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Evaluation of a lentil collection (Lens culinaris Medik)
using morphological traits and digital phenotyping

Evaluacion de una coleccion de lentejas (Lens culinaris Medik)
utilizando caracteres morfologicos y fenotipado digital

Maria Andrea Esposito 2, Ileana Gatti >3, Carolina Julieta Bermejo 2, Enrique Luis Cointry 2
Originales: Recepcion: 04/10/2017 - Aceptacién: 11/10/2018
ABSTRACT

The objective of this work was to evaluate 81 lentil cultivars using morphological
traits and seed characteristics by digital phenotyping. Caliber (C) and the color traits
luminosity (L), color coordinates a and b, and color index (CI) were measured and
analyzed with appropriate software. Additionally, also yield (Y), plant height (PH) and
days to flowering (DF) were measured. Highly significant differences between cultivars
were found for all traits, while high broad sense heritability (H?B) for C (97%), CI (94%),
a (93%) and L and b (83%) were found, indicating high genetic variability for these
traits. Digital phenotyping showed to be a powerful tool for germplasm characterization
along with field evaluation of agronomical traits. Principal Component Analysis and
Cluster Analysis allows de identification of differentiated groups of cultivars with similar
characteristics, leading to a more efficient use of the germplasm available as commercial
cultivars or as parents in a breeding program. Among these groups, group 1 had 32
cultivars with highest C and group 2 had 21 cultivars with higher Y.

Keywords
lentil e digital phenotyping ¢ morphological characterization
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RESUMEN

El objetivo de este trabajo fue evaluar 81 cultivares de lenteja usando caracteres
morfolégicosy caracteristicas de semilla utilizando fenotipado digital. El Calibre (C) y los
caracteres Luminosidad (L), las coordenadas de colorayb, y el indice de color (IC) fueron
medidosy analizados con un software apropiado; también fueron medidos el rendimiento
(Y), altura de planta (PH) y los dias a floracién (DF). Se encontraron diferencias altamente
significativas entre cultivares para todos los caracteres y se obtuvieron elevados valores
de heredabilidad en sentido amplio (H?B) para las variables C (97%), IC (94%), a (93%)
y Ly b (83%) indicando la presencia de alta variabilidad genética. El fenotipado digital
mostro ser una poderosa herramienta para la caracterizacion de germoplasma junto con
la evaluacién a campo de caracteres agronémicos. El Andlisis de Componentes Princi-
palesy el analisis de agrupamiento permitieron la identificacion de diferentes grupos de
cultivares con caracteristicas similares lo que conduce a un uso mas eficiente del germo-
plasma disponible como cultivares comerciales o como parentales en un programa de
mejoramiento genético. Entre estos grupos, el grupo 1 tuvo 32 cultivares con mayor Cy

el grupo 2 tuvo 21 cultivares con mayor Y.

Palabras clave

lenteja  fenotipado digital e caracterizacion morfologica

INTRODUCTION

Lentil (Lens culinaris Medik. ssp.
culinaris) is one of the most ancient crops
in history (McVicar et al, 2005). This cool
season pulse, used in human nutrition as
whole grain or flour, is an excellent source
of dietary fiber, protein, healthy fat, carbo-
hydrates and a range of micronutrients
(Thavarajah et al, 2011). Its high levels
of low digestible carbohydrates reduces
glycemic response in humans (Siva et
al, 2017) and its high fiber content gives
it strong satiating properties, resulting
in lower food intake (Faris et al, 2013).
This pulse is also a significant dietary
source of a plethora of vitamins including
folate, thiamin (B1) and riboflavin (B2)
and relatively high levels of Mg, P, Ca
and S (16).

All these characteristics make lentil
a fundamental dietary component in
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low-income population and developing
countries, as it is a substitute to proteins
from livestock and fisheries (7) and have
beneficial effects on human health (9).

The main consumer countries are
those from Asia, north of Africa, Western
Europe and part of Latin America. There
are several market classes based on
consumer preference, seed size and color.
According to seed size the classes can
be extra small (29-32 g/1000 seeds),
small (33-45 g/1000 seeds), medium
(51-52 g/1000 seeds) and large
(55-73 g/1000 seeds). According to seed
coat color they can be classified in green,
brown, gray and purple or black; with
cotyledon colors ranging from yellow to
red and green (8).
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In Argentina, lentil is cultivated mostly
in the central area (south of the province
of Santa Fe and north of the province of
Buenos Aires), where is an important
rainfed crop during the winter season
(2). The main problem for growers is
the lack of available cultivars, as only
two commercial varieties are used in the
present.

To solve this inconvenient, a breeding
program is being carried out in the
National University of Rosario, with
the objective of obtaining new cultivars
with higher yield and suitability for the
different export markets.

A first step in any breeding program is
to evaluate the variability of the germplasm
available in the working collection using
traits with agronomical importance. The
characterization of traits whit high herita-
bility and the evaluation of traits with
low heritability and highly influenced by
the environment can determine the utili-
zation of this germplasm (3, 4).

The aim of the present work was to
evaluate the genetic variability of a lentil
collection for agronomical traits and seed
characteristics (size and color) for later
selection of accessions for commercial use
or as parents in the breeding program. Seed
traits where evaluated using digital pheno-
typing, performed by non-destructive,
automated and image-based technology
that offers an objective and quantitative
method for estimation of morphological
parameters as color and size.

MATERIALS AND METHODS

Plant material and experimental design

Eighty one accessions of a working
collection (table 1, page 4) were sowed in
July 0f 2016, in plots of 3 m long and 3 rows
0.25 apart (approximately 200 plants) at
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the Experimental Field of the College of
Agricultural Sciences, Rosario National
University, located in Zavalla (33°1"' S
and 60°53"' W) in a complete randomized
design with three replications. The harvest
was done manually.

Traits analyzed

The analyzed variables were days to
50% of flowering (DF); plant height (PH),
(cm from the root, in 20 plants per plot)
and yield (Y grams per plot). Color traits
and seed caliber (C) were measured on
two-dimensional digital images of 600 dpi
taken on a Samsung CLX 3300 scanner of
samples of 50 seeds per repetition and
analyzed using Tomato Analyzer (TA)
software (12).

The color traits were the coordinates
a and b, and the psychometric index of
lightness L from the CieLab system of
color where:

e Coordinate a indicates the greenness-
redness of the color (-a is green, +a is red)
and varies between -128 and 128.

e Coordinate b indicates blueness-
yellowness of the color (-b is blue, +b is
yellow) and varies between -128 and 128.
e Parameter L is an approximate
measurement of luminosity, the property
according to which each color can be
considered as equivalent to a member of
the greyscale between black and white.

With these color

color index (CI) was
Cl=(1.000xa) / (Lxb).

parameters, a
calculated as:

Statistical analysis

An ANOVA between cultivars and a
comparison of means using the Fisher's
least significant difference test (LSD) (14)
were performed.
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Table 1. Name and country of origin of
the evaluated cultivars.

Tabla 1. Nombre y pais de origen de los
cultivares evaluados.

Cultivar | Country Cultivar Country
1A Lebanon 25A Lebanon
1R Lebanon 26A Lebanon
2A Lebanon 26R Lebanon
3A Lebanon 27A Lebanon
3R Lebanon 27R Lebanon
4A Lebanon 28A Lebanon
4R Lebanon 28R Lebanon
5A Lebanon 29A Lebanon
6R Lebanon 29R Lebanon
7A Lebanon 30A Lebanon
7R Lebanon 30R Lebanon
8A Lebanon 31R Lebanon
9A Lebanon 32A Lebanon
9R Lebanon 32R Lebanon
10A Lebanon 33A Lebanon
10R Lebanon 33R Lebanon
11A Lebanon 34A Lebanon
12A Lebanon 34R Lebanon
12R Lebanon 35A Lebanon
13R Lebanon 35R Lebanon

14A Lebanon A1062 Argentina
14R Lebanon A1145 Argentina
15A Lebanon B1051 Argentina
15R Lebanon B1052 Argentina
16A Lebanon B1053 Argentina
16R Lebanon B1054 Argentina
17A Lebanon B1055 Argentina
17R Lebanon B1056 Argentina
18A Lebanon B1151 Argentina
18R Lebanon B1153 Argentina
19A Lebanon B1156 Argentina
19R Lebanon B1157 Argentina
20A Lebanon B1181 Argentina
20R Lebanon B1182 Argentina
21A Lebanon NAILE Canada
22A Lebanon PARDINA Spain
22R Lebanon | ROSE TOWN Canada
23A Lebanon SEL 133 Argentina
23R Lebanon SEL 205 Argentina
24A Lebanon SILVINA Argentina

24R Lebanon

Revista de la Facultad de Ciencias Agrarias

Broad sense heritability was calcu-
lated as

H?B = o%g/(o?g+0%e)

where:
0’g = represents genotypic variance
o’e =represents the environmental variance.

Finally, a Principal Component analysis
(PC) and a Cluster analysis using average
linkage method with Euclidean distances
were performed in order to identify groups
of cultivars with similar characteristics.

All statistical analysis were made using
the software InfoStat for Windows (1).

RESULTS AND DISCUSSION

Genetic variability

Mean value, standard deviation (SD),
F value for the ANOVA analysis, Fisher’s
least significant difference value (LSD)
and broad sense heritability (H?B) for all
the traits are shown in table 2, page 5-6;
table 3, page 7-8. All traits presented highly
significant differences between cultivars
(p<0.001), and broad sense heritability
varied between 0.33 for DF to 0.97 for C,
demonstrating the existence of genetic
variability suitable for selection purposes.
Bermejo et al (2012) in the evaluation
of 28 lentil RIL's; Lazaro et al. (2001) in a
working collection of Spanish materials
and Erskine et al (1998) in collections
from ICARDA (International Center for
Agricultural Research in the Dry Areas)
found similar values of H?B.

Regarding mean values, for DF
cultivars 7A, Rose Town and Pardina were
late (104 and 105 DF) while cultivar 34A
was the earliest (57 DF).
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Table 2. Mean, standard deviation (SD), LSD value, F value and broad sense heritability
(H?B) for days to flowering (DF), plant height (PH), yield (Y) and seed caliber (C).
Tabla 2. Media, desviacion estandar (SD), valor de LSD, valor de F y Heredabilidad en
sentido amplio (H?B) para los caracteres dias a floracion (DF), altura de planta (PH),
rendimiento (Y) y calibre de grano (C).

DF PH (cm) Y (g8) C (mm)
Cultivar = Mean SD Mean SD Mean SD Mean SD
10A 99.5 6.4 29.0 4.2 | 123.0 38.2 7 0.00
10R 98.0 85 28.0 5.7 72.5 29.0 5 0.01
11A 98.0 85 29.0 9.9 | 173.5 13.4 7 0.01
12A 98.0 8.5 33.0 5.7 | 116.5 72.8 7 0.00
12R 98.0 8.5 25.0 2.8 | 185.0 | 131.5 5 0.01
13R 940 2.8 34.5 6.4 86.0 481 6 0.01
14A 101.0 | 7.1 36.0 5.7 97.0 14 7 0.01
14R 955 0.7 26.0 2.8 54.5 57.3 6 0.00
15A 93.5| 3.5 31.5 5.0 | 1385 14.9 7 0.00
15R 925 5.0 28.5 2.1 98.5 12.0 6 0.01
16A 88.0 11.3 24.5 0.7 | 206.5 41.7 6 0.00
16R 98.0 2.8 21.0 4.2 66.0 33.9 6 0.00
17A 82.0 28 28.5 5.0 88.0  46.7 8 0.01
17R 88.0 5.7 26.0 1.4 58.5 23.3 6 0.01
18A 98.0 2.8 255 3.5 | 100.5 14.9 6 0.01
18R 86.5 3.5 32.0 9.9 66.0 18.4 5 0.01
19A 95.0 4.2 34.0 5.7 64.5 47.4 7 0.01
19R 90.0 2.8 29.5 3.5 67.5 24.8 5 0.01
1A 101.5 | 0.7 29.5 0.7 69.0 12.7 7 0.00
1R 875 0.7 29.5 0.7 43.5 5.0 6 0.02
20A 985 2.1 30.0 4.2 49.0 26.9 7 0.01
20R 945 | 0.7 31.5 0.7 81.0 495 6 0.01
21A 975 0.7 34.5 0.7 | 1265 2.1 7 0.00
22A 87.5 | 20.5 32.5 0.7 @ 101.0 1.4 7 0.04
22R 95.5| 0.7 29.5 0.7 90.5 5.0 6 0.01
23A 875 0.7 29.5 0.7 | 105.0 9.9 7 0.01
23R 91.5 0.7 39.5 0.7 | 1175 6.4 6 0.02
24A 935 0.7 26.5 2.1 | 104.0 19.8 7 0.01
24R 99.0 1.4 32.0 | 113 77.5 3.5 6 0.01
25A 97.5| 0.7 28.0 14 | 136.5 44.6 7 0.04
26A 94.0 1.4 26.0 1.4 92.5 20.5 7 0.01
26R 875 0.7 27.5 0.7 | 1145 2.1 6 0.02
27A 100.5 | 0.7 29.0 7.1 | 143.0 72.1 7 0.00
27R 90.5 | 0.7 31.0 1.4 80.5 30.4 6 0.03
28A 91.5| 0.7 37.0 2.8 31.5 31.8 6 0.01
28R 945 | 0.7 28.5 0.7 94.5 5.0 4 0.00
29A 102.0 | 5.7 31.0 7.1 | 156.5 9.2 7 0.00
29R 92.0 1.4 28.5 5.0 99.5 47.4 6 0.00
2A 1025 | 0.7 31.0 14 | 162.0 45.3 7 0.01
30A 92.0 1.4 32.5 3.5 86.0 0.0 7 0.01
30R 91.5| 0.7 30.5 3.5 | 175.5 21.9 6 0.00
31R 76.5 | 29.0 28.0 2.8 | 175.0 56.6 6 0.02
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Table 2 (cont.). Mean, standard deviation (SD), LSD value, F value and broad sense
heritability (H?B) for days to flowering (DF), plant height (PH), yield (Y) and seed caliber
(€.

Tabla 2 (cont.). Media, desviacién estandar (SD), valor de LSD, valor de F y
Heredabilidad en sentido amplio (H?B) para los caracteres dias a floracién (DF), altura
de planta (PH), rendimiento (Y) y calibre de grano (C).

DF PH (cm) Y (g) C (mm)
Cultivar = Mean SD Mean SD Mean SD Mean SD
10A 99.5 6.4 29.0 4.2 | 123.0 38.2 7 0.00
10R 98.0 85 28.0 5.7 72.5 29.0 5 0.01
11A 98.0 85 29.0 9.9 | 1735 13.4 7 0.01
12A 98.0 85 33.0 5.7 | 116.5 72.8 7 0.00
12R 98.0 85 25.0 2.8 | 185.0 1315 5 0.01
13R 940 2.8 34.5 6.4 86.0 48.1 6 0.01
14A 101.0 | 7.1 36.0 5.7 97.0 1.4 7 0.01
14R 955 0.7 26.0 2.8 54.5 57.3 6 0.00
15A 93.5| 3.5 31.5 5.0 | 138.5 14.9 7 0.00
15R 925 5.0 28.5 2.1 98.5 12.0 6 0.01
16A 88.0 11.3 24.5 0.7 | 206.5 41.7 6 0.00
16R 98.0 2.8 21.0 4.2 66.0 33.9 6 0.00
17A 82.0 2.8 28.5 5.0 88.0 46.7 8 0.01
17R 88.0 5.7 26.0 1.4 58.5 23.3 6 0.01
18A 98.0 28 25.5 3.5 | 100.5 14.9 6 0.01
18R 86.5 3.5 32.0 9.9 66.0 18.4 5 0.01
19A 95.0 4.2 34.0 5.7 64.5 47.4 7 0.01
19R 90.0 2.8 29.5 3.5 67.5 24.8 5 0.01
1A 1015 | 0.7 29.5 0.7 69.0 12.7 7 0.00
1R 87.5 0.7 29.5 0.7 43.5 5.0 6 0.02
20A 985 2.1 30.0 4.2 49.0 26.9 7 0.01
20R 945 | 0.7 31.5 0.7 81.0 49.5 6 0.01
21A 975 0.7 34.5 0.7 | 126.5 2.1 7 0.00
22A 87.5  20.5 32.5 0.7 | 101.0 1.4 7 0.04
22R 955 | 0.7 29.5 0.7 90.5 5.0 6 0.01
23A 875 0.7 29.5 0.7 | 105.0 9.9 7 0.01
23R 91.5 0.7 39.5 0.7 | 117.5 6.4 6 0.02
24A 935 0.7 26.5 2.1 | 104.0 19.8 7 0.01
24R 99.0 1.4 320 113 77.5 3.5 6 0.01
25A 97.5 0.7 28.0 1.4 | 136.5 44.6 7 0.04
26A 94.0 1.4 26.0 1.4 92.5 20.5 7 0.01
26R 87.5 0.7 27.5 0.7 | 114.5 2.1 6 0.02
27A 1005 | 0.7 29.0 7.1 | 143.0 72.1 7 0.00
27R 90.5 0.7 31.0 1.4 80.5 30.4 6 0.03
28A 91.5| 0.7 37.0 2.8 31.5 31.8 6 0.01
28R 945 0.7 28.5 0.7 94.5 5.0 4 0.00
29A 102.0 | 5.7 31.0 7.1 | 156.5 9.2 7 0.00
29R 92.0 1.4 28.5 5.0 99.5 47.4 6 0.00
2A 1025 | 0.7 31.0 1.4 | 162.0 45.3 7 0.01
30A 92.0 1.4 32.5 3.5 86.0 0.0 7 0.01
30R 91.5 0.7 30.5 3.5 | 175.5 21.9 6 0.00
31R 76.5 | 29.0 28.0 2.8 | 175.0 56.6 6 0.02

*** significant with p<0.001. / *** diferencias significativas con p<0,001.
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Table 3. Mean, standard deviation (SD), LSD value, F value and broad sense heritability
(H2B) for L, a and b coordinates of color and color index (CI).
Tabla 3. Media, desviacion estandar (SD), valor de LSD, valor de F y Heredabilidad en
sentido amplio (H?B) para los caracteres L, las coordenadas de color ay b y el indice de

color (CI).
L a b CI
Cultivar | Mean SD Mean SD Mean SD Mean SD
10A 552 1.1 9.6 0.6 | 20.7 0.6 8.4 0.1
10R 534 | 1.6 15.0 0.2 | 23.2 0.0 12.2 0.6
11A 523 | 14 8.6 0.7 | 19.2 0.1 8.6 1.0
12A 529 15 10.2 0.5 | 20.8 0.3 9.3 0.6
12R 58.2 | 1.3 10.0 0.8 | 225 0.8 7.7 1.1
13R 504 | 1.4 16.5 0.2 | 22.0 0.6 14.8 0.6
14A 54.7 | 09 10.0 0.6 | 211 0.5 8.6 0.5
14R 47.1| 0.7 11.3 0.5 17.3 0.1 13.9 0.9
15A 46.1 | 0.8 11.2 0.3 17.7 0.1 13.8 0.5
15R 478 | 0.2 11.8 03 | 205 0.6 12.1 0.0
16A 543 0.1 8.0 0.8 | 19.6 0.1 7.6 0.7
16R 543 | 0.1 8.0 0.8 | 19.6 0.1 7.6 0.7
17A 51.7 | 23 9.9 09 | 19.0 0.3 10.1 1.2
17R 448 | 2.4 12.8 1.0 | 19.6 0.4 15.4 3.0
18A 513 | 03 3.8 0.2 16.7 0.2 4.4 0.3
18R 63.4 | 18.1 7.0 3.3 15.1 7.1 7.6 2.2
19A 531 1.0 10.3 0.1 | 205 0.1 9.4 0.2
19R 409 | 0.8 15.1 0.6 | 217 0.1 17.1 1.0
1A 53.8 | 2.1 9.2 0.8 | 20.4 0.4 8.4 0.9
1R 46.8 | 0.7 9.1 0.2 13.6 0.2 14.4 0.7
20A 533 | 04 10.5 0.1 | 20.1 0.3 9.8 0.0
20R 559 | 0.8 5.3 0.2 18.3 0.2 5.2 0.0
21A 53.0| 03 8.6 0.4 | 20.0 0.3 8.1 0.2
22A 49.0 | 0.8 11.2 0.8 | 19.6 0.6 11.7 0.6
22R 447 | 2.2 12.6 1.1 19.5 0.4 14.5 1.7
23A 548 | 1.1 7.4 0.0 | 19.7 0.1 6.9 0.2
23R 54.6 | 1.5 8.1 0.3 18.2 0.5 8.1 0.7
24A 55.8 | 0.8 7.2 0.8 | 195 0.3 6.6 0.7
24R 459 | 0.7 9.3 0.2 14.2 0.1 14.5 0.6
25A 528 0.8 8.2 0.2 19.4 0.3 8.0 0.2
26A 55.0 | 1.0 6.3 0.3 18.6 0.5 6.1 0.0
26R 446 | 09 12.4 0.1 19.9 0.3 14.0 0.3
27A 539 0.7 9.1 0.3 18.7 0.2 9.0 0.1
27R 54.0 | 1.6 8.5 1.6 | 19.1 0.7 8.2 1.5
28A 471 11 12.1 1.0 | 194 0.7 13.2 0.9
28R 45.2 | 0.5 8.6 0.1 15.3 0.1 12.5 0.3
29A 48.7 | 1.7 11.6 09 | 195 0.1 12.3 1.3
29R 49.1| 1.6 11.5 1.2 | 209 0.4 11.2 1.3
2A 50.1 | 0.7 3.7 0.2 16.0 0.1 4.6 0.2
30A 49.0 | 0.2 11.3 0.2 19.3 0.1 119 0.1
30R 445 | 1.2 11.5 0.6 | 19.3 0.9 13.5 1.6
31R 533 | 14 8.7 0.7 | 203 0.1 8.1 0.9

*** significant with p<0.001. / *** diferencias significativas con p<0,001.
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Table 3. (cont.). Mean, standard deviation (SD), LSD value, F value and broad sense
heritability (H?B) for L, a and b coordinates of color and color index (CI).
Tabla 3. (cont.). Media, desviacion estandar (SD), valor de LSD, valor de F y
Heredabilidad en sentido amplio (H?B) para los caracteres L, las coordenadas de color
ay by el indice de color (CI).

L a b CI
Cultivar | Mean SD Mean SD Mean SD Mean SD
10A 552 | 1.1 9.6 0.6 | 20.7 0.6 8.4 0.1
10R 53.4 | 1.6 15.0 0.2 | 232 0.0 12.2 0.6
11A 523 | 14 8.6 0.7 | 19.2 0.1 8.6 1.0
12A 529 15 10.2 0.5 | 208 0.3 9.3 0.6
12R 582 1.3 10.0 0.8 | 225 0.8 7.7 1.1
13R 504 | 14 16.5 0.2 | 220 0.6 14.8 0.6
14A 54.7 | 0.9 10.0 0.6 | 21.1 0.5 8.6 0.5
14R 47.1| 0.7 11.3 0.5 17.3 0.1 13.9 0.9
15A 46.1 | 0.8 11.2 0.3 17.7 0.1 13.8 0.5
15R 47.8 | 0.2 11.8 03 | 205 0.6 12.1 0.0
16A 543 | 0.1 8.0 08 | 19.6 0.1 7.6 0.7
16R 543 | 0.1 8.0 08 | 19.6 0.1 7.6 0.7
17A 51.7 | 23 9.9 0.9 19.0 0.3 10.1 1.2
17R 448 2.4 12.8 1.0 19.6 0.4 15.4 3.0
18A 513 0.3 3.8 0.2 16.7 0.2 4.4 0.3
18R 63.4 | 18.1 7.0 3.3 15.1 7.1 7.6 2.2
19A 531 1.0 10.3 0.1 | 205 0.1 9.4 0.2
19R 409 | 0.8 15.1 0.6 | 21.7 0.1 17.1 1.0
1A 53.8 | 2.1 9.2 0.8 | 204 0.4 8.4 0.9
1R 46.8 0.7 9.1 0.2 13.6 0.2 14.4 0.7
20A 533 0.4 10.5 0.1 | 20.1 0.3 9.8 0.0
20R 559 | 0.8 5.3 0.2 18.3 0.2 5.2 0.0
21A 53.0 0.3 8.6 04 | 20.0 0.3 8.1 0.2
22A 49.0 | 0.8 11.2 08 | 19.6 0.6 11.7 0.6
22R 447 | 2.2 12.6 1.1 19.5 0.4 14.5 1.7
23A 548 | 1.1 7.4 0.0 19.7 0.1 6.9 0.2
23R 54.6 | 1.5 8.1 0.3 18.2 0.5 8.1 0.7
24A 55.8 | 0.8 7.2 0.8 | 195 0.3 6.6 0.7
24R 459 | 0.7 9.3 0.2 14.2 0.1 14.5 0.6
25A 528 0.8 8.2 0.2 19.4 0.3 8.0 0.2
26A 55.0 | 1.0 6.3 0.3 18.6 0.5 6.1 0.0
26R 44.6 | 09 12.4 0.1 19.9 0.3 14.0 0.3
27A 539 0.7 9.1 0.3 18.7 0.2 9.0 0.1
27R 54.0 | 1.6 8.5 1.6 | 19.1 0.7 8.2 1.5
28A 47.1| 1.1 12.1 1.0 19.4 0.7 13.2 0.9
28R 452 0.5 8.6 0.1 15.3 0.1 12.5 0.3
29A 48.7 | 1.7 11.6 0.9 19.5 0.1 12.3 1.3
29R 49.1| 1.6 11.5 1.2 | 209 0.4 11.2 1.3
2A 50.1 | 0.7 3.7 0.2 16.0 0.1 4.6 0.2
30A 49.0 | 0.2 11.3 0.2 19.3 0.1 11.9 0.1
30R 445 | 1.2 11.5 0.6 | 19.3 0.9 13.5 1.6
31R 533 1.4 8.7 0.7 | 203 0.1 8.1 0.9

*** significant with p<0.001. / *** diferencias significativas con p<0,001.
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In PH, cultivar 4A was the tallest (44 cm)
while B1053 was the shortest, with only
20.5 cm of plant height. Cultivars B1157
and B1051 had the best yielding with
363 g plot'and 317 g plot? respectively, and
cultivar SEL was the poorest with 15.5 g plot™.

Digital phenotyping showed that
cultivars 174, 22A, 19A and 30A had larger
seeds with calibers of 7.5 mm, 7.4 mm,
74 mm and 7.3 mm respectively, while
B1181, B1182 and 28R had the smallest
seeds, with calibers ranging from 0.44 to
0.45. Color parameter L was high for cultivar
18R (63.43) and low for B1182 (36.40).

The a coordinate of color showed the
highest values for 13R and 19R (16.45 and
15.10 respectively) meaning that these two
cultivars are material for greater reddish
color, while 35A, 18A and 2A showed the
least (4.81, 3.79 and 3.70 respectively).

The b coordinate denotes the greenish
color and was high for 10R and 12R,
(23.22 and 22.45 respectively) and low for
Pardina (13.26). When the color index (CI)
was analyzed, cultivars B1182 (24.11)
and B1181 (23.53) had the highest values,
while 18A (4.43) was the lowest.

Cluster Analysis

Cluster analysis (figure 1, page 10),
showed that cultivars conformed six
groups with differential traits. Thisanalysis
allows the identification of cultivars with
convenient characteristics, as seed size. A
comparison of mean values of each group
(table 4, page 11) using the Fisher's least
significant difference test (LSD) showed
that Group 1 had 32 cultivars with high
C; group 2 had 21 cultivars with higher
Y but lower CI. Group 3 had 17 cultivars
with high values for coordinates a and b;
group 4 included only one cultivar (18R)
with the highest L; group 5 had 4 cultivars
with lower C and coordinate b; and group
6, with 6 cultivars, had the cultivars with
higher DF and CI but lower C and L.

Tomo 52 « N°1 e 2020

Principal Component Analysis

Principal component analysis showed
that two principal components explained
58% of the variation in the data set (PC1,
40% and PC2, 18%) and with the addition
of a third component the proportion
of variation explained reached 73%
(PC3, 15%).

However, when the first two compo-
nents are plotted against each other
(figure 2, page 11) the cultivars conform
4 clearly differentiated groups. PC1 was
associated with C, L, a, b and CI while PC2
was associated with DF, PH and Y.

In figure 2 (page 11), points represent
lentil cultivars and vectors represent
analyzed traits.

The perpendicular projection of
the points on the vectors indicates the
relative position of that cultivar against
the others for that particular trait, having
the highest values those cultivars in the
positive direction of the vector, while the
angle between vectors shows the corre-
lation among traits. In this case, cultivars
B1181 and B1182 had the highest values
of CI and cultivar B1051 had the highest
yield. Correlations shows that traits Cl and
a, DF and PH, C and L, and Y and b have
positive correlations, while CI and a have
a negative correlation with L.

There is a clear concordance between
groups obtained by Cluster Analysis and
by Principal Component Analysis. Groups
2 and 6 are separated groups, and were
conformed with the same cultivars in both
analyses. Groups 1 and 2 in one hand,
and groups 3 and 5 on the other, conform
two different groups in the Principal
Component analysis. The selected
materials, as parents for a breeding
program, were those from group 2, given
their higher yields and shorter cycle, and
those from group 1, with higher caliber.
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Figure 1. Cluster Analysis.

Figura 1. Analisis de conglomerados.

10



Lentil evaluation by digital phenotyping

‘safedoulid sayusuodwo) serswirid sop sef ap 101dig 'z eangiyq / ‘syusuoduwio) [edourld oml 1siy ay3 jo yoidig "z 91n8i

(2o10%) 1 42

(V) 00 000 00°E- 09
g
Ho0g-
oo
- ¥
1
59 pur £ WL A |
.....m_n._ / e
{ []
Hd
‘noa

'(S0‘0<d) ssqus1syip suUSWEANEIYIUSIS UOS OU UNWI0D BI39] BUN U0d SBIpajy / (50°0>d) 18j31p 1,U0p J19139] UOWIWOD B (AIM SUBIJA

©Z5°02 259'%1 €50°ZT 9€6'8€ POS'0 qos+ZT | esLz ©g88'88 9
qrS €T | 990°ST qs0'8 pPOT'9% pzso qs'9. eyI'SZ | B16°06 S
P209°L oet'ST q89'8 BEH'E9 Po%S0 | 4L6'F8 ©G/'87 | qeS'98 ¥
q80'€T | BEZ0Z | ©98ZI pP989Y 296°0 q0'99 €90'6Z | BEQTOT €
pseL eLy02 q.6'9 qr9+s qeo’0 | BEG68T | BO'ZE q9°'08 z
2678 q8z'61 | qzv'8 OTZ'ES €90 qse6'00T | BE8'0Z | BF8'S6 1
D q e 1 o} X Hd Aa dnoan
syMelrJ,

(%L L1 zdD

‘sopetawo[3uod ap sisijeuy [9p sodn.ig so[ ap selpaul Se[ 2.13Ud I9YSL, 9p eAledYIUSIS BIDUSISJIP BWIUIW B 9p Bganld '} e[qeL

"SsIsA[euy J191sn[) ay3 ul sueaw s,dno13d usamiaq 193 90UIIP JuedIudIs 1ses| s,I9YsI] ¥ d[qeL

11

N°1 e 2020

Tomo 52 e



M. A. Esposito, 1. Gatti, C. Bermejo, E. Cointry

CONCLUSIONS

Digital phenotyping showed to be a
powerful tool for germplasm characterization
along with field evaluation of agronomical
traits. Principal Component Analysis and
Cluster Analysis the identification of differen-

Preliminary evaluation of the set
of cultivars presented in this study
demonstrate the existence of high pheno-
typic and genotypic diversity for different
traits, showing their potential commercial

tiated groups of cultivars with similar charac-
teristics, leading to a more efficient use of the
germplasm available.

or breeding value.
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ABSTRACT

Mexico is the center of origin, domestication and diversity of maize. This cereal is the
main constituent of the Mexican diet, especially for low-income families. In this research,
10 maize accessions derived from a large landrace collection, with the 'INIFAP-QPM'
accession and a 'regional landrace' as controls, were studied to identify the accessions
with the best biochemical and physiological characteristics showing good adaptation
to 'El Bajio' (regional center in Mexico) conditions. The accessions were statistically
superior to the two controls in the germination and accelerated aging tests. In the
assessment of variable plumule length, variability was observed among the acces-
sions, but the controls showed the lowest values. Protein contents in different fractions
(albumins, globulins, prolamins and glutelins) showed variability as did oil and fiber
contents. The 'HRH2015" accession showed high contents of albumins and globulins and
low contents of prolamins and glutelins. The 'regional landrace' accession exhibited the
highest contents of glutelins and prolamins but the lowests content of globulins and
albumins. The total percentage of proteins showed variability among the accessions,
but the values were within those reported in the literature. The 'RQ2015" accession
presented the highest oil content (5.25%). The electrophoretic patterns of prolamins
were obtained, and some differences were observed between them. The 'regional
landrace' presented the lowest protein content, which was significantly different from
those of the other evaluated accessions. This research demonstrates biochemical, germi-
nation and vigor variability among the studied maize accessions.
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Protein content and quality of seeds in central mexican maize accessions

RESUMEN

México es el centro de origen, domesticacion y diversidad del maiz. Este cereal ocupa
el primer lugar como constituyente de la dieta de los mexicanos, sobre todo de las familias
de bajos recursos. En esta investigacion se estudiaron 10 accesiones de maiz derivadas
de una colecta amplia de Criollos y como testigos INIFAP-QPM y un criollo de la region,
con el objetivo de identificar las accesiones con mejores caracteristicas bioquimicas y
fisioldgicas con buena adaptacién a las condiciones de El Bajio. Las accesiones fueron
estadisticamente superiores a los dos testigos en las pruebas de germinacién y envejeci-
miento acelerado; en la variable longitud de plumula se observé variabilidad entre las
accesiones, pero los testigos siguieron mostrando los valores mas bajos. El contenido de
proteina en sus diferentes fracciones (albiiminas, globulinas, prolaminas y glutelinas)
mostro variabilidad, asi como el contenido de aceite y fibra. Se encontré una accesion
(HRH2015) con alto contenido de albuminas y globulinas y bajo contenido de prolaminas
y glutelinas; el 'genotipo criollo’ presento el mayor contenido de glutelinas y prolaminas
pero el menor en globulinas y albuiminas. El porcentaje total de proteinas presentd
variabilidad entre las accesiones, pero los valores estan dentro de los reportados en
la literatura. El genotipo 'RQ2015' present6 el mas alto contenido de aceite (5,25%).
Se obtuvieron los patrones electroforéticos de las prolaminas y se observaron algunas
diferencias entre ellas. El criollo de la region, tomado como referencia, presenté el menor
contenido de proteina estadisticamente diferente al resto de las accesiones evaluadas.
Esta investigacion demuestra la variabilidad existente a nivel bioquimico, germinacion y
vigor entre las accesiones de maiz estudiadas.

Palabras clave
Zea mays » maiz e fracciones proteicas e vigor e calidad proteica

INTRODUCTION

Maize is the main grain cultivated
in the "El Bajio" region of Mexico and is
the principal ingredient in the Mexican
population's diet (15, 30). Information on
the chemical composition of corn grain
is abundant and clearly states that the
variability of each component is broad
as a result of both genetic and environ-
mental factors (20, 28). These factors can
influence the chemical composition of
different parts of the grain (11).

The prolamin fraction constitutes the
highest proportion of the protein present
in cereals, followed by glutelins and in
smaller amounts albumins and globulins.
The nutritional quality of the protein as
well as its physicochemical and functional
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characteristics, depend on the proportion
of each protein fraction in the grains (37).
Cereal proteins present low biological or
nutritional value because they are deficient
in some of the essential amino acids, such
as methionine and lysine (19, 38). These
proteins include wheat gliadins, barley
hordeins, corn zeins (prolamins), wheat
glutelins, and rice orizein.
High-quality-protein materials
contain higher amounts of the albumin
and globulin fractions and lower
amounts of prolamins, as indicated
by Vivas-Rodriguez et al (1990)
and Yang et al (2018). The expression
of the physicochemical characteristics of
maize is influenced by the environment
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and depends on genotype-environment
interaction (2). Agricultural practices have
allowed the characteristics of the grain to
be improved according to Zepeda-Bautista
et al. (2009). Prolamins are stored in the
starchy endosperm, and albumins and
globulins are concentrated in the embryo
and aleurone layer (19). The distri-
bution of these proteins could alter some
properties of the grain, depending on their
relative abundance. Nitrogen application
affects grain protein content. Its effect is
greater in the prolamin fraction because
approximately 60% of the grain protein
consists of prolamins (zeins). The albumin
and globulin fractions represent 22% of
the protein content and are concentrated
in the embryo. Glutelins are found in both
the germ and the endosperm and account
for up to 25% of the grain protein (26, 38).

Ten gene families encode prolamin
proteins in maize, with 3-10 genes in
each family (19). Corn contains 7-13%
protein, which can be differentiated into
three types: 1) storage proteins, which
are the most abundant type, constituting
a reserve of amino acids deposited during
the development of the seeds; 2) enzymes
involved in metabolism; and 3) structural
proteins (23, 39).

Although studies have been conducted
on this topic, more research on the protein
quality of maize landraces cultivated in
Mexico is required (27). Evaluation of the
performance of different accessions in
different environments and the influence
of agronomic practices on the compo-
sition of essential amino acids, which
determine the quality of grain proteins,
is also required (37). Finally, it is vital to
keep in mind that, for breeding purposes,
to consider seed vigor is also necessary.
This characteristic is usually tested with
the accelerated aging test (17). With this
objective, maize accessions were evaluated
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to characterize them biochemically and
physiologically. They were integrated
from a broad genetic base population (3).
The 'INIFAP-QPM' accession and a maize
landrace were used as controls.

The objective of this research was to
identify accessions with good protein and
physiological quality among accessions
that are well adapted to the environmental
conditions of El Bajio, Mexico, under the
hypothesis that the accessions show good
seed quality.

MATERIALS AND METHODS

Ten maize accessions derived from the
Celaya, Tuxpefio, Conico Nortefio and Bofo
races were used (14): '12015', '22015,
'A2015','ROQUE2’, 'POL2015', 'FVR12015',
'ERH2015', 'MRH2015', 'RQ2015' and
'HRH2015' (12, 27), along with 'INIFAP-
QPM' (accession with high protein quality
from the "Instituto Nacional de Investiga-
ciones Forestales, Agricolas y Pecuarias")
and a 'regional landrace' harvested in the
SS 2015 growing season. The analyzed
accessions were derived from collections
from the Mexican states of Michoacan,
Hidalgo, Estado de México and Puebla.
Each collection was developed from 200
plants. Standard germination (18) was
evaluated; a sample of 200 seeds from each
accession was obtained, and each sample
was divided into four replicates of 50
seeds (12) and incubated in a germination
chamber (hel-La HC30R®) at 25°C with
80% relative humidity. Two sets of records
were obtained: the first was obtained on the
fourth day and the second on the seventh
day. Germination was registered as the
percentage of seeds with emerged radicles
(18, 21). The plumule length test (21) was
carried out. In the accelerated aging tests,
a sample of 40 seeds collected at random
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were disinfected with 1% hypochlorite in
water (v/v) and then placed in a beaker
with a grid. Water was poured into the
beaker to a height that did not reach the
grid, and the beaker was covered with
aluminum foil and placed at 42°C with
80% relative humidity for 72 h. Thereafter,
the seeds were removed, and the standard
germination test was performed (17).

Protein and oil extraction was
performed by grinding the seeds (20 g
each accession) in a mill (Techmark ®
model A 10), followed by sieving through
a No. 60 mesh. The samples were placed
in paper bags and stored at 4°C until use.
0il extraction was performed in Soxtec®
equipment; the flour was placed in filter
paper cartridges at a ratio of 4:1 solvent
- sample (hexane) (V/W) in the cup
which was then stored in a desiccator for
24 h. Thereafter, the cup was mounted in the
equipment. Protein extraction was carried
out according to a previously described
methodology (12, 25) using 1 g of flour and
4 mL of distilled water. After incubation for
1 h with shaking, the extraction solution
was centrifuged for 1 h at 13,200 rpm
(in a microfuge). The supernatant was then
stored, and the pellet was re-extracted with
a solution of 0.3 M NaCl in 50 mM Tris-HCl,
pH 8, followed by centrifugation under the
conditions described above, this second
supernatant was stored. Supernatant was
stored. The pellet was extracted two more
times: once with 55% isopropanol and then
with 50 mM sodium borate solution and
0.1% SDS (sodium dodecyl sulfate), pH 9.
Protein quantification was carried out via
the Bradford method (4). Electrophoretic
patterns were obtained under denaturing
conditions in 10% polyacrylamide gels
(PAGE-SDS) following the technique of
Schagger and von Jagow (1987).

Statistical analysis of physical and
physiological quality and protein content
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traits was performed with the statistical
package SAS version 9.0. Statistical tests of
the homogeneity of variance assumptions
and normality of the data distribution were
carried out. Comparisons of means were
conducted with Tukey's test (a = 0.05).

RESULTS AND DISCUSSION

The analysis of variance (data not
shown) showed significant differences
between the accessions for germination
percentage, with a coefficient of variation
of 1.77%. The experiment was conducted
properly, and the degree of precision in the
comparison of the accessions was good
(13). The germination percentage trait
was statistically equal for all accessions
(table 1, page 18) but the 'INIFAP-QPM'
and 'regional landrace' controls, showed
germination percentages of 82 and 87.3%,
respectively. Similar results were obtained
in the accelerated aging test. The results
showed that the evaluated accessions
exhibited good adaptation to the environ-
mental conditions of El Bajio, while the
controls were statistically inferior in the
mentioned tests. Thisresultisinagreement
with the findings of Gutiérrez-Hernandez
et al. (2011), who observed differences in
tolerance to artificial aging among acces-
sions of blue corn in different maize acces-
sions. Another previous study (12) of 22
accessions, showed 4 accessions with
99% germination after being subjected to
accelerated aging. Artificial aging allows
low-vigor seeds with a high germination
percentage that lose germinative ability
when subjected to this treatment, to be
distinguished. These previous results
are in agreement with those obtained
in the present investigation, in which
the evaluated accessions showed higher
tolerance to accelerated aging, indicating
higher seed vigor (8).
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Table 1. Means comparison by the Tukey test for the germination percentage,
accelerated aging test and plumule length traits in the evaluation of 10 maize
accessions, Roque, Guanajuato. Spring-Summer 2015.

Tabla 1. Comparaciéon de medias mediante la prueba de Tukey para las variables
porcentaje de germinacion, envejecimiento acelerado y longitud de plimula en la
evaluacion de 10 accesiones de maiz, Roque, Guanajuato. Primavera-Verano 2015.

Accession GER' (%) | AA?(%) | PL?(cm)
12015 96.6 a 94.0 a 56f
22015 98.6 a 97.3a 6.9 ef
A2015 99.3a 98.0a 12.6 a
ROQUE2 98.0 a 96.6 a 104 c
POL2015 99.3 a 99.3 a 11.3 abc
FVR12015 98.6 a 97.3a 11.9 ab
ERH2015 98.6 a 98.6 a 10.9 bc
HRH2015 953 a 94.0 a 8.4d
MRH2015 973 a 96.6 a 9.1d
RQ2015 98.6 a 97.3a 7.9 de
INIFAP-QPM 82.0c 40.0 ¢ 4.3f
Regional landrace 87.3b 83.3b 6.6 f
Mean 95.83 91.05 8.85

Means with the same letter for each trait are statistically equal, Tukey’s test, P<0.05.
! Germination percentage; ? Accelerated aging; *Plumule length.

Medias con la misma letra dentro de cada variable son estadisticamente iguales, Tukey, P< 0,05.

! Germinacion;  Envejecimiento acelerado; *Longitud de plimula.

Many factors participate in seed physi-
ological behavior, such as oligosaccha-
rides, which play an important role in
seed longevity (16). Methionine sulfoxide
reductase activity, tocopherol content, late
embryogenesis abundant (LEA) protein
accumulation and heat shock proteins
(HSPs) (6) as well as changes in membrane
permeability (34) are important factors
affecting seed vigor.

Plumule length showed higher
variation than the two previous traits.
Accessions  A2015 and FRV12015
exhibited the highest, however statisti-
cally similar, seed vigor. This variable
best indicates physiological quality. Once
more, INIFAP-QPM and Regional landrace,
both controls, presented the lowest values
together with 12015 and 22015 acces-
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sions. This result indicates that these
accessions exhibited little vigor, since they
obtained the lowest values in these three
traits. In this research, plumule length
was more effective in evaluating seed
vigor, given that it allowed discrimination
among them.

Vigor traits and accelerated aging

Analysis of variance (not shown) of
the vigor traits indicated significant differ-
ences between the accessions with a coeffi-
cient of variation of 2.43%, which indicates
reliable results. In the means comparisons
(table 1), the 'POL2015', 'A2015' and
'FVR12015" accessions showed the highest
values for the three traits, indicating that
they are vigorous accessions, whereas the
'INIFAP-QPM' accession showed the lowest
vigor value. The storage of seeds under
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adverse conditions causes aging, which
results in a variety of symptoms ranging
from a reduction in viability or a decreased
ability to germinate, to poor seedling devel-
opment (24). Stress causing aging due to
conditions to which seeds are subjected,
provokes higher reserve depletion,
reducing seed vigor. The accumulation
of proteins such as late embryogenesis-
abundant (LEA) proteins, proteases and
amylases in the embryo, may confer higher
tolerance in breeding (19).

Analysis of variance (not shown) of the
protein fraction content showed highly
significant differences between the acces-
sions, indicating that the accessions have
contrasting characteristics. The coefficient
of variation for total protein was good
(CV 2.98) (13). Tandag-Silvas et al. (2011)
noted that the classification of extracted

proteins is a convenient approach for
studying seed storage proteins due to the
relative ease of protein extraction.

The results of the means compar-
isons (table 2) showed that accession
'HRH2015' presented the highest total
soluble protein content of 3.48 g per 100
g flour, which was significantly different
from that of 'FVR12015" (3.05 g). The
accession with the lowest soluble protein
content was the 'regional landrace' (1.75 g
of protein) (9).

The QPM accession showed the highest
protein quality because its endosperm
contentincludes high levels of albumins and
globulins (rich in lysine and tryptophan)
with a decreased zein content. These
proteins constitute the major fraction of
storage proteins, accounting for 50 to 70%
of the proteins (33).

Table 2. Means comparison by the Tukey test for the soluble protein contents of maize
accessions. Roque, Guanajuato Spring-Summer 2015.

Tabla 2. Comparacién de medias mediante la prueba de Tukey para contenido de
proteina soluble de los genotipos de maiz. Roque, Guanajuato Primavera-Verano 2015.

Accession ALB! GBL?
12015 1.28def 1.11bc
22015 1.31cde | 1.19ab
A2015 1.36bc 1.12bc
ROQUE2 1.18f 1.32ab
POL2015 1.22ef 1.16bc
FVR12015 1.42bc 1.28ab
ERH2015 1.44b 0.95¢
HRH2015 1.61a 1.41a
MRH2015 1.22ef 1.21ab
INIFAP-QPM 1.22ef 1.21ab
Regional landrace | 0.37h 0.24e
RQ2015 0.95g 0.57d
MEAN 0.76 0.512
LSD 0.0706 0.0388

PRL? GLT* TOTAL®
0.26bcd 0.03e 2.69cde
0.26bcd | 0.16c 2.93bc
0.35ab 0.05de 2.90bcd
0.17d 0.04de 2.71cde
0.19cd 0.05de 2.63e
0.26bcd | 0.083d 3.05b
0.21cd 0.05de 2.67de
0.38a 0.07de 3.482
0.392 0.06de 2.88bcd
0.392 0.06de 2.88bcd
0.37ab 0.752 1.75g
0.29abc 0.39b 2.20f
0.945 0.329 2.55
0.0883 0.0412 0.16

Means with the same letter for each trait are statistically equal, Tukey's test, P<0.05.
! Albumins; 2 Globulins; 3 Prolamins; * Glutelins; ° Total soluble protein content (g P / 100 g of flour).

Medias con la misma letra dentro de cada variable son estadisticamente iguales, Tukey, P< 0,05.
! Albiiminas; 2 Globulinas; * Prolaminas; * Glutelinas; ° Contenido total de proteina soluble (g P/100 g de harina).
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For the albumin fraction, the accessions
with the highest content were '"HRH2015',
with 1.61 g of protein / 100 g of flour
followed by 'ERH2015', with 1.44 g, and
'FVR12015', with 142 g The acces-
sions with the lowest contents were the
'regional landrace’, with 0.37 g, followed by
'RQ2015', with 0.95 g. Similar values were
found in a previous study (12).

The accessions with the highest globulin
fraction contents were 'HRH2015' (1.41 g),
'ROQUE2' (1.32 g), 'FRV2015' (1.28 g) and
'22015' (1.19 g); the accession with the
lowest globulin protein content was the
'regional landrace’ (control; 0.24 g).

The 'HRH2015' accession contained
high percentages of the albumin, globulin
and prolamin fractions, but a lower
percentage of the glutelin fraction,
making it suitable material for breeding.
The two first fractions were of better
protein quality (32). The 'MRH2015'
accession exhibited high percentages of
globulins and prolamins. The '"HRH2015',
'INIFAP-QPM', 'MRH2015', 'ROQUE2',
'22015" and 'FVR2015' accessions
contained high percentages of the globulin
fraction. Literature indicates that high
percentages of albumins and globulins
and a low percentage of prolamins are
indicators of the protein quality of acces-
sions, since the first two fractions are rich
in essential amino acids such as lysine
and tryptophan.

In OPACO-2, maize genes have been
introduced to restore grain hardness and
even low levels of a. Introduced quanti-
tative trait loci increase the expression
of y-zeins, which appears to restore grain
hardness (37).

Figure 1 shows the electrophoretic
pattern of the prolamin fraction (zein),
which is of interest for determining the
possible genetic differences between
the accessions. This fraction presented a
similar pattern among the obtained bands.
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Figure 1. Electrophoretic pattern of the
prolamin fraction. MM: Molecular weight
marker (kDa); 1: '12013', 2: 2.'22013’, 3.
‘A2013', 4. 'ROQUEZ2', 5. 'POL2015". At the
21 kDa marker position, two prominent
bands characteristic of this fraction
are shown.

Figura 1. Patron electroforético de la
fraccion de prolaminas. MM: Marcador
molecular (kDa) 1. Genotipo '12013,
2.'22013',3.'A2013', 4. 'ROQUE 2", 5.
'POL2015'. Ala altura del marcador
de 21 kDa se muestra dos bandas
prominentes caracteristicas de
esta fraccion.

The 'POL2015" accession showed a band
at 95.6 kDa, and the '12013" and '22013'
accessions showed a band at 77.8 kDa.
All accessions presented bands at 43.6,
39.2, 29.1, 23.7, 19.8 and 13.2 kDa, which
are characteristic of maize germplasms.
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Prolamins are small globular proteins with
a high cysteine content. High percentage
accumulation of zeins confers a poor
protein quality (37).

Figure 1 (page 20) shows some of
the differences between the accessions,
such as a missing prominent band in the
middle of the gel (45 kDa) in the '12013'
accession (third lane). Apparently, the
molecular weight of this band changes.
This characteristic could help to differen-
tiate the accessions.

Figure 2 shows the electropho-
retic pattern of the prolamin fraction;
a similar pattern is observed among
the bands of accessions 'FVR2015',
'ERH2015', '"HRH2015' and "MRH2015".
The 'INIFAP-QPM' accession presents a
band at 33.1 kDa that the other materials
do not present. Accessions 'FVR12015’,
'ERH2015' and 'HRH2015' present a
very intense band at 20.1 kDa. In general,
the pattern includes bands at 67, 45,
25, 20, 16 and 13.2 kDa. According to
Wu et al. (2012), the 22 and 19 kDa zein
bands are the most prominent storage
proteins. Additionally, high accumulation
of zeins results in a poor protein quality
according to these researchers.

The analysis of variance (not shown)
of the bromatological data (moisture, ash,
proteins, oil, fiber and carbohydrates)
showed significant differences for all
traits, indicating that atleast one accession
presented different characteristics for
some of the evaluated traits. These results
indicate that the accessions are not
related. The coefficients of variation were
good for the evaluated traits (13).

The average moisture trait value was
12.40%; the highest values were obtained
for accessions 'INIFAP-QPM' and '12015'
(13.11%), while the values for '22015'
(12.86%) and 'HRH2015' (12.45%) were
statistically equal.
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Figure 2. Electrophoretic pattern of the
prolamin fraction of 5 maize accessions.
MM: Molecular marker 1.-FVR12015,
2.-ERH22015, 3.-HRH2015 4.- MRH2015,
5.- INIFAP-QPM. At the 21.5 kDa marker
position, prominent bands of prolamins
are visible.

Figura 2. Patron electroforético de la
fraccion de prolaminas de 5 genotipos de
maiz. Donde: MM: Marcador molecular
1.-FVR12015,2.-ERH22015, 3.-HRH2015
4.- MRH2015, 5.- INIFAP-QPM. Ala altura
del marcador de 21.5 kDa se ven las
bandas prominentes de las prolaminas.

The average ash trait value was 1.27%;
the accessions with the highest values
(statistically equal) were '12015' (1.42%),
‘ERH2015" (1.36%), 'RQ2015" (1.33%),
'INIFAP-QPM'’ (1.32%), 'ROQUE2' (1.3%),
the 'regional landrace' (1.29%) and
'HRH2015' (1.26%). For the protein
trait, the average value was 8.55%; the
highest value was obtained for the '12015'
accession (10.44%), which exhibited an
excellent protein percentage that was
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20.55% higher than that of 'INIFAP-QPM'
and 35.8% higher than that of the 'regional
landrace'. In addition, it also showed high
ash and carbohydrate contents, constitu-
iting good material for breeding.

Accessions 'ROQUE2', 'PLO2015',
'22015', 'ERH2015' and the 'regional
landrace’ showed a low protein
content (7.64%), similar to those of
non-breeding maize varieties (21). The
mean oil percentage trait value was 2.7%;
accessions 'RQ2015' (5.2%), 'ERH2015'
(4.2%) and 'ROQUE2' (4.28%), showed
high oil content, while the accession with
thelowestoil contentwas'12015' (0.66%).
The mean fiber percentage trait value was
2.22%; the 'INIFAP-QPM' variety showed
the highest value for this trait (3.96%),
followed by '22015' (3.21%).

The observed ash contents were
consistent with the findings of Cazares-
Sanchez et al. (2015), who evaluated 41
native maize accessions from central-
northern Yucatin, México, and found
values of 1.12 to 1.83%. These findings are
consistent with those of Agama-Acevedo
et al. (2005), who evaluated pigmented
maize and found ash values of 1.1 to
1.6%. These results are within the range
established by the Codex Alimentarius
Commission, with a maximum of 3% (10).

Protein content ranged from 7.23 to
10.44%; this range has been reported
for different genotypes by others, such
as Narvaez-Gonzalez et al. (2006), who
observed contents between 6.8 and 14.2%,
and Diaz-Coronel et al. (2009), who found
protein values ranging from 10.6 to 12.2%
in five corn hybrids. These results indicate
that the protein content has a geneticbasis.
Vidal-Martinez et al. (2008) evaluated 45
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collections of maize landraces from "Sierra
de Nayarit", Mexico, where the highest
protein value was 12%. Vazquez-Carrillo
et al. (2010) observed 12.5% protein as
a maximum value in 26 maize landraces
from the Mezquital Valley, Hidalgo, Mexico,
similar to the percentage found in this
research. A high protein quality in maize is
caused by the synthesis of larger albumin
and globulin fractions, which consist of
lysine- and tryptophan-rich proteins,
while the zein content is decreased. This
means that the total protein content does
not vary quantitatively (33). Zeins are
the main fraction (up to 60%) of the total
endosperm protein (22). These results
show that some of the evaluated accessions
presented a good protein quality and seed
quality, supporting the hypothesis.

