: 20/11/2019 - Aceptacion: 01/10/2021
ABSTRACT

The purpose of this study was to identify the ideal sample size to represent the potential
of a sugarcane family for identification of superior families, and, at the same time, determine
which spatial arrangement may provide better phenotypic expression of the progeny of
the sugarcane families tested. Thus, five full-sib families, each with 360 individuals, were
evaluated in a randomized block design with three replications. The plants were placed in
three different spatial arrangements in the row: 50 cm, 75 cm, and 100 cm between plants;
with 150 cm between the rows. The bootstrap method was adopted to determine the ideal
sample size, as well as the best spacing for evaluation. The 100-cm spacing provided the
best mean values for number of stalks, mean stalk diameter, and estimated weight of stalks
in the stool. The 75-cm spacing between plants within the row allowed better discrimi-
nation among the families for all the traits evaluated. At the 75-cm plant spacing, it was also
possible to identify superior families with a sample of 30 plants from each plot and 3 reps
in the trial.

Keywords
Plant breeding e experimental design ¢ breeding strategy e bootstrap
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RESUMEN

El propdsito de este estudio fue identificar el tamafio de muestra ideal que representa
a una familia en su potencial, identificar familias superiores y, en paralelo, determinar
qué disposicion espacial puede tener una mayor precisién en cuanto a la selecciéon de
nuevas variedades de cafia de azucar. Para tal fin, se evaluaron cinco familias de hermanos
completos, cada una con 360 individuos, en disefio de bloques al azar, con tres repeticiones
y tres distancias diferentes entre las plantas en una misma hilera (50 cm, 75 cm y 100 cm).
Se mantuvieron 150 cm entre hileras. Para determinar el tamaiio ideal de la muestra, asi
como la mejor distancia para la evaluacion, se adopto6 el método bootstrap. Se observo que
distancias de 100 cm resultaron en el mejor valor promedio de nimeros de tallo, didametro
del tallo y peso estimado de los tallos en las heces. La separacion de 75 cm entre las plantas
permitié6 un mejor poder de discriminacion entre las familias para todos los caracteres
evaluados. Con 75 cm también fue posible identificar familias superiores con una muestra
de 30 plantas en cada parcela y 3 repeticiones en el ensayo.

Palabras clave
Fitomejoramiento e disefio experimental ¢ estrategia de mejoramiento ¢ bootstrap

INTRODUCTION

Over the past 50 years, sugarcane yield has increased by approximately 40%, especially
due to breeding. However, from eight to twelve years are required to obtain a new sugarcane
cultivar through the breeding process (16). Continual efforts should be made to increase the
efficiency of breeding programs, and early selection is an example of this (13).

Sugarcane selection starts with the identification and cloning of superior genotypes.
Several steps are performed in this selection, ranging from the choice of desirable parents
to quantification of genetic effects in expression of the trait evaluated (8, 16).

Desirable traits identified in superior genotypes are often controlled by many genes.
Even relying on newly available tools (such as databases, parent history, and software), it is
hard for breeders to precisely define the best parents for hybridizations (18, 21). Therefore,
alarge number of crosses are necessary to increase the chances of obtaining the best combi-
nations for generating promising progenies.

In the early stages of clonal selection, superior families were identified, followed by mass
selection of the best individuals within the families. This provided greater genetic gains and
greater frequency of superior genotypes (5, 27). Sugarcane breeding programs in several
countries have used this methodology (2, 5, 13).

Families are selected through collection of their phenotypic data. The best families for
continuing selection can be inferred from analysis of this data. An evaluation is usually
made from collection of samples to determine sugar content and stalk weight, and yield is
estimated in tons of cane per hectare (TCH).

In the first stage of all sugarcane-breeding programs, seedlings are planted that come from
seeds originating from the crosses made. These seedlings are planted at defined spacings in the
row. The spacings are defined by each program and have consequences on phenotypic expression
of traits, such as number; diameter; and height of stalks, which directly affect the family selection
process. Several studies have aimed to identify the most adequate sample size for evaluating
families. However, most of these studies were carried out using only one plant spacing in the
row; other plant spacings were not tested. Family evaluation is one of the most expensive stages
in a commercial breeding program. Thus, studies have sought to optimize resources through
reducing plot size. According to Durner (1989), experimental plot size is a key decision for opti-
mizing the use of the experimental area. This optimization allows genotype evaluation with
a larger number of reps and sites. Some strategies have already been evaluated to check the
viability of performing selection in the initial stages of a sugarcane-breeding program (19). It has
already been observed that for traits related to sugar content, a one-row plot was as efficient as a
two-row plot (12). In the literature, recommendations for sample size in sugarcane experiments
range from 20 to 150 plants per family (1, 15). Since researchers’ suggestions vary considerably,
studies must be conducted to determine the ideal sample size to represent a family.
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The aims of the present study were to identify the ideal sample size that represents the
potential of a family and to determine the best spacing between plants to improve selection.

MATERIALS AND METHODS

The seeds of the sugarcane families used in this study were obtained from five bipa-
rental crosses made at the Canavialis hybridization site on the Vale das Flores farm, Macei¢,
AL, Brazil, during the 2014 season. These seeds were sent to the regional Canavialis site in
Conchal, SP, where seedlings were produced. Each cross was used to produce 360 seedlings,
which were sent to the regional station, the Destivale farm in Aracgatuba, SP, with geographic
coordinates of latitude 21° 6’ 20.52” S and longitude 50° 28’ 57” W, at an altitude of 430 m.
Average temperature is 22.2°C, rainfall is 1,250 mm per year, and soil is classified as a
Latosol Rojo-Amarillo distrdfico.

Experiments were set up in September 2014 with plants spaced at 50 cm, 75 cm, and
100 cm in the row. Each experiment had a completely randomized block design, with six
treatments (five families plus one standard commercial cultivar, RB867515), three replica-
tions, and a 1.5 m between-row spacing. The seedlings of the standard commercial check
cultivar were produced through germination of single billets, like seeds in a greenhouse.
This method makes the seedlings produce stools, which are similar to those produced by
seeds (seedlings).

Conventional tillage for sugarcane was used for field planting. Furrows were opened and
fertilizer was applied in the furrows at a dosage of 500 kg/ha of a 05-25-25 (N-P-K) formu-
lation. Seedlings were planted manually at different plant spacings in the row. A distance
of 2.5 m was maintained between plots, and borders of the experiment were planted with
sugarcane to protect the perimeter. Sprinkler irrigation was performed three times at
10 mm each to ensure 100% seedling survival.

Data was collected in July 2015 from sugarcane at 10 months of age for the following
traits: (i) number of stalks: obtained through counting the total number of stalks (fully
developed) in each stool (seedling); (ii) stalk diameter: obtained by measuring three
representative stalks in the stool at 1/3 stalk height with a digital caliper; (iii) stalk height:
obtained by measuring three representative stalks in the stool from soil level to the base of
the dewlap of the leaf +3.

Based on these traits, the mean stalk weights were estimated, obtained through the
following biometric formula:

PE =d x t x AC x (DC/2)? proposed by Chang and Milligan (1992),

where:

PE = estimated stalk weight;

d = the specific density of the stalk, whose suggested value is 1 g/cm53;

1 = the dimensional value of approximately 3.1415;

AC = the height of the stalk from its base to the last visible dewlap;

DC = stalk diameter expressed in centimeters, measured at 1/3 representative stalk height.

Along with stalk weight, stool weight was estimated, and subsequently, sugarcane stalk
weight for the plots.

For statistical analysis, individual analyses of variance were performed for each trait in
each spacing, and combined analyses of variance for all spacings. First, individual analyses of
variance were performed for each trait within each spacing arrangement. Upon meeting the
required premises, combined analyses were performed according to the following model:

Y= B[+ at fa, +rfa) +fri(a) +d,
where:
Vi =18 the observation of individual |, family i, block j, and spacing k;
u = the general mean;
f; = the effect of family i;
a, = the effect of spacing k;
fa, = the interaction of family i and spacing k;
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rj(ak] = the effect of replication j within spacingk;
f,-’”,- (a,) = the interaction effect of family i in replication j within each spacing k;
d;, = the effect of individual I within family i and spacing k.

Different scenarios were evaluated in each of the family evaluation experiments in the
three different spacings, modifying the number of individuals in the plot from 1 to 40. For
each scenario, 1000 bootstraps were performed, and each bootstrap simulated a new exper-
iment. It should be noted that in each simulated experiment, bootstraps were performed
with no replacements. With the simulated experiment, analysis of variance was performed
using the fixed model, and some parameters were estimated as follows:

10052

m

%CVe =

where:
CVe = the value of the experimental coefficient of variation;
S$? = the variance;
m = the mean of the trait;
probability value;
_ Mg
¢ omg
where:
F = the calculated F value;
QM, = the mean square of the genotype;
QM, = the mean square of the error;
repeatability;

‘F'A —r1_1y05
99=0-5)

where:

f.gg = the selective accuracy;

F.= the calculated F value;

the ranking between the phenotypic means of the families in the simulated experiments
was compared to the ranking of the three best families obtained in the experiment with the

total number of plants in the plot.

The procedure was repeated for the three spacing arrangements. All data analysis was
performed using R software (11).

RESULTS AND DISCUSSION

Significant differences among families were observed in analysis of the different spacings
(P < 0.05) for number of stalks, stalk height, and stalk diameter; and for stalk weight, only
the 75-cm spacing showed significant differences. These results show significant genetic
variability among families, which allows successful selections.

The experimental coefficient of variation (CVe) observed for all traits at the three plant
spacings are low in magnitude, showing good experimental quality. Most of the CVe’s are
below 10%, values indicated as low for agricultural experiments by Pimentel-Gomes (2009).
Barbosa et al. (2005) and Leite et al. (2006) obtained similar values for the same traits in
working with sugarcane families.

It is noteworthy that the combined analyses for all the traits analyzed showed a signif-
icant effect for the spacing and family sources of variation, but for the spacing x family
interaction, only stalk height showed significant differences (table 1, page 5). According to
Ramalho et al. (2012), non-significance of interaction means that the response of families
coincided in the different spacings evaluated.

The purpose of this type of experiment is first to make selection among families and then
proceed with individual selection within the best families. When significant differences were
detected among the families evaluated, a means clustering test was performed (25). For number
of stalks, only the 100-cm spacing exhibited three distinct clusters, and it had the highest mean
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family values. Stalk height also exhibited three distinct clusters at the 100-cm spacing, but the
highest mean values were found at the 50-cm spacing. In the case of stalk diameter, all three
spacings showed three distinct clusters, with the highest mean values of families for the 100-cm
spacing. For stalk weight, there was no cluster formation by the Scott Knott test at 5% at the
50-cm spacing; however; at the 75-cm and 100-cm spacings, two distinct clusters were observed,
and the highest mean values were observed at the 100-cm spacing. For stalk weight, which is the
most important trait for sugarcane selection, the 75-cm and 100-cm spacings were the most effi-
cient in discriminating families. The 75-cm spacing was able to discriminate the families in three
distinct clusters (table 2, page 6). Itis expected that the spacing that allows formation of a larger
number of distinct clusters also allows greater possibility of discriminating families.

Table 1. Combined analysis of variance considering three different spacings among the
plants in the row for the following traits for sugarcane families: number of stalks, stalk
height (cm), stalk diameter (cm), and stalk weight (kg).

Tabla 1. Analisis conjunto de varianza considerando tres espacios diferentes entre las

plantas en la linea para el nimero de caracteres de los tallos, la altura de los tallos (cm), el
didmetro de los tallos (cm) y el peso de los tallos (kg) para las familias de cafia de azucar.

"s: not significant; *and MS
**: significant by the SV DF
F-test at 5% and 1% No. of stalks Height Diameter Weight
probability, respectively. ;
C Spacing (S) 2 67.081 ** 453.750 * 0.179 ** 68.751 **
"s: no significativo; *,
** Significativo por la Family (F) 5 19.212 ** 2418.790 ** 0.463 ** 5.949 **
prueba F, con 5%y
1% de probabilidad, SxF 10 0.908 215.230 * 0.009 s 0.926 "
respectivamente. Error 30 0.674 93.050 0.006 0.782
Mean 10.357 208.049 2.221 8.906
CV (%) 9.610 6.129 4.226 11.060

The data indicate that the ideal spacing among plants in the row is not the same for all
individual traits, since this spacing varies depending on the trait concerned. For number of
stalks, the 75-cm spacing discriminated more families, whereas for stalk height, the best
spacing was 50 cm. In contrast, all three spacings showed efficient discrimination for stalk
diameter. Stalk weight in the stools, known as TCH (tons of cane per hectare), is estimated
from the three variables mentioned above and is the basis for yield estimates in sugarcane
experiments. For TCH, the 75-cm spacing was the only one that exhibited three distinct
clusters by the Scott-Knott test, proving to be more suitable for evaluation of families.

In a study carried out in the state of Louisiana, USA, comparing the efficiency of sugarcane
selection methods at two different spacings (41 and 82 cm between plants in the row) and
180 cm between rows, Sousa-Vieira and Milligan (2009) concluded that the 82-cm spacing
was more efficient in selection for weight of stools. That result corroborates the result in
this study of the 75-cm spacing between plants in the row being the most promising. It is
important to emphasize that the capacity for genotype discrimination is closely related to
experimental accuracy (22). According to Pedrozo et al. (2008), experiments should be as
accurate as possible to permit efficient selection. However, G x E interactions will always be
present, and the family selected in one year will probably not be the best in another year.

Study of parameters through bootstrapping

A simulation method by bootstrapping was used to determine the ideal sample size for
representing a family in a trial plot. Since the two main traits in this study were the number of
stalks per stool and stalk weight, both of them were the target traits of the simulation study.

In an attempt to aid decision making on the minimum size of the plot, the following criteria
were established to guide interpretation of the graphs obtained: a) The CV should be below
10%. Pimentel-Gomes (2009) consider that CVs below 10% are low in agricultural experi-
ments. b) A probability value (p value) should be established at the significance level of 5% -
the same applies to the F-test value. c) The repeatability value should be above 80%. According
to Resende (2002), these values may be considered appropriate for this parameter. d)
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Means followed by the
same lowercase letter
in the column and by
the same uppercase
letter in the row
constitute statistically
homogeneous clusters
by the Scott-Knott test
(p<0.05).

Los promedios
seguidos de la misma
letra mintscula en la
columna y de la misma
letra mayuscula en la
linea constituyen un
grupo estadisticamente
homogéneo segun la
prueba de Scott-Knott
(p <0,05).
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Accuracy value should be above 80%. According to Resende (2007), for selective processes in
plant breeding programs, values above 70% are considered high selective accuracy for experi-
ments. e) The family rank values should coincide. Coincidence is obtained from comparing the
rank of families in each bootstrapping scenario (1 to 39 plants) and the rank of families in total
evaluation of the plot (40 plants). An acceptable coincidence value is 90% or higher.

Table 2. Clustering of means for the following traits for sugarcane families: number of
stalks, stalk height, stalk diameter, and stalk weight, considering combined analysis for
three different spacings (cm) between the plants in the row, carried out by the Scott-Knott
test at 5% probability.

Tabla 2. Agrupacién de promedios para caracteres numero de tallos, altura de los tallos,
diametro del tallo y peso de los tallos para familias de cafa de aztcar, considerando el
analisis conjunto de tres espacios diferentes entre las plantas (cm) en la linea, realizado
por la prueba de Scott-Knott al 5% de probabilidad.

Number of stalks

50-cm spacing 75-cm spacing 100-cm spacing

Family | Mean Family | Mean Family | Mean
44 9.64 aC 44 12.66 |aB 44 14.16 |aA
57 9.17 |aB 57 12.52 |aA 57 13.44 |aA
51 8.27 |bC 51 11.06 |bB 51 12.83 |bA
49 7.73 |bB 49 10.33 | bA 66 11.81 |bA
66 7.72 | bC 66 10.01 |bB 49 10.29 |cA

Test. 6.68 |bB | Test. 9.01 |bA | Test. 9.09 |cA

Stalk height
50-cm spacing 75-cm spacing 100-cm spacing
Family | Mean Family | Mean Family | Mean

49 234.15|aA | Test. | 233.55 |aA 49 235.39 |aA
51 226.32 |aA 49 233.52 |aA | Test. |224.28 aA
Test. |223.89 |aA 51 225.06 |aA 51 210.56 | bA
57 220.21 |aA 44 200.86 |bA 66 204.79 | bA
66 205.38 |bA 57 198.72 |bB 57 191.42 | cB
44 198.43 | bA 66 190.46 |bA 44 181.85 | cB

Stalk Diameter
50-cm spacing 75-cm spacing 100-cm spacing
Family = Mean Family | Mean Family | Mean

Test. 2.55 |aB | Test. 2.58 |aB Test. 2.8 |aA
66 2.22 |bB 66 2.21 |bB 49 2.38 |bA
49 2.09 |cB 51 2.21 |bA 66 2.36 |bA
51 2.07 |cB 49 2.12 |bB 51 2.22 |cA

57 2.01 |cB 44 2 cA 57 215 |cA
44 198 |cA 57 193 |cB 44 211 |cA
Stalk weight
50-cm spacing 75-cm spacing 100-cm spacing
Family | Mean Family | Mean Family | Mean

Test. 7.78 |aB | Test. 11.14 |aA Test. 12.43 |aA
57 691 |aB 51 9.73 |aA 51 10.96 |bA
44 6.78 |aB 44 8.99 |bA 66 10.7 |bA
51 6.77 |aB 49 8.61 |bB 49 10.55 |bA
66 6.61 |aB 57 8.58 |bA 44 10.11 |bA
49 6.35 |aC 66 75 |cB 57 9.81 |bA
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For the CV for the number of stalks trait, the desirable value (below 10%) was achieved
in 16-plant samples at a 75-cm spacing, and in 31-plant samples at a 50-cm spacing. At
the 100-cm spacing, the desirable CV value was only reached in the entire 40-plant sample
(figure 1). For stalk weight, the desirable value was achieved with 25 plants at the 75-cm
spacing and 35 plants at the 50-cm spacing. For the 100-cm spacing, this value was only
achieved with the entire 40-plant sample (figure 2).

Samples with 11 plants reached the p value of 5% significance at the 75-cm and 100-cm
spacings for the number of stalks trait. At the 50-cm spacing, these p values were reached
with 18 plants (figure 1). Regarding stalk weight, 25-plant samples already achieved this p
value at the 75-cm spacing; the 50-cm and 100-cm spacings did not achieve this value. This
indicates the lower efficiency of these spacing to discriminate families (figure 2).
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Figure 1. Mean of data from one thousand bootstrapping for the parameters of coefficient of variation (CV),
probability, repeatability, F-value, and coincidence of family rank for each sample size (number of plants) for the
number of stalks trait.

Figura 1. Promedio de datos del millar de bootstrapping para los parametros Coeficiente de variacion (CV),
Probabilidad, Repetibilidad, Valor F y Coincidencia de las familias para cada tamafio de muestra (nimero de
plantas) para el nimero de caracteres de los tallos.
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Figure 2. Mean of data from one thousand bootstrapping for parameters of the coefficient of variation (CV),
probability, repeatability, F-value, and coincidence of family rank for each sample size (number of plants) for the
stalk weight trait.

Figura 2. Promedio de datos del millar de bootstrapping para los parametros Coeficiente de variacion (CV),
Probabilidad, Repetibilidad, Valor F y Coincidencia de las familias para cada tamafio de muestra (nimero de
plantas) para el peso del caracter de los tallos.
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Regarding the F-value calculated for number of stalks and stalk weight, greater increases
were observed for the 75-cm spacing, due to the increase in the number of plants in the
plot. For the other spacings, increases in the number of plants did not lead to substantial
increases in the estimates of the F-value (figures 1 and 2, page 7).

Repeatability values above 80% were reached with 14-plant samples for the 75-cm
and 100-cm spacings and with 23-plant samples for the 50-cm spacing. Accuracy values,
also considering values above 80%, were reached with 8-plant samples for the 75-cm and
100-cm spacings, and with 13-plant samples for the 50-cm spacing (figure 1, page 7). For
stalk weight, the repeatability values were reached with 30-plant samples for the 75-cm
spacing. If selection were performed based on number of stalks, it would be possible to
obtain high accuracy values (> 80%) with only 10 plants in the plot for the 75-cm and
100-cm spacings. It is important to emphasize that in these experiments, selection is usually
performed considering the weight of stalks in the plot. For that trait, values above 80%
were found at the 75-cm spacing with a minimum of 25 plants in the plot. At the 50-cm
and 100-cm spacings, no high values of accuracy and repeatability were observed (figure 2,
page 7). For the number of stalks and stalk weight traits, the 50-cm spacing between plants
in the row was less efficient in discriminating families.

For family rank coincidence, values above 90% were observed with samples of 8 plants
at the 100-cm spacing, 10 plants at the 75-cm spacing, and 16 plants at the 50-cm spacing.
Regarding stalk weight, coincidence levels above 90% were observed when more than 35
plants were used in the plot for the 75-cm spacing (figure 2, page 7). For other spacings, the
rank coincidences were always low. Mendes et al. (2014), working with eucalyptus, esti-
mated rank coincidence above 90% and found 55 plants for plot size.

From the perspective of efficiency and accuracy of selection, the 50-cm spacing showed
the least satisfactory results. When the 75-cm spacing is used, the number of plants for
evaluation in the plot can be reduced from 40 to 15, without reducing the efficiency of
selection. These results corroborate those obtained by Leite et al. (2009), who evaluated
full-sib families of sugarcane and observed that 16 plants per plot would be enough to
obtain reliable parameters for the traits under study.

Based on the results for weight of stalks in the stools (which is the most important trait
since it includes all the previous traits, and recommendation of the highest yielding families
is obtained from it), the minimum number of plants to be sampled that are sufficient for
recommending the best families would be 30 plants for the 75-cm spacing and 35 plants for
the 100-cm spacing. These would be the numbers of plants recommended to provide family
rank coincidence values above 90% and accuracy values above 90% for the 75-cm spacing
and above 70% for the 100-cm spacing. Leite, Peternelli, and Barbosa (2006), working with
sugarcane families at a 50-cm spacing between plants and evaluating sugar content; the
diameter, height, and number of stalks; and the mean weight of sugarcane stools, concluded
that a sample of 16 plants per plot in a trial with six replications would be sufficient to
represent the families. Esposito et al. (2012), also working with sugarcane families at a
50-cm spacing, estimated individual weights and concluded that a 30-plant sample per plot
with three replications would be sufficient to indicate the best families.

In other species, such as Eucalyptus, it has already been confirmed that decreases in
plot size from 100 to 25 plants does not affect accuracy of selection and experimental
precision, and such decreases may reduce costs in the breeding program (17). Working
with brachiaria grass, Dias et al. (2014) measured fresh biomass volume and carried out
analysis through the bootstrapping method and the maximum curve of the coefficient of
variation. They concluded that 3-m? plots were enough to ensure experimental precision
when half-sib progenies were used. This reduction in plot size allows genotype evaluations
in a larger number of places so the genotype x environment (GE) interaction can be more
effectively determined. Gilbert et al. (2006) and Bernardo (2010) defended reduction in
plot size and a larger number of sites and also observed the need for continuous evaluation
of genotypes in several places in both the early steps and final steps of breeding programs.

From all these results and considering selective accuracy as the guiding parameter for
decision making, the highest values obtained considering the number of stalks and weight
of stalks in the stools were found at the 75-cm spacing. Comparing the bootstrapping results
with those obtained in combined analysis of the three spacings, the 75-cm spacing had the
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highest power of discrimination among families, indicating that this spacing is the most
efficient in evaluating sugarcane families for selection purposes. Souza-Vieira and Milligan
(2009) argued that higher selection efficiency would be obtained when making use of larger
spaces between plants, rather than more consolidated experiments. Those results are in
accordance with the results of this study, where a less consolidated plant arrangement
exhibited better capacity for discriminating families.