CONCLUSIONS

The results of the germination test
were superior to 80% for all acces-
sions. Accession "INIFAP-QPM" showed
susceptibility to the accelerated aging
test. The '"HRH2015' accession exhibited
the highest amount of soluble protein,
and the 'regional landrace' presented the
lowest. Accession '"HRH2015' showed high
albumin, globulin and prolamin contents;
the 'regional landrace' showed the highest
content of glutelins plus prolamins. The
'12015" accession showed the highest total
protein content, followed by 'HRH2015';
the lowest total protein content was
presented by 'RQ2015"' and the 'regional
landrace'. Accession 'RQ2015', on the
other hand, presented the highest oil
contentand '12015' the lowest. In terms of
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fiber content, the 'INIFAP-QPM' accession
presented the highest value. The average
ash content was 1.27%. The electro-
phoretic patterns of prolamins showed
some differences between accessions.
These maize accessions could be used
for breeding purposes. The 'HRH2015'
accession showed high performance in

study, except for glutelin content, and
this fraction does not provide essential
amino acids. Accessions 'HRH2015' and
'FVR12015"' were superior in protein
quality, and accessions ‘A2015', 'POL2015'
and 'FVR12015' were superior in seed
quality; therefore, these accessions could
be used in a future breeding program.

most of the evaluations conducted in this
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ABSTRACT

This work studied 40 samples of Diaporthe phaseolorum var. meridionalis (Dpm),
causal agent of stem canker in soybeans (SCS). In the susceptible genotype Golondrina65,
the isolate RSF12 showed the highest percentage of dead plant index (DP = 85.7 %) and
was used to characterize all known sources of resistance to Dpm. The soybean MJ19RR
experimental line showed, the best behaviour against this isolate with a DP = 2.4 % and
was used to develop a segregating population with the susceptible cultivar FT-2001. In
the F, generation, a chi-square test determined a 3:1 ratio of resistant plants against
susceptible plants, as expected for a dominant gene. In order to advance in our study, we
proposed as objective, to map the resistance to Diaporthe phaseolorum var. meridionalis.
The Bulked Segregant Analyses and the genetic linkage study identified a region on
chromosome 6 of the genetic map of soybean, located at 13.3 cM from the Satt433 locus
associated with resistance to SCS. The soybean experimental line MJ19RR was selected
as the best source of resistance, available in the active bank of soybean germplasm of
INTA, for the genetic control of this disease. The results obtained in this work represent
a first approximation for the understanding of the genetic basis of resistance to SCS.
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Diaporthe phaseolorum var. meridionalis » molecular markers ¢ fungal resistance e
Glycine max
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RESUMEN

En este trabajo estudiamos 40 muestras de Diaporthe phaseolorum var. meridionalis
(Dpm), agente causal del cancro del tallo en soja (CTS). En el control susceptible Golon-
drina65, el aislado RSF12 present6 el mayor porcentaje del indice de plantas muertas
(DP=85,7 %)y fue utilizado para caracterizar las fuentes de resistencia conocidas al Dpm.
La linea experimental de soja MJ19RR mostrd el mejor comportamiento frente a este
aislado, con un valor de DP= 2,4 %, y fue utilizada para desarrollar una poblacién segre-
gante con el cultivar susceptible FT-2001. En la generacion F, la prueba de chi-cuadrado
determiné una proporcién 3:1 de plantas resistentes versus plantas susceptibles, como
se espera para un gen dominante. Para avanzar en nuestro estudio, proponemos como
objetivo localizar en el mapa genético de soja la resistencia a Diaporthe phaseolorum var.
meridionalis. El Bulked Segregant Analyses y el estudio de ligamiento genético identifi-
caron una region del cromosoma 6 del mapa genético de soja, a 13,3 cM del locus Satt433,
asociada a la resistencia al CTS. Ademas la linea experimental de soja MJ19RR fue selec-
cionada como la mejor fuente de resistencia disponible en el banco activo de germo-
plasma de soja de INTA para el control genético de esta enfermedad. Los resultados
obtenidos en este trabajo representan una primera aproximaciéon para la comprension
de las bases genéticas de la resistencia al CTS.

Palabras claves

Diaporthe phaseolorum var. meridionalis « marcadores moleculares ¢ resistencia a
hongos ¢ Glycine max

INTRODUCTION

Soybean stem canker (SSC) is caused
by Diaporthe phaseolorum. First reported in
USA in 1940s, it was one of the pathogens
with major impact on soybean yield. A
variant named meridionalis was identified
in 1973 in southern USA with two different
stages: the asexual one as Phomopsis
phaseoli var. meridionalis in infected plant
tissue, and the sexual phase, as Diaporthe
phaseolorumvar.meridionalis(Dpm) onplant
detritus (14). In Argentina, D. phaseolorum v
ar. meridionalis was first reported in 1992
(7). It is currently distributed all over the
soybean production areas with four different
physiological breeds identified according to
response to inoculation of different resistant
cultivars (10).
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SSC resistance is controlled by five
major, dominant, nonallelic genes: Rdm1
and Rdm2 in cv. Tracy-M (11); Rdm3 in
cv. Crockett, Rdm4 in cv. Dowling and
cv. Hutcheson (2, 3) and Rdm5 in cw.
Hutcheson (20). The pyramiding of these
resistance genes could be the better
strategy for achieving control of all physi-
ological breeds causing SSC. In this sense,
marker assisted selection is a tool that
is currently available in most breeding
programs, however information about
mapped markers associated with resis-
tance to SSC is scarse.

With the objective of locating the
genetic resistance to Diaporthe
phaseolorum var. meridionalis in the
genetic soybean map, it was used a Bulked
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Segregant Analysis (BSA) strategy (13)
was used in a F2 population derived from
a simple cross between the MJ19RR x
FT-2001 genotypes.

BSA is a simple strategy used as first
approach to locate genomic regions
associated with important agronomic
traits. It is based on segregation disequi-
librium caused by genetic linkage and
consists in of comparing two DNA bulks
from plants of a segregating population
(generation F2) derived from a simple
cross or a backcross (generation BC1F2).

MATERIALS AND METHODS

Fungal isolation

D. phaseolorum var. meridionalis were
obtained from infected plants showing
typical SSC symptoms from soybean
production fields located in Cérdoba and
Santa Fe regions of Argentina, during the
2013/2014 harvest season. Isolation was
conducted by the method of Keeling (9).
D. phaseolorum var. meridionalis were
cultivated on potato dextrose agar (PDA)
plates at 27 + 2°C for 5 days, and then
maintained at room temperature for 45
days in order to induce perithecium fructi-
fication. Afterwards, the cultures were
maintained at 4°C. Morphologic charac-
terization considered the aspect of the
colony, the perithecium, the pycnidium
and whether a or  conidia were present
(5). Isolates fitting to D. phaseolorum var.
meridionalis description were subcul-
tured on new PDA media. Finally virulence
studies of each isolate were performed
by inoculation of the susceptible control
Golondrina65 under greenhouse
conditions.

Revista de la Facultad de Ciencias Agrarias

Plant Materials

The chosen genotypes included: the
susceptible control Golondrina65 and
the cultivars Tracy-M, Crockett, Dowling,
Hutcheson, MJ19RR, Hartwig, Pickett71,
FT-2001 and Peking. In addition, 147 F,
plants were obtained after crossing the
contrasting parents FT-2001 (susceptible)
and MJ19RR (resistant). This cross was
performed in INTA Marcos Juarez in
January 2015, 147 F, seeds were obtained
from a single F, plant.

Phenotypic screening

The toothpick method (9) was chosen
to screen response to SSC under green-
house conditions. For rating resistance
of cultivars against SSC, a random blocks
design was used with three replications
of 15 plants each. In order to rate the
147 F, plants, a complete randomized
design was performed. Three replicates
with 15 Golondrina65 plants randomly
distributed, of Golondrina65 were
included as positive controls to the inocu-
lation. Seven days after emergence, plants
were inoculated with Dpm mycelium
and kept at a 25-30°C temperature with
100% of relative humidity (RH) for 48 h.
Subsequently, the plants were maintained
in a greenhouse for 25 days before rate
disease severity was recorded. A longi-
tudinal section of the stem was taken to
measure pathogen penetration into plant
tissue (photo 1, page 29). Genotype resis-
tance was rated as the average value of the
percentage of dead plants index (% DP) in
three replicates using Equation 1:

(DP + 5)100 (1)

%DP = *100

where:

DP = number of dead plants
IP = number of infected plants
TP = total number of plants
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Four levels of disease severity were
established to rank cultivars response to
Dpm, according to percentage of death
plant index (% DP): resistant R = 0 to
14.9%, moderately susceptible MS = 15 to
49.9 %, susceptible S = 50 to 84.9% and
highly susceptible HS =85to 100% (11),F,
individuals were scored in two levels: as
resistant when no disease symptoms had
developed, and susceptible when disease
symptoms were present (photo 1).

DNA extraction

DNA was purified from leaf tissue (15)
and suspended in TE buffer (Tris-HCI
10 mM, EDTA 1 mM pH = 8). The
concentration was determined by means

of electrophoresis on 0.8% agarose gel
and comparison with standard samples.
For bulk segregant analysis, equimolar
solutions were obtained from 15 resistant
plants (resistant bulk: RB), and the 15
susceptible plants (susceptible bulk: SB).

PCR amplification

Genetic analysis was performed by PCR
amplification of 84 SSR markers covering
the 20 chromosomes of the soybean
genome (table 1, page 30). The selection
of the SSR was based on the location of
the clusters of disease resistance genes
previously reported (SoyBase, available
in: http://www.soybase.com, accessed,
September 2015).

Photo 1. Reaction of soybean genotypes 25 days after inoculation with D. phaseolorum
var meridionalis. A and B, resistant reaction in MJ19RR; C and D, susceptible reaction in
FT-2001, showing necrosis caused by fungal growth on hypocotyl plant.

Foto 1. Reaccion de genotipos de soja luego de 25 dias de la inoculacion con
D. phaseolorum var meridionalis. A y B, reaccion de resistencia en MJ19RR. Cy D,
reaccion susceptible en FT-2001, se observa necrosis causada por el hongo en el

hipocotilo de las plantulas.
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Table 1. Chromosome (Chr) and SSR markers used in the genetic characterization of
the parents MJ19RR and FT-2001.

Tabla 1. Cromosomas (Chr) y marcadores SSRs usados en la caracterizaciéon de los
parentales MJ19RR y FT-2001.

Chr SSR markers

1 Sat_036; Satt184.

2 Sat_069; Satt005; Sat_135.

3 Sat_125; Satt154; Satt584; Satt393.

4 Sat_042; Satt139.

5 Satt382; Satt545; Satt174.

6 Satt281; Satt079; Satt202; Satt316; Satt371; Satt307; Satt433; Satt460; Sct028; Satt277;
Satt286; Satt319; Satt357.

7 Satt245; Satt590.

8 Satt409; Sat_162; Sat_157; Satt632.

9 Sat_020; Sat_119; Satt518; Satt337.

10 Sat_108; Satt445.

11 Satt509: Satt415; Satt332.

12 Sat_118; Satt541.

13 Satt030; Satt516; Satt334; Satt657.

14 Satt063; Satt168; Satt416.

15 Sat_107; Sat_112; Satt384; Satt602; Satt369.
16 Satt596; Satt244; Sat_396; Satt285; Satt547.

17 Sat_001; Satt458; Satt301; Satt574.

Satt131; Satt309; Satt288; Sat_141; Sat_163; Satt505; Satt012; Satt472; Satt191; Satt517;

18 | Satt038; Satt130; Satt610; Satt503.

19 Satt182; Satt462; Satt652.

20 Satt440; Satt127.

Bold letters indicate polymorphic markers among both parents.
Letras en negrita indican los marcadores polimoérficos entre parentales.
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SSR amplification was conducted with
a GeneAmp PCR System 9700 (Applied
Biosystems, Framingham, MA, USA), using
a final volume of 15ul containing 50 ng of
DNA of the resistant bulk, the susceptible
bulk or the population parents, 1x GoTaq
Buffer Green (1.5mM of ClL,Mg), 0.2 mM
of each dNTPs, 1U of GoTaq polymerase
(PROMEGA, Madison, US), and 0.5 pm of
each primer. Amplification conditions were
as follows: 94°C for 120 s; 35 cycles of 92°C
for 45 s; 47°C for 45 s; 68°C for 45 s; and
68°C for 60 s. PCR products were separated
by electrophoresis on 12% polyacrylamide
gels, stained with ethidium bromide solution
(10 mg/ml) and visualized under UV light.
The correct size of amplicons was analyzed
by comparison with the reference genotype
Williams82 (SoyBase, available in: http://
www.soybase.com, accessed June 2016).

Linkage analysis

Linkage analysis was performed
with 147 F, plants derived from
the MJ19RR x FT-2001 cross. Map

construction was accomplished with
GQMol software (4), using distance unit of
Kosambi with 3.0 LOD score and maximum
recombination distance of 50 cM. Graphics
were obtained with GGT 2.0 software (21).

RESULTS

Fungal isolation

Plants from soybean fields, putatively
infected with Dpm were collected. Thirty
seven out of 40 samples, produced isolates
fitting Dpm description. These were used
to inoculate the susceptible control Golon-
drina65 in order to confirm their identity
and measure their virulence on soybean.
The isolates that produced % DP values
from 80% to 100% were considered highly
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virulent. The isolate RSF12 obtained in
Roman (29°30'49" S, 59°46'40" W), Santa
Fe, Argentina, produced the highest % DP
values and was selected for further analysis.

Reaction of MJ19RR to RSF12 isolate

The responses of susceptible control
Golondrina65 and nine soybean cultivars
(Tracy-M, Crockett, Dowling, Hutcheson,
MJ19RR, Hartwig, Pickett71, FT-2001,
Peking) to inoculation with RSF12 are
presented in table 2 (page 32). Eighty
five plants of Golondrina65 in six repli-
cates were inoculated. All these plants
presented typical SSC symptoms corre-
sponding to a highly susceptible reaction
(HS) with values % DP of 85.7 + 4.5. A
sub-set of four genotypes produced a
susceptible reaction (S) in terms of % DP:
Hartwig (69.3 + 3.4%), Pickett71 (67.7 +
4.2%), FT-2001 (67.3 + 2.1%) and Peking
(53.1+1.6%), while Dowling, Crockett and
Hutcheson produced a moderately suscep-
tible reaction (MS) with % DP values of
23.4 +0.8%, 20.5 £ 1.1% and 15.6 + 2.9%,
respectively. On the other hand, Tracy-M
and MJ19RR had a resistant reaction (R)
with % DP values of 12.5 + 2.5% and 2.4
+ 1.6%, respectively. It is noteworthy that
the MJ19RR was the only genotype that
presented no dead plants by inoculation
with SSC.

Inheritance of the resistance

The phenotypic analysis of 147 F,
plants by inoculation with Dpm isolate
RSF12 produced 113 and 34 plants
showing resistant and susceptible
reactions, respectively. The chi-square
value x2 = 0.28 < 3.86 at a p < 0.05
confirmed a 3:1 mendelian segregation
that fitted in with a frequency of a single
dominant gene (table 3, page 32).
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Table 2. Percentage of dead plant index (% DP) of soybean genotypes inoculated with
isolate RSF12 of Diaporthe phaseolorum var. meridionalis.
Tabla 2. Porcentaje del indice de plantas muertas (% DP) de genotipos de soja
inoculados con el aislado RS12 de Diaporthe phaseolorum var. meridionalis.

Cultivars Number of Plants % DP Reaction (11)
Golondrina65? 85 85.7 £+ 4.5 Highly Susceptible
Hartwig 41 69.3 +3.4 Susceptible
Pickett71 41 67.7 +4.2 Susceptible
FT-2001 45 67.3+2.1 Susceptible
Peking 38 53.1+1.6 Susceptible
Dowling 41 23.4+0.8 = Moderately Susceptible
Crockett 40 205+1.1 Moderately Susceptible
Hutchenson 45 15.6 £2.9 Moderately Susceptible
Tracy-M 42 12.5+25 Resistant
MJ19RR 40 24+1.6 Resistant

2 The susceptible control Golondrina65 was tested in six repetitions randomly distributed among the
soybean cultivars and the 147 plants of the mapping population.

2 El control susceptible Golondrina65 fue incluido en seis repeticiones distribuidas al azar entre los cultivares
y las 147 plantas de la poblacién de mapeo.

Table 3. Chi-square for the resistance locus Rdm,,. and the SSR markers in F, generation
of MJ19RR x FT-2001 and its positions (MP) in the soybean molecular map (19).

Tabla 3. Chi-cuadrado para el locus de resistente Rdm,, ..y los marcadores SSRs en
la generacion F, de MJ19RR x FT-2001 y sus posiciones (MP) en el mapa molecular de

soja (19).

Locus MP (cM) | Hypothesis Expected Observed X?
Satt079 117.8 1:2:1 36.75:73.50:36.75 | 39:66:42 1.66
Satt307 121.30 1:2:1 36.75:73.50:36.75 | 35:61:44 3.64
Satt433 128.30 1:2:1 36.75:73.50:36.75 | 39:82:26 4.26
Rdm 3:1 110.25:36.75 113:34 0.28

MJ19RR

Polymorphism detection

All the amplified fragments showed
the expected size as reported for the
reference genotype Williams 82. Out of all
84 SSR, 22 were polymorphic between the
parental cultivars MJ19RR and FT-2001
(table 1, page 30).
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In order to detect the SSR that
were close to the resistance gene, we
considered PCR sensitivity as reported for
bulk segregant analysis (13). The markers
Satt382 from Chr 5, Satt433 from Chr 6,
Satt182 from Chr 19, and Satt152 from Chr
3 were selected as candidates considering
low intensity amplification the resistant
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allele in susceptible bulk (SB) as a sign of
low recombination between the markers
and the resistance gene.

Mapping SSC resistance in MJ19RR

Out of the four markers (Satt382,
Satt433, Satt182 and Satt152) analyzed
in the 34 susceptible F, plants, only in
Satt433, the susceptible allele (a band
of 200 bp), was observed in 26 of the
34 plants; whereas in the remaining
eight plants, the resistant allele (290 bp)
was amplified. These latter plants repre-
sented recombination events between the
marker and the resistance gene (photo 2
and figure 2, page 35).

Eleven additional SSR were selected
from the Satt433 genomic region covering
about 40 cM, five of which produced
polymorphic bands in the parental
genotypes (table 1, page 30). Satt433,
Satt079 and Satt307 were included in the
analysis and the chi-square test confirmed
the segregation of theses markers with
mendelian ratio (table 3, page 32).
Using GQMOL the Satt433 marker was
positioned at 25.1 cM from Satt307 and at
34.2 cM from Satt079, whereas resistance
to SSC (Rde]wRR) was located at 13.3 cM
from Satt433 (figure 1, page 34). This
region has not been previously reported
as associated with SSC resistance.
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Photo 2. Satt433 amplification in 34 susceptible plants of mapping
population. R, resistant allele of MJ19RR, S. susceptible allele of FT-2001.
M, molecular weight marker.

Foto 2. Amplificacién de Satt433 en las 34 plantas susceptibles de la
poblacién de mapeo. R, alelo resistente de MJ19RR; S, alelo susceptible de
FT-2001. M, marcador de peso molecular.
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Figure 1. Section of chromosome 6 showing position of Rdm
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map (19). B, genetic map obtained in the present study.

Figura 1. Seccion del cromosoma 6 donde se localiza el locus Rdm

A, mapa de

MJ19RR’

referencia (19). B, mapa genético obtenido en el presente trabajo.

The recombination in the 34 suscep-
tible plants was evaluated with the
Satt079, Satt307 and Satt433 markers.
As shown in figure 2 (page 35), recombi-
nation in all analyzed locus, were observed.
Satt371 and Satt357, located in the distal
region of Chr 6, were monomorphic for
MJ19RR and FT-2001. It was not possible
to analyze recombination at the distal end
of this chromosome.

Resistance sources characterization

Nine soybean genotypes, among
which are all known sources of SSC
resistance, were analyzed with seven
SSR markers of the Chr 6 region where
Rdm, ., was mapped (figure 3, page 36).
The resistant allele from Satt433 was
amplified in MJ19RR, Tracy M, Crockett
and Dowling. The only resistant genotype
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that did not showed the resistance
allele was Hutcheson. Amplifications of
the loci Satt316 and Satt202 produced
the same alleles in MJ19RR, Tracy-M,
Crocket, Peking, FT-2001, Pickett71 and
Hartwig, except Tracy-M and FT-2001
that showed different alleles for Satt316.
With the Satt307 and Satt079 markers all
genotypes amplified different alleles than
MJ19RR, except Hutcheson and Dowling
for the Satt079 Ilocus. Analysis with
Satt371 marker showed the same allele in
MJ19RR, FT-2001, Pickett71 and Hartwig,
while Satt357 amplified the same allele
in all genotypes except in Hutcheson.
Overall, these results indicate that there
was no a clear relationship between the
studied haplotypes.
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Figure 2. Recombination in distal region of chromosome 6 in 34 susceptible plants
of mapping population. Orange fragments denote susceptible allele of FT-2001,
green fragments denote the resistant allele of MJ19RR blue fragments, denote
heterozygous regions.

Figura 2. Recombinacidn de la region distal del cromosoma 6 en las 34 plantas
susceptibles de la poblaciéon de mapeo. Los fragmentos naranjas indican el alelo
susceptible de FT-2001, fragmentos verdes indican el alelo resistente de MJ19RR

mientras que fragmentos azules indican regiones heterocigotas.
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Figure 3. A: allelic combination of the distal end of chromosome 6 in all known Dpm

resistance sources. Green fragments denote presence of alleles resistant of MJ19RR

B: percentage of dead plant index (% DP) with response to Dpm (RS12) inoculation.

Figura 3. A: combinacioén alélica del extremo distal del cromosoma 6 en todas las
fuentes de resistencia al Dpm conocidas; fragmento verde representa los alelos del

genotipo resistente MJ19RR. B: Porcentaje del indice de plantas muertas (% DP) como

respuesta a la inoculacién con Dpm (RS12).
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DiscusSION

This research presents the first
genomic approximation to stem canker
resistance using bulk segregant analysis.
The selection of SSR candidates according
to the intensity of the resistant allele
amplification in the susceptible bulk,
was efficient in localizing the genomic
region associated with the resistance.
This strategy allowed the identification
of the genomic region of interest, using
few polymorphic molecular markers,
a common situation when we used
domestic parental for develop mapping
population. When analyzing F, generation
of the mapping population, we showed
that the genetic resistance of MJ19RR was
the result of a single dominant gene. In
this case, the hypothesis was confirmed
considering 113 F, plants as resistant,
which did not show symptoms (immune),
while the remaining 34 susceptible plants
showed clearly identifiable symptoms
throughout the hypocotyls (photo 1, page
29). This stark contrast between resistant
and susceptible plants in the mapping
population leaves no doubt of the inheri-
tance of this gene and demonstrates the
consistency of the resistance reaction
of MJ19RR against an aggressive isolate
of Dpm.

The genotypic analysis located the
resistance at Chr 6, linked to Satt433
marker at 13.3 cM (figure 1, page 34).
The recombination between Satt433
and Rde]19RR in eight susceptible plants
suggested that resistance to SSC could
be located in the distal region of Chr 6
(figure 2, page 35). The lack of polymor-
phism between MJ19RR and FT-2001
at Satt371 and Satt357 prevented the
recombination study in the distal end of
the chromosome.

This region on Chr 6 of the soybean
map was previously reported as respon-
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sible for resistance to sudden-death
syndrome (6, 8, 16), to Phytophthora
sojae (12), to Asian soybean rust in
cv. FT-2001 (18). Also, resistance to
Heterodera glycines was mapped by
(1, 22). These findings support the idea
of a clustered location of resistance genes
related to biotic stress, which is very
valuable for breeding programs.

The presence of physiological breeds
of Dpm that show a differential response
to different Rdm genes was already
reported (17). They observed that there
are very aggressive breeds in Argentina
which are controlled only by the Rdm1
gene. However lower % DP values were
observed when this gene was accom-
panied by RdmZ2 in the Tracy-M genotype.
In our research, the Tracy-M showed %
DP values corresponding to the resis-
tance reaction (R), but Dowling, Crocket
and Hutchenson showed moderately
susceptible (MS) responses (table 2, page
32). This result suggests that RSF12 is a
very aggressive isolate, because it is only
controlled by Tracy-M (Rdm1/Rdm?2).

Although we are not aware of the
resistance source from where MJ19RR
originated, reaction similarities between
MJ19RR and Tracy-M could indicate that
both genotypes share a genetic base for
Dpm resistance. Using SSR markers, we
aligned the haplotypes of our parental
genotypes with all the possible Dpm resis-
tance sources known and their respective
reactions to RSF12 isolation (figure 3, page
36). The comparison of the genomic region
from distal end of Chr 6 for genotypes
MJ19RR and Tracy-M, showed similarities
for Satt357 locus between both genotypes.
In this sense, Tracy-M could be the sole
potential responsible for MJ19RR resis-
tance, considering that all the sources of
resistance was tested in this experiment.
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The RdmZ2 gene controls less aggressive
breeds which are also controlled by other
known genes (Rdm1,3,4) (17), while in
our research the RSF12 variant was only
controlled by Tracy-M genotype, a combi-
nation of Rdm1 and Rdm2 genes. In this
way if the resistance of MJ19RR derived
of Tracy-M, then it should be through the
Rdm1 gene. Nevertheless, the agronomic
difference of the % DP values between
MJ19RR (2.4%) and Tracy-M (12.5 %), the
lack of dead plants and the sole resistance
gene in MJ19RR, support the idea that
these genotypes have different genetic
basis for Dpm resistance.

Anyway, our experiments were unable
to determine if the MJ19RR response is
product of Rdm1, an allelic variation of
this, or a new gene of other locus.

Finally, in this paper we showed
that resistance of MJ19RR controls a
very aggressive Dpm variant through a
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Molecular versus morphological markers to describe
variability in sugar cane (Saccharum officinarum) for
germplasm management and conservation
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ABSTRACT

Sugarcane is one of the most important industrial crops in tropical and subtropical
regions. INTA (Argentina) administrates a Sugarcane Germplasm Bank and carries out a
breeding program. The current study was designed to assess the phenotypic and genetic
diversity among 65 sugarcane accessions selected from the INTA bank. Clustering and
ordination methods based on quantitative and qualitative morphological traits and SSR
data, were applied. Generalized Procrustes Analysis allowed evaluating the correlation
between relationships established with both markers. A good fit between dendrograms
and similarity matrices were revealed by high cophenetic coefficients (r=0.82, p<0.0001;
r=0.73, p<0.0001; r=0.82, p<0.0001 for phenotypic quantitative, phenotypic qualitative
and molecular data respectively). The presence of different reliable population structure
was observed when considering different data sources. Procrustes allowed finding those
accessions that should have been responsible for the low correlation found between the
individual configurations (73%). Both morphologic and molecular markers resulted
discriminative enough to differentiate among accessions. It was not possible, however,
to correlate associations of markers with the origin of materials. Phenotypic and genetic
distances based on morphology and molecular information serves to assist conservation
and organization of collection of materials, and the choice of parent combinations for
breeding purposes.
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RESUMEN

La cafa de azucar es uno de los cultivos industriales mas importantes de regiones
tropicales y subtropicales. El INTA (Argentina) administra un Banco de Germoplasma de
cafia de azudcar y lleva a cabo un programa de mejora. El presente trabajo fue disefiado
para estimar la variabilidad fenotipica y genética entre 65 accesiones de cafia de azucar
seleccionadas del INTA. Se aplicaron métodos de clasificacion y ordenamiento en el
analisis de datos morfolégicos y de SSR. EL Andlisis de Procrustes Generalizado permitié
evaluar la correlacion entre las relaciones establecidas a partir de ambos tipos de marca-
dores. Un buen ajuste entre los dendrogramas y las matrices de similitud fue soportado
por un alto coeficiente de correlacion cofenética (r=0,82, p<0,0001; r=0,73, p<0,0001;
r=0,82, p<0,0001 para datos cuantitativos, cualitativos y moleculares respectivamente).
La presencia de una estructura poblacional fue reconocida cuando se consideraron los
diferentes tipos de datos. El Procrustes permiti6 detectar aquellas accesiones que serian
responsables de la baja correlacion detectada entre configuraciones individuales (73%).
Tanto los marcadores morfoldgicos como los moleculares resultaron lo suficientemente
discriminativos para diferenciar accesiones. No obstante, no fue posible correlacionar
las asociaciones establecidas por los marcadores con el origen de los materiales. Las
distancias fenotipicas y genéticas basadas en informacion morfolégica y molecular
sera de utilidad para asistir en la conservacién y organizacion de los materiales de la

coleccién y elegir combinaciones parentales con propdsito de mejora.

Palabras claves

analisis multivariado e caracteres morfologicos e SSR e cafa de azicar e variabilidad genética

INTRODUCTION

Sugarcane is one of the most important
industrial crops in tropical and subtropical
regions. It is cultivated in more than 90
countries around the world, primarily
for its ability to store high concentra-
tions of carbohydrates to produce sugar
and biofuel. INTA (Instituto Nacional de
Tecnologia Agropecuaria) administrates
the main Sugarcane Germplasm Bank
in Argentina and conducts a breeding
program for this crop.

The germplasm bank fulfils aspects
related to  exploration, collection,
evaluation, preservation and germplasm
exchange. The core collection currently
includes 429 sugarcane accessions and
120 clones from an annex collection with
high Brix (total soluble solids) materials,
an attribute related to potential sucrose
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yield. Some morphological traits have
been measured to characterize these
materials aiming at improving ttheir
breeding value. However, these genetic
markers have several limitations including
low polymorphism, low heritability, late
expression, and vulnerability to environ-
mental influences. In addition, it is known
that morphological traits do not always
provide a sound measure of genetic
values and may not accurately reveal the
genetic variation in germplasm collec-
tions (13). Since germplasm provides
the raw material for breeders to improve
crop performance, knowledge on genetic
variability should be an auxiliary tool for
breeding and an important link between
the conservation and use of sugarcane
available genetic resources. Interesting
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genetic resources for breeders include
advanced material (e.g. pre-bred material,
breeding lines, adapted varieties, elite
materials) and research material (eg.
advanced core collections, mapping
populations).  However, researchers
and other users may be interested in a
wider range of materials. The conser-
vation of genetic diversity in germplasm
banks broadens the spectrum of
materials targeted for storage (14). The
usefulness of samples held in germplasm
banks is dependent on the degree and
quality of information connected to the
samples (14). Morphological markers
reflect variation of expressed regions
of genome while molecular markers
indicate variation of all genome including
expressed and non-expressed regions.
It has been reported that the patterns of
allelic variation in a species may be very
different for neutral markers compared
with genes under selection. Based on a
meta-analysis, Latta (2008) argued that
variability at neutral and selected loci
are not correlated because evolutionary
forces act differently on them. Reed and
Frankham (2003) showed only weak
correlation between neutral molecular
markers and morphological quantitative
measures of variation. A joint analysis of
morphological and molecular variability
would undoubtedly increase the resolving
power of the genetic diversity analysis of
the sugarcane germplasm bank. It would
also allow criteria for both, the choice of
progenitor combinations to maximize
the genetic variability of the progeny in
the breeding program and to maintain
variability of the germplasm collection.
For those purposes, it is necessary to deal
with a large number and different types
of variables. The multivariate analysis has
allowed the simultaneous evaluation of
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many traits by summarizing information
in few synthetic variables. It has also
permitted a better understanding of the
structure of the sugar cane germplasm
collection, helping to identify which
variables are more relevant in order to
identify relationships among accessions
(3). The current study was designed
to assess the phenotypic and genetic
diversity of 65 sugarcane accessions
selected from INTA's Germplasm Bank
(Tucuman, Argentina), determining both
the discriminating power and effec-
tiveness of different SSR primers for
sugarcane genotype identification and
the optimal SSR primer combination to
ensure unambiguous identification of a
set of sugarcane genotypes. In addition,
we also evaluated the correlation between
the sugarcane accessions relationships
established with both morphological
and molecular data in order to provide
guidance for future use of sugarcane
accessions in the breeding programme
and germplasm bank management.

MATERIALS AND METHODS

Sixty five sugarcane accessions from
the INTA Germplasm Bank (Tucuman,
Argentina) were included in this study
(table 1, page 43). Most of these genotypes
are of interest for breeding purposes in
Argentina due to their adaptability to
subtropical growing areas (short cycle and
early maturity). Some of these materials
are or were used as commercial varieties
in Argentina and other countries.

Three basic materials (identified as US)
were also included. Sugarcane accessions
were grown in the greenhouse under
controlled conditions.
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Table 1. Sugarcane accessions included in the genetic variability analysis and Province-
Country of origin (CO).

Tabla 1. Accesiones de cafia de azucar incluidas en el andlisis de variabilidad genética
y sus Provincias-Paises de origen (CO).

Variety Origin Variety Origin Variety Origin
LCP85-384 Louisiana, USA NA84-3471 Salta, Argentina TUC72-16 Tucuman, Argentina
LCP86-454 Louisiana, USA NA63-90 Salta, Argentina TUC74-6 Tucuman, Argentina
LCP85-376 Louisiana, USA NA76-128 Salta, Argentina TUC71-7 Tucuman, Argentina
HoCP85-845 Louisiana, USA NA73-2596 Salta, Argentina TUC68-18 Tucuman, Argentina
HoCP92-648 Louisiana, USA NA88-948 Salta, Argentina TUC67-24 Tucuman, Argentina
HoCP92-645 Louisiana, USA NA73-1454 Salta, Argentina TUC79-9 Tucuman, Argentina
HoCP92-624 Louisiana, USA CP48-103 Louisiana, USA TUCCP77-42| Tucuman, Argentina
HoCP89-888 Louisiana, USA CP68-350 Louisiana, USA TUC77-42b | Tucumadn, Argentina
HoCP91-552 Louisiana, USA CP70-1133 Louisiana, USA TUC78-39 Tucuman, Argentina
HoCP92-631 Louisiana, USA CP79-1380 Louisiana, USA TUC72-4 Tucuman, Argentina
HoCP91-555 Louisiana, USA NA84-3471 Salta, Argentina TUC69-2 Tucuman, Argentina
HoCP88-739 Louisiana, USA CP79-318 Louisiana, USA L91-281 Louisiana, USA
HoCP90-941 Louisiana, USA CP65-350 Louisiana, USA RA89-686 Argentina
US74-1011 USA CP57-603 Louisiana, USA RA87-2 Argentina
US74-1015 USA CP57-614 Louisiana, USA RA91-209 Argentina
US72-1289 USA CP72-2086 Louisiana, USA RA93-154 Argentina
L75-33 Louisiana, USA CP66-346 Louisiana, USA CP88-1834 Louisiana, USA
TCP81-3067 Tucuman, Argentina | CP62-258 Louisiana, USA F98-70 Tucuman, Argentina
TCP87-388 Tucuman, Argentina FAM81-820 Tucuman, Argentina F97-395 Tucuman, Argentina
NA84-3013 Salta, Argentina FAMS83-11 Tucuman, Argentina F97-786 Tucuman, Argentina
NA78-724 Salta, Argentina TUC80-7 Tucumdn, Argentina CP65-357 Louisiana, USA

Nco310 Sud Africa
Morphological traits

The accessions

A total of 59 morphological variables
from stem and leaf were evaluated. From
these, 43 correspond with sugarcane
UPOV (Union for the Protection of New
Varieties of Plants) descriptors, while 16
are descriptors defined by Wagih (2004).
Morphological traits comprised both
qualitative (43) and quantitative (16)
attributes. Most of these attributes (48)
are not subjected to selection in breeding
programs; 4 of them, related to stem traits,
are subjected to screening as primary
conditioning requisites, while other 7
are subsidiary traits related to leaves and
canopy (table 2, page 44-45).
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were planted in
2017-2018 in single raw evaluation
plots of 1 m length (50 cm spacing) at
the experimental greenhouse of Univer-
sidad Nacional de Salta (24°43'22" S and
65°24'74" W). Irrigation was provided at
appropriate time according to require-
ments. Data on measurable morpho-
logical characters, were recorded on year
after planting. Quantitative traits were
measured on five random stems for each
accession and data were averaged.

43



M. I. Pocovi et al.

Table 2. Qualitative and quantitative morphological markers assessed in 65 accessions
of sugarcane. Name, abbreviation and categories or units is indicated for each variable.

Tabla 2. Marcadores morfolégicos cualitativos y cuantitativos estudiados en 65
accesiones de cafia de azucar. Para cada variable se indica el nombre, abreviatura y la
categoria o unidades.

Plant Abbreviation Category and/or Units
Stool growth habit PC erec.t/semierect/intermediate/
semipostrate/postrate
Leaf canopy F very sparse/sparse/medium/dense
Intensity of green color of leaf canopy cv ligth/medium/dark
Depth of growth crack PRC absent/very shallow/shalow/medium/deep
Height of stalk TA Cm
Length of cane top LPSC Cm
Width of root band AZR Mm
Bud

triangular-pointed/oval/obovate/
Shape of bud FY pentagonal/
rhomboid/round/ovate/rectangular/beaked

Hairs of budsor

Group 1 P1
Group 2 P2
Group 26 P26
Group 4 P4
Group 16 P16
Group 8 P8 absent/present
Group 11 P11
Group 15 P15
Group 18 P18
Group 19 P19
Group 22 P22
Group 10 P10
Width of bud AY Mm
Width of bud wing AAY Mm
Bud groove CaY absent/present
Length of bud groove LCY short/medium/long
Depth of bud groove PCY very shallow/shallow/medium/deep
Position of bud tip in relation to growth ring PAY clearly below/intermediate/clearly above
Bud cushion (space between base of bud and leaf scar) GY absent or very narrow/narrow/medium/wide
Internode
Length of internode LE Cm
Diameter of internode DE Mm
Shape of internode FE cylindri.cal/tumescent/bobbin—shaped/conoidal/
obconoidal/concave-convex
Cross section of internode ST ovate/circular
Expression of zigzag alignment EZZ absent or very weak/weak/moderate/strong
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Table 2 (cont.). Qualitative and quantitative morphological markers assessed in 65
accessions of sugarcane. Name, abbreviation and categories or units is indicated for

each variable.

Tabla 2 (cont.). Marcadores morfolégicos cualitativos y cuantitativos estudiados en 65
accesiones de caifia de azuicar. Para cada variable se indica el nombre, abreviatura y la
categoria o unidades.

Plant
Wax ring
Waxiness

Length of leaf sheath

Distribution of hairs of leaf sheath
Number of hairs: group 57
Number of hairs: group 60

Length of hairs: group 57

Length of hairs: group 60

Hairs around leaf sheath

Length of hairs around leaf sheath
Density of hairs around leaf sheath
Adherence of leaf sheath

Shape of underlapping auricle

Shape of overlapping auricle

Size of underlapping auricle
Size of overlapping auricle

Shape of ligule

Ligule width
Density of ligule hairs: group 61

Length of hairs: group 61

Curvature

Width at the longitudinal mid-point
Midrib width

Ratio leaf blade width/midrib width
Length of leaf blade

Pubescence on margin of leaf blade

Serration on margin of leaf blade
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Abbreviation

AC
C

Leaf sheath
LV
DPV
P57
P60
LP57
LP60
PAV
LPAV
DPAV
AdV

FASY

FASP

TASY
TASP
Ligule

FL

Ali
DP61

LP61
Leaf blade

CHL

AL
AN
L/N
LL
PBH
ABH

Category and/or Units
Mm
absent or very weak/weak/moderate/strong

Cm

only dorsal/lateral and dorsal

absent or very few/few/medium/many/a lot
absent or very few/few/medium/many/a lot
short/medium/long

short/medium/long

absent/present

absent/short/medium/long
absent/scarce/medium/numerous
weak/medium/strong

transitional/deltoid /dentoid /unciform/
calcariform/ falcate/lanceolate

transitional/deltoid/dentoid /unciform/
calcariform/

falcate/lanceolate

Mm

Mm

strap shaped/deltoid/crescent-shaped/bow-
shaped/

asymmetrical, steeply sloping/asymmetrical
horizontal

Mm

absent or very sparse/sparse/medium/dense/
very dense

short/medium/long

arched at base/curved/curved tips/arched/
straight

Mm

Mm

Mm

Cm

absent or very sparse/sparse/medium/dense
absent/present
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All measures and observations
were carried out in the greenhouse and
laboratory by means of metric rule and
calipter or under stereoscopic binocular
loupe, by the same operators for each
attribute, considered stable enough for
the different genotypes.

SSR

Total genomic DNA was extracted from
young leaves (+1 in Kuijper's denomination)
(6) using a DNA Nucleospin II extraction kit

following the manufacturer protocol. The
quality and quantity of DNA was assessed
using a NanoDrop ND-1000 (Thermo
Fisher Scientific Inc,, Waltham, USA) with
1 ul sample. Based on the consistency
of band patterns obtained in a previous
study, twenty SSR primers were evaluated
(table 3). Polymerase chain reactions (PCRs)
and electrophoresis and gel staining were
carried out according to Pocovi et al. (2013)
The resulting banding pattern was scored
manually. Only consistent bands with strong
intensity were considered for the analysis.

Table 3. Simple Sequence Repeat (SSR) primers used for genotyping 65 sugarcane
accessions from the INTA Sugarcane Germplasm Bank (Tucuman, Argentina).

Tabla 3. Cebadores de Secuencias Repetitivas Simples (SSR) usados para el genotipado de 65
accesiones de cafia de aztcar del Banco de Germoplasma de INTA (Tucuman, Argentina).

SSR Repeat motif | Size range (bp)
NKS26 (TG)18 194-164
mSSCIR19 (GA)23 130-160
NKS38 (AG)15 92-292
NKS 23 (GA)18 113-498
NKS34 (GT)18 (A)31 131-214
mSSCIR16 (GA)18 130-300
SMC703BS (CA)12 186-229
mSSCIR3 (GT)28 171-187
mSSCIR18 (GA)23 170-200
SMC766BS (CA)20(GA)16 170-270
SMC7CUQ (CA)10(C)4 160-170
mSSCIR78 (GTT)6 150-310
mSSCIR34 (GA) 130-300
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Forward primer (5'-3")

Annealing T

Reverse primer (5'-3")

54 GTT CTC GAC ATG GGC CTACT
CTG CACTTT CGG TCCTTT TT
48 GGT TCCAAAATACACAAA
CAA TCT TAT CTA CGCACT T
55 TGAACT CGG CAACAGTTTTT
CCC ACC AAG TCG TTC TGA AT
54 TAAACC CCC GAAAAAGAACC
TCC GGA GGT AGA TCC ATT TG
58 CGT CTT GTG GAT TGG ATTGG
TGG ATT GCT CAG GTG TTT CA
54 TGG GGA GGG CTGACT AGA
GGC GGT ATA TAT GCT GTG
62 GCCTTT CTC CAAACC AATTAGT
GTT GTT TAT GGA ATG GTG AGG A
60 AAT GCT CCCACA CCAAAT GC
GGA CTA CTC CAC AAT GAT GC
52 GGG TGT TCT GTT GAGCA
GAG GTA GGA GGG AGT GTT
60 TTA CTC GGC TGG GTT TTGTTC
TAA GAA TCG TTC GCT CCA GC
60 GCCAAA GCAAGG GTCACTAGA
AGC TCT ATC AGT TGA AAC CGA
48 TGCCTTAAC CGT GACATC
GAGGACGAGGAGCAGAA
56 ATCGCCTCCACTAAATAAT
TTGTCTTTGCTTCCTCCTC
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Despite being co-dominant, SSR
markerswerehere consideredasdominant
markers, because in highly polyploid
genomes such as that of sugarcane, the SSR
markers difficulty distinguish the alleles
of homologous chromosomes, making
it difficult to determine heterozygosity
or homozygosity at any particular locus.
From this assumption, each band was
treated as a unit locus and a binary system
was considered scoring each individual
for presence (1) or absence (0) of a band.

Statistical multivariate analysis

Clustering methods

For quantitative variables, pheno-
typic relationships between pairwise
of sugarcane accessions were assessed
using Euclidean distance calculated with
their standardized means. To measure
similarities between pairwise of genotypes
on the basis of multistate qualitative traits,
the Simple Matching Coefficient was used
(25). For molecular data, relationships
between pairwise of accessions were
estimated using the Jaccard Coefficient.
In the three cases, the accessions were
then clustered by the Unweighted Pair-
Group Method with Arithmetic Averages
(UPGMA). Cophenetics values matrices
(25) of the UPGMA clustering were used to
test goodness-of-fit of the clustering to the
similarity matrix on which it was based, by
means of computing the product-moment
correlation (r) with 1000 permutations
(Mantel, 1967). The relative support
for the different groups and stability
of the dendrograms were assessed by
bootstrap analyses (1000 replicates).
Bootstrap values exceeding a 50% cut-off
are indicated above the corresponding
clusters in the respective figures.
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Ordination methods

A principal Component Analysis (PCA),
using the canonical Euclidean distance
from quantitative morphological data, was
carried out. The ordination was visualized
simultaneously by means of biplots where
sugarcane genotypes and variables were
represented in a common space. For quali-
tative morphological and molecular data,
genetic similarities matrices were used
to perform Principal Coordinate Analysis
(PCoA). According to Cliff (Franco and
Hidalgo, 2003), only those coordinates
whose accumulated values accounted for
70% or more of the total variance were
considered. To facilitate the understanding
of the relationships sugarcane accessions,
geometrical representations were obtained
using Minimum Spanning Trees (MST).

In order to establish agreement or
consensus between relationships among
observations derived from morpho-
logical and molecular data, a Generalized
Procrustes Analysis (GPA) was carried out.

Statical analyses were performed
using Infostat v.2013 (9) and DARwin
6.0.0 software program (20).

RESULTS AND DISCUSSION

Phenotypic variability based on
quantitative traits

The highest distance value was
estimated between the genotypes
TUC79-9 and TCP81-3067 (10.79). In
opposition, HoCP88-739 and HoCP91-555
were very close to each other showing the
lowest Euclidean distance value (0.48).
Non-Euclidean distance between pairs of
accessions was zero meaning that quanti-
tative traits included in this study were
sufficiently discriminative to differentiate

47



M. I. Pocovi et al.

unequivocally among all the accessions.
The dendrogram generated with UPGMA
cluster analysis of de Euclidean distance
matrix, revealed nine clusters with more
than 50% bootstrap values (figure 1).
Probably, the small number of clusters
supported by bootstrap can be explained
due to many pair-wise genetic similarity
coefficients with intermediate values,
which allow several similar variants for
dendrogram branching.

The cophenetic correlation between
the dendrogram and the similarity matrix

Detail analysis of the cluster's compo-
sition does not show association patterns
related to the origin or other agronomic
characteristics of the materials. This result
is interpreted because of the nature of the
descriptors investigated, given that most
of them are not associated with selection
objectives of breeding. This fact can also
explain the confusion of basic materials
(US) with commercial ones.

The PCA analysis allowed reducing the
set of correlated quantitative variables to
a small number of linear combinations of

was significant (r=0.82; p<0.0001) these variables (principal components)
revealing a high degree of fit. such as expected (3).
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Nine clusters showed in blue are those supports with more than 50% bootstrap values.
Los nueve grupos mostrados en azul son aquellos soportados por valores de bootstrap mayores a 50%.
Figure 1. Dendrogram (UPGMA) constructed with Euclidean distances based on
quantitative morphological data.
Figura 1. Dendrograma (UPGMA) basado en datos morfolégicos cuantitativos
construido a partir de distancias Euclideas.
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The first four principal components
(PCs) had eigenvalues higher than one.
The first and second synthetic variables
(PC1 and PC2) explained 45% of the
total variability. PC1, with an eigenvalue
of 4.74, would contain equivalent infor-
mation from at least four original quanti-
tative variables. PC2, with an eigenvalue
of 2.47, corresponded to two variables.
According to Bhanupriya et al. (2014),
characters with largest absolute value
(eigenvectors) closer to unity within the
first principal component, influence the
clustering more than those with lower
absolute value closer to zero. In the
present study, differentiation of sugarcane
accessions into different groups in PC1 can
be explained because of the contribution
of leaves descriptors (Leaf sheath length,
Ligule width, Midrib width, ratio Leaf blade
width/Midrib width, with eigenvalues of
0.30, 0.35, 0.30, 0.35, respectively) and
cane traits (Internode diameter, Bud width,
Length of the cane top with eigenvalues
of 0.34, 0.25, 0.45, respectively) Except
for diameter, the other descriptors
influencing on PC1 are not primary but
subsidiary traits for breeding. According
to Gutiérrez-Miceli et al (2002), the
internode diameter is correlated with the
sucrose content, so in the case of diameter
it should be also considered that the
range of the sample is strongly limited for
being commercial type materials. These
facts reinforce confounding associa-
tions discussed previously. According to
Mohammadi and Prasanna (2003) when
the total variation explained by the first
two or three PCs is smaller than 25%, PCA
provides faithful portrayal of the relation-
ships between major groups of lines, but
distances between closer genotypes are
often distorted. In this study, PC1 and PC2
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explained 45% of the original variation
and allowed a better understanding on
the structure of sugarcane genotypes. PC1
accounted for 30% of the morphological
variation. Twenty of the 26 accessions
(77%) classified in the first cluster
(UPGMA) were grouped to the left of PC1,
these genotypes would have greater ratio
Leaf blade width/Midrib width than those
on the right of CP1 (figure 2, page 50).
According to Di Rienzo et al. (2013), the
orthogonality of the principal components
ensures that CP2 provides new infor-
mation on variability compared to that
provided by CP1. In this study, genotypes
that could not be differentiated by leaf
traits on PC1 could be identified by PC2,
being stem height the main attribute
associated to this component. Accession
CP48-103 is the genotype with greater
stem height.

Again, in this study, PCA analysis could
not clearly differentiate materials according
to their origin or nature (US) based on the
morphological descriptors investigated.

Phenotypic variability based on quali-
tative traits

Morphological qualitative traits were
also discriminative. Although some pairs
of sugarcane accessions were phenotypi-
cally very close, with dissimilarities coefti-
cients near zero (0.102), none of them
showed a zero value. The histogram of
pairwise dissimilarity from the qualitative
data indicates a normal distribution.
The dissimilarity coefficients ranged
from 0.102 to 0.731. The fact that most
of the dissimilarity coefficients ranged
between 0.35 and 0.50 can probably
explain that few internal branches (3) in
the dendrogram (UPGMA) supported by
bootstrapping (figure 3, page 51).
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TA: Height of stalks; LPSC: Length of cane top; AZR: Width of root band; AY: Width of bud; AAY: Width of bud
wing; LE: Length of internode; DE: Diameter of internode; AC: Wax ring; LV: Length of leaf sheath; TABY: Size
of underlapping auricle; Ali: Ligule width; AN: Midrib width; L/N: Ratio leaf blade width/midrib width; LL:
Length of leaf blade.

TA: Altura de tallo; LPSC: Longitud parte superior de la cafia; AZR: Anchura de zona radicular; AY: Anchura de
yema; AAY: Anchura del ala de la yema; LE: Longitud del entrenudo; DE: Didmetro del entrenudo; AC: Anillo
ceroso; LV: Longitud de la vaina; TASY: Tamafio auricula subyacente; Ali: Anchura de la ligula; AN: Anchura de la
nervadura principal; L/N: Anchura del limbo/Anchura de la nervadura principal; LL: Longtud del limbo.

Figure 2. PCA biplot of 16 quantitative morphological traits with 65 sugarcane
accessions and eigenvalue vectors for the traits.

Figura 2. Biplot PCA de 16 caracteres morfologicos cuantitativos con 65 accesiones y
vectores de autovalores para los caracteres.

The cophenetic correlation between
the dendrogram and the similarity matrix
was significant (r=0.73; p<0.0001)
indicating a good agreement between
the graphical display of distances and
the original matrix, supporting the visual
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inferences suggested in figure 3 (page 51).
None of the sugarcane accession pairs
with minimum and maximum distance
values coincided with genotype pairs that
appeared closer and more distant on the
bases of quantitative data.
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Numbers shown in clusters indicate those supported with more than 50% bootstrap values
(clusters shown in green).
Los nimeros mostrados en los grupos indican aquellos agrupamientos soportados por mas de 50% de
valores de bootstrap.
Figure 3. Dendrogram (UPGMA) constructed with Simple Matching Coefficients based
on qualitative morphological data.
Figura 3. Dendrograma (UPGMA) basado en datos morfol6gicos cualitativos utilizando
el Coeficiente de Simple Matching.
These differences could be explained when phenotypic relationships are

because both types of quantitative and
qualitative descriptors have different
genetic bases and imply different genomic
regions. It is expected that qualitative traits
are mainly under monogenic or oligogenic
control, conversely, quantitative traits
have more complex genetic base as they
are usually governed by multiple genes
and their interactions (7). A much wider
genomic area is expected to be considered
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estimated from quantitative data.

As in the case of the analysis based on
quantitative traits, it was not possible to
distinguish associations between quali-
tative based arrangements with the origin
of materials. US 74-1011 and US72-1289
appear closely related and separated
of commercial type accessions, while
US74-1015 appears confounded with
commercial types in a separate group.
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PCA results based on qualitative
data were not considered due to eigen-
values lower than 1, meaning that no PC
explained even an original variable and
small proportion of variance accounted for
by the first two components (21%). ACP
based on these qualitative data seemed
to be inefficient to conglomerate defined
sugarcane accessions groups.

Genotypic variability based on SSR

With 13 SSR primers, a total of 107
bands were detected of which, 94% were
polymorphicamong the studied sugarcane
accessions.

The dissimilarity matrix, calculated from
binary data, expressed the similarity pair

to pair between sugarcane genotypes. The
histogram of frequency distribution of the
pairwise genetic distances fitted a normal
distribution. Distance coefficients values
among a total of 1711 pairs of genotypes
showed an overall mean of 0.43. Of note, no
dissimilarity value was zero, indicating that
SSR included in this study were sufficiently
discriminative for the sugarcane acces-
sions. Most of the pairs of genotypes showed
distances between 0.4 and 0.5, which allowed
several similar variants for dendrogram
branching and probably could explain the
small number of clusters supported by
bootstrap. Clustering percentage values
above 50% for 1000 bootstrap cycles
occurred in only seven groups (figure 4).

Numbers shown in clusters indicate those supported with more than 50% bootstrap values.

Los nimeros de los clusters indican aquellos grupos con valores de bootstrap mayores a 50%.

Figure 4. Consensus dendrogram (UPGMA) constructed with dissimilarity genetic
distances based on SSR data.
Figura 4. Dendrograma consenso (UPGMA) construido sobre la base de datos SSR utili-
zando medidas de disimilitud genética.
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These dissimilarities values are like
those reported by other authors in this
species (18). According to the information
indicated in table 4, we suggest that
thirteen pairs of sugarcane accessions,
with dissimilarities values higher than
0.65, might be considered as parental
combinations accessions in the Breeding
Programme, and thus, it could to some
degree, benefit the broadening of the
genetic basis in sugarcane hybridization.
According to You et al (2013), the
innovation of parents with higher genetic
diversity showed a positive role in
sugarcane breeding programs in China.
They suggested that more attention should
be paid in the future to the selection of new
parents in sugarcane hybrid breeding.

Differences were clear within clusters
derived from quantitative morphological
and molecular data. In both cases, cophe-
netic correlation coefficients were 0.82
indicating a high correlation between

Table 4. Pairs of sugarcane accessions,
with dissimilarities values higher than or
equal to 0.60.