CONCLUSIONS

Considering the means test, the 75-cm and 100-cm spacings best discriminated the
families for stool weight, the most important variable for indicating yield of families.

Considering the bootstrapping results and the 75-cm spacing, a 30-plant sample with
three replications is enough to determine the family value.
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ABSTRACT

The current demand for clean and renewable energy has provoked considerable changes
in the production system of agro-industrial companies. Bioelectricity generation through
sugarcane bagasse burning has considerably risen in recent years. This work aimed to focus
on sugarcane genetic selection for fiber productivity, using mixed linear modeling. The
experiment was outlined in randomized blocks with four repetitions and sixteen genotypes.
The evaluated traits were: cane tons per hectare, sucrose tons per hectare, fiber tons per
hectare, fiber content and apparent sucrose content. Heritability coefficients suggested a
significant genetic gain, while harmonic means of relative performance of predicted geno-
typic values allowed the identification of stable genotypes related to the traits evaluated, in
four harvest cycles. The current agro-industrial demand for sugarcane varieties considers
energy generation and sugar production with fiber content between 12% and 17%, and
sucrose content near 13%. With this regard, genotypes EECAC 06, EECAC 03, EECAC 04 and
EECAC 07 result interesting commerecial cultivation options.
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RESUMEN

La demanda actual de energias limpias y renovables ha provocado cambios conside-
rables en el sistema productivo de las empresas agroindustriales. La generacién de bioelec-
tricidad mediante la quema de bagazo de cafia de aztcar ha aumentado considerablemente
en los dltimos afios. Este trabajo tuvo como objetivo centrarse en la seleccion de genotipos
de cana de azucar para la productividad de la fibra. El experimento se esbozé en bloques
aleatorios con cuatro repeticiones y se evaluaron dieciséis genotipos. Las caracteristicas
evaluadas fueron: toneladas de cafia por hectarea, toneladas de sacarosa por hectarea, tone-
ladas de fibra por hectarea, contenido de fibra y contenido aparente de sacarosa. Para la
seleccidn se utilizo la metodologia de modelos lineales mixtos. Los coeficientes de hereda-
bilidad sugieren una ganancia genética significativa y las medias armdnicas de desempefios
relativos de los valores genotipicos predichos permitieron la identificaciéon de genotipos
estables relacionados con las caracteristicas evaluadas en cuatro ciclos de cosecha. Consi-
derando la demanda actual de la agroindustria de la cafia de aztcar por variedades con
contenido de fibra entre 12% y 17% y contenido de sacarosa cercano al 13%, para gene-
racion de energia y produccidn de aztcar, los genotipos EECAC 06, EECAC 03, EECAC 04 y
EECAC 07 se presentan como comerciales opciones de cultivo.

Palabras clave
biomassa ¢ bioenergia ¢ bioelectricidad e Saccharum spp. ¢ REML / BLUP

INTRODUCTION

Sugarcane is an economically significant crop for various agro-industrial products like
sugarcane distilled beverage cachaca, yeast, protein, pharmaceuticals, fodder for animal
feed (1, 8, 20), and Brazilian main commercial products, sugar and ethanol, historically
providing the greatest economic profitability (3).

The current worldwide higher demand for clean and renewable energy, coupled with
growing concern about environmental issues, such as the greenhouse effect and water
conservation, require considerable changes in the productive systems of small and large
companies (2). Sugarcane biomass is one main alternative for diversifying the energetic
matrix and reducing fossil fuels usage, especially in tropical and subtropical countries
(10, 24). Nowadays, sugarcane bagasse is used for power generation. This makes sugar
mills self-sustainable in electric power, and even able to supply the surplus electricity to
surrounding power distribution companies (16). Stimulated by the Brazilian federal govern-
mental RenovaBio program, and a favorable business environment, bioelectricity can poten-
tially grow more than 50% by 2027 (16). This growing demand for biomass and bioenergy,
directly dependent on bioelectricity and second-generation ethanol production, ultimately
results from fiber content and composition of sugarcane varieties. This has inspired new
breeding programs focusing on new varieties with higher fiber content (4, 23).

In this context, some studies have already selected families in phase T1, with no evalu-
ation during ratoons (6, 19, 20, 23). However, in technical and practical terms, evaluating
fiber productivity is key not only in plant cane, but mainly along ratoons, identifying the most
stable clones and proceeding with commercial recommendations. In the state of Pernambuco,
one traditional sugarcane producer in Brazil, no studies have approached this topic.

According to Tew and Cobil (2008), the currently cultivated varieties are constituted
by about 12% fibers, 13% sugars and 75% water. These authors also state that genetic
breeding could possibly develop new materials with up to 30% fiber, 5% sugar and 65%
water. However, according to Fernandes Junior et al. (2017), sugar mills are not yet ready to
process biomass with more than 20% fiber, but newly developed varieties with around 17%
fiber, and sucrose near 13%, would attend what the current sugar-energy infrastructure
offers. These authors also state that this type of fiber-cane variety would also increase elec-
tricity production capacity, due to the higher fiber percentage. Consequently, bagasse heat/
calorific power quality would also increase, without losses in sugar production. In view of
the aforementioned needs, this work aimed to select sugarcane genotypes for potential
fiber productivity, using mixed linear models.

Revista de la Facultad de Ciencias Agrarias - UNCuyo | Tomo 53-2 - Afio 2021 12



* Standard varieties.
* Variedades estandar.

Mixed modeling for fiber yield genetic selection in sugarcane

MATERIAL AND METHODS

Experimental design

Sixteen genotypes were evaluated: ten promising clones from the sugarcane genetic
breeding Program of the Federal Rural University of Pernambuco, affiliated to the Inter-
university Network for the Development of the Sugar and Energy Sector (PMGCA/UFRPE/
RIDESA), and six standard commercial varieties (table 1).

Table 1. Sugarcane genotypes evaluated for fiber productivity.
Tabla 1. Genotipos de cafia de azicar evaluados para la productividad de la fibra

Genotypes Obtaining Institution
1. RB813804* UFRPE
2.RB863129* UFRPE
3.RB92579* UFAL (Federal University of Alagoas)
4. EECACO01 UFRPE
5. EECAC 02 UFRPE
6. EECAC 03 UFRPE
7. EECAC 04 UFRPE
8. EECAC 05 UFRPE
9. EECAC 06 UFRPE
10. EECAC 07 UFRPE
11. EECAC 08 UFRPE
12. EECAC 09 UFRPE
13. EECAC 10 UFRPE
14.SP791011* | COPERSUCAR (Brazilian Sugar and Ethanol Cooperative)
15. SP813250* COPERSUCAR
16. VAT90212* SUGARMILL TRIUNFO, Alagoas

The experiments were conducted in the agricultural area of Pumaty sugar mill, in the
municipality of Joaquim Nabuco, in the state of Pernambuco, Brazil, at geographic coordinates
08°37°28"S and 35°32’00”"W. A four-repeat randomized block design was used. The exper-
imental plots were composed of five lines, with 8 m between lines, each plot having 40 m?.

During four harvest seasons (plant crop and 1%, 2" and 3" ratoon crops), the following
traits were evaluated: sugarcane tons per hectare (STH), sucrose tons per hectare (SucTH),
fiber tons per hectare (FTH), fiber percentage (FP) and apparent sucrose percentage (SP).

Sugarcane tons per hectare (STH), sucrose tons per hectare (SucTH) and fiber tons per
hectare (FTH) were obtained as:

STH = (Total weight experimental plots x 10) / plots area in m?;
SucTH = (STH x SP) / 100;
FTH = (STH x FP) / 100.
Fiber and apparent sucrose percentage were estimated in the laboratory according to
Fernandes (4).

Statistical Analyses

Mixed models (REML/BLUP) estimated variance components and predicted genetic
values, according to Resende (2007). Interactions between genotypes x harvest cycles
(measurements) were evaluated via REML/BLUP and the statistical model 55 of the Sele-
gen-REML/BLUP software (15), corresponding to:

y=Xm+Zg+Wp+Ti+e

where:

y = the data vector,

m = effect vector of harvest cycles-repetitions (fixed) combinations added to general mean,

g = genotypic effects vector (aleatory),

p = permanent environmental effect vector (plots, aleatory),

i = vector for genotypes x harvest cycles interaction,

e = error vector or residues (aleatory).
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Capital letters represent incidence matrices for the cited effects. The m vector comprises
all harvest cycles in all repetitions and adjusts simultaneously to repetitions effects, harvest
cycles and harvest cycles interaction x repetitions.

Mean (E) and variance (Var) distributions and structures were:

i}l am g7 [o2 0 0 0

_ _ . pl_1| o 10’1;,'2 0 0
E= = g 'V“TH‘ 0 0 102 0
e 0 e 0o 0 0 1a?

Through this model, variance components and genetic parameters were obtained.
while genetic predictors (REML/BLUP) were free of genotypes x harvest cycles interaction,
according to Resende (15).

Prediction of genotypic values gathering average interaction (gem) in the different
Harvest cycles, is given by model: (i+ g+ gem)

Calculated by the equation:
(8% + 84 ) ..
{5
where:

u= the overall average of all Harvest cycles;

% = the genotypic variance;

62 = the variance of genotype x harvest cycles interaction;
n = the number of harvest cycles; and

i = the specific genotypic effect (genotype i).

Aiming to verify fiber and apparent sucrose content productivity and genotypic stability
through harvest cycles, the harmonic means of relative performances of predicted geno-
typic values (HMRPPGV), were provided by:

HMRPPGV; =n / (Z1, 1/Vgy),

where:

n = harvest cycle number, where genotype i was evaluated

Vg, = the genotypic value of genotype i, in the harvest cycle j, expressed as mean
proportion of each cycle.

The HMRPPGV values were multiplied by a general mean calculated for all environments
(GM), resulting in the same magnitude order in which all traits were evaluated, with genetic
values already discounted from instability, and capitalized by adaptability.

Genetic-statistical analyses were performed with Selegen software (15).

RESULTS AND DISCUSSION

Results regarding sugarcane tons per hectare, sucrose tons per hectare, fiber tons per
hectare, fiber percentage and apparent sucrose percentage are shown in table 2 (page 15).

Deviance analysis revealed significant differences between genotypes for produc-
tivity traits, evaluated during four harvest cycles. These results indicate genetic variability
between genotypes concerning the evaluated traits, implying the possibility of selecting
superior genotypes, as previously found (14, 26).

High values of genotypic variance for permanent environmental variance were found
for STH, SucTH and FTH. In relation to SP, the genotypic variance was higher than the
permanent environmental variance and the genotype x harvest cycles interaction variance,
suggesting that these traits have genetic over environmental predominance.

Medium and high genotypic correlations throughout harvest cycles suggest genotypic
identification, whose phenotypic expression (SucTH and SP), was stable during harvest
cycles with a greater predominant genetic component. Regarding SP, it might be inferred
that the genotypes have a high potential for ratoon sucrose production. For Silva et al
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(2018), it is about regularity in the repetition of this important production component.
For Oliveira et al. (2017), a complex part of the genotype x environment (harvest cycles)
interaction causes traits such as STH and TFH to show a low genotypic correlation between
harvest cycles.

Table 2. General mean, genetic traits, estimated variance components of sugarcane tons
per hectare (STH), sucrose tons per hectare (SucTH), fiber tons per hectare (FTH), fiber
percentage (FP) and apparent sucrose percentage (SP), evaluated in the agricultural area
of Pumaty sugar mill, considering four harvest cycles.

Tabla 2. Media general, caracteres genéticos, componentes de varianza estimados de
toneladas de cafia de azdcar por hectarea (STH), toneladas de sacarosa por hectarea
(SucTH), toneladas de fibra por hectarea (FTH), porcentaje de fibra (FP) y porcentaje de
sacarosa aparente (SP), evaluados en el rea agricola del ingenio Pumaty, considerando
cuatro ciclos de cosecha.

Traits

Parameters STH(E02Y) | SP(0) | FP(0) | (il | (rhan

G, 24.13 0.07 0.00 0.84 0.69

EP, 1.98 0.02 0.00 0.10 0.02

GE, 78.72 0.01 0.26 1.24 1.83

E, 115.11 1.75 1.18 3.27 3.57

F, 219.94 1.87 1.45 5.45 6.11

h, 0.11 0.04 0.00 0.15 0.11

r 0.12 0.05 0.00 0.17 0.11

RZ, 0.08 0.01 0.00 0.01 0.00

R, 0.36 0.00 0.18 0.23 0.30

rgmed 0.23 0.82 0.00 0.40 0.27

h, 0.52 0.66 0.02 0.69 0.57
General mean 79.26 14.83 15.77 11.88 12.34

Deviances 1265.32** | 398.56** | 343.45** | 568.62** | 588.06**

*, **Significant at 5 and 1%, respectively, according to deviance analysis. G,: Genotypic variance. EP:
Environmental variance. GE : Harvest cycles x genotype interaction. E : Temporary residual variance.
F,: Phenotypic individual variance. h, : Plots individual Heritability. r: repeatability. R? : Environmental
determination coefficient. R? ;: Determination coefficient for genotype x harvest cycle interaction effects. rgmed:
Genotypic correlation through harvest cycle. thg: mean genotype heritability.

*, ** Significativo al 5 y 1%, respectivamente, de acuerdo con la anélisis de deviacion. G,: Varianza genotipica. EP ;
Varianza ambiental permanente. GE,: Interaccién genotipos x ciclos de cosecha. E,: Varianza temporal residual.
F,: Varianza fenotipica individual. h, : Heredabilidad de parcelas individual. r: repetibilidad. R?: Coeficiente de
determinacion ambiental permanente. R? : Coeficiente de determinacién de los efectos de interacién genotipos

x ciclos de cosecha. rgmed: Correlacidn genotipica a través del ciclo de cosecha.. h, :heredabilidad media de los

genotipos.

Individual plots of heritability and repeatability coefficients showed average magnitude.
Furthermore, determination coefficients of genotypes x harvest cycles interaction showed
greater participation of this interaction in phenotypic variance genotypes.

A viable alternative for minimizing environmental effects would be to adopt a selection
practice based on genotypes mean, given that environmental effects (harvest cycles) tend
to cancel (11). Complementarily, Zeni Neto et al. (2008), said that considering an analysis of
adaptability and stability would be important to identify stable genotypes.

As the mixed linear models methodology allows selection based on predicted genotypic
values (9, 13), selection of the evaluated material could be based on the genotypic means of
all harvest cycles. Such a procedure would provide greater selective accuracy, confirmed by
the estimated genotype mean heritability for STH, SucTH and SP, which presented average
magnitudes. For Garcia and Nogueira (2005), genotype mean heritability above 0.46 show
higher selection potential. According to Rodrigues et al. (2011), it indicates phenotypic
value reliability, as indicator for genetic value.
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Mixed modeling for fiber yield genetic selection in sugarcane

Observing the predicted genetic values (u+g+gem), the genotypes VAT90-212, SP81-
3250, EECAC 04, EECAC 03 and SP79-1011 showed the highest values in harvest cycles and
the highest genetic gains for STH (table 3).

Table 3. Estimated genetic gain on sugarcane tons per hectare (STH), sucrose tons per
hectare (SucTH), fiber tons per hectare (FTH), fiber percentage (FP) and apparent sucrose
percentage (SP) of top five sugarcane genotypes, as evaluated during the experiment
conducted in the agricultural area of Pumaty sugar mill, considering four harvest cycles.

Tabla 3. Estimacién de ganancia genética de los caracteres toneladas de cafia de aztcar
por hectarea (STH), toneladas de sacarosa por hectarea (SucTH), toneladas de fibra por
hectarea (FTH), porcentaje de fibra (FP) y porcentaje de sacarosa aparente (SP), de los
cinco mejores genotipos evaluados en el experimento realizado en el drea agricola del
ingenio Pumaty, considerando cuatro ciclos de cosecha.

Sugarcane tons per hectare (STH)
Genotypes G fi+9 | Gain | NewMean (i+ 3+ Jem)
VAT90-212 3.91 83.17 3.91 83.17 86.36
SP81-3250 2.73 82.00 3.32 82.58 84.23
EECAC 04 2.08 81.35 291 82.17 83.05
EECAC 03 191 81.17 2.66 81.92 82.73
SP79-1011 1.77 81.03 2.48 81.74 82.48
Sucrose tons per hectare (SucTH)
VAT90-212 0.85 12.73 0.84 12.72 13.04
EECAC 04 0.71 12.60 0.80 12.66 12.86
SP81-3250 0.53 12.41 0.70 12.58 12.61
EECAC 08 0.46 12.34 0.64 12.52 12.51
EECAC 03 0.42 12.29 0.59 12.47 12.45
Fiber tons per hectare (FTH)
SP81-3250 0.67 13.02 0.67 13.02 13.46
SP79-1011 0.50 12.85 0.59 12.93 13.18
EECAC 03 0.39 12.73 0.52 12.86 12.98
VAT90-212 0.32 12.66 0.47 12.81 12.88
EECAC 08 0.28 12.62 0.43 12.78 12.81
Fiber percentage (FP)
SP79-1011 | 0.0063 | 15.77 | 0.0063 15.77 16.01
EECAC 06 0.0045 | 15.76 | 0.0054 15.77 15.94
SP81-3250 | 0.0041 | 15.76 | 0.0050 15.76 15.93
EECAC 09 0.0015 | 15.76 | 0.0041 15.76 15.82
RB813804 | 0.0012 | 15.76 | 0.0035 15.76 15.81
Apparent sucrose percentage (SP)
EECAC 07 0.27 15.10 0.27 15.10 15.11
EECAC 04 0.24 15.06 0.25 15.08 15.07
EECAC 06 0.18 15.01 0.23 15.06 15.02
RB813804 0.05 14.88 0.19 15.01 14.88
EECAC 03 0.04 14.87 0.16 14.98 14.88

Regarding FTH, the following genotypes stood out: SP81-3250, SP79-1011, EECAC
03, VAT90-212 and EECAC 08. For FIB, SP79-1011 EECAC 06, SP81-3250, EECAC 09 and
RB813804 showed a tendency, however not significant, something normally expected given
low heritability. Finally, regarding PC f, the genotypes EECAC 07, EECAC 04, EECAC 06,
RB813804 and EECAC 03 were the most important.

Therelative performance of predicted genotypic values (HMRPPGV) on sixteen sugarcane
genotypes for sugarcane tons per hectare (STH), sucrose tons per hectare (SucTH), fiber
tons per hectare (FTH), fiber percentage (FP) and apparent sucrose percentage (SP) are
presented in table 4 (page 17).
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Table 4. Harmonic means of relative performance of predicted genotypic values
(HMRPPGV and HMRPPGV*GM) for sixteen sugarcane genotypes. Traits: sugarcane tons
per hectare (STH), sucrose tons per hectare (SucTH), fiber tons per hectare (FTH), fiber
percentage (FP) and apparent sucrose percentage (SP) in experiments conducted in the

agricultural area of Pumaty sugar mill, considering four harvest cycles.

Tabla 4. Medias armoénicas de actuaciones relativas de valores genotipicos predichos
(HMRPPGV and HMRPPGV*GM) de dieciséis genotipos de cafia de azicar de los caracteres
toneladas de cafia de azuicar por hectarea (STH), toneladas de sacarosa por hectarea
(SucTH), toneladas de fibra por hectarea (FTH), porcentaje de fibra (FP) y porcentaje
de sacarosa aparente (SP), evaluados en el experimento realizado en el drea agricola del
ingenio Pumaty, considerando cuatro ciclos de cosecha.

Traits
STH (t.ha?) SucTH (t.ha?) FTH (t.ha)
A. HMRPPGV / PADRVG Genotypes A B A B A B
B. HMPRVG*GM /
PADRVG*MA VAT90-212 | 1.06 | 8422 | 1.07 | 1280 | 1.02 | 1265

SP81-3250 1.06 83.69 1.06 12.65 1.07 13.32
EECAC 03 1.05 83.38 1.05 12.54 1.05 13.05
EECAC 04 1.05 83.18 1.08 12.88 1.03 12.76
SP79-1011 1.04 83.05 1.04 12.35 1.07 13.32
EECAC 08 1.03 81.99 1.04 12.43 1.02 12.65
RB863129 1.01 80.50 1.02 12.20 1.00 12.51
EECAC 02 1.00 79.98 0.98 11.72 1.01 12.51
EECAC 09 0.99 79.22 0.96 11.41 1.00 12.38
RB813804 0.99 78.89 1.00 11.99 1.00 12.38
RB92579 0.99 78.56 1.00 11.89 0.99 12.27
EECAC 06 0.97 77.59 0.98 11.75 0.99 12.26
EECAC 07 0.97 77.48 0.99 11.87 0.96 11.93
EECAC 01 0.96 76.55 0.94 11.21 0.97 11.98
EECAC 05 0.88 70.08 0.86 10.33 0.89 10.99
EECAC 10 0.88 64.36 0.80 9.55 0.79 9.86

FP (%) SP (%)
A B A B

VAT90-212 | 0.98 15.49 1.00 14.83
SP81-3250 | 1.01 15.92 1.00 14.86
EECAC03 | 1.00 15.81 1.00 14.88
EECACO04 | 1.00 15.64 1.01 15.07
SP79-1011 | 1.01 16.01 1.00 14.84
EECAC08 | 1.00 15.62 0.97 14.53
RB863129 | 0.99 15.68 1.00 14.86
EECAC02 | 1.00 15.77 0.99 14.69
EECAC09 | 1.00 15.80 0.98 14.64
RB813804 | 1.00 15.80 1.00 14.88
RB92579 1.00 15.77 1.00 14.86
EECAC06 | 1.01 16.01 1.01 15.02
EECAC07 | 0.99 15.65 1.01 15.12
EECACO1 | 1.00 15.78 0.99 14.70
EECACO05 | 1.00 15.80 0.98 14.66
EECAC10 | 0.99 15.61 0.99 14.77

The highest genotypic (HMRPPGV) selection (table 4), implied, simultaneously, adapt-
ability, stability and productivity (18).

The highest harmonic means for STH were obtained for the genotypes VAT90-212, SP81-
3250, EECAC 03, EECAC 04 and SP79-1011. For SucTH, the highest harmonic means were
obtained for EECAC 04, VAT90-212, SP81-3250, EECAC 03 and SP79-1011. For FTH, the
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genotypes SP81-3250, SP79-1011, EECAC 03, EECAC 04 and EECAC 08 showed the highest
harmonic means. For FP, the EECAC 06, SP79-1011, SP81-3250, EECAC 03 and EECAC 09,
and finally, for the trait SP, the genotypes EECAC 07, EECAC 06, EECAC 04, EECAC 03 and
RB3804 resulted the best.

The genotypes EECAC 05, EECAC 01, EECAC 09 and RB92579 showed higher stability in
fiber yield. However, they did not stand out in terms of TCH, TSH and TFH. These genotypes
could be used as parents in hybridization approaches, transmitting high fiber productivity
to possible progenies.

The general mean for fiber percentage (15.77%) was the same obtained by Fernandes
Junior et al. (2017). However, the general mean for apparent sucrose content was consid-
erably higher (14.83%). This difference in SP values may be due to the fact that these authors
evaluated some families from crosses with Saccharum spontaneum species along with other
materials combining high rusticity and low sucrose content.

It is worth mentioning that the best family selected by Fernades Janior et al. (2017)
presented a fiber content of 17%, while sucrose apparent percentage was 11.33%. These
results evidence the difficulty to simultaneously concentrate high fiber and sucrose content
in a genotype, since these parameters are not correlated (0.06 correlation, (21)). Therefore,
in order to “optimize” these traits in genotypes obtained by artificial hybridization, several
selection cycles are necessary.,

In the present work, considering sugar mill demands (varieties with fiber content
between 12 and 17% and sucrose content about 13%), genotypes EECAC 06, EECAC 03,
EECAC 04 and EECAC 07 could be commercially exploited (table 4, page 17). EECAC 03
genotype also showed higher fiber productivity per hectare. These genotypes presented
higher genotypic stability and adaptability, for all traits and throughout the harvest cycles.

CONCLUSION

Mixed models constitute an efficient tool for sugarcane selection focused on fiber and
sucrose production. This methodology provides significant genetic gains based on predicted
genetic values free from interaction with harvest cycles.

The evaluated genotypes present high fiber and sucrose productivity, genotypic adapt-
ability and stability throughout harvest cycles, indicating longevity in the sugarcane crop.

Genotypes EECAC 06, EECAC 04, EECAC 03 and EECAC 08 presented favorable fiber and
sucrose percentages, towards greater capacity for bioenergy and sugar production.
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Tropicalizacion de canola (Brassica napus L.): hibridos comerciales
muestran potencial de cultivo en el Cerrado brasilefio

Lucas Nobre de Araujo ', Tatiana Barbosa Rosado *, Erina Vitério Rodrigues *, Adriano dos
Santos ?, Bruno Galvéas Laviola 3

Originales: Recepcion: 01/03/2021 - Aceptacion: 09/08/2021
ABSTRACT

Given its high energetic efficiency, canola (Brassica napus L.) constitutes a potential
biodiesel feedstock. However, since this crop is native to temperate regions, Brazil has
not yet consolidated its production. Thus, the objective of this study was to evaluate agro-
nomic performance of canola hybrids grown in the tropical Brazilian Cerrado (15° 35’18”
S, 47° 43’57” W at 999 m), aiming to select promising candidates for crop expansion. Our
hypothesis states that obtaining high canola yields in Cerrado conditions is possible given
a favorable agronomic adaptation of the species to this environment. Eight commercial
canola hybrids were evaluated for seven agronomic traits in three experiments. Data were
subjected to joint ANOVA and Tukey test. Grain yield of the evaluated hybrids resulted
higher than the national average, including southern plantations. Hyola 61 and Hyola 76
hybrids outperformed regarding grain yield, followed by Diamond which, in addition to
high productivity, exhibited a short crop cycle, even in rainfed conditions. Given these char-
acteristics, Diamond hybrid can be considered the best option for crop rotation system.
These promising results reveal the adaptability and cultivation potential of these hybrids
in the Brazilian Cerrado.
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RESUMEN

La canola es una materia prima potencial para la producciéon de biodiesel debido a
sus altos niveles de eficiencia energética. Sin embargo, Brasil ain no ha consolidado su
produccion pues se desarrolla en las regiones templadas. Este estudio tuvo la hipotesis
de que es posible obtener altos rendimientos de canola en condiciones de Cerrado. Asi,
el objetivo de este estudio fue evaluar el comportamiento agronémico de los hibridos de
canola en las condiciones tropicales de la Sierra brasilefia - Cerrado - (15 © 35’18 “S, 47 °
43’57” W a 999 m) para seleccionar candidatos que contribuyan con la expansion del cultivo
de canola en el pais. Se evaluaron ocho hibridos comerciales de canola para siete carac-
teristicas agronomicas, en tres experimentos. Los datos obtenidos para cada variable se
sometieron a analisis conjunto de varianza y se compararon las medias mediante la prueba
de Tukey. El rendimiento de grano de los hibridos evaluados fue superior al promedio
nacional, que incluye plantaciones solo en la region sur. Los hibridos que destacaron en
productividad de grano fueron Hyola 61 y Hyola 76 seguidos por Diamond, que ademas de
su alta productividad, tuvo un ciclo de cultivo mas corto incluso en condiciones de secano.
Por sus caracteristicas, el hibrido Diamond puede considerarse la mejor opcién para ser
incluido en el sistema de rotacion de cultivos. Estos resultados prometedores revelan la
adaptabilidad y el potencial de cultivo de estos hibridos en el Cerrado Brasilefio.

Palabras clave
Brassica e ciclo de cultivo ¢ oleaginosas ¢ productividad

INTRODUCTION

Canola (Brassica napus L.) is a Brassicaceae oilseed developed by genetic enhancement
of two rapeseed species: Brassicas oleracea and Brassica rapa (7). Besides being responsible
for 15% of worldwide edible vegetable oil production, it integrates a select feedstock group
producing 95% of biodiesel, globally (8). Thus, canola outstands as an alternative to oil-sourced
dependence, increasing renewable energy and reducing greenhouse gas emissions.

Despite its potential, canola is not fully consolidated in Brazil since its cultivation is indi-
cated within 35° and 55° latitudes, in temperate regions. Currently, Brazilian production is
concentrated in the south portion of the country, with over 90% of production located in
Rio Grande do Sul (3). However, studies have shown that this oilseed could be produced
in a tropical area such as Cerrado (15° 35'18” S, 47° 43’57” W at 999 m) (1, 13). Addi-
tionally, canola has the advantage of being an interesting Safrinha crop, where short-cycle
annual crops such as soybeans and maize can grow in crop rotation systems. Incorporating
canola in the soybean/maize system could also reduce disease incidence and enable winter
production of vegetable oils when large areas of cultivation remain unoccupied.

Thus, canola tropicalization in Cerrado would expand oil production for energy purposes
and human consumption, generating job positions and reducing deforestation. However,
canola cropping in the Cerrado, requires evaluating hybrid agronomic performance, assisting
decision making and choosing appropriate management, and technologies and equipment.
Therefore, our objective was to evaluate agronomic performance of canola hybrids in the
tropical Brazilian Cerrado, selecting promising candidates to contribute to crop expansion.

MATERIALS AND METHODS

Experiment installation and conduction

Eight spring commercial canola hybrids were evaluated: Hyola 50, Hyola 61, Hyola 76,
Hyola 433, Hyola 571, Hyola 575, ALHT B4 and Diamond. Experiments I and Il were irrigated
by a fixed sprinkler, applying a total of 163 and 520 mm water, respectively, throughout the
whole experiment. Experiment III received 182 mm of irrigation just before flowering onset.

Experiment I was conducted from June 17 to September 14, 2017, experiment II from
April 23 to September 6, and experiment III from April 11 to August 24, 2019, in the exper-
imental area of Embrapa Cerrados, located at 15° 35’18” S, 47° 43’57” W, at 999 masl.
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The soil is classified as a Red Latosol with high clay content. According to Képpen & Geiger
(1936), the regional climate is tropical with dry winter and rainy summer (Aw), with an
average annual temperature of 21 °C, relative humidity of 68% and average annual rainfall
of 1,668 mm. Average temperature during experiments was 21.2 °C, with total rainfall of
9.2 mm during experiment [ and 403.5 mm during experiments II and III (figures 1 and 2).
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Figure 1. Precipitation and maximum/minimum temperatures during Experiment I.
Brasilia, DF, 2017.

Figura 1. Precipitacion, temperatura maxima y minima durante el experimento I de
canola. Brasilia, DF, 2017.
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Figure 2. Precipitation and maximum/minimum temperatures during Experiments Il and
I11. Brasilia, DF, 2019.

Figura 2 Precipitacion, temperatura maxima y minima durante el experimento 11 y III de
canola. Brasilia, DF, 2019.

The eight genotypes were distributed in a randomized block design (RBD) with four
replications. In experiment I, each plot consisting of 16 lines, 5 m long and spaced 0.17 m,
had a population density of 40 plants.m and a total area of 656 m? Experiments II and
I11, consisted of plots with 8 lines, 5 m long, spaced 0.17 m, with a population density of 40
plants.m*? and a total area of 450 m?.

Seven agronomic traits were evaluated: i) number of days to flowering onset (NDF, days):
number of days from sowing to flowering onset, in which 50% of the plants presented at
least one flower; ii ) cycle (CY, days): days from sowing to harvest; iii) pod length (PL, cm),
average length of five random pods derived from five randomly chosen plants; iv) pod mass
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(PM, g): average weigh of the randomly chosen pods with grains; v) number of grains per
pod (NGP): average grains from five random pods; vi) mass of 1000 (thousand) grains
(M1000G, g): weight of 1000 grains from five plants; vii) grain yield (PROD, kg.ha™): total
grain weight in relation to plot area.

Statistical analysis

After checking normality and homoscedasticity by Shapiro-Wilk and Bartlett tests
respectively, data were subjected to ANOVA (p<0.05). Mean comparison was assessed by
Tukey test (p<0.05).

The following statistical model was used:

Yijk = mk + Hi + Bk + Aj + HAij + eijk

where:

Yijk = effect of observing the hybrid i on repetition j in k environment (experiments);

m, = general environment average in k environment;

H, = hybrid effect;

B, = block effect;

A, = environmental effect;

HA, = interaction effect of hybrid i and environment j;

e, =random error.

The following genetic parameters were estimated: quadratic genotypic component
{::]:-é]; quadratic component of the hybrid x environment interaction {dﬁéi]: residual
variance (@ ); genotypic determination coefficient (R*); intraclass correlation (r); genetic
variation coefficient (CVg (%)) and CVg/CVe ratio. All analyses were performed with Genes
software (4).

RESULTS AND DISCUSSION

Significant differences were detected for NDF, PL and NGP (table 1, page 24), indi-
cating variability between hybrids. A similar result was previously detected by Zare and
Sharafzadeh (2012) for the same traits.

Significant environmental variation for all traits, except PL, evidenced strong environ-
mental influence. CY, PL and NGP showed significant differences for hybrid-environment
interaction (HxE), indicating different environmental performance for all hybrids.

Heritability (H?) constitutes the proportion of genetic variance in total phenotypic
variance. It allows estimating genetic gains in selection cycles, and for fixed treatments, as in
the present study, it represents a determination coefficient (R?) (14). For NDF, H? resulted
in 0.92, followed by 0.72 for PL, meaning that these traits are less influenced by the envi-
ronment than the others. Other studies have also reported high R* magnitudes (above 0.89)
for NDF (12, 15, 16). Meanwhile, NGP and M1000G presented intermediate R? (0.68 and
0.57, respectively), as previously found (9, 11). The lowest R? values detected in this study
(less than 0.50), indicated a stronger environmental influence on those traits.

Regarding PL (table 2, page 24), ALHT B4 and Diamond hybrids did not significantly
vary among environments. As for NGP, three of the eight genotypes (Hyola 50, Hyola 433
and Diamond) had significant environmental variation.

When analyzing within each environment, Diamond hybrid presented the shortest cycle
in the three experiments (ranging from 102 to 114 days), being, however, not statistically
different from the rest in Experiment . In general, considering that canola varies from 107
to 166 days (6) these evaluated genotypes can be classified as short-cycle hybrids. Precocity
may be associated with climatic conditions, such as high temperature (approximately 32.5 °C
in experiment [ and 33.5 °C in experiments Il and I1I) and long photoperiod. Canola hybrids
with a shorter cycle are vital for incorporating canola in crop rotation systems in Brazilian
Cerrado, allowing the species to benefit from the end of rainy periods and reducing mech-
anized irrigation.
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Table 1. ANOVA and genetic parameters for number of days to flowering onset (NDF);
cycle (CY); pod length (PL); pod weight (PM); number of grains per pod (NGP); weight of
1000 (thousand) grains (M1000G) and grain yield (GY) in eight canola genotypes grown in
Cerrado, Brazil.

Tabla 1. Analisis de varianza conjunta y parametros genéticos de los experimentos para
las caracteristicas: nimero de dias para iniciar la floraciéon (NDF); ciclo (CY); longitud de la
vaina (PL); masa de la vaina (PM); nimero de granos por vaina (NGP); peso de 1000 (mil)

granos (M1000G) y rendimiento de grano (GY) en ocho genotipos de canola.

Medium squares
Y DF
NDF CcYy PL PM NGP M1000G GY
Block 3 28.07 9.31 0.22 920.72 9.96 0.10 2,009,995.54
Hybrids 7 | 151.04** | 210.66 | 1.16* | 1,689.23 103.19* 0.19 772,174.77
Environments | 2 | 7,044.66%* | 728.51** | 0.10 | 203,947.91* | 271.32** | 2.41** | 28,461,036.04**
HXE 14 12.92 76.26** | 0.31* 929.78 32.74%* 0.08 675,616.09
Residue 69 12.76 10.78 | 0.14 1640.02 12.42 0.11 553,632.35
Mean 50.14 120.58 | 5.48 83.24 20.94 3.26 23.93
CVe(%) 7.12 2.72 6.89 48.64 16.82 10.08 31.09
&; 11.51 11.20 | 0.07 63.29 5.87 0.01 8,046.56
@z 0.03 14.32 0.04 0.00 4.45 0.00 26,683.94
of 12.76 10.78 | 0.14 1,640.02 12.42 0.11 553,632.36
R? 91.45 63.80 | 7291 44.96 68.27 57.66 12.50
r 47.36 30.85 |28.19 4.09 25.83 8.09 1.37
CVg(%) 6.77 2.78 4.86 9.56 11.57 2.90 3.75
CVg/CVe 0.95 1.02 0.71 0.20 0.68 0.29 0.12

Sources of Variation (SV); Degrees of Freedom (DF); Hybrid x Environment Interaction (HXE), Environmental
Variation Coefficient (CVe[%)), Genotypic Quadratic Component (¢g] Quadratic Component of Genotype x
Environment Interaction (C]Jgaj Residual Variance (l:l'“) Genotypic coefficient of determination (R?); Intraclass
Correlation (r); Genetic Variation Coefficient (CVg(%)) and CVg/CVe ratio (CVg/CVe); *** Significant at 1%
(p<0.01) and 5% (p<0.05) probability, respectively.

Fuentes de variacién (SV); Grados de libertad (DF); Interacciéon Genotipo x Ambiente (GxE), Coeficiente
de Variacion Ambiental (CVe (%)); Componente cuadratico genotipico (% 23: Componente cuadratico de la
interaccién genotipo x ambiente (CIJgsj Varianza residual (u:r‘) Coeficiente de determinacién genotipico (R?);
Correlacién intraclase (r); Coeficiente de variacion genética (CVg (%)) y relacién CVg / CVe (CVg / CVe); **, *
Significativo al 1% (p <0,01) y al 5% (p <0,05) de probabilidad, respectivamente.

Table 2. Tukey media comparison test for the characteristics cycle (CY, days), pod length (PL, cm) and number of
grains per pod (NGP) in eight canola genotypes in the three experiments.

Tabla 2. Prueba comparacién de medias de Tukey para el ciclo de caracteristicas (CY, dias), longitud de vaina (PL,
cm) y nimero de granos por vaina (NGP) en ocho genotipos de canola en los tres experimentos evaluados.

CcY PL NGP

Exp. 1 Exp. Il Exp. I Exp. 1 Exp. Il Exp. Il Exp.1 | Exp.Il Exp. Il
Hyola 50 |117.5 |Ba | 27.0 | Abc | 125.5|Aa 56 |Aa | 5.8 |Aa 5.6 |Aabc | 21.5 |Aa | 27.7 |Aa|21.8|Aab
Hyola61 |117.3 |Ba |133.5 Aab |118.5 /Bab |54 (Aa | 5.7 |Aa 5.5 |Aabc | 179 |Ba | 24.3 |Aa|21.6 Abab
Hyola76 |117.3|Ca |135.0 Aa |126.0 Ba 55 |/Aa |54 Aab |53 Abc |19.8|Aa| 22.2 |Aa|19.4 |Aab
Hyola 433 | 117.0 |Aa | 120.5|Ac | 117.3 Ab 55|Aa |56 |Aab | 5.0 Ac 19.5|Aa | 25.1 |Aa | 8.7 Bc
Hyola 571 |117.3 |Aa | 122.5|Ac | 1223 |Aab |52 |Aa | 4.7 Ab 4.9 |Ac 16.3|Aa | 21.1 |Aa | 17.0 Abc
Hyola 575 | 117.0 |Aa | 122.8|Ac |118.5|Aab | 5.2 |Aa | 53 |Aab |53 |Abc | 154 Aa| 20.7 Aa|17.1|Ab
ALHT B4 |117.0 |Ba | 125.8 | Abc | 122.3 | ABab | 59 |Aa | 5.8 Aa 6.2 |Aab |21.0|Aa| 26.3 |Aa | 23.0 Aab
Diamond | 114.0 |Ba | 120.5 |Ac | 102.0 | Cc 5.8 |Aba | 5.1 |ABab | 6.3 | Aa 21.6 |Aa| 27.1 |Aa | 269 Aa

Genotypes

Means followed by the same lowercase letters vertically and the same uppercase letters horizontally constitute a statistically homogeneous group.

Las medias seguidas de las mismas letras minusculas verticalmente y las mismas letras mayusculas horizontalmente constituyen un grupo
estadisticamente homogéneo.
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The NGP significantly varied across all three experiments, with the hybrids Diamond,
Hyola 50, ALHT B4, Hyola 433, Hyola 76 and Hyola 61 exhibiting the highest number of
grains. For this trait, Diamond presented the higher values in experiments Il and 1], agreeing
with the 17-24 grains per pod, previously observed in different canola genotypes (5, 15).

Grain yield resulted promising (figure 3) since all averages resulted higher (above 1,500
kg.ha?) than the national grain yield average (1,429 kg.ha') (2), expecting Hyola 571, Hyola
433, ALHT B4 and Hyola 50 hybrids, that resulted below the national average in Experiment IIL

The Hyola 61 hybrid showed the highest grain yield (2,926 kg.ha'), followed by Diamond
hybrid (2,816 kg.ha') in experiment I. Hyola 61 had previously exhibited high grain yield
stability under both water deficit and intense cold (6). Diamond also outstood in exper-
iment II for grain yield (3,356 kg.ha'), surpassed only by Hyola 76 (4,179 kg.ha') and Hyola
571 (3,930 kg.ha?). In experiment III, Diamond (1,977 kg.ha') showed the highest grain
yield, followed by Hyola 61 (1,821 kg.ha') and Hyola 76 (1,637 kg.ha).

Exp eriment I Exp eriment II Exp eriment III

* X

Yield (kg ha)

0 -
g TS T I ITETE T ITFEITES T IR
_ 9 Y o T D o o &~ 9O Y o O o o M~ 9 Y o [~ U o 2«
S S P SRS SRS EPRESSSRESLERE
S8 52T T EIFTEILH HgFT EIFTETIS EgFT ST ILEE

= = = = = =

= = = = = =

Genotypes

Figure 3. Boxplot from experiments I, Il and III for grain yield in eight canola genotypes grown in Cerrado, Brazil.

Figura 3. Diagrama de caja de los experimentos I, Il y Il para el rendimiento de grano en ocho genotipos de
canola cultivados en Cerrado, Brasil.

CONCLUSION

In summary, observing average estimates, we conclude that Hyola 61 and Hyola 76
outperformed with higher grain yield, followed by Diamond, with high production and
shorter cycle. Due to these two Kkey characteristics, Diamond can be considered the best
option for crop rotation systems. Therefore, both hybrids constitute valuable alternatives

for the Brazilian Cerrado.
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ABSTRACT

Vigor control in grapevine may become especially important under climate change. A
better understanding of gene-phenotype relationships is required in order to exploit plant
genomics for breeding purposes. This research aims to use quantitative trait loci (QTLs) for
vigor identified in the progeny from a cross of Ramsey (Vitis champinii) x Riparia Gloire (V.
riparia). Genes located 700 kb up and downstream from each QTL position were interro-
gated for functional enrichment through ShinyGO online tool, based on the gene ontology
annotation of Vitis vinifera PN40024. Key biological processes like phloem and xylem
development, cell cycle, response to hormones, amino acid transport, tissue development,
sugar metabolism, nitrogen transport, and stress/immune responses, showed functional
enrichment. Integral response to light and auxin might be required for fine molecular tuning
of vegetative growth in Vitis. Fifty out of 1318 candidate genes were prioritized, reducing
their amount to a manageable number of candidates genes for further directed breeding
strategies.
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RESUMEN

El control del vigor en vid es un factor de gran importancia en el contexto de cambio
climatico actual. Es necesario desarrollar una mejor comprension de la relacion gen-fe-
notipo para la asistencia del mejoramiento vegetal mediante gendmica. En este trabajo se
utilizo6 la informacién obtenida de un mapeo de QTLs para vigor realizado con la progenie
de Ramsey (Vitis champinii) x Riparia Gloire (V. riparia). De acuerdo a la anotaciéon onto-
logica de Vitis vinifera PN40024, los genes ubicados 700 kb por encima y por debajo de
cada marcador fueron interrogados para determinar enriquecimiento funcional a través de
la herramienta online ShinyGO. Distintos procesos clave en la definicién de vigor mostraron
enriquecimientos altamente significativos, tales como desarrollo tisular (floema y xilema),
ciclo celular, transporte de aminoacidos (nitrégeno) metabolismo de azicares y respuesta
a hormonas, a estrés e inmune. La respuesta integral a la luz y la producciéon de auxinas
parece modular molecularmente el crecimiento vegetativo en Vitis.

Palabras clave
proceso biolégico e ontologia génica e mapeo de QTL e vigor e priorizacion de genes

INTRODUCTION

The understanding of genotype-phenotype associations constitute a major challenge for
plant scientists. The causal association between variation of a certain trait and genotypic
differences is the foundation for developing targeted strategies to be used in molecular
breeding (1).

Vigor is considered as the propensity to assimilate, store, and/or use non-structural
carbohydrates to produce large canopies. It is associated with high metabolism and rapid
shoot growth (17). The main processes that account for vigor are: 1- carbon assimilation or
photosynthesis, 2- cell growth, by division and expansion, and 3- leaf area development, for
the reception of CO, and light. All these complex processes contribute to what is known as
a highly quantitative trait.

There is increasing interest in understanding the genetic basis of grapevine vigor and
biomass production, given its substantial impact on yield, water management, plant health,
and fruit quality. Advances in understanding the genetic bases of complex traits through
genetic mapping and quantitative trait locus (QTL) analysis have linked certain complex
phenotypes to specific regions of chromosomes, and helped to identify the action, number,
and precise location of these regions. The Ramsey (Vitis champinii) x Riparia Gloire (V.
riparia) linkage map was developed by Lowe and Walker (2006) with the goal of mapping
traits like biotic resistance, drought tolerance and vigor. We recently reported QTLs for vigor
in this progeny that are associated with leaf area, specific leaf area, field canopy biomass
and several partitioning indices (12). However, the genes behind these quantitative traits
have not been identified. Here, we analyze the function of genes surrounding the QTLs
based on gene location and the Gene Ontology (GO) annotation of the V. vinifera genome.
GO is a computational representation of the functions of protein and non-coding RNA mole-
cules produced by genes from many different organisms. It can be used for interpreting
large-scale molecular biology experiments to gain insight into the structure, function, and
dynamics of an organism. This approach was proposed by Correa et al. (2014) when iden-
tifying QTLs and candidate genes associated with cluster architecture in grapevines, and
later by Ritcher et al. (2019), when approaching cluster architecture and revealing genes
enriched by physical projection of the QTLs onto the PN40024 reference genome sequence.