Tabla 4. Pares de accesiones de cafia de

azucar con valores de disimilitud mayores
o iguales a 0,60.

Pairs of sugarcane accessions D=1-S,.l.
F97-395 NA78-724 0.65
F97-395 L75-33 0.64
RA91-209 NA78-724 0.64
CP57-603 NCo310 0.63
RA91-209 L75-33 0.63
L75-33 HoCP91-555 0.62
TCP81-3067 LCP85-376 0.62
CP68-350 NA78-724 0.61
NA73-1454 NA78-724 0.61
TUC72-16 NA78-724 0.60
FAM83-11 L75-33 0.60
CP79-1380 L75-33 0.60
NA78-724 US74-1011 0.60
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cophenetic distances and input distance
matrices obtained from the data. Since
cophenetic distance between two acces-
sions is the distance at which two
genotypes are first clustered together
in a dendrogram from the bottom to
the top (19), the cophenetic corre-
lation coefficient, therefore, measures
the relationships between the original
pair wise distances between accessions
(true distance) and pair wise distances
predicted using dendrogram. In both
cases, dendrograms corresponded graphi-
cally to 82% of the dissimilarity matrices.
According to Odong et al. (2011) cophe-
netic correlation coefficient < 0.8 is an
indicator for strength of subgroup differ-
entiation. Our results showed the presence
of different reliable population structure
in the studied sugarcane accessions when
morphological and molecular data were
considered. The phenotypic variation
does not always follow the genetic pattern
of variation and diversity of plant popula-
tions. The lack of congruence between
morphological and genetic diversity has
been reported in different plant species
(1, 24).The different clustering can be
explained due to a partial and insuf-
ficient genome representation when
morphological data are used. Semang
(2000) explained the lack of correspon-
dence between molecular and morpho-
logical results, when stated that molecular
markers cover a larger proportion of the
genome, (including coding and noncoding
regions), than the morphology ones. In
addition, a large portion of the genetic
variation detected by molecular markers
is non-adaptive and, therefore, they are
not subjected to either natural or artificial
selection as many morphological traits.
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Differences in clustering can also be
explained due to an absence of linkage
between the loci that control the studied
morphological characters and the
evaluated SSR markers.

The first PCo summarized most of the
variability present in the original data (28%)
relative to all remaining PCos. The second PCo
explained 9% of the variability and because

PCos are orthogonal and independent to each
other;, they reveal different properties of the
original data. According to Cliff criterion (10),
the first 10 PCos explained 70% of cumulative
variance, but only the first five showed eigen-
values equal to or greater than one. The
minimum spanning tree (MST) imposed on
the PCoA improved the representation of
sugarcane relationships (figure 5).
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The numbers in parenthesis refer to the proportion of the variance explained by the main coordinates. The
blue and red circles indicate the different groups of PC1 and PC2, respectively. The colour of the accessions is
related to their origin (blue: Louisian, USA; green: Salta, Argentina; Fuchsia: Tucuman, Argentina; red: USA).

Los numeros entre paréntesis indican la proporcion de la varianza explicada por la coordenada principal. Los
circulos azul y rojo muestran los diferentes grupos en PC1 y PC2 respectivamente. El color de las accesiones esta
relacionada con su origen (azul: Luisiana, USA; verde: Salta, Argentina; Fuccia: Tucuman, Argentina; rojo: USA).

Figure 5. Arrangement by Minimum Spanning Tree (MST) in the plane of the
coordinates PC1 and PC2 of the 67 sugarcane accessions based on SSR data.

Figura 5. Arbol de recorrido minimo (ARM) con proyeccién en el plano de las
coordenadas PC1 y PC2 de las 67 accesiones de cafia de azicar basada en datos de SSR.
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Although it was computed on the full
dimension of data, the MST provided infor-
mation about the quality of the projection
on the low dimensional space, showing
relationships that may have not been seen
by inspection on the reduced space.

According to Balzarini et al. (2011) if
many branches and segments cross each
other, it suggests distortion problems in
the projection which could bias regular
interpretations. Even PCo2 explained only
9% of the variability; there is a group of
accessions projected onto PCo2 that is
clearly differentiated from the rest of
the accessions (TUC 80-7; TUC72-16;
CP68-350; CP70-1133 and HoCP85-845).

Qualitative morphological traits vs
molecular markers

The distribution of values for morpho-
logical and genetic dissimilarity (calculated
with qualitative traits and SSRs data) did
not differ substantially. The distribution
based on morphological data was slightly
biased toward small values of distance
(figure 6). Differences in the frequency
distributions indicate that both types of
markers detected a distinct pattern of
association between sugarcane accessions.
Consequently, complementary studies
based on morphological and SSR will
provide relevant information for estab-
lishing relationships among plant materials
and a better description and interpretation
of the available variability in germplasm
banks and breeding programmes, as well
as a foundation for promoting breeding
and for germplasm conservation.
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Figure 6. Frequency distribution of genetic dissimilarity among pairwise combinations
of 65 sugarcane accessions based on morphological and SSR.

Figura 6. Distribucion de frecuencias de disimilitudes genéticas entre pares de
combinaciones de 65 accesiones de cafa de aztcar basada en datos morfolégicos y SSR.
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Generalized Procrustes Analysis (GPA):
Consensus between morphological and
molecular data

GPA allowed a deeper study of the
relationships among relative ordinations
of the same sugarcane accessions under

morphological and SSR data. Gower's
(1975) recommended calculating an
ANOVA to comparatively break down the
total sums of squares into the between
and within configurations.

Table 5. ANOVA Consensus between molecular and morphological ordinations.
Accessions in bold showed the greatest discrepancy between the morphological and
SSR data due to their higher relative values of Residual Sum of Squares (RSS).

Tabla 5. ANOVA Consenso entre ordenamientos basados en marcadores moleculares y
morfoldgicos. Las accesiones en negrita mostraron las mayores discrepancias entre datos
morfoldgicos y de SSR debido a sus valores de Sumas de Cuadrados Residuales (SCR) mas altos.

Consensus Residue Total S::;(?:tjgrsl
LCP85-384 0.014 0.007 0.021 0.673
LCP86-454 0.018 0.012 0.030 0.598
LCP85-376 0.031 0.013 0.044 0.706
HoCP85-845 0.014 0.007 0.021 0.673
HoCP92-648 0.022 0.010 0.031 0.684
HoCP92-645 0.022 0.009 0.031 0.701
HoCP92-624 0.011 0.007 0.018 0.628
HoCP89-888 0.016 0.012 0.027 0.576
HoCP91-552 0.018 0.008 0.026 0.675
HoCP92-631 0.024 0.004 0.028 0.852
HoCP91-555 0.012 0.018 0.030 0.406
HoCP88-739 0.014 0.009 0.023 0.604
HoCP90-941 0.040 0.009 0.050 0.816
US74-1011 0.050 0.006 0.056 0.890
US74--1015 0.030 0.007 0.037 0.800
US72-1289 0.030 0.008 0.038 0.784
L75-33 0.021 0.008 0.029 0.733
TCP81-3067 0.036 0.013 0.049 0.729
TCP87-388 0.023 0.006 0.029 0.781
NA84-3013 0.015 0.010 0.025 0.608
NA78-724 0.014 0.016 0.030 0.460
NA84-3471 0.026 0.008 0.034 0.763
NA63-90 0.028 0.008 0.036 0.778
NA76-128 0.028 0.006 0.034 0.816
NA73-2596 0.012 0.008 0.020 0.581
NA88-948 0.024 0.005 0.029 0.835
NA73-1454 0.032 0.015 0.047 0.680
CP48-103 0.037 0.009 0.046 0.814
CP68-350 0.023 0.007 0.030 0.755
CP70-1133 0.016 0.005 0.021 0.763
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Table 5 (cont.). ANOVA Consensus between molecular and morphological ordinations.
Accessions in bold showed the greatest discrepancy between the morphological and

SSR data due to their higher relative values of Residual Sum of Squares (RSS).

Tabla 5 (cont.). ANOVA Consenso entre ordenamientos basados en marcadores
moleculares y morfologicos. Las accesiones en negrita mostraron las mayores
discrepancias entre datos morfoldgicos y de SSR debido a sus valores de Sumas de

Cuadrados Residuales (SCR) mas altos.

CP79-1380
CP79-318
CP65-350
CP57-603
CP57-614
CP72-2086
CP66-346
CP62-258
FAM81-820
FAM83-11
TUC80-7
TUC72-16
TUC74-6
TUC71-7
TUC68-18
TUC67-24
TUC79-9
TUC77-42
TUC78-39
TUC72-4
TUC69-2
L91-281
RA89-686
RA87-2
RA91-209
RA93-154
CP88-1834
F98-70
F97-395
F97-786
CP65-357
Total
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Consensus

0.019
0.016
0.018
0.043
0.021
0.034
0.026
0.034
0.018
0.049
0.019
0.033
0.016
0.018
0.028
0.024
.0.020
0.016
0.026
0.024
0.014
0.020
0.031
0.033
0.011
0.025
0.0.18
0.025
0.014
0.014
0.014
1.459

Residue

0.008
0.003
0.007
0.007
0.011
0.007
0.011
0.010
0.012
0.005
0.011
0.010
0.018
0.010
0.008
0.012
0.006
0.005
0.008
0.006
0.008
0.006
0.009
0.009
0.020
0.010
0.006
0.005
0.003
0.004
0.005
0.541

Total

0.027
0.019
0.024
0.051
0.032
0.040
0.037
0.044
0.030
0.055
0.030
0.043
0.034
0.027
0.037
0.036
0.026
0.021
0.034
0.030
0.023
0.026
0.040
0.041
0.030
0.035
0.024
0.029
0.017
0.017
0.020
2.000

Consensus
proportion
0.690
0.828
0.726
0.858
0.651
0.834
0.706
0.769
0.594
0.900
0.635
0.761
0.476
0.649
0.772
0.661
0.769
0.770
0.775
0.791
0.629
0.765
0.778
0.788
0.356
0.702
0.757
0.841
0.798
0.798
0.733
0.730
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According to Bramardi et al. (2005),
the latter is broken into the consensus and
the residual sum of squares. This residual
sum of squares measures the divergence
between the two points corresponding
to the morphological and molecular
characterization to the consensus one,
respectively (table 5, page 56-57). The
ratio between the consensus value (1.459)
and the total sum of squares revealed a
consensus of 73% between molecular and
agronomic ordinations (2).

This percentage of consensus is an
univariate measure of association between
both groups of markers. According to table
5, accessions in bold letter are those that
have shown a high discrepancy between
morphological and molecular data, because
they have grater residual sum of square
values, therefore they should have been
responsible for the low correlation found
between the individual configurations.
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The continuous green line indicates the MST based on morphological data and the black dotted line; the MST
based on molecular data.

La linea verde indica el ARM obtenido con datos morfolégicos y la linea discontinua negra, el ARM basado en
datos moleculares.

Figure 7. Configuration of consensus matrix of GPA between morphological and
molecular data with Minimum Spanning Tree (continuous black line).

Figura 7. Configuraciéon consenso GPA con datos morfolégicos y moleculares que
incluye el Arbol de Recorrido Minimo (ARM) en linea negra.
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The consensus configuration of GPA
with Minimum Spanning Tree (MST) is
presented in figure 7 (page 58). The large
number of accessions included in this study
and the close genetic relationship among
materials, hinders the identification of
individuals in the consensus configuration.

In most of the references found for
sugarcane, the assessment of the genetic
variability is based, independently, on the
analyses of morphological or molecular
markers data.

Some papers estimate a correlation
coefficient between distance matrices.
According to Demey (2008), conclusions
based only on correlation coefficient
values can be inaccurate since the corre-
lation is not only affected by the size of
the compared samples but also because
the configurations belong to the same
reference system.

CONCLUSIONS
Based on results formerly presented

and discussed, we propose the following
general conclusions:
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Water and radiation productivity in different cropping
sequences in the north center of Santa Fe

Productividad del agua y la radiacion en diferentes secuencias de
cultivos en el centro norte de Santa Fe
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ABSTRACT

Dry matter and grain productions depend on the ability of crops to capture resources.
Productivity of resourses is defined based on the amount of grain or dry matter
produced per unit of available resource (solar radiation or rainfall) during the year. Our
main objective was to evaluate the effect of different crop sequences on the productivity
of water (WP) and radiation (RP) resources for grain production and total dry matter
(DM). The trial was carried out during 2014/15 and 2015/16. Nine sequences were
established, including different cultures and fertilization doses with a 25, 50 or 75 %
-variable-participation of grasses.

Increases of the order of 125 and 125 % were determined in WP, and of 141 and
142 % for RP for grain and DM respectively, in the sequence b/fc-w/s respect v/s-w/s
(b: barley; w: wheat; s: soybean; v: vicia; fc: fertilized corn). The results showed that the
sequences of crops that included higher percentage of grasses and the adequate fertil-
ization, increased water and radiation efficiency and productivity, achieving a greater
contribution of carbon from crop residues.

Keywords
water use efficiency ¢ radiation use efficiency ¢ soybean e wheat ¢ vicia e corn ¢ barley
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RESUMEN

La produccion de MS y grano dependen de la capacidad de los cultivos para capturar
recursos. Para estudiar la eficiencia a nivel de la secuencia de cultivos se define la
productividad de los recursos basada en la cantidad de granos o materia seca producidos
por unidad de recurso (radiacion solar o lluvias) disponible durante el afio. El objetivo
principal del trabajo fue evaluar el efecto de diferentes secuencias de cultivos sobre la
productividad de los recursos agua (PA) y radiacién (PR) para la produccién de grano y
materia seca total (MS). El ensayo se realizé durante las camparias 2014-15 y 2015-16,
estableciendo 9 secuencias que incluyeron diferentes cultivos y niveles de fertilizacién,
teniendo las gramineas un 25, 50 0 75 % de participacién en las mismas.

Incrementos en el orden del 125y 125 % fueron determinados en la PAy del 141 y
142 % en la PR para la produccién de grano y MS respectivamente, en la secuencia c/
mf-t/s respecto a v/s-t/s. (c: cebada; t: trigo; s: soja; v: vicia; mf: maiz fertilizado). Los
resultados mostraron que las secuencias de cultivos que incluyeron mayor porcentaje
de gramineas y la adecuada fertilizacién, aumentaron la eficiencia y productividad en
el uso del agua y radiacién, logrando un mayor aporte de carbono proveniente de los

rastrojos al suelo.

Palabras clave

eficiencia uso del agua ¢ eficiencia uso radiacion e soja e trigo e vicia  maiz » cebada

INTRODUCTION

During the last 200 years, population
growth has considerably increased the
pressure on productive lands. Worldwide
food demand is expected to increase
by 60-100 % by 2050 (25). Plowing of
agricultural soils and the low return of
harvest residues to them has caused the
reduction of carbon (C) in these soils (17).
The absence of winter crops also reduce
the capture of resources (water and
radiation) which are not used to produce
grains or dry matter (3). In this sense, in
regions where growing season is broad
and the supply of resources is favorable, a
huge amount of these resources is wasted
instead of being exploited by intensifying
the sequences in a sustainable way.

The sustainable intensification of agri-
culture aims to maintain or increase the
current production levels with a more
intense and rational use of the resources
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of the environment and of lands with
greater aptitude. Improvements based
on sustainable intensification must be
economically viable, socially acceptable
and environmentally sustainable (4).

Intensive farming involving multiple
crops per year could improve resource
capture and productivity. Resource
productivity is defined as the ratio
between output (dry matter or grain
yield) and annual input of Photosyntheti-
cally Active Radiation (PAR) or rainfall.

Dry Matter (DM) and grain production
depend on the ability of the crop to
capture resources. The efficiency of a
crop sequence is defined according to
the amount of grain or DM produced by
resource unit, available during the year
(3). This concept integrates capture and
use efficiencies.
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Increased radiation capture could
improve the cycling of nutrients and the
return of crop residues to the agricul-
tural systems (22). This is associated with
improved C balance (24) and soil aggre-
gation (20). In similar way, the application
of fertilizers increases the productivity
of crops, achieving in the medium and
long term a positive effect on the soil by
increasing the production of crop residues
(16).

The Intensification Sequence Index
(ISI) depends, basically on the period
of the year occupied by crops in each
sequence. Besides, there is exist a negative
correlation between ISI and runoff or
erosion, and a positive correlation soil C
content (9, 19, 23). The wheat/soybean
double cropping is the more widespread
sequence. This sequence occupies a
great proportion of the growing season,
obtaining a high and efficient capture of
resources, with a value of ISI=2. On the
other hand, soybean monoculture has a
lower ISI value (ISI=1).

We hypothesize that the productivity
of water and radiation resources can
be modified according to the different
participation of grasses in the sequence
crop. The main objective of this work was
to evaluate the effect of different crop
sequences of two years on the produc-
tivity of water and radiation resources for
the production of grain and dry matter.

The inclusion of winter crops for
grains, allows implementing the double
sequential crop, sowing a summer crop
after harvesting a winter crop. Enough
information for the Argentine Pampas
area states that soybean monoculture
causes highly negative C balances.

Other crop rotations are necessary,
including such as corn with other winter
alternatives other than wheat, such as
vicia or barley.
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MATERIALS AND METHODS

The trial was carried out in the Experi-
mental Unit of Extensive Crops, in the city
of Esperanza, Santa Fe, Argentina (312
24' 54.14"S 602 54' 28.64"0), the soil is
typic Argiudoll, Esperanza series, moder-
ately deep and drained, with agricul-
tural history of 8-year direct seeding and
soybean predecessor.

Organic matter was determined in
2.2 % [considered medium-low (6)] and
phosphorus Bray levels at 10 ppm (below
the critical response levels for soybeans
(10) and wheat (12)). Meteorological data
(rain, radiation and temperature) were
taken from the weather station located
in the Facultad de Ciencias Agrarias of
Esperanza.

Three criteria are proposed for the
selection of agricultural sequences: 1)
maintain an ISI=2 with four crops in
two years; 2) soybean present in all
the sequences; and 3) include alter-
native winter crops for wheat, both for
harvest and as cover crop. The design
was in randomized complete blocks
with arrangement in divided plots and
three repetitions.

The main plot corresponded to the
crops of first occupation (winter) and
the sub-plot to the rest of the crops in
the sequence.

The crops were: vicia (Vicia villosa)
-as a cover crop-; wheat (Triticum
aestivum), barley (Hordeum vulgare),
soybean (Glycine max) and corn (Zea
mays). Second corn had two levels of
fertilization: fertilized corn (fc) [150 kg N
hataccording to the replacement dose of
the N extracted by the crop to maximum
yields as defined in Maddonni et al
(2003)] balance method, and without
fertilization (c).
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The grasses represented 25, 50 or
75 % of the sequence crops. In total 9
sequences were used 1) vicia/soybean-
wheat/soybean (v/s-w/s); 2) vicia/
soybean-wheat/soybean (v/s-w/s); 3)
wheat/soybean-wheat/soybean (w/s-
w/s); 4) barely/soybean-wheat/soybean
(b/s-w/s); 5) wheat/corn-wheat/soybean
(w/c-w/s); 6) vicia / fertilized corn-
wheat/soybean (v/fc-w/s); 7) barely
corn-wheat/soybean (b/c-w/s); 8) wheat
/fertilized  corn-wheat/soybean (w/
fc-w/s); 9) barely/fertilized corn-wheat/
soybean (b/fc-w/s).

A basic fertilization according to the
requirements of each crop, was provided.
Fertilization was performed according to
diagnosis at the beginning and end of each
crop of the rotation. Management prac-
tices were implemented to maximize their
production in terms of nutrition, weed
control, pests and diseases.

In the culture of vicia, the production of
DM at the time of drying was determined.
This was done with 2 1 ha?! of glyphosate
at the beginning of flowering (20 % flow-
ering -a flowered knot within the top five
knots-).

Grain yield was determined by
harvesting plants of 8 linear meters of
each experimental unit. The samples were
dried in an oven with forced air circulation
at 65 °C until constant weight. Then, they
were re-weighted to obtain total DM and
threshed by hand to determine grain yield.
Final weight was corrected to commercial
humidity. The contribution of C in crop
residues was estimated by subtracting the
total aerial DM from the DM in grain, and
knowing that 40 % of the DM is C (1).

The Photosynthetically Active Radi-
ation intercepted (PARi) by crop was
obtained using a radiometer LI-COR
(LI-250) in each plot, PAR above (I)
and below (I') the canopy was measured
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around noon (ie. 1200-1400 h) on
sunny days, according to methodology
proposed by Gallo & Daughtry (1986). The
percentage of intercepted PAR (% iP) was
calculated as 100*[1-(I'/1)]. The cumu-
lative PAR intercepted by the crop (PARi)
was obtained by multiplying the incident
PAR by % iP during crop ontogeny.

Initial useful water stored in the profile
up to 1.2 m depth, and the residual at the
time of physiological maturity or at the
time of drying with herbicide in the case of
cover crops, was calculated by gravimetry.
With the variation of soil water content
(A h), the water balance method was used
to obtain crop evapotranspiration (Etc),
clearing the formula:

A h= Etc-Pe-Per

where:

Pe = effective precipitation, considered
as 0.8 of the total precipitation when it
exceeds 20 mm (7)

Per = deep percolation (zero was
assumed).

Water Productivity (WP) in different
crop sequences was estimated as:

WP (g m?mm™)= WUE*Wc

where:
WUE = Water Use Efficiency
We = Water capture efficiency.

The WUE was calculated as the
quotient between the sum of the yields or
total DM of summer and winter crops and,
the sum of the ETc of crops.

The Wc resulted from the quotient
between the sum of the ETc of the crops
and the rainfall from June 1, 2014 to April
20,2016.
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Radiation productivity (RP) was calcu-
lated as:

RP (g m? MJ)= RUE*Rc

where:
RUE = radiation use efficiency
Rc = radiation capture efficiency.

The RUE was calculated as the quotient
between the sum of the yields or total DM
of the crops in the different sequences
and the PARi. The Rc was the quotient
between crops PARi and the photosyn-
thetically active radiation, incident from
June 1, 2014 to April 20, 2016.

The data were evaluated by means
of ANOVA for repeated measurements
by sequence culture and following the
structure of plots and treatments defined
in the design.

When the differences between treat-
ments for one variable were significant,
the means were compared according to the
LSD test (a= 0.05). InfoStat Professional
version software was used (11).

RESULTS AND DISCUSION

Meteorological conditions

During the 2014 campaign, photo-
thermal conditions were sub optimal for
the flowering period of wheat and barley
crops (September 21-October 12) with
temperatures higher than the historical
record (figure 1). Plant growing period
occurred with scarce offer of rains. The
period of stem elongation was favored by
the precipitations of September, followed
by filling of grains with scarce precipita-
tions and high temperatures (figure 1).
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Arrow indicates date of sowing [S1: sowing winter crops -wheat, barley and vicia (cover crop)-; S2: sowing
summer crops -soybean and corn-; S3: sowing winter crop -wheat-; S4: sowing summer crop-soybean-].

La flecha indica las fechas de siembra [S1: siembra cultivos de invierno -trigo, cebada y vicia (cultivo de cobertura)-;

S2: siembra cultivos de verano -soja y maiz-; S3: siembra cultivo invierno -trigo-; S4: siembra cultivo verano -soja-].

Figure 1. Average temperatures (Tmed) and Historical (H_Tmed), solar radiation (SR)
and monthly rains from June 2014 to April 2016 (Rain), Historical rains (H_Rain).

Figura 1. Temperaturas medias (Tmed) e histéricas (H_Tmed), radiacién solar (SR) y
lluvias mensuales desde junio 2014 a abril 2016 (Rain) e histéricas (H_Rain).
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For summer crops, rainfall totaled
830 mm in the cycle (December-April), 33
% above the historical average. It should
be noted that February excess rainfall had
no negative effects on crops.

The 2015 wheat campaign had average
temperatures around 19 °C, recommended
to ensure optimum grain filling (figure 1,
page 65). In the initial stages of the crop,
rainfall was very scarce.

However, the period of stem elon-
gation (September) was favored by timely
and above normal rainfall during August
(figure 1, page 65). For soybean culti-
vation, of soybean the rains in November,
February and April (2015-2016) were
above normal, with excesses in the month
of April affecting quality grain and harvest.

Total Dry Matter and carbon

contribution to the soil

The highest total DM productions were
achieved with the sequences b/fc-w/s and
w/fc-w/s (table 1). On average and, with
respect to the lower production sequence
(v/s-w/s), 4971 g m? were obtained, 93 %
superior to the sequence v/s-w/s.

The rotations with 75 % of grasses
and high fertilization achieved the highest
productions of dry matter and contribu-
tions of crop residues C (without roots) to
the soil (table 1). It is known that nitrogen
fertilization, mainly in grasses, increases
biomass production of crops, causing a
greater accumulation of C in plant tissues
and a high return to the soil (13, 14).

Table 1. Total Dry Matter (Total DM) and contribution of harvest residue carbon -without
roots- (Contribution of C) in different sequences of 2 years duration crops (v= vicia,
w= wheat, b= barley, s= soybean, c= corn without fertilization, fc= fertilized corn).

Tabla 1. Materia seca total (Total DM) y aporte de carbono del rastrojo -sin raices-
(Aporte de C) en diferentes secuencias de cultivos de 2 afios de duracidon (v= vicia,
t= trigo, c= cebada, s= soja, m= maiz sin fertilizacion, mf= maiz fertilizado).

Crop sequence Total DM (g m?)

v/s-w/s (25) 2396 a
v/c-w/s (50) 2933b
w/s-w/s (50) 3139 bc
b/s-w/s (50) 3362 bc
w/c-w/s (75) 3727 cd
v/fc-w/s (50) 4218 de
b/c-w/s (75) 4429 ef
w/fc-w/s (75) 4871 fg
b/fc-w/s (75) 5071g

Contribution of C (T halyear)
2.7a
3.5ab
3.8b
4.1b
4.1bc
5.1d
5.4d
5.7d
59d

The percentage of grasses in the sequence is expressed in parentheses. Different letters, within the same
column, indicate differences according to LSD test (p < 0.05).

El porcentaje de gramineas en la secuencia esta expresado entre paréntesis. Letras diferentes, dentro de la misma
columna, indican diferencias segun el test de LSD (p < 0,05).
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The contributions of C to the soil were
lower in the sequence v/s-w/s and v/c-w/s.
However, the proper fertilization of corn in
the same sequence (v/fc-w/s) allowed a
46 % increase in this variable, marking the
positive and significant effect to the addition
of higher doses of nitrogen. The contribution
values of C ha! year of crop residues in the
double crop wheat/soybean in this study,
are slightly lower than those reported by
Alvarez (2005) for soils of the South-eastern
Pampa.

Productivity, use efficiency and

capture of water

The sequences that included the highest
percentage of grasses, increased the effi-
ciency and productivity in the use of water

for grain production and total DM (table 2).
Increases of the order of 102, 103, 125 and
125 % were determined in WUE and WP
for grain and DM in the sequence b/fc-w/s
respect v/s-w/s and 64, 57, 80 and 63 %
compared with the w/s-w/s, the most
widespread in the region.

In double cropping w/s, the WP to
produce grains (0.50 g m? mm?) was
within the range reported by Caviglia et al.
(2013) for the southeast of Buenos Aires
(0.47 a 0.75 g m? mm!). However, it was
lower than those of Parana (Entre Rios)
which werein 0.84 gm?mm. On the other
hand, the WP to produce DM (1.27 g m?
mm) was lower than what was reported
for two different campaigns (2.22y 1.83 g
m2 mm) in Balcarce (Buenos Aires) (5).

Table 2. Efficiency Use Water in grain and Dry Matter (WUE_g and WUE_DM),
Productivity of Water in grain and in Dry Matter (WP_g and WP_DM) and efficiency of
Water capture (Wc) in different sequences of crops of 2 years duration (v= vicia, w=
wheat, b= barley, s= soybean, c= corn without fertilization, fc= fertilized corn).

Tabla 2. Eficiencia uso agua en grano y en materia seca (WUE_g and WUE_DM),
productividad del agua en grano y en materia seca (WP_g and WP_DM) y eficiencia
de captura del agua (ECA) en diferentes secuencias de cultivos de 2 afios de duracion
(v=vicia, t= trigo, c= cebada, s= soja, m= maiz sin fertilizacién, mf= maiz fertilizado).

Crop WUE_g WUE_DM
sequence (gm?mm?) | (gm?mm?)
v/s-w/s (25) 0.65a 1.53a
v/c-w/s (50) 0.78 ab 1.93 ab
w/s-w/s (50) 0.80 abc 1.97 ab
b/s-w/s (50) 0.84 abc 2.17 bc
v/fc-w/s (50) 1.05 abc 2.60 cd
w/c-w/s (75) 1.10 abc 2.63cd
b/c-w/s (75) 1.14 abc 2.87d
w/fc-w/s (75) 1.20 bc 297d
b/fc-w/s (75) 131c 3.10d

WP_g WP_DM We
(gm?mm?)  (gm?mm?)

0.40a 092a 0.60 a
0.47 ab 1.23b 0.62 ab
0.50 ab 1.27b 0.62 abc
0.53b 1.30 bc 0.63 abc
0.67 c 1.53 cd 0.63 abc
0.67 c 1.70 de 0.61 abc
0.70 c 1.83 ef 0.61 abc
0.83d 197 f 0.69 bc
0.90d 2.07f 0.69 ¢

The percentage of grasses in the sequence is expressed in parentheses. Different letters, within the same
column, indicate differences according to LSD test (p < 0.05).

El porcentaje de gramineas en la secuencia esta expresado entre paréntesis. Letras diferentes, dentro de la
misma columna, indican diferencias segun el test de LSD (p < 0,05).
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The values obtained from WUE_MS and
the WUE_g in the sequence w/s-w/s (1.97
and 0.80 g m? mm?, respectively) were
lower than those reported in Balcarce
(Buenos Aires) with WUE_DM of 3.12 to
3.41 g m? mm*and WUE_g between 0.88
and 1.02 g m? mm™. These differences
were probably given by the lower vapor
pressure deficit (VPD) of the environment
explored by the crops in Balcarce.

Regarding the WUE_G, it was similar to
that reported by Daniels & Scott (1991),
with 0.79 g m? mm?, value obtained as
a general average of several sources of
variation including year, irrigation and
stubble management.

With respect to Wc, significant differ-
ences were achieved between the
sequence v/s-w/syv/c-w/sand b/fc-w/s,
with 13.1 % in favor of the sequence with
the highest % of grasses. This coincides
with what was reported by Ojeda et al.
(2018) for forage crop sequences, where
the highest seasonal WP was obtained
with the highest proportion of maize in
the sequences, being corn a C4 species
with high-WUE (26).

The values reached in the different
sequences (between 0.60 and 0.69) were
much lower than what was reported for
the Parana area (0.99) and, closer to the
data from southeastern Buenos Aires
(0.54 and 0.70) (2, 4).

The lower values of Wc and WP_g could
be associated to the abundant rains regis-
tered in February 2015 and 2016 (figure
1, page 65); where rainfall exceeded
the water needs of corn and soybean
crops. This situation has been evaluated,
explaining that 66 % of the variability
of the WP_G may be due to water excess
during the campaign (5).
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Productivity, use efficiency and

capture of radiation

Productivity and efficiency of radiation
use for the production of total DM and
grain, showed significant differences in
favor of rotations with higher percentage
of grasses[v/s-w/s (25), w/s-w/s (50),
c/s-w/s (50) y v/c-w/s (50) vs. w/c-w/s
(75), v/fc-w/s (50), b/c-w/s (75), w/fc-w/s
(75) y b/fc-w/s (75)] (table 3, page 69).

Among the sequences with the extreme
values of RUE RP and Rc (v/s-w/s vs. b/
fc-w/s), increases of the order of 78.3,
80.7, 141, 142 y 34.5 % were determined
for RUE_g, RUE_DM, RP_g, RP_DM and Rc,
respectively, in favor of the sequence with
the highest % of grasses. When comparing
the most used sequence in the region
(w/s-w/s) with b/cf-w/s, the achieved
values were 69.8, 61.1, 105, 98.0 and 21.9
% for RUE_g, RUE_DM, RP_g, RP_DM and
Rc, respectively.

In the sequence w/s-w/s, the RP_g and
RUE_g was 0.20 and 0.63 g m? MJ*and the
RP_DM and RUE_DM 0.50 and 1.57 g m*
MJ? respectively; being RP_g similar to
what was reported for Parana (0.21 g m
MJ?1) by Caviglia et al. (2004), and lower
than those measured in Balcarce (0.34 g
m?2 MJ?) as well as RUE_g and RUE_DM
(0.71 and 2.07 g m2 MJ ! respectively) (5).

The similar response in Wc and Rc,
added to the fact that water is a cumu-
lative resource and radiation is not, rein-
forces the concept that increasing produc-
tivity requires radiation capture. Water
can be stored in the soil, thus attenuating
the imbalances between the availability of
the resource and the demand. Radiation
capture, however, depends on the size
and structure of the canopy at a given
moment, so there are no compensatory
mechanisms for the recovery of radiation
not intercepted by the crop.
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Table 3. Radiation use efficiency in grain and dry matter (RUE_G and RUE_DM),
radiation productivity in grain and dry matter (RP_G and RP_MS) and radiation capture
efficiency (Rc) in different sequences of crops of 2 years of duration (v= vicia, w=
wheat, b= barley, s= soybean, c= corn without fertilization, cf= corn fertilized).

Tabla 3. Eficiencia uso radiacién en grano y en materia seca (RUE_G and RUE_DM),
productividad de la radiacidn en grano y en materia seca (RP_G and RP_MS) y eficiencia
de captura de la radiacion (Rc) en diferentes secuencias de cultivos de 2 afos de duracién
(v=vicia, t= trigo, c= cebada, s= soja, m= maiz sin fertilizacién, mf= maiz fertilizado).

Crop sequence RUE_G RUE_DM
(gm*MJ7) | (gm*MJ7)

v/s-w/s (25) 0.60 a 1.40a
w/s-w/s (50) 0.63a 1.57 ab
b/s-w/s (50) 0.70 ab 1.60 ab
v/c-w/s (50) 0.77 bc 2.07 c
w/c-w/s (75) 0.90 bc 217 c
v/cf-w/s (50) 0.93 bc 2.27c
b/c-w/s (75) 097 c 2.37c
w/cf-w/s (75) 097 c 250c
b/cf-w/s (75) 1.07 ¢ 2.53¢c

RP_G RP_DM Re
(gm?*MJ7) | (gm?MJ7)
0.17 a 0.41a 0.29a
0.20 a 0.50b 0.32 ab
0.23 a 0.53b 0.33 abc
0.26 a 0.70b 0.34 bed
0.31b 0.76 c 0.35 bede
0.32b 0.79 cd 0.35 bede
0.35b 0.87d 0.37 cde
0.36¢ 092e 0.37 de
041c 0.99e 0.39e

The percentage of grasses in the sequence is expressed in parentheses. Different letters, within the same
column, indicate differences according to the LSD test (p < 0.05).

El porcentaje de gramineas en la secuencia esta expresado entre paréntesis. Letras diferentes, dentro de la
misma columna, indican diferencias segun el test de LSD (p < 0,05).

CONCLUSION

The sequences of crops with the same
rate of intensification but with a greater
percentage of grasses, increased the effi-
ciency and productivity in the use of
water and radiation for the production
of grain and total DM, achieving a greater
contribution of C from the crop residues
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Effects of hydropriming on maize seeds (Zea mays L) on
growth, development, and yield of crops
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ABSTRACT

Seed germination is a process that involves several phases, beginning with the
uptake of water by dry seeds and ending with emergence. Based on current knowledge,
several methodologies have been developed to manipulate this process in order to
produce beneficial effects on crops. The hydropriming of maize seeds is one technique
that has been used to lower the in-field germination time. The objective of the present
study was to measure the effect of different hydropriming times on maize seeds and the
subsequent growth, development, and yield of plants. The results demonstrated that
hydroprimed seeds for 12 and 18 hours, germinated more rapidly in comparison with
the control and 36-hour treatment. Yield was also affected as a function of the imbibition
time. The generated data allowed for an optimal soaking time of 22.12 hours to be deter-
mined, resulting in an estimated yield of 16.6 t per hectare.
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RESUMEN

La germinacion de las semillas es un proceso que inicia con la toma de agua por la
semilla seca y concluye con la emergencia. Con base en los conocimientos actuales se
han desarrollado metodologias para manipular este proceso y obtener efectos benéficos
en los cultivos. El hidroacondicionamiento de las semillas de maiz ha sido utilizado para
obtener menores tiempos de germinacién en campo. El objetivo del presente trabajo fue
medir el efecto de diferentes tiempos de hidroacondicionamiento en agua de semillas
de maiz sobre su crecimiento, desarrollo y rendimiento. Los resultados mostraron que
las semillas hidroacondicionadas por 12 y 18 horas germinaron mas rapidamente en
comparacién con el tratamiento testigo y 36 horas. El rendimiento fue afectado en
funcidén de los tiempos de imbibicion. Los datos permitieron estimar un tiempo éptimo
de imbibicidn que fue de 22,12 horas con lo que se obtiene un rendimiento estimado de

16,6 toneladas por hectarea.

Palabras clave

Hidroacondicionamiento ¢ semillas de maiz ¢ germinacién de semillas de maiz

INTRODUCTION

Germination begins with the uptake of
water by a dry seed (imbibition) and ends
when a portion of the seed (the embryonic
axis in dicotyledons or the radicle in
monocotyledons or  gymnosperms)
emerges from the surrounding structure,
known as the emergence phase (15). The
uptake of water by seeds is triphasic and
begins with the rapid initial absorption
of water (phase I), followed by a plateau
phase (phase II). Finally, a subsequent
increase in water absorption (phase III)
corresponds with the elongation of the
embryonic axis and the aperture of the
surrounding sheath (17). During these
phases, important physiological changes
occur assuring the survival of the seedling.
These events have been widely studied
by different authors. For example, during
phase |, the structures damaged during the
previous dehydration phase are repaired,
and during phase II, protein synthesis
resumes (4). The duration of each phase
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is variable and depends on seed-specific
characteristics, including size, content of
hydratable substrates, permeability of
seed covering, and available 0, and co,,
in addition to other external conditions
during imbibition, such as temperature,
substrate composition, and moisture
content (19).

For sowed crops, large volumes of water
are commonly used to provide optimal
germination conditions. However, during
this period, water losses may also be signif-
icantduetoalack of vegetation cover, leading
to greater water evaporation. Consequently,
recently emerged seedlings experience a
greater level of stress. In this context, Mullan
and Reynolds (2010) list several genotypes
that are capable of rapidly developing their
leaf area, increasing the surface of shaded
soil and decreasing water evaporation. This
results in a more efficient use of water. In this
sense, it is preferable that seeds initiate the
imbibition-germination process as quickly
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as possible (7), as this favours a more effi-
cient usage of water and minimizes the time
of exposure to pathogens and other adverse
environmental factors present in agricul-
tural systems. In addition, this technique
can improve other corn production systems
such as corn silage, which represents an
important alternative in several countries of
America (24).

Based on current knowledge, various
methods have been attempted for manip-
ulating imbibition and germination to
obtain beneficial effects on crops. One of
the most studied techniques for achieving
such benefits is hydropriming. In this
method, seeds are placed in contact with
water or an osmotic solution to initiate the
imbibition process, but without arriving
at the germination stage (12).

Several studies have shown this
method to be effective in increasing the
germination percentage and vigour of
seedlings. A study spanning back several
decades, as well as a more recent inves-
tigation (26) that tested four methods
of hydroconditioning, found a resultant
improvement in the germination and
vigour of okra seedlings (Abelmoschus
esculentus L. Moench). Previous research
highlights that physiological changes may
be initiated during imbibition, and these
remain even after seeds are dehydrated
(3). For this reason, osmoconditioned
seeds rapidly re-initiate their metabolism,
improving the percent and uniformity of
germination (8).

Because water is a limiting factor in
agricultural systems, the use of the afore-
mentioned technologies may shorten the
imbibition-germination time and improve
the initial vigour of seedlings. Thus, the
objective of the present study was to
evaluate the effect of different periods of
soaking in water on maize seeds and to
examine their effects on growth, devel-
opment, and yield of crops.
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MATERIALS AND METHODS

First phase: Determination of the
imbibition-germination times

For this phase, hybrid maize seeds
(1503 by Aspros®) were placed in a
humidity chamber with 90% relative
humidity at a temperature of 27+3°C. The
humidity chamber consisted of a plastic
container. Paper saturated with sterile
water was placed in the bottom of the
container. Subsequently, the seeds were
placed, the container was sealed and
kept at constant temperature in complete
darkness. Twenty seeds were placed in
50 humidity chambers (1000 seeds in
total). Initial weight along with increases
in weight every six hours, were recorded.
The number of germinated seeds was
recorded over the period of evaluation. A
seed was considerd as germinated when
it showed a radicle measuring at least, 2
mm. The recorded data were tested for
normality and homoscedasticity. When
assumptions of normality were not met,
the data were transformed using the
following formula:

Y=VX + 10

where:
Y= transformed data
X=data

The previous procedure facilitated the
determination of the germination times
and weight gain due to water absorption.
Based on the generated data, three periods
of hydroconditioning and control were
then selected (0, 12, 18, and 36 hours). For
each time period, 20 seeds were placed in
humidity chambers for the corresponding
treatment time. As mentioned, their initial
weights, as well as weight gains assessed
every 6 h, were recorded.
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Temperature and RH were Kkept
constant (27+3 °C and 90% HR). Once
the imbibition time was finalised, the
seeds were removed from the humidity
chamber and replaced on absorbent
paper at room temperature until they
returned to their original weight prior to
imbibition (approximately 120 hours).
Afterwards, the seeds were placed in
humidity chambers to determine the
number of germinated seeds over time;
measurement were recorded every six
hours. The recorded data were subjected
to a regression analysis in Microsoft
Excel®.

Second phase: Field experiments

First, 200 g of maize seed were placed
in a humidity chamber at 90% humidity
and 25+2°C for each one of the previously
established time periods (12, 18, and 36
hours and control). After the treatment
periods, the seeds were removed from
the humidity chamber and placed on
absorbent paper at room temperature
until they recovered their initial weight
(approximately 120 hours). Afterwards,
the seeds were sown in an open-field
plot located in the experimental field of
the Polytechnic University of Francisco
I. Madero on Hidalgo estate México (14Q
490716.79 m E y 2236223.96 m N). The
study was carried during 2014-2015. The
experimental desing was a completely
randomised block. For each treatment,
a surface area of 50 m? was sown with
seeds, with a distance of 0.75 m between
furrows and 0.13 m between plants. Each
treatment was replicated four time. Drip
irrigation system was used, and sowing
was carried out at the same time for all
treatments under consideration. Weed
control was mechanical in all treatments
and no fertilizer was applied.

The mean of temperature in the experi-
mental field was 26.2 °C and the HR was 22%.
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Variables analysed during the
fieldwork

For each treatment (period of hydro-
conditioning), the number of emerged
seeds was counted six days after sowing
(DAS). A plant was considered to have
emerged if the coleoptile had a minimum
height of 4 cm. The number of plants was
also determined at the harvest time.

The variables plant height, foliar
temperature, and soil temperature were
also recorded. Plant and soil tempera-
tures were measured with a Benetech®
infrared thermometer at an approximate
distance of 20 cm from the foliage or
ground surface. This variables have been
previously used for estimation of the
water use status on plant (10) in addition
to the percentage of ground area covered
by foliage every 7-9 days.

The percentage of ground area covered
by foliage was determined by digital
imaging, according to the method proposed
by Mullan and Barcelo-Garcia (2012). The
digital images were then processed with
Adobe Photoshop CS5 Extended® software,
adjusting the parameters of saturation
and luminosity to constant values (+60
and -20, respectively) aiming to contrast
and compare the colours corresponding
to leaves and ground surface. With this
method, the area of the image corre-
sponding to the green colours of leaves
was substituted by absolute white (R=255,
G=255, and B=255) in an RGB colour
system, and the area corresponding to soil
and the related colour gamma was substi-
tuted by absolute black (R=0, G=0, and
B=0) in the same colour system.

The last step involved determining the
ratio of white to black pixels in the RGB
colour system, using the measuring tools
provided by the software. With this infor-
mation, the percentage of soil cover with
foliage was calculated according to the
following formula:
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%SCPAT=(AWP/255)X100;

where:

%SCPAT=percentage of soil covered
with photosynthetically active tissue

AWP=average number of white pixels

Once a female maize flower appeared,
the length and diameter of each cob was
measured. During harvest, the average
percentage humidity of the seeds for each
treatment was determined, and the grains
of each cob per treatment were separately
weighed in order to calculate yield per
hectare.

Data analysis

The generated data were submitted
to analysis of variance, and a means
comparison test was performed if the
results were significant (Tukey, P=0.05).
For the data on plant height and length,
diameter of the cob, and percent of ground
cover, the area under the curve was calcu-
lated following the polygon method. The
analysis of the area under the curve is a
method used to estimate the total growth
through time and the result is a dimen-
sionless value. This method was described
by Liengme, 2002. Yield data were
analysed by Regression analysis.

RESULTS

Determination of the imbibition-
germination times

Time of imbibition was correlated
with seed weight. Before the seeds were
placed in humidity chambers, average
weight of 20 seeds was 8.3 g. Thirty six
hours after the start of imbibition, average
weight was 11.8 g (figure 1b, page 77).
The greatest number of germinated
seeds after reaching an average imbibed
weight of 12.4 g, occurred after 70 hours
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in the humidity chamber. Seed weight
had a correlation coefficient of 0.53 with
germination percentage. However, time of
imbibition was statistically more signif-
icant in explaining germination (data
not shown). According to the regression
model (figure 1a, page 77), 50% germi-
nation (G,,) was achieved after 54.8 hours
of imbibition.

During the initial hours (0-20 hours),
a rapid increase in weight was observed,
corresponding to the first phase of imbi-
bition, characterised by a rapid increase in
water absorption. Afterwards, increases
in weight were stable, followed by another
increase in weight corresponding to the
appearance of the radicle.

Germination of hydroprimed seeds

The seeds showed a distinct behaviour
as a function of imbibition time. The most
rapid germination time was found for the
36-hour imbibition treatment, resulting
in 50% germination of seeds (G,;) after
16.7 hours in the humidity chamber.
The 12-hour (T12) and 18-hour (T18)
imbibition treatments took more time to
germinate (G, ) at 33.4 and 30.27 hours,
respectively. The control treatment (unim-
bibed seeds) had the highest germination
time (G,,) at 48.2 hours. Seeds that were
treated for 12 hours had an overall rate of
germination of 94.1% after 48 hours in a
humidity chamber (figure 2, page 78).

Field experiments

Emergence of seeds

Hydropriming time affected seed emer-
gence emergence in the field. The emer-
gence of seedlings at six DAS, increased in
direct proportion with the imbibition time
of seeds up to 18 hours, when the number
of emerged seeds began to diminish. The
36-hours treatment had the lowest number
of emerged seedlings (figure 3, page 78).
A similar behaviour has been observed in
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Figure 1. Effect of imbibition time on A) germination percentage of maize seed and B)
seed weight.

Figura 1. Efecto del tiempo de imbibicién sobre A) porcentaje de germinacién de
semillas de maiz y B) peso de semillas de maiz.
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G,,= time (hours) to reach 50% germination; G,, = percentage of germinated seeds at 48 hours. All equations
are significant with alpha<0.05.

G,,= tiempo (horas) al 50% de germinacion; G, = porcentaje de germinaci6n a las 48 horas. Todas las
ecuaciones son significativas con un alpha<0,05.

Figure 2. Effect of different hydropriming times on the time to germination of maize seeds.

Figura 2. Efecto de diferentes tiempos de hidroacondicionamiento sobre el tiempo de
germinacion en semillas de maiz.
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Figure 3. Average number of emerged seeds at different imbibition time, six DAS.

Figura 3. Promedio de nimero de semillas emergidas a diferentes tiempos de
imbibicidn, seis DAS.
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other species; for example, Marin Sanchez
et al. (2007) found an increase in the
percentage of abnormal onion seedlings
after 72 hours of hydroconditioning, and
the percentage of abnormalities further
increased after 96 hours. In another study;,
Sadeguhi et al. (2011) found an average
dry weight of 1.55 g for soy seeds hydro-
conditioned for 12 hours. However, when
the time of osmoconditioning increased to
18 and 24 hours, the average dry weight
decreased to 1.3 and 1.2 g, respectively.

Plant height

Plant height demonstrated significant
differences at 37 and up to 43 DAS. During
this period, seeds hydroconditioned for 36
hours showed an average height equal to
the control treatment, while the 12- and
18-hour treatments had a greater height.
Fortherest of the sampled dates, plants did
not show significant differences. Overall,
and in terms of accumulated growth,
seeds imbibed for 12 or 18 hours resulted
in plants of greater height in comparison
with the control treatment (table 1).

Plant and soil temperature

For the 0-, 12-, and 18-hour treat-
ments, plant and soil temperatures signifi-
cantly differed differed significantly at
16, 22, and 30 DAS. A lower difference in
temperature after 16 days, was found with
the 36-hour treatment, while the 12-hour
treatment presented the greatest temper-
ature difference. At 22 DAS, an increase
in solar energy resulted in a higher soil
temperature; causing that plants from
imbibed seeds of all treatments showed a
difference-in relation to non-treated seed.
At 30 DAS, only the 12-hour treatment
demonstrated a statistically significant
difference in comparison with the other
treatments. For the rest of the sampling
dates, no significant differences were
found (table 2, page 80).

Percent of soil cover

Although soil cover percentage largely
depends on leaf lamina growth, it is also
determined by a number of other factors,
such as luminosity, nutrient availability in
water and soil, leaf insertion angle to the

Table 1. Plant height expressed in centimeters from seeds with different
imbibition times.

Tabla 1. Alturas de plantas expresadas en centimetros provenientes de semillas con
diferentes tiempos de imbibicién.

Days after sowing

Imbibition

time 16 22 30 37 43
0 19.5a | 32.1a | 521a | 68.1ab 80.6 b
12 182a | 37.5a | 51.7a 76.5a 89.5 ab
18 18a 33.7a | 499a 73.5a 94.3a
36 17.7a | 322a | 481a 63.8b 85.8 ab
P 0.59 0.04 0.3 0.005 0.059
MSD 3.94 11.13 6.93 9.38 13.4

51 65 71 79 AUC
103.14a | 179.4a 201a 2324a 5781.2b
112.2a 178.2a | 225.57a 251a 61559 a
109.2a 1943 a 2247 a 243 a 6225.4a
101.5a 188.2a 192.2a 235.4a | 59239ab

0.004 0.11 0.06 0.22 0.04

11.3 22.27 39.4 25.8 367

TABC = Area under the curve for plant height (Dimensionless number). MSD = Minimum significant
difference. Different letters indicate statistically significant differences (Tukey, P=0.05).

+ABC = Area bajo la curva del peso de la planta. MSD = Diferencia minima significativa. Letras diferentes
indican diferencias significativas (Tukey, P=0,05).
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Table 2. Soil and maize plant temperatures on different days after planting for a given
time of imbibition.

Tabla 2. Temperaturas de suelo y planta en diferentes dias después de la siembra para
diferentes tiempos de imbibicién.

Days after planting
TI 16 22 30 37
(Hours) | TS TP D TS TP D TS TP D TS TP D
0 33.7 29.7 | 47bc | 648 384 | 304b | 627 314 | 313b | 355 247 | 108a
12 39.2 31.1 80a | 548 237 | 351a | 682 31 37.2a | 349 249 | 100a
18 34.6 294 | 52ab | 543 203 | 340a 643 292 | 341b | 353 254 | 99a
36 35.3 33.2 21c 59.7 245 | 352a 64 31.2 | 31.8b 35 247 | 103a
DMS 3.6 3.8 3.0 4.1
p 0.04 0.03 0.02 0.90
Days after planting
TI 51 71 79
(Hours) | TS TP D TS TP D TS TP D
0 26.8 22.2 46a | 294 225, 69a| 3801 | 315 6.5a
12 32.6 31.1 1.5a | 293 229 | 6.4al| 337 30.3 34a
18 26.5 23.5 30a | 261 221 | 39a| 331 284 | 47a
36 29.9 23.9 60a | 298 235| 63a| 283 286 | 0.7a
DMS 4.6 4.7 7.5
P 0.08 0.35 0.56

TI = Time of imbibition; TS=Soil temperature; TP =

Plant temperature; D = TS-TP; DMS = Minimum

significant temperature (Tukey, P = 0.05). The value of temperatures and difference are expressed in °C.

TI = Tiempo de imbibicidn; TS = Temperatura del suelo; TP = Temperatura de la planta; D = TS-TP; DMS =
Diferencia minima significativa (Tukey, P = 0,05). El valor de las temperaturas y la diferencia se expresan en °C.

main stem, planting density and spatial
distribution. In addition, any incidence of
plague or disease may also have an effect.
In the current study, all treatments showed
a similar percentage of soil cover,; indicating
that the hydropriming treatments did not
affect this variable (figure 4, page 81).
Although from 16 to 30 DAS the inci-
dence of solar radiation caused a difference
in temperature between soil and plants
(table 2), all of the treatments maintained
a similar foliage area. Even so, the 12- and
18-hour treatments maintained a greater
difference in temperature, which implies
that even though none of the plants were
affected in terms of growth, only the 12-
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and 18-hour treatments were capable of
transpiring under these conditions. This
finding is possibly due to the plants’ ability
to maintain open stomata, allowing tran-
spiration and gas exchange and thereby
favouring the process of photosynthesis.

Yield

The imbibition treatments showed an
effect on yield. The generated data were
used as inputs for a mathematical model to
estimate maximum yield, resulting in 16.6 t
per hectare and corresponding with 22.12
hours of imbibition. Upon surpassing this
timeframe, plant yield decreased to 15.6 t
per hectare (figure 5, page 82).
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For the 12-, 18-, and 36-hour treatments, regression models were adjusted to the following form:
y=ax’+bx+c. For the control treatment (0 hours), the model was adjusted to the following form: y=ax+b,
where y=ground cover percentage and x=number of days after sowing. In all cases, the models were highly
significant and had a coefficient of determination (R?) of 0.93 or higher.

Para los tratamientos de 12, 18 y 36 horas, los modelos de regresion fueron ajustados a la forma y=ax?+bx+c.
Para el tratamiento control (0 horas) el modelo ajustado fue de la forma y=ax+b, donde y=Porcentaje de
cobertura de suelo y x=Ntimero de dias después de la siembra. En todos los casos los modelos fueron
altamente significativos y el coeficiente de determinacion (R?) fue de 0,93 o superior.

Figure 4. Effect of different imbibition times of maize seeds on ground cover
percentage over time.

Figura 4. Efectos de diferentes tiempos de imbibicion de semillas de maiz en el
porcentaje de cobertura de suelo a través del tiempo.

DIScussION

The germination value is greater than
that reported, who found a G50 value of
46 hours. After 36 hours of imbibition,
an 11% increase in seed germination was
observed. In the present study, this time
period was considered to be the maximum
imbibition period before the seeds began
to germinate. The germination time
behaviour is typical of the majority of
seeds (19). For hybrid corn, other authors
have reported similar results. For example,
by Yu-quin and Song-quan (2008) tested
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different imbibition times and evaluated
the water content of seeds under different
treatments. Phase 1 was observed
between 0 and 12 hours, followed by a
decrease in water content from 12 to 36
hours and, finally, a subsequent increase
in water uptake. The hydropriming of
seed resulted in earlier germination for
maize seeds. However, this also affected
the final number of germinated seeds.
This behaviour has also been reported
for other species. For example, in soybean
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Max yield = maximum yield estimated by the following model: y = ax*+bx+c, where y = output in kg per
hectare and x = time of imbibition.

Max yiel = rendimiento maximo estimamdo por el modelo y = ax*+bx+c, donde y = rendimiento en kg por
hectarea y x = tiempo de imbibici6n.

Figure 5. Effect of imbibition time of maize seeds on yield per hectare.

Figura 5. Efecto del tiempo de imbibicién de semillas de maiz sobre el rendimiento.

crops (25) 50% germination of seeds was
found to increase at imbibition periods
of 18 and 24 hours, even though the final
germination percentage decreased in
comparison with seeds hydroprimed for
12 hours. Hydropriming of seeds induces
a series of biochemical changes (11) that
are necessary for the germination process
to occur, Heydecker and Coolbear (1977)
stimulating, for example, the activation
of enzymes or the metabolism of germi-
nation inhibitors (1). However, during the
hydration process, seeds may also suffer
temporary changes in the permeability of
their cellular membranes, loosing solutes
and metabolites of low molecular weight
to the surrounding environment (19).
These compounds are necessary for devel-
opment during the first stages of germi-
nation (4), and their excessive loss could
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represent a disadvantage for the seed (5).
This described phenomenon may explain
what occured in this study, when seeds
were hydroconditioned for 36 hours and
germinated more rapidly even when the
final number of germinated seeds resulted
lower. This finding is possibly due to
irreparable damage from excessive loss of
nutritional compounds during imbibition
phase IL. In the field experiments, results
demonstrated that hydroconditioning
treatments are only beneficial, when
practiced for an adequate period of time.
When the optimal hydroconditioning
time is surpassed, physiological damage
may occur leading to a lower percentage
of emergence. The results of plant height
were similar to those reported by Sharma
et al (2014), who found an average height
for okra plants of 27.1 cm when the seeds
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were imbibed for 12 hours. By contrast,
with the control treatment, an average
height of 14.8 cm was found, but when
the imbibition time increased to 18 hours,
the seedlings displayed a height of 22 cm.
Plant surface temperature is related to
transpiration rate; increased transpiration
lowers leaf temperature by dissipation of
sun heat (20). This has demonstrate that
plant temperature is the result of several
physiological processes, which, in addition
to transpiration, involve stomatal conduc-
tance, hydric status of the plant, water
use efficiency, leaf area index, and yield
(23). In the present study, plants from
hydroconditioned seeds showed a greater
difference in plant and soil temperatures,
compared with non-imbibed seeds. It
may be inferred that imbibition causes a
physiological effect that enables a greater
capacity for transpiration in conditions
of high irradiance, which may lead to
an elevated rate of photosynthesis as
stomata remain open for longer periods
of time. Some studies have revealed that
the hydroconditioning of seeds results
in significant effects during plant devel-
opment. In the case of wheat, it has been
shown that hydroconditioning leads to a
decrease in the concentration of sodium
ions in plants growing in saline soils,
favouring plant growth (22).

Further research has highlighted
how hydroconditioned plants behave in
comparison with control treatment plants
as a function of environmental conditions.
For example, Chen and Arora (2011) found
that spinach seedlings from hydrocondi-
tioned seeds showed an increase in the
expression of the CAP85 gene when plants
were submitted to stress by desiccation.
However, no similar expression of the
gene occured under optimal conditions.
This gene encodes for LEA (late embryo-
genesis abundant) proteins that play an
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important role in water stress resistance
(22). In the specific case of maize (6), an
increase in the expression of LEA genes
and their respective proteins was found
for osmoconditioned seeds compared
with normal seeds. Although the function
of these proteins is not precisely known,
evidence suggests that these proteins
protect cellular structures from water
stress or cold (27). In the present study, it
is likely that 12- and 18-hour treatments
would have affected the expression of the
genes that encode LEA proteins, enabling
these plants to exhibit a greater resistance
to stress between 22 and 30 DAS, which
corresponds to the period of high irra-
diance (table 2, page 80).

Dry matter and grain production
depend on the ability of crops to capture
resources, and radiation is an important
factor for yield (14). However, a high solar
radiation causes an increase in leaf and
soil temperatures. When sun incidence
was not sufficient to elevate soil temper-
ature above 50°C, plants did not show
significant differences in leaf temperature.
This finding suggests that during the
hydroconditioning of maize seeds, gene
expression may be affected, leading to an
improved stress response.

Other studies have demonstrated
that seed imbibition may lead to an agro-
nomic advantage. For example, Ghiyasi
et al. (2008) found an increase in maize
plant yield when seeds were hydrocon-
ditioned with water at a potential of -0.5
MPa for 24 hours. A similar behaviour has
been observed for other crop species. For
example, Arif et al. (2014) found that soy
plants from seeds hydroconditioned with
polyethylene glycol (PEG) for six hours at
-1.1 MPa, had a greater yield, compared
with plants from non-treated seeds.
Plants from treated seeds also flowered
and presented mature seeds before
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the control. In line with these findings,
recent evidence has shown that hydro-
conditioning treatments enable moderate
resistance to drought because the physio-
logical mechanisms behind this tolerance
are activated as a consequence of these
treatments (9).

Intermembrane proteins called aqua-
porins, transport water from cell to celland
therefore, play an important role during
germination. Another key process might
involve guard cells and their changes in
volume with the addition of water. Finally,
phloem loading and unloading, as well
as stomatal movements (17), may partly
explain drought resistance as previously
reported. In the current study, plants
underwent high temperatures from 16 to
30 DAS (table 2, page 80).

Under these conditions, certain treat-
ments (12 and 18 hours) showed a greater
difference between soil and foliage temper-
ature, indicating that these plants had
greater resistance. This resistance also led
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Assessing growth and antioxidant properties of
greenhouse-grown lettuces (Lactuca sativa L.) under
different irrigation and carbon fertilization management
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ABSTRACT

Previous studies have demonstrated that moderate water restrictions and enhanced
CO, concentration can maintain or improve yield and accumulation of secondary
compounds in lettuce under greenhouse conditions. Therefore, the aim of this study
was to evaluate the combination of reduced soil moisture and carbon fertilization in
shoot fresh weight (FW) and antioxidant capacity of two Batavia lettuce cultivars
(Batabia Rubia Munguia; BRM and Maravilla de Verano; MV). Moderate water restriction
treatment was equivalent to 2/3 of the field capacity and elevated CO, concentration
(ECO,) was fixed at ~700 umol mol™*. While CO, enrichment exerted a positive effect
on shoot FW of MV, especially in combination with water restrictions, the yield of the
cultivar BRM was not affected by CO, concentration, nor by irrigation regime. However,
antioxidant capacity of BRM plants was increased under ECO, conditions. These results
demonstrate that carbon fertilization and/or moderate water limitations can be strate-
gically used to enhance nutritional value and growth of greenhouse lettuce.

Keywords
antioxidant activity e carbon dioxide e Lactuca sativa e yield e water restriction
fertilization
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RESUMEN

Estudios previos han demostrado quelamoderadareduccion del riegoy el aumento de
la concentracion de CO, pueden mantener o incrementar la produccion vegetal e inducir
la acumulacién de compuestos secundarios en lechuga bajo condiciones de invernadero.
Por ello, el objetivo del presente estudio fue evaluar la combinacién de la reduccion del
contenido de humedad del suelo y la fertilizacién carbénica sobre la materia fresca (MF)
de la parte aérea y capacidad antioxidante de dos cultivares de lechuga Batavia (Batavia
Rubia Munguia; BRM y Maravilla de Verano; MV). El tratamiento de déficit hidrico
moderado fue equivalente a 2/3 de la capacidad de campo y la elevada concentracién de
CO, (ECO,) se fij6 en ~700 pmol mol™. Mientras que el enriquecimiento de CO, ejercid
un efecto positivo sobre la MF de la parte area de MV, especialmente en combinacién
con la restriccion del riego, la produccidn del cultivar BRM no se vio afectado ni por
la concentracion de CO, ni por el régimen de riego aplicado. Sin embargo, la capacidad
antioxidante de las plantas BRM se incremento bajo condiciones de ECO,. Los resultados
demuestran que la fertilizacién carbénica y/o una moderada limitacidn hidrica pueden
estratégicamente ser utilizados para mejorar el valor nutricional y rendimiento de la
lechuga bajo invernadero.

Palabras clave
actividad antioxidante » didxido de carbono ¢ Lactuca sativa e rendimiento e restricciéon
del riego e fertilizacion

INTRODUCTION

Lettuce (Lactuca sativa L.) is year long, especially in summer due to its

considered a major food crop within the
European Union. It is one of the most
popular vegetables given its healthy
properties, attributable to the presence
of fiber, antioxidant compounds and
minerals (12, 16, 18). Batavia (Lactuca
sativa L. var. capitata) is extensively culti-
vated in greenhouses and highly commer-
cialized in the North of Spain. Batavia
Rubia Munguia (BRM) and Maravilla de
Verano (MV) are two cultivars of Batavia.
BRM develops a round, dense head and
has yellow-green leaves, with very ruffled
borders and a consistent, crisp texture. MV
has rounded and very broad leaves with
crunchy texture and red pigmentation it
develops a firm head and can be grown all
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resistance to high temperatures.
Cultivation  of lettuce requires
frequent irrigation for better growth and
development because this plant lacks of a
deep root system. However, soil moisture
ranging from 50 to 75% of field capacity
(FC) allow lettuce plants to produce
similar biomass than those fully irrigated
(20). Moreover, Baslam and Goicoechea
(2012) observed that the nutritional
quality of BRM and MV had even increased
when plants had received 2/3 of FC. When
grown with limited irrigation the levels of
anthocyanins in the leaves of BRM were
higher than in well-watered plants and
so were the concentrations of total carot-
enoids and chlorophylls in leaves of MV.
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Regarding the increase of atmospheric
CO, as a consequence of global change
and/or horticultural practices, it is well
known that it affects plant growth and
development. The enhanced CO, concen-
tration increases the potential net photo-
synthesis in C3 plants, such as lettuce, and
therefore can improve yield over short-
term exposures (14). These responses
may occur in natural ecosystems, but also
can be used to increase the production,
the nutritional quality and the accumu-
lation of secondary compounds. Under
greenhouse conditions, co, fertilization
facilitated rapid nursery production of
olive trees during the winter season under
Mediterranean conditions (5), induced the
synthesis of secondary compounds with
pharmacological interest in several plant
species (17) and induced the accumulation
of phenolic compounds in lettuces cv. BRM
and MV when plants were not associated
with mycorrhizal fungi (2). In fact, Becker
and Kliring (2016) observed that CO,
enrichment can result in high yields of red
lettuce rich in phenolic compounds.

All these previous findings lead us to
hypothesize that the increased levels of
some secondary compounds in leaves of
BRM and MV cultivated with restricted
irrigation or carbon fertilization may
enhance their antioxidant properties.

Objective

The objective was to study whether
water deficit and/or carbon fertilization
could improve plant growth together with
leaf antioxidants in greenhouse grown
lettuce.
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MATERIALS AND METHODS

Plant material and experimental design

Seeds of BRM and MV were surface
sterilized by 10% bleach for 10 min and
then germinated in a mixture of light peat
and sand (1:1, v:v). When seedlings had
2-3 fully developed leaves (three weeks
after sowing) 24 plants of each cultivar
(BRM and MV) were transplanted to 13 L
pots filled with a mixture of vermiculite-
siliceous sand-light peat (2.5:2.5:1, v:v:v).

The peat had a pH of
5.2-6.0, 70-150 mg L! of nitrogen, 80-180
mg L of total P,0, and 140-220 mg L' K,0
and it was previously sterilized at 100°C
for 1 h on three consecutive days.

During transplant, the plants were
transferred to four [CO,] controlled
greenhouses located on the Univer-
sidad de Navarra campus (42.80 N, 1.66
W; Pamplona, Spain) (two ambient CO,
(ACO,) and two elevated CO, (ECO,))
greenhouses).

The design of the greenhouses was
similar to that described by Morales et al.
(2014). Twelve BRM plants and twelve MV
plants were placed in ACO, greenhouses
(six plants from every lettuce cultivar
in each ACO, greenhouse). Twelve BRM
plants and twelve MV plants were placed
in ECO, greenhouses (six plants from every
lettuce cultivar in each ECO, greenhouse).
In the two ACO, greenhouses, no CO, was
added and the [CO,] in the atmosphere
was approximately 392 pumol mol. In the
other two greenhouses (ECO,), [CO,] was
fixed at ~700 umol mol! by injecting pure
CO, (purity up to 99.99%) from cylinder-
gases (34 L of CO, per cylinder) through
the two inlet fans during the light hours.

The CO, was provided by Air
Liquide (Bilbao, Spain). The [CO,] was
continuously monitored using a Guardian
Plus gas monitor (Edinburgh Instruments
Ltd, Livingston, UK).

89



I. Garmendia, M. M. Bettoni, N. Goicoechea

Different irrigation regimes were
also imposed at transplanting. Six BRM
and six MV lettuces cultivated at ACO,
concentration in the air (three plants
from each cultivar and ACO, greenhouse)
were always watered at FC and kept as
well-watered (WW) treatments. Field
capacity was calculated as the maximum
water retained by a pot after complete
drainage of water excess (900 mL per
pot as an average value for all pots).
Previous experience (2) demonstrated
that WW lettuce plants performed better
by dividing this amount of total water
into three irrigations per week as follows:
300 mL of Hewitt’s nutrient solution with
some modifications (1) once a week and
300 mL of distilled water twice a week.

Plants subjected to 2/3 FC received
300 mL of modified Hewitt’s solution once
aweekand 150 mL of distilled water twice
a week. In all cases, nutrient solution was
alternated with distilled water in order to
avoid salt deposition. As results obtained
by Baslam and Goicoechea (2012) showed
that the leaf water content in WW lettuce
plants was at least 90% after receiving the
abovementioned nutrient solution and
water supplies for 7 weeks, the irrigation
regimes in the present study were kept
through the whole experiment.

Total antioxidant capacity of leaves

Leaf extracts were obtained as
described by Chapuis-Lardy et al. (2002)
with some modifications. Samples
(0.5 g of FW) were pulverized in liquid
nitrogen, mixed with 20 mL of 80%
methanol, and homogenized at room
temperature for 1 min. After filtration,
0.5 mL of each sample was mixed with
10 mL of distilled water.

The total antioxidant capacity was
evaluated by applying the free a, a-Diphenil-
B-picrylhydrazyl radical scavenging activity
(DPPH-" assay).
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The free radical scavenging activity using
the free radical DPPH* (6) was evaluated by
measuring the variation in absorbance at
515 nm after 30 min of reaction in parafilm-
sealed glass cuvettes (to avoid methanol
evaporation) at 25°C (9).

The reaction was started by adding
20 pL of the corresponding sample to
the cuvette containing 80 pM (methanol
solution) (980 pL) of the free radical
(DPPH) (11).

The final volume of the assay was 1 mL.
Reaction was followed with a spectropho-
tometer (Jasco V-630, Analytical Instru-
ments, Easton, MD, USA). The trapping
potential for DPPH radicals scavenging
activity in the leaf extracts was calcu-
lated as the percentage of inhibition (I %)
against blank:

1% = (A blank - A sample) * 100/ A blank

where:

A blank = the absorbance of the control
reaction (containing all reagents except
the test compound)

A sample = the absorbance of the test
compound.

Statistical analysis

Within each lettuce cultivar, data were
subjected to a two-factor ANOVA (factorial
2 x 2) (IBM SPSS v. 24).

The variance was related to the main
treatments (atmospheric CO, concen-
tration, CO, and water regime, W) and to
the interaction between both parameters
(CO, x W). Means + standard errors (SE)
were calculated and, when the F ratio was
significant (p < 0.05), a Duncan Multiple
Range Test was applied. Tests results were
always considered significant at p < 0.05.
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RESULTS

Although the shoot FW of the cultivar
BRM tended to be higher when plants
were cultivated under ECO, (table 1), the
final size achieved by the lettuces was not
significantly affected by either the concen-
tration of CO, or the irrigation regime
(table 1). In contrast, the antioxidant
capacity measured in leaves of BRM was
significantly enhanced when plants were
exposed to ECO, (CO,, p <0.01). The inter-
action between CO, and water supply was
not significant for either growth or antiox-
idant properties in this cultivar.

Contrary to BRM, growth of MV was
clearly increased under ECO, (table 2,
page 92). Moreover, such enhancement
was reinforced when ECO, interacted with
restricted irrigation (CO, x W, p < 0.05), so
that the highest shoot FW (67.33 g plant!)
was achieved by plants cultivated under
ECO, with a water supply of 2/3 FC. In this

Table 1 Shoot fresh weight (FW)
(g plant?) and trapping potential for
DPPH radicals scavenging activity
(I %) in Batavia Rubia Munguia
(BRM) cultivated at either ambient
(~370 umol mol™) (ACO,) or elevated
(ECO,) (~700 pmol mol™) CO,
concentration in the air, and grown with
optimal (FC, field capacity) or restricted
(2/3 FC) water supply.

Tabla 1 Materia fresca (FW) de la parte
aérea (g planta) y capacidad para
eliminar radicales DPPH (I %) en Batavia
Rubia Munguia (BRM) cultivada tanto en
concentraciones de CO, ambiente (~370
umol mol*) (ACO,) como en elevadas
(ECO,) (~700 umol mol™), y crecidas bajo
riego 6ptimo (FC, capacidad de campo) o
bajo restriccién (2/3 FC).

Shoot FW

) o . Treatments lantt 1%
red-leaf cultivar, the antioxidant capacity (g plant™)
measured in leaves was not affected by the ACO FC 4712£3.95 | 68.12+159
irrigation regime, the concentration of CO, : 2/3FC | 45.96+496 | 74.49+1.92
in the air or the interaction between both ECO FC 50.48+2.49 | 78.17 £ 2.66
environmental factors (table 2, page 92). ’ 2/3FC | 5692+3.61 | 77.31+1.55
Main effects
© ACO, | 46.75£2.93 | 71.02:154b
2 ECO, | 5341225 | 77.74+147a
FC 48.95+2.27 | 73.15+2.12
Water supply
2/3FC | 5144+339 | 76.03+1.23
co, NS w*
Water supply (W) NS NS
CO,xW NS NS

Values are means (n = 6) = S.E. Within each
column, data followed by the same letter indicate
that values did not differ significantly (p < 0.05).

ANOVA: NS, not significant; **, significant at p < 0.01.

Los valores corresponden a medias muestrales
(n=6) £ S.E. Dentro de cada columna, el valor
acompaiiado por la misma letra indica que las
medias no difieren significativamente (p < 0,05).
ANOVA: NS, no significativo; **, significativo a p < 0,01.
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Table 2 Shoot fresh weight (FW) (g
plant?) and trapping potential for DPPH
radicals scavenging activity (I %) in
Maravilla de Verano (MV) cultivated at
either ambient (~370 pmol mol™) (ACO,)
or elevated (ECO,) (~700 umol mol™*) CO,
concentration in the air, and grown with
optimal (FC, field capacity) or restricted
(2/3 FC) water supply.

Table 2 Materia fresca (FW) de la
parte aérea (g planta) y capacidad
para eliminar radicales DPPH (I %) en
Maravilla de Verano (MV) cultivada tanto
en concentraciones de CO, ambiente
(~370 umol mol™) (ACO,) como en
elevadas (ECO,) (~700 pmol mol ), y
crecidas bajo riego 6ptimo (FC, capacidad
de campo) o bajo restriccion (2/3 FC).

Treatments Shoot F‘_N 1%
(gplant?)

ACO FC 5590+3.66bc | 70.27 +4.19

z 2/3 FC 47.28+2.67 c 75.32+3.74

FC 60.27 £2.34ab | 73.07 £3.78

ECO, 2/3FC 67.33+4.84a 74.66 +2.23

Main effects

o ACO, 51.59+2.52b 72.79 £2.79

2 ECO, 64.00+2.80a 73.86 £2.11

Water | FC 58.08 +2.17 71.67 £2.72

supply | 2/3 FC 57.51 + 4.06 74.99 +2.08
Co, *x NS
Water supply (W) NS NS
CO,xW * NS

Values are means (n = 6) + S.E. Within each
column, data followed by the same letter indicate
that values did not differ significantly (p < 0.05).
ANOVA: NS, not significant; *, significant at p < 0.05;
** significantat p < 0.01.

Los valores corresponden a medias muestrales
(n=6) + S.E. Dentro de cada columna, el valor
acompaiiado por la misma letra indica que las
medias no difieren significativamente (p < 0,05).
ANOVA: NS, no significativo; *, significativo a
p < 0,05; ** significativoa p < 0,01.
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DISCUSSION

The statistical study of the main effects
of CO, and water supply demonstrated that
moderate water restriction (2/3 FC) did
not reduce yield in any of the two cultivars
of lettuce (table 1, page 91 and table 2),
despite the high sensitiveness of plant
growth to water deficit.

Enhanced CO, concentration in the
air increases the potential net photosyn-
thesis in C3 plants (8), which results in
improved plant growth. However, when
the synthesis of carbohydrates in plants
exposed to ECO, exceeds the capacity
to produce new sinks, their photosyn-
thetic rate declines as a consequence of a
product feedback inhibition (19).

In this study, BRM and MV plants were
harvested when their vegetative devel-
opment had not still finished, which means
that the youngest leaves could act as sink
organs. This fact may explain why CO,
enrichment exerted a positive effect on shoot
growth, being this effect more evident in MV
(table 2) than in BRM (table 1, page 91).

The antioxidant capacity measured
in leaf extracts from the green-leaf BRM
was similar to that found in the red-leaf
MV (table 1, page 91 and table 2), which
contrasts with the significantly higher
DPPH scavenging activity found by
Llorach et al. (2008) in red lettuces in
comparison with that of green varieties.
According to Baslam et al. (2012), leaves
of MV have more anthocyanins than those
of BRM when plants are fully irrigated
and cultivated at ACO,, but the amount
of total phenolic compounds is higher in
leaves of BRM than in leaves of MV. This
suggests that the antioxidant capacity in
the red-leaf MV may be mainly due to the
anthocyanins (15) and the antioxidant
properties of the green-leaf BRM may be
related to total phenolics (10).
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Baslam et al. (2012) also observed
that the concentrations of anthocyanins
significantly increased in leaves of BRM
exposed to ECO,, which could explain the
enhancement of the antioxidant capacity
observed in this cultivar fertilized with
CO, (table 1, page 91). At ACO,, moderate
water restriction (2/3 FC) also induced the
accumulation of anthocyanins in leaves of
BRM (2), which may explain the higher
trapping potential for DPPH radicals
scavenging activity in BRM receiving
irrigation equivalent to 2/3 FC (74.49%)
than in plants grown with full irrigation
(68.12 %) (table 1, page 91).

However, no additive effect between
restricted irrigation (2/3 FC) and ECO, was
observed for improving the antioxidant
activity in neither of the two cultivars (table
1, page 91 and table 2, page 92). This lack
of interaction between CO, and water
restriction for increasing the antioxidant
properties may be due to the preferential
use of the photoassimilates to improve
growth in detriment to the synthesis and
accumulation of secondary compounds
in plants cultivated with restricted water
supply (2/3 FC) under ECO,.
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ABSTRACT

Rice seeds coating with microparticulate zinc oxide can maximize the absorption
of this micronutrient by the seedling and favor seeds vigor when compared with zinc
sulfate. This work aimed to evaluate the sources and doses of zinc in seed quality and
in the nutrition of rice seedlings. The experiment consisted of a completely randomized
design with four replications, five doses of zinc in the form of oxide (0; 20; 40, 80 and
160 gkg™), and a control treatment of zinc in the form of sulfate (40 g kg™). The following
parameters were evaluated: germination, accelerated aging, seedlings emergence,
emergence speed index, cold test, dry matter, and zinc concentration in the root and
shoot of the seedlings. Seed coating with zinc, regardless of the source, improved seed
physiological quality and seedling nutrition. Zinc sources did not affect germination;
however, the oxide form induced better seed vigor, except for the highest dose (160 g
kg-1). Increasing doses of zinc oxide augmented the concentration of this nutrient in
rice seedlings dry matter. Zinc coating of rice seeds in the form of microparticulate,
depending on the dose, can maximize seed vigor and increase the concentration of this
micronutrient in the seedlings when compared with zinc sulfate, the traditional source.
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micronutrient e seed coating ¢ microparticulate zinc oxide
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RESUMEN

El revestimiento de semillas de arroz con 6xido de zinc microparticulado puede
maximizar la absorcién de este micronutriente por las plantulas y favorecer el vigor
de las semillas en comparacién con el sulfato de zinc. Este trabajo tuvo como objetivo
evaluar las fuentes y dosis de zinc en la calidad de semillas y en la nutricién de plantulas
de arroz. El experimento fue desarrollado en delineamiento completamente al azar con
cuatro repeticiones, con un testigo sin aplicacion de zinc, cuatro dosis de 6xido de zinc
(20,40,80y 160 gkg! de Zn), y un tratamiento en la forma de sulfato de zinc, 40 gkg? de
Zn. Se evaluaron los siguientes parametros: germinacion, velocidad de envejecimiento,
emergencia de plantulas, indice de velocidad de emergencia, prueba fria de semillas,
materia seca y acumulacidon de zinc en la raiz y parte aérea de las plantulas . La cobertura
de semillas con zinc, independientemente de la fuente, mejoro6 la calidad fisioldgica de
las semillas y la nutricién de las plantulas de arroz. Las fuentes de zinc no alteraron la
germinacidn; sin embargo, el 6xido de zinc proporcioné un mejor vigor de las semillas,
con la excepcién de la mayor dosis, 160 g kg*. El aumento en la dosis de dxido de zinc
aumento la acumulacion de ese nutriente en la materia seca de las plantulas de arroz. El
recubrimiento con zinc en semillas de arroz en forma de microparticulas, dependiendo
de la dosis, puede maximizar el vigor de las semillas y aumentar la concentracion de este
micronutriente en las plantulas en comparacion con el sulfato de zinc, que es la fuente
tradicional utilizada por los productores.

Palabras clave
micronutriente e revestimiento de semillas e 6xido de zinc microparticulado

INTRODUCTION

Seed Zinc (Zn) application is an
effective method to guarantee the
greater availability and absorption of this
element at the beginning of the crop’s
development. At this stage, plants do not
absorb large amounts of nutrients from
soil or leaf applications due to the little-
developed root system and leaf area
(21). Thus, Zn soil fertilization does not
increase the concentration of this element
in rice plants (Oryza sativa L.) (25).

Seed coating enhances nutrient distri-
bution uniformity, reduces losses, lowers
application costs, and allows the rational
use of non-renewable natural reserves due
to the small amounts used (3, 4). Moreover,
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Zn application may increase germination
percentage, physiological response, and
crop’s growth, especially in grasses (2), and
depending on the source used.

Some studies have demonstrated
divergent results for the different Zn
sources applied to grasses. Tunes et al.
(2012) reported that zinc sulfate (ZnSO,)
did not increase the germination potential
of wheat seeds, whereas Santos et al
(2017) verified that zinc sulphate appli-
cation in maize seeds decreased germi-
nation and whole plant dry matter (DM).
However, the application of zinc oxides
(ZnO) forms to the seeds, increased
growth and DM of sorghum (14) and
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maize (15) seedlings, as well as root
and shoot Zn in rice seedlings (3). These
results confirm the higher efficiency of
Zn0O when compared with ZnSO,. To the
moment, studies have reported the use of
non-microparticulate oxides; therefore,
the use of a ZnO source with micropar-
ticles in the range of 1.90 to 18.00 pm
could be tested in order to find if it may
increase the benefits in germination,
growth, and nutrition of rice seedlings.

Considering the aforementioned, the
work hypothesis is that plants absorb more
ZnO0 in the form of microparticulate than
conventional ZnSO, due to the particles
size. In addition, the use of ZnO promotes
the slower zinc availability in relation to
the soluble source, ZnSO - This fact favors
a high absorption of the element without
inducing toxicity, which normally occurs
with ZnSO, seed application, as observed
in maize seedlings (19).

Thus, rice seeds coating with micropar-
ticulate ZnO can maximize the absorption
of the micronutrient in the seedling and
favor seed vigor and seedling development
when compared with zinc sulfate. This work
aimed to evaluate the sources and doses of
zinc in seed quality and in the nutrition of
rice seedlings, cultivar ANA 5015.

MATERIAL AND METHODS

The study was carried out at the Seed
Technology Laboratory of the Federal
University of Mato Grosso do Sul, Campus
of Chapaddo do Sul - CPCS/UFMS, using
seeds of the rice cultivar ANA 5015.

The experiment consisted of a
randomized completedesignwithfourrepli-
cations. Treatments consisted of a control
without application of Zn (0 g kg * of Zn),
four doses of microparticulate zinc oxide
(20, 40, 80, and 160 g kg! of Zn in seeds),
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corresponding to the amount of Zn to coat
1 kg of seed and a treatment containing a
dose of 40 g kg of Zn in seeds, with zinc
sulfate (35% Zn). The zinc oxide source
contains 50, 90, and 100% of the particles
with a diameter below 1.90; 8.96 and 18.00
um, respectively. In addition, 85% of Zn
is associated with lignin at the concen-
tration of 1,0 g L* in order to keep the zinc
in suspension. Zinc doses were chosen
according to recommendations for appli-
cation of Zn in seed treatment (15).

Seed coating was carried out by hand
in a plastic bag, by mixing the respective
dose of ZnO with 200 g of seeds moistened
with 50 mL of water and shaking for
three minutes until complete homogeni-
zation. The effects of the treatments were
evaluated by germination and vigor tests.

Germination test was carried out with
four replications of 50 seeds distributed
on germitest paper, moistened with water
equivalent to 2.5 times the mass of the
non-hydrated substrate, in a germinator
at 25°C. The evaluation was carried out 14
days after installation (11).

The evaluation of the accelerated aging
used four replications and 50 seeds per
treatment and was carried out in gerbox-
typeboxes (11.5x11.5x3.5 cm) covered by
a metal screen. Seeds were distributed in
a single layer, containing 40 mL of sodium
chloride solution (40 g NaCl/100 mL H,0),
with 76% RH (6). The boxes were covered
and maintained in a Biochemical Oxigen
Demand (B.0.D) for 24 hours at 41°C
(21). After the aging process, seeds
were subjected to the germination test,
as previously described, and evaluated
five days after sowing.

Seedlings emergence was evaluated by
placing the seeds in expanded polystyrene
box containing Plantmax® substrate
with two daily irrigations. Seedlings
were evaluated at 15 days after sowing,
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by counting the emerged seedlings (12),
using four replications of 50 seeds. The
emergence speed index was calculated by
the Maguire formula (8), with daily evalu-
ations from the beginning of seedlings
emergence, by counting the number of
seedlings emerged for 15 days after sowing.

For the cold test, four replications of
50 seeds were used for each treatment.
Seeds were distributed in germitest paper
rolls and moistened with water equivalent
to 2.5 times the mass of the non-hydrated
substrate. The rolls were stored in plastic
bags and maintained in a B.0.D. chamber
at 10°C for seven days. Afterwards, they
were transferred to the germinator at 25°C,
where they remained for another 7 days,
followed by counting normal seedlings.

For seedlings DM (dry matter), 20
seeds were sown in germitest paper previ-
ously moistened with water equivalent to
2.5 times the mass of the non-hydrated
substrate, remaining in the germinator at
25°C for 19 days. Shoots and roots of
normal seedlings of each replication
were separated using a blade and placed
in kraft paper bags and dried in a forced-
air-circulation-oven at 65°C until constant
weight. Afterwards, shoot and root DM
(mg per seedling) were obtained. The Zn
concentration was determined according
to the methodology proposed by Bataglia
etal (1983).

Data were subject to ANOVA, and the
doses of ZnO were analyzed by polynomial
regression. Three statistical contrasts
were established and analyzed by the t-test
at 5% probability: ZnO (40 g kg") x ZnSO,
(40 g kg') (C1), absence of Zn x ZnSO,
(40 g kg!) (C2), and absence of Zn x ZnO
(40 gkg™) (C3).
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RESULTS AND DISCUSSION

For germination, no significant
difference was observed between treat-
ments (table 1, page 99). However, this
experiment does not consider the growth
rate, which is fundamental for a successful
seedling establishment. Therefore, if the
seedlings development is relatively slow,
but is complete at the expected period of
time for the laboratory test, the results
may not be the same under less favorable
environmental conditions (10).

Although zinc coating did not affect the
germination, it influenced seeds vigor. In
the cold test, when comparing the oxide
form of Zinc with respect to the sulfate
form, contrast 1 (C1), and the absence of
zinc, contrast 2 (C2), the oxide presented
higher averages of seedlings (table 1,
page 99). Seeds under adverse conditions
of temperature and humidity presented
a decreased germination. In these
circumstances, zinc oxide was beneficial
in relation to the absence of zinc, causing
Zn absorption even under low seed
metabolism conditions.

The increase of zinc oxide doses
increased the values of normal seedling
germination in the cold test, with a
maximum value of 107.5 g kg! of Zn
in seeds (figure 1, page 100). This fact
confirms the beneficial effect of zinc
on seeds under adverse conditions of
temperature and humidity since this
element may have an antioxidant effect,
contributing abiotic stresses tolerance or
avoidance (7, 24).

In the accelerated aging, when
comparing zinc oxide with zinc sulfate,
the oxide showed a higher percentage of
seedling standards (C1). The same was
observed when comparing the absence of
zinc in relation to sulphate (C2).
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Table 1. Germination percentage (%), cold test, accelerated ageing, seedlings
emergence, and speed index of rice seeds emergence in function of coating with
different zinc sources and doses.

Tabla 1. Porcentaje de germinacion, prueba de frio, envejecimiento acelerado,
emergencia de plantulas e indice de velocidad de emergencia de semillas de arroz
en funcion del recubrimiento con diferentes fuentes y dosis de zinc. Estos valores se
expresan en porcentaje (%).

source | Zndose | STTNON g | Acslmted | Seedings | Emergence
gkg! (%) -
- 0 99 80 97 98 16
20 99 84 90 90 15
710 40 99 87 93 94 15
80 99 93 92 98 16
160 98 89 93 96 16
ZnSO, 40 98 80 79 92 15
CV(%) 4.34 5.08 5.20 5.08 5.66
F regression 0.15" 4.73" 0.89m 1.470s 1.120
Contrasts Estimates
C1 0.50™ 6.5" 13.50" 2.00™ 0.17ns
C2 1.00m 0.5 17.50" 6.00™ 0.42"
C3 0.50™ 7.00" 4.00" 4.00™ 0.26™
Contrasts
ZnO - 87 a 93 a - -
ZnSO, - 80b 79b - -
0 - - 97 a - -
ZnSO, - - 79b - -
0 - 80b - - -
Zn0O - 87 a - - -

* significant at 5% probability by the t-test; ™ not significant; C1: Zinc oxide (40 g kg™) x of zinc sulfate
(40 g kg1); C2: absence of Zn x zinc sulfate (40 g kg'); and C3: absence of Zn x zinc oxide (40 g kg?).
* significativo al 5% de probabilidad de acuerdo a la prueba t; ™ no significativo; C1: Oxido de zinc (40 g kg™)
x de sulfato de zinc (40 g kg'); C2: ausencia de Zn x sulfato de zinc (40 g kg™); y C3: ausencia de Zn x 6xido de
zinc (40 g kg).
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Figure 1. Cold test of rice seedlings in function of seed coating with increasing doses of
zinc oxide.

Figura 1. Prueba en frio de plantulas de arroz en funcién del revestimiento de semillas
con dosis creciente de éxido de zinc.

The absence of this source favored
the increase of normal seedlings
(table 1, page 99). This test simulates
stressful conditions in the seeds due to
high temperature and high humidity, and
under these conditions, Zn in the form of
sulfate impaired their performance.

Seedlings emergence and emergence
speed index showed no difference
between treatments (table 1, page 99).
These results are in agreement with
those of Pletsch et al. (2014), Smiderle
et al. (2008), and Tunes et al (2012),
which presented no differences for these
parameters in canola, bean, and wheat
seeds, respectively, using zinc sulfate
coating. In some cases, the application
of ZnSO, may decrease the seed germi-
nation potential, as observed by Santos
etal (2017) and Xavier et al. (2016), who
evaluated doses of Zn sulfate applied to
maize seeds and stylosanthes, respectively.
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Results indicated greater root DM
for the Zn applied in the form of zinc
oxide when compared with sulfate oxide.
Moreover, DM values were higher when
using the Zn sources than in the absence
of Zn (table 2, page 101). In sorghum
seeds, the use of zinc oxide increased
shoot and root DM, resulting in greater
efficiency when using the micronutrient,
despite the lower absorption efficiency
when compared to the sulfate. In addition,
the application of zinc sulfate decreased
whole plant DM (14).

An increase in root DM was observed up
to the dose 0of 102.7 g kg™ of Zn (oxide form)
in seeds (figure 2b, page 102). Galrdo et al.
(1996) reported different results for the
coating of maize seeds, with an increase in
root DM with up to 40 g kg™ of Zn in seeds
when using oxide. Prado et al. (2007b)
evaluated doses of up to 40g kg! of Zn in
seeds (zinc oxide and zinc sulfate) in a maize
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Table 2. Shoot dry matter, root dry matter, and zinc concentration in the shoots and
roots of rice seedlings in function of seed coating with zinc sources and doses.

Tabla 2. Materia seca de la parte aérea, masa seca de raices y concentracion de zinc
en la parte aérea y en las raices de plantulas de arroz en funcién del revestimiento de
semillas con diferentes fuentes y dosis de zinc.

Zn concentration

Sources of Zn Dosels( 01f Zn Shoot DM Root DM Shoot Root
T p— mg per seedlings --------- | = ----eeee- mg kg!---------
- 0 4.80 3.15 748.70 268.25

20 4.83 3.35 1831.80 1423.75

700 40 5.33 3.70 3058.35 2031.30
80 5.00 3.73 3068.55 2417.15
160 5.33 3.63 3891.35 3133.40

ZnSO, 40 5.15 3.40 1801.45 1774.50
CV(%) 4.54 4.13 17.27 12.40
F regression 8.15* 11.19* 30.76 85.83"
Contrasts Estimates
C1 0.18" 0.30" 1256.90" 256.80"
Cc2 -0.35" -0.25" -1052.85" -1506.25"
C3 -0.53" -0.55 -2213.91 -1983.15"
Contrasts
ZnO - 3.70 a 3058.35 a -
ZnSO, - 340D 1801.45b -
0 4.80b 3.15b 748.70 b 268.25b
ZnSO, 5.15a 340a 1801.45 a 1774.50 a
0 4.80 b 3.15b 748.70 b 268.25b
Zn0 5.33a 3.70a 3058.35a 2031.30a

* significant at 5% probability by t-test; ™ not significant; C1: Zinc oxide (40 g kg!) x zinc sulfate zinc
(40 g kg1); C2: absence of Zn x zinc sulfate (40 g kg'); and C3: absence of Zn x zinc oxide (40 g kg?).

* significativo al 5% de probabilidad por la prueba t; ™ no significativo; C1: Oxido de zinc (40 g kg) x de sulfato de
zinc (40 g kg1); C2: ausencia de Zn x sulfato de zinc (40 g kg™); y C3: ausencia de Zn x 6xido de zinc (40 g kg?).

crop and observed a quadratic adjustment
for plant DM, with increasing values when
using zinc oxide and decreasing values seeds,
Prado et al (2008) observed a decreasing
linear effect with the use of zinc sulfate and
no effect with the use of zinc oxide for DM
yield. However, zinc sulfate decreased root
DM yield when compared with zinc oxide.
Thus, high concentrations of Zn in the plant
can be toxic and consequently affect DM
yield (10).

For shoot DM, both ZnO and ZnSO, lead
to higher values when compared with the
absence of Zn (table 2). An increasing
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linear adjustment was observed for shoot
DM with increasing doses of zinc oxide
(figure 2a, page 102). Rozane et al. (2008)
evaluated zinc oxide and zinc sulfate in
rice and verified that sources lead to
similar increments of seedlings DM.

The authors also stated that the doses
of zinc, regardless of the source, linearly
increased whole plant DM. Nevertheless,
Prado et al. (2008), in a study on sorghum
seeds, observed that the doses of zinc
quadratic and linearly affected shoot DM
yield when using zinc sulfate and zinc
oxide, respectively.
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Figure 2. Shoot dry matter (a), and root dry matter (b) of rice seedlings in function of
seed coating with doses of zinc oxide.

Figura 2. Materia seca de la parte aérea (a) y raiz (b) de plantulas de arroz en funcién
del revestimiento de semillas con dosis de 6xido de zinc.

Zinc sources significantly affected
the Zn concentration in shoot DM
(table 2, page 101). Zinc oxide showed
higher values when compared with zinc
sulfate and absence of Zn, with a greater
absorption seed of the oxide and greater
translocation of Zn to the seedling (table
2, page 101).
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Yagi et al. (2006) used doses of zinc
sulfate in sorghum seeds and observed
significant effects on zinc concentrations
in shoots. A quadratic regression was
observed for zinc concentration in shoots
(figure 3a) as a function of Zn doses in
seedlings, with maximum Zn concentration
of 2988,5 mg kg in shoot, corresponding
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to the application of 136,3 g kg of Zn in
seedlings. These results are in agreement
with those reported by Prado etal. (2007c)
in maize seeds, that observed a quadratic
increase in the Zn concentration in shoots
and roots by using zinc sulfate and a linear
increase when using zinc oxide.

No difference between the sources was
observed in Zn concentration of roots.
However, a greater Zn absorption was
verified when using zinc oxide. Regarding
the absence of Zn, the sources presented
greater nutrient concentration (table 2,
page 101).
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Figure 3. Zinc concentration in shoot (a) and root (b) in rice seedlings in function of
seed coating with doses of zinc oxide.

Figura 3. Concentracion de zinc en la parte aérea (a) y en las raices (b) en plantulas de
arroz en funcidén del revestimiento de semillas con dosis de 6xido de zinc.
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A positive quadratic effect
was observed for zinc concen-
tration in roots of rice seedlings

(maximum value of 3.149,9 mg kg') when
usingzinc oxide up tothe dose 0f138.2 gkg!
in seedlings (figure 3b, page 103). Plants
tolerance to zinc excess is related to the
complexation of the metal in the cytoplasm
of the cells by the exudation of chelating
substances in the roots (22).

Rozane et al. (2008) reported that the
increase in the doses of zinc quadrati-
cally increased the zinc concentration
and accumulation in the root when using
both zinc sulfate and zinc oxide. In maize
seeds coated with zinc, Prado et al. (2007)
observed that the increase in the doses

the nutrient concentration in root when
using zinc sulfate; a linear increase of
the nutrient concentration when using
zinc oxide, and a quadratic increase in Zn
accumulation for both sources.

CONCLUSION

Zinc sources did not change the germi-
nation; however, the oxide form provided
better seed vigor, except for the highest
dose (160 g kg 1). Increases of zinc oxide
doses augmented the concentration of
this nutrient in rice seedlings DM, when
compared with zinc sulfate, which is the
traditional source.

of zinc resulted in a quadratic increase of
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ABSTRACT

Regional Control Areas (RCAs) have been implemented in Mexico as a strategy to
delay the spread of Candidatus Liberibacter asiaticus, the causal bacterium of the disease
known as Huanglongbing (HLB). The implementation of an effective management of
the vector insect, Diaphorina citri in the RCAs requires the knowledge, acceptance and
coordinated engagement of small agricultural producers. This research assessed the
perception and knowledge of 62 citrus growers regarding the operational, sociocultural
and environmental factors influencing chemical control of D. citri in four RCAs within
Veracruz State. According to their responses, the following factors have been identified
as the operational factors with the highest influence on the effectiveness of insecti-
cides against D. citri within RCAs: the lack of knowledge about the use of surfactants,
application speed, poor calibration of sprayers and incorrect water quality. The most
significant sociocultural factors are the general unawareness of the pest and the safe
and proper application of pesticides. The most relevant environmental factors during
application: temperature, relative humidity, and wind speed. Sociocultural index corre-
lated with the perception of effectiveness. Therefore, it becomes necessary to consider
differences among citrus growers in each region and setting out the most appropriate
strategies for vector and disease management.

Keywords
regional control areas ¢ Candidatus Liberibacter e chemical control  growers' perception
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RESUMEN

México ha establecido Areas Regionales de Control (ARCO) como estrategia para
retrasar la dispersion de Candidatus Liberibacter asiaticus, bacteria causante de la enfer-
medad llamada Huanglongbing (HLB). El manejo efectivo de D. citri en las ARCO depende
del conocimiento, aceptacion y participacion coordinada de los pequefios productores.
Esta investigacion evalu6 la percepcion y el conocimiento de 62 citricultores sobre los
factores operacionales, socioculturales y ambientales que inciden en el control quimico
de D. citri de cuatro ARCOs, en el estado de Veracruz. Con base en la respuesta de estos
pequefios productores, los factores operacionales que mas inciden en la efectividad de
insecticidas contra D. citri en las ARCO son: desconocimiento sobre uso de adherentes,
velocidad de avance del aplicador, deficiente calibracion de equipos y calidad de agua
utilizada; entre los factores socioculturales destacan: desconocimiento general sobre la
plaga, y sobre el buen uso y manejo de plaguicidas, ademas, los factores ambientales mas
relevantes al momento de la aplicacion son: temperatura, humedad relativa y velocidad de
viento. El indice sociocultural se correlacion6 con la percepcion de la efectividad; por tanto,
es necesario considerar las diferencias entre productores de cada regién para establecer

las estrategias mas apropiadas de manejo del vector y la enfermedad.

Palabras clave

areas regionales de control e Candidatus Liberibacter ¢ control quimico e percepcion

de productores

INTRODUCTION

Citrus are among the most important
horticultural crops in the world (18, 39).
However, high yield losses result from
pests and diseases. In Mexico, citrus
production is affected by the presence
of the Asian Citrus Psyllid (ACP) or
Diaphorina citri Kuwayama (Hemiptera:
Liviidae), the primary vector of Candidatus
Liberibacter asiaticus (CLas). This is
the causal bacterium of Huanglongbing
(HLB), the most destructive disease of
citrus in the world (4, 20). To succeed in
getting an evident impact on widespread
populations of D. citri on citrus orchards,
regional control areas (RCAs) have
been established as part of the National
Campaign against HLB and its Vector. This
strategy is expected to delay the spread of
CLas in citrus-growing states of Mexico,
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and to reduce disease severity (41).
RCAs management is based on chemical
control of the vector, complemented with
biological control in suburban areas, use
of certified plants, and removal of diseased
trees (35).

Most RCAs consist of small farmers'
plots. Accordingly, growers' acceptance
of management strategies and their
engagement are required to implement
control actions in a coordinated way, and
consequently, to have a better impact
on the populations of D. citri (29, 42).
To succeed in implementing the recom-
mendations made by the Veracruz State
Plant Health Committee (CESVVER), it is
important to consider: i) citrus growers'
perception regarding economic and social
advantages of these recommendations;
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ii) compatibility with local tradition
and knowledge, iii) complexity of the
proposed strategy, iv) the possibility of
experimenting, and v) visibility of results
in the short term (23).

A successful application depends not
only on the effectiveness of the insecti-
cidal molecule itself, but also on several
factors that may enhance or reduce it,
such as: a) the number of resistance
genes on pest population (30), b) opera-
tional factors during application (29),
) environmental conditions during appli-
cation (28), and d) growers' knowledge
of insecticide management (31). The
effectiveness of insecticide applications
on RCAs has been assessed in terms of
susceptibility at lethal dose level and
through biological effectiveness tests (15,
38, 40). However, no consideration has
been given to the sociocultural complexity
and the specificity of local knowledge on
each citrus area, which may determine the
effectiveness and acceptance of the HLB
Campaign. Therefore, the assessment of
citrus growers’ perception regarding the
factors that could impact on the effec-
tiveness of the insecticides applied in the
RCAs is a key aspect. This would allow to
propose strategies aimed at performing
more efficient applications, and thus, to
facilitate reducing the populations of the
vector and delaying the dissemination of
the bacterium throughout Mexico's main
citrus areas.

Perception is regarded as the most
basic process of acquiring knowledge,
through which people obtain information
and codify or classify it into categories
delimited by experiences, feelings and
thoughts (2, 19). Sociocultural context
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influences growers' perception about
recommendations regarding proper use
and managementofinsecticides. Moreover,
inadequate decision-making regarding the
rotation of toxicological groups (TGs) and
increased application rates have led to the
emergence of resistant insect populations.
The resistance to some groups of insecti-
cides might result from the high selection
pressure, such as that generated in super-
vised regional applications (SRAs) by
CESVVER, in addition to the unsupervised
local applications (USLAs), in the area
of Martinez de la Torre, Veracruz, and in
RCAs in other citrus growing states in
Mexico (15, 38). This scenario reduces
the lifespan of those insecticides used
in the RCAs. Furthermore, the growers'
lack of knowledge regarding operational
practices, such as equipment calibration,
as well as the prevailing weather condi-
tions during applications (high tempera-
tures and wind speed), further limits the
maximum potential expression of the
insecticides in each application. Poor
applications play a role in the spread
of CLas within the state, the increase of
production costs per agricultural cycle and
the reduction of the diversity on beneficial
native fauna in each citrus area (40).

Objective

The purpose of this research was
to determine the operational, sociocul-
tural and environmental factors that
have an impact on the effectiveness of
insecticides, according to the perception
and knowledge of small farmers within
Regional Control Areas located in Martinez
de la Torre, Veracruz, Mexico.
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MATERIALS AND METHODS

The study was conducted in four RCAs,
where coordinated actions have been
implemented for the control of D. citri, and
addressed by the Local Plant Health Board
of Totonacapan, associated with CESVVER,
in the Municipality of Martinez de la Torre,
Veracruz, Mexico. These areas are: RCA
4 [Ejidos "Pueblo Viejo" and "Cartago",
along with small adjoining properties
(1051.05 ha total)]; RCA 9 [Ejidos "San
Antonio Coronado”, "Flores Magoén",
"Paso de Barriles" and "Santa Rosa", along
with small adjoining properties (1000 ha
total)]; RCA 10 [Ejidos "Valsequillo”, "El
Insurgente Socialista”, "Miguel Hidalgo",
"Mesa Chica Nuevael Corcho" and "Augusto
Gomez Villanueva" (1000 ha total)] and
RCA 11 [(Ejidos "Cafiizo", "Flamencos"
and "Piedrilla" (1000 ha total)].

Sixty-two growers within the RCAs
were interviewed using a structured
questionnaire (24, 32). In addition, partici-
patory observation was performed during
the meetings of the ejidos or groups
integrating the RCAs. The questionnaire
was applied from August to December of
2015 during ejido meetings. Interviews
were directed to ejido members interested
in the HLB campaign, which increased
confidence between interviewer and
interviewed. To gain additional insight
(5), a group of growers who did not attend
ejido meetings were also interviewed. All
interviews were conducted with RCAs
stakeholders and beneficiaries of the
Campaign against HLB. The sample repre-
sents 10% of the beneficiary population of
small farmers in the study area.

The first section of the question-
naire included personal data: name, age,
schooling, RCA number, citrus varieties
cultivated, orchard land area (ha) and
name of the person who sprays the
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insecticide. The second section included
open and closed-ended questions to
identify the operational factors of the last
application of insecticides, that could have
an impact on their effectiveness: insecti-
cides used, dose increment, surfactant use,
calibration and type of sprayers used, and
their perception about application effec-
tiveness and its relation with water quality,
nozzles used and applicator advance
speed. The third section focused on identi-
fying sociocultural factors: growers' atten-
dance at meetings, organization, interest
in D. citri control, knowledge of insecticide
management and rotation, protection of
natural enemies, training in insecticide
management, and their perception on
the effectiveness of the RCAs. The fourth
section focused on growers' knowledge
of the environmental factors to be
considered during applications: spraying
schedule, wind speed, relative humidity,
temperature and rainfall.

A Likert scale was used to categorize the
closed-ended responses, and frequencies
also were generated with similar open-ended
responses. Standardized responses were
used to build sub-indexes of operational,
sociocultural and environmental factors.

Reference values were developed
accordingto the criteria set out by different
authors, including CESVVER technicians
and executives' opinion, representing the
highest value. These reference values were
compared with those obtained. The same
procedure was performed with results
obtained from each subindex. A Pearson's
correlation matrix was developed to
compare each subindex (operational,
sociocultural and environmental) with
the subindex on perception of application
effectiveness, using the SAS® PROC CORR
procedure (46).
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RESULTS AND DISCUSSION

Description of citrus growers surveyed

The average number of hectares per
grower interviewed was 11.8, mostly
covered with Persian lime. The majority
of growers were men (93.5%), 56.3 years
old on average. The level of schooling of
most of them was middle-school, 7% had
received no schooling at all, and 10% had
studied for more than ten years (table 1).

Operational factors

There are two types of operational
factors that have an impact on the effec-
tiveness of an application: i) the toxicant
applied, and i) the type of application (29).
The values of the operational sub-indexes
under assessment were close to the
expected maximum in variables related
to the toxicant applied, which includes the
toxicological group (3 of 3), active ingre-
dient (3 of 3) and applied dose (2 of 2).
Therefore, high values could be explained
given that these activities are supervised
by CESVVER technicians; in addition, only
the recommended insecticides are applied
on the RCAs. However, those sub-indexes
related to management of sprayers and
insecticides, such as sprayer calibration

(1.71 of 3), surfactant use (2.80 of 3.33),
applicator advance speed (1.63 of 3), and
water quality (1.65 of 2) had low values in
relation to the effectiveness of the RCAs
(table 2, page 111).

The HLB Technical Group decides on
the insecticides and doses to be used in
the RCAs. Also, it determines which is the
appropriate rotation of TGs and the use of
the minimum effective dose, as well as the
crop's phenological stage (9, 41).

In SRAs, most producers claimed they
had applied insecticides at the correct time
and in the correct way (96%), and denied
increasing the doses in any application or
having used any mixture of insecticides
(both 100%). However, this information is
not consistent with previous field assess-
ments (40). Most growers said that since
the insecticide provided by CESVVER
resulted effective, they kept buying the
same TG for USLAs. Organophosphates are
the most used insecticides (40). Constant
applications of this chemical group and
the use of inappropriate doses stimulate
the development of resistant populations
of D. citri and the emergence of secondary
pests, as well as a reduction in the lifespan
of the insecticides in use (15).

Table 1. Information about citrus growers interviewed in the RCAs of Martinez de la
Torre, Veracruz.

Tabla 1. Informacién de los citricultores entrevistados en las ARCO de Martinez de la
Torre, Veracruz.

Variables

Area cultivated per grower (ha)

Gender (male growers) (%)

Age (years old)

Average schooling (years)
Main crop

Persian Lime

Orange

Grapefruit

Average | S.D. (%)
11.80 13.23
93.55 N.A.
56.30 11.25
7.40 4.60

(%)
59.00
37.00

4.00

S.D. = Standard deviation; N. A. = Not applicable. / S. D. = Desviacién estandar; N. A. = No aplica.
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Table 2. Maximum expected and obtained values of each subindex for the operational
index evaluated in the regional control areas in Veracruz, Mexico.

Tabla 2. Valores maximos esperados y obtenidos de cada subindice para el indice
operacional, evaluado en areas regionales de control, en Veracruz, México.

Index Subindex Maximum Valu_e obtained Referel}ce assigned
expected value in RCA to maximum value
Toxicological group in SRA 3.00 3.00 (8, CESVVERY)
Active ingredient in SRA 3.00 3.00 (8, CESVVER)
Recommended dose in SRA 2.00 2.00 (8, CESVVER)
Insecticides in USLA 2.00 1.79 (42)
Operatignal Surfactant 3.33 2.80 (26)
factors Calibration 3.00 1.71 (15, 23)
Pump type 2.50 1.56 (49)
Nozzle type 3.00 1.56 3)
Forward speed 3.00 1.63 (27)
Water quality 2.00 1.65 (12,17)

!Information obtained from CESVVER technicians and executives; SRA = Supervised regional applications;
USLA = Unsupervised local applications.
!Informacién obtenida de técnicos y directivos del CESVVER; SRA = Aplicacién regional supervisada;
USLA= Aplicacién local no supervisada.