In this paper, we communicate the results of a GO functional enrichment to prioritize
candidate genes responsible for vigor that interrogated 1318 genes obtained from the QTL
mapping of the Ramsey x Riparia Gloire progeny. We also attempt to elucidate the putative
role of genes in terms of physiological and biochemical processes and identify priority genes
for further targeted breeding approaches.
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MATERIALS AND METHODS

Six highly significant QTLs for vigor components from the Ramsey x Riparia Gloire map
were selected based on their LOD values above the genome wide significance level (12).
The BLAST server against the V. vinifera PN40024 genome (https://urgi.versailles.inra.
fr/blast/) was then used to locate the hybridization regions of PCR primers targeting the
simple sequence repeat (SSR) markers linked to the selected QTLs (table 1, page 30-31).
The coordinates 700 kb upstream and downstream of primer hybridization on the reference
sequence were used to identify the genes within the region flanked by those limits. The 700
kb limit was established considering that candidate genes should be no farther than 3-4 cM
from the marker, since the V. vinifera genome has been estimated at about 475 Mb and 1 cM
equals 200-300 kb (3). For that purpose, a script was developed to search for annotated
genes flanking the QTL regions in the annotation file of the V. vinifera PN40024 genome.

The annotated genes found with the script were then used to interrogate for functional
enrichment through ShinyGO online tool version 0.61 (8). For the set of genes contained in
the QTL regions associated with vigor, the occurrence of associated gene ontology terms
(GO terms) was statistically evaluated for overrepresentation through an hypergeometric
test retrieving those GOterms with statistical significance (False Discovery Rate < 0.05)
when comparing their percentage of occurrence with the percentage of each GOterm in the
whole annotated genome. Integral plots that associate gene locations in chromosomes with
enriched GO categories were performed with shinyCircos (22).

RESULTS

In this work, GO functional enrichment allowed the identification of genes involved in
key processes related to vigor and prioritization reduced the number of candidate genes
from 1318 to 50.

Our results show that associations between overrepresented GO terms and vigor helped
to rank candidate genes, based on their putative function. Phloem and xylem development,
cell cycle, response to hormones, tissue development, aminoacid and nitrogen transport,
sugar metabolism and immune responses, all showed functional enrichment (figure 1
page 32; table 1, page 30-31). On chromosome 1, most identified genes encode for aminoacid
transmembrane transporters (figure 1 page 32; table 1, page 30-31). In addition, the single
gene found on chromosome 3 influences the enrichment for functions related to transport
of organic acids and nitrogen compounds.

Two important transcription factors (TFs) related to photomorphogenesis (TF
104879018) and auxins (TF 104879021) were identified on chromosome 4 (figure 1
page 32; table 1, page 30-31). TFs are especially interesting because they control the
expression of several genes. Genes in chromosome 10 are involved in biotic and abiotic stress
responses (figure 1 page 32; table 1, page 30-31). Another transcription factor related to this
processes, identified in table 1 (page 30-31) as 100243518, appears significant in this chro-
mosome. On chromosomes 14 and 19, we found the most varied group of genes in terms of
function (figure 1 page 32; table 1, page 30-31), including, once again, genes encoding for
nitrogen transport, that are key for growth, cell cycle regulation and development (13, 19).
Many genes encode for proteins involved in phloem and xylem development. This was the
function with major enrichment (figure 1 page 32; table 1, page 30-31). It represents a key
aspect for growth, as transport of water, nutrients, proteins and sugars is vital for the plant
to develop.

DISCUSSION

Although the analysis used the V. vinifera PN40024 genome, due to its superior charac-
terization and annotation, sequence alignment with V. riparia Gloire (9) of chromosomes
with significant QTLs averaged 96,77 % (data not shown). Also, Liang et al. (2019) deter-
mined a 97.34-97.65% identity through whole genome comparison of V. vinifera PN40024
with two V. riparia accessions.
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Table 1. Prioritized genes for vigor based on Gene Ontology enrichment analysis and hypothetical function of
predicted proteins. SSR markers associated with selected QTLs are shown with chromosome number.

Tabla 1. Genes priorizados para vigor basados en enriquecimiento por ontologia génica y sus respectivas
funciones proteicas hipotéticas. Los marcadores SSR asociados con los QTLs elegidos se identifican por nimero
de cromosoma.

Chrom # . . .
Marker ID Locus Protein/Accession Function
Lysine histidine transporter 1 (LHT1) Amino acid transmembrane transport
LHT1 Id.
LHT2 Id.
LHT1 Id.
1 LHT1 Id.
ssrVvUCH29 Targeting secretory proteins to rough
LOC100244217 | Signal recognition particle subunit SRP72 endoplasmic retlculur_n membrar}e. SRP- .
dependent cotranslational protein targeting
to membrane
LOC100254597 | Protein kish-like Intracellular transport. Protein secretion
LOC100256355 | ATP-dependent DNA helicase Q-like 5 DNA recombination, repair, replication
3 . . .
CTG1030395% LOC100265163 | Vacuolar-sorting receptor 3 Protein targeting to vacuole
LOC100242237 | GTP-binding nuclear prot. Ran-3-like | hucleocytoplasmic transport. Import prot.
g prot. into the nucleus and RNA export
LOC100247365 | GTP-binding nuclear prot. Ran-3 Id.
L0OC100243952 | Stromal cell-derived factor 2-like prot. Innate [MMUNE response. Defense response
to bacteria and fungi
LOC100249173 | Ammonium transporter 3 member 1 Ammonium transmembrane transport
1. Innate immune response. Response
4 LOC100254226 | Overexpressor of cationic peroxidase 3 to bacteria, fungi, ABA, jasmonic acid and
CTG1011026%*? water deprivation
L0C100262771 | RNA-dependent RNA polymerase 6 RNA silencing pathway and generation of
small interfering RNAs
LOC100268069 | Uncharacterized prot. Protein import into chloroplast stroma
Transcription factor HY5 Red/far red mgnalllr}g pathway. Regulation of
photomorphogenesis
Auxin-responsive prot. [AA28 lRepressllon of early auxin response genes at
ow auxin concentrations
Response to heat, cold, salt, drought, and
Transcription factor VOZ1 light. Defense to bacteria, incompatible
interaction
L0OC100243637 | MACPF domain-containing prot. NSL1 Hypersensitive response. Inmune response
Regulation of systemic acquired resistance
10 L0OC100245146 | Uncharacterized prot. (SAR) and transcription. Histone
VrZAG64 modification
Regulation of transcription. Regulation of
Homeobox-DDT domain protein RLT1 transition from vegetative to reproductive
phase
Mitochondrial arginine transporter BAC1 Nitrogen compound transport. Mitochondrial
transmembrane transport

*1 CTG1030395 (5'-3: FW-TCCCTACAATCTCATCGCAA, RV-CATGGCTCAAGAGAGTGCAA)
*2CTG1011026 (5'-3: FW-GAAGAACACCACAGCAAGCA, RV-AAAATGCACAATCTCCCACC)

Additional information is available at http://www.ncbi.nlm.nih.gov/gene and www.uniprot.org. Locus with lowest FDR values and the highest
QTL LOD scores have been shaded.

Informacién adicional se encuentra disponible en http://www.ncbi.nlm.nih.gov/gene and www.uniprot.org. Los locus con menor FDR y valores
mayores de LOD score en el mapa de QTLs, se ven sombreados.
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Table 1 (cont.). Prioritized genes for vigor based on Gene Ontology enrichment analysis and hypothetical
function of predicted proteins. SSR markers associated with selected QTLs are shown with chromosome number.

Tabla 1(cont.). Genes priorizados para vigor basados en enrogiecimiento por ontologia génica y sus respectivas

funciones proteicas hipotéticas. Los marcadores SSR asociados con los QTLs elegidos se identifican por nimero

de cromosoma.

Chrom # . . .
Marker ID Locus Protein/Accession Function
LOC100242409 Rlbulose-phc_)sphate 3-epimerase, Car_bghydrate metabolic process. Catalitic
cytoplasmic isoform activity
Sieve element occlusion B-like/ Phloem development
Sieve element occlusion B Id.
Sieve element occlusion B Id.
Sieve element occlusion B Id.
Sieve element occlusion B-like Id.
Sieve element occlusion B Id.
Sieve element occlusion B Id.
Sieve element occlusion B-like Id.
L0OC100245735 | Cystinosin homolog L-cystine transmembrane transport
14 L0OC100250884 | Cystinosin homolog Id.
UDV-095 LOC100248125 | Mitochondrial import receptor subunit | Protein insertion into mitochondrial outer
TOM20 membrane
LOC100254996 | Transport prot Sec61 subunit gamma Protein transmembrane transport
Transcription and mRNA export factor Nitrogen compound transport. Regulation of
SUS1 transcription
LOC100260066 | Chloride channel CIC4. Nitrate transmembrane transport. Chloride
transport
LOC100260965 | Ras-related protein RABB1b Nltrogen compound transport. Intracellular
protein transport
LOC100262761 |LHT1 Amino acid transmembrane transport
LOC100266172 | COP9 signalosome complex subunit 3 quﬁlye regulation of GZ/M transition of
mitotic cell cycle.Protein catabolic process
L0C100853255 | RPM1-interacting prot. 4 Defense response signaling pathway. AvrRpt-
cleavage domain-containing prot
LOC100250458 | Transport prot Sec61 subunit alpha Protein transmembrane transport
LOC100255640 | IRK-interacting protein Negative gravitropism. Response to light
Probable sodium/metabolite .
cotransporter BASS1 chloroplastic Nitrogen compound transport. Panthotenate
import across plasmamembrane
LOC100257144 | Septum-promoting GTP-binding protein 1 GTPase activity. Intracellular protein
transport
19 Anthocyanin-and chlorophyll k?iosynthetic
VMC9A2.1 | L0C100260711 | B-box zinc finger protein 22 process. Chloroplast organization.
Photomorphogenesis. Regulation of
transcription
LOC100264036 | TOM1-like protein 2 Intracelullar protein transport
Phosphorylation of ribose, can then be used
LOC100265800 |Ribokinase for sythesis of nucleotides and aminoacids, or
in pentose phosphate pathway
L0C100265921 | Ras-related protein Rab11D-like GTPase activity. Hyperosmotic salinity
response. Vesicle mediated transport

*1 CTG1030395 (5'-3: FW-TCCCTACAATCTCATCGCAA, RV-CATGGCTCAAGAGAGTGCAA)
*2CTG1011026 (5'-3: FW-GAAGAACACCACAGCAAGCA, RV-AAAATGCACAATCTCCCACC)

Additional information is available at http://www.ncbi.nlm.nih.gov/gene and www.uniprot.org. Locus with lowest FDR values and the highest
QTL LOD scores have been shaded.

Informacién adicional se encuentra disponible en http://www.ncbi.nlm.nih.gov/gene and www.uniprot.org. Los locus con menor FDR y valores
mayores de LOD score en el mapa de QTLs, se ven sombreados.
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Lines connect genes to enriched GO terms (ranging from FDR 0.034 in black, to FDR 1x10 in gold).

Las lineas conetan los genes con los términos de enriquecimiento desde FDR 0,034 en negro hasta FDR 1x10~ en dorado).
Figure 1. Chromosome location of vigor-associated genes identified through GO functional enrichment. Genes
and SSR markers showing GO categories enrichments (FDR<0.05) are indicated on chromosomes of V vinifera.

Figura 1. Ubicacion cromosémica de genes asociados a vigor identificados por enriquecimiento funcional GO
(FDR<0,05) y marcadores SSR en los cromosomas de V vinifera.

As mentioned, on chromosome 1, most identified genes encode for aminoacid transmem-
brane transporters (figure 1; table 1, page 30-31). Transmembrane aminoacid transport is
associated with enhanced growth and high rates of protein synthesis (20). Nitrogen can be
taken up from soil in various forms, being one of them amino acids, and is of considerable
importance in vigor control, yield and berry quality (7). The fact that these genes are closely
located, suggests some kind of structural regulation. It has been observed that root elon-

gation and enlargement in the rootstock 110R, partly depend on transcriptomic regulations
of sugar and protein transporter genes SWEET and NRT1/PTR in roots. This was found to
facilitate carbohydrate and nitrogen accumulation, providing essential energy to 110R roots

under drought (21).
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Inrelation to the two important TFs related to photomorphogenesis and auxins identified
on chromosome 4, they are particularly intriguing given that they control the expression
of several genes. The particularity of having both TFs in the same chromosomal region
increases the probability of a synergistic response through coregulation. Indeed, the coor-
dination between TFs in response to light and auxins was well established in Arabidopsis
thaliana by Halliday, et al. (2009), who showed that light regulates growth of distant tissues
from the site of light exposure through auxin production. Something similar was observed
in A. thaliana by Hornitschek, et al. (2012), where phytochrome interacting factors 4 and
5 (PIF4 and PIF5) regulated elongation growth by controlling the expression of genes that
encode for auxin biosynthesis and signaling. Interestingly, TF 104879018 in our study is
homologous to HY5 of A. thaliana, which is found downstream in the signaling cascade
of PIF1/PIF3 (10). HY5 promotes growth, especially through photosynthesis induction
and higher nutrient uptake by roots. The other prioritized TF 104879021, is a homolog
to the auxin-responsive protein [AA28 of A. thaliana, which plays a role in regulation of
lateral root growth. In grapevines, kaolin, a mineral that reflects radiation from the leaf
surface, produced an increase in IAA content. This treatment also caused higher values of
stomatal conductance, net Co, assimilation rate, intrinsic water use efficiency, and a slight
decrease in ABA (5). These results might be supported by the same mechanism connecting
growth hormones and light interception. Therefore, vigor in grapevines may partly depend
on promotion of photosynthesis, lateral root development and nitrate uptake, and these
processes may be associated through the expression of genes downstream-regulated by TF
104879018 and TF 104879021.

Regarding the genes and TF found in chromosome 10, involved in biotic and abiotic stress
responses, some authors have shown significant correlation between vigor and tolerance/
susceptibility to diseases that could induce different defense responses in the host plant
(2). Vigorous plants may have developed stronger immune responses to defend themselves.

Considering our findings in chromosomes 14 and 19, many genes encode for proteins
involved in phloem and xylem development. This function showed the major enrichment
(figure 1 page 32; table 1, page 30-31), representing a key aspect for growth, as transport
of water, nutrients, proteins and sugars is vital for the plant to develop. These functions are
tightly correlated to auxins and soluble carbohydrates seasonal dynamics, since cambium
activity and xylem/phloem development respond to this signaling in woody species. It has
been observed that IAA and soluble carbohydrate dynamics directly affect xylem and phloem
formation in trees (6). In addition, gibberellins increase carbon allocation to different
organs by inducing accumulation of non-structural carbohydrates in leaves, enhancement
of phloem area and expression of sugar transporters (16).

Our results may lead to deeper gene selection strategies, aiming at choosing a smaller
number of genes. Candidates with the smallest enrichment FDR values that are associated
with QTLs that explain the highest percentages of variation, constitute interesting targets. For
quantitative characters, where positive feedbacks cause large effects, significant explanatory
effects from 10% to 20%, may result in impressive effects. This strategy considers that both
approaches, QTL mapping and GO enrichment, work at different levels. While QTLs indentify
regions on chromosomes containing genes encoding for a certain trait, the enrichment process
takes into account all the genes involved in a pathway related to that trait. In processes where
numerous genes are involved, a meaningful change should include many of them. Conse-
quently, transcription factors could produce phenotype differences even at higher FDR values.
In our work, this last effort selected 16 genes and 4 TRFs as plausible candidates for further
breeding studies (table 1, page 30-31). Further functional genomic studies should weigh the
importance of these selected genes on the final phenotype.

CONCLUSIONS

In conclusion, this analysis allowed the detection of plausible candidate genes encoding
for the components of key processes governing vegetative growth in Vitis. The analysis
allowed the reduction of candidate gene number based on marker proximity and functional
enrichment, clearly demonstrating a suitable shortcut for target-directed genome-guided
breeding strategies. This approach is particularly useful when a map is not densely saturated.
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Two TFs, which potentially enhance growth by relating light response to hormone acti-
vation, and then to photosynthesis and morphogenesis, are strong candidates for targeted
breeding. The nitrogen transport encoding genes would allow this light/hormone promoted
growth by facilitating amino acid/protein synthesis and transport. Phloem and xylem
related genes would also be part of this process by enabling water and nutrient transport.
All these functions need to be tightly correlated, since auxins and soluble carbohydrates
seasonal dynamics play key roles in tissue growth, cambium activity and xylem/phloem
development. Gene characterization in individuals of the Ramsey x Riparia Gloire progeny
will be the topic for future research.
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ABSTRACT

Selliera radicans is a creeping plant native to Chile, New Zealand and Australia. It is
increasingly used in the ornamental industry, and there is interest in breeding it to create
commercial varieties. The aim of this study was to determine the effects of different
doses of gamma radiation applied to the seeds on the germination and development of
seedlings (M,) and the LD, of two accessions of Selliera radicans for use in the induction
of mutations. Seeds of the Vichuquén and La Serena accessions were exposed to 0, 100,
200, 300, 400, 500, 600 and 700 Gy from a *°Co source. Weekly germination percentages
along with seedling numbers and lengths were recorded. Vichuquén seeds were more
sensitive to this physical agent. The LD, was 243.9 Gy for Vichuquén and 445.6 Gy for La
Serena. Seedling lengths reached almost 4 mm for Vichuquén and 11.3 mm for La Serena at
12 weeks after sowing. Doses lower than 200 Gy are recommended since higher doses do
not allow the development of seedlings to the extended cotyledon stage.
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marsh weed ¢ LD, ¢ seedling survival « M,
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RESUMEN

Selliera radicans es una planta rastrera nativa de Chile, Nueva Zelandia y Australia. Su
uso en la industria ornamental ha ido creciendo y hay interés en su mejoramiento genético
para crear variedades comerciales. El objetivo del estudio fue determinar la dosis LD, y
el efecto de distintas dosis de radiacion gamma aplicadas a las semillas sobre la germi-
nacion y el desarrollo de plantulas (M,) en dos accesiones de Selliera radicans, para su
uso en la induccidén de mutaciones. Semillas de las accesiones “Vichuquén” y “La Serena”
fueron expuestas a 0, 100, 200, 300, 400, 500, 600 y 700 Gy desde una fuente de ¢°Co. Se
registro el porcentaje de germinacion semanal ademas del nimero y longitud de las plan-
tulas formadas. La accesion de Vichuquén fue mas sensible a la radicacion. La LD, fue de
243,9 Gy para Vichuquén y 445,6 Gy para La Serena. Las plantulas alcanzaron longitudes
cercanas a los 4 mm para Vichuquén y 11,3 mm para La Serena a las 12 semanas desde
la siembra. Se recomienda el uso de dosis menores a 200 Gy, pues dosis superiores no
permiten la formacién de plantulas en fase de cotiledén extendido.

Palabras clave
maleza de marismas ¢ LD, ¢ sobrevivencia de plantulas « M,

INTRODUCTION

Genetic improvement via the induction of mutation has been applied to various plant
species that have nutritional importance or ornamental interest (27, 42). To induce
mutations, physical and chemical agents, or a combination of both, have been used.
Determining the mean lethal dose (LD, ) is essential (54). The LD, value represents the
amount of radiation or chemical agent absorbed with which 50% of the exposed population
survives or that causes 50% growth reduction (7). Mutagens must be used in accordance
with the aforementioned doses, since a greater (5) spectrum of mutations is generated;
moreover, lower doses (less than 300 Gy) allow recovery of an adequate number of useful
mutants compared to higher doses (29).

Compared to other types of radiation, the induction of mutations by gamma radiation
has prevailed due to its wide availability, versatility and greater effectiveness at generating
a wide range of mutations (9). The penetration of gamma rays into plant tissues is strong
and uniform, which results in its high potential for plant breeding (28, 33). Exposure to
ionizing radiation activates a series of steps between the initial absorption of energy and
the final biological injury. The main and most important direct targets of radiation are water
molecules, which lead to the generation of chain reactions that produce reactive oxygen
species (ROS). These radicals are toxic at high levels and can react rapidly with various types
of macromolecules, including lipids, proteins and, in particular, DNA, leading to cell damage
and cell death (14). Data from the International Atomic Energy Agency (26) through 2017
revealed that 3,251 registered plant varieties were generated from induced mutations, of
which 49.4% were obtained by gamma radiation.

The Selliera genus consists of three perennial rhizomatous herbaceous species that
are currently recognized as a single polymorphic group (44). The species Selliera radicans
Cav. has a rosette-type growth habit with whole, green fleshy leaves (22). The species is
used as an ornamental plant for low-maintenance coverings, and due to its ability to be
propagated by stolons, it is used in the creation of green roofs (51). This species can tolerate
strongly saline soils that have an electrical conductivity > 20 dS m™ and a pH ranging from
5 to 10 (3). Due to the scarcity of good-quality water resources required by ornamental
species, especially those used for forage, the use of this type of species represents a great
opportunity (12). The Universidad de Talca (UTalca) and the Pontificia Universidad Catélica
de Valparaiso (PUCV) currently have a collection consisting of 11 accessions from different
areas of Chile; most of these accessions were described by Meza et al. (2015).

The aim of this study was to determine the effects of different doses of gamma radiation
on the seed germination and development of seedlings (M, ) and the LD, of two accessions
of Selliera radicans for use in the induction of mutations.
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MATERIALS AND METHODS

Plant material

Fresh seeds were extracted from the dried mature fruits of individual plants that were
maintained as an in vivo clonal collection of plants, were collected from different zones in
Chile and had been propagated for three generations. The selected accessions for this study
were Vichuquén and La Serena.

Irradiation tests

Radiation was carried out on the premises of the Comisién Chilena de Energia Nuclear
(CCHEN), La Reina, Santiago, Metropolitan Region, Chile. A ®®Co Gammacell 220R irradiator
was used. The irradiation geometry was previously determined, and via Fricke dosimetry,
the necessary time of exposure to apply the required doses was also determined. To
determine the LD, seven doses were applied: 100, 200, 300, 400, 500, 600 and 700 Gy. A
nonirradiated seed control group was also included. For each dose, 100 seeds were used.
The seeds were sown one day after irradiation.

Sowing and germination conditions

The seeds were placed in Petri (10 cm) dishes on filter paper that was moistened with
disinfectant solution (1 g L! captan); four replications of 25 seeds were used for each dose.
The seeds were stratified for two weeks at 8°C in darkness according to Schiappacasse
etal. (2017). Afterwards, the Petri dishes were transferred to germination conditions, which
were 20°C (+ 2°C) and artificial lighting for 24 h per day at 80 umol m? s*. Germination was
recorded weekly for 12 weeks. Seeds that produced a radicle equal to or greater than 2 mm
were considered germinated (50).

Seedling growth and development conditions

Seedling size was determined by measuring the total length and shoot and root
length from the apex of the cotyledons to the distal root end via images of the seedlings.
Subsequently, all the seedlings were planted in trays filled with peat and perlite at a ratio
of 1:1 (v/v); the substrate was amended with a Multicote® granular fertilizer (5 g L'!). The
seedlings were then kept under greenhouse conditions (21.2°C and 58.1% relative humidity
[RH]). Two hundred days after germination, the final length of the seedlings was measured
by digital image analysis using Image]® software, and the percent survival, in accordance
with dose, was determined.

Statistical analysis

The tests were conducted in accordance with a completely randomized model; for both
accessions, each dose was applied to a total of 100 seeds (4 replications with 25 seeds for
each replication in a Petri dish). Germination curves were adjusted for each combination of
dose and accession separately. The germination rate at time ¢ was modeled using a log-logistic
model with three parameters via the drc package in R software version 3.4.3 (48).

The parameter d indicates the maximum proportion of germination, e is the median time
of germination (when F (t) = 0.50), and b is proportional to the slope of F (t) when t = e. The
estimation and verification procedures of the models are based on the use of time data for
the event of interest, in this case, germination, as described by Ritz et al. (2015).