Correlation of the  operational
sub-indexes evaluated showed that

(table 3, page 112). About 24% of growers

those small farmers who have a higher
perception of SRA effectiveness pay more
attention to the quality of water they use
in their applications (0.2859, p < 0.0043)
(table 3, page 112). However, 59% never
check the pH of the water used and 11.2%
do not check for debris or a strange color.
It is known that pH can modify, or even
degrade the active ingredient of insecti-
cides. In addition, the presence of organic
matter may clog nozzles and accelerate
the wearing of the sprayer (26). Leiva
(2010) reports that the half-life of organo-
phosphates can be increased from 1 to 35
d by lowering the pH from 8 to 7; recom-
mending to acidify water if it seems cloudy
or presents organic matter.

Growers who know that water quality
may influence application effectiveness
also believe that the use of surfac-
tants (0.3085, p < 0.0147) and specific
nozzle type (0.4547, p < 0.0002) could
enhance the effectiveness of insecticides
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have never used surfactants in their appli-
cations, although those who had used them
(76%) do not know the advantages of
applying them, and among them, 5% only
use surfactants with other agrochemicals,
such as herbicides and foliar fertilizers. Our
results agree with those of Carvalho et al.
(2016) in Brazil, who reported that mineral
oil is the most commonly surfactant used
in combination with insecticide. Once
more, 17.9% of interviewed growers use
this product without knowing its potential
advantages in the mixture. In this sense,
Cortez-Mondaca et al. (2010) pointed out
that using good quality water with surfac-
tants in the mixture can enhance the effect
of insecticides.

Growers who consider that appli-
cator advance speed can affect application
effectiveness, also believe that an appro-
priate nozzle type (0.5855, p < 0.0001)
and a good calibration of equipment
(0.4374,p < 0.0060) (table 3, page 112) can
maximize the effect of any insecticide.
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Table 3. Pearson's correlation matrix of the perception of supervised regional
application effectiveness subindex, and other operational subindexes.

Tabla 3. Matriz de correlacién de Pearson del subindice de percepcion de la efectividad
de las aplicaciones regionales supervisadas y otros subindices operacionales.

SI-PAE! SI-SU? SI-AAS?
SI-PAE 0.1846 0.1812
SI-SU 0.0055
SI-AAS
SI-NU
SI-wC
SI-SC

SI-NU* SI-WC® SI-Sc®
0.1875 0.2859* 0.0724
0.2098 0.3085* 0.2284
0.5855*** | 0.1927 0.4375**

0.4547*** | 0.2926
0.2287

1Perception of application effectiveness subindex; ? Surfactant use subindex; ®applicator advance
speed subindex; * Nozzle use subindex; ®* Water quality subindex; ¢ Sprayer calibration subindex.
Significance level of Pearson's linear correlation coefficient: * < 0.05, ** < 0.01, *** < 0.001.

!Subindice de percepcion sobre la efectividad de las aplicaciones; 2Subindice
uso de adherente;? Subindice velocidad de avance;*Subindice uso de
boquilla; ® Subindice calidad del agua; ¢ Subindice calibracién de equipos.
Nivel de significancia del coeficiente de correlacion lineal de Pearson: * = <0,05, ** = <0,01, *** = <0,001.

In stark contradiction to this group,
53.2% of the interviewees do not calibrate
their equipment and 56.5% do not believe
that nozzle type affects effectiveness, even
though it has been well established that
calibration is one of the most frequently
occurring factors causing deficient pest
control (50). In general, the RCA strategy
along with the recommendations made
by CESVVER technicians, have a positive
impact on the knowledge of some growers
about D. citri management. Continuous
training of beneficiaries, along with the
promotion of their engagement, are
required to prevent the spread of CLas in
this important citrus area of Veracruz.

Sociocultural factors

Sociocultural factors depend to a
great extent on cognitive development,
the social environment where each
grower was raised, schooling and the
level of training in pest management
(1, 28). Growers' ideology, perception
and knowledge vary among localities and
therefore among the RCAs. In most cases,
sociocultural sub-indexes obtained low
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values, particularly in aspects related to
organization (1.41 of 2), knowledge about
protection of natural enemies (1.86 of 2.5),
management and rotation of insecticide
(2.27 of 2.71), and growers' perception
of SRA effectiveness (2.67 out of 3.67)
(table 4, page 113).

Growers who believe that there is greater
effectiveness in the RCAs also have a greater
knowledge of the pest (0.281, p <0.0270),
insecticide management and rotation
(0.300, p < 0.0177) (table 5, page 113).
This is probably due to a better training,
higher investment in inputs such as insec-
ticides, and efficient previous applications.
Van-Mele et al. (2005) indicate that those
growers who actively seek staff training in
pest biology and management, might evolve
to a more entrepreneurial profile. They also
explained that small farmers who strongly
depend on a single crop, might be influenced
by the advertising of agrochemical suppliers
through local retailers, which in turn
determine the type of pest management
they choose, often based on an exclusive use
of insecticides.
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Table 4. Maximum expected and obtained values of each subindex integrating the
sociocultural index from regional control areas from Veracruz, Mexico.

Tabla 4. Valores maximos esperados y obtenidos de cada subindice que integra el
indice sociocultural en areas regionales de control de Veracruz, México.

Index Sub-indexes Maximum Expected | RCA Value Maximum Value
Value Obtained Reference
Association membership 3 2.21 (42, CESVVERY)
Organization 2 141 (22,42, CESVVER)
Pest 2.67 2.32 (42, CESVVER)
Sociocultural | Knowledge on insectici_de 271 227 (7,30)
factors management and rotation
Dose increment 2 1.64 (44, 45)
Protet_:tlon of natural 25 1.86 (42, 48)
enemies
Perceptlon on insecticide 3.67 2.66 (CESVVER)
effectiveness

!Information provided by CESVVER technicians and executives.

! Informacién obtenida de técnicos y directivos del CESVVER.

Table 5. Pearson’s correlation matrix of the sociocultural indexes with the
"perception of supervised regional application effectiveness" subindex.

Tabla 5. Matriz de correlacion de Pearson de los subindices socioculturales con el

subindice "percepcidén sobre la efectividad de las aplicaciones regionales supervisadas".

SI-PSRAE!® | SI-BC? | SI-O3 SI-PK *
SI-PSRAE 0.0667 | 0.1183 0.2809*
SI-BC 0.2146 | -0.0687
SI-0 -0.1630
SI-PK
SI-IMR
SI-AD
SI-NEP

SI-IMR ®
0.3003*
0.3127*
0.3149*
0.2819*

SI-AD ¢
-0.0098
0.3357 **
0.1749
0.2437
0.4667***

SI-NEP’

0.1695

0.0815
-0.0255
-0.1854
-0.2578

*

0.4979***

1Perception of SRA effectivity subindex; 2 Belonging to the campaign subindex;

3 Organization subindex; * Pest knowledge subindex; ® Insecticide management and rotation subindex;
6 Augmentation of dose subindex; 7 Subindex of protection to Natural enemies. Significance level of Pearson's
linear correlation coefficient: * < 0.05, ** < 0.01, *** < 0.001. Source: The author's own work.

!Subindice de percepcion sobre la efectividad de las SRA; 2Subindice de pertenencia a la campaiia;
3Subindice de organizacidn; * Subindice de conocimiento de la plaga; ° Subindice de manejo y rotacién
de insecticidas; ¢ Subindice de aumento en dosis; 7 Subindice de proteccién a enemigos naturales. Nivel

de significancia del coeficiente de correlacion lineal de Pearson: * = <0,05, ** = <0,01, *** = <0,001.

Fuente: Elaboracion propia.
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The "belong to the campaign" subindex
consists of several issues, like growers
interest in attending meetings and their
perception of possible improvements in
ACP control since they became part of
the RCA. As this subindex increases, so
do the sub-indexes for management and
rotation (0.313, p < 0.0134) and augmen-
tation of dose (0.336, p < 0.0076) (table 5,
page 113). In this regard, those growers
who are more interested in implementing
CESVVER's recommendations are also
those that increase to a greater extent
the USLA doses and those -ironically-
with greater knowledge of insecticide
management. Some small farmers
believe that they will get better results by
increasinginsecticide doses, and thatthese
applications should eliminate all types
of insects, even if they are not the target
pest (-0.258, p < 0.0431). In addition,
growers who tend to increase USLA doses
have a lower perception of protection
of natural enemies (-0.498, p < 0.0001)
(table 5, page 113). This has been by Ruiz-
Najera et al. (2011) when studying tomato
growers behaviour in Chiapas, Mexico. In
this regard, Jallow et al. (2017) report that
some factors that may explain why small
farmers tend to overuse pesticides and
increase doses are: i) the degree of formal
education (schooling), ii) experience in
pest management, iii) training; iv) infor-
mation sources used when deciding which
insecticides to apply; v) access to extension
support; and vi) the farmers perception of
yieldlosses dueto pests. Asaforementioned,
it is necessary to increase the availability
of information and to properly transfer it
through extension services and training,
while fostering a culture of protection of
natural enemies, as well as good insecticide
usage and management (47).

Revista de la Facultad de Ciencias Agrarias

Growers' interest in investing in
agricultural inputs and their participation
in regional management of D. citri might be
influenced by factors such as age, schooling,
plot size, orchard age, and crop profitability
in previous years (9, 36). Growers who
are most interested in becoming member
of the SRAs, also have more knowledge
about insecticide management and
rotation (0.315, p < 0.0127) and about the
pest (0.282, p < 0.0264). However, they
also apply higher insecticide doses than
recommended (0.467, p < 0.0001) (table
5, page 113). Most growers with entrepre-
neurial interest invest more in pest control,
since they claime that this action has
improved their production volumes.

These growers have a key role within
the RCAs, since they can lead by example
given that they adopt recommended doses.
They need to link their efforts with those of
technicians to streamline supervision and
regulation of the applied doses, enabling
the achievement of proper insecticide resis-
tance management, thereby prolonging
lifespan of these molecules (31).

Environmental factors

The value obtained from the environ-
mental sub-indexes, was low in most cases.
Some growers of the RCAs believe that
certain environmental factors such as wind
speed (1.60 of 3.5), relative humidity (2.16
of 3) and temperature (1.21 of 2) have no
impact on SRA effectiveness. However,
most of them suspend insecticide applica-
tions when probability of rainfall is not low
(1.90 of 2) (table 6, page 115).

There was no direct correlation
between the perception of application effec-
tiveness subindex and the environmental
sub-indexes. Most growers indicated
they perform applications between 7 a.m.
and 11 am. (87.1%), whereas all others
perform them after 4 pm.
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Table 6. Maximum expected and obtained values of each subindex of the
environmental index evaluated in regional control areas in Veracruz, Mexico.

Tabla 6. Valores maximos esperados y obtenidos de cada subindice para el indice
ambiental evaluado en areas regionales de control, en Veracruz, México.

Maximum expected | Value obtained

Maximum value

Index Subindex value in RCAs references
Application schedule 2.33 1.85 (14)

] Wind speed 3.50 1.60 (11, 27)

Environmental g 1o e humidity 3.00 216 27)

Factors
Temperature 2.00 1.21 (13,30)
Precipitation 2.00 1.90 (27)

Source: The author's own work. / Fuente: Elaboracién propia.
However, when applications in factors must be considered to perform

situ were monitored, they started at
8 am. on average and some finished
after 2 p.m., with temperatures above
30°C (38). According to FAO (2001),
the timing of insecticide applications
shouldn’t coincide with the feeding times
of beneficial insects. When applications
are made at noon, insecticides might be
lost through evaporation. In addition, the
penetration of the insecticide into the
foliage is affected by low percentages of
relative humidity (26, 48). Some growers
believe that wind speed, relative humidity
and temperature (79.03%) have no
impact on application effectiveness, and
only 9.6% have applied insecticides with
high rainfall probability. In this regard,
Massaro and Fernandez (2013) stated
that these variables can either directly
or indirectly affect the crop, the pest,
the product and the sprayer-generated
droplets. Gongalves-Balan et al. (2016)
reported basic deficiencies in applications
when not considering the weather condi-
tions. Pérez-Zarate et al. (2016) reported
that wind speed had a direct influence
on the effectiveness of mineral oil and
that the highest mortality percentages
of D. citri nymphs occurred with relative
humidity above 60%. In future SRAs, these
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efficient insecticide applications, lower
production costs, and reduce the aquifer
contamination risks and intoxication of
people spraying the products.

Perception of SRA effectiveness and
its relationship to operational, socio-
cultural and environmental indexes

A positive correlation
(0.3428, p < 0.0064) was found between
the "perception of application effec-
tiveness" subindex and the sociocultural
index (figure 1, page 116). This reflects
that the sociocultural context in the RCAs
could influence the growers' perception of
application effectiveness, decision-making
for the management of D. citri and the
adoption of CESVVER's recommendations
in the SRAs. Sarand6n and Flores (2014)
mention that as agroecosystem adminis-
trator, mankind is intimately embedded in
a sociocultural context, that determines the
way in which the decisions are made. Social
acceptance of the strategies to control ACP
is essential to prevent the spread of CLas,
since with no commitment of growers,
technicians, researchers and authorities,
citrus-growing areas could be reduced and
even disappear, resulting in severe social
and economic consequences (29).
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sl

SI-PE / 10: 2= 0.0307 r = 0.1751, p = 0.1770
Si-PE / iS:r?= 0.1175 r = 0.3428, p = 0.0064
Si-PE / [A: 1= 0.0100 r = 0.0999, p = 0.4400

is

:DDDDD

. ] DDD

SI-PE = Perception of effectiveness subindex in SRA, I0 = Operational index, IS = Sociocultural index,
IA = Environmental index.

SI-PE = Subindice de percepcion de la efectividad de ARS, 10 = indice operacional, IS = Indice sociocultural,
IA = Indice ambiental.

Figure 1. Correlation between the"perception of effectiveness” subindex and the
operational, sociocultural and environmental indexes.

Figura 1. Correlacion entre el subindice de "percepcién de la efectividad” y los indices
operacional, sociocultural y ambiental.

To have a good relationship between
technicians and small farmers is
important since, due to differences in
their knowledge, they approach subjects
with different views. In addition, to gain
expertise in pest management, techni-
cians must have interpersonal skills to
maximize the impact of their recommen-
dations on small farmers (31). Training
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for technicians should be ongoing and
should encourage more participatory and
horizontal extension practices. Training
should be provided to leading producers,
who influence decisions made by the rest
of the group regarding the management of
D. citri. This could increase the chances for
the HLB Campaign recommendations to
be adopted (5).
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Ortiz (2001) concludes that the
adoption of new technologies could
be achieved by integrating farmers
knowledge with technical information.
This information should be provided in
a gradual and sequenced manner during
pest management training, in order to
facilitate producers' understanding and to
allow them to associate information with
local empirical knowledge.

Although both the operational and
the environmental indexes showed no
relationship with "perception of effec-
tiveness" subindex, in several scenarios
these factors have influenced the effec-
tiveness by increasing wind-driven
pesticide drift, by decreasing foliar
coverage and by causing product evapo-
ration due to high temperatures (13,
26, 33, 44). Growers' decision-making
regarding pest management undoubtedly
have an impact on SRAs effectiveness. The
sociocultural context in the RCAs should
be studied and understood to strengthen
social relationships between technicians
and producers, as well as to facilitate
participation and organization, which is a
cornerstone of the RCA strategy.
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ABSTRACT

The study and use of preserved forages in the northern oasis of the province of
Mendoza arise from the expansion of intensive farming in the area combined with the
limited supply of forage due to the seasonal nature of perennial pasture production.
Forage-type sorghums are a silage option because they adapt well to limiting edaphocli-
matic conditions and have high forage yields. This paper evaluates four sorghum hybrids
for whole-plant silage (ACA 558, ACA 715, ACA 740, Silero Inta-Peman) cultivated in
Mendoza's northern oasis (33°00'38" S and 68°52'28" 0) during the 2015-2016 and
2016-2017 crop cycles. Genotypes were characterized according to green matter (GM)
and dry matter (DM) yields, plant height, and to the panicle dry weight/whole-plant dry
weightratio. No significantdifferences (p=0.05) were observed in GM or DM yields among
the hybrids in the crop cycles under study. In the 2015-2016 crop cycle, the average GM
and DM yields were 110,024 kg/ha™' and 30,914 kg/ha?, respectively, whereas during
the 2016-2017 crop cycle, the average GM and DM yields were 115,122 kg/ha' and
30.752 kg/ha?, respectively. The results obtained confirm that whole-plant sorghum
silage is an interesting forage resource for intensive cattle farming in Mendoza.
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RESUMEN

El crecimiento de la ganaderia intensiva en Mendoza y la falta de alimento debido
a la estacionalidad de las pasturas durante el afio, motivo el uso y estudio de forrajes
conservados en la Provincia. Los sorgos forrajeros son una alternativa para ensilar,
debido a su reconocida adaptacion a condiciones edafoclimaticas limitantes y su elevada
produccion de forraje. En este trabajo se evaluaron cuatro hibridos de sorgo para
silaje (ACA 558, ACA 715, ACA 740, Silero Inta-Peman) cultivados en el oasis norte de
Mendoza (33°00'38" Sy 68°52'28" 0), durante las campafas 2015-2016 y 2016-2017.
Se caracterizaron los genotipos evaluados de acuerdo con: produccién de materia verde
(MV) y de materia seca (MS), altura de plantas y relacién peso seco panoja/peso seco
planta entera. No se observaron diferencias significativas en el rendimiento de MV
ni en MS entre los hibridos en las camparias evaluadas. En la campafia 2015-2016 la
MV promedio fue de 110.024 kg/ha y la MS de 30.914 kg/ha. En la siguiente campafia
(2016-2017) se obtuvieron 115.122 kg/ha de MV promedio y 30.752 kg/ha de MS. Los
resultados obtenidos confirman que el silaje de sorgo es un recurso forrajero intere-

sante para intensificar la ganaderia en la Provincia.

Palabras clave

forraje e produccion ganadera intensiva e zonas aridas

INTRODUCTION

Known for a long time, silage preserves
high moisture forage by storing it for
fermentation, which takes place through
the activity of anaerobic bacteria on the
sugar content of cells. The process makes
it possible to maintain a reduced pH under
anaerobic conditions throughout forage
preservation (5).

In Argentina, corn (Zea maiz) is the
quintessential silage cereal; however,
sorghum (Sorghum bicolor L.), because of
its low water requirement, tolerance to
high temperatures and highly efficient use
of fertilizers, has recently become popular
(6). Several characteristics of sorghum,
although without the prestige of other
cereal grains, make it a necessary option
in areas with edaphoclimatic constraints.
Sorghum does well in a broad ecological
area extending approximately from 22° S
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to 40° S and delimited in the west by the
500 mm isohyet of annual precipitation.
The southern boundary is determined by
a period of 180 frost free days and by the
14°C mean annual isotherm (3).

According to Torrecillas (2006),
the main advantages of silage sorghum
production are the following: 1- Compared
to corn, sorghum has a lower water
requirement, higher nutrient uptake
efficiency, and greater tolerance to drought
and degraded soils. 2- Some sorghum
genotypes are able to remain in a state of
latency for prolonged periods of drought
and then resume growth (although they
do not reach full yield potential). 3- The
vegetative component of many sorghum
genotypes is of high nutritional quality.
4- Sorghum adapts well to low-fertility,
saline and floodable soils.

122



Sorghum silage production in the northern oasis of Mendoza, Argentina

Sorghum has a low planting cost

For whole plant sorghum silage to be of
high nutritional quality special attention
should be paid to some of the plant traits,
such as digestibility. Parts of the plant,
such as the lignin in the cane, are sacrcely
digestible, reducing its nutritional
value; therefore, lowering the cane ratio
increases digestibility (6). BMR (Brown
Mid Rib) sorghums are characterized
by little lignin and high digestibility. The
panicle/whole-plant ratio should also be
high, as it is indicative of a high proportion
of grains and, consequently, of the higher
energy content of whole- plant silage.
Another characteristic to be taken into
consideration is the dry matter content
of sorghum for silage, which should
be at least 30%. Otherwise, nutrients
are lost by leaching while clostridium
growth and butyric acid production are
promoted, increasing losses and reducing
silage quality. Good whole-plant silage
is important to enhance use efficiency
of forage resources and profitability in
cattle-raising systems. Successful silage
begins with grain cultivation, continues
with silo construction, preservation and
supply, and ends with animal yield (meat
or milk) (2).

The expansion of agriculture in
Argentina, which has displaced cattle
raising to extra-Pampean regions, has
given the province of Mendoza the oppor-
tunity to engage in intensive cattle farming.
Suitable agro-climatic conditions for the
cultivation of forage crops, the availability
of almost 100,000 hectares with irrigation
rights among other strengths contribute
to the potential for cattle farming in
Mendoza’s irrigated oases (9).

One of the main problems cattle farms
are confronted with is the lack of feed
due to the seasonal nature of pasture. For
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that reason, preserved forages are used as
they ensure the supply of high quality and
yield forage that meets beef cattle require-
ments (1). Forage sorghum, given its well-
known adaptability to limiting soil and its
climate conditions and high forage yield
(10), is a good silage option for Mendoza.
Moreover, in adverse conditions, sorghum
usually does better than corn as forage (7,
8,10).

Through various trials conducted
within the framework of this study,
regional information was obtained on
the production of silage sorghum under
the growing conditions prevailing in
Mendoza's northern oasis. Specific objec-
tives were to compare green matter (GM)
and dry matter (DM) yields per hectare of
four sorghum genotypes; and to charac-
terize the genotypes assessed according
to plant height and the panicle dry weight
(DW)/whole-plant dry weight ratio.

The hypothesisis that dry matter yields
per hectare vary among the different
sorghum hybrids.

MATERIALS AND METHODS

During the 2015-2016 and 2016-2017
crop cycles four sorghum hybrids - ACA
558, ACA 715, ACA 740, and Silero INTA-
Peman- were grown at the San Antonio
agricultural experiment station of the
Facultad de Ciencias Agrarias de la
Universidad Nacional de Cuyo, Mendoza
(33°00'38" S and 68°52'28" W). Its
alluvial soil has a clay-loam texture, the
mean annual temperature is 15.7°C and
the mean annual rainfall is 248.4 mm
(Estacion Meteoroldgica Chacras de Coria,
1959-2013). The experimental plots had
three 10 m-long furrows 0.60 m apart; and
15 seeds per linear meter were hand sown
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(234,400 plants/ha). The experimental
design consisted of randomly selected plots
with three replications (4 hybrids times 3
replications = 12 experimental plots).

The plants were harvested when
the grain was at the milk-wax stage of
ripeness. At pre-harvest the number of
plants was counted, and the height of 10
plants in the central row of each experi-
mental plot was measured.

The central row of each plot was
harvested (with scissors) to estimate GM
yield. Three plants from each plot were
weighed while green and separated to
calculate the percentage of dry matter,
panicle dry weight, and whole-plant
dry weight.

Analysis of variance and comparison of
means (Tukey test) were performed on the

variables under study. Plot management is
described in table 1.

RESULTS AND DISCUSSION

The GM and DM yields of the hybrids
evaluated in both crop cycles are shown in
tables 2 and 3 (page 125). No significant
differences (p<0.05) in yields among
genotypes were detected in both crop
cycles.Inthe2015-2016 crop cycle average
GM and DM yields were 110,024 kg/ha'
and 30,914 kg/ha?, respectively, whereas
during the 2016-2017 crop cycle average
GM and DM yields were 115,122 kg/ha'
and 30,752 kg/ha’, respectively.

Table 1. Cultural management of the experimental plots- 2015-2016 and 2016-2017

crop cycles.

Tabla 1. Manejo cultural de las parcelas experimentales, campafias 2015-2016 y

Soil preparation

Sowing date
Fertilization
18-46-0

(at sowing)

Weed control

Water depth
applied

Harvest date

2016-2017.

2015-2016 crop cycle

Cross harrowing & furrowing

11/17/2015

150 kg

Manual

Thirteen 30 mm irrigations:
390 mm
Rainfall: 308 mm
Total: 698 mm

03/17/2016

Revista de la Facultad de Ciencias Agrarias

2016-2017 crop cycle

Cross harrowing &
furrowing

10/25/2016

150 kg

Manual

Twelve 30 mm irrigations:
360 mm
Rainfall:226.6 mm
Total: 586.6 mm

03/9/2017
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Table 2. Green matter (GM) and dry matter (DM) yields, and percentage of dry
matter (% DM) of the sorghum hybrids included in the trial. 2015-2016 crop cycle,
Lujan de Cuyo, Mendoza, Argentina.

Tabla 2. Produccién de materia verde (MV), materia seca (MS) y porcentaje de materia
seca (% MS) de los distintos hibridos de sorgo ensayados. Campaiia 2015-2016,
Lujan de Cuyo, Mendoza, Argentina.

Hybrid Plants at harvest GM yield DM yield % DM
(No.) (kg/ha"') (kg/ha"')
ACA 558 149,400+£12,938 a* 94,620+13,260a | 27,611+2,362 a 29.48+4.12a
ACA 715 132,800+21,959 a 105,709+42,190a | 29,068+10,498 a 27.74+1.01a
ACA 740 146,633+9,584 a 117,583%29,591a | 30,799+4,074 a 26.72+3.15a
Inta Peman 136,950+9,130 a 122,184+37,198a | 36,175+13,009 a 29.35+2.04a

* Means followed by the same letter are not statistically different (Tukey's HSD).

* Medias con letras iguales indican que no hay diferencias significativas (Prueba de Tuckey).

Table 3. Green matter (GM) and dry matter (DM) yields, and percentage of dry
matter (% DM) of the sorghum hybrids included in the trial. 2016-2017 crop cycle,
Lujan de Cuyo, Mendoza, Argentina.

Tabla 3. Produccion de materia verde (MV), materia seca (MS) y porcentaje de materia
seca (%MS) de los distintos hibridos de sorgo ensayados. Campafia 2016-2017,
Lujan de Cuyo, Mendoza, Argentina.

Plants at harvest

GMyield

DM yield

Hybrid % DM
ybri (No) (kg/ ha™) (kg/ ha™) %
ACA 558 156,704+10,435 a* 90,676+55,701 a 24,739+15,272 a 27.39+1.00 a
ACA 715 129,314+19,167 a 103,925+28,036 a 27,826+7,502 a 26.89+2.47 a
ACA 740 170,980+14,754 a 146,468+24,729 a 36,902+3,742 a 25.39+192a
Inta Peman 140,214+22,392 a 119,419+28,383 a 33,538+5,576 a 28.39+2.00 a

* Means followed by the same letter are not statistically different (Tukey's HSD).

* Medias con letras iguales indican que no hay diferencias significativas (Prueba de Tuckey).

Experiences in other parts of the
country, though under rainfed conditions,
show lower yields per hectare: 10,789 kg
of DM/ha? and 43,754 kg of GM/ha' on
average for 19 sorghum hybrids tested
at the AER INTA Manfredi, province of
Cérdoba (3); and 12,250 kg of DM/ha on
average in tests carried out at EEA INTA
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Corrientes (4). With regards to dry matter
percentage of the whole plant at harvest,
no differences among hybrids were
detected in none crop cycle: the average
value was 28.32% for the first harvest
and 27.01% the following year. Leiva et al.
(2012) obtained a DM average of 25.61%.

125



L. Ibarguren, C. Rebora, A. Bertona, C. Antonini

With regard to plant height, there were
significant differences (p<0.05) among
hybrids in both crop cycles, as shown in
table 4. In the first harvest ACA 715, ACA
740 and Inta Peman showed significant
differences only with ACA 558. In the
second harvest, ACA 715 and Inta Peman

exhibited no differences between them
but with ACA 558 and ACA 740, which also
differed among themselves.

The panicle dry weight/whole-
plant dry weight ratio showed the
same difference among hybrids in both
crop cycles.

Table 4. Plant height, and panicle DW/ whole-plant DW ratio of the sorghum
hybrids included in the trial. 2015-2016 and 2016-2017 crop cycles,
Lujan de Cuyo, Mendoza, Argentina.

Tabla 4. Altura de planta y relacién PS panoja/PS planta entera de los distintos
hibridos de sorgo ensayados. Ambas campafias, Lujan de Cuyo, Mendoza, Argentina.

2015-2016 2016-2017

. Panicle DW / Panicle DW /
. Plant height Plant height
Hibryd (m) whole-plant (m) whole-plant
m
DW (%) DW (%)

ACA 558 1.54+0.07 a* 19.52+2.70 ¢ 1.62+0.10 a 16.70+£0.93 ¢
ACA 715 2.81+x0.29 b 3.80+0.36 a 2.52+0.07 b 3.45+1.14 a
ACA 740 2.72+0.11b 13.50+3.19 bc 3.07+0.03 ¢ 10.42+4.43 bc
Inta Peman | 2.50+0.09 b 9.27+2.81 ab 2.7¢0.09b 7.39+1.66 ab

* Means followed by the same letter are not statistically different (Tukey's HSD).

* Medias con letras iguales indican que no hay diferencias significativas (Prueba de Tuckey).

CONCLUSIONS

Itis feasible to achieve high yields from
silage sorghum in Mendoza's northern
oasis. Although the hybrids tested
exhibited significant differences in plant
height and in the panicle dry weight/
whole-plant dry weight ratio, their perfor-
mance with regard to green matter yield
(kg/ha') and dry matter yield (kg/ ha?)
showed no differences. Therefore, our
working hypothesis is rejected.
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The results obtained confirm that
sorghum silage is an interesting and
feasible forage resource for intensive
cattle farming in the province of Mendoza.
In future trials it would be desirable to
determine forage quality by analyzing
crude protein (CP) and acid detergent fiber
(ADF) and, from the results then obtained,
to calculate digestibility (Dig) and energy
concentration (EC) of the chopped forage.
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ABSTRACT

The Spanish Committee for the Man and the Biosphere (MaB) Programme runs a
programme that monitors the Spanish Network of Biosphere Reserves. The monitoring
programme features a system of indicators enabling the degree of implementation and
the territorial integration of the Biosphere Reserves (BRs) located on Spanish territory.
This paper sets out a statistical analysis based on the results of the degree of implemen-
tation for the BRs of Andalusia (Spain) obtained for the period 2008-2014. The analysis
allows the identification of the indicators that have had the most influence on the degree
ofimplementation in the Andalusian BRs, as well as the factors that may be strengthened
in order to enhance the degree of implementation. The effectiveness of the indicator
system will be improved if additional work is done to redefine those conceptual aspects
that tend to generate discrepancies in the interpretation of compliance with the require-
ments of the variables. To improve the management of the Andalusian BRs, comple-
mentary studies to allow the evaluation of the impact of the initiatives related to the
implementation of the MaB Program, should be carried out.

Keywords
Andalusia ¢ degree of implementation e monitoring e participation in management
UNESCO MaB Programme
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Implementation of the Biosphere Reserves of Andalusia

RESUMEN

El Comité Espafiol del Programa MaB cuenta con el Programa de Seguimiento de la
Red Espafiola de Reservas de Biosfera. El programa dispone de un sistema de indica-
dores que permiten estudiar el grado de implantacién y la integracion territorial de las
Reservas de Biosfera (RBs) del territorio espafiol. En este trabajo se presenta el analisis
estadistico efectuado a los resultados obtenidos del grado de implantacion de las RBs
de Andalucia (Espafia) durante el periodo 2008-2014. El analisis ha permitido identi-
ficar los indicadores que mayor influencia han tenido en el grado de implantacidon de las
RBs, asi como los factores que podrian ser fortalecidos para incrementar este grado de
implantacidn. La efectividad del sistema de indicadores se vera reforzada si se realiza un
trabajo adicional para redefinir aquellos aspectos conceptuales que tienden a generar
discrepancias en la interpretacion del cumplimiento de los requisitos de las variables.
Para mejorar la gestion de las RBs de Andalucia, se deberian llevar a cabo estudios
complementarios que permitan la evaluacion del impacto de las iniciativas relacionadas

con la implantacion del Programa MaB.
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INTRODUCTION

The Biosphere Reserves (BRs) of the
UNESCO MaB Programme are areas in
which “methods for managing natural
resources are put to the test while simulta-
neously fostering economic development”
(41). However, the mere designation of an
area as a Biosphere Reserve (BR) does not
guarantee the real or full implementation
of the concept (1, 8, 16, 43). At the 1995
International Conference of Seville, it was
established that the competent authority
would review the situation of each BR
every ten years and submit a report
based on the fulfilment of the criteria
upon which they were designated (40).
By means of such evaluation, it would
be possible to assess the effectiveness of
their management, thereby helping to
determine the potential that such areas
possess in terms of achieving their goals,
identifying opportunities and threats,
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and encouraging stakeholders to adapt to
changing conditions (31). This evaluation
must contemplate an integral and multi-
dimensional view of sustainability and be
complemented with a systemic approach
both in the conceptualization and in its
operational component (37).

Various authors (29, 31) suggest
that the 10-year interval between the
periodic reviews is excessively long,
posing challenges for the monitoring of
BRs. Such challenges affect the efficiency
of the periodic review process as an
effective mechanism for ensuring their
quality and degree of implementation
(3, 30). The alternatives suggested in
order to overcome the challenges include:
establishing provisional mechanisms
for submitting reports; reducing the
time between periodic reviews, and the
establishment of an information system
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with mechanisms and indicators enabling
the state and effectiveness of the imple-
mentation of the BRs to be reviewed, being
much more closely linked to the periodic
review process (29, 30, 31).

The Spanish Network of Biosphere
Reserves (Spanish acronym: RERB)
comprises 48 areas, covers 10.9% of the
total surface area of Spain (more than
5.5 million hectares) and encompasses a
population of nearly two million inhab-
itants (4.12% of the total). The Spanish
Committee for the MaB Programme
is coordinated by the Autonomous
Organisation of  National Parks
(Spanish acronym: OAPN) and runs a
RERB Monitoring Programme. The RERB
Monitoring Programme is one of various
results obtained from the Montseny
Plan of Action (Spanish acronym: PAMO)
for the RERB (38). The PAMO was the
adaptation carried out in the Spanish
context of the Madrid Action Plan (Spanish
acronym: PAM) for the RERB (26, 41).
This Programme was designed to gather
information about the state and evolution
of the Spanish BRs and assess the attain-
ments achieved in terms of the challenges
set by the MaB Programme. Within the
framework of the Monitoring Programme,
the Reserves have been assessed over
three periods: 2008-2010,2010-2013 and
2013-2014.

In its initial stages, the RERB
Monitoring Programme relied on a total
of 17 indicators, each of them being a
synthesis of a range of variables. Seven of
these indicators were designed to provide
information about the degree of consoli-
dation of the RERB. The ten remaining
indicators were designed to provide infor-
mation about two fundamental aspects of
Spanish BRs: their degree of implemen-
tation (fulfilment of the basic require-
ments stemming from the BR concept)
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and their territorial integration. Those
who developed the indicator system
(OAPN and TRAGSA) decided that the
Spanish BRs' degree of implementation
would be assessed by six indicators, and
their territorial integration would be
assessed by means of four indicators (38).
In 2013 OAPN and TRAGSA presented
a new system to assess the implemen-
tation of Spanish BRs by means of eight
indicators (39). One of the reasons for
carrying out these adjustments could have
been probably, not wanting to lose sight
of the ecological and social elements on
which the BR's are based. These elements
that go beyond the promotion of a practice
or set of practices, must be understood
by the researchers and local actors, who
form the main basis for the construction
and even more, the evaluation and
transformation of the BR's and their
agro-ecological systems (25). Since
2013, the methodology used, the results
obtained and the appropriateness of the
indicators themselves, have been analysed
on an ongoing basis by the Management
Council and by the Scientific Council, both
advisory bodies to the Spanish Committee
for the MaB Programme.

At the time of writing, the degree of
implementation of the BRs that make up
the RERB is assessed by eight indicators.
Some of these indicators contain "lock"
variables, a concept that had not been
considered at the initial stages of the
Monitoring Programme. Lock variables
are those that, when they accrue a score
of 0 for total non-compliance, render
the indicator to which they correspond
non-assessable due to non-fulfilment of a
basic requirement of the MaB Programme
(28). In order to obtain the final
assessment of the BR, the non-assessable
indicator is assigned a value of 0. A
non-assessable indicator reduces the
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score obtained by the BR and is taken as
evidence that, at its next periodic review,
the BR may be subjected to a recommen-
dation from the MaB Programme's Inter-
national Coordination Council. In the
event of this not being addressed, it may
result in the triggering of the withdrawal
mechanism of the World Network of
Biosphere Reserves (WNBR).

Based on the results obtained through the
Monitoring Program of the Spanish Network
of Biosphere Reserves, the objectives of this
article are: i) to identify the behavior of the
implementation of the Andalusian BRs over
the 2008-2014 period and ii) to identify the
incidence of the indicator "Participation in
management” in the levels of implemen-
tation achieved by these BRs.

The hypotheses of this work are:
i) In the three follow-up evaluations of the
Spanish Network of Biosphere Reserves

carried out during the period 2008 - 2014,
the Biosphere Reserves of Andalusia
obtained the same degree of implemen-
tation and ii) the indicator "Participation in
management” is the indicator that has the
greatestimpact on the degree of implemen-
tation achieved by the BRs of Andalusia.

MATERIALS AND METHODS

Area of study

Nine ofthe 48 Spanish BRsarelocatedin
the Autonomous Community of Andalusia
(southern Spain), and are known as the
Andalusian Biosphere Reserve Network
(Spanish acronym: RRBA). The RRBA
(figure 1) comprises a significant part of
the overall RERB in Spain, both in terms of
number and in terms of designated surface
area (table 1, page 132).
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Fuente: Elaboracién propia con informacién de la Red de Informacién Ambiental de Andalucia.

Figure 1. Geographical distribution of Andalusian Biosphere Reserves.

Figura 1. Distribucion geografica de las Reservas de Biosfera de Andalucia.
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Andalusian Biosphere
Reserves

Sierra de Grazalema
(henceforth RBSG)

Dofiana (RBDN)

Sierras de Cazorla, Segura
y las Villas (RBCSV)

Marismas del Odiel
(RBMO)

Sierra Nevada (RBSNV)

Sierrra de las Nieves y su
Entorno (SNyE)

Cabo de Gata-Nijar (RBCGN)
Dehesas de Sierra Morena

(RBDSM)

Intercontinental del
Mediterraneo (IM)

Table 1. Andalusian Biosphere Reserves.

Tabla 1. Reservas de Biosfera de Andalucia.

Year of

creation

1977

1980

1983

1983

1986

1995

1997

2002

2006

Area (ha)

51,695

268,293

217,000°

7,185

172,238

93,930

49,624

427,400

907,185.02

(423,535 in
Andalusia)

Provinces

Cadiz and Malaga

Huelva, Seville and Cadiz

Jaén

Huelva

Almeria and Granada
Granada

Malaga

Almeria

Huelva, Seville and Cérdoba

Cadiz and Malaga (Andalusia)

and Tétouan, Chefchaouen,
Larache and Tangier
(Morocco)

NO
municipalities
(partial and/or
total territorial

integration)

14

14

26

60

11

43

109°

Source: Authors' own compilation of data from the Environmental and Territorial Planning Council of the

Andalusian Regional Government (Junta de Andalucia).

2 Extended in 2014 as a response to the recommendations made by the ICC for the MaB Programme after its

periodic review in 2003.

b 66 municipalities in Andalusia are included, 22 in the province of Cadiz and 39 in Malaga, while 48
municipalities are involved in Morocco, of which 23 belong to Tétouan, 17 to Chefchaouen, seven to the
province of Larache and one to the province of Tangier.

Fuente: Elaboracién propia con datos de la Consejeria de Medio Ambiente y Ordenacidn del Territorio de la
Junta de Andalucia (Junta de Andalucia).

2Ampliada en el afio 2014 para dar respuesta a las recomendaciones que el CIC del Programa MaB emiti6 tras
su revision periddica del afio 2003.

®En Andalucia participan 66 municipios, 22 de la provincia de Cadiz y 39 de Malaga, mientras que en
Marruecos participan 48 municipios, de los que 23 pertenecen a la provincia de Tetuan, 17 a Chefchaouen,
siete a la provincia de Larache, y uno a la provincia de Tanger.

Revista de la Facultad de Ciencias Agrarias

132



Implementation of the Biosphere Reserves of Andalusia

€18
S59°S6
65'L9
S1'88
87’16
1118
61°'S8
8¥'18
97'6S

cLV8
(4443
5§8'99
8L'L8
L€06
8L'LL
¢S'8L
81°06
LO'Y6

87'6¥%
61'LY
0L°€S
00°0S
¥9°€9
(AR
£€8Y

vadd

6L'6L
€€C6
€€8S
L9'98
€E€C6
L99L
L99S
€EEL
00°00T

67°C8
0006
00°S¥
€E'C6
€E'€6
L9'98
L9'99
€€€E8
00001

v6'vS
00'8¥%
£Eee
00°0S
00'S¥
L9'98
L999

*INI

‘(eon[epuy ap eldjsolg ap sealasay ap pay) VYUY ‘(0auelisiipay [op [eIUSURU0IIIU]) ]
‘(euaaopy el1al1S ap sesayaq) INSA ‘(1elIN e1en ap oqen) NHD ‘(oulojus ns £ saadlN se] ap eLIdlS) FANS ‘([91pO [op sewsLey) O ‘(epeasN
BLIBIS) ANS ‘(SellIA S| £ eangag ‘ej10ze)) ASD ‘(euedoq) NQ ‘(ewa[ezeln ap eLIdIS) DS ‘(B1§S01g 9P BAISSIY) Y :SIUOLIRIADIGE B DAR[D -’y

‘(sea1asay a10ydsorg Jo JI0MIaN uelsn[epuy) Vayy ‘([eIUaUnIU02.193U] UBSUBLIDMPIN) ]

‘(euaaopy e1191S ap sesaya(q) NSJ ‘(1e(IN B3eD ap 0ogen) NHD ‘(sSurpuno.Lins st pue saAdIN Se[ ap eL1dls) JANS ‘([91pO [op sewsLie]y) OIN ‘(epeasaN
eL191S) ANS ‘(SellIA se] £ eandag ‘ef10ze)) ASD ‘(eueyoq) N ‘(ewaezern ap eLISIS) DS ‘(sealesay areydsorqg) g :suoireradiqqe 03 A3 -y

(ST0Z-TT02Z) 944y ¥[ 9p oruatwingag ap ewerdo.ld [9p sauriojul sof ap Jn.led e erdoad ugneloqe[q :93uanyg

96'8L
00T
L9TL
L9'98
00°00T
00°08
£998
E€EEL
€EEE

12°S8
0006
€€89
L9'98
0006
L99L
L998
€€€C6
00001

S6'vE
00°8¥%
00°0S
L991
000

€€8¢
L9'9S

*NSA

(ST0Z-1102) syoda1 swweldo1d Surioyiuoy gy wo.j uoneiduwiod umo ,sIoyny :92Inos

62'CL
€E'E6
L9'TL
L9'98
L99L
L9'9L
£9'99
€EEL
£E'Ee

8€'¥8
0006
LITL
L9'98
£€'€E8
L99L
£L999
00°00T
00°00T

L9VS
00'8¥%
00°0S
€EEE
L99L
€EES
L9'99

*NID

€CEL
00T

00°S9
L9'98
€€C6
L9'9S
L99L
00'SL
£EEe

80°CL
00°00T
00°S9
L9'9L
£€'e8
€E'es
L9'99
L9'TY
0006

0S'TS
L9'0¥
00001
£9'99
0059
L9'9%
L9'9S

+AANS

L1'6S
€E€C6
00°SS
0009
L999
€E€ES
0008
0059
000

€E€EL
0006
L999
00°09
L99L
L99L
L9'99
€EC6
L9'9S

8L'0S
00'8¥%
00°0S
£eee
L9'9L
€E€ES
€EEY

*ON
ud

£€8'S6
00T
L999
00°00T
00°00T
00°00T
00001
00001
00001

8896
00001
SL
00°00T
00°00T
00°00T
00°00T
00001
00°00T

68'1S
00'8¥%
00°0S
€CEe
L99L
€€8Y
00°SS

*ANS

LT'Y8 096
€E'E6 €EC6
0008 00°SL
00°€6 00001
00°00T | 0000T
00°00T | 00°00T
00°00T | 00°00T
€EEL 00°00T
£Eee 00°00T
aonyiad ¥10z-€10¢
7’06 1206
0006 0006
0008 €€'89
00°€6 00°00T
€E'C6 00°00T
L9'9L L99L
0006 L9'98
00°00T | 00'00T
00°00T | 00°00T
aonyiad €10z-010¢
YLy 76’67
00'8¥% 00'8%
00°0S 00°0S
£EEe £Eee
L9'9L L9'9L
€EES £€8Y
€EET €EEY

aordiad 010z-8002

*ASD

*Nd

97’16
€€'E6
00'S9
€€'€6
€€'€6
L9'98
00001
00°00T
00°00T

TL'L8
0006
LITL
€E€€C6
£€°€6
L99L
L99L
00001
00001

Y¥Lv
00'8¥%
00°0S
€LEe
L99L
€E€ES
€€€T

*IS

dorddd FHL 40 SISTHLNAS

sy 1omjau ut uonedonaed

uonouny 11oddns sonsi3o[ ay) Jo JuswW[[nJ Y3 J10J SIAIRIIU]
uonouny Juawdo[aAap a3 JO JUSW[Y[NJ S} J10J SIAIIRIIU]
U0NOUNJ UOIILAISSUOD Y] JO JUIUWI[J[NJ 10J SOALIRIIU]
(swwres3o.ad uonoe pue) uerd Juswaeuey

Juawadeuew ur uonednied

Apoq juswagdeuep

Buruoy,

aorydd IHL 40 SISTHLNAS

sy1omjau ul uonedonaed

uonouny 11oddns so1s130] a3 JO JUSWI[Y[NJ 9YI 10J SIANRIIU]
uonouny Juawdo[aAdp Y3 Jo JUdW[Y[NJ Y3 J10J SIANIRIIU]
uonOUNJ UOHBAIISUOD 9Y] JO JUSUWI[Y[NJ 10] SOALRIIU]
(swwres3oad uonoe pue) uerd Juswadeuep

juswedeuew ul uonednnaed

Apoq juswageuep

Suiuoyz,

aorydd IHL 40 SISTHLNAS

suonoUNJ JOJUdW[Y[NJ 9Y3 J10J SOANRIIU]
$92.1N0Sd.1 d[qE[IeAY

S[003 JuswagdeueW pue Juruue[d
juswegeuew ul uonednnaed

Apoq juswageuepy

Suruoyz,

HOLVIIANI

($10Z-8002) safeyuadiod us epesardxa ‘vgyy e[ op S Se[ op ugroejueduwil ap sa.10pedipu] *Z e[qeL

($10Z-8002) seeiuadiad se passaidxa ‘Syg vy 2Y3 Jo s1ojedipul uonejuawa[du] "z ajqel

133

Tomo 52 « N°1 2020



P. A. Castano-Quintero et al.

Sources for data used

The data used in this article are derived
from the results of evaluating the imple-
mentation indicators of the RRBA BRs
over the period 2008-2014. These data
were obtained by the Spanish Committee
for the MaB Programme, via application
of the RERB Monitoring Programme
(28, 38, 39). The main data used are set
out in table 2 (page 133).

Calculation of new indicators

Owing to the fact that the indicators
for the 2008-2010 period differ from
those of the other two periods (2010-
2013, 2013-2014), a series of statis-
tical inferences (atypical values, jumps
or discontinuities, concentrations of
values, variable of those that make up the
indicator, possible response options to the
variable, percentage contribution of the
variable in the final value of the indicator)
were made to obtain the data that would
enable a statistical analysis of the whole
period (2008-2014).

When checking the methodology
used to calculate the indicator of "Initia-
tives for the fulfilment of functions” for
the period 2008-2010 (38), it was noted
that it comprised variables that were the
equivalent to some of the new indicators
included in the reports for the 2010-2014
period (29, 39). Thus, bearing in mind
the contribution of each indicator, its
corresponding value for the 2008-2010
period was calculated. The variable-
indicator equivalences were the following:

e "Number of initiatives that fundamen-
tally contribute to fulfilment of the conser-
vation function" was considered to be
equivalent to the indicator "Initiatives for
fulfilment of the conservation function".

Revista de la Facultad de Ciencias Agrarias

¢ "Number of initiatives that funda-
mentally contribute to fulfilment of the
development function” was considered
to be equivalent to the indicator "Initia-
tives for fulfilment of the developments
function”.

¢ "Number of initiatives that fundamen-
tally contribute to fulfilment of the logistics
support function" was considered to be
equivalent to the indicator "Initiatives
for fulfilment of the function for logistics
support”.

This was done because the variables
used to calculate the indicators are
basically descriptive. For each, there were
four possible options, so, the possible
responses of these variables were like the
ones that make up the indicator for which
equivalence was proposed.

In addition, indicator 8, "Participation
in networks"”, included in 2010-2013
and 2013-2014, was not considered in
the report for the 2008-2012 period. For
its calculation, quantitative and quali-
tative analyzes of each of the variables
that make up each of the indicators of
the three periods analyzed, were carried
out, according to the methodology
proposed by the OAPN (28), combining
this with multiple regression techniques
applied to all the BRs in Spain. Finally,
indicator 3, "Instruments for planning and
management”, for the 2008-2010 period
was deemed to be the exact equivalent of
indicator 4, "Management plan (and action
programme)"”, in the other two periods.

The indicators for the whole period
(2008-2014) as well as the abbreviations
used in the statistical analysis are shown
in table 3 (page 135).

134



Implementation of the Biosphere Reserves of Andalusia

Table 3. Indicators analysed for the RRBA (2008-2014).
Tabla 3. Indicadores analizados para la RRBA (2008-2014).

Indicator

Zoning
Management body
Participation in management

Management plan (and action programme)

Initiatives for fulfilment of the conservation function
Initiatives for fulfilment of the development function
Initiatives for fulfilment of the logistics support function

Participation in networks

Abbreviations for the
statistical analysis
IND 1
IND 2
IND 3
IND 4
IND 5
IND 6
IND 7
IND 8

Methodology for the statistical
analysis of the data

An exploratory analysis of the data
was carried out using the ANOVA (21)
procedure. This enabled the normality and
the homogeneity of the indicator variances
to be assessed to a 95% level of confidence.

The variance analysis and the test
of means were carried out using the
GLM procedure (36) with a level of
significance of 0.05. For the analysis of
variance, the three periods being studied
(2008-2010, 2010-2013 and 2013-14)
were assumen as treatments. And for the
means test, Tukey's studentized range
was used (36).

As well as providing the mean for each
period, the test of means enabled identifi-
cation of the minimum significant differ-
ences. These two analyses (the analysis of
variances and test of means) were used
in conjunction to compare the means of
the indicators over the different periods
of study. The comparison made it possible
to determine the differences between the
three periods in terms of two basic aspects:
i) the performance of each indicator and ii)
the degrees of implementation achieved.
All these enabled to establish the impor-
tance of one or more periods of time.

Tomo 52 « N°1 2020

In addition, canonical discriminant
analysis (CDA) (12) was used to identify
the influence that each of the indicators
had on the degrees of implementation
achieved in the RRBA. The CDA groups
correspond to the periods under study.
The statistical analysis was based on the
following multivariate lineal model:

yijkh = ph + BRih + Pjh + €ijkh

where:

yijkh = multivariate vector of the k
observation relating to the h variable for
the BRi and period j.

ph = multivariate vector of general
means relating to the h variable.

BRih = multivariate vector of the effects
of the RBi on the h variable.

Pjh = multivariate vector of the period
j on the h variable.

€ijkh = multivariate vector for random
errors associated with the observations
vector Yijkh.

(In the present study, the multivariate
vector of the effects of interaction between
BRi and the period j on the h variable was
not included in the model, because no
repetitions were present).

135



P. A. Castano-Quintero et al.

With the standard variables obtained
from the analysis, a canonical discriminant
graph was drawn up (20).

The Minitab (Minitab Inc., State
College, Pennsylvania) and SAS version
9.4 (SAS Inst., Inc., Cary, North Carolina)
programs were used to manage the data
and perform the calculations.

RESULTS
Table 4 shows the values of the

indicators for the period 2008-2010
that were used for the analysis of the

entire 2008-2014 period. The values of
indicators 1, 2 and 3 correspond to those
obtained with the RERB Monitoring
Program. The values of indicators 4, 5, 6,
7 and 8 correspond to those calculated in
this article.

Exploratory analysis of the indicator
data for the period 2008-2014 showed
that none of the indicators presented
any significant deviation regarding the
assumptions of normality and homoge-
neity of the variances to a degree of 95% of
confidence. This fact revealed an absence
of limitations for conducting the ANOVA.

Table 4. New implementation indicators for RRBA 2008-2010 in percentages.
Tabla 4. Nuevos indicadores de implantacion para la RRBA 2008-2010 en porcentajes.

INDICATOR -

SG DN CSv SNV

1. Zoning 23.33 | 43.33 | 23.33 | 55.00

2. Management
body

3. Participation
in management

53.33 | 4833 | 53.33 | 4833

76.67 | 76.67 | 76.67 | 76.67

4. Management
plan (and action
programme)

3333 | 3333 | 33.33 | 33.33

5. Initiatives for
fulfilment of the
conservation
function

66.66 | 66.66 | 66.66 | 33.33

6. Initiatives for
fulfilment of the
development
function

33.33 | 3333 | 33.33 | 66.66

7. Initiatives for

fulfilment of the

logistics support
function

66.66 | 66.66 | 66.66 | 66.66

8. Participation
in networks

SYNTHESIS OF
THE PERIOD

64.64 | 64.64 | 64.64 | 76.49

52.24 | 54.12 | 52.24 | 57.06

Revista de la Facultad de Ciencias Agrarias

BR

RRBA
MO SNyE CGN DSM IM
4333 | 56.67 | 66.67 | 56.67 | 66.67 | 4833
53.33 | 46.67 | 53.33 | 3833 | 86.67 | 53.52
76.67 | 65.00 | 76.67 0.00 45.00 | 63.64
33.33 | 66.67 | 33.33 | 16.67 | 50.00 | 37.04
66.66 | 0.00 66.66 | 66.66 | 33.33 | 51.85
3333 | 66.66 | 33.33 | 33.33 | 66.66 | 44.44
66.66 | 66.66 | 66.66 | 66.66 | 66.66 | 66.66
64.64 | 7649 | 64.64 | 6464 | 7649 | 68.59
54.74 | 55.6 57.66 | 42.87 | 61.44 | 54.22
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The ANOVA of the indicators, to a 0.05
degree of significance, highlighted signif-
icant differences in indicators 1, 2, 4, 5, 6
and 8, but not in indicators 3 or 7 (table 5).

The results of Tukey’s test of means
are shown in table 6 (page 138). It
is noticeable that seven of the eight
indicators show no significant differences
forthe periods2010-2013and 2013-2014.
The 2008-2010 period is significantly
different from the other two periods for
five of the eight indicators. The three
periods analysed do not show significant
differences for indicators 3 and 7. The
2010-2013 period exhibits significant
differences with respect to the other two
for indicator 1.

The multivariate analysis of the data
using CDA revealed a significant effect
(a = 0.05) for the result of Wilks's multi-
variate Lambda test (table 7, page 138).
The value obtained by running the CDA test
with this statistic (0.008 with P < 0.0001),
indicates that the multivariate contrast
that explains the relationship between
the values of the nine reserves' eight
indicators in the three periods analyzed,

is significant (a = 0.05). This statistic also
revealed that there is separation between
groups and a supposition of multivariate
error normality.