To determine the LD, a dispersion graph was constructed that included the cumulative
germination at the end of the test (y-axis) in response to the applied radiation dose (x-axis).
A linear relationship between both variables was calculated, and the LD,, value was then
determined. The results of the survival lengths and percentages were processed with
Minitab 17 statistical software. The seedling length values were transformed to 1/x values
(41). The data were examined via analysis of variance (ANOVA), and means were compared
by Tukey’s test. For all the analyses, a significance level of 0.05 was used.
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RESULTS

The results of the model of each accession are shown in table 1 and table 2. For the
Vichuquén accession, it was only possible to model the 300 Gy dose due to the large number
of seeds that did not germinate at higher doses; the lower radiation doses had a stimulatory
effect. For the La Serena accession model (table 2), parameter d (maximum germination
ratio) tended to decrease as the dose increased, and parameter e (mean germination time
relative to parameter d) increased as the dose increased.

Table 1. Estimates of the parameters (e, d y -b) and standard errors (SEs) of the
log-logistic model as a function of the dose of gamma radiation for accession Vichuquén of
Selliera radicans (1).

Tabla 1. Estimaciones de parametros (e, dy -b) y error estandar (ES) del modelo
log-logistic en funcién de las dosis de radiacién gama para la accesién Vichuquén de
Selliera radicans modelo (1).

t., (weeks) Maximum gel.'m.lnatlon Slope at inflection

Dose (Gy) (upper limit)
e SE d SE -b SE
0 3.29 1.12 0.85 0.14 1.30 0.28
100 2.19 0.34 0.72 0.06 1.74 0.30
200 14.58 34.37 0.95 1.91 1.36 0.63
300 29.84 77.18 1.06 5.75 2.46 1.32

Table 2. Estimates of the parameters (e, d y -b) and standard errors (SEs) of the
log-logistic model as a function of the dose of gamma radiation for accession La Serena of
Selliera radicans (2).

Tabla 2. Estimaciones de pardmetros (e, dy -b) y error estandar (ES) del modelo
log-logistic funcién de las dosis de radiaciéon gama para la accesién La Serena de Selliera
radicans modelo (2).

t. (weeks) Maximum ger-'m-matlon Slope at inflection

Dose (Gy) 50 (upper limit)
e SE d SE -b SE
0 1.05 0.08 0.89 0.03 2.48 0.36
100 1.04 0.06 0.82 0.03 3.73 0.55
200 0.99 0.06 0.76 0.04 3.73 0.61
300 1.65 0.17 0.55 0.05 2.32 0.39
400 2.46 0.17 0.59 0.05 3.42 0.46
500 2.52 0.14 0.40 0.04 5.00 0.77
600 2.32 0.40 0.28 0.05 2.15 0.52
700 2.63 0.28 0.11 0.03 5.26 1.55

Under the control conditions, the germination percentage was 65% for the Vichuquén
accession and 89% for the La Serena accession. The Vichuquén accession reached its
maximal germination during the eighth week (at the 100 Gy dose); on the other hand, the
La Serena accession reached its maximal germination during the fourth week (at 0 Gy). The
increase in dose had a negative effect on germination. When comparing both accessions,
Vichuquén was more radiosensitive, since doses greater than 200 Gy were drastically
harmful, and doses greater than 300 Gy resulted in no survival. For this accession, there was
a stimulatory effect on germination at a dose of 100 Gy; these results were similar to those
of the control (table 1).
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Compared with the Vichuquén accession, the La Serena accession was more radiotolerant,
having higher values in the germination curves. In agreement with the results of the other
accession, the most harmful dose for La Serena was 700 Gy, but in this case, total lethality
was not reached at any dose (table 2, page 39).

The differences in the germination curves of both accessions were converted into
calculated LD, values, as shown in figure 1a. The greater radiosensitivity of the Vichuquén
accession was reflected in its LD, value of 238.3 Gy, which was lower than that calculated
for the La Serena accession (441.9 Gy).
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La figura a corresponde Figure 1. Radiosensitivity curve for Selliera radicans accessions Vichuquén and La Serena.
ala accesion Vichuquén . . R . . .
yla figura b a la accesién Figura 1. Curva de radiosensibilidad para las accesiones Vichuquén y La Serena de

La Serena. Selliera radicans.

Although germination was observed for both accessions in response to different doses,
survival and growth occurred only with the 0 and 100 Gy doses, and dose significantly
affected the percentage of seedlings formed (figure 2, page 41).
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Figure 2. Percentage and length of seedlings formed by the Selliera radicans accessions
Vichuquén and La Serena. The percentage of seedlings was estimated in terms of the total
seeds of each replication (25 seeds) at 12 weeks after sowing.

Figura 2. Porcentaje y longitud de plantulas formadas en las accesiones Vichuquén y la
Serena de Selliera radicans. El porcentaje de plantulas fue estimado con base en el total de
semillas de cada réplica (25 semillas) a las 12 semanas posteriores a la siembra.

At the end of 12 weeks, the length of the control seedlings of the Vichuquén accession
did not surpass 4 mm, and those of La Serena were significantly longer. Compared with the
control dose, the 100 Gy dose had a stimulatory effect that resulted in longer La Serena
seedlings. No mutations with obvious morphological effects, such as changes in leaf color or
deformities in the formed seedlings, were observed in the M, seeds.

At 200 days after transplanting, data are only available for the Vichuquén accession since
the seedlings from La Serena did not survive the radiation stress. The survival percentage
according to dose reached 55% for the control and 60% for 100 Gy with respect to the total
number of transplanted seedlings, with no significant differences. Regarding the values
achieved in terms of leaf and root length, there were no significant differences between the
control dose and the 100 Gy dose. The total length (foliar and root lengths) of the seedlings
after 200 days showed an approximately 30-fold increase with respect to the initial seedling
size (figure 3, page 42).
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Figure 3. Foliar and root length for the Selliera radicans accession Vichuquén.
Figura 3. Longitud foliar y radicular de Selliera radicans accesion Vichuquén.

DISCUSSION

Athigher doses of gamma radiation, aloss of viability was observed in the seeds of Selliera
radicans, especially for the Vichuquén accession, which resulted in a decreased germination
percentage (tables 1 and 2, page 39). This phenomenon may be related to the frequency of
chromosomal damage, as an increased dose may be responsible for a lower germination
potential and subsequent reduced growth (31, 37, 39). Gamma radiation-induced DNA
damage results in the activation of different mechanisms to identify both the type and level
of damage caused and drive both the repair and separation of damaged bases (17, 18).
Depending on the radiosensitivity of each genotype, the levels of damage to the cells and
cell protection involve a cascade of events that imply the activity of a series of enzymes and
genes (25).

lIonizing radiation triggers a series of enzymatic defense systems (peroxidases and
superoxide dismutases) and nonenzymatic systems in plants; these systems are involved
in the compensatory mechanisms of free radical inhibition formed by oxidative stress after
exposure to gamma radiation (2, 10, 21).
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Oxidative stress at certain intensities can be repaired at the cellular level; however,
gamma radiation affects the rate of germination (tables 1 and 2, page 39) and causes less
growth as the dose increases. This pattern has also been reported in Chenopodium quinoa
(19), Zea mays (36) and Solanum melongena (8). The 100 Gy dose stimulated the germination
of the Vichuquén accession (table 1, page 39). Similar results in response to 100 Gy doses
have been reported for Terminalia arjuna (1) and Moluccella laevis (40).

The stimulating effects of radiation on germination are still being studied. Some theories
point to stimulating effects on enzymatic activity and on the synthesis of nucleic acids or the
activation of protein synthesis; these effects occur during the initial stage of germination
after irradiation of the seed, accelerating cell division and directly or indirectly stimulating
auxin-response genes (7, 35).

Because the ability to repair damaged DNA has a strong genetic component, the studied
accessions have specific radio sensitivities in terms of germination (figure 1, page 40).
Differences in LD, values have been recorded for other species at the variety or accession
level (4, 30, 40, 52). In Vigna unguiculata, the LD, value varied between 165 and 689 Gy
depending on the genotype used (23).

Compared to that at the 100 Gy dose, the formation of seedlings in response to the 0 Gy
dose was evidently greater (figure 2, page 41). It has been observed that at an early stage,
growth is interrupted since the seedlings that form cannot survive after a certain period,
which is probably due to DNA breakage and the inability to repair the damage (11, 20, 53).
The prolongation of the growth interruption period can vary from a few minutes to several
days, mainly according to the irradiation dose and the intrinsic radiosensitivity of the
organism (34).

The imbalance in the development from the emergence of the radicle to the formation
of a seedling may be related to an interruption of the cell cycle in G2/M phase during
somatic cell division and/or to damage within the genome (45). In addition, imbibition is
not affected by mutagenesis; this process has a relatively more pronounced effect on the
subsequent development of the primary structures of seedlings, which can guarantee their
survival (16). Interruption of the growth of the radicle and the zone of active cell division
frequently (15) results in abnormal cells that have chromosomal aberrations (6).

The La Serena seedlings that survived the 100 Gy dose were longer than the control
seedlings. A similar phenomenon was reported in response to gamma irradiation of Vigna
unguiculata seeds at this same dose; this irradiation increased the vigor of M, seedlings in
terms of foliar area and plant height at six weeks (43).

The ability of radiation to increase secondary metabolites may be because gamma
radiation is a potent inducer of metabolites that have known activities against a broad
spectrum of plant stresses, particularly oxidative stresses (47).

Considering the doses that allowed the formation of true viable seedlings, future
applications of gamma radiation in this species should focus on doses lower than 200 Gy.
In general, most mutated genes are recessive; it has been reported that the frequency of
recessive mutations ranges from 90 to 100% and that for dominant mutations ranges from
0 to 6% (16). From the M, generation onwards, the resultant individuals are genetically
diverse due to phenotypic segregation, which allows extensive selection from generations
M, to M; to be carried out (24).

One of the most crucial requirements when inducing mutations is the selection of
effective doses of mutagenic agents applied to the parental materials. This fact indicates
why the significant differences between the LD, values established in this study represent
an important factor for subsequent irradiations, as the range of doses that can be used is
limited (32). Selliera radicans was shown to be very sensitive to gamma radiation; in this
respect, there may be a relationship between genome size and radiation sensitivity (13).

The ornamental potential of this species could be improved by gamma radiation, as
many attractive characteristics that can be modified, such as growth habit and flower color
and shape, are easily observable if they are present in plants generated after mutagenic
treatment (46).
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CONCLUSIONS

For the Vichuquén accession, the LD,, value for M, seed germination was 238.3 Gy; for La
Serena, it was 441.9 Gy. However, Selliera radicans was highly sensitive to gamma radiation,
so seedling formation occurred only at a dose of 100 Gy because the seedlings of La Serena
did not survive after 200 days. At low doses, there was a stimulatory effect that could be
studied in future research to accelerate the germination process. This beneficial effect did
not translate into an increase in the foliar or root length of the seedlings formed at the dose
of 100 Gy for the Vichuquén accession.
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ABSTRACT

Ice plant (Mesembryanthemum crystallinum L.) is regarded as a drought and saline
stress-tolerant plant with many biological properties, and especially valued in gourmet
cuisine. The objective of this work was to find an optimum plant cultivation mode to produce
edible parts under greenhouse conditions. Three soilless media were evaluated: peat,
vermiculite and hydroponic culture. Peat pot culture yielded reduced biomass. Vermiculite
and hydroponics, however, led optimum M. crystallinum growth. Plants grown in vermic-
ulite and irrigated with nutrient solution presented a significantly higher yield. In fact,
vermiculite-grown plants presented enhanced leaf area and leaf fresh weight as well as high
foliar N, Mg, Mn, Fe, Na, chlorophyll and carotenoid concentrations. To conclude, greater
succulence and Na concentration in edible parts of the vermiculite-grown glacier lettuce
can offer consumers a more interesting taste, consistency and improved nutrient contents.
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RESUMEN

La lechuga glacial (Mesembryanthemum crystallinum L.) muestra tolerancia a los estreses
salino e hidrico, y posee diversas actividades biolégicas que han permitido su revalorizacién
como planta comestible en la alta cocina. El objetivo del presente trabajo fue evaluar el 6ptimo
modo de cultivo para la produccidon de hojas de M. crystallinum bajo condiciones de inver-
nadero. Para ello, se compararon tres formas de cultivo sin suelo: turba, vermiculita y cultivo
hidropoénico. El crecimiento en maceta con turba no resulté ser adecuado para la lechuga
glacial, provocando una baja produccién de biomasa. Sin embargo, tanto el cultivo en vermi-
culita como hidropoénico permitieron un 6ptimo crecimiento de M. crystallinum, mostrando
una produccioén significativamente superior las plantas crecidas en vermiculita mediante
riego con solucién nutritiva. La lechuga glacial desarrollada en vermiculita incrementd su area
y materia fresca foliar, junto con elevadas concentraciones de N, Mg, Mn, Fe, Na, clorofilas y
carotenoides en hojas. Ademas, el aumento de la suculencia y la concentracién de Na en las
partes comestibles de las plantas cultivadas en vermiculita pueden ofrecer un sabor, consis-
tencia y contenido en nutrientes de mayor interés para el consumidor.

Palabras clave
Mesembryanthemum crystallinum e cultivo hidropdnico e sustratos e cultivo en maceta

INTRODUCTION

Mesembryanthemum crystallinum, commonly known as ice plant or glacier lettuce, is
regarded as a stress-tolerant plant. During the dry season and periods of water stress, the
photosynthesis mode switches from C, to Crassulacean Acid Metabolism (CAM) (9). This
halophytic plant possesses specialised trichomes called epidermal bladder cells, which have
various functions including: water storage, salt accumulation, protection from UV rays and
arole in plant defence (7). When mature plants die, the stored salt is leached into the soil
thereby dramatically increasing salinity, making it difficult for other native species to grow
(10, 20, 32). However, due to its ability to accumulate salt, the plant has been employed for
soil desalination and proposed for bioremediation (2). The ice plant can also rapidly absorb
soil moisture and help to build up high nitrate levels (13).

The ice plant’s numerous biological properties include antioxidant activities, performed
by betacyanin and other flavonoids, as well as antimicrobial activities (18, 25). Leaves and
stems are used raw or cooked. With its succulent, mellow, slightly salty-tasting leaves, the
species is considered a fashionable plant sold in delicatessen shops (16, 30). The product,
however, is highly perishable. The wild nature of this species suggests it could be culti-
vated throughout the year, with little watering and care, based on a different maintenance
approach (1). Therefore, the objective was to conduct a greenhouse production experiment
and assess optimum ice plant growth conditions in soilless media.

MATERIALS AND METHODS

Plant material and growth conditions

Mesembryanthemum crystallinum seeds were collected from wild plants in Alicante (in
South East Spain). They were surface disinfected with 0.5% NaClO for 2 h and pre-hydrated
with aerated, distilled water for 22 h. Germination subsequently took place in vermic-
ulite, hydrated with distilled water and maintained in a growth chamber at 24°C day/night
(D/N) air temperature (T) and 70% D/N relative humidity (RH) (29). Chamber light condi-
tions were 16 h light-8 h dark cycle with photosynthetically active radiation of 400 pmol
m2st, provided by a combination of fluorescent tubes (Philips TLD 36W /83, Germany and
Silvana F36W/GRO, USA). After 20 days, seedlings were transferred to a greenhouse under
semi-controlled conditions of T D/N: 25/18°C; RH D/N: 60/80% and received natural
daylight (mean photosynthetic photon flux rate of 400 pmol m?s™) (3) (Photo 1, page 49).
During the transplant, plants were divided into three homogeneous groups of 10 plants.
Each group underwent different growth conditions: 1) seedlings transplanted to plastic
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peat pots (V=1 L) watered weekly with 300 mL demineralised water; 2) seedlings inserted
into 1 L plastic vermiculite pots watered weekly with 300 mL Hoagland nutrient solution
(17); 3) seedlings grown in hydroponic containers (V=1 L) with Hoagland aerated nutrient
solution, which was replaced weekly. Hoagland solution has been widely used for glacier
lettuce growth (3, 5, 24, 29). Peat was mainly composed of pine bark, with 86% of organic
matter based on dry weight, 49 mS m conductivity, pH 7 and grain size <10 mm. After 45
days, the plants were harvested and the different determinations were performed. At the
end of the experiment, the electrical conductivity (EC) of the hydroponic, vermiculite and
peat culture was 1.38, 0.57 and 0.63 mS cm}, respectively.

Photo 1. Experimental site and ice plants grown under different mode of cultivation.

Foto 1. Unidad de experimentacién vegetal y plantas de lechuga glacial crecidas bajo
diferentes modos de cultivo.

Growth parameters

Plant dry weight (DW) was determined after oven drying at 80°C until constant weight.
Shoot and root lengths were also measured. Leaf area was measured using the app “Easy
Leaf Area Free” (12), while Specific leaf area (SLA) was calculated as the ratio of the leaf area
to leaf dry weight.

Water status
Leaf relative water content (RWC) was calculated according to Weatherley’s method
(1950), using the following equation:

RWC (%) = (FW-DW) / (TW-DW) x 100
where:
FW = fresh weight,
TW = turgid weight,
DW = dry weight of the tissue, respectively.

This determination was performed on expanded young leaves collected at noon. Foliar
succulence was measured according to Atzori et al. (2017) as the ratio of leaf FW to leaf area.

Photosynthetic pigments

Foliar photosynthetic pigment concentration was determined in young, recently expanded
leaves collected at noon, as described in Sestak et al. (1971). Samples (20 mg FW) were placed
in 5 ml of 96% ethanol at 80° C for 10 minutes to extract the pigments. The absorbance of the
extracts was spectrophotometrically measured and the equations reported by Lichtenthaler
(1987) were used to calculate chlorophyll and carotenoid concentrations.
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Mineral analysis

Leaf samples (0.5 g DW) were dry-ashed and dissolved in HCl in accordance with Duque
(1971). Phosphorus, potassium, calcium, magnesium, manganese, zinc, iron and sodium
concentrations were determined using a Perkin Elmer Optima 4300 inductively coupled
plasma optical emission spectroscopy (ICP-OES) (Perkin Elmer, USA). The ICP-OES oper-
ating parameters were: radio frequency power 1300 W, nebulizer flow 0.85 L min, nebu-
lizer pressure 206.84 kPa, auxiliary gas flow 0.2 L min, sample introduction 1 mL min?
and three replicates per sample. Total nitrogen and carbon were quantified after leaf DW
combustion (950°C) with pure oxygen using an elemental analyser with a thermal conduc-
tivity detector (TruSpec CN, Leco, USA).

Statistics

To compare all three treatments, a one-way analysis of variance (ANOVA) (SPSS v.26, IBM Corp,,
USA) was conducted. The means * standard deviation (SD) were calculated. When the F-ratio was
significant (p<0.05), Duncan’s multiple range test was applied. When only two treatments were
compared, Student’s t-test was performed. Significance levels were always set at 5%.

RESULTS

Growth parameters of Mesembryanthemum crystallinum showed significant differences
according to the culture medium (table 1). Plants in vermiculite presented greater shoot
growth and leaf DW than those under hydroponic conditions, but the difference was espe-
cially notable compared to peat-grown plants. Vermiculite treatment also enhanced ice plant
root length and biomass, while peat growth presented significantly low values. In fact, peat
pot culture did not seem to be an adequate substrate to cultivate M. crystallinum. Despite the
same environmental conditions and age, plants did not grow properly. Therefore, it was not
possible to obtain sufficient plant matter from the peat treatment to perform further deter-
minations such as: RWC, succulence, photosynthetic pigments or mineral analysis. On the
other hand, vermiculite-grown plants exhibited a significant increase in leaf area compared
to the hydroponic culture, despite their similar SLA values.

Table 1. Growth parameters in ice plants grown under different mode of cultivation.

Tabla 1. Parametros de crecimiento de lechuga glacial crecida bajo diferentes modos de cultivo.

Treatment 'Shoot DW | 'Leaf DW | 'Root DW ZLeaf area ISLA (cm?g) _ZShoot ZRoot length
(gplant') | (gplant?) | (gplant?) (cm?) height (cm) (cm)
Hydroponic | 0.94+0.14 b | 0.84+0.14b | 0.15x0.03b| 50,22+9,04b |76,26%12,75a| 6.41+1.50b | 24.47+3.60 b
Peat ND ND ND 0.87+0.14 ¢ ND 0.80+0.21¢c | 4.13x0.96 ¢
Vermiculite | 2.12+0.36 a | 1.83+0.29 a | 0.32+0.07 a | 133.65+19.14 a | 72,47+16.94 a | 10.25+2.04a | 29.36+5.16 a

!Means (n=10) + SD were compared with Student-t test to analyze the differences between two of plant culture conditions. ?Means (n=10) +
SD were compared with Duncan’s test. Within each column, data followed by the same letter indicated that values did not differ significantly

(p=0.05). DW: dry weight; ND: not detected.

!Para la comparacién de dos condiciones de cultivo vegetal, las medias (n=10) DS fueron analizadas mediante el test t-Student. ? Las medias
(n=10) * DS fueron analizadas mediante el test de Duncan. Dentro de cada columna, el valor acompafiado por una misma letra indica que las

medias no difieren significativamente (p=0,05). DW: materia seca; ND: no detectado.

Regarding leaf water status, ice plant foliar RWC did not differ according to the culti-
vation mode (table 2, page 51). Vermiculite-grown plants, however, presented the highest
edible leaf FW production values together with greater succulence. As for photosynthetic
pigments (table 3, page 51), both chlorophyll and carotenoid concentrations increased in
vermiculite-grown plants.

Foliar mineral concentration is summarised in tables 4 and 5 (page 51). While C concen-
tration did not differ among the plants grown in different media, foliar N concentration
was higher in the ice plant cultivated in vermiculite (table 4, page 51). Moreover, vermic-
ulite-grown plants had significantly higher Mg (table 4, page 51), Mn, Fe and Na (table 5,
page 51) concentrations compared to the hydroponic treatment. Nevertheless, K and Zn
concentrations were greater in plants grown in hydroponics, while P and Ca contents were
similar across all treatments.
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Table 2. Leaf fresh weight (FW), relative water content (RWC) and succulence in ice
plants grown under different mode of cultivation.

Tabla 2. Materia fresca foliar, contenido hidrico relativo y suculencia de hojas de lechuga
glacial crecida bajo diferentes modos de cultivo.

Treatment Leaf FW (g) RWC (%) Succulence (g FW cm?)
Hydroponic | 23.43#4.78b | 78.15+15.40 a 0.45+0.05b
Vermiculite | 66.53+16.19a | 88.18+7.48a 0.51+0.04 a

Means (n=10) + SD were compared with Student-¢ test. Within each column, data followed by the same letter
indicated that values did not differ significantly (p=0.05).

Las medias (n=10) #* DS fueron analizadas mediante el test t-Student. Dentro de cada columna, el valor
acompaifiado por una misma letra indica que las medias no difieren significativamente (p=0,05).

Table 3. Leaf photosynthetic pigment concentration in ice plants grown under different
mode of cultivation.

Tabla 3. Concentracion foliar de pigmentos fotosintéticos de lechuga glacial crecida bajo
diferentes modos de cultivo.

Phot hetic pi 1]leaf DW
Treatment otosynthetic pigments (mg g e-a )
Chlorophylls Carotenoids
Hydroponic 15.74+¥1,99 b 2.85+0.40 b
Vermiculite 20.07+3.08 a 3.84+0.92 a

Means (n=10) + SD were compared with Student-¢ test. Within each column, data followed by the same letter
indicated that values did not differ significantly (p=0.05). DW: dry weight.