The CDA results for the relationship
between the effects of BR indicators and P,
demonstrate that this relationship needs
only two dimensions in order to be repre-
sented (table 8, page 138). However, out
of these two dimensions, only the first is
significant (a = 0.05), entailing that the
relation is one-dimensional. The eigen-
value proportion (or the proportion of
explained variability) of the first canonical
variable (Can 1) is 0.991, which indicates
that the first canonical function repre-
sents 99.1% of the total variation of the
relationship between the effects of the
RBs and P (table 8, page 138). The second
canonical variable (Can 2) only accounts
for 0.9% of the said variation.

Figure 2 (page 139), shows the
canonical discriminant structure of the
three periods analyzed.

Table 5. ANOVA for the degree-of-implementation indicators of the RRBA BRs, 2008-
2014,

Tabla 5. Andlisis de varianza para los indicadores del nivel de implantacién de las RB
de la RRBA (periodo 2008-2014).

Indicator | Sum of squared error | Mean squared error | Value of F Pr
IND1 16,708.88 696.20 7.40 0.0031
IND2 5,940.99 247.54 13.34 0.0001
IND3 8,843.78 368.49 3.06 0.0653 *
IND4 5,232.49 218.02 24.86 <0.0001
IND5 6,324.63 263.53 17.40 <0.0001
IND6 4,646.16 193.59 29.36 <0.0001
IND7 1,342.20 55.92 0.04 0.9617 *
IND8 448.02 18.67 322.43 <0.0001

*Pr >a= 0.05.
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Table 6. Means test for the degree of implementation indicators of the RRBA BRs,
2008-2014.

Tabla 6. Prueba de medias para los indicadores del nivel de implantacién de las RB de
la RRBA 2008-2014.

Tukey's studentised range test (HSD) (a = 0.05)

VARIABLE | 2008-2010 & 2010-2013 | 2013-2014 df
IND1 48.220 b 94.070 a 59.260 b 31.062
IND2 53.517b 90.184 a 81.480 a 18.522
IND3 63.336a 78.521a 85.187 a 22.598
IND4 37.036 b 77.780 a 81.112a 17.382
IND5 51.847b 90.369 a 91.481a 19.111
IND6 44.440b 87.778 a 88.149a 16.380
IND7 66.660 a 66.852 a 67.593 a 8.804
IND8 49.189 b 92.222a 95.553 a 5.086

Values with different letters in the same row differ significantly between periods.
Valores con letras diferentes en la misma fila difieren significativamente entre periodos.

Table 7. Statistics of multiple variables and F approximations.
Tabla 7. Estadisticos de multiples variables y aproximaciones F.

Statistic Value | F-Value  NumDF | DenDF | Pr>F
Wilks's Lambda 0.008 21.30 16 34.0 <.0001
Pillai trace 1.382 5.03 16 36.0 <.0001
Hotelling-Lawley trace | 73.107 74.64 16 24.5 <.0001
Roy's largest root 72.453 | 163.02 8 18.0 <.0001

The F statistic for Roy's largest root is an upper limit. The F statistic for Wilks’s Lambda is exact.
El estadistico F para la raiz mayor de Roy es un limite superior. El estadistico F para Lambda de Wilks es exacto.

Table 8. Summary of CDA for the relationship between the effects of the BR
indicators and P.

Tabla 8. Resumen del ADC para la relacion entre los efectos de los indicadores de las

RBsyP.
Canonical Canonical . Proportion | Accumulated Value of
X . Eigenvalue | . . s
variable correlation eigenvalue | proportion | probability
Can 1 0.99 72.453 0.991 0.991 <.0001
Can 2 0.63 0.654 0.009 1.000 0.1764
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Figure 2. Canonical discriminant structure plot of the three periods analysed.
Figura 2. Estructura discriminante canénica de los tres periodos analizados.

The impact of both canonical axes is
observable in 100% of the total variability.
In the case of the first factorial plane
(Can 1 vs. Can 2), 99.1% of the variation
between the periods being analyzed is
accounted by the first canonical dimension
(Can 1), whereas the second canonical
dimension (Can 2) only accounts for 0.9%
of variability. Can 1 is mainly aligned with
the second and third periods (2012-2013
and 2013-2014). Can 2 is determined
mainly by the first period (2008-2010).

Table 9, shows the coefficients of
total canonical structure (also known as
the correlation structure or canonical
discriminant weights), which indicate the
correlations between the indicators and
the canonical functions. From this table
it may be observed that Can 1 is strongly
dominated indicator 8, followed by
indicators 6 and 4 and to a lesser extent
by indicators 5 and 2, all of them positive.
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Table 9. Coefficients of total canonical

structure.

Tabla 9. Coeficientes de estructura

Variable

IND1
IND2
IND3
IND4
IND5
IND6
IND7
IND8

canonica total.

Total canonical structure

Canl
0.403
0.702
0.440
0.827
0.774
0.847
0.040
0.989

Can2
-0.748
-0.319

0.178

0.022
-0.033
-0.059

0.065

0.020
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Can 2 is dominated by indicators 1 and
2, both with negative values and not as
large as those of the first canonical axis.
Thus, it is evident that the total variation
in the relationship between the effects of
the BR indicators and P is due, principally,
to indicators 8, 6 and 4, and therefore,
these three indicators are responsible
for a major portion of the discrimination
between the combinations of the BR
indicators and P.

DiscuUsSION

Implementation performance

Two clearly differentiated phases,
2008-2010 and 2010-2014, become
apparent after the analysis of the imple-
mentation period of the RRBA BRs
(2008-2014). In the first phase there was
a lesser degree of implementation than
in the second, as shown by the values
obtained in the test of the indicators'
means (table 6, page 138). The differences
between these two phases may be
explained by i) the fact that the periodic
application of the indicators has served
as a learning tool for the Andalusian
BRs (31), something that also emerges
from the approval of all these reserves’
periodic review reports over the last ten
years, some of them without receiving
any type of recommendation from
the MaB Programme ICC; ii) the effort
expended by the Spanish Committee
for the MaB Programme to improve the
understanding, the differences in criteria
and the application of the indicators; iii)
the managerial improvements in these
areas instituted by the competent body of
the Andalusian Regional Government.

The indicators that recorded
improved results in the second phase
were: Indicator 2, "Management body",
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Indicator 4, "Management plan and action
programme”, Indicator 5, "Initiatives for
fulfilment of the conservation function",
Indicator 6, "Initiatives for fulfilment of
the development function" and Indicator
8, "Participation in networks".

The management body for Andalusian
BRs is the Environment Department of the
Andalusian Regional Government, which
it delegates responsibility for action on
the ground to the manager of each BR
(2). The improvements in indicator 2,
"Management body", may be related to
the increase and/or advances in: i) the
consultation-participation and decision-
taking mechanisms; ii) the represen-
tation of various public administrations
with  territorial faculties; iii) the
ability to promote and implement an
integrated, participatory and sustainable
management plan; iv) the fulfilment
of the Andalusian Biosphere Reserves
Committee’s functions. (The Andalusian
Biosphere Reserves Committee is an
advisory and coordination body reporting
to the Andalusian Regional Government
on the subject of Biosphere Reserves,
which has, among other functions, the
task of supporting managing coordination
Andalusian BRs).

The management plans of the
Andalusian BRs have been the main instru-
ments for the management and planning
of the protected areas that constitute
them (6). In this context, the progress
shown by indicator 4, "Management plan
(and action programme)"”, may be due to:
i) improvements and adaptations of the
contents of the management tools of the
protected areas that constitute the RRBA.
It is expected that within the management
and planning instruments of Andalusia's
protected areas, the goals and functions
of the BRs to which they belong are
explicitly set out. ii) the design of specific
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management schemes for one or more
of Andalusia's BRs; iii) drafting and/or
improvements in the action programmes.
The action programmes should i) incor-
porate the goals and the three functions of
the BRs, ii) have the resources needed for
their application and iii) make provisos for
aresearch and monitoring programme.

It is no surprise that Indicator
5, ‘"Initiatives for fulfilment of the
development function", exhibited

improved results in the second phase.
The  Autonomous Community  of
Andalusia has been characterised by its
interest, commitment and dynamism in
environmental matters, particularly the
protection of natural resources (22, 33).
This is demonstrated by the numerous
regional programmes and schemes geared
towards the conservation, protection and
recuperation of various aspects of natural
heritage that complement those derived
from national and international origins.

Meanwhile the improved results for
indicator 6, "Initiatives for fulfilment of
the development function”, may reflect the
effort made by the Andalusian Regional
Government to offer local inhabitants
opportunities to improve their quality of
life and welfare by making sustainable use
of natural resources. It is acknowledged
that the protected areas currently
comprising the Andalusian BRs, have
become places where the environment
is appreciated as a basic productive
resource for sustained economic growth,
thus turning the business sector into a
key part of sustainable development (11).
In keeping with this, it may be supposed
that the Andalusian BRs have made
headway in learning to master the rational
exploitation and conservation of natural
heritage and encouraging integrated
human development, which are basic
goals of all BRs (9).
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Indicator 3, "Participation in
management”, and Indicator 7, "Initia-
tives for fulfilment of the logistics support
function”, present a very consistent
trajectory over the three periods analysed,
probably due to the fact that they are
components in which Andalusian BRs have
exhibited particular strengths, and hence
no major effort has been made to improve
them, and/or they have been assigned
secondary priority in the management of
these reserves.

Indicator 1, "Zoning", is the indicator
that presents the most inconsistent
pattern. The mean value of this indicator
during the second period of study, is
significantly greater than the first and
third periods. In other words, there was
considerable improvement in the second
period with regards to the first, but the
mean decreased considerably in the third
period compared to the second, regressing
to the values obtained in the initial period.
This performance may be explained by:
i) more thorough reviews of zoning, which
led to falls in this parameter in some of the
BRs; ii) differences of criteria in the way the
indicators were applied over the course
of the three periods; iii) the influence of
"lock" variables on the annulment of this
indicator in some BRs; iv) the alteration
of the indicators, revealing cases of basic
non-fulfilment of the MaB Programme.

Influence of the indicators on the
degree of implementation

The indicators that have the greatest
influence on the degree of implementation
achieved by the BRs of Andalusia, are
Indicator 8, "Participation in networks",
Indicator 6, "Initiatives for fulfilment of
the development function”, and Indicator
4, "Management plan (and action
programme)". These results differ from the
findings reported by the Vietnam BRs (4).
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Stakeholders in the latter reserves,
perceive that the key factors most
impinging on their management, and thus
, that explain the successful implemen-
tation of the MaB Programme, are: Partici-
pation and collaboration; Governance;
Finance and resources; Awareness and
communication; and Management and
implementation (4).

It appears that the degrees of imple-
mentation achieved by the BRs of
Andalusia may be explained by: i) the
exchange of knowledge and experi-
ences using national and international
environmental networks; ii) the relatively
large population residing within them, and
the actions carried out by the Managing
Body to encourage and investigate
sustainable development, and to integrate
itinto conservation; iii) the contents of the
management plans, the degree to which
policies are integrated into these and
their corresponding action programmes.
Bearing all these results in mind, there is
a case to be made for the RRBA bringing
forward improvement and strengthening
initiatives for the management plan and
the development function, since it may be
possible to increase the degree of imple-
mentation of the MaB Programme at such
Reserves.

The indicator with the least influence
on the degrees of implementation
achieved by Andalusian Biosphere
Reserves appears to be Indicator 7,
"Initiatives for fulfilment of the logistics
support function”, followed by Indicator
1, "Zoning" and Indicator 3, "Participation
in management". According to the results
obtained, initiatives related to the investi-
gation and management of knowledge, to
communication and to territorial visibility
have not been determining factors in the
implementation of these reserves. As far
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as Schliep and Stoll-Kleemann (2010)
are concerned, the weaknesses existing
in the implementation of the BR concept
may be corrected by improving commu-
nication between the interested parties
and encouraging the development of
capabilities. Meanwhile, as far as the MaB
Programme is concerned, people and
organisations should be equipped with the
ability to address the functions and desig-
nation criteria of BRs (42). To this end, it
would be worth carrying out studies and
action plans in order to strengthen the
logistics support function in Andalusian
BRs, in spite of the fact that to date, it may
not have been a key factor in their imple-
mentation.

Indicator 3, "Participation in
management”, appears to have had
little influence on the degrees of imple-
mentation of Andalusian BRs over the
2008-2014 period. Thus, it may be said
that the current levels of participation
achieved by these reserves, have not been
determining factors in the outcomes of
the MaB Programme, which may be an
indication of the participatory processes
not having been completely developed
(35). This indicator provides information
on the organ of participation, on the repre-
sentativeness of social stakeholders, the
level of participation and the social stake-
holders capacity to influence. However,
this indicator is difficult to rate because
there are still conceptual and method-
ological gaps with regard to partici-
pation in the management of a BR and its
assessment (28). Moreover, the indicator
does not allow for assessment of the effec-
tiveness of the dynamics of the partici-
patory processes, the level of organic and
functional representation, nor applica-
tions that would involve new stakeholders
in the management of the BR (5).
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It is important to emphasize that the
participatory process of a BR can help to
correct those aspects that hinder itsimple-
mentation (34) possibly due to social
learning, the building of relationships and
the improvement in the understanding
of other participants perspectives that
this process generates (27). In this
context, the results support the recom-
mendation made by Schultz et al. (2011)
on the desirability of carrying out further
in-depth studies that would allow other
factors, related to participation, to be
analysed, such as governance structures
and management practices. And those
made by Hernandez-Hernandez et al
(2018), related to the essential strength-
ening of the links between the actors.
Otherwise, the territory will continue to
suffer the effects of the disarticulation
in space and time, where local actors
can take effective measures to build a
territory socially fair, economically viable
and harmoneous (14). Studies of this sort
might contribute to the management and
implementation of BRs in general, and
particularly in Andalusia.

Monitoring indicators and the

impact of BRs

The system of indicators used for the
RERB has been useful in reviewing the
state and the effectiveness of the imple-
mentation of BRs in Andalusia, enabling
the basic MaB Programme requirements
to be measured. Nevertheless, the system
does not allow for assessment of the
quality and characteristics of the initiatives
carried out to comply with the functions
and designation criteria of the BRs, nor
their impact on sustainable development.
In other words, the system does not allow
for the attainment of the goals set out in
their management assessed instruments.
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In general terms, when a protected
area, and particularly a BR, is effectively
managed and administered, it becomes
a secure site for the conservation of
biodiversity and for the provision
of ecosystems services that in turn
contribute to humanity welfare (7, 10, 13,
15, 17, 44). There is thus a need, as other
authors have acknowledged, to identify
performance indicators for BRs enabling
the effectiveness of attainment of its goals
to be evaluated, and hence its contribution
to global targets for conservation and
sustainability (19).

The evaluation of learning and the
progress made towards a BR's sustainable
development is a major challenge that
needs to be addressed by those in
charge of its periodic review (31). The
creation of a methodological process
enabling the headway made by these
Andalusian BRs to be evaluated in terms
of the attainment of sustainable devel-
opment, would improve their periodic
review processes. Such an evaluation
would provide information about the
management impacts of Andalusian BRs,
confirming whether such territories are
fulfilling the goal of becoming exemplary
places for the testing and demonstration
of sustainable development methods at a
regional level (29, 40). The information
obtained could foster a process of ongoing
learning accompanied by reflection and
innovation, and allowing the creation of
appropiate policies and strategies for the
territory, giving effective responses to the
current context of global socio-ecological
change (18). These policies and strat-
egies must be carefully planned, consid-
ering all the actors involved in benefit
of the environment, natural resources
and inhabitants of the BRs. In addition,
the aforementioned policies and strat-
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egies should prioritize the rational use
of resources and the regional economic
benefit, whose primary objective should
be to maintain the integral sustainability
of the territory by contextualizing social,
economic and environmental benefits
(23, 24, 32).

CONCLUSIONS

The study of the performance of
values obtained from the Monitoring
Programme indicators of the RERB has
enabled different phases in the imple-
mentation of Andalusian BRs to be estab-
lished. The statistical methods used have
enabled identification of those aspects
of the management of Andalusian BRs
that need to be strengthened in order to
increase their levels of implementation.
Nevertheless, there are still many aspects
that need to be estudied in terms of each
of the factors that shape the way the BRs
of Andalusia are implemented.

The system of indicators used by the
RERB has enabled the degree of fulfilment
of the basic requirements of the MaB
Programme in the Andalusian BRs, to be
evaluated. Although the system has helped
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ABSTRACT

Some desert plant species are capable of using underground water and are therefore
independent of rainfall events. Species of the genus Prosopis are thought to be facultative
phreatophytes, since they have deep and shallow roots that allow them explore water
from underground layers and from sub-surface soil horizons. We created a seven-year
series of phenological data in order to make comparisons between two natural Reserves
of Mendoza province (Nacufian and Telteca) with different rainfall regimes and accessi-
bility of Prosopis flexuosa trees to water. Percentage of trees in each phenological phase,
date of maximum expression, and intensity of each phenological phase were recorded.
We found that the trees had a similar date for leafing and flowering across years and
sites, even with very different rainfall regimes. However, pod maturation dates varied
significantly, ocurring 37 days sooner in Telteca. A second peak of leaves and flowers
were recorded at both sites, being highly variable and non-synchronous in most cases,
suggesting a quick response to rainfall events. The ability of P. flexuosa to respond to
unpredictable rainfall pulses could be an important adaptation to keep ecosystem
services functioning, even though associated pollinators and seed dispersers could get
decoupled from changes in phenological events.
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Phenology of Prosopis flexuosa in the Central Monte Desert

RESUMEN

Algunas plantas desérticas pueden utilizar agua subterranea volviéndose indepen-
dientes de los eventos de lluvia. Se cree que las especies de Prosopis son freatéfitas
facultativas ya que tienen raices profundas y superficiales que les permiten explorar
capas subterraneas y sub-superficiales del suelo en busca de agua. Creamos una serie de
datos fenoldgicos de siete afios para comparar dos Reservas naturales de la provincia de
Mendoza (Nacufian y Telteca) con diferentes regimenes de precipitacién y accesibilidad
de Prosopis flexuosa al agua. Se registraron: porcentaje de arboles en cada fase fenolégica,
fecha de maxima expresion, e intensidad de cada fase fenoldgica. El inicio del desarrollo
de hojasy flores fue similar a través de afios y sitios, incluso con diferentes regimenes de
lluvia. La fecha de maduracion de los frutos sin embargo, fue significativamente (37 dias)
mas corto en Telteca. Una segunda cohorte de hojas y flores, muy variable y no sincrénica
en la mayoria de los casos, se registré en ambos sitios, sugiriendo una rapida respuesta a
pulsos de lluvia. Esta capacidad de respuesta de P, flexuosa puede jugar un papel impor-
tante al mantener funcionando los servicios ecosistémicos, aunque los polinizadores y

dispersores de semillas asociados podrian desacoplarse de los eventos fenolégicos.

Palabras clave
patrones fenoldgicos e

producciéon de frutos e

intensidad fenolégica e

patrén de floracion e sincronizacion e freatéfito facultativo

INTRODUCTION

Water availability is one of the main
factors that determines productivity in the
Monte Desert, triggering a new flush of
leaves in most perennial woody plants and
germination of annual herbs and grasses
(34). Some plant species are capable of
using underground water (phreatophytes
and other deep rooted plants), and are
therefore independent of rainfall events.
These plants can produce fruits and seeds
during dry years, when most other species
barely survive. Species of the genus
Prosopis are thought to be facultative
phreatophytes, because they are charac-
terized by deep roots that allow them
to obtain water from deep soil layers, as
well as from shallow soil horizons (3, 14,
17, 18). Thus, Prosopis trees can maintain
their maximum leaf area during the
hottest and driest months of the year (26).

Tomo 52e N°1 « 2020

Prosopis flexuosa D.C. is the most
important tree growing in the central
Monte (2). Trees of P. flexuosa are very
important for subsistence of native people
from the Monte, where wide temperature
fluctuations between winter and summer
(-10°C to 48°C) are frequent, providing
shade to domestic animals and people,
wood for house and corral construction,
and fire for cooking and heating. However,
one of the most important services of
P. flexuosa is fruit production. Fruits are
consumed as food and used to prepare
beverages. In addition, they are important
source of feed for domestic animals when
there is no enough grass (19). Prosopis
flexuosa, like other species of the genus,
has stable water potential values, which
indicates that this species could be
independent of rainfall (7). This idea
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is reinforced by the fact that its roots
reach a depth of more than 10 meters,
allowing this species to use underground
water (17, 18). Studies carried out on
this species for two years at Andalgala
(Catamarca) demonstrated high synchro-
nization in foliage and flowering dates
between years (24, 35). In spite of this,
research on the development of pheno-
logical events in P, flexuosa are very scarce,
and long series of phenological data on
this tree in the Monte desert are lacking.

The humanity is facing climatic change
events that have intensified over the last
years. Knowing wich factors drive pheno-
logical events in perennial plants is useful
for testing how these plants may respond
to these events.

Objectives

Our objectives were to compare pheno-
logical data sets across various years and, in
more detail, between two natural reserves
with different water availability for
Prosopis trees. We used data from a seven-
year series of two sites in order to describe
the phenological pattern of this species.
Moreover, a more detailed four-year
data series taken simultaneously at both
reserves is analysed, in search for similarity
on the intensity of each phenological phase.
According to the phreatophytic condition of
Prosopis trees, we expected high synchro-
nization of the beginning of leafing and
flowering among years, in each reserve.
However, we also expected differences in
the degree of expression of phenological
events attributable to opportunistic water
use from local sporadic rains.
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MATERIALS AND METHODS

Study sites
The study was carried out at two
natural reserves in the Monte Desert:

Nacufidn Biosphere Reserve (12 300 ha;
34°02'S, 67°58'W: 540 ma.s. 1)

Situated in the centre of the Monte
Desert, it has been excluded from grazing
and logging for more than 40 years.
The climate is dry and temperate, with
cold winters. Annual rainfall averages
337.6 mm (1973-2005 average), however
75% of the rain concentrates in spring
and summer. Mean monthly temperature
of the coldest month (July) is 6.9°C and
22.4°C for the warmest (January), whereas
mean annual temperature is 15.6°C, with
an absolute maximum of 42.5°C and an
absolute minimum of -13.0°C (12). The
vegetation is characterized by an open
woodland with sparse trees dominated by
Prosopis flexuosa, a layer of shrubs (Larrea
divaricata, Lycium chilense, Junellia aspera,
Condalia  microphylla, and Capparis
atamisquea) and a grass layer composed
mostly of perennial species (Pappophorum
caespitosum, Trichloris crinita, Aristida
mendocina, Digitaria californica, Setaria
leucopila, and Sporobolus cryptandrus).
Several annual grasses and herbs grow in
the summer after rain events (33).

Telteca Provincial Reserve (38 500 ha;
32°23'S,67°54' W; 500 ma. s. 1)

Located within the Monte Desert,
is characterized by hot rainy summers
and cold dry winters. The absolute
maximum temperature reaches 48°C in
summer, while the absolute minimum
in winter is -10°C, with a mean annual
temperature of 18.5°C. Rainfall is variable,
ranging between 50 and 200 mm, with
a mean annual rainfall of 156 mm
(1972-2007 average). The landscape is
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characterized by a system of dunes and
scrublands dominated by Larrea divaricata,
Tricomaria usillo, and Bulnesia retama. The
herbaceous layer is dominated by perennial
(Aristida mendocina, Panicum urvilleanum)
and annual grasses (Bouteloua aristidoides,
Aristida adscencionis), with large areas of
bare soil between shrubs. Open woodlands
of P. flexuosa occur mainly in the low-lying
areas between dunes, with a shrub
layer dominated by B. retama, Capparis
atamisquea, and Lycium tenuispinosum (1).

Data collection

Three series of phenological data from
Nacufian Biosphere reserve and two series
from Telteca reserve were used in order
to obtain the longest phenological pattern
possible. These series were discontinued
in time. All trees used in the series were
randomly selected and of similar size.
At Nacufian, ten trees, were selected for
the first group of data, and phenological
observations were gathered from October
1993 to April 1995. The second group
of data was comprised of observations
from 10 trees, from October 1998 to May
1999. The last group of data was obtained
from a more detailed phenological study,
where three sites, each with four trees, and
located at least 1 km apart, were selected.
This group of trees differs from previous
series. The objective was to assess three
sites (and two in Telteca, see below) getting
a wider representation of spatial variability
in phenology. Observations for the last
series were made from October 2000 to
January 2004. At the Telteca Reserve, two
sites with ten trees were observed from
October 2000 to January 2004. This series
is analogous in detail to that collected at the
Nacufian reserve during the same period.
The second series comprises a three-year
study from October 2005 to January 2008,
working on two sites, at least 1.5 km apart,
with eight trees each.
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Series of climatological data are also
scant and mostly incomplete in the Monte
Desert. We had a good representation of data
for Nacufian for all years assessed. However,
for Telteca we only had data starting in 2001,
with some gaps in 2001 and 2004. All data
were gathered from meteorological stations
located at each Reserve.

Definition of variables and data analysis

Phenological patterns

Percentages of trees were calculated,
showing different reproductive pheno-
logical phases along the growing season:
flower buds, inflorescences, juvenile pods,
mature pods, and vegetative growth.
In this last phase, we only considered
non-expanded leaves. Presence of those
plant components was enough to consider
that a tree was going through a pheno-
logical phase, without considering its
intensity. For this variable, we used all the
available data, seven years for each site
that overlapped during 2000-2004 repro-
ductive periods.

Date of phenological maximum expression

We used the date in which most trees
demonstrated a phenological event,
expressed as Julian day. The phenological
phases observed were: flower buds, inflo-
rescences, juvenile pods, and mature
pods. We tested differences in the time
at which most important phenological
events occurred between Nacufidn and
Telteca. Since Julian day was also used as
a variable, differences between sites were
tested using Generalized Linear Models
(GLM) with Poisson error, taking years
as replicates. Analyses of GLM were done
under the R environment (30), and testing
significance of interactions was done by
likelihood ratio tests (LRT), comparing
models with and without interaction (ie.,
nested models) (9).
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Intensity of phenological events

Previously used by Debandietal. (2002),
this variable accounts for the proportion of
the canopy covered by a phenological event
in each individual plant. The percentage
recorded was assigned to a numerical value
according to the following scale: 1 (1-20%),
2 (21-40%), 3 (41-60%), 4 (61-80%), and
5 (81-100%). The mean of each pheno-
logical event across all trees was calculated
for each date. The phenological phases
considered were: non-expanded leaves,
flower buds, inflorescences, juvenile pods
(not yet mature, greenish pods), mature
pods (brownish to yellow fruits, still on the
tree), and fallen pods (mature fruits fallen
on the ground).

RESULTS

Phenological patterns

Vegetative growth of P flexuosa,
measured by a new flush of leaves,
started in early October, with the highest
percentage of trees by mid-October
(figure 1C, page 153). These leaves quickly
expand and all trees are fully covered by
new, recently expanded leaves by late
October (data not shown). These events
were very similar at both sites and for
all assessed years. At the time when new
non-expanded leaves appear, flower
buds are also observable, peaking by
mid-October (figure 1D, page 153), and
becoming fully flowered trees by late
October (figure 1E, page 153).

In some years a second peak of
leaves and flowers was recorded at both
reserves; being, however, more frequent
at Nacufidn. This was more evident
by mid December 2002 at both sites,
and by mid-January 2004 at Nacufin
(figure 1C, D, E; page 153). There was
a different number of trees fructifying
across the years assessed, and the duration
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of the period of pods maturation was also
variable. In a similar way, the peak of trees
fructifying was different among years and
between sites. To find a coincidence in
the date and percentage of trees between
sites was only possible during the period
2003-2004. Pods maturation begins by
the end of December or mid-January
at Nacufidn, and some weeks earlier at
Telteca. Data from complementary pheno-
logical series (those data not assessed
simultaneously at both sites), were very
useful to confirm that the appearance of
leaves and flowers occurs at very similar
dates, regardless of rainfall.

Date of phenological maximum

expression

Maximum expression of phenological
phases resulted in subtle differences
between sites. On average, new leaves
had their maximum expression around
October 14" (+ 9 days) at Telteca, and
around October 20" (+ 10 days) at
Nacufian (figure 2, page 154), having
no statistical differences between sites
(x* = 0.28; df = 1; P = 0.59). Flower
buds reached their maximum, on
average, four days sooner at Telteca
(October 19% + 7 days) than at Nacufian
(October 23% + 3 days), showing no statis-
tical differences (x?=0.23; df = 1; P=0.62).
Flowering reached its maximum by
November 5% (+ 7 days) at both reserves
(x* = 0.0009; df = 1; P = 0.97), while
immature pods reached their maximum
by December 4™ (+ 8 days) at Telteca and
eight days later at Nacufidn (December
12% + 21 days), which is not significantly
different (y? = 0.72; df = 1; P = 0.39).

Date of maximum expression of mature
fruits however, did vary significantly,
occurring on average 37 days sooner at
Telteca (December 27" + 8 days) than at
Nacufian (February 1 + 17 days; x2 = 11.77;
df=1; P=0.0006; figure 2, page 154).
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A: monthly rainfall at Telteca; B: monthly rainfall at Nacufian; C: non-expanded leaves; D: flower buds;
E: inflorescences; F: immature pods; G: mature pods; H: temperature (°C) recorded at the Mendoza meterological
station. On the x axe, each reproductive period is shown from October (0) of one year to April (A) of the next year.
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Figure 1. Percentage of Prosopis flexuosa trees showing different phenological phases
along ten reproductive periods at two sites: Nacufian reserve (continuous lines and
filled markers) and Telteca reserve (dashed lines and empty markers).

Figura 1. Porcentaje de arboles de Prosopis flexuosa mostrando diferentes fases
fenologicas durante diez periodos reproductivos en dos sitios: Reserva Nacufian (linea
continua y marcador lleno) y Reserva Telteca (linea discontinua y marcador vacio).
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Asterisks (***) indicate significant differences in developing time between sites (probability at P < 0.001).

Los asteriscos (***) indican diferencias significativas en el tiempo de desarrollo entre sitios
(con probabilidad P < 0,001).

Figure 2. Development of phenological phases of Prosopis flexuosa along the year.
Values are means for seven years of Julian days (* SD) when maximum expression was
detected (see text for details), taken at two sites of the Monte Desert.

Figura 2. Desarrollo de las fases fenoldgicas de Prosopis flexuosa a lo largo del
afio. Los valores representan el dia juliano cuando se detect6 la maxima expresion,
promediado a lo largo de siete afios de observacién (+ SD), en cada uno de los dos sitios
estudiados del desierto del Monte.

Intensity of phenological events

Non-expanded leaves reached their
peak with high intensity at the beginning
of the reproductive season in concordance
with bud burst. However, they quickly
expanded before the inflorescences began
to open. A second peak of non-expanded
leaves was observable in some years,
which seems to be a response to local
conditions, since secondary peaks were
different in intensity at both sites. In
Telteca, during the 2001-2002 and
2003-2004 periods, no new flush of new
leaves ocurred after the main peak of this
event, but in Nacufidn we registered a
second peak of non-expanded leaves, that
reached the magnitude of the first peak
(for example February 2004, figure 3,
page 155). In 2002-03 there was a second
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peak of non-expanded leaves with similar
intensity at both sites. Flower buds and
inflorescences reached similar intensities
in their first peak during the 2000-01 and
2001-02 periods at both sites, but had a
higher intensity in Nacufian during the last
two years recorded (figure 3, page 155).
Likewise, a second peak was recorded
during the 2001-2002 and 2003-2004
periods with higher magnitude at Nacufian
(figure 3, page 155). Juvenile pods had a
similar intensity during the first three
years, but increased considerably in the
last year, at both sites (figure 3, page 155).
This increase in intensity during the
2003-04 period was subsequently trans-
lated into higher intensities of mature and
fallen pods, since the magnitude of these
events was higher than in previous years.
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discontinuas con rombos vacios indican eventos en Reserva Telteca.

Figure 3. Mean intensity of phenological events of Prosopis flexuosa at two sites of the
Monte Desert.

Figura 3. Intensidad promedio de los eventos fenoldgicos de Prosopis flexuosa en dos
sitios del Desierto del Monte.
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We observed a gradual increase in fallen
pods across the considered years, from
2000 to 2004.

DiISCUSSION

Initiation of vegetative and repro-
ductive cycles of P flexuosa can be
considered independent from rainfall
events, since the observed periods of
leafing and flowering always occurred
before the rainy season. This pattern had
already been observed, for this species
by different authors (26, 35, 36), and
in other phreatophyte species of this
genus: Prosopis alpataco (6), P. articulata
(23), P. caldenia (11), P. chilensis (35, 36),
P. glandulosa (25), and P. laevigata (29).
This independence from rainfall events
is possible, at least in part, due to under-
ground water availability. At Telteca,
low annual rainfall should not allow the
development of Prosopis woodlands (16).
However, the presence of this tree could
be explained by the fact that underground
saline water can be found at a depth of 5 to
15 meters (4, 18). By contrast, at Nacufian,
underground water can be found at a
depth of 70-80 meters. According to Roig
(1993), this species could likely obtain
water from intermediate-depth humid
sandy-clay layers that can be observed
frequently across the soil profile. Thus,
water availability constrains the distri-
bution of mesquite trees and allows them
to synchronize their phenological phases
over large geographic areas.

In addition to the independence from
rainfall events, other local conditions can
trigger phenological events. According to
Solbrig and Cantino (1975), the photo-
period is an important sign for leafing
and flowering initiation in P, velutina and
P. chilensis; while Goen and Dahl (1982)
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found a relationship between bud-burst
and temperature rising during spring in
P. glandulosa. These environmental condi-
tions can generate in some cases a latitu-
dinal cline (5), indicating an adjustment
to local temperature and/or photo-
period, and to the length of the growing
season (36). The assessed sites for this
study are located 184 km apart from
each other (almost 1.5° in latitude), and
the date of maximum expression of most
phenological events was very similar at
both sites, or a bit earlier at Telteca, the
northernmost site. Leafing started by
early to mid-October. However in northern
latitudes like Andalgala (27°34'S; 66°18'
W-Catamarca, Argentina (35)) and
Chancani (31°24' S; 65°27' W-Cérdoba,
Argentina) (28), leafing in P flexuosa
began in early spring (September) while
in southern latitudes it began in early
November (38°45' S; 63°45"' W-La Pampa)
(11). In a similar way, flowering started
in mid-to-late October at both Reserves,
and 15-30 days earlier in northern
latitudes (Andalgald and Chancani),
while in southern latitudes flowering
was recorded in late November-early
December (La Pampa).

Although there were similarities in
bud burst and flowering dates, reaching
their maximum expression at very similar
times at both study sites, differences
begin to be observable when trees start
fruiting. Immature pods appear, in
average, sooner at Telteca, with similar
maximum expression dates across the
years. However, this difference becomes
more evident when fruits reach maturity,
as the time needed to reach maturity is
significantly longer in the southernmost
site. This difference may be due to climatic
reasons, since Telteca has a hotter and
dryer climate than Nacufian. It might also
be due to genetic differences, at is has been
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demonstrated that the genus Prosopis
maintains a genetically fixed phenological
pattern when individuals from separate
geographical areas are grown under
uniform conditions (8, 22, 24).

While it is clear that P flexuosa can
flower independently from rainfall events,
the main blooming period was very short.
At both sites, mesquite bloomed from
October to December, although bloom
never lasted for the three months. Long
periods in which P. flexuosa have visible
flowers, have been attributed to early and
late flowering individuals that overlap
their blooms for many weeks (28).
However, in our case, blooms were very
short in time and a second and discrete
bloom was observable, especially in
Nacufian, in most of the study years. The
flush of new leaves and flowers could be
correlated to the cambial growth found
by Giantomasi et al. (2012). According to
this finding, P. flexuosa has an immediate
growth response to short-term rainfall,
evidenced by the production of new
derivative cells linked to rains occurring
a few days before any manifestation of
cambial cell division (13). Whatisnotclear
is the advantage of these low intensity
secondary peaks, especially those related
to reproduction. Of the 10 reproductive
periods assessed, only in 2003-04 at
Nacufian, the secondary bloom was of
high intensity. The 2003-04 period also
had the highest fruit intensity (juvenile,
mature, and fallen pods). On average,
fallen fruits had an intensity equivalent
to 20-40% of the ground beneath the
trees, regularly covered by pods. This
last reproductive period studied, yielding
the highest pod production, also had
the lowest annual rainfall of the last
10 years prior to 2004, in Nacufian.
This is in accordance with Nilsen et al
(1991), and Lee and Felker (1992). Their
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findings for P. glandulosa, recorded an
increase of flowers per branch and pod
production as water stress increased. This
lack of rainfall during the main bloom of
mesquite has an important positive effect
in the reproductive success of this species.
Many authors have documented this
relationship (11, 21, 35), also well known
by local people.

Finally, we intend to point out the
importance of long series studies on
phenology, given that they provide
valuable data for inferring phenological
responses to environmental conditions. In
this paper, we present the first descriptive
phenological aspect of P. flexuosa in the
central Monte Desert. Moreover, some
surprising events like the intensity of
flower buds in Nacufidn during January
2004, open a series of questions about
water use by P, flexuosa trees. Is it possible
that mesquite trees use superficial water
to produce the secondary flush of leaves
and flowers? This question has been party
answered by the cambial growth research
done by Giantomasi et al. (2012). However
it is still necessary to focus on the effect of
rainfall events and other environmental
conditions that promote a large flush of
new flowers during summer, i.e., after the
main reproductive event of spring, and to
determine the fate of these flowers. The
response of cambial growth to short-term
rainfall events should be viewed as an
adaptation to the sporadic and convective
nature of rains in this region (13, 32).
Undoubtedly, the ability to take advantage
of rains in a desert must be important for
these plants. However, if this adaptation
is beneficial from a reproductive point of
view is not clear, given the low production
efficiency of mature fruits.
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In the context of climate change
in the Monte Desert (20), facultative
phreatophytes, like P, flexuosa, can play an
important role in ecosystem response and
continue to provide ecosystem services.
They, not only contribute with a surplus of
productivity in arid environments, but also
have the capacity to respond to the unpre-
dictable pulses in water availability. In the
future, we expect higher frequency and
magnitude of secondary pulses of leafing,
flowering, and fruiting that will extend
these phenological events in the growing
season. If pollinators and seed dispersers
will adapt to these changes and take
advantage of them, remains to be know.
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ABSTRACT

The aim of this work was to study soil compaction caused by the traffic of two types
of combine harvesters and a tractor plus a grain cart with two loading conditions (fully
loaded hoppers-empty hoppers) during corn harvest on vertic argiudoll soil by means
of direct seeding system. Soil penetration resistance (PR) and soil bulk density (BD)
were measured to a depth of 40 cm in five sampling sites. Response variables deter-
minations were also analyzed. The tractor and the fully loaded grain cart traffic caused
greater soil compaction in all the sampling depths, exceeding 60 cm on both sides of
the footprint center. What is more, the values obtained from PR and BD measurements
were higher than those values considered suitable for normal root growth. This was only
evident in the tread width of the tires during the passing of the two fully loaded combine
harvesters. The analysis of inflation pressures and tire loads used, indicated in some
cases, poor concordance between these variables. The analysis also indicated that the
tires were inflated to the limit of resistance.
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RESUMEN

El objetivo del trabajo fue estudiar la compactaciéon causada por el trafico de dos
tipos de cosechadoras y equipo tractor mas carro granelero con dos condiciones de carga
(tolvas vacias-tolvas llenas) en la cosecha de maiz sobre un suelo argiudol vértico en
sistema de siembra directa. Las determinaciones de las variables respuestas, resistencia
a la penetracion (RP) y densidad aparente (Da), se hicieron hasta los 40 cm de profun-
didad y en cinco sitios de muestreo. El transito del equipo tractor mas carro granelero
lleno fue el que mayor compactacidon causoé en todas las profundidades de muestreo
superando los 60 cm a ambos lados del centro de huella con datos de RP y Da superiores
alos considerados critico para el normal desarrollo radicular. Esta situacion, en el pasaje
de las dos cosechadoras en condiciones llenas, solamente se dio en el ancho de pisada
de los neumaticos. El analisis de las presiones de inflado y cargas de los neumaticos
usados indicaron, en algunos casos, una escasa concordancia entre estas variables y que

las ruedas se encontraban en el limite de resistencia a las presiones utilizadas.

Palabras claves

cosechadora e tractor e carro granelero e resistencia a la penetracion  densidad aparente

INTRODUCTION AND BACKGROUND

Machinery traffic has a detrimental
effect on soil. One of the major problems is
soil compaction which leads to a variation
in soil pore size and distribution since
soil particles are tightly packed due to a
reduction in the air volume with a conse-
quent reduced rate of water infiltration and
drainage. Consequently, there is a density
and penetration resistance increase (3, 16)

Several factors are involved in soil
compaction caused by tires: type, size,
tire carcass type (conventional or radial)
and its flexibility, load applied, contact
pressure, soil moisture and number of
passes (13).

Agricultural tires cause soil defor-
mation at the soil-tire interface (19). This
leads to a certain degree of compaction
where the highest values are generally
found at the tire footprint surface and
below the tire footprint surface at its
center (9). However, a single determination
of bulk density at the footprint center at a
single depth is probably not representative

Revista de la Facultad de Ciencias Agrarias

of the maximum value at each site located
horizontally or vertically, in terms of condi-
tions of low bearing capacity soils and the
usage of R2 tires with deep tread (8).

Another important factor influencing
soil compaction is tire inflation pressure
since bulk density increases with high levels
of inflation pressure (10). Studies carried
out by Schjgnning et al. (2008) examined
two radial tires with a constant load on the
tire but with inflation pressures that were
below, equal to and higher than the pressure,
recommended by tire manufacturers. These
studies found that over inflated tires caused
greater surface compaction.

Studies indicate that the specific
pressure in the tire-soil contact area,
closely linked to inflation pressure, causes
ground strata compaction (17). Apart
from that, loading accumulation causes
compaction of the deepest soil layers at a
depth of more than 30-50 cm regardless
of the extent of the surface on which it is
distributed (22).
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Two methods can be used to determine
compaction caused by farm equipment
traffic considering bulk density (BD) and
penetration resistance (PR). There are
studies that determine certain critical
BD values suitable for normal root
growth: 1.45 Mg m? for clayey-textured
soil horizons; 1.55 Mg m* for medium-
textured soil horizons; and 1.65 Mg m?*
for sandy-textured soils (18). Corn is one
of the major field crops prone to suffer
root damage and suffer yield decreases,
owed to compaction. This occurs since
corn is sensitive to water stress, rising
temperatures and factors resulting from
compaction, that have a profound impact
on crop yield and quality (20).

Studies carried out by Botta et al. (2018),
regarding PR, analyzed the effect of
compaction on crop yields. Those studies
determined that soil-surface compaction
and increasing penetration resistance, play a
major role in crop yield decline. Penetration
resistances exceeding values of 1.5 MPa in
the first 20 cm depth inhibits normal root
development. Besides, if the value is above
2.5 MPa, roots may stop growing,.

To date, there is little information on
the effect of combine harvesters, tractors
and grain carts tires on compaction
during corn harvest, mainly on vertic
argiudoll soils. Hence, research on this
problem would considerably benefit
from rigorous studies.

Objective

To analyze the compaction effect
caused by the passage of two types of
combine harvesters and a tractor plus a
grain cart with two loading conditions
(fully loaded hoppers-empty hoppers)
during corn harvest.
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Hypothesis

The greater size and load capacity
of machines and equipment used in
harvesting increase the mass per axle,
influencing the surface and subsurface
compaction of the soil, even when using
more buoyant radial tires.

MATERIALS AND METHODS

The study was carried out near the
town of Sauce in the province of Corrientes,
Argentina. The soil type is vertic argiudoll
belonging to the series Paraje Francisco
Goémez (11).

Morphological description: The soil
horizons sequence is: Ap - A - Btss - BCss -
Ck.Itpresents a 40 cm arable horizon which
is thick, loam-textured, black, and porous.
This horizon has strong biological activity
but it is weakly structured owing to the
action of tillage implements (discs) in the
first 18 cm. The argillic horizon is visible at
a depth of 40 cm to 68 cm. It is clayey, dark
grey/black, strongly structured, plastic
and sticky. From 68 cm, the clayey matrix
(BCss) turns greyish-brown. The presence
of calcium carbonate concretions is visible
from 88 cm. This series presents high levels
of organic matter and calcium, wich forms
different salts.

Studies were carried out to evaluate
the compaction effect caused by the
combine harvesters and the tractor plus
the grain cart traffic during the corn
harvesting stage.
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The experimental design was
randomized complete block design with
three repetitions where the blocks were
constituted by the passes of the three
machines under study. An analysis of
variance was conducted and differences
between means were determined by
means of a Duncan test with a significance
level of p<0.05.

The treatments were: Control treatment
(T1); Combine harvester 1, John Deere
1450, empty (T2); Combine harvester
1, fully loaded (T3); Combine harvester
2, Claas Lexion 660, empty; Combine
harvester 2, fully loaded (T5); Tractor Agco
Allis 6.220A plus grain cart Cestari 20550
4R, empty (T6); Tractor Agco Allis 6.220A
plus fully loaded grain cart (T7). Dry bulk
density (BD) and penetration resistance
(PR) were determined. Bulk density (BD)
was measured directly after Hidalgo (2003)
through the weighing of a known volume of
soil taken with cylinders specially adapted
to obtain the samples.

Penetration resistance determina-
tions (PR) were made by using the ASAE
standard penetrometer with the denomi-
nations S3133.2 (1). Samples for the two
variables were taken at four depth ranges:
0-10; 10-20; 20-30; 30-40 cm, and at five
sites: footprint center; 30-40 cm left and
right of the footprint center coinciding
with the tread edge; 60-80 cm to the left
and to the right of the footprint center
(figure 1). The first distance for tires with
narrow tread width combined 1 front
tires, tractor rear tires and grain cart tires.
The second distance for the tire with the
widest tread width combine harvester 2
front tires.
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Figure 1. Sampling site for penetration
resistance and bulk density.
Figura 1. Lugar de toma de muestra
de resistencia a la penetracién y
densidad aparente.

Three trenches were dug by means of
treatment and repetition for the collection
of bulk density samples. This was done
transversely to each pass. The trenches
were 1.30 m and 1.70 m long for tires with
atread width of 60 and 80 cm respectively.
The trenches had a width of 50 cm and a
depth of approximately 50 cm.

Soil moisture was close to field capacity
under test conditions. An additional study
of this variable was carried out since it
influences PR and BD values. Moisture data
were also evaluated at all sampling sites
when developing the method for deter-
mining the latter variable. An average was
determined for each machine and loading
condition as no clear differences were
recorded in the values obtained.

The characteristics of the machines
used are described in table 1 (page 165).
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Table 1. Characteristics of the machinery used in the trial.

Tabla 1. Caracteristicas de la maquinaria usada en el ensayo.

Gross
Empty weight/ Inflation Recommended Difference
Machinery weight with Tire pressure inflation of pressure
(kN) ballast (kPa) pressure (kPa) (%)
(kN)
Combine
harvester 1 ED 91.2 132 24.5-32 206.8 200 +3
Combine
harvester 1 ET 23 35 16.9-24 165.5 170 -3
Combine
harvester 2 ED 116 184 800/70R32 220.6 240 -8
Combine
harvester 2 ET 29 46 18.4-26 137.9 110 +20
Tractor ED 30.45 16.9-28 193.1 110 +43
Tractor ET 37.22 24.5-32 165.5 110 +33
Grain cart 4413 189.76 23.1-30 R3 241.3 210* +13

* Maximum pressure recommended by manufacturer. / * Presion maxima recomendada por fabricante.

ED front axle. ET rear axle. / ED eje delantero. ET eje trasero.

The method proposed by McKyes,
1985 cited by O' Sullivan et al. (1998), was
used to determine tire-soil contact area
and to estimate the contact pressure from
the weight of the machine. This method
has the advantage of its simplicity for data
collection since it uses the measurements
provided by the manufacturer, following
this equation:

A=b*d/ X

where:

A = contact area

X = constant whose value varies between
4 for rigid soils and 2 for loose soils.
Coefficient 3 was used in this case

b = tire width;

d = tire diameter.
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However, it is important to consider
that this method underestimates the
actual contact area as determined by
Palancar et al. (2009). This may lead to an
overestimation of the pressures exerted
by the tires. The recommended pressures
were obtained using the Tire-pressure-
inflation-calculator (6).

RESULTS AND DISCUSSION

Contact areas: The exerted pressures
exerted were estimated as shown in
table 2 (page 166) by using this model the
measurements provided by the manufac-
turers (4, 7).
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Table 2. Tire dimensions and ground pressures.

Tabla 2. Medidas de los neumaticos y presiones ejercidas sobre el suelo.

Machines/ . T.ire ) Tire Contact Contact

tires Tire model | width diameter surface pressure
(mm) (mm) (m?) (kPa)
C1F 24.5-32 620 1826 0.3773 174.93
C1R 16.9-34 429 1318 0.1885 92.84
C2F 800/70R32 793 1936 0.5117 179.79
C2R 18.4-26 467 1450 0.2257 101.90
Tractor F 16.9-28 429 1367 0.1955 155.75
Tractor R 24.5-32 620 1826 0.3773 97.94
Grain Cart 23.1-30 587 1707 0.3340 142.03

C1 F, combine harvester 1 front tire. C1 R, combine harvester 1 rear tire. C2 F, combine harvester 2 front tire.
C2 R, combine harvester 2 rear tire. Tractor F, Tractor front tire. Tractor R, tractor rear tire.

C1 F, cosechadora 1 neumatico delantero. C1 R, cosechadora 1 neumatico trasero. C2 F, cosechadora 2
neumatico delantero. C2 R, cosechadora 2 neumatico trasero. Tractor F, Tractor neumatico delantero.
Tractor R, tractor neumatico trasero.

It is important to note that both the
combine harvester and the tractor had a
high contact pressure at full load. These
results are likely to provide an overesti-
mation error derived from the use of the
method proposed by McKyes 1985, as
already mentioned.

Regardless, it is important to point out
that the size of the tire used was close to
the permitted load limits in the case of the
C1 harvester. There is only one tire type, a
16 ply tire, capable of bearing the weight
exerted on the front axle, at speeds of less
than 10 km.h™. This tire is not nationally
manufactured.

A similar situation occurred with the
fully loaded grain cart and the use of tires
that exceeded, by approximately 25%,
the maximum load limit, recommended
by the manufacturer. This situation was
evidenced after finding that the used
pressures, were 13% higher than the
recommended maximum pressures.

Revista de la Facultad de Ciencias Agrarias

The pressures used did not coincide
with those recommended by the manufac-
turer, obtained through the calculation
program (5).

The combine harvester 1 is the only
machine whose values were close to
optimum values. The other machines
used pressures that differ from the
pressures they should have been using by
approximately 18%.

Penetration resistance

Significant differences were observed
between machines and loading conditions
as well as between sampling sites when
analyzing the effect caused by the passage
of the combine harvesters and the tractor
plus the grain cart. The passing of the
combine harvesters and the tractor plus
the grain cart with both loading conditions
(empty and fully loaded) caused greater
penetration resistance in the center of the
footprint. This contradicts other authors
who point out that the greatest compaction
using conventional tires occurs in the
center of the footprint (9).
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Machinery traffic caused greater
compaction effect of 60-80 cm on both
sides of the center of the footprint with
values greater than the control treatment
in the heaviest load condition. The increase
in mass per axle in addition to pressures
different from those recommended by the
manufacturer may have been the cause
of this effect. This coincides with studies
carried out by Schjgnning et al. (2008),
who described that surface compaction was
recorded only with pressures higher than
those recommended by the manufacturers.

On the contrary, the passage of empty
machinery did not generate compaction
effects on the soil at the greatest distance
(60-80 cm) on neither side of the center
of the footprint, at depths of 0 to 10 cm
(table 3). It is important to point out that,

in the surface (0 to 10 cm), the values
determined through penetrometer could
be affected towards both sides of the
center of the footprint by a lateral soil
displacement effect. These values may
be even lower values than the control
treatment (15, 17).

At greater depths, the values were
more consistent and always superior to
the control treatment, even at 30-40 cm
of depth (table 3; table 4, page 168; tables
5 and 6, page 169). These results would
explain the increase in PR values even at
the most distant sampling sites from the
center of the footprint. This is directly
related to the increase in machine masses
by storing harvested grain in their hoppers.

Table 3. Depth 0-10 cm. Statistical analysis of penetration resistance. PR values
expressed in MPa. Moisture values expressed as a percentage.

Tabla 3. Profundidad 0-10 cm. Analisis estadistico de resistencia a la penetracion.
Valores de RP expresados en MPa. Valores de humedad expresados en porcentaje.

Cl160cmL C130cmL C130cmR C160cmR

Machines M"['os/t;"e C280cmL €240 cmL Center | C240cmR €280 cmR
0
T+GC60cmL | T+GC30cm L T+GC30cmR | T+GC 60 cm R

CH1E 19.7 0.840 p 1130kl 1270 g | 1.150 hijk 0.880 o
CH1F 20.0 1.120 kl 1.380 e 1470 d | 1380 e 1.190 h
CH2E 20.2 0930 n 1.160 hij 1390 e | 1170 hi 0.980 m
CH2F 19.6 1.090 1 1540 c 1610 b | 1540 ¢ 1.140 ijk
T+GCE 20.4 0.980 m 1310 f 1480d | 1300 fg 0.980 m
T+GCF 20.0 1.180 h 1.630 b 1750 a | 1.620 b 1.176 hi
Control 20.3 1.000 m 1.000 m 1.000m | 1000 m 1.000 m
Treatment

+Different letters present statistical differences. Duncan test p < 0.05.

+ Diferentes letras presentan diferencias estadisticas. Test de Duncan p < 0,05.

Tomo 52 « N°1 2020

167




R.]. Hidalgo et al.

The highest values determined
through the use of the penetrometer
were observed in the passage of the
tractor plus the grain cart, and in the
harvester 2 in fully loaded hopper condi-
tions (table 3, page 167; table 4, page
168; tables 5 and 6, page 169), coinciding
with the highest contact pressures calcu-
lated for each machine.

Even with these increases, the data
were inferior to the 2 MPa considered
critical for root development in the first 20
cm of depth according to (2) (table 3, page
167 and table 4). It is noticeable how the
effect of the successive passes, even using
machines with low mass, turns important.
This resulted in the highest compaction
values evaluated with the penetrometer.

Bulk density
BD results, after the passes of the
combine harvesters and the tractor plus

the grain cart, resembled PR results.
Statistical differences were observed
between machines, loading conditions
and sampling sites.

The passage of the combine harvesters
and the tractor plus the fully loaded grain
cart caused greater densification in the
center of the footprint with a negative trend
towards the sides. Nonetheless, it was
higher than the control treatment value
even at a distance of 60-80 cm on both
sides of this sampling site. The maximum
values were recorded with the tractor plus
the grain cart (center of footprint, 30 cm
on both sides), throwing data similar or
superior to 1.45 - 1.46 Mg m®.

These data were considered critical for
root development of gramineae in clayey
soils according to studies of Reinert et
al. (2008) and Sadras and Calvifio (2001)
despite the fact that this equipment has
the smallest mass.

Table 4. Depth 10-20 cm. Statistical analysis of penetration resistance. PR values
expressed in MPa. Moisture values expressed as a percentage.

Tabla 4. Profundidad 10-20 cm. Analisis estadistico de resistencia a la penetracion.
Valores de RP expresados en MPa. Valores de humedad expresados en porcentaje.