Las medias (n=10) + DS fueron analizadas mediante el test ¢-Student. Dentro de cada columna, el valor acompafiado
por una misma letra indica que las medias no difieren significativamente (p=0,05). DW: materia seca.

Table 4. Foliar concentrations of macronutrients in ice plants grown under different mode
of cultivation.

Tabla 4. Concentracion foliar de macronutrientes de lechuga glacial crecida bajo
diferentes modos de cultivo.

N(mgg' | P(mgg’ Ca(mgg' Mg(mgg'
1 1
Treatment | C (mgg'DW) DW) DW) K (mgg'DW) DW) DW)
Hydroponic | 395.36+26.61a | 52.11+7.64b | 457+1.33a | 124.46+27.11a | 4.83+0.74a| 4.86+1.77b
Vermiculite | 373.91+35.75a | 64.18+3.79 a | 4.20+0.46a | 75.05+13.50b |4.84+0.85a| 13.26+1.32a

Means (n=10) + SD were compared with Student-¢ test. Within each column, data followed by the same letter
indicated that values did not differ significantly (p=0.05). DW: dry weight.

Las medias (n=10) + DS fueron analizadas mediante el test ¢t-Student. Dentro de cada columna, el valor acompafado
por una misma letra indica que las medias no difieren significativamente (p=0,05). DW: materia seca.

Table 5. Foliar concentrations of micronutrients and sodium in ice plants grown under
different mode of cultivation.

Tabla 5. Concentracion foliar de micronutrientes de lechuga glacial crecida bajo
diferentes modos de cultivo.

Treatment | Mn (ng g DW) | Zn (ngg* DW) | Fe (ugg'DW) | Na (mgg'DW)
Hydroponic| 84.43+1593b | 129.34+25.84a| 128.66+44.36b 5.26%¥1.47b
Vermiculite | 107.91429.18 a | 64.72+16.44b | 1509.37+339.51a| 31.97+8.97a

Means (n=10) * SD were compared with Student-¢ test. Within each column, data followed by the same letter

indicated that values did not differ significantly (p=0.05). DW: dry weight.

Las medias (n=10) * DS fueron analizadas mediante el test t-Student. Dentro de cada columna, el valor acompafiado

por una misma letra indica que las medias no difieren significativamente (p=0,05). DW: materia seca.
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DiscuUSsSION

Peat is a widely used substrate for plant cultivation. In fact, Mesembryanthemum crys-
tallinum has been successfully grown in peat-based substrate or mixed with vermiculite
(3, 4, 8). However, our results showed that peat was not a suitable medium for ice plant
pot-growing. Plant growth was very poor, making it impossible to determine many param-
eters and leading to significantly reduced shoot length, root length and leaf area. These
results could be given by the fact that peat-grown plants were irrigated with deminer-
alised water, while those grown in vermiculite and hydroponics received Hoagland nutrient
solution. This may have generated an essential nutrient deficit in peat-grown plants, since
the limited 1 L potting space increases nutrient needs (28). Moreover, according to Morales
and Casanova (2015), peatis poorly drained. This probably leads to insufficient root oxygen-
ation, causing growth limitations.

On the other hand, hydroponic and vermiculite cultures led to optimum M. crystallinum
growth. In addition, vermiculite-grown plants irrigated with Hoagland nutrient solution
presented a significantly greater yield. Vermiculite has a high cation exchange capacity (19),
while in hydroponics, the nutrients are very accessible (22). Itis worth noting that the hydro-
ponic culture’s EC levels at the end of the experiment were more than two times greater
than that of the other two substrates; despite this, EC levels were within an optimum range
regarding root water and nutrient absorption (15). In addition, the nutrient solution was
replaced every week in order to ensure good nutrient balance in the hydroponic culture.

Vermiculite-grown plants presented higher values across all growth parameters, except
for SLA. The reason may be that the nutrient intake of vermiculite-grown ice plants is
greater due to longer roots and higher root DM, which would improve water and nutrient
acquisition and/or use efficiency (26). In fact, plants grown in vermiculite presented higher
leaf N, Mg, Mn and Fe concentrations.

Regarding the water status, cultivation mode was not found to influence foliar RWC in
any way. On the contrary, leaf succulence improved in vermiculite-grown plants, probably
due to greater nutrient intake than in hydroponics. Increases in succulence, that is, water
content per unit area, allows osmotic adjustment (14). According to our results, vermicu-
lite-grown Mesembryanthemum leaves also exhibited higher Na concentrations. The latter
increases the salty taste of leaves and is highly appreciated by consumers. In fact, leaf
succulence and glistening bladder cells, in particular, provide the edible leaves with a taste,
consistency and appearance that make ice plants particularly valued by consumers (6). In
addition, Agarie et al. (2007) worked on an ice plant mutant lacking epidermal bladder cells
(EBCs). The authors concluded that EBCs contribute to succulence by serving as a water
storage reservoir. They also contribute to salt tolerance by maintaining ion sequestration
and homeostasis within photosynthetically active tissues of M. crystallinum.

Significant differences were found regarding pigment concentrations, with enhanced
levels in total chlorophylls and carotenoids of vermiculite-grown leaves. This fact could
imply that ice plants grown in vermiculite have a greater photosynthetic capacity, together
with a greater allocation of energy in thermal dissipation over photochemistry (6).

CONCLUSIONS

Clear evidence was found that vermiculite pot culture irrigated with nutrient solution
allows obtaining M. crystallinum yield for edible purposes. Under greenhouse conditions,
this cultivation mode leads to greater biomass - including the production of edible fresh
leaves - than hydroponics or peat culture. In addition, increased leaf succulence and Na
concentration of vermiculite-grown plants offer consumers a more interesting taste, consis-
tency and appearance.
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ABSTRACT

The objective was to estimate the optimal plot size for field experiments with the
common bean (Phaseolus vulgaris L.) using the modified maximum curvature method. A
uniformity trial was carried out with the cultivar BRSFC-402 sown at a spacing of 0.5 m
between plant rows and 10 plants per meter within the row. Final bean stand, mean number
of pods per plant, mean number of grain per pod, mean 100-grain weight, and grain yield
were evaluated. Measurement were taken from 20 central rows measuring 20 m in length,
totaling 4,000 plants on an area of 200 m?2 A basic unit (0.5 m?) was a row containing 10
plants. Four hundred basic units were combined to form 14 plot shapes. The methods
relative information and modified maximum curvature were used to define the optimal
shape and size of plots, respectively, for experimental evaluation with the common bean.
As the plot should be suitable for efficient evaluation of all evaluated characteristics, the
optimal plot size consisted of five basic units (25 plants) and was shaped as five rows x one
basic unit per row.
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RESUMEN

El objetivo fue evaluar el tamafio minimo de parcelas experimentales para el frijol
comun (Phaseolus vulgaris L.) utilizando el método de curvatura maxima modificado. El
experimento consistio en una prueba de uniformidad en un suelo Latosol amarillo-rojo con
la temporada de lluvias marcada por el verano con el cultivar BRSFC-402 sembrado a un
espaciamiento de 0,5 m entre hileras de plantas y 10 plantas por metro dentro de la hilera.
Para las mediciones se consideraron 20 hileras centrales de 20 m de longitud, totalizando
4.000 plantas en un 4rea de 200 m?. Se evalué el rodal final de frijol, el nlimero medio de
vainas por planta, el nimero medio de granos por vaina, el peso medio de 100 granos y el
rendimiento de grano. En las evaluaciones, cada fila con 10 plantas se consider6 una unidad
bésica (0,5 m?), que asciende a 400 unidades basicas cuyas dimensiones se combinaron en
14 formas de parcela. Se utilizaron los métodos de informacion relativa y curvatura maxima
modificada para obtener la mejor forma y el tamafio de parcela mas apropiado, respecti-
vamente, para la evaluacidon experimental con frijol comun. Considerando que la parcela
optima deberia permitir una evaluacidon eficiente de todas las caracteristicas evaluadas, el
tamaiio de parcela apropiado fue de cinco UB (25 plantas) en el formato de cinco filas x una
UB por fila.

Palabras clave
simulacion e precision experimental e disefio experimental e Phaseolus vulgaris L.

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is widely grown in both small and large areas in
Brazil, where it plays an important role socially, culturally and economically (22). Although
initially recognized as a subsistence crop, common bean production has been growing;
therefore, several techniques have been adopted in its cultivation, including irrigation (17),
biostimulant (1), soil cover, genetic parameters (23) and improved crop practices (15).

Brazil, the third world’s largest producer of common beans, produced 3.3 million tons
from 3.1 million hectares in 2017/2018, with an average yield of 1,043 kg ha' (9). As the
crop is an important source of dietary protein, it plays a key role in food security. Accord-
ingly, field experiments have been carried out across the country to test different cropping
systems. Due to uneven soil and climate conditions, large experimental error is produced in
field experiments, thereby decreasing the statistical power in verifying minimal significant
differences between treatments.

The size of experimental plots may vary depending on the soil heterogeneity throughout
the experimental area and intrinsic characteristics of each crop (12). Several aspects should
be taken into account when determining the optimal plot size, such as crop type, number
of treatments, technology, available land, and financial resources (30). Experimenters
usually define the plot size based on site-specific conditions, available area or their personal
research experience.

The plot size directly influences the experimental precision. Currently, plot sizes having
four to six plant per row and measuring four to five meters long are used in most field
studies with common beans. However, depending on the nature of the study, the number
of experimental plots may be too large, so that field experimentation becomes virtually
unfeasible. Smaller plot sizes may come as a solution but to the detriment of experimental
precision.

Therefore, plot size and number of replicates should be optimally determined to obtain
greater experimental precision (31). To do so, several methods have been used to determine
the size and shape of the experimental plots. Among them, the Modified Maximum
Curvature Method (MMCM) (20) stands out. This method algebraically determines through
aregression equation the optimal relationship between plot sizes and their respective coef-
ficients of variation (27). With this model, one can minimize experimental error, optimize
resources, and ensure maximum precision (8).
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The objective of this work was to estimate, using the Modified Maximum Curvature
Method, the optimal plot size for determining yield components and the final plant stand of
the common bean, with the aim of optimizing the use of resources without compromising
the reliability of data obtained from experiments with this legume in the northern region of
Minas Gerais, Brazil.

MATERIAL AND METHODS

The study was conducted at the Experimental Farm of the Universidade Estadual de
Montes Claros (UNIMONTES), located in the municipality of Janatiba, northern Minas Gerais
state, Brazil (15° 48’ 32”S, 43° 19’ 3"W, and altitude of 533 m). The region’s climate is Aw
type, which corresponds to rainy summers and dry winters, according to the Kdppen'’s clas-
sification. In the experimental area, the soil was classified as yellow-red Latosol (Ferralsols,
WRB / FAO; Oxisols, Soil Taxonomy). The rainy season is normally marked by long dry spells
in the middle of the season, followed by intense heat (25-35°C), strong sunlight and low
relative humidity.

The experiment consisted of a uniformity trial with the cultivar BRSFC-402 sown ata spacing
of 0.5 m between plant rows and 10 plants per meter within the row. Twenty 20-m-long central
rows were considered for measurements, totaling 4,000 plants on an area of 200 m?.

We evaluated grain yield (kg ha'), measured with a field scale and corresponding to the
total mass of grains per basic unit (BU); final plant stand (FS), given by different BU combi-
nations; mean number of pods per plant (NPP), obtained by direct counting; mean number
of grains per pod (NGP), and mean 100-grain weight (M100). Number of grains per pod and
M100 were estimated using a sample of five plants within each BU.

At harvest, the number of beans (grains) per plant in each BU was counted to allow the esti-
mation of the final stand (FS). Then, results were converted to number of grains per hectare. The
plants harvested in each BU were identified and taken to the laboratory, where the total number
of pods of these plants was counted to estimate the average number of pods per plant (NVP).

The pods were threshed and the beans were counted to estimate the average number of
grains per pod (NGP) by dividing the total number of grains by the total number of pods of
each BU. The 100-grain weight (M100) was estimated by weighing three samples containing
100 beans collected from each BU, which were corrected to 13% humidity. Grain yield was
estimated by weighing all the beans produced in each BU, and results were expressed as
kg ha! and corrected to 13% humidity.

For each evaluated characteristic, we considered only BU arrangements that allowed
plants to cover the entire experimental area. Thus, the basic units were combined in 36
plot sizes and 14 plot shapes with the largest relative information (RI) for the same BU size.
The RI model considers the effect of the plot shape - width and length - on experimental
precision. Thus, 14 plot sizes were obtained by combining BUs to form rectangular plots
along the crop rows (table 1, page 58).

Using the Modified Maximum Curvature Method (MMCM), adapted by Meier & Lessman
(1971), the point of maximum curvature or optimal plot size was determined by a potential
regression equation.

_mb (1)
y= x

where:

y = coefficient of variation,

x = plot size in basic units and a and b are constants of the model.

The point of maximum curvature was estimated by the following equation:
T )
X, [A B A(213+1)] et
- B+2
where:
X, = value of the abscissa corresponding to the point of maximum curvature,
i.e. = the estimator of the optimal plot size
A and B = the respective estimates of A and B, which are constants of the equation.
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Table 1. Number of plots (NP), plot shape, number of rows (NR), number of basic units per
row (BUR), number of basic units (NBU) and total plot area (TPA).

Tabla 1. Nimero de parcelas (NP), formato, nimero de filas (NR) y de unidades basicas
por fila (BUR), nimero de unidades basicas (NBU) y area de parcela total (TPA).

Identification | NP Shape | NR | BUR Dimensions neu| N
Width (m) | Length (m) (m?)
A 2 Rectangular | 10 | 20 5 20 200 | 100.00
B 4 Rectangular | 10 | 10 5 10 100 | 50.00
C 5 Rectangular | 20 4 10 4 80 40.00
D 8 Rectangular | 5 10 2.5 10 50 25.00
E 10 Rectangular | 10 4 5 4 40 20.00
F 16 Rectangular 5 5 2.5 5 25 12.50
G 20 Row 20 1 10 1 20 10.00
H 25 Rectangular 4 4 2 4 16 8.00
I 40 Row 10 1 5 1 10 5.00
] 50 Rectangular 4 2 2 2 8 4.00
K 80 Row 5 1 2.5 1 5 2.50
L 100 | Rectangular 2 2 1 2 4 2.00
M 200 Row 1 2 0.5 2 2 1.00
N 400 Row 1 1 0.5 1 1 0.50

Relative information is determined in percentage by the ratio of variances: the variance
of the plot composed of one BU (V1) and the comparable variance (Vc) obtained by dividing
the variance by its corresponding plot size in BU (19).

(3)
Vi
IR(%) = -V-x 100

[

Using the RI method, we initially considered the variance of grain yield, FS, NPP, NGP and
M100, between the X BU areas of each plot shape defined on the experimental field:

. ZilXi—M(X))?
S = TNp-1 (4)
_ ZiXi 5
M) === (5)

where:

X. = the studied variable of the i-eth plot,

M = the mean of the variable measured in the plots with a size of X BUs; and NP is the
number of plots with a size of X BUs.

Statistical analyzes to determine plot sizes by MMCM were built using Excel® based on a
routine proposed by Donato et al. (2008, 2018). The models were selected according to the
significance of the coefficients and the highest coefficients of variation and adjusted coeffi-
cients of variation, obtained through the analysis of variance and the t test in the R software
(10). To determine plot shapes by the relative information method, simulation routines were
built and run on Excel®.
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or rectangular),
dimensions (row and
basic unit per row),
number of basic units
(BUs), number of plots
(NP), plot area and
relative information (%)
with various shapes for
stand, grains per pod
(GP), 100-grain weight
(MG), yield (Y) and pods
per plant (PP).

Formato de trazado

(fila o rectangular),
dimensiones (filay
unidad basica por fila),
ntmero de unidades
basicas (BU), nimero
de trazado (NP), area de
trazado e informacion
relativa (%) con varios
formatos para soporte,
granos por vaina (GP),
masa de 100 granos
(MG), rendimiento (Y) y
vainas por planta (PP).
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RESULTS AND DISCUSSION

Of 36 tested plot shapes, 14 having greater relative information (RI) were selected.
Therefore, the shapes and their respective RIs were determined for final plant stand, grains
per pod, 100-grain weight, number of pods per plant, and yield.

Changes in relative information are not directly related to plot size in basic units, but
rather to the shape of the plot (31). Due to the way the method works, the plot shaped as
1 R x 1 BU/R has the largest relative information for all analyzed variables and is used as
reference (table 2). Therefore, based on results presented in table 2, the 5 R x 1 BU/R plot
shape, with five BUs, ensures RI values closer to 100% for all studied variables, so this plot
shape is the most suitable for field experiments with the common bean.

Table 2. Variables anallyzed for the shape of the plot for experimental evaluations with
common bean.

Tabla 2. Variables analizadas para la forma de la parcela para evaluaciones experimentales
con frijol comun.

Type Dimension | X | N°of plots | Area RI (%)
(Shape) | RxBU/R | BU |repetitions m? | Stand | GP | MG | Y | PP
Row 1x1 1 400 0.50 | 100 100 100 | 100 | 100
Row 1x2 2 200 1.00 | 96.09 | 90.75 | 91.58 | 92.49 | 79.46
Rectangular 2x2 4 100 2.00 | 82.22 | 92.70 | 96.12 | 87.91 | 71.04

Row 5x1 5 80 2.50 | 99.34 | 92.53 | 82.28 | 90.59 | 76.95
Rectangular 4x2 8 50 4.00 | 79.09 | 94.03 | 95.82 | 83.30 | 64.13

Row 10x1 10 40 5.00 | 86.06 | 99.06 | 66.38 | 74.68 | 56.14
Rectangular 4x4 16 25 8.00 | 64.07 | 86.13 | 96.58 | 79.97 | 47.10

Row 20x1 20 20 10.00| 98.17 | 98.41 | 84.76 | 90.09 | 84.49
Rectangular 5x5 25 16 12.50 | 84.95 | 95.82 | 87.71 | 71.76 | 37.44
Rectangular 10x 4 40 10 20.00| 65.19 | 68.35 | 78.38 | 73.79 | 22.33
Rectangular 5x10 50 25.00| 86.59 | 99.45 | 91.42 | 45.41 | 24.49
Rectangular 20x 4 80 40.00| 76.55 | 83.52 | 78.66 | 50.87 | 40.30
Rectangular 10x10 | 100 4 50.00 61.56 | 69.48 | 66.70 | 88.23 | 11.99

By grouping the 14 plot sizes, the lowest and highest coefficients of variation (CV) were
associated with the combinations with the largest and lowest number of BUs, respectively
(table 3, page 60). The relationship between these quantities tends to be inversely propor-
tional because larger plots usually correlate negatively with lower coefficients of variation.
An inverse relationship may occur on highly heterogeneous soils or with the use of unstable
plant material; in both cases, large plots may produce high coefficients of variation (12).

In field trials, CV indicates experimental precision. Plot sizes with lower CVs are recom-
mended for experimental purposes (8). The inverse behavior between plot size (BU) and coef-
ficient of variation (table 3, page 60) has also been found in several similar studies (4, 8, 27, 30).

Figure 1 (page 61) depicts the relationship between the coefficient of variation and plot
size in BU. The highest estimates of the optimal plot sizes or maximum curvature point
(XMC) were associated with yield (figure 1A, page 61) and final plant stand (figure 1B, page
61), both having five BUs, followed by the number of pods per plant (figure 1C, page 61),
number of grains per pod (figure 1D, page 61) and 100-grain weight (figure 1E, page 61),
with approximate plot sizes of four, four and two BUs, respectively.
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Table 3. Common bean yield evaluation in a 400 BU uniformity test (1 BU = 0,5 m?).

Tabla 3. Evaluacion del rendimiento del frijol comuin en una prueba de uniformidad de
400 BU (1 BU = 0,5 m?).

NP | Xr| Xpr' | BU | Area Means S? SD cv
10, 20 200 | 100.00 | 822606.29 | 499166682.29 | 22342.04 | 2.72

4 10| 10 100 | 50.00 | 411303.14 | 94972178.64 | 9745.37 | 2.37
20 4 80 40.00 | 329042.52 | 131766325.79 | 11478.95 | 3.49

8 5 10 50 25.00 | 205651.57 | 92265277.75 | 9605.48 | 4.67
10 | 10 4 40 20.00 | 164521.26 | 45420918.68 | 6739.50 | 4.10
16 5 5 25 12.50 | 102825.79 | 29190348.24 | 5402.81 | 5.25
20 | 20 1 20 10.00 82260.63 18601763.44 | 431298 | 5.24
25 | 4 4 16 8.00 65808.50 16765227.58 | 4094.54 | 6.22
40 |10 1 10 5.00 41130.31 11220117.29 | 3349.64 | 8.14
50 | 4 2 8 4.00 32904.25 8047571.77 2836.82 | 8.62
80 | 5 1 5 2.50 20565.16 4624810.23 2150.54 | 10.46
100 | 2 2 4 2.00 16452.13 3812557.38 1952.58 | 11.87
200 | 1 2 2 1.00 8226.06 1811875.07 1346.06 | 16.36
400 | 1 1 1 0.50 4113.03 837909.60 915.37 | 22.26

The coefficient of determination of optimal plot sizes ranged from 0.7366 to 0.9621
for the common bean’s evaluated phenotypic descriptors (figure 1, page 61), with the best
fit associated with yield (figure 1A, page 61), followed by final stand (figure 1B, page 61),
100-grain weight (figure 1E, page 61), beans per pod (figure 1D, page 61) and pods per
plant (figure 1C, page 61). The coefficients of determination were high enough to ensure
adequate precision in defining the plot size.

Using the MMCM, Santos et al. (2015) determined different plot sizes for sunflower and
reported R? values ranging from 0.8806 to 0.9648 for optimal plot sizes. With this same
estimator, R?, Cargnelutti Filho et al. (2018) identified the optimal plot size (Xo, in m?) with
a coefficient of 0.9989 to assess fresh mass of turnips. For experimental evaluation of cactus
pear, cv. Gigante, Guimardes et al. (2019) determined different plot sizes with R? between
0.8082 and 0.9352. These results reaffirm the high adjustment quality of MMCM.

Appropriate plot sizes varied with respect to the evaluated characteristics, with esti-
mates of Xo and X falling between 1.64 and 5.00 and two and five BUs, respectively (figure 1,
page 61). The smallest estimated plot size was associated with the 100-grain weight (2 BUs),
followed by pods per plant and grains per pods (4 BUs), and by yield and final plant stand (5
BUs) (figure 1, page 61). The MMCM, besides estimating the optimal plot size determined by
the critical level, also presents intermediate sizes, as found in several studies (6, 16, 18, 28).

Nevertheless, keeping reducing the coefficient of variation beyond the critical point is
not beneficial to experimental precision, because, from the point of maximum curvature on,
the coefficient of variation assumes a linear behavior (28).

The use of suboptimal or divergent plots may result in low experimental precision, higher
experimental errors and high operational cost (3, 5, 8 13, 14, 25). In this study, depending
on the investigated agronomic trait, plot size ranged from two to five BUs for field trials
with the common bean. Similar results for the same crop was reported in the state of Mato
Grosso, Brazil, with 3 m? or 60 plants (29).
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level of significance (p <
0.001).
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Figure 1. Graphical representation between coefficient of variation (CV) and plot size in
basic unit (BU) to estimate optimal plot size (XMC) of yield (A), final plant stand (B), pods
per plant (C), grains per pod (D) and 100-grain weight (E) for the common bean.

Figura 1. Representacion grafica entre el coeficiente de variacién (CV) y el tamafio de la
parcela en la unidad basica (BU) para estimar el tamafo 6ptimo de la parcela (XMC) de
productividad (A), soporte (B), vainas por planta (C), granos por vaina (D) y masa de 100
granos (E) para frijol comun.

Studies with common bean have been developed with plots of various sizes, with areas
of 24 m? (4), 100 m? (21), 72 m? (26) and 24 m? (2). These plot sizes are defined based
on factors including available resources, the researcher’s experience, and limitations on
the experimental area. However, 5 m? plots ensure significant precision for experimental
evaluation, thereby optimizing agricultural inputs and human resources. Thus, in line with
the results obtained in this work, the experimental area can be optimized with significant
reduction in plot size.

Field experiments with the common bean should be designed with five BUs, because
all traits evaluated in this work are measured together. Moreover, the modified maximum
curvature method, despite being a procedure with algebraic determination (7), tends to
estimate smaller plots when compared to other methods (12, 32). By following this statis-
tical recommendation, the experimenter will gain efficiency in the use of resources without
compromising the reliability of collected data.
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CONCLUSIONS

Yield and final plant stand require larger plot sizes to be evaluated with higher experi-
mental precision. For experimental evaluation of common beans involving grain yield and
its primary components (final stand, number of pods per plant, number of grains per pod
and 100- grain weight), the plot size should be composed of five basic units in the northern
region of Minas Gerais, Brazil.

The plot shape of five-rows x one BU/row, with five BU, ensures relative information
values closer to 100% for all evaluated variables. This shape is suitable for experimental
purposes with the common bean in the northern region of Minas Gerais, Brazil.
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ABSTRACT

The largest corn yield in Brazil is currently provided from the second-crop, which is the
most susceptible period to climatic adversities occurring during crop development. Thus,
introducing beneficial elements for maintaining the adequate development of the plant can
help producers in obtaining higher grain yields. Among studied elements, nicotinamide
has potential use since it is associated with accumulating secondary metabolites and mani-
festing defense metabolism in plants. This study aimed to evaluate the influence of nicotin-
amide applied in different doses (one or two applications) on the biometric and productive
characteristics of corn. The treatments were composed of the number of nicotinamide appli-
cations (one or two) and five doses (0, 50, 100, 150, and 200 mg L1). Plant diameter, plant
height, ear insertion height, leaf area and dry matter, grain yield, and 100-kernel mass were
evaluated. It was found that doses close to 100 mg L resulted in increases in vegetative and
reproductive development, regardless of the number of applications. In this way, the foliar
nicotinamide application positively influences the biometric and productive characteristics
of second-crop corn.
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RESUMEN

El mayor rendimiento de maiz en Brasil se encuentra actualmente en la segunda cosecha,
que es el periodo mas susceptible a las adversidades climaticas que ocurren durante el
ciclo. Por lo tanto, la introduccién de elementos beneficiosos para mantener el desarrollo
adecuado de la planta puede ayudar a los productores a obtener mayores rendimientos de
grano. Entre los elementos estudiados, la nicotinamida tiene un uso potencial ya que esta
asociada con la acumulacién de metabolitos secundarios y la manifestaciéon del metabo-
lismo de defensa en las plantas. El objetivo de este trabajo fue evaluar la influencia de la
nicotinamida aplicada en diferentes dosis (una o dos aplicaciones) sobre las caracteristicas
biométricas y productivas del maiz. Los tratamientos fueron compuestos por el nimero
de aplicaciones de nicotinamida (una o dos) y cinco dosis (0, 50, 100, 150 y 200 mg L1).
Se evaluaron el diametro de la planta, la altura de la planta, la altura de insercion de la
mazorca, el area de la hoja y la materia seca, el rendimiento y la masa de 100 granos. Se
encontrd que dosis cercanas a 100 mg L resultaron en aumentos en el desarrollo vege-
tativo y reproductivo, independientemente del nimero de aplicaciones. De esta manera, la
aplicacion foliar de nicotinamida influye positivamente en las caracteristicas biométricas y
productivas de maiz de segunda cosecha.

Palabras clave
Zea mays e niacina ¢ bioestimulante ¢ vitamina B3

INTRODUCTION

Corn is the largest cereal produced in the world, with approximately 1.06 billion tons
produced in 2016. The United States, China, Brazil, and Argentina are the largest producers,
accounting for about 68% of world production (10). In Brazil, corn is the second most
important crop in agricultural production and the main alternative to soybean cultivation,
with a production estimate of 88.6 million tons in the 2017/2018 harvest (7).

With the largest portion of corn production coming from the second-crop (about 71.1%)
(7), one of the current challenges is to maintain crop productivity, even under the occur-
rence of adverse conditions. In this sense, we are looking for products or elements with a
protective character or biostimulants that can maintain adequate development of the plant.
Among the studied elements are B vitamins, which have the desired actions against barriers
imposed on corn production (13, 18).

Vitamins are necessary to maintain normal growth and the proper development of
organisms. These elements act as coenzyme systems and therefore play an important role
in regulating metabolism. Vitamins may be limiting factors in plant development (5), acting
on the plant’s defense mechanisms (12).

Among vitamins that occur in plant tissues, nicotinamide is a constituent of pyridine
dinucleotide coenzymes NADH and NADPH, which are directly associated with some enzy-
matic redox reactions in living cells. The nicotinamide concentration may increase in plants
after situations that cause oxidative stress and induce defensive metabolism (6).

Nicotinamide is an element associated with stress which regulates secondary metabolite
accumulation and induces defense metabolism manifestation in plants (6). The effects of
nicotinamide are observed in vegetative growth via cell expansion, reserve accumulation,
and productive characteristics improvements under adverse environmental conditions,
such as water deficit and soil salinity (2, 9). Also, for cereal crops, it is observed that nicotin-
amide affects vegetative and reproductive development, as in the case of upland rice (19).

The study is based on the information and under the hypothesis that the exogenous
application of nicotinamide has a positive effect on the vegetative and reproductive charac-
teristics of second-crop corn. This study aimed to evaluate the influence of this vitamin in
different doses and the number of applications on the biometric and productive character-
istics of second-crop corn.
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MATERIAL AND METHODS

The study was carried out in the second crop of the 2016/2017 harvest, in the exper-
imental area of the Federal University of Mato Grosso do Sul, in Chapaddo do Sul campus,
MS, at 18°5’46” S, 52°62’99” W, and altitude of 820 m. The soil of the experimental area is
classified as a Latossolo Vermelho distrofico or Oxisol.

The climate of the region is Aw-type, according to the Kdppen classification, defined as
tropical humid with a rainy season in the summer and dry in the winter, with an average
annual rainfall of 1850 mm and average daily temperature from 13°C to 28°C (8). The rainfall
values and average temperature (figure 1) in the experimental area during the experiment
evidenced that there were water limitations and thermal variations during the crop cycle.
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Figure 1. Rainfall (mm), maximum, average, and minimum temperature during the
experimental period. 2016/2017 harvest.

Figura 1. Precipitacién (mm), temperatura maxima, media y minima en °C, para el periodo
de cultivo de maiz durante la cosecha de 2017.

A randomized complete block design with four replicates was used. The treatments were
arranged in a 2 x 5 factorial scheme. The number of applications (one or two) and five nico-
tinamide doses (0, 50, 100, 150, and 200 mg L) were evaluated. The first application was
performed at the V3 growth stage, and the second at the V5 growth stage. The experimental
plots consisted of five rows, spaced 0.45 m apart, and 5.0 meters long. The evaluations were
carried out in the two central, excluding 1.0 meter at each end.

The hybrid Pioneer 30S31 was sown on March 08, 2017. Fertilization in the sowing
furrow was performed with a dose of 150 kg ha™* of K, 0, with KCl as a source. The topdressing
fertilization consisted of an application of 60 kg ha* of N, using urea as a source (45% N) at
20 and 30 days after sowing. Weed, pest, and disease controls were carried out as recom-
mended by EMBRAPA for the corn crop.

The biometric characteristics of stem diameter, plant height, ear insertion height, leaf
area, and dry matter were evaluated. A digital caliper was used to measure stem diameter
at the base of the plant, close to the ground. Five plants per plot were evaluated for plant
height and ear insertion height via a topographic survey for data collection.

The number of leaves and leaf area of the plants were also measured through a portable
meter (CI-203, CID Bioscience, Camas, Washington, USA). Finally, the dry matter of the
leaves was obtained after drying in a forced air circulation oven at 65°C until obtaining a
constant matter.

For productive characteristics evaluations, the ears were harvested manually in
sequence, aiming at separating husk, grain, and cobs. After the threshing, the 100-kernel
mass was evaluated by separating and weighing them on a semi-analytical balance. Grain
yield was obtained by weighing the grains harvested in the useful area of each plot (2.7 m?)
and adjusting the moisture to 13%.
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The data were submitted to analysis of variance. The means from the number of applica-
tions were compared by the Tukey test at 5% probability. The means from the nicotinamide
doses were evaluated by regression analysis at a 5% probability.

RESULTS AND DISCUSSION

For corn plant height (PH), it was observed that there was positive quadratic behavior
up to the maximum calculated dose of 105.2 mg L, with a decrease in this characteristic
after this point. Moreover, there was an increase of 5.6% and 1.4% regarding the treatment
without nicotinamide application and the 50 mg L application, respectively. However, for
doses above the maximum point, there was a decrease in plant height up to the maximum
dose used (figure 2a).
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In a study combining humic acids with nicotinamide, it was verified a responsive effect in
using nicotinamide for height growth in wheat plants (Triticum durum) (9). These authors
attributed this positive effect to the fact that nicotinamide improves cell elongation, also
protecting photosynthetic pigments, which explain the increase observed up to 100 mg L™
of nicotinamide in corn plants in this study. Similarly, another study tested the foliar nico-
tinamide application in quinoa plants (Chenopodium quinoa) and found an increase in the
length of the progressive branches in doses varying from 0 to 100 mg L (1).
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The highest stem diameter (SD) was estimated at the dose of 104.7 mg L-1. The SD value
was 23.5 mm at this dose, 5.9% larger than the control, and 1.6% higher than the appli-
cation of 50 mg L*. However, doses above the maximum point promoted decreases in the
stem diameter of the plants (figure 2b, page 67).

Studying the growth of corn hybrids in the state of Goias, it was found a maximum SD of
23.44 mm in the Feroz hybrid, similar to that obtained in the present study with the nicotin-
amide application of 100 mg L' (4). These values are attributed to thick and resistant stalks,
being sufficiently strong against the breaking and lodging of corn plants (20).

By applying 0, 200, and 400 mg L* nicotinamide, it was verified an increase in fava bean
(Vicia faba L.) growth (2), thus corroborating this work. As already stated in the literature,
the use of nicotinamide stimulates cell expansion and division, and the accumulation of
reserves (9), possibly justifying favoring thicker stalks in corn plants.

Ear insertion height (EIA) was found to be below 1 m, regardless of the applied nico-
tinamide doses (figure 2c, page 67). Compared with the control, the dose of 101.1 mg L*!
provided 4.2% higher ear insertion height. This result can be related to the plant height
(PH) since the same quadratic behavior was observed, thus the height of the plants directly
influences the height that the ears will be inserted.

In several corn cultivars, it has been shown that the ear insertion height influences the
plants’ lodging and breaking, where the highest frequency of these events was observed in
plants in which the insertions occurred above 0.90 m. Thus, considering that corn plants
were favored by increasing nicotinamide doses due to cellular elongation (9). It is possible
to infer that these plants are more susceptible to breaking by wind, thus conferring a
negative characteristic since the higher the plant height, the higher the ear insertion (14).

Regarding the leaf area, it was verified that only one nicotinamide application gave better
results than two applications of 100 mg L of nicotinamide (figure 2d, page 67) was used.

With two applications, there were increases in leaf area up to the dose of 100 mg L of
nicotinamide, with maximum point estimated at 113.7 mg L (5748.68 cm?). In relation to
the control (0.0 mg L), doses of 50, 100, 150, and 200 mg L! provided increases of 5.0%,
8.0%, 5.9% and 3.49% in the leaf area, respectively. Whereas increases of 2.0%, 13.1%,
1.3%, and 0.7% were observed for the same doses with one nicotinamide application, and
the maximum point was obtained at 100.9 mg L. Also, there was a significant difference
between the number of applications when the nicotinamide dose of 100 mg L* was applied,
and the single application exceeded the split dosage by 1.9%.

In general, the leaf area is linked to the photosynthesis potential of a plant; since the
plant yield will be proportionally higher, the larger its area of photoassimilates production
(3). Taking into account that the yield of corn kernels is dependent on the efficiency of using
solar radiation for accumulating biomass (11), the increase in the nicotinamide doses up to
100 mg L favored the leaf increase, independently from the number of applications.

With increasing niacin doses (vitamin B3) and thiamine (vitamin B1) applied to mustard
plants (Brassica juncea L.), it was obtained similar results to those found in this study with
quadratic behavior of the leaf area, but only decreasing at doses above 400 mg L* (17). The
treatment of plants with B vitamins favors accumulating foliar carbohydrates stimulating
their expansion (16), as well as promoting an increase in chlorophylls and carotenoids (9),
increasing plant productivity.

For the leaf dry matter (DLM), it was verified a maximum value of 42.13 g when an
estimated single dose of 78.66 mg L' was applied (figure 2e, page 67). The increase was
13.64% in comparison with the control treatment. After this point, there were progressive
decreases up to 200 mg L, obtaining DLM of 32.6% lower when compared to the maximum
point. With two applications, there were constant increases of DLM up to the estimated
peak of 33.00 g, obtained with the maximum calculated nicotinamide dose of 149.6 mg L.
Regarding the control, the maximum DLM point was 19.94% higher.

These results were similar to those obtained for mustard plants; the highest value was
obtained in the 400 mg L application of niacin and thiamine (17). For bean plants, it was
observed an increased dry matter yield with nicotinamide (200 and 400 mg L) for both
plants cultivated without stress and for plants irrigated with saline water at 50 mM NacCl
and 100 mM NacCl (2). Results favoring the accumulation of dry matter by nicotinamide
application have also been reported for quinoa plants (1).
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About corn yield under the effect of foliar nicotinamide application, it is possible to
observe similar behavior for both one and two applications, but smaller when only applied
once in doses of 150 and 200 mg L* (figure 3a). The estimated maximum yield point of
6181.08 kg ha! was obtained with a nicotinamide application at the dose of 96.65 mg L.
In contrast, the maximum estimated yield for two applications was 6203.64 kg ha in the
application of 80.48 mg L.
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Figure 3. Productivity (a) and 100-kernel mass (b) of corn plants submitted to nicotinamide application.

Figura 3. Productividad (a) y masa de 100 granos (b) de plantas de maiz sometidas a la aplicacién de
nicotinamida.

About the estimated maximum values, two nicotinamide applications promoted an
increase of 0.36% on grain yield when compared to one application; however, with the use
of 16.73% less of the product through the foliar application, it is therefore inferred that the
split nicotinamide application may give satisfactory results in yield.

The corn yield in Brazil is around 5000 kg ha'* and 5500 kg ha! in the first and second crop
(7), respectively. The nicotinamide application promoted gains at doses of 50 mg L' and 100
mg L?, and yields close to the national averages were observed for the other treatments.

Anincrease in wheat grain yield of approximately 11.0% was observed when using recom-
mended doses of fertilizers in association with nicotinamide, to the detriment of only applying
fertilizer doses (9). In the present study, there was an increase of 9.7 and 6.9% of grain yield
with one and two applications of nicotinamide when compared to the control treatments.

For the 100-kernel mass (M100), a similar pattern to that obtained in the leaf dry matter
was observed, in which one nicotinamide application was positively superior in accumu-
lating M100 up to 150 mg L. The only dose in which the sequence of two applications was
more suitable was 200 mg L of nicotinamide. The estimated maximum point for two appli-
cations was 78.66 mg L™ of nicotinamide. With one application, this point was 149.6 mg L,
with quadratic behavior, as observed for leaf dry matter (figure 3b).

In an evaluation of the agronomic performance of 11 corn hybrids in the central-west
region, it was verified a mass of 100 kernels varying between 24.95 g and 36.34 g, similar
to the results obtained with two nicotinamide applications, ranging from 25.99 g (0 mg L )
and 36.34 g mg L!). However, one application at the dose of 100 mg L! (42.92 g) had better
results than the most productive hybrid of the cited study, hybrid 20A55. Nicotinamide partic-
ipates in the NADP* (Nicotinamide adenine dinucleotide phosphate) photosynthesis electron
acceptor. Thus, the external application of this substance can positively influence an increase
in the photosynthetic process and photoassimilate production, used in the final stage of kernel
filling (14), therefore explaining the reason its use is indicated up to a certain dose.

CONCLUSION

Foliar nicotinamide application, at a dose of 100 mg L and conducted as a single spray,
positively influences the biometric and productive characteristics of second-crop corn.
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Crop coefficient estimated by degree-days for ‘Marandu’
palisadegrass and mixed forage

Coeficiente de cultivo estimado por grados-dia para el pasto
en empalizada ‘Marandu’ y el forraje mixto
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ABSTRACT

Considering profitability in pasture-based systems, investigating parameters affecting
crop coefficients for irrigation management becomes important. In this experiment,
we determined the crop coefficient of ‘Marandu’ palisadegrass based on accumulated
degree-days and estimated plant water consumption under single (‘Marandu’ palisade-
grass) and mixed (‘Marandu’ palisadegrass + black oats + Italian ryegrass) cropping regimes.
The research was conducted at the Luiz de Queiroz College of Agriculture in Piracicaba, Sdo
Paulo, Brazil, between 2016 and 2017. Evapotranspiration was assessed using weighing
lysimeters while crop evapotranspiration was calculated using mean weight variation.
Reference evapotranspiration and degree-days were estimated. Data were obtained from an
automated weather station. Equations and regression models relating crop coefficient with
accumulated degree-days were generated for two seasons (spring/summer and autumn/
winter) and evaluated for two year-cycles, from 2015 to 2018. The results showed better
prediction accuracy for the single cropping system in spring/summer 2017-18.
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Forage crop coefficient & degree-days

RESUMEN

Considerando la importancia econémica de los pastos, existe una necesidad de investigar
los parametros que afectan los coeficientes de cultivo utilizados para el manejo del riego. En
este experimento, nuestro objetivo fue determinar el coeficiente de cultivo del pasto ‘Marandu’
en funcion de la acumulacién de grados-dias y estimar el consumo de agua del cultivo puro
(pasto ‘Marandu’) y del cultivo mixto (pasto ‘Marandu’ + avena negra + raigras italiano) regi-
menes de cultivo. La investigacion se llevo a cabo en la Escuela de Agricultura Luiz de Queiroz
en Piracicaba/SP, Brasil, entre 2016 y 2017, en este periodo se registrd la evapotranspiracion
utilizando lisimetros de pesaje. La evapotranspiracion del cultivo se calculé utilizando la
variacion de peso promedio registrada por lisimetros. Los datos de una estaciéon meteoro-
l6gica automatizada se utilizaron para estimar la evapotranspiracion de referencia y calcular
los grados-dias. Se generaron ecuaciones y modelos de regresion con relacion al coeficiente de
cultivo y los grados-dias acumulados durante dos periodos estacionales (primavera/verano y
otoflo/invierno). Los modelos matematicos se probaron durante dos ciclos anuales, de 2015
a 2018 y mostraron mejores resultados, en términos de precisién y exactitud, en el sistema de
cultivo Uinico en primavera/verano en los afios 2017/18.

Palabras clave
grados-dias e evapotranspiracion e consumo de agua e forraje

INTRODUCTION

Intensive agriculture has improved productivity by investing in several crop-man-
agement practices, including irrigation and fertilization (12, 14, 36). Since pastures are
major fodder sources for cattle in Brazil, intensification of pasture production turns key for
the cultivation and management of this crop.

Occupying a vast territory, pastures are subjected to a wide range of environmental
conditions, particularly temperature, light, and rainfall. Outranged environmental magni-
tudes for pasture production compromise vegetative development, expressed as low
biomass accumulation and marked production seasonality (20, 23, 33). Meteorological
conditions prevailing during winter impair tropical and subtropical forage crops, whereas
spring/summer favor high forage productivity (25, 28).

In order to reduce fertilization and counteract low pasture yields during winter, culti-
vation of temperate forage species has been identified as an alternative for these cultivation
systems. Good results have been reported for forage nutritional value and animal production
(13). However, mixed cropping systems, where two or more species are co-cultivated using
the overseeding method, cause changes in crop water requirements. Therefore, estimating
these changes in irrigated pasture systems turns essential.

Adequate information on plant and microclimate interaction constitutes one major
factor for accurate irrigation management (6, 29). Crop water requirements can be calcu-
lated after plant water losses through transpiration and soil evaporation, termed crop
evapotranspiration (ET ). Estimated reference evapotranspiration (ET ) calculated using
meteorological data, is then converted to ET_ using a crop coefficient (K ) as a correction
factor, while the precise ET, can be determined using a weighing lysimeter (4).

In established pastures, the K_varies depending on crop growth and landscape, such
as after sowing, seed germination, or forage grazing (7, 17, 18, 27, 31). However, as the
grazing cycle is defined by species, climate, and animal characteristics, this approach turns
imprecise and avoided for tropical forage crops.

Air temperature is used to calculate degree-days, expressing available thermal units for
crop growth. Accumulated degree-days (ADD) are also used to estimate the correct K_for
irrigation management. Thus, K -as estimated by ADD-varies with ambient temperature,
influencing crop growth and cycle (16). Therefore, alternative methods for K_ estimation
may be particularly useful for the dynamics of irrigated pastures. Therefore, in this study
and using the weighing-lysimeter method, we aimed to measure K_for growth cycles of
‘Marandu’ forage, a palisadegrass cultivar (Urochloa brizantha). The study took place during
2016 and 2017 and developed an adjustable regression model relating K_and ADD during
the four seasons, evaluated when applied to previous and subsequent years.
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MATERIALS AND METHODS

Experimental site and soil classification

The field experiment was conducted at the Luiz de Queiroz College of Agriculture
(ESALQ/USP), Piracicaba, Sdo Paulo (latitude 22°42' S, longitude 47°38' W, altitude 546 m)
in Brazil. The soil is classified as Ferralic Nitisol (38), with 48.6% clay, 32.5% sand, and
18.9% silt (0-0.4 m).

Soil chemical characteristics were determined prior experiment: pH = 5.1, P(resm) =52
mg dm?, K = 0.69 cmol_dm?, Ca = 2.6 cmol_dm™, Mg = 1.4 cmol_dm*, H + Al = 3.65 cmol_
dm?, Al = 0.2 cmol_dm?, and CEC = 8.34 cmol_dm?. Soil preparation included plowing and
harrowing, weed control, Ph correction, and fertilization adjustment.

Forage cultivation

The experimental area included two, 144 m? plots. The area surrounding the experi-
mental plots was covered with irrigated pastures and sugarcane. Only one close field had
bare soil. Reading errors lead by bare soil, affecting evapotranspiration, were identified and
excluded from daily calculations after verifying hot air mass entrances.

Initially, both plots were direct-seeded by broadcasting 15 kg ha! of ‘Marandu’ palisa-
degrass. Similar crop management practices were followed in both plots. After crop estab-
lishment (~70 days), the grass was cut to a standard height of 0.15 m above soil surface using
a brush cutter. In autumn, one plot was kept for a single cropping system under ‘Marandu’
palisadegrass. Meanwhile, and to create a mixed cropping system, the other plot was direct-
seeded (broadcasting) with 100 kg seeds ha! of black oats (Avena strigosa ‘Embrapa 29
(Garoa)’) and 60 kg seeds ha Italian ryegrass (Lolium multiflorum ‘Fepagro Sio Gabriel’).
This created a pasture comprising three different forage crops during autumn and winter.