C160cmL C130cmL C130cmR C160cmR
. Moisture
Machines (%) C280cmL C240cmL Center | C240cmR C280cmR
(1]

T+GC60cmL | T+GC30cm L T+GC30cmR | T+GC 60 cm R
CH1E 20.8 1.268 qr 1.471 no 1.572 1 1.461 o 1.254 rs
CH1F 20.6 1.483 mn 1.737 fg 1.777 e 1734 g 1.489 m
CH2E 20.3 1.241 s 1491 m 1.669 h 1.493 m 1.241 s
CH2F 20.8 1.600 k 1.839 d 1.936b 1832 d 1.600 k
T+GCE 20.5 1.283 pq 1.610 k 1.753 f 1.628 j 1.279 pq
T+GCF 20.3 1.654 hi 1.878 ¢ 1974 a 1.874 ¢ 1.635 ij
Control
Treatment 20.4 1.291 p 1.291 p 1.291p 1.291 p 1.291 p

Different letters present statistical differences. Duncan test p < 0.05.

Diferentes letras presentan diferencias estadisticas. Test de Duncan p < 0,05.
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Table 5. Depth 20-30 cm. Statistical analysis of penetration resistance. PR values
expressed in MPa. Moisture values expressed as a percentage.

Tabla 5. Profundidad 20-30 cm. Andlisis estadistico de resistencia a la penetracion.

Valores de RP expresados en MPa. Valores de humedad expresados en porcentaje.

C160cmL C130cmL C130cmR C160cmR
. Moisture
Machines (%) C280cmL C240cmL Center C240cmR C280cmR
0
T+GC 60cmL | T+GC 30cm L T+GC 30cm R T+GC 60 cm R
CH1E 20.6 1.502 q 1.587 no 1.699 1 1.594 n 1.508 q
CH1F 20.8 1.704 1 1.814 gh 1.870 e 1.834 fj 1.664 m
CH2E 21.0 1533 p 1.732 k 1.856 ef 1.757 ij 1.507 q
CH2F 21.2 1.745 jk 1.846 f 2.000 b 1.852 ef 1.752 ijk
T+GCE 20.7 1.774 i 1.798 h 1.900 d 1.812 gh 1.751ijk
T+GCF 21.3 1.853 ef 1967 ¢ 2.080 a 1962 c 1.857 ef
tontrol 20.8 1363 r 1363 r 13631 | 1363 r 1363 r
Treatment

Different letters present statistical differences. Duncan test p < 0.05.

Diferentes letras presentan diferencias estadisticas. Test de Duncan p < 0,05.

Table 6. Depth 30-40 cm. Statistical analysis of penetration resistance. PR values
expressed in MPa, moisture values expressed as a percentage.

Tabla 6. Profundidad 30-40 cm. Analisis estadistico de resistencia a la penetracion.
Valores de RP expresados en MPa. Valores de humedad expresados en porcentaje.

C160cmL C130cmL C130cmR C160cmR
. Moisture
Machines (%) C280cmL C240cmL Center C240cm R C280cmR
T+GC60cmL | T+GC30cmL T+GC30cmR | T+GC 60 cmR

CH1E 21.5 1.396 p 1470 n 1.572 jk 1.507 m 1357 q
CH1F 20.8 1.507 m 1.630 hi 1.727 g 1.612 i 1.532 1
CH2E 21.3 1.403 p 1.564 k 1.624 hi 1.567 k 1.400 p
CH2F 214 1.610 i 1.820 e 1943 a 1.813 e 1.613 i
T+GCE 21.5 1424 o 1.630 hi 1.774 1.638 h 1421 o
T+GCF 21.0 1.850 cd 1.874 b 1953 a 1.858 bc 1.830 de
Control 216 1429 o 1429 0 | 1429 o 1429 o 1429 o
Treatment
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Different letters present statistical differences. Duncan test p < 0.05.

Diferentes letras presentan diferencias estadisticas. Test de Duncan p < 0,05.
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This situation indicates thatthe double-
passage effect on the same footprint, ie.
the 4-axis passage, was more important
than the mass involved, in a similar way to
that observed with a penetrometer. These
effects were evident for all evaluated
depths (table 7, tables 8 and 9, page 171
and table 10, page 172).

Combines 1 and 2 affected the soil bulk
density differently in both full and empty
conditions at all depths measured at the
sides of the center of the footprint, even

though estimated contact pressure values
were not very different (table 2, page
166). This indicates that contact pressure
value alone, cannot predict compaction
risks due to traffic.

The greatest effects of densification
caused by traffic were at 20-30 cm depth
and on both sides of the center of the
footprint (table 9, page 171). A negative
trend towards the sides was observed
for all cases following the same trends
evaluated with the penetrometer.

Table 7. Depth 0-10 cm. Statistical analysis of bulk density. BD values expressed in
Mg m3. Moisture values expressed as a percentage.

Tabla 7. Profundidad 0-10 cm. Analisis estadistico de densidad aparente. Valores de Da
expresados en Mg m?3. Valores de humedad expresados en porcentaje.

C160cmL C130cmL C130cmR C160cmR
. Moisture
Machines (%) C280cmL C240cmL Center C2 40cmR C280cmR
T+GC60cmL | T+GC30cm L T+GC30cmR | T+GC 60 cm R
CH1E 19.7 0.977 m 1.231 i 1.272 h 1.192 j 1.056 1
CH1F 20.0 1.178 j 1328 f 1.380 de 1329 f 1.173 j
CH2E 20.2 1.131 k 1.270 h 1.420 c 1.270 h 1120k
CH2F 19.6 1.316 fg 1.382 de 1472 b 1.387 de 1.314fg
T+GCE 20.4 1.050 1 1.280 h 1.367 e 1.290 gh 1.070 1
T+GCF 20.0 1.383 de 1.464 b 1.531 a 1454 b 1.409 cd
tontrol 203 1124 k 1124 k 1124 k 1124 k 1124 k
Treatment
Different letters present statistical differences. Duncan test p < 0.05.
Diferentes letras presentan diferencias estadisticas. Test de Duncan p < 0,05.
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Table 8. Depth 10-20 cm. Statistical analysis of bulk density. BD values expressed in
Mg m=3. Moisture values expressed as a percentage.

Tabla 8. Profundidad 10-20 cm. Analisis estadistico de densidad aparente. Valores de
Da expresados en Mg m?3. Valores de humedad expresados en porcentaje.

C160cmL C130cmL C130cmR C160cmR
. Moisture
Machines (%) C280cmL C240cmL Center C240cmR C280cmR
(1)
T+GC60cmL | T+GC30cmL T+GC30cmR | T+GC 60 cm R
CH1E 20.8 1.170q 1.267 p 1.331m 1.282 0 1.171q
CH1F 20.6 1.302n 1.457¢g 1.506 f 1.440 h 1.279 0
CH2E 20.3 1.167 q 1.360 1 1441 h 1.379k 1.164 q
CH2F 20.8 1.400 j 1.553d 1.582 ¢ 1.538 e 1418 i
T+GCE 20.5 1.143r 1.378k 1.466 g 1.393 j 1151 r
T+GCF 20.3 l46lg 1.578 ¢ 1.694 a 1.603 b 1.460 g
Control
Treatment 20.4 1.170q 1.170q 1.170 q 1.170q 1.170q

Different letters present statistical differences. Duncan test p < 0.05.

Diferentes letras presentan diferencias estadisticas. Test de Duncan p < 0,05.

Table 9. Depth 20-30 cm. Statistical analysis of bulk density. BD values expressed in
Mg m3. Moisture values expressed as a percentage.

Tabla 9. Profundidad 20-30 cm. Analisis estadistico de densidad aparente. Valores de
Da expresados en Mg m?3. Valores de humedad expresados en porcentaje.

C160cmL C130cmL C130cmR C160cmR
. Moisture
Machines (%) C280cmL C240cmL Center C240cmR C280cmR
T+GC60cmL | T+GC30cmL T+GC30cm R | T+GC 60 cm R
CH1E 20.6 1.342 q 1.404n 1.500 i 1.398 n 1.358p
CH1F 20.8 1.384 o 1.550h 1.61 f 1.549 h 1.399n
CH2E 21.0 1354 p 1.469 1 1.562¢g 1.483 jk 1.336q
CH2F 21.2 1.426 m 1.627 e 1.691 c 1.647 d 1.407 n
T+ GCE 20.7 1.406 n 1570 g 1.631e 1.568 g 1.384 0
T+GCF 21.3 1479 k 1.702b 1.768 a 1.711 b 1.4921j
Control 20.8 1262 r 1262 r 1.262r 1262 r 1262 r
Treatment
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Different letters present statistical differences. Duncan test p < 0.05.

Diferentes letras presentan diferencias estadisticas. Test de Duncan p < 0,05.
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Table 10. Depth 30-40 cm. Statistical analysis of bulk density. BD values expressed in
Mg m3. Moisture values expressed as a percentage.

Tabla 10. Profundidad 30-40 cm. Analisis estadistico de densidad aparente. Valores de
Da expresados en Mg ™3. Valores de humedad expresados en porcentaje.

C160cmL C130cmL C130cmR C160cmR
. Moisture
Machines (%) C280cmL C240cmL Center C2 40cmR C280cmR
0
T+GC60cmL | T+GC30cmL T+GC30cm R | T+GC 60 cm R
CH1E 21.5 1287 r 1.357 o 1.399 m 1354 o 1.300 pq
CH1F 20.8 1.369 n 1.510 i 1581 e 1.514 i 1.362 no
CH2E 21.3 1309 p 1438 k 1464 j 1437 k 1.301 pq
CH2F 21.4 1421 1 1.583 e 1.672 b 1.602 d 1.430 kI
T+GCE 21.5 1.293 qr 1548 g 1.644 ¢ 1537 h 1.290 qr
T+GCF 21.0 1.554 fg 1.674 b 1.734 a 1.670 b 1564 r
Control
Treatment 21.6 1.298 pqr 1.298 pqr 1.298 pqr 1.298 pqr 1.298 pq

Different letters present statistical differences. Duncan test p < 0.05.

Diferentes letras presentan diferencias estadisticas. Test de Duncan p < 0,05.

References to tables 3 to 10

Center (Center of the footprint); C1 30 cm L (Combine
harvester 1 30 cm to the left of the center of the
footprint); 30 cm R C1 (Combine harvester 1.30 cm
to the right of the center of the footprint); C1 60 cm L
(Combine harvester 1.60 cm to the left of the center of
the footprint); 60 cm R C1 (Combine harvester 1.60 cm
to the right of the center of the footprint); C2 40 cm L
(Combine harvester 2.40 cm to the left of the center of
the footprint); C2 40 cm R (Combine harvester 2.40 cm
to the right of the center of the footprint); C2 80 cm L
(Combine harvester 2.80 cm to the left of the center
of the footprint); C2 80 cm R (Combine harvester 2.80
cm to the right of the center of the footprint); T plus
GC 30 cm L (Tractor plus grain cart 30 cm to the left of
the center of the footprint); T plus GC 30 cm R (Tractor
plus grain cart 30 cm to the right of the center of the
footprint); T plus GC 60 cm L (Tractor plus grain cart
60 cm to the left of the center of the footprint); T plus
GC 60 cm R (Tractor plus grain cart 30 cm to the right of
the center of the footprint). CH 1 E, combine harvester 1
empty; CH 1 E combine harvester 1 fully loaded; CH 2 E,
combine harvester 2 empty; CH 2 F, combine harvester
2 fully loaded; T plus GC E, Tractor plus grain cart; T
plus GC E Tractor plus fully loaded grain cart.
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Referencias para tablas 3 a 10

Centro (centro de huella); C1 30 cm L (Cosechadora
1 30 cm a la izquierda del centro de huella); C1
30 cm R (Cosechadora 1 30 cm a la derecha del
centro de huella); C1 60 cm L (Cosechadora 1 60
cm a la izquierda del centro de huella); C1 60 cm
R (Cosechadora 1 60 cm a la derecha del centro
de huella); C2 40 cm L (Cosechadora 2 40 cm a
la izquierda del centro de huella); C2 40 cm R
(Cosechadora 2 40 cm a la derecha del centro
de huella); C2 80 cm L (Cosechadora 2 80 cm a
la izquierda del centro de huella); C2 80 cm R
(Cosechadora 2 80 cm a la derecha del centro
de huella); T mas BC 30 cm L (Tractor mas carro
granelero 30 cm a la izquierda del centro de huella);
T mas BC 30 cm R (Tractor mas carro granelero
30 cm a la derecha del centro de huella); T mas BC
60 cm L (Tractor mas carro granelero 60 cm a la
izquierda del centro de huella); T mas BC 60 cm R
(Tractor mas carro granelero 30 cm a la derecha del
centro de huella). CH 1 E, cosechadora 1 vacia; CH 1
F, cosechadora 1 llena; CH 2 E, cosechadora 2 vacia;
CH 2 F, cosechadora 2 llena; T mas BC E, tractor mas
carro granelero vacio; T mas BC F, tractor mas carro
granelero lleno.
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CONCLUSIONS

The passage of the tractor plus
the fully loaded grain cart caused the
greatest compaction at all sampling
depths, exceeding 60 cm on both sides
of the center of the footprint. The values
obtained were close to or higher than the
those suitable for crop development.

The compaction effect caused by the
passage of the two combined harvesters
in fully loaded condition is considered
critical for crop development up to 30 cm
on both sides of the center of the footprint.
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ABSTRACT

Analyzing time series data with remote sensing provides a better understanding of
vegetation dynamics, since previous conditions and changes that have occurred over a
given period are known. The objective of this paper was to analyze the current status
and recent advances in the use of time series data obtained from remote sensors for
vegetation monitoring. A systematic search of scientific papers was performed and
167 papers were found, published during the period 1996 to 2017. No significant
difference in the amount of years analyzed was found between time series analyzed with
a single sensor and those analyzed with a combination of several sensors (i.e. Landsat
and SPOT, Landsat and Sentinel, among others). However, the combination of data
from different sensors (fusion of images) can improve the quality of the results. Special
attention must also be given to the fusion of optical and radar data, since this offers more
unique spectral and structural information for land cover and land use assessments.
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RESUMEN

El andlisis de datos de series de tiempo con sensores remotos proporciona una
mejor comprension de la dinamica de la vegetacion, ya que se conocen las condiciones
y cambios previos que se han producido en un periodo determinado. El objetivo de este
trabajo fue analizar el estado actual y los avances recientes en el uso de datos de series
de tiempo obtenidos de sensores remotos para el monitoreo de vegetacion. Se realizd
una busqueda sistematica de articulos cientificos y se encontraron 167 articulos publi-
cados entre 1996 y 2017. No se encontraron diferencias significativas en la cantidad de
afios analizados entre las series temporales analizadas con un solo sensor y aquellas
analizadas con una combinacion de varios sensores (es decir, Landsat y SPOT, Landsat y
Sentinel, entre otros). El nimero de afios analizados con datos de series de tiempo fue
similar, ya sea utilizando un solo sensor o una combinacién de diferentes sensores. Sin
embargo, la combinacién de datos de diferentes sensores (fusiéon de imagenes) puede
mejorar la calidad de los resultados. También se debe prestar especial atencién a la
fusion de datos oOpticos y de radar, ya que ofrecen informacion espectral y estructural

mas exclusiva para las evaluaciones de la cubierta terrestre y el uso de la tierra.
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INTRODUCTION

Characterizing  plant cover s
essential for managing natural resources,
modeling environmental variables and
understanding habitat distribution (14).
Vegetation dynamics have been monitored
using a variety of approaches, from obser-
vational methods conducted directly in the
field (26) to those based on remote sensing
(2) from plot level (1), to regional (9, 37)
and global scales (7). Different vegetation
classes or types can be identified by their
unique spectral characteristics i.e. reflec-
tance or emissivity (44). Thus, remote
sensing offers an advantageous method
of monitoring since imagery can cover
large geographic areas, and has become
an essential method for understanding
large-scale environmental changes (22).
While a plethora of remote sensors
exist, those most commonly applied in
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vegetation monitoring include Landsat
(TM, ETM + and currently Landsat 8 OLI),
SPOT, MODIS, NOAA-AVHRR, IKONOS and
QuickBird (36, 44).

In recent years, sensor capabilities
have considerably improved in terms
of spatial, spectral and temporal
resolution (44). This technological
evolution provides information in greater
quantity and with improved precision (5).
Increased accessibility to remote sensing
data and greater computing capacity have
completely changed the way of using
these data. At present, the use of more
complex analysis with novel algorithms
for detecting changes in vegetation cover
using time series data is becoming more
frequent (46). Although there is current
research that reports trends in the use of
time series data, these studies only report

176



Monitoring vegetation using remote sensing time series data

trends for a single sensor (eg. Landsat)
(4, 46), while other remote sensors have
not been the subject of extensive review.
It is therefore necessary to report trends
in the use of time series data for the
monitoring of vegetation with respect
to more sensors, greater periodicity and
involving the study of more ecosystems.
For this reason, the main objective of this
research was to analyze the current status
and recent advances in the use of time
series data obtained from remote sensors
for vegetation monitoring. Systemati-
zation of this collection in a database
will provide an overview with which to
identify the background, knowledge gaps
and trends of the current research.

MATERIALS AND METHODS

A search of scientific papers exploring
the topic of "monitoring of vegetation
using time series data" was carried out
using the Web of Science website (http://
apps.webofknowledge.com). A database
of published papers was constructed
containing the following information
fields: reference, year of publication,
paper title, journal, impact factor, source
of funding, spatialized (mapped) results,
number of authors, number of institu-
tions involved, study objective, area of
influence, country, size and location of
the study area, vegetation and land use,
climate, platform/sensor, number of
sensors used, spatial resolution, number
of images analyzed, years analyzed,
main data, ancillary data, software, main
algorithms used and purpose of algorithm
and variables of interest. The data were
subsequently grouped into ranges and
categories of similar data in order to
facilitate their representation and statis-
tical description.
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The papers were classified into two
groups: those using one sensor and those
presenting a combination of two or more
sensors (e.g. Landsat sensors and SPOT
sensors combination, Landsat sensors
and Sentinel sensors combination, among
others). A means test (Kruskal-Wallis test,
p <0.05) was performedin R Studio (2013)
between these groups in order to identify
which group featured the mostrobust time
series (more years analyzed). To ensure
coherence of the results in this review,
opinions were sought from experts.

RESULTS

Temporal trend

Initially, 186 papers were detected by
the search, of which 167 were chosen for
analysis (see supplementary material).
Studies of all types of vegetation and
climate were included. The rest of papers
did not study vegetation, and some
articles even belonged to other branches
of science. The 167 papers analyzed were
published in the period 1996 to 2017
(August). No papers were found for the
year 1998, and the highest number of
papers on the study topic was published
in 2012. Three periods of research output
productivity were identified: the first was
observed during the period 1996-2002,
with an average of 1 to 3 papers published
per year; the second covered the period
2003-2010, with an average of 3 to 10
papers published per year; and the third
was identified for the period 2011-2017,
with an average of 11 to 18 papers. This
revealed a clear and increasing trend in
the number of papers published per year
from 1996 to 2017 (figure 1, page 178).
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Figure 1. Number of papers/studies grouped by year of publication in vegetation
monitoring using time series data (167 papers consulted).

Figura 1. Nimero de investigaciones/estudios agrupados por afio de
publicacién en el monitoreo de vegetacién usando datos de series de tiempo
(167 documentos consultados).

Most preferred journal for publication

The published papers were mainly
distributed among 70 journals, where the
lowest impact factor was 0.2442 for the
"Iranian Journal of Science & Technology",
and the highest was 8.502 for the journal
"Global Change Biology". In addition,
there were journals that were prominent
in terms of quantity of publications
(table 1, page 179).

Papers published per country

While time series data analysis for
monitoring vegetation has been conducted
practically worldwide, China and Brazil
are the prominent countries in terms of
the number of studies published (figure 2,
page 179).

Most studied ecosystems

The main ecosystems studied, as well
as the main types of climate that occur
in the data analyzed, are shown in figure
3 (page 180). It should be noted that
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the main ecosystem and climate studied
worldwide are forests and the tropical
climate, respectively.

Most used approach/methodology

The main methodologies found are
based on classification of plant cover and
monitoring of phenological states. Most of
these methods use the vegetation index
NDVI as the main element. These, in combi-
nation with other algorithms, help the
extraction of results. An interesting aspect
found was that the research mostly utilized
climatic information as ancillary data. In
table 2 (page 181), vegetation monitoring
is summarized. The NDVI is the most
reported algorithm in the literature.

Sensors used

The most used satellites were SPOT,
followed by Landsat, although it should
be noted that a combination of data from
several different satellites is used in some
studies (table 3, page 181).
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Table 1. Journals with highest number of publications in vegetation monitoring using
time series data (167 papers consulted).

Tabla 1. Revistas con mas publicaciones en el monitoreo de vegetacion usando datos
de series de tiempo (167 articulos consultados).

Journal Impact factor | Number of publications | Percentage
Remote Sensing of Environment 6.265 27 16.16
International Journal of Remote Sensing 1.724 27 16.16
Remote Sensing 3.244 11 6.58
il ol ot amplied Barth |55 :
Forest Ecology and Management 3.064 5 2.99
Journal of Applied Remote Sensing 1.107 5 2.94
Others (5 publications) - 83 49.70
Total 167 100

CJol 1723 W49 MM10-15 EM16-25
Number of papers published per country

Figure 2. Global studies published in the field of vegetation monitoring using time
series data, grouped by country (167 papers consulted).

Figura 2. Estudios publicados a nivel global en el campo del monitoreo de vegetacién
usando datos de series de tiempo, agrupados por pais (167 documentos consultados).
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Figure 3. Papers published on vegetation monitoring using time series data, grouped
by type of ecosystem (a) and by type of climate (b), from a total of 167 papers analyzed.

Figura 3. Documentos publicados sobre el monitoreo de la vegetacién usando

datos de series de tiempo, agrupados por tipo de ecosistema (a) y por tipo de clima
(b) estudiado, 167 articulos analizados.
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Table 2. Main algorithms/indexes and approaches for vegetation monitoring using
time series data.
Tabla 2. Principales algoritmos/indices y enfoques para el monitoreo de la vegetacion
usando datos de series de tiempo.

. . Number of publications .
Algorithm/index in which it appears Main purpose
Normalized Difference 72 To determine vegetation status, discrimination
Vegetation Index (NDVI) of vegetation cover and soil loss.
Supervised Classification 12 Classify types of land use and vegetation.
Leaf Area Index (LAI) 10 Condition of vegetation, vegetation cover.
Difference Normalized Burn - ) .
Ratio (DNBR) 9 Classification of post-fire vegetation.
Enhanced Vegetation Index (EVI) 6 To determine vegetation phenology.
Others 58 -

Table 3. Most used satellites/sensors in published papers addressing vegetation
monitoring using time series data (167 papers consulted).

Tabla 3. Satélites/sensores mas utilizados en articulos publicados sobre el monitoreo
de la vegetacion utilizando datos de series de tiempo (167 documentos consultados).

Satellite Sensor Spatial resolution (m) Number of papers
Vegetation (VGT-II) 1000 15
SPOT 5
HRG (Xi) 10-20 7
Vegetation (VGT-I) 1000 77
SPOT 4
HRVIR (Xi) 20 3
SPOT 2,3 HRV (XS) 20 12
Landsat 8 OLI 30 9
Landsat 7 ETM+ 30 24
Landsat 5 ™ 30 24
Landsat 1, 2,3 MSS 30
Aqua MODIS (MYD) 250,500, 1000 4
MODIS (MOD) 250,500, 1000 32
Terra
MISR 1100 1
Aqua/Terra MODIS (MCD) 250,500, 1000 9
NOAA AVHRR 1000, 4000, 8000, 64000 28
Others 1.8, 4,300,500, 1000 13
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It was also found that most of the
studies featured analysis of periods from 1
to 10 years, while only one study analyzed
aperiod of more than 40 years (110 years)
(figure 4).

Specifically, the most analyzed period
was from 2000 to 2010 (figure 5) since it
was observed that the time series studies
mainly analyzed the period from the year
1980 to date.
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Figure 4. Number of papers grouped by
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the category of number of years of remotely

sensed time series data used for vegetation monitoring.

Figura 4. Numero de articulos agrupado

s por la categoria de afios de datos de series

temporales de teledeteccion utilizados para el monitoreo de la vegetacion.
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Figure 5. Starting and ending years of the time series data analyzed in vegetation
monitoring studies (167 papers consulted, the period between the dotted vertical line

denotes the most commo

nly analyzed period of time).

Figura 5. Ao de inicio y final de las series de tiempo analizadas en estudios de
monitoreo de la vegetacion (167 documentos consultados, el periodo entre la linea
vertical punteada indica el periodo de tiempo mas analizado).
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The reviewed papers and the opinions
of experts indicate that, in recent years,
the combination of data (image fusion)
from different sensors (e.g. Landsat
sensors and SPOT sensors combination,
Landsat sensors and Sentinel sensors
combination, among others) has served
to improve its quality (45) and therefore
deserves special attention. Our results
indicated that 77 of 167 articles used
combinations of several sensors. These
papers have mostly been published in the
last decade, thus representing a current
trend in the analysis of time series data.

No significant difference was found
between the average of the number of
years analyzed using only one sensor
(8.18 years) and that using a combination
of several sensors (8.4 years) (significance
of 0.05) (figure 6).

DiscusSION

Our study reveals some important
trends found in vegetation monitoring
studies using time series data over the
period 1996-2017 (August). The number
of vegetation monitoring papers published
using time series data has shown a
considerable increase over the last 7 years
of this period. This supports that reported
by Zhuang et al. (2013), who also found
a significant increase in the number of
papers published in recent decades in
the field of remote sensing. This pattern
is due to the fact that remote sensing is a
rapidly advancing technology and has in
recent years experienced unprecedented
growth due to the development of sensors
and increased information technology
capacities, including processing, storage
and data base formation (30).
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Figure 6. Comparison of the number of years of vegetation monitoring analyzed using
time series data, performed with a single sensor or with a combination of several
sensors. Total of 167 papers analyzed.

Figura 6. Comparacién del nimero de afios de monitoreo de vegetacion analizados
utilizando datos de series de tiempo, realizados con un solo sensor y con una
combinacion de varios sensores, 167 articulos analizados.
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Thejournalsthatpublished the greatest
number of papers in the field of vegetation
monitoring using time series data were
Remote Sensing of Environment and
International Journal of Remote Sensing.
Likewise, Zhuang et al. (2013) reported
that these two journals are among those
with the most papers published in the
field of remote sensing over recent years.
In terms of the geographic location of
scientific production, China and Brazil are
the leaders in this field (48). These two
countries are in the group of 20 countries
with the highest scientific production
(published papers) in the field of remote
sensing. Indeed, China is the second most
productive country in the world, after the
United States (48).

The most studied ecosystem is forest,
followed by grassland and then by
general global monitoring of vegetation.
This is logical, since forests are the
most widely distributed ecosystems
on the planet (42). However, it should be
noted that the study of other ecosystems
is also of great importance.

Of the 167 papers reviewed, the
methodologies used for vegetation
monitoring most commonly featured the
Normalized Difference Vegetation Index
(NDVI). The NDVI, developed by Rouse
et al. (1974), stands out in that, since
its appearance, it has quickly become
the most dominant satellite observable
metric for spatio-temporal changes (18)
and has been successfully used to explore
vegetation dynamics (20), although
in recent years there has also been an
attempt to improve and evaluate the
performance of algorithms and indices
to improve vegetation monitoring (35).
Some notable studies were also found,
using a considerable number of indices
(6,11, 19, 23).
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Afurtherimportant factorinvegetation
monitoring using time series data, is that
of the satellites utilized. Landsat satellites
are the most commonly used in remote
sensing; however, in the analyzed data,
SPOT satellites appear as the most used
in multi-temporal studies. This could be
explained by some limitations of Landsat,
(eg- temporal resolution or images
contaminated by cloud and shadow)
(12). For this reason, the suite of SPOT
sensors is the most widely used alter-
native to Landsat (32) and some authors
state that it is particularly suitable for
vegetation mapping at global and regional
scales (44). With regards to Landsat, it
should be noted that most studies that use
Landsat data correspond to more recent
years, since initiation of the free and open
Landsat data policy in 2008 (47). This
is therefore a satellite of great potential
for the future given its availability (ie.
free and open access). In recent decades,
the cost of data storage has dramatically
decreased, providing a viable basis for
time series analysis that demands Landsat
data (46).

Most studies have analyzed time series
of between 1 and 10 years. However,
since 2010, more complex investiga-
tions have been carried out. This could
also be strongly influenced by the free
access policies of Landsat, as mentioned
above, as well as the launch of the MODIS
sensor onboard the Aqua/ Terra satellites
notable for its temporal resolution (28).
Remote sensing is a rapidly advancing
technology (40) and has now reached a
price point where the images acquired by
these systems are truly accessible (36).
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New trends for the analysis of time

series data

Advancesinremote sensing technology,
in terms of software, processes and infor-
mation acquisition, mean that it is now
possible to conduct research with data
from several different sensors (2, 15, 24,
29, 31). While this could in theory produce
more robust time series, statistical
testing shows that there is no significant
difference between time series analyzed
with data from a single sensor and those
analyzed with a combination of data from
several sensors. Nevertheless, the combi-
nation of data (image fusion) improves
the quality of the results (13) since this
technique can integrate different image
data and provide more information than
the derived from a single sensor (39).

In this sense, K. de Beurs (personal
communication, February 16, 2018)
indicates that special attention should be
given to the use of fusion of optical and radar
data, since this offers more unique spectral
and structural information for land cover
and land use assessments. This coincides
with Joshi et al (2016), who indicate
that future research should focus on the
development of robust optical and radar
data fusion techniques, including those that
test the frequency with which time series
and variable spatial resolution data sets can
be combined in a significant manner with a
minimum loss of information.

The main difference between these
types of data is that, compared to optical
satellite images, synthetic aperture
radars (SARs) have certain advantages
for vegetation monitoring due to the
fact that microwave sensors have longer
wavelengths, can penetrate vegetation
canopies, and are not influenced by the
presence of clouds or haze (16, 17).
Some SARs have a short revisit time and
high spatial resolution, which could be
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beneficial for vegetation monitoring. Since
optical and SAR image data respond to crop
characteristics differently, their comple-
mentary information can be valuable to
support vegetation monitoring (39).

Another aspect of great interest, at
present and for the future, is the use of
free access data and software. According
to Wulder etal. (2012), open access to data
promotes greater international collabo-
ration to meet the land observation needs
of the twenty-first century. In this sense,
the Landsat satellite network stands out
for both the long history and free access
of its data set (25). It is also important to
mention the establishment of a Landsat-9
Architecture Study Team that define
capabilities and implementation strategy.
Landsat-9 has been authorized and is
proceeding towards a December 2020
launch. Planning for missions beyond
Landsat-9 is also underway, with the USGS
defining future Landsat measurement
needs (e.g., Landsat-10 and -11) (43).

While the ability to use a multitude
of images acquired in a single region has
changed the perception on the Landsat
value, some properties of this satellite
are currently critical (41). One limitation
of Landsat is that the satellites can only
revisit the same area every 16 days, and
the acquired Landsat data for specific
areas can be contaminated by cloud and
shadow. The temporally sparse time-series
Landsat data are, therefore, unsuitable for
global monitoring of rapid changes in the
vegetation and terrestrial surface (12).

A potential approach for utilization of
Landsat data is represented by data fusion
techniques that integrate imagery across
sensors, effectively leveraging the most
desirable characteristics from multiple
sensors. The spatial, spectral and temporal
resolution of any given sensor can thus
potentially be enhanced by merging bands
within or across sensors (32).
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Special attention should also be paid
to the Sentinel-2 satellite since, in terms
of spatial and temporal resolution, it
provides an alternative to SPOT and
Landsat, with narrower bands for better
identification of characteristics, additional
channels in the red edge spectral domain
that allow evaluation of vegetation
status and specific bands for improved
atmospheric correction (10, 27). There
has even been experimentation with
the fusion of Landsat and Sentinel-2
satellite data, showing great potential
for timely monitoring of rapid changes
(38). Currently, the Harmonized Landsat/
Sentinel-2 (HLS) project provides a
surface reflectance product that combines
observations from USGS/NASA's Landsat 8
and ESA's Sentinel-2 satellites at moderate
spatial resolution (30 m). The main goal is
to provide a unique dataset based on the
data of both satellites in order to reduce
the revisit time to 3-5 days, depending on
latitude (8).

CONCLUSIONS

Most of the articles analyzed (64.7%)
were published in the last 7 years of the
study period, reflecting the great changes
that remote sensing has undergone in
terms of data availability. China and Brazil
are the countries with the highest number

REFERENCES

of vegetation monitoring studies using
time series data. The main ecosystems
studied are the forests, although in recent
years it is common to find studies of
vegetation monitoring at the global scale.

The SPOT satellites have been the most
used for vegetation monitoring using time
series data, but Landsat satellites aim
to be the most popular in the future due
to the availability, periodicity and easy
handling of its data. Also important is the
Sentinel-2 satellite, which is notable for its
greater temporal resolution.

On average, the number of years
analyzed with time series data was similar
using either a single sensor or a combi-
nation of different sensors. However
the combination of data from different
sensors (image fusion) can improve
results quality, while the use of fusion of
optical and radar data points towards a
new trend in this field.

Our findings in this review of literature
on vegetation monitoring using time
series data will contribute to future work
in this field, improving decision-making
about periods for analysis and appro-
priate data selection from remote sensors.

Supplementary Material

https://drive.google.com/
open?id=1bMilH96d1E--7PLI1VhwkzIFX-
pT3Z4GL

1. Albornoz, L.; Rodriguez Plaza, L.; Navarro, A.; Lopez, M.; Bageta, C.; Mercado, L. 2019. Vineyard
zoning of cv Bonarda argentine (Vitis vinifera L.), from Sentinel satellite images and
three vegetation indexes. Revista de la Facultad de Ciencias Agrarias. Universidad
Nacional de Cuyo. Mendoza. Argentina. 51(2): 167-176.

2. Arino, O.; Casadio, S.; Serpe, D. 2012. Global night-time fire season timing and fire count trends
using the ATSR instrument series. Remote Sensing of Environment. 116: 226-238.

3.Baeza, S.; Baldassini, P; Bagnato, C.; Pinto, P.; Paruelo, J. 2014. Caracterizacién del uso/cobertura
del suelo en Uruguay a partir de series temporales de imagenes MODIS. Agrociencia

Uruguay. 18(2): 95-105.

Revista de la Facultad de Ciencias Agrarias

186



Monitoring vegetation using remote sensing time series data

4. Banskota, A.; Kayastha, N.; Falkowski, M. ].; Wulder, M. A,; Froese, R. E.; White, . C. 2014. Forest
monitoring using Landsat time series data: A review. Canadian Journal of Remote
Sensing. 40(5): 362-384.

5. Camps-Valls, G.; Tuia, D.; Bruzzone, L.; Benediktsson, J. A. 2014. Advances in hyperspectral
image classification: Earth monitoring with statistical learning methods. IEEE Signal
Processing Magazine. 31(1): 45-54.

6. Chen, B.; Cao, J.; Wang, J.; Wu, Z.; Tao, Z.; Chen, ].; Yang, C.; Xie, G. 2012. Estimation of rubber
stand age in typhoon and chilling injury afflicted area with Landsat TM data: a case
study in Hainan Island, China. Forest Ecology and Management. 274: 222-230.

7. Chen, ].; Chen, J.; Liao, A.; Cao, X.; Chen, L.; Chen, X,; Chaoying, H.; Gang, H.; Shu, P; Miao, L,;
Weiwei, Z.; Xiaohua, T; Jon, M. 2015. Global land cover mapping at 30 m resolution:
A POK-based operational approach. ISPRS Journal of Photogrammetry and Remote
Sensing. 103: 7-27.

8. Claverie, M.; Ju, J.; Masek, J. G.; Dungan, ]. L.; Vermote, E. F,; Roger, ].-C.; Skakun, S. V; Justice, C.
2018. The Harmonized Landsat and Sentinel-2 surface reflectance data set. Remote
Sens. Environ. 219: 145-161.

9.DiBella, C. M,; Beget, M. E.; Campos, A. N.; Viglizzo, E.; Jobbagy, E.; Garcia, A. G.; Sycz, A.; Cotroneo,
C. 2019. Changes in vegetation seasonality and livestock stocking rate in La Pampa
Province (Argentina). Revista de la Facultad de Ciencias Agrarias. Universidad Nacional
de Cuyo. Mendoza. Argentina. 51(1): 79-92.

10. Drusch, M.; Del Bello, U.; Carlier, S.; Colin, O.; Fernandez, V.; Gascon, F.; Hoersch, B.; Isola, C,;
Laberinti, P; Martimort, P; Meygret, A.; Spoto, F; Sy, O.; Marchese, F,; Bargellini, P.
2012. Sentinel-2: ESA's optical high-resolution mission for GMES operational services.
Remote Sensing of Environment. 120: 25-36.

11. Einzmann, K,; Immitzer, M.; Béck, S.; Bauer, O.; Schmitt, A.; Atzberger, C. 2017. Windthrow
detection in European forests with very high-resolution optical data. Forests. 8(1): 21.

12. Gao, F; Hilker, T; Zhu, X.; Anderson, M.; Masek, J.; Wang, P; Yang, Y. 2015. Fusing Landsat
and MODIS data for vegetation monitoring. IEEE Geoscience and Remote Sensing
Magazine. 3(3): 47-60.

13. Ghassemian, H. 2016. A review of remote sensing image fusion methods. Information Fusion.
32:75-89.

14. Gémez, C.; White, ]. C.; Wulder, M. A. 2016. Optical remotely sensed time series data for land
cover classification: A review. ISPRS Journal of Photogrammetry and Remote Sensing.
116: 55-72.

15. Hardtke, L. A.; Blanco, P. D.; del Valle, H. F.; Metternicht, G. I.; Sione, W. F. 2015. Semi-automated
mapping of burned areas in semi-arid ecosystems using MODIS time-series imagery.
International Journal of Applied Earth Observation and Geoinformation. 38: 25-35.

16. Herold, N. D.; Haack, B. N. 2002. Fusion of radar and optical data for land cover mapping.
Geocarto International. 17(2): 21-30.

17. Herold, N. D.; Haack, B. N. 2006. Comparison and integration of radar and optical data for land
use/cover mapping. Geocarto International. 21(4): 9-19.

18.Houborg, R,; Fisher,]. B.; Skidmore, A.K. 2015. Advances in remote sensing of vegetation function
and traits. International Journal of Applied Earth Observation and Geoinformation.1-6.

19. Huang, H.; Roy, D. P,; Boschetti, L.; Zhang, H. K;; Yan, L.; Kumar, S. S.; Gomez-Dans J.; Li, J. 2016.
Separability analysis of Sentinel-2A multi-spectral instrument (MSI) data for burned
area discrimination. Remote Sensing. 8(10): 873.

20. Hutchinson, J. M. S.; Jacquin, A.; Hutchinson, S. L.; Verbesselt, ]. 2015. Monitoring vegetation
change and dynamics on US Army training lands using satellite image time series
analysis. Journal of Environmental Management. 150: 355-366.

21. Joshi, N.; Baumann, M.; Ehammer, A.; Fensholt, R.;; Grogan, K.; Hostert, P; Jepsen, M. R;
Kuemmerle, T,; Meyfroidt, P; Mitchard, E. T. A,; Reiche, ].; Ryan, C.; Waske, B. 2016. A
review of the application of optical and radar remote sensing data fusion to land use
mapping and monitoring. Remote Sensing. 8(1): 70.

Tomo 52 « N°1 2020 187



J. M. Ztiiiga-Vasquez, C. A. Aguirre-Salado, M. Pompa-Garcia

22.Khatami, R.; Mountrakis, G.; Stehman, S. V. 2016. A meta-analysis of remote sensing research on
supervised pixel-based land-cover image classification processes: General guidelines
for practitioners and future research. Remote Sensing of Environment. 177: 89-100.

23. Kim, J.; Grunwald, S.; Rivero, R. G.; Robbins, R. 2012. Multi-scale modeling of soil series using
remote sensing in a wetland ecosystem. Soil Science Society of America Journal.
76(6): 2327-2341.

24.Kim, Y.; Huete, A. R;; Miura, T;; Jiang, Z. 2010. Spectral compatibility of vegetation indices across
sensors: band decomposition analysis with Hyperion data. Journal of Applied Remote
Sensing. 4(1): 043520.

25. Loveland, T. R,; Dwyer, J. L. 2012. Landsat: Building a strong future. Remote Sensing of
Environment. 122: 22-29.

26.Malhi, Y; Phillips, O. L.; Lloyd, J.; Baker, T.; Wright, ].; Almeida, S.; Arroyo, .; Frederiksen, T; Grace,
J.; Higuchi, N,; Killeen, T,; Laurance, W. F; Leafio, C.; Lewis, S.; Meir, P; Monteagudo, A;
Neill, D.; Nufiez-Vargas, P; Panfil, S. N.; Patifio, S.; Pitman, N.; Quesada, C. A.; Rudas-Ll,
A.; Salomdo, R;; Saleska, S.; Silva, N.; Silveira, M.; Sombroek, W. G.; Valencia, R.; Vasquez-
Martinez, R.; Vieira, I. C.; Vinceti, B. 2002. An international network to monitor the
structure, composition and dynamics of Amazonian forests (RAINFOR). Journal of
Vegetation Science. 13(3): 439-450.

27.Martimor, P; Arino, O.; Berger, M,; Biasutti, R.; Carnicero, B.; Del Bello, U.; Fernandez, V.; Gascon,
E; Silvestrin, P; Sy, 0. 2007. Sentinel-2 optical high-resolution mission for GMES
operational services. In Geoscience and Remote Sensing Symposium. IGARSS 2007.
IEEE International. 2677-2680.

28. National Aeronautics and Space Administration (NASA). (2019). Moderate Resolution Imaging
Spectroradiometer (MODIS). Available online: https://modis.gsfc.nasa.gov/about/
components.php (Accessed on May 24, 2019).

29. Nyamugama, A.; Kakembo, V. 2015. Estimation and monitoring of aboveground carbon stocks
using spatial technology. South African Journal of Science. 111(9-10): 01-07.

30. Pajares, G. 2015. Overview and current status of remote sensing applications based on
unmanned aerial vehicles (UAVs). Photogrammetric Engineering & Remote Sensing.
81(4): 281-329.

31. Pickett-Heaps, C. A; Canadell, ]. G.; Briggs, P. R,; Gobron, N.; Haverd, V.; Paget, M. ].; Pinty,
B.; Raupach, M. R. 2014. Evaluation of six satellite-derived Fraction of Absorbed
Photosynthetic Active Radiation (FAPAR) products across the Australian continent.
Remote Sensing of Environment. 140: 241-256.

32.Powell, S. L.; Pflugmacher, D.; Kirschbaum, A. A.; Kim, Y.; Cohen, W. B. 2007. Moderate resolution
remote sensing alternatives: a review of Landsat-like sensors and their applications.
Journal of Applied Remote Sensing. 1(1): 012506.

33.R Development Core Team. 2013. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

34. Rouse, Jr. ].; Haas, R. H.; Schell, ]. A;; Deering, D. W. 1974. Monitoring vegetation systems in
the Great Plains with ERTS. In Third Earth Resources Technology Satellite (ERTS)
symposium. Washington. DC: NASA. 309-317.

35. Schultz, M.; Clevers, ]. G.; Carter, S.; Verbesselt, ].; Avitabile, V;; Quang, H. V; Herold, M.
2016. Performance of vegetation indices from Landsat time series in deforestation
monitoring. International Journal of Applied Earth Observation and Geoinformation.
52:318-327.

36. Toth, C.; J6zkéw, G. 2016. Remote sensing platforms and sensors: A survey. ISPRS Journal of
Photogrammetry and Remote Sensing. 115: 22-36.

37.Volante, ].; Mosciaro, J.; Morales, P. M.; Vale, L.; Castrillo, S.; Sawchik, |.; Tiscorna, G.; Fuente, M;
Maldonado, I.; Vega, A.; Trujillo, R.; Cortéz, L.; Paruelo, ]. 2015. Expansién agricola en
Argentina, Bolivia, Paraguay, Uruguayy Chile entre 2000-2010. Caracterizacion espacial
mediante series temporales de indices de vegetacidon. Revista de Investigaciones
Agropecuarias. 41(2): 1.

Revista de la Facultad de Ciencias Agrarias 188



Monitoring vegetation using remote sensing time series data

38. Wang, Q.; Blackburn, G. A.; Onojeghuo, A. O.; Dash, ].; Zhou, L.; Zhang, Y.; Atkinson, P. M. 2017.
Fusion of Landsat 8 OLI and Sentinel-2 MSI data. IEEE Transactions on Geoscience and
Remote Sensing. 55(7): 3885-3899.

39. Wang, X. L.; Chen, C. X. 2016. Image fusion for synthetic aperture radar and multispectral
images based on sub-band-modulated non-subsampled contourlet transform and
pulse coupled neural network methods. The Imaging Science Journal. 64(2): 87-93.

40. Watts, A. C.; Ambrosia, V. G.; Hinkley, E. A. 2012. Unmanned aircraft systems in remote sensing
and scientific research: Classification and considerations of use. Remote Sensing.
4(6):1671-1692.

41. Wulder, M. A; Masek, J. G.; Cohen, W. B.; Loveland, T. R.; Woodcock, C. E. 2012. Opening the
archive: How free data has enabled the science and monitoring promise of Landsat.
Remote Sensing of Environment. 122: 2-10.

42. Wulder, M. A,; Coops, N. C. 2014. Make Earth observations open access. Nature. 7516 (513):
30-31. doi: http://dx.doi.org/10.1038/513030a

43.Wulder, M. A; Loveland, T. R;; Roy, D. P,; Crawford, C. J.; Masek, J. G.; Woodcock, C. E; Allen, R. G.;
Anderson, M. C.; Belward, A. S.; Cohen, W. B.; Dwyer, ].; Erb, A.; Gao, F; Griffiths, P;
Helder, D.; Hermosilla, T; Hipple, ]. D.; Hostert, P; Hughes, M. ].; Huntington, J.; Johnson,
D. M,; Kennedy, R; Kilic, A; Li, Z.; Lymburner, L.; McCorkel, J.; Pahlevan, N.; Scambos,
T. A,; Schaaf, C.; Schott, J. R;; Sheng, Y,; Storey, ].; Vermote, E.; Vogelmann, J.; White,
J. C; Wynne, R. H.; Zhu, Z. 2019. Current status of Landsat program, science, and
applications. Remote Sensing of Environment. 225: 127-147.

44 Xie, Y,; Sha, Z.; Yu, M. 2008. Remote sensing imagery in vegetation mapping: a review. Journal
of Plant Ecology. 1(1): 9-23.

45. Zhang, J. 2010. Multi-source remote sensing data fusion: status and trends. International
Journal of Image and Data Fusion. 1(1): 5-24.

46.Zhu,Z.2017.Change detection usinglandsat time series: Areview of frequencies, preprocessing,
algorithms, and applications. ISPRS Journal of Photogrammetry and Remote Sensing.
130: 370-384.

47.Zhu, Z.; Wulder, M. A,; Roy, D. P; Woodcock, C. E.; Hansen, M. C.; Radeloff, V. C.; Healey, S.; Schaaf,
C.; Hostert, P; Strobl, P; Pekel, J. F; Lymburner, L.; Pahlevan, N.; Scambos, T. A. 2019.
Benefits of the free and open Landsat data policy. Remote Sensing of Environment.
224:382-385.

48. Zhuang, Y,; Liu, X.; Nguyen, T.; He, Q.; Hong, S. 2013. Global remote sensing research trends
during 1991-2010: a bibliometric analysis. Scientometrics. 96(1): 203-219.

Tomo 52 « N°1 ¢ 2020 189



Rev. FCA UNCUYO. 2020. 52(1): 190-209. ISSN (en linea) 1853-8665.

Use of indicators as a tool to measure sustainability in
agroecosystems of arid land, San Juan, Argentina

Uso de indicadores como herramienta para medir la
sustentabilidad en agroecosistemas de tierras aridas, San Juan,
Argentina

Julieta Carmona Crocco *#, Silvina Greco 3, Raul Tapia *%* Mariana Martinelli #°
Originales: Recepcion: 21/12/2018 - Aceptacién: 06/03 /2020
ABSTRACT

The main objective of this study was to determine the sustainability status of three
agroecosystems in arid areas, and to identify the critical aspects that limit it, through the
use of economic, ecological and socio-cultural indicators. Three agroecosystems (AE) were
selected from the Department of 25 de Mayo, San Juan. Its main economic activity is goat
farming and, to a lesser extent, cultivation of orchards, as well as subsistence economic
activities. To determine the state of sustainability, the indicators were selected and subse-
quently standardized and weighted according to their relative importance with respect
to sustainability. The results indicated that none of the dryland AE achieves sustainability
simultaneously in its three dimensions. The systemic analysis through indicators showed
that the critical variables are food self-sufficiency, water access, livestock survival, and
technical assistance, among others. The methodology used is simple, allowing to detect the
sustainability status of the three EAs, and to identify the critical variables that jeopardize
the permanence of the AE over time.
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State of sustainability in agroecosystems of arid land

RESUMEN

El objetivo principal de este estudio fue determinar el estado de sustentabilidad
de tres agroecosistemas en tierras daridas, e identificar los aspectos criticos que la
limitan, mediante el uso de indicadores econémicos, ecoldgicos y socioculturales. Se
seleccionaron tres agroecosistemas (AE) del departamento de 25 de Mayo, San Juan.
Su principal actividad productiva es la produccién caprina y en menor medida la
produccion de huerta, ambas orientadas a una economia de subsistencia. Los indicadores
seleccionados se estandarizaron y ponderaron de acuerdo a su importancia relativa con
respecto a la sustentabilidad. Los resultados indican que ninguno de los AE alcanza la
sustentabilidad en sus tres dimensiones simultdneamente. El analisis sistémico a través
de indicadores mostré que las variables criticas son la autosuficiencia alimentaria, el
acceso al recurso hidrico, la supervivencia del ganado y la asistencia técnica, entre otras.
La metodologia utilizada fue facil de usar, permitié detectar el estado de la sustentabi-
lidad de los tres AE e identificar las variables criticas que ponen en peligro la perma-

nencia de los AE en el tiempo.

Palabras clave

analisis multidimensional e agroecologia e tierras secas e tierra no irrigada

INTRODUCTION

One of the subjects addressed by
agroecology is the evaluation of agroeco-
systems (AE) in terms of their state of
sustainability. This responds to certain
concerns expressed by scientists and
technicians, given the environmental and
social crisis in rural production systems,
as a consequence of the "modern"
agriculture imposed by the Green
Revolution (10, 42, 47). The "sustainable
development” concept was officialized
in 1987 by the World Commission on
Environment and Development, and it was
defined as that which "meets the needs of
the present without compromising the
ability of future generation to fulfill theirs".
In that context, the term "sustainable
agriculture” was raised in response to the
decreasing quality of natural resources,
or of the productive base of modern
agriculture (7). The concept is linked to
the objectives of sustainable development
launched by the UN in 2015 aiming to
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eradicate poverty, ensure food security,
stop land degradation, and biodiversity
loss, among other aspects (54). Although
the sustainability of a production system is
a controversial concept under permanent
construction, there is broad consensus
on the fact that agriculture production
has gone from purely technical to a much
complex issue, requiring consideration of
ecological, economic, and sociocultural
aspects for its assessment (19, 42, 58).
Agroecology postulates that, in
order to understand the reality of AE,
an integrative, holistic and systemic
perspective is required, leaving aside the
reductionistvisionusually held by agrarian
sciences when analyzing production
systems. The agroecosystem approach has
commonly been simplified to one or few of
its components, without addressing their
interactions or including the man as one
of its main components (44, 49). In this
sense, the agroecology approach must be
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put into practice through research that
allows understanding the socio-ecological
relationships  within agroecosystems;
accounting for the complex phenomena
that result from these interactions; and
making a diagnosis of such realities
from a systemic approach (40, 52, 58).
Also, agroecology acknowledges and
values traditional indigenous and rural
agriculture knowledge wisdoms (9, 13,
35, 48). This way of understanding nature
has reached its objectives of productivity
accounting for biodiversity and using
the natural resources in a sustainable
fashion (1, 22, 56), where techniques are
adapted to the local socioeconomic and
ecological conditions. Although some
of these systems, mainly developed by
farmers for food self-sufficiency are
considered as sustainable a priori, publi-
cations operationalizing the concept by
using tools to effectively evaluate the
condition of these systems are scarce (18),
or only consider one dimension (21, 25).
Since the evaluation of AE sustainability
involves the analysis of multiple dimen-
sions, the use of indicators as tools for
such end is proposed. This methodology
has been tested by several authors that
evaluated the sustainability of tradi-
tional production systems (1, 11, 19, 35,
39, 57). For example, commonly used
indicators are food self-sufficiency (46),
soil cover (10), biodiversity (45), water
quality (5, 43), and basic needs satisfaction
(24). An indicator is defined as a variable
selected according to an adopted criterion,
which responds to social, ecological
and economic local characteristics, and
is in agreement with the selected scale
of analysis. In consequence, a group of
indicators measured in a given AE inform
about its state of sustainability in a given
moment, and allow detecting the critical
variables that jeopardize the permanence
of AE in time.
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On the other hand, experiences
evaluating sustainability of AE in drylands,
more specifically in non-irrigated lands,
are scarce compared to those in AE of oases
or irrigated lands (3, 39, 58). In general,
non-irrigated AE are characterized by
being of difficult access and isolated from
the main urban cores, not presenting
well-defined property boundaries. Also,
their access to water comes from different
sources (20). San Juan province is located
in the arid strip of center-west Argentina.
Here, territory is sectorized in oases,
occupying 3% of the area, and where most
urban and rural-urban centers merge with
majorly intensive production systems.
The rest of the territory is comprised
by mountain chains and drylands. In
these areas, the rural communities and
indigenous descendants are strategically
and sparsely distributed within extensive
production systems based on a subsis-
tence economy. Their main economic
activity is goat farming, and to a lesser
extent, orchard cultivation for self-suffi-
ciency. In this context, we ask: 1- which
is the state of these AE in the economic,
ecological and sociocultural fields? 2- Are
these systems sustainable?

To answer these questions,
sustainability was considered as an
historical, dynamic and situated concept,
subjected to constant reconceptualization
and change (18). An AE is considered
sustainable if it meets the following
sustainability criteria (46): economically
viability, sociocultural acceptance, and
productive and ecological suitability. Each
of these objectives are measured by a
group of indicators.

Our hypothesis was that local
economic, ecological and sociocultural
indicators determine critical points of
sustainability in the production systems
of the arid communities established in the
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Central Mountain. The objective of this study
was to determine the state of sustainability
of three agroecosystems of arid lands, and
to identify the critical aspects that limit this
sustainability, using economic, ecological and
sociocultural indicators.

MATERIALS AND METHODS

Study area

The study area is located towards the
South of San Juan province, in 25 de Mayo
department, which corresponds to the
former wetland Lagunas de Guanacache,
declared as a Ramsar Site in 1999 (figure 1).

Referencia
Sistema de referencia: Posgar 2007 [ Lagunas de Guanacache
Argentina/2 --==Territorio Sawua
B Agmusi;é;ﬁ;s .......

3 San juan @ AE1
mm 25 de Mayo 0 10 20 km o Al

: e e—

i i ® AE3

120°0.000° 8070.000 4070.000°
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~B0°0.000°

The polygon towards the the right corresponds to the Wuarpe Sawa Community area, within the Ramsar
Lagunas de Guanacache Site (gray polygon). The color points correspond to the studied agroecosystems.

El poligono de puntos ubicado a la derecha corresponde con el area de la Comunidad
Wuarpe Sawa, dentro del Sitio Ramsar Lagunas de Guanacache (poligono gris).
Los puntos de color corresponden con los agroecosistemas en estudio.