Cutting cycles were grouped according to seasons: summer (February to March 2016,
and December 2016 to January 2017), autumn (April to June 2016), winter (July 2016 to
October 2016), and spring (October to December 2016). After each cut, the plots were
fertilized with 80 kg ha' urea during spring and summer and 50 kg ha during autumn and
winter. The Average total forage yield (TFY) was calculated as the sum of leaf and stem dry
mass (DM), after kiln drying.

Forage cutting in the single-cropped plot (‘Marandu’ palisadegrass), was performed
every 28 days during spring and summer, extended to 40 days during autumn and winter.
In the mixed-cropped plot (‘Marandu’ palisadegrass + black oats + ryegrass), harvest was
performed at intervals ranging from 24 to 40 days when the canopy had exceeding 95%
light interception, measured with a LAI-2000 Plant Canopy Analyzer (LI-COR Environ-
mental, Lincoln, Nebraska USA).

All experimental plots were irrigated with a conventional sprinkler system, operating
via a sectoral mechanism at a flow rate of 590 L h™ and running at a pressure of 245 kPa. The
quantity of water applied was determined by weighing-lysimeter readings (in L/m? or mm),
considering the lysimeter depth (z = 0.58 m) as the maximum crop root depth. In tropical
forages, most roots are detected down to 0.60 m, and 70% of all roots are concentrated
within the first 0.30 m depth (2, 21, 34).

An irrigation interval kept soil moisture content (SMC) over 70% (recommended for K_
estimate), between field capacity (Oﬁ) and lowest soil water content (GWP). It was measured
within 15 bars to standard atmospheric pressure (SMC = 0.7 [ch— pr]), guaranteeing null
soil water deficit, and accurate K data.

Evapotranspiration and accumulated degree-days

Crop evapotranspiration (ET) in the experimental plots was estimated using two lysim-
eters, made of a PVC box (500 L), of 1.22 m? and 0.58 m depth (26), with an automatic
drainage system. Both sets were calibrated and controlled by a datalogger program (26).
Lysimeter measurements were recorded every 15 min and converted into 1-day interval
data. Values exceeding 0.20 mm in a 15 min interval, caused by excessive rainfall or evapo-
transpiration, were excluded. Brief periods of high evapotranspiration and consequent ET,
fluctuations arose during hot transient air masses originated from exposed soil and arriving
mainly from the north, northwest, west, and occasionally, from the southwest.
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Daily degree-days (DD,) were calculated based on temperature (22). Equation 1 was
used when crop basal temperature (T,) was lower than minimum daily temperature (T ),
and eq. 2, when T, exceeded T . Meteorological data were obtained from the ESALQ Mete-
orological Statlon located 100 m from the experimental area. Data for T, and T are
shown in figure 1. Reference evapotranspiration (ET,) (Penman-Monteith model 2, 3) for

different cycles is shown in table 1 (page 75).

pp, = Tmax + Tmin) _ ©
2
DDi — [(Tmax - Tb)z] (2)

2(Tma.x - Tmin)

In equations 1 and 2:

DD, = daily degree-days,

T . =maximum daily temperature in °C,

T . =minimum daily temperature in °C (figure 1a),

T, = basal crop temperature for the single-cropped ‘Marandu’ palisadegrass plot, which
was considered to be 10.6 °C (26). This same basal temperature was applied for plots with

palisadegrass mixed with black oats and Italian ryegrass.
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Graphs are divided sequentially according to season (Summer, Autumn, Winter, Spring).
En ambas figuras, los gréficos se dividen secuencialmente segtin estacion (verano, otofio, invierno, primavera).

Figure 1. a. Minimum (Tmin) and maximum (Tmax) air temperatures during 2016 - 2017. b. Daily degree-days
(DD) during 2015 - 2016 (DD15-16), 2016 - 2017 (DD16-17), and 2017 - 2018 (DD17-18) in Piracicaba, Sdo
Paulo, Brazil.

Figura 1. a. Temperaturas minimas (Tmin) y maximas (Tmax) del aire durante 2016 - 2017; b. Los grados-dias
(DD) diarios durante los periodos 2015 -2016 (DD15-16), 2016 - 2017 (DD16-17) y 2017 - 2018 (DD17-18) en
Piracicaba, Sao Paulo, Brasil.

It should be noted that ADD was also estimated for the original cropping cycles (28
days for spring/summer and 40 days for autumn/winter), with 11 productive cycles for
single-cropped ‘Marandu’ palisadegrass and five cycles of the same forage in the overseeded
mixed-cropping regime (‘Marandu’ palisadegrass + black oats + ryegrass).

The summed DD values for each cropping cycle comprised all accumulated degree-days
(ADD). The K_values were obtained as ET /ET . Daily values of K were averaged over 4-day
intervals obtaining mean daily values and reducing possible distortions due to water flow
within the lysimeters. The K_values of the studied forage crops were grouped as follows:
single-cropped pasture during spring-summer (Sp/Su) and autumn-winter (A/W), and the
overseeded mixed-cropped pasture during A/W. Subsequently, daily K means were correlated
with ADD for each cutting cycle verifying if ADD could be used in K_determinations.
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Forage crop coefficient & degree-days

Table 1. Reference evapotranspiration (ETo) for each period from 2016 to 2017 in
Piracicaba/SP, Brazil.

Tabla 1. Evapotranspiracion de referencia (ETo) por periodo de 2016 a 2017 en
Piracicaba/SP, Brasil.

Date cycles (month/day) ET (mmcycle') | ET (min-max daily)
Su 02/11-03/09/2016 90.6 09-5.3
Su 03/10-04/06/2016 101.6 14-53
A 04/07 -05/04/2016 100.3 1.1-49
A 05/05-06/13/2016 79.6 0.6-3.3
A 06/14-07/23/2016 97.8 1.2-3.7
w 07/24-09/01/2016 143.4 1.2-48
w 09/02-10/11/2016 164.5 1.0-5.9
Sp 10/12-11/08/2016 118.4 0.5-6.7
Sp 11/09-12/06/2016 122.1 09-6.3
Su 12/07/2016 - 01/03/2017 128.2 29-64
Su 01/04-01/31/2017 120.2 0.7-6.1

Date cycles (month/day) ET (mmcycle') | ET (min-max daily)
05/05-06/13/2016 79.6 0.6-3.3
06/14-07/11/2016 67.2 1.2-3.7
07/12-08/04/2016 66.8 1.2-4.0
08/05-09/05/2016 123.2 1.7-4.8
09/06 -10/07/2016 129.1 0.8-5.6

Statistical analysis

K_and ADD data were correlated using SigmaPlot software for regression analysis, with
equations adjusted for the entire experimental period according to seasons. For 2015-
2016 and 2017-2018 periods (prior and after the experiment, respectively), climate data
was collected from a weather station located near the experimental area. For both periods,
second-order polynomial models (K, vs. ADD) were generated (R* 2 0.97). K_was estimated
according to eq3, based on the calculated ADD in the simulated sequences for 2015-2016
and 2017-2018.

K =a+b-ADD + c-:ADD? 3)

Degree-days were counted from February 11, 2016 to January 31, 2017 (355 days),
according to the original experimental period. The same periods were adopted for 2015-
2016 and 2017-2018.

Using the generated regression models, K_values were estimated for these years. Esti-
mation accuracy was evaluated by the mean error (ME; eq 4), the root mean square error
(RMSE; eq 5), Willmott’s concordance index d (37), and confidence index ¢ (10, eq 6 and 7).

N (4)

RMSE = [(%)i(E,-—Oi)z (5)

g i1 (Ei — 0)? i (6)
(B - 0] +]0; - 0])

c= \/F X d (7)
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In the equations:

n = the number of data points,
E = the estimated data,

0, = the observed data.

RESULTS

Regression curves for K means vs. ADD in single-cropped ‘Marandu’ palisadegrass were
divided into two periods: Sp/Su and A/W, as shown in figure 2. For both periods, second-
order polynomial models (K_vs. ADD) were generated (R* 2 0.97). During A/W, maximum
K (K_, . =0.82) was obtained atan ADD of 160 °C-days (°C x days, degree-days), whereas in

Sp/Silr:mIX( reached 0.90 at an ADD of 280 °C-days (figure 2).
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Figure 2. Empirical models for accumulated degree-days (ADD) and crop coefficient (Kc)
during spring (Sp) and summer (Su) (ADDSpSu VS. KCSpSu) (®); and autumn (A) winter (W)
(ADD,,, vs. Kc,,) (O). Equation parameters (a, b, c) and coefficient of determination (R
for single-cropped Marandu palisadegrass during the experimental period February 2016
to January 2017; Piracicaba, Sdo Paulo, Brazil.

Figura 2. Modelos empiricos de coeficiente de cultivo (Kc) y grados-dias acumulados
(ADD) durante la primavera (Sp) y el verano (Su) (ADDSpSu Vs. KcspSu) (®); y otofio (A)
invierno (W) (ADD,, vs. Kc, ) (O). Pardmetros de la ecuacion (a, b, ¢) y coeficiente de
determinacién (R?) para el pasto Marandu de un solo cultivo durante el experimento
(febrero de 2016 a enero de 2017); Piracicaba, Sdo Paulo, Brasil.

Mean minimum K_values (K_ ) determined at the beginning of the study periods were
0.50 for Sp/Ss and 0.67 for A/W. ADD values for spring and autumn were 375.82 °C-days
and 355.25 °C-days, respectively (figure 2). ET, was largely ranged during Sp/Su (0.54-6.57)
than during the A/W (0.64-5.62), as shown in table 2, page 77.

K_mean values obtained in the present study were lower than those previously reported,
but observed K, . under ‘Marandu’ palisadegrass in summer, reached 1.20. In addition,
except for cycle 1 (establishment), each cycle reached a similar productive potential to that
observed by other authors (table 2, page 77). The TFY values for the single-cropping system
in each season were 13927.9 kg DM ha! (summer), 5803.6 kg DM ha (spring), 5624.6 kg
DM ha? (autumn), and 4187.8 kg DM ha? (winter). These values sum a total of 29543.9
kg DM ha! yr! in the single-cropping system. The TFY in the mixed-cropping system was
11343.74 kg DM ha as recorded in a 155-day period (table 2, page 77).
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Table 2. Reference evapotranspiration (ETo) and crop evapotranspiration for single-
cropped ‘Marandu’ palisadegrass (ETc_sc) and for palisadegrass overseeded with black
oats and Italian ryegrass (ETc_o), and total forage yield (TFY) in kg of dry mass (DM) per
each period from 2016 to 2017 in Piracicaba/SP, Brazil.

Tabla 2. Evapotranspiracion de cultivos para pasto Marandu de un solo cultivo (ETc_sc)
y para pasto Marandu sobre sembrado con avena negra y de raigras italiano(ETc_o) y
rendimiento total de forraje (TFY) en kg materia seca (DM) para cada periodo de 2016 a
2017 en Piracicaba/SP, Brasil.

single-cropped palisadegrass

Date cycles (month/day) [mll;:chc}_/Scie'l) (min-]Err'l;ar; fiaily) (kg DM Z;?l/ cycle™)
Su 02/11-03/09/2016 74.1 1.7-3.8 1708.3
Su 03/10-04/06/2016 65.6 1.3-3.4 25429
A 04/07 - 05/04/2016 83.9 2.0-4.0 2307.1
A 05/05-06/13/2016 -- -- 1998.8
A 06/14 - 07/23/2016 - - 1318.7
w 07/24-09/01/2016 127.6 1.8-4.1 1617.3
\u% 09/02-10/11/2016 129.3 1.2-52 2570.5
Sp 10/12 - 11/08/2016 101.9 1.6-6.5 2580.8
Sp 11/09-12/06/2016 106.8 2.1-5.7 3222.8
Su | 12/07/2016-01/03/2017 116.2 1.5-8.0 4951.5
Su 01/04-01/31/2017 90.0 1.0-7.2 4725.2

palisadegrass overseeded with black oats and Italian ryegrass

-1

Date cycles (month/day) (mrletgglel) (min-g&odaily) " E:];%l]e)lg n
05/05-06/13/2016 81.0 09-4.4 1827.37
06/14-07/11/2016 65.4 0.2-4.6 1735.87
07/12-08/04/2016 69.9 1.8-4.4 2748.9
08/05-09/05/2016 105.5 1.6-5.0 2554.8
09/06 -10/07/2016 111.3 1.8-5.1 2476.8

In figure 3 (page 78), mean K for palisadegrass mixed of black oats and Italian ryegrass
was similar to that obtained for the single-cropped system. However, at the end of the cycle,
K_values did not decrease, as previously seen for the single-cropped pasture during AW
(figure 2, page 76).

The K_vs. ADDa equation (figure 2, page 76 and figure 3, page 78) was used for K esti-
mates based on calculated ADD in the simulated sequences for the years 2015-2016 and
2017-2018, as shown in table 3 (page 78). The estimated K_ resulted in R* exceeding 0.92
for both Sp/Su and A/W periods, resulting in greater accuracy (higher coefficient d) and
lower error in the Sp/Su estimation. Regarding the second year, 2017-2018, R? exceeded
0.95, improving the Sp/Su estimation (table 3, page 78).

Error analysis determined the Willmott's index (table 3, page 78). Mean errors (ME)
were negative, indicating differences between model estimations and observed data in the
field experiment. Observed values were higher than estimated values (with the largest error
of 0.0641) in the single-cropped system during A/W. In the same period, the largest root
mean square error (RMSE) was 0.11.

During the experimental year, ADD values reached approximately 404 °C-days (DD
during spring and summer, and 360 °C-days during autumn and winter. In the previous
annual period (2015-2016), mean values for Sp/Su and A/W were 443 and 438 °C-days,
respectively, whereas in the subsequent annual period (2017-2018), ADD reached 383 and
379 °C-days, respectively.
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Figure 3. Empirical models of accumulated degree-days (ADD) and crop coefficient (K)
during autumn/winter for palisadegrass mixed of black oats and Italian ryegrass (m),
Piracicaba, Sdo Paulo, Brazil.

Figura 3. Modelos empiricos de coeficiente de cultivo (K ) y grados-dias acumulados
(ADD) durante el otofio/invierno para pastos mixtos de avena negra y raigras italiano (m),
Piracicaba, Sdo Paulo, Brazil.

Table 3. Determination coefficient (R**), Willmott's index (d), Camargo and Sentelhas,
(1997) index (c), mean error (ME), and root mean squared error (RMSE) of empirical
models of K_estimated from accumulated degree-days over 2 years. Observed vs.
simulated K, values for Piracicaba/SP, Brazil.

Tabla 3. Coeficiente de determinacién (R?*), indice de Willmott (d), Camargo y Sentelhas,
(1997) indice (c), error medio (ME) y error cuadratico medio (RMSE) de modelos
empiricos de Kc estimados a partir de grados-dias acumulados durante 2 afios. Valores de
Kc observados versus simulados para Piracicaba/SP, Brasil.

2015/16 R2* d c ME RMSE
spring/summer 0.9296 0.9797 0.9446 -0.0098 0.0361
autumn/winter 0.9248 0.8630 0.8300 -0.0641 0.1059
intercropped 0.9569 0.9597 0.9307 -0.0016 0.0384

2017/18 R? d c ME RMSE
springer/summer 0.9754 0.9937 0.9814 -0.0009 0.0205
autumn/winter 0.9589 0.9625 0.9425 -0.0276 0.0452
intercropped 0.9569 0.9767 0.9388 -0.0077 0.0299

DIScUSSION

The decreasing K_values for single-cropped ‘Marandu’ palisadegrass during autumn
and winter (figure 2, page 76) may be related to low biomass accumulation and extensive
leaf senescence during this phase, leading to reduced tropical forage production and
lower water requirements. In this regard, some authors have shown that even in irrigated
cropping systems, biomass yield in colder seasons (A/W) is approximately 50% lower than
that produced during warmer periods (1).

The coefficients of determination (R?) for the observed vs. estimated data in 2017-2018
were higher than those in 2015-2016, keeping high accuracy for both periods. According to
the categories for the c index (10), the present model can be considered excellent, except for
simulations obtained for A/W, 2015-2016.
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The Sp/Su and A/W periods showed a different ADD value for K obtention, with
a greater maximum for Sp/Su. Other related studies on tropical forages have presented K_
o Values of 1.04 to 1.25 for Megathyrsus maximus ‘Tanzania’; 1.04 to 1.54 for Megathyrsus
maximus ‘Mombaca’; and 1.33 for Urochloa brizantha ‘Piatd’ (5, 9, 15, 19). In our study, curves
of K_vs. ADD were constructed by grouping mean K_values for Sp/Su, resulting in an average
K value of 0.90, while the original data indicated a K_  value of 1.27. This difference can
be explained by the plant -atmosphere interaction-a concept known as coupling-observed by
other authors (30, 32) throughout the year. During the beginning of the Sp/Su cycles, high
temperatures may have resulted in the crop-atmosphere decoupling, making evapotranspi-
ration largely determined by solar radiation, resulting in lower K_values. This differs from the
beginning of the A/W period, when temperature, solar radiation, air humidity and cloud cover
tend to be lower. These physiological parameters need to be more accurately determined in
future studies. Literature on tropical pasture reports the optimum and maximum tempera-
tures for vegetative development to be 40 °C, and 45 °C, respectively (24). Thus, given that
maximum daily temperature recorded over the studied years was between 37.3 °C and 38.7
°C an influence on growth is not considered a significant factor in this study.

During autumn and winter, K. models for the intercropped forage showed different
behaviors compared to the models for single-cropped ‘Marandu’ palisadegrass (figure 3,
page 78). In a well-managed intercropped system, water use efficiency (in terms of forage
yield and water consumption) may be higher than in a single-cropped system (11, 39).
Furthermore, the use of climatically adapted species may guarantee stable productivity
through the intercropping cycles (35).

Estimation models applied to the 2016-2017 experimental cycle of K_versus ADD for
single-cropped ‘Marandu’ palisadegrass in the Sp/Su and A/W periods showed high precision
(R%*2 0.97). In addition, during winter, the mixed-cropping system reached an R? +0.93.

When these equations were tested against two other experimental-year data sets
considering ADD value as an input parameter, they showed high precision (R? between
0.93 and 0.98), accuracy (d values from 0.86 to 0.99), and confidence (c values between
0.83 and 0.98). A higher error was detected during A/W given that, during this period, the
tropical pastures showed major productivity variances. K_and ADD in pasture-irrigation
management can be widely adopted given their versatility to cope with grazing rotation (8).

CONCLUSIONS

Seasonal Kc was measured by the weighing-lysimeter method for growth cycles of the pali-
sadegrass ‘Marandu’ cultivar and the overseeded pasture of palisadegrass, black oat, and Italian
ryegrass. When tested via regression modeling and estimated by accumulated degree-days
(ADD) this model showed accurate results. The equations developed for the spring/summer
season and the intercropped system showed higher correlations than autumn/winter. The
models can be used to estimate K_with ADD, only requiring minimum and maximum air
temperature measurements for Kc estimate, easy in irrigation management.
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Changes in physiological and biochemical parameters
during the growth and development of guava fruit
(Psidium guajava) grown in Vietnam

Cambios en los parametros fisioldgicos y bioquimicos durante el
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ABSTRACT

This research examined the ripening time of guava fruit to provide a scientific basis
for better harvesting and preservation of these fruits. Biochemical research methods were
used to analyse changes in physiological and biochemical parameters according to the
growth and development of guava fruit. The fruit took 14 weeks after anthesis to reach
its maximum size in terms of length and diameter. The chlorophyll content in guava peel
peaked after 10 weeks, decreasing until week 15. The content of carotenoids, which was
low at fruit formation, rose rapidly until fruit ripening, while the vitamin C and reducing
sugar contents increased continuously and peaked at week 14. A gradual increase was seen
in the starch and total organic acid contents from the beginning of fruit formation, with
peaks at 10 weeks, followed by a moderate downward trend. The pectin content showed
the same trend, as it declined gradually after peaking at 12 weeks. The first 4 weeks showed
an increase in the tannin content, which decreased afterward. The study results show that
guava fruit should be harvested after physiological maturity and before ripening completely
(14 weeks) to ensure that the nutritional value of the fruit is maintained during storage.
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Changes in physico-chemical parameters in guava fruit

RESUMEN

Esta investigacion examind el tiempo de maduracion de la guayaba para proporcionar
una base cientifica para una mejor cosecha y conservacion de estas frutas. Se utilizaron
métodos de investigacion bioquimica para analizar los cambios en los parametros fisio-
l6gicos y bioquimicos de acuerdo con el crecimiento y desarrollo de la guayaba. El fruto
tardd 14 semanas después de la antesis en alcanzar su tamafio maximo en cuanto a longitud
y diametro. El contenido de clorofila en la cascara de guayaba alcanzé su punto maximo
después de 10 semanas, disminuyendo hasta la semana 15. El contenido de carotenoides,
que era bajo en la formacidn de la fruta, aumento6 rapidamente hasta la maduracién de la
fruta, mientras que el contenido de vitamina C y azticar reductor aumenté continuamente y
alcanz6 su punto maximo en la semana 14. Se observé un aumento gradual en el contenido
de almido6n y acido organico total desde el inicio de la formacién del fruto, con picos alas 10
semanas, seguido de una moderada tendencia a la baja. El contenido de pectina mostro la
misma tendencia, ya que disminuyé gradualmente después de alcanzar su punto maximo a
las 12 semanas. Las primeras 4 semanas mostraron un aumento en el contenido de taninos,
que luego disminuy6. Los resultados del estudio muestran que la guayaba debe cosecharse
después de la madurez fisiolégica y antes de madurar por completo (14 semanas) para
garantizar que el valor nutricional de la fruta se mantenga durante el almacenamiento.

Palabras clave
fruto de guayaba ¢ parametros bioquimicos ¢ parametros fisiol6gicos ¢ maduracion

INTRODUCTION

Guava is a relatively common tropical fruit grown in many tropical and subtropical
regions of the world (16), such as in the United States, Asia, Africa and Oceania. Psidium
guajava is a species of the myrtle family (Myrtaceae) that is widely planted. In addition,
there are some other Psidium species, such as Psidium guineensis and Psidium acutangulum.
Guavas have been grown in many countries around the world with high yields. According
to statistics released in 2019 (4), guava production in the world achieved 46.5 million
tons, and the largest producer was India, followed by China and Thailand. The guava has
many different shapes, such as circle or oval, depending on the species, and also has high
nutritional value. Guava fruit contains a large amount of vitamin A, vitamin B, vitamin C,
minerals, polyphenolic and flavonoid compounds that play an important role in preventing
cancer, ageing, etc. (2, 4). Additionally, antioxidant, anticholesterol and anticancer effects
have been reported. As a result of its economic and medicinal benefits, guava is becoming
an important crop in many countries around the world. Changes in physiological and
biochemical parameters during the ripening of guava fruit take place over a relatively short
period of time. Consequently, guava has a very short shelf life, which in turn leads to diffi-
culties in transportation and storage (10). Thus, a comparative study on various physio-
logical and biochemical parameters associated with fruit quality between different guava
cultivars will provide great value, especially for selecting a guava cultivar for the region,
which could provide superior-quality fruit. Changes in sugar, pectin, and antioxidants of
guava fruit at various stages of maturity and ripening were reported by several studies
from different locations (19, 23). These are important criteria for determining the optimum
stage of fruit harvesting to obtain quality fruits with extended shelf life.

One of the world’s largest guava fruit exporters is Vietnam, in which Xa Li guava vari-
eties are widely grown and have significant economic value. Because of the economic
benefits, gardeners have invested in planting guava trees in addition to fruit production
in many provinces and cities. As a result of this investment, the number of products made
from guava trees and fruit has increased nationwide. During the production process, fruit
collection and preservation 