Figure 1. Study area, in 25 de Mayo, San Juan, Argentina.

Figura 1. Area de estudio, departamento de 25 de Mayo, San Juan, Argentina.
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It is the seventh wetland of Argentina
and the firstin extension (980000 hectares
including the Guanacache, Desaguadero
and Bebedero lacoons (www.ramsar.org.
ar) (33,50, 51). The Ramsar Site is located
in the center-west of Argentina, in the Cuyo
Region, and it belongs to the Desaguadero
- Salado basin. These wetlands form a
system of lagoons and chained marshes,
fed by the Mendoza and San Juan rivers,
which discharge into the Desaguadero
river. At the present, this system behaves
like an endorheic basin, due to the great
use of its waters from the main tributaries
in the upper and middle parts of its routes.
It is a continental wetland system of
natural origin composed of rivers, lagoons
and marshes, and of historical, archaeo-
logical and cultural value.

Regarding relief, Guanacache is a plain
called "Gran llanura de la travesia". It is a
deep sedimentary basin formed by a great
depression slightly tilted towards the east,
filled by sandy, silty and clayey sediments of
lacustrine, fluvial, and wind origin (2, 4, 26).

From a biogeographic point of view, the
area corresponds to the Monte province,
which is characterized by a dry, warm
climate, with summer, torrential rainfall
that varies between 80 and 200 annual
mm, and wide thermal amplitude (17).
Physiognomically, the Monte is a mosaic
of three types of vegetation: a) shrub
steppes, dominated by species of the family
Zigophyllaceae; b) edaphic steppes of
halophyte shrubs, suchas Suaedadivaricata,
Atriplex spp., Allenrolfea vaginata; and
c) forests, mostly dominated by species of
the genus Prosopis.

Description of the production systems
Three AE located on the south
section of the San Juan river were
selected. The 3 AE belong to the Wuarpe
Sawa community, acknowledged as
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descendants of indigenous peoples by the
Instituto Nacional de Asuntos Indigenas
(INAI) in the year 2000 (figure 1, page
193). The AE were selected using the
snowball method (15). The average
extension of these production systems
is 560 hectares, but they do not present
defined boundaries, and the parcels
are delimited by the foraging resources
of the herds of each AE (20). The most
common productive activities are cattle
breeding (with an average of 80 heads
per AE), and, to a lesser extent, orchard
production (vegetables and seasonal
fruits) for self-consumption. Goats are
one of the few resources that provide
income to the families, and their breeding
takes place traditionally, with animals
foraging extensively in the open field. In
the recent past, the productive landscape
was much different, and the farmers
called themselves "dwellers", due to their
tight relationship with activities related
to the presence of lagoons (29). Other
activities that provide income to the
AE families are temporary pruning and
harvest in the nearby vine and pistachio
settlements, as well as craft making with
wool, leather and ceramic.

Water access is a key point for the
development of productive activities,
and the quantity and quality of water
varies according to the four available
sources: the San Juan river, water
wells, perforations, or water trans-
ported through a municipal tank truck
(the only way of access to drinking water).
It should be highlighted that the water well
and perforation technologies (present
in AE1 and AE2, and absent in AE3) do
not provide quality water for animal or
people consumption, or to be used in
the orchard (55); thus, not used by the
farmers. For that reason, such sources
were not considered when performing the
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sustainability analyses, and only sources
with permanent use were addressed.

The marketing routes of young
and adult goats take place through a
"cabritera”, which buys the animals from
the community to resell them in the nearby
urban center. Other marketing routes
include the landowners of the region and
particular customers who go to the farms.
Certain farm products are directly sold
to the individual customers by personal
delivery, and crafts are made on request
and sold to individual customers or craft
centers in Mendoza.

Data collection

To collect agroecological information
regarding ecological, economic and
sociocultural aspects of the production
systems, as well as information about the
perception and knowledge of the AE, the
following methods were used: participant
observation (14), semi-structured inter-
views to each familiar unit (AE1: a couple,
a son, a daughter and a granddaughter,
AE2: a couple and two sons, AE3: two
people), and visits around the AEs with a
family member.

To address water quality (whether it is
suitable for different uses; e. g. human and
animal consumption, orchard irrigation,
other uses) water samples were taken
from each surveyed source of each AE
according to the protocol proposed by
INTA (27). Samples were placed in 1-liter
aseptic plastic containers for physical-
chemical determinations, and 250 ml
were used for bacteriological measures.
The samples were analyzed by the
INA-CRAS (National Institute of Water-
Regional Center for Groundwater), and by
the Institute of Technological Research.

Tomo 52 « N°1 2020

To address the offer of forage resources,
3 physio-structural transects within the
farm area of each AE were established
during the forage supply period, using
the Point Quadrat method adapted for
the Monte area. At each transect, the
frequency of forage species, their specific
contribution, and specific contribution
by contact (considered as a relative
expression of biomass) were determined
(23, 34, 36).

Sustainability indicators

Sustainability indicators were built,
standardized and weighted according
to the methodology proposed by
Sarand6n (44). The threshold value of
sustainability (TVS), defined as the mean
value of the adopted scale of values
(0 to 4, in this case) corresponded to 2.
Weighting was performed by multiplying
the value from the scale by a coefficient
according to the relative importance of
each of the sustainability variables. The
economic, ecological and sociocultural
indicators were calculated as the algebraic
sum of their components, multiplied by
their weight, to finally estimate the General
Sustainability Index (GSI).

Description and weight of the
indicators

The methodology applied to build the
indicators allowed obtaining a series of
standardized and weighted indicators
and sub indicators for each analyzed
sustainability =~ dimension (economic,
ecological and sociocultural, table 1,
page 196). Below, the way in which each
indicator and sub indicator were measured,
the categories adopted by each indicator
within the standardized scale, and their
subsequent weighting are shown.
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Table 1. Summary of the indicators, sub-indicators, their estimation methodology, and
weighing adopted in the estimated indexes (IE, IEC, ISC).

Tabla 1. Resumen de los indicadores, subindicadores, metodologia utilizada para calcular
cada uno y la ponderaciéon que adoptd cada uno en el calculo de los indices (IE, IEC, ISC).

Economic Indicators Economic subindicators Method Weighing
Number of products for self-consumption (NPSC) Interview, participant observation 2
Food Self-sufficiency (FS)
Area destined to Self-Consumption (ASC) In situ measurement 2
Number of Marketing Channels (NMC) Interview
Diversification of Sale Products (DSP) Interview, participant observation
Economic Risk (ER)
Dependence on external inputs (DI) Interview
Productive Activities (PA) Interview, participant observation 2
Extraproperty Work (EPW) Interview 2
Ecological Indicators Ecological Subindicators
Water - Quantity (QUAN) Interview 2
Access to Water (AW)
Water - Quality (QUAL) Water analysis 4
Livestock Survival (LS) Interview 2
Quality of the Foraging Resources (QUALFR) Transects 2
Foraging Resources (FR)
Quantity of the Foraging Resource (QUANFR) Interview, Transects
Social Indicators Social Subindicators
Household (H) Interview, participant observation
Basic Needs Met (BNM) Health (HE) Interview
Education (ED) Interview
Technical Assistance (TA) Interview 2
Satisfaction of the Interview 2
Production System (SPS)

-Number

of products for

self-

The economic dimension was
measured through three indicators:
1-Food  Self-sufficiency (FS). A

self-sufficient AE, in terms of the food
produced within its limits, is considered
sustainable. This indicator is composed by
two sub indicators:
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consumption (NPSC). Measured as the N°
of products aimed at family consumption,
including animal and plant products.

0: 1 product is produced.

1: 2-3 products are produced.

2:4-5 products are produced.

3:5-6 products are produced.

4: More than 7 products are produced.
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-Area destined to Self-Consumption
(ASC). Measured as the area destined for
the cultivation of vegetables and fruits for
family consumption.

0: less than 15 m 2

1: between 15-30 m 2,

2: between 30-40 m 2.

3: between 40 - 50 m 2,

4: Higher than 50 m 2,

2-Economic Risk (ER). An AE that
reduces the economic risk and insures the
productive-economic capital for the future
generations is considered sustainable.
This indicator is composed by four sub
indicators:

-Number of Marketing Channels
(NMC). Measured as the N° of channels
through which each AE commercializes
goats and/or other products.

0: no marketing channel.

1: 1-2 marketing channels.

2: 3 marketing channels.

3: 4 marketing channels.

4: more than 5 marketing channels.

- Diversification of Sale Products (DSP).

Measured as the N° of products
destined to market, either from the
orchard, livestock, craft, fabric, and/or
processed products.

0: 1 product for sale.

1: 2 products for sale.

2: 3 products for sale.

3: 4 products for sale.

4: More than 5 products for sale.

-Dependence on external inputs (DI).

Measured as the % of inputs that an
AE must destine in order to guarantee
livestock and/or orchard production.

0:80 - 100% of dependence.

1: 60 -80% of dependence.

2:40 -60% of dependence.

3: 20 al 40% of dependence.

4: 0 al 20% of dependence.

-Productive Activities (PA). Measured
as the N° of productive activities carried
out within the limits of the AE.
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0: No productive activities.

1: 1-2 productive activities are carried out.

2: 3 productive activities are carried out.

3: 4 productive activities are carried out.

4: More than 5 productive activities are
carried out.

3-Extraproperty Work (EPW). An AE in
which its members use labor to enhance
or maintain the intra property production
is considered sustainable. This indicator
was measured as the participation of the
members of the family within each AE in
extraproperty work throughout the year.

0: extraproperty work during the
whole year.

1: extraproperty work during three
seasons.

2: extraproperty work during half of
the year.

3: occasional extraproperty work.

4: no need of extraproperty work.

Since AEs respond to a self-sufficiency
economic model, the indicators of food
self-sufficiency and extraproperty work;
along with the sub indicator of number of
productive activities were assigned twice
the weight of the rest of the indicators for
the economic dimension. For the calcu-
lation of the economic dimension index,
the following formula was used:

IE =

(2*NPSC +2* ASC)/ 4+ (NMC + DSP + DI +2* AP)/ 5+ (2* EPW) /2

3

The ecological dimension was

measured through 3 indicators:

1-Access to Water (AW). An AE with
free access to quality water quality
resources, for all the activities that
depend on this resource, is considered
sustainable. This indicator is composed by
two sub indicators:

-Water - Quantity (QUAN). Measured as
the % of activities (that depend on water
resources) covered within the AE, as a
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function of the quantity of water within
that AE.

0: Covers 0-20% of its needs.

1: Covers 20-40%.

2: Covers 40-60%.

3: Covers 60-80%.

4: Covers 80-100%.

-Water - Quality (QUAL). Measured
through the analysis of water samples
from the sources, as the quality of the
resource for different uses (water for
human and animal consumption, for
irrigation, and other uses).

0: Unsuitable.

1: Suitable for two uses.

2: Suitable for three uses, including
human consumption.

3: Suitable for four uses.

4: Suitable for multiple uses.

2-Livestock Survival (LS). An AE that
minimizes livestock losses through time is
considered sustainable. This indicator is
measured as goat losses in % of mortality/
year, and acknowledges the multiple
causes that can derive in livestock death.

0: More than 20% of mortality.

1: Between 15-20% of mortality.

2: Between 10-15% of mortality.

3: Between 5-10% of mortality.

4: Between 0-5% of mortality.

3-Foraging Resources (FR). An AE
with enough foraging resources to
meet livestock demands, is considered
sustainable. This indicator is composed by
two sub indicators:

-Quality of the Foraging Resources
(QUALFR). Measured as a function of the
specific quality of the species with higher
contribution of forage biomass within the AE.

0: Bad.

1: Regular.

2: Good.

3: Very Good.

4: Excellent.

- Quantity of the Foraging Resource
(QUANFR). Measured as the percentage
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of food needs that the foraging resource of
the AE is able to fulfill.

0: Covers up to 20% of the diet.

1: Covers between 20-40% of the diet.

2: Covers between 40- 60% of the diet.

3: Covers between 60 - 80% of the diet.

4: Covers between 80 - 100% of the diet.

The calculation of the ecological
dimension index assigned double weight
to the water access indicators, especially
water quality, as well as to livestock
survival, since it is the main productive
activity within the AE. Also, double weight
was assigned to forage quality, given its
importance in the nutritional intake of the
herd. The following formula was used:

IEC

_ 2%((W — QUAN +2*W — QUAL)/3) + 2* LS + (2* QUALFR + QUANRF) / 3

5

The sociocultural dimension was
measured through 3 indicators:

1-Basic Needs Met (BNM): An AE in
which the farmers have insured housing
with services, permanent access to
health service and to the different educa-
tional levels is considered sustainable.
This indicator is composed by three sub
indicators:

-Household (H). Measured as the state
of the household, including water and
electricity services.

0: Without household and services.

1: Incomplete household/ no service.

2: Incomplete household/one service.

3: Complete household/two services.

4: Complete household/all the services.

-Health (HE). Measured as the access
to a health center (the possibility of
arriving or having access to the health
center without inconveniences) with
medical staff and adequate equipment/
infrastructure for medical assistance.

0: Without access to health center.

1: Access to health center/ no
equipment/ temporary medical staff.
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2: Access to health center/ scarce
equipment/ temporary medical staff.

3: Access to health center/ moderately
equipped/ temporary medical staff.

4: Access to health center/ adequate
equipment/ permanent medical staff.

-Education (ED). Measured as the
access to the different education levels
(the possibility of arriving or having
access to the educational center).

0: No access to education.

1: Access to primary level.

2: Access to primary and secondary
levels/ with restrictions.

3: Access to primary and secondary
levels/ without restrictions.

4: Access to primary, secondary and
higher level.

2-Technical Assistance (TA). A system is
sustainable if it is reachable to technicians
that can improve the production status. It
is measured as the presence of technical
assistances in the field, and the feasibility
of carrying out technical measures that
improve the production status.

0: No technical assistance.

1: Eventual technical assistance/ no
proposals.

2: Eventual technical assistance/
undone proposals.

3: Frequent technical assistance/
developing proposals.

4: Frequent technical asssistance/

completed proposals.

3-Satisfaction of the Production System
(SPS). An AE is considered sustainable and
able to support itself in time if its farmers
are satisfied with the productive activities,
measured as the degree of satisfaction
in relation to the productive activities
carried out.

0: Discontent, would not do it anymore.

1: Not at all satisfied, would live
somewhere else.
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2: Moderately satisfied, would keep
producing.

3: Satisfied, did better before.

4: Satisfied, would not do anything else.

The sociocultural dimension index was
calculated giving double weight to the satis-
faction of the production system, since a
discontent farmer has higher probabilities of
abandoning the activity. Also, the technical
assistance was weighted with the following
formula, since AE have few resources and
are isolated from urban centers and roads:

(H+HE+ED)/3+2*SPS+2*TA
5

ISC =

Finally, the General Sustainability
Index was calculated as the algebraic
sum of all the indexes that compose the
sustainability dimensions:

ISG= (IE+IEC+ISC)/3

RESULTS

Sustainability analysis

The wuse of indicators allowed
detecting the state of sustainability of the
three analyzed AE. Broadly, the only AE
with a general sustainability index (GSI)
higher than the threshold value was AE
1 (GSI= 2.3), while AE2 and AE3 were
below that threshold (table 2 and figure 2,
page 200). Figure 3 (page 201) and table
1 (page 196) show the individual analysis
of the economic (EI), ecological (ECI) and
sociocultural indexes (SCI) for each AE.
The results indicate that the three studied
AE varied according to the addressed
dimensions, and that neither of them
reached the TSV in the three dimensions.
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Table 2. Values of the set of indicators with their respective economic (IE), ecological
(IEC), and sociocultural (ISC) indexes; and the general sustainability index (ISG) for the
three agroecosystems in drylands of San Juan, Argentina.

Tabla 2. Valores del conjunto de los indicadores con sus respectivos indices econdmico
(IE), ecologico (IEC), sociocultural (ISC) y el indice de sustentabilidad general (ISG)
para los tres agroecosistemas de zonas aridas, San Juan, Argentina.

FS ER EPW IE AW FR LS IEC BNM SPS TA ISC ISG
AE1 4 3.2 3 3.44 1.33 2.00 1 1.07 1.67 3 2 2.33 2.3
AE2 0.5 1.4 1 0.88 1.33 2.00 1 1.07 1.67 3 2 2.33 1.4
AE3 0.5 1.2 4 2.04 1 2.00 1 1.00 1.33 3 0 1.47 1.5
== AE1
e===AE 2
AE 3
= =VUS

Figure 2. Spider web chart of the sustainability indicators in the three agroecosystems
in drylands of San Juan, Argentina. The outer limits represent the ideal value of
sustainability (4), and the intermediate limit the threshold value (2). In asterisk:
economic (E), ecological (EC) and Sociocultural (SC) indicators are indicated with
asterisks, quotes, and normal text, respectively.

Figura 2. Representacion grafica en un disefio en tela de araia, de los indicadores
de sustentabilidad en tres agroecosistemas de tierras aridas, San Juan, Argentina.
Los limites exteriores representan el valor ideal de sustentabilidad (4) y el intermedio
el valor umbral (2). Con asterisco: econémicos (E); con comillas: ecolégicos (EC) y los

que no tienen marca socioculturales (SC).
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Figure 3. Values of the three dimensions of sustainability indexes: economic (EI),
ecological (ECI) and sociocultural (SCI) dimensions. The bar on the far right indicates
the value of the general sustainability index (GSI).

Figura 3. Valores de los indices de las tres dimensiones de la sustentabilidad: indice
de la dimensién econémica (IE), de la dimensién ecolégica (IEC) y de la dimension
sociocultural (ISC). La tltima barra a la derecha indica el valor del indice de
sustentabilidad general (ISG).

In the case of El, AE1 widely exceeded
the other AE within the established
scale (ElI= 3.44), while AE2 did not reach
sustainability in this dimension (EI= 0.88)
and AE3 reached the TSV.

However, for the ECI the situation
was similar in the three agroecosystems,
with none reaching the TSV; while for
SCI, AE1 and AE2 obtained the same
value (SCI= 2.33), reaching the threshold
sustainability value. On the other hand,
AE3 reached a lower to the TSV value
(SCI=1.47).

When analyzing the indicators for
each dimension, it was observed that AE3
reached food self-sufficiency with a high
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number of foods produced in the area,
enough to cover the whole family needs
(figure 2, page 200). Also, AE3 reduced the
economic risk by diversifying production
and increasing the number of products
for sale and the marketing channels. In
the other AE, food self-sufficiency was not
reached (both with FS= 0.5, table 2, page
200), nor did they reduce the economic
risk (ER= 1.4 and 1.2 in AE2 and AES3,
respectively). These two AE did not exhibit
diversification of productive activities and
had none to 1 or 2 marketing channels.
The only indicator within economic risk
that was similar among the three AE was
the low dependence of external inputs.
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On the other hand, the indicator extra-
property work exceeded the TSV in AE1
and AE3 (figure 2, page 200), but not in
AE2, since this system is mainly sustained
by such incomes (EPW= 1).

For the ecological dimension, a critical
situation was found in the three analyzed
systems. For the indicator access to
quality water, the resource was partially
available in AE1 and AE2 (for example,
human consumption was only partially
satisfied), while AE3 showed an even
worse situation (AW= 1), since it only
counts with one water source. The San
Juan river is shared by the three AE, but
its flow varies throughout the year, and

its quality is only suitable for animal
consumption and orchard. Regarding goat
survival, the three AE showed 15-20%
losses due to mortality (LS= 1 in the three
AE, table 2; figure 2, page 200), with the
following causes mentioned in the inter-
views: illness, attacks by wild dogs and
malnutrition. The latter was related with
foraging resource availability in the area,
which did not cover 60% of the diet,
although its quality (i.e., the nutritional
status of the available foraging species)
was good in the three systems. The species
that provide the higher foraging biomass
for livestock are Prosopis alpataco and
Lycium spp. (figure 4).

® Prosopis flexuosa
H Atriplex crenatifolia

M Lycium tenuispinosum
100% -

90% A

80%

70%

60%

50%

40%

30% A

20% A

10% 1

B Bulnesia retama

B Atamisquea emarginata

B Plectrocarpa tetracanta

® Prosopis alpataco

Lycium chilense

0% T
AE1

AE 2 AE3

Figure 4. Specific contribution by contact (CSC), expressed as percentage of the
foraging species to the forage supply season.

Figura 4. Contribucién especifica por contacto (CSC) expresada en porcentaje de las
especies forrajeras para la época de oferta forrajera.
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Regarding the social dimension
indicators, they showed that the basic
needs were not satisfied in neither of the
AE, with AE3 showing the lowest values
(BNS=1.33, table 2, page 200).

Despite this, farmers were satisfied with
the productive activities, and did not express
they would rather perform other activities.
Regarding the technical assistance indicator,
AE3 did not present any type of assistance,
while in the other two systems technicians
reached the area and made suggestions, yet,
not carried out.

DiscusSION

Our results confirm the former
hypothesis of this research: the indicators
for the three dimensions (economic,
ecological and sociocultural) used at the
local scale, determine the critical points
that jeopardizes the sustainability of
the AEs over time. Sustainability is a
multidimensional concept, that should
thus be understood and evaluated in
a systemic and holistic fashion. The
obtained results suggest that the analyzed
AE do not reach sustainability, since it
is not achieved in its three dimensions.
Furthermore, considering the objec-
tives that sustainable agriculture should
meet (46), and that were proposed as
a framework for this study, none of the
analyzed systems meets them all simulta-
neously. Instead, differences in the values
of the economic, ecological and sociocul-
tural dimension indices were found. This
situation agrees with that found in other
studies that have evaluated sustainability
at the farm scale, although in those studies
the systems did reach sustainability
(3, 46). The dimensions were composed
by indicators that reflected their state. The
economic dimension was found to be the
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most variable for the three systems, while
the ecological dimension was very similar,
and the sociocultural dimension resulted
similar between AE1 and AE3, but differed
for AE3.

The variability in the economic
dimension indicators of the three AE might
be due to the fact that each AE adopts
diverse strategies that define the economy
of each system. Although AE1 and AE3
are economically sustainable, substantial
differences were found between these
systems. AE1 is held due to the diversifi-
cation of its productive activities, products
for self-consumption and sale, and the
relation established with the diverse
consumers. Also, this AE is sustained
through family labor, which occurs exclu-
sively within its limits, and which might
explain why the members of this AE do
not participate in extraproperty jobs. On
the other hand, AE3 is not sustained by
a diversification of productive activities,
therefore it does not present a diversity of
products for consumption, while livestock
production is lower and occurs only to
sustain domestic demand. This might be
due to the fact that this AE is composed by
elderly members that have retired from
market-oriented production and that
cannot carry out extraproperty work as
another possible strategy for the economic
growth of the system. Their main objective
is to keep the productive capital needed
to subsist. On the other hand, AE2 did
not reach sustainability in the economic
dimension, and a different life strategy
than that of AE1 and AE3 was detected.
In this system, there is no diversity of
productive activities, since it dedicates
exclusively to goat breeding, such as AE3.
However, AE2 commercializes livestock,
ensuring an influx of money for family
needs or for buying livestock forage. In
contrast to the other AE, this system is
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largely sustained by extraproperty work,
for which the family invests time, leaving
aside diversification within the farm.

As in this study, a study performed in
Salinas Grandes, Catamarca addressing
economic diversification in multiple-
use systems (28) found a diversity of life
strategies within the community members,
with some people carrying out diver-
sified productive activities while others
dedicated almost exclusively to a certain
activity (cattle ranching in that case) and
others had extraproperty jobs. Several
agroecology publications promote the
diversification strategy, and it is usually
referred to as that one of the bases to reach
sustainable agroecosystems. Furthermore,

it is recognized that polycultures,
agroforestry and other diversification
methods imitate natural ecological

processes (8,12, 16, 30, 35, 45, 53). On the
other hand, extraproperty jobs reduce the
use of natural resources within the farm,
and gives independence of the climatic and
economic uncertainties to the people who
adopt this strategy (28).

The analysis of the ecological
dimension was similar for the three AE,
but certain differences regarding the
components of this dimension were
detected in AE3, mainly due to the
lack of water resources in this system,
compared to the other two. This could be
explained by the fact that this AE is more
isolated, (figure 1, page 193) impeding
the municipal tanker truck to and provide
drinking water. "Not even the techni-
cians with technical proposals can reach
the farm" (information from one of the
interviews). In AE1 and AE2, the water
extracted through the wells and perfora-
tions has very high salt content, and thus
cannot be used for productive activities.
These sources are virtually voided,
despite being functional (55). The San
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Juan river is the common water source for
all the AE, through which the herd water
needs of the three AE, the orchard water
needs of AE1, and the consumption needs
through filtration in AE3 are provided. To
this respect, a study by Tapia et al. (2017)
about water source quality in the study
area, found that the water provided by the
San Juan river is suitable for the different
activities. It is worth mentioning that this
source does not have a permanent water
course, and water is scarce in the seasons
where it is most needed, due to its utili-
zation in the upstream oasis.

In response to this situation, the
members of the AE develop different
strategies to provide water to the herds,
such as the fabrication of pastures inside
the river, where they extract water through
excavation. These kind of subsistence
strategies, together with solid the strong
roots, might explain that the AE still remain
in the area, even under critical conditions.

In the Lavalle desert, towards the south
of the study area, the situation regarding
water resources is similar to that from our
study area, where the surface flows that
supply water to the area are scarce and
discontinuous, and subterranean waters
have high salinity levels, even exhibiting
high levels of hydroarsenism (59).

Regarding foraging resources, the
indicators reflect that its quality is good
for the three AE, while its quantity is
not enough to meet goat demands. The
latter explains why these systems have
to buy extra foraging inputs for the herds,
although they are still insufficient and
usually destined to cover feeding needs of
horses (mean of transport). On the other
hand, goat survival is critical in the three
systems. The most common identified
causes of goat death are starvation, attacks
by dogs, and diseases due tolack of sanitary
control, among others. Although this is
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the main productive activity and farmers
would not dedicate to anything else, it is
deteriorating. To this respect, a study case
with goat farmers in the Lavalle desert
(59), next to the study area, showed that
goat production is strongly compromised
because ranching is held in degraded
areas with low foraging availability, due
to a lack of calving planification, a high
percentage of animals with brucellosis
(chronic infectious contagious disease
produced by Brucella melitensis), and a
lack of adequate management practices,
among other factors. The analysis of
the ecological dimension could deepen,
through the consideration of variables
related to orchard development, such as
soil management or crop rotation, among
others. They were left aside in this study
due to orchard being a secondary activity.

Sustainability of the socioeconomic
dimension was reached in AE1 and
AE2, while AE3 did not exceed the STV.
Although livelihood and health access
conditions are similar among the three
systems, access to education and technical
assistance is not. The members of AE3
claimed not having the opportunity to go
to school, thus they dedicated to farming
activities since childhood. On the other
hand, technical assistance for this AE does
not have continuity in time, and technical
proposals are only partially achieved, for
which resources (such as vaccines) are
only guaranteed at certain seasons or
times of the year. The situation is more
critical in AE3, where technical assistance
is null. Once more, this could be due to
this farm being isolated. Finally, farmers
are satisfied with the activity, to the point
that they do not do anything else. Such
satisfaction, their roots, and the "hope
that the lagoons will appear again”, justify
why these systems remain in the site
despite the critical sustainability condi-
tions identified in this study.
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The results of this study confirm the
utility of indicators for multidimensional
evaluations, through which an analysis of
the state of the productive systems can
be held at different levels. Addressing
both general issues, such as the GSI, to
more specific situations, allow detecting
economic, ecological and sociocultural-
factors under critical states, that might
jeopardize sustainability at the farm level.
In turn, this methodology allows detecting
how the different values interrelate among
each other, and explains the functioning
of each system. Also, the weight of the
indicators came out through consensus
within the working group, and has been
used in other studies (46). Undoubtedly,
results can vary according to the criteria
used to weight the indicators, including the
participation of the farmers in this decision,
as suggested by Roming et al. (1996), and
Lefroy et al. (2000). Since this study is a
synchronic evaluation, it has certain limita-
tions that can be overcome through an
evaluation in time (diachronic), addressing
the trends of the system, analyzing whether
the compromising reality of these AE might
change if, for example, all the AE had
unrestricted access to quality water.

Although sustainability is a situated
concept, the local indicators used
in this study can be applied in other
rainfed agroecosystems with similar
characteristics. The analysis performed
can be deepened by measuring other
variables. For example, in the ecological
dimension, goat production can be
evaluated through technical-productive
parameters, such as flock structure, or
pregnancy and birth rates (37, 38). In the
social dimension, community interaction
and land tenure could be measured (32);
while in the economic sphere, other
indicators can be addressed, such as
family income composition (6).
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Ultimately, the decision about the
variables chosen to assess sustainability is
determined by the objective of the study,
the scale of analysis (farm, land, region),
the type of establishment, productive
activity, farmer characteristics, and the
possibilities of carrying out the effective
measurement of the mentioned variables.

CONCLUSIONS

The indicators used to measure
sustainability in dryland agroecosystems
allow identifying critical points that
might jeopardize the sustainability of the
differentdimensionsanalyzed.Inourstudy,
no agroecosystem exceeds the threshold
sustainability value simultaneously in all
three dimensions, even when the general
sustainability index does reach this value.
In general, the indicators with a critical
state were food self-sufficiency in the
economic dimension; access to water
resources and livestock survival in the
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vegetables intercropped with beet fertilized with
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ABSTRACT

The objective of this study was to evaluate the sustainability and agro-economic
viability from two croppings of coriander (C) and two of arugula (A) intercropped with
beet (B) as a function of roostertree additions to the soil in different population densities.
The experimental design was a randomized complete block, with treatments arranged in
a 4 x 4 factorial scheme with four replications. The treatments resulted from the combi-
nation of four amounts of roostertree biomass (6, 19, 32 and 45 t ha! on dry basis) with
four population densities of coriander, beet and arugula (20.-50,-20,%, 30.-50,-30,%,
40.-50,-40,% and 50.-50,-50,% of the recommended densities in their single crops).
The maximum agronomic efficiency of the polyculture of coriander, beet and arugula
was obtained with the density of 40-50,-40, and the amount of 19 t ha roostertree
biomass incorporated into the soil. The highest profitability of the polyculture was
obtained with the density of 20.-50,-20, (%) and the amount of 45 t ha™ of this green
manure. High agro-economic efficiency can be obtained by cultivating the polyculture
of coriander, beet and arugula when well-manageding the factors of production, fertil-
ization with roostertree and population densities.

Keywords
Coriandrum sativum e Beta vulgaris ¢ Eruca sativa ¢ Calotropis procera » Polyculture o
Agronomic and economic viability e arugula

1 Instituto Federal de Educagdo. Ciéncia e Tecnologia. Sousa. Paraiba. Brazil.

2 Centro de Ciéncias Agrarias. Departamento de Ciéncias Agrondmicas e Florestais.
Universidade Federal Rural do Semi-Arido. Mossoré. Rio Grande do Norte. Brazil. Av.
Francisco Mota 572. Costa e Silva. Caixa-postal: 137. CEP: 59625-900. Mossord. RN.
Brazil. aurelio.barros@ufersa.edu.br

3 Departamento de Produgdo Vegetal. Universidade Estadual Paulista Julio de Mesquita
Filho. Jaboticabal. Sdo Paulo. Brazil.

Revista de la Facultad de Ciencias Agrarias 210



Agro-economic viability from broadleaf vegetables intercropped with beet

RESUMEN

El objetivo de este estudio fue evaluar la sostenibilidad y la viabilidad agroeconémica
de dos cultivos de cilantro (C) y dos de rtcula (A) intercalados con remolacha (B) en
funcidn de las cantidades de diferentes densidades de poblacién de roostertree afiadidas
al suelo. El disefio experimental fue un bloque completo aleatorizado, con tratamientos
dispuestos en un esquema factorial de 4 x 4 con cuatro repeticiones. Los tratamientos
fueron el resultado de la combinacién de cuatro cantidades de biomasa de roostertree
(6,19,32 y 45 tha'en base seca) con cuatro densidades de poblacién de cilantro, remo-
lachayrucula (ZOC-SOB-ZOA%, 30C-SOB- 30,%, 40c'503'40A% y 50C-SOB-50A% delas densi-
dades recomendadas en sus cultivos individuales). La maxima eficiencia agrondmica del
policultivo de cilantro, remolacha y ricula se obtuvo con la densidad de 40c'503'40A
en la cantidad de 19 t ha! de biomasa de roostertree incorporada al suelo. La mayor
rentabilidad del policultivo se alcanz6 a la densidad de 20.-50,-20, (%) y la cantidad de
45 tha de este abono verde. Se puede obtener una alta eficiencia agro-econémica culti-
vando el policultivo de cilantro, remolacha y ricula cuando se manejan bien los factores
de produccion, la fertilizacion con roostertree y las densidades.

Palabras clave
Coriandrum sativum e Beta vulgaris  Eruca sativa ¢ Calotropis procera « Policultivo e
Viabilidad agronémica y econémica e ricula

INTRODUCTION

The demand for healthy and quality
products is increasing every day. Thus,
the concerns cannot only be limited to the
crop productivity and quality of production
sought, but also to how it will be achieved.
Therefore, there is a need for adaptation
of agronomic practices and their economic
evaluations, which will guarantee such
requirements (5).

The intercropping systems are
presented as viable alternatives, although
they already are traditional practices
present in Brazilian agriculture and
applied mainly to in family-based rural
properties. Characterized by the planting
oftwo or more crops, in the same space and
time, these technologies use little external
inputs and strongly influence productivity,
since they provide a better use of the envi-
ronmental resources and the interaction
between the system's component crops
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(1). Proper management of production
factors such as fertilization and popu-
lation densities of the component crops,
can reduce competition for environmental
resources and increase crop and system
productivity (19).

As cultivation of vegetables requires is
notable for its intense management, leading
to considerable environmental impacts, it
can be said that this agricultural segment can
benefit from the use of these practices, with
the possibility of locating the olericulture
within the context of more sustainable agri-
culture and for small producers that act with
extreme difficulties in the sector (18, 24).

In Brazil, these systems have received
increasing attention from researchers.
Increasing use and efficiency in the
production of broadleaf, tuberous vege-
tables has provided positive with regards to
the agricultural sustainability indicators (4).
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However, polycultures from the broadleaf
crops coriander and arugula intercropped
with beet have been practiced in the
Brazilian semi-arid region given that
they are economically valuable crop that
offer healthy products for northeastern
consumers. The obtention of efficiency
and productivity with the best combi-
nation of these crops in polyculture system,
should meet the demand in the region. It
is known, however, that the efficiency of
these cropping systems is conditioned by
a series of important factors of production,
with emphasis on crop types, population
densities, spatial arrangements, spacing,
and fertilization, among others.

Efficiency of these intercropping
systems can be evaluated through
different methods. One of the most used
is the amount of food produced per unit
area, considered of greatest interest for
the small farmers, the main users of the
system. Another evaluation considers
the generated profit, through economic
analysis. Researchers usually use the land
equivalent ratio (LER) and more recently,
the productive efficiency index of inter-
cropping systems through Data Envel-
opment Analysis (DEA), incorporating
biological and economic advantages of the
intercropped systems (11).

Studying the multiple cultivation of
arugula (A), carrot (C) and coriander
(Co) fertilized with different amounts of
hairy woodrose and population densities,
Oliveira et al. (2017) observed that the most
productive agroeconomic performance of
the system was obtained with a quantity of
biomass of 18.21 t ha! of hairy woodrose
incorporated in the soil and in the population
density of 50,-50_-50_, (%) of the RDSC.

On the other hand, Oliveira et al. (2015)
investigating the viability of the multiple
cropping of arugula, carrot and lettuce
fertilized with different amounts of roost-
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ertree in different proportions, observed
that the best agronomic performance of this
multiple cropping was recorded with the
amount of 55 t ha? of roostertree incorpo-
rated into the soil. The proportion of popu-
lation density of these three vegetables
of 50,-50.-50, (%) of RDSC was that that
provided the greatest agronomic viability of
the multiple cropping systems.

Aiming to contribute with information
on viable and sustainable technologies
for the production of coriander, beet and
arugula vegetable crops in multiple crop
system, this work had the objective of eval-
uating the agro-economic performance of
coriander and arugula intercropped with
beet as a function of fertilization with
roostertree biomass at different popu-
lation densities in semi-arid environment.

MATERIALS AND METHODS

The experiment was conducted at the
Experimental Farm ‘Rafael Fernandes)
belonging to the Universidade Federal
Rural do Semi-Arido (UFERSA), located
in the Alagoinha district, a rural area of
Mossor6-RN (5° 03" 37" S and 37° 23" 50"
W Gr) June to November 2011. According
to Thornthwaite, the local climate is BShw,
i.e. semi-arid (2). During the experimental
period, the values of average temperature
was 27 °C; minimum of 25 °C; maximum of
31°C; relative humidity of 66 %; radiation
0f 918 k] m'%; rainfall of 0 mm; atmospheric
pressure of 1011 h Pa and temperature of
dew point of 19 °C.

The soil of the experimental area was
classified as Oxisol dystrophicargisolic (7).
In this area, soil samples were collected
at a depth of 0-20 cm and then sent to
the Water Analysis Laboratory, Soils and
Plants of the EMBRAPA-PE for analysis,
yielding the following results: pH = 7.7;
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organic matter = 4.34 gkg%; E.C. = 2.81 dS
m™; P =3.0 mgdm? K*=0.016 cmol_dm;
Ca*? = 3.54 cmol_dm™; Mg = 1.05 cmol_
dm™and Na = 0.029 cmol_dm™.

The experimental design was a
randomized complete block, with treat-
ments arranged in a 4 x 4 factorial scheme
with four replications. The treatments
resulted from the combination of four
amounts of roostertree biomass (6, 19,
32 and 45 t ha' on dry basis) added to
the soil with four population densities
of coriander (Coriandrum sativum),
beet (Beta vulgaris), and arugula (Eruca
sativa) of 20.-50,-20,%, 30.-50,-30,%,
40.-50,-40,% and 50.-50,-50,% of the
recommended densities in their single
crops — RDSC.

The preparation of the soil consisted of
manual cleaning of the area with the aid
of a hoe, followed by harrowing and rising
of beds. Pre-planting solarization with
transparent plastic, type Vulcabrilho Bril
Fles 30 microns for 45 days was done in
order to reduce soil phytopathogens and
the possible appearance of damping off,
which would affect crop productivity.

Roostertree (Calotropis procera) was
collected from native vegetation of areas
of the rural zone of the municipality of
Sousa-Paraiba, Brazil. They were crushed
into pieces of two to three centimeters
and left to dry at room temperature until
they reached the point of hay, being stored
with a moisture content of 10%. Nutient
content was quantified with randomly
chosen samples. The obtained chemical
composition was: N = 29.58 gkg!; P =4.08
g kg!; K=50.09 g kg'; Ca = 16.55 g kg;
Mg =9.50 g kg, S = 4.39 g kg'; Fe = 700
mg kg'; Zn = 44 mg kg!; Cu = 13 mg kg;
Mn = 220 mg kg?, B = 56.49 mg kg'; Na =
995.13 mg kg' and a C:N ratio = 16: 1.
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Intercropping was established in alter-
nating strips of coriander and arugula
between the beet strips in the of 50%
area occupied by beet, 25% by coriander
and 25% by arugula. Each plot consisted
of four strips of four rows each: a strip of
broadleaf, a strip of beet, a strip of other
broadleaf and a strip of beet, flanked
in the side of the first strip with a strip
of beet and in the other side flanked by
an arugula strip, used as borders. The
total area of the plot was 4.80 m?, with
a harvest area of 3.20 m? The spacing
and number of broadleaf plants in the
plots varied according to the popu-
lation densities studied. The population
densities used in single crop in the region
are 500,000 plants per hectare for beet
(27) and 1,000,000 plants per hectare for
coriander and arugula (10, 14).

The experimental plots were fertilized
with the respective quantities of roost-
ertree studied, and 50% of the quantities
for each plot were incorporated 16 days
before planting the crops in the inter-
cropping (15). The remaining 50% were
incorporated 40 days after sowing (26).
After the incorporation of roostertree to
the soil, daily irrigations were carried out
in two shifts with the purpose of favoring
the microbial activity of the soil in the
decomposition process.

The vegetable cultivars were Verdao,
Early Wonder and Cultivada. The sowing
of the component crop was performed on
August 25 and 26, 2011, in holes of approx-
imately three centimeters deep, placing
three to four seeds per hole. Roughing of
arugula and beet was made 11 days after
the planting, leaving only two plants per
hole for arugula and one for beet. Cori-
ander thinning was done 14 days after
sowing, leaving two plants per hole.
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During the conduction of the
experiment, weed control was manually.
Harvesting of arugula and coriander
occurred on September 26 and 28, 2011,
respectively.

The second cropping of coriander
and arugula was performed on October
18, 2011, with the same procedures of
the first cultivation as marking, sowing,
adding coconut substrate on the rows and
providing first irrigation. In the following
week, some seeds were replanted and 12
to 14 days after sowing, arugula and cori-
ander were thinned, leaving two plants
per hole. Beet was harvested on November
08,2011.

In addition to the green mass yields
of coriander (Y) and arugula (Y) and
the commercial productivity of beet
roots (Y,), the following agronomic and
economic indices were evaluated in the
polycultures:

a) Score of the canonical variable (Z)
- Obtained from the multivariate analysis
of the green mass yields of coriander and
arugula and commercial productivity of
beet roots.

b) Productive efficiency index (PEI) - It
was obtained from the Data Envelopment
Analysis (DEA) model (22) with constant
returns to the scale (29), since there was
no significant difference in the scales. This
model has a mathematical formulation X :
isthe inputivalue (i=1, .., s) for treatment
k(k=1,..,n); Y, is the output j value
(j =1, .., r), for treatment k; y and . are
weights assigned to inputs and outputs,
respectively; and O: is the treatment being
analyzed.
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The evaluation units were each treat-
ment, from a total of sixteen resuting
from the combination of four roostertree
biomass amounts incorporated to the
soil and four populations densities of the
component crops. The outputs were the
green mass yields of coriander and arugula
(sum of the first and the second harvest),
and the commercial productivity of beet
roots. To evaluate yield of each plot, it was
assumed that each plot utilized a single
resource with a unitary level, following a
similar approach to that used by Soares de
Melo and Gomes (2004), since the outputs
incorporated the possible inputs.

In the modeling of this study, the profit
margin (index described in the following
item) was used as input.

c¢)  Gross Income (GI) - It was obtained
through the value of the production
per hectare, based by the price paid to
producers in the region in December 2011.
For coriander, the paidprice was R$ 6.25
kg-1, R$ 1.50 kg-1 for beet and R$ 4.60 kg-1
for arugula.

d) Total costs (TC) production - Calcu-
lated after Silva et al. (2015). The production
total costs were calculated at the end of the
productive process in December 2011,
based on total expenditure per hectare
of cultivated area, covering the services
provided by stable capital, i.e., the contri-
bution of current capital and the value of
alternative costs or opportunities.

e) Netincome (NI) - Obtained from the
difference between gross income (GI) and
total costs (TC).
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f) Return Rate (RR) - Calculated from
the ratio between gross income and
total costs. It reveals how many reals are
obtained in return for every real invested
in the evaluated intercropping system.

g)  Profit margin (PM) - It was obtained
by the ratio between net income (NI) and
gross income (GI), expressed as a percentage.

Univariate analyses of variance were
performed on agronomic and economic
indices of polycultures using the statistical
package SISVAR (9) for the randomized
complete block design with treatments
arranged in factorial scheme. Tukey's test
at 5% probability was used to compare the
averages between the population densities
of vegetable crops. A fitting procedure of
response curves was performed in each
index as a function of roostertree amounts
incorporated into the soil through Table
Curve package (6).

RESULTS

Agronomic indices

Significant interactions between the
amounts of roostertree biomass added
to soil and population densities of the
component crops were observed in the
vectors of coriander and arugula yields
and beet root productivity, by the Wilks
criterion (table 1, page 216).

By examining the eigenvalues and
vectors associated with the significant
effects of the interaction (A x D), it was
observed that 87.83% of the total variance
was explained by the linear combination
of X, given the first eigenvalue. This
result was different from those obtained
by Porto et al. (2011) in a polyculture of
lettuce, carrot and arugula conducted in
the same region. The linear combination
was dominated entirely by X, (Y, = arugula
yield), where in terms of relative impor-
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tance to the linear combination of variable
X, was about 2.18 times more efficient
than variable X, and 500 times more effi-
cient than variable X, (table 1, page 216).

The discriminant function or canonical
variable obtained from crop yields was Z
=0.458Y +0.012Y, +0.751 Y, (table 1,
page 216). This equation obtained the
scores of each treatment, which subse-
quently, were then submitted to the
univariate analysis of variance. From this
analysis, it was found that, by partitioning
the amounts of roostertree biomass
within each population density, the scores
of the canonical variable of the densities
°f40c'503'40A and SOC-SOB-SOA, increased
with increasing amounts of roostertree
biomass until maximum values of 7.11
and 5.49 in the green manure amounts of
13.02 and 20.09 t ha?', decreasing up to
the highest amount of manure (45 t ha!)
incorporated into the soil. There was no
adjustment of response function for the
scores of the canonical variable in the
population densities of 20.-50,-20, and
30.-50,-30, (figure 1, page 217).

On the other hand, by partitioning
the population density interaction within
each amount of the green manure, it was
observed that the scores of the canonical
variable Z in the population densities of
40.-50,-40, and 50.-50,-50, stood out
from scores of the densities of 20 -50,-20,
and 30.-50,-30, with 6 t ha' of added
roostertree biomass. The population
density score of 40.-50,-40, overcame
the other scores of the densities of
20.-50,-20,, 30.-50,-30, and 50.-50,-50,
in the amounts of 19 and 45 t ha of roost-
ertree biomass and the population density
score of 50.-50,-50, outperformed the
scores of the densities of 20C-SOB-20A,
30.-50,-30, and 40.-50,-40, with 32 t
ha! of the incorporated green manure
(figure 1, page 217).
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Table 1. Multivariate variance analysis of the coriander and arugula yields and commercial
productivity of beet roots, eigenvalues, and vectors associated with significant effect of
the interaction between roostertree biomass amounts incorporated into the soil and the
population densities, and discriminant function of the Z canonical variable.

Tabla 1. Andlisis de varianza multivariado de los rendimientos de cilantro y rtcula
y productividad comercial de raices de remolacha, valores propios y vectores
asociados con el efecto significativo de la interaccion entre las cantidades de biomasa
de roostertree incorporadas en el suelo, las densidades de poblacion, y la funciéon
discriminante de la variable canénica Z.

- Degrees of .
Source of variation Freedom for F A (Wilks) F Prob>F
Blocks (9;104.8) 0.002 137.13 0.0001
Amounts (A) (9;104.8) 0.079 21.28 0.0001
Combinations of population .
densities (D) (9;104.8) 0.002 137.13 0.0001
AxD (9;104.8) 0.024 12.06 0.0001
Significant effect of Ax D

Variate Latentroot| % Variance Coefficient | Standard deviation | Relative Importance
*Y, - X, 0.416 1.009 0.458
Y, - X, 12.63 87.83 0.002 13.844 0.002
Y, -X, 0.909 1.241 1.000
Y -X, 0.528 1.009 2.721
Y, - X, 0.019 13.844 0.098
Y, -X, 1.71 11.82 -0.194 1.241 1.000
Y -X, -0.930 1.009 8.455
Y, - X, 0.12 0.85 0.042 13.844 0.382
Y, -X, 1.109 1.241 1.000

Canonical variable (Z)
86.65 90.28 Z=0458Y,+0.012Y,+0.751Y,

*Yc - Green mass yield of coriander; Yb - Commercial Productivity of beet roots; Ya - Green mass yield of arugula.

*Yc - rendimiento de masa verde de cilantro; Yb - Productividad comercial de raices de remolacha;
Ya - rendimiento de masa verde de racula.

There was a significant interaction
between the different population densities
of the component crops and the amounts
of roostertree biomass added to the soil
in the productive efficiency index (PEI).
Partitioning the amount of roostertree,
within each population density, it was
observed that in the population density of
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40.-50,-40, there was an increase of the
PEI with the increasing amounts of green
manure incorporated up to the maximum
value of 1.00 with 12.87 tha'. No response
function adjustment for PEI was observed
for densities of 20C-50B-20A, 30c'503'30A
and 50.-50,-50, (figure 2, page 217).
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Figure 1. Score of the canonical variable Z as a function of the amounts of roostertree

biomass for the population densities.

Figura 1. Puntuacion de la variable canénica Z en funcién de las cantidades de biomasa
de roostertree para las densidades de poblacién.

Productive efficiency index
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Figure 2. Productive efficiency index as a function of the amounts of roostertree

biomass for the population densities.

Figura 2. Indice de eficiencia productiva en funcién de las cantidades de biomasa de
roostertree para las densidades de poblacion.
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Partitioning the population densities
within each amount, it was recorded that
the PEIl in the density of 50,-50,-50,, stood
out significantly from the others within
the amounts of 6 and 45 t ha! roostertree
biomass, while this index in the densities
of 40.-50,-40, and 50.-50,-50, stood out
from the densities of 20.-50,-20, and
30,-50,-30, in the amounts of 19 and
32 t ha' of the green manure added to
the soil. The highest productive efficiency
index (1.00) was obtained in the density
0f50,-50,-50, with 19 t ha™ of roostertree
biomass (figure 2, page 217).

Economic indicators

A significant interaction was also
found between the different combinations
of population densities of the component
crops and the amounts of roostertree
added to the soil in the gross income (GI),
net income (NI), rate of return (RR) and
profit margin (PM) (figure 3).

By partitioning the roostertree
biomass amount within each population
density, increases in the GI, NI, RR and PM
values were observed in the densities
of 20.-50,-20, and 50.-50,-50,. It was
observed, with the increasing amounts of
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Figure 3. Gross income (A), net income (B), rate of return (C) and profit margin (D) of
the coriander, beet and arugula polyculture as a function of the amounts of roostertree
biomass and population densities.

Figura 3. Ingreso bruto (A), ingreso neto (B), tasa de rendimiento (C) y margen
de ganancia (D) del policultivo de cilantro, remolacha y rdcula en funcién de las
cantidades de biomasa de roostertree y densidades poblacionales.
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roostertree until the maximum values of
R$ 28,962.60 and R$ 23,448.98 ha'; R$
13,482.67 and R$ 975.40 ha'; 1.89 and
1.05, and 45.40 and 3.36%, in the amounts
of 13.60 and 23.39tha'; 10.16 and 18.23 t
ha; 10.88 and 19.91 t ha*, and 10.97 and
19.91 t ha'l, respectively. Then decreased
up to the greatest amount of green manure
added to the soil. For the above mentioned
indices, no adjustments of response func-
tions were observed in the population
densities of 30.-50,-30, and 40.-50,-40,
(figure 3, page 218).

On the other hand, after partitioning
the population densities of the component
crops within each amount of roostertree
biomass incorporated into the soil, it was
recorded that the gross income in the
densities of SOC-SOB-BOA, 40c'503'40A and
50.,-50,-50, stood out from that density
of 20.-50,-20, in the roostertree amounts
of 6 and 19 t hal. Whit the amount of 32
t ha' of roostertree, GI in the densities
of 30.-50,-30, and 40.-50,-40, stood out
from that of the densities of 20.-50,-20,
and 50.-50,-50,. With the amount of 45
t ha! of the green manure, there were no
significant differences in the gross income
between population densities within each
amount of roostertree added to the soil
(table 2, page 220).

The net income in the density of
30.-50,-30, stood out significantly from
the densities of ZOC-SOB-ZOA, 40.-50B-40,
and 50C-50B-50A in the amounts of 6,
19 and 32 t ha? of roostertree biomass,
even when expressing negatively in
the amounts of 6 and 19 t ha! of roost-
ertree added to the soil. Whith 45 t ha'
of the green manure, NI in the density of
20,-50,-20, outperformed with respect to
the population densities of 30.-50,-30,,
40C-50B-40A and SOC-SOB-SOA (table 2,
page 220).
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The rate of return of the density of
30,-50,-30, stood out from the densities of
20.-50,-20,, 40-50,-40, and 50.-50,-50,
in the amounts 6, 19 and 32 t ha* of roost-
ertree biomass. For 45 t ha?, this rate
of return in the density of 20.-50,-20,
outperformed that of the densities of
30.-50,-30,, 40-50,-40, and 50.-50,-50,
(table 2, page 220).

There was no profit margin between
the population densities studied in the
amounts of roostertree of 6 and 19 t
ha? incorporated into the soil. With 32
t hal of the green manure, this profit
margin was expressed in the population
densities of ZOC-SOB-ZOA, 3OC-503-30A and
40.-50,-40, outperforming the density
of 50.-50,-50,. Finally, the highest prof-
itability was achieved in the population
density of 20-50,-20, with 45 tha'' roost-
ertree biomass added to the soil (table 2,
page 220).

DiscusSION

Agronomic/biological efficiency

Efficiency of an intercropping system
depends directly on the management and
crops involved (23). Thus, the appropriate
management of factors of production,
such as fertilization, population density,
planting spatial arrangement, among
others, can reduce the competition
between the component crops by envi-
ronmental resources and increase the
efficiency of the system in agronomic
and economic terms. This increase in
efficiency is due to the ecological and
economic benefits of the complemen-
tarity of the species involved, increasing
the production of the intercropping
when compared to monocultures, or to
the chemical, physical and biological
enrichment of the soil that improve root
exploration (3, 12).
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Table 2. Mean values of gross income (GI), net income (NI), rate of return (RR) and
profit margin (PM) of the coriander, beet and arugula polyculture as a function of
different amounts of roostertree biomass added to the soil and population densities.

Tabla 2. Valores medios del ingreso bruto (IG), el ingreso neto (NI), la tasa de
rendimiento (RR) y margen de ganancia (PM) del policultivo de cilantro, remolacha y
racula en funcién de las diferentes cantidades de biomasa de roostertree afiadido al

Combinations of

suelo y las densidades de poblacién.

Amounts of roostertree (t ha')

population densities 6 19 32 45
GI (R$ ha')
206-503-20A 7,200.14 b 9,760.56 b 19,785.99 b 28,257.81 a
30.-50,-30, 14,403.97 a 14,373.52 a 25,288.71 a 26,351.43 a
40.-50,-40, 11,864.37 a 10,911.26 a 23,264.97 a 28,827.51a
50.-50,-50, 11,630.03 a 14,190.22 a 14,166.45 c 23,646.23 a
NI (R$ ha'!)
20.-50,-20, -6,734.31Db -3,574.84 a 4,849.22 ab 12,870.38 a
30.-50,-30, -1,732.28a -2,314.38a 8,150.14 a 8,762.20 b
40.-50,-40, -6,448.42 b -9,103.90 b 3,949.85b 9,061.73 b
50,:-503-50A -8,970.42b -6,961.88b -7,436.32b 1,592.80 c
RR
20.-50,-20, 0.52b 0.75 ab 1.33 ab 1.84 a
30.-50,-30, 0.89 a 0.86 a 147 a 1.50b
40.-50,-40, 0.65b 0.52¢ 1.20b 1.46 b
50,-50,-50, 0.56 b 0.67 be 0.65 ¢ 1.07b
PM (%)
20.-50,-20, -97.87 d -33.72b 23.97 a 45.40 a
30.-50,-30, -12.07 a -16.88a 31.59a 32.81b
40,-50,-40, -54.54b -96.47 d 16.42a 31.25b
50.-50,-50, -78.38 ¢ -50.95 ¢ -54.49b 5.88 ¢

* Means followed by different lowercase letters in the column differ statistically by Tukey test at 5% probability.

* Medias seguidas de diferentes letras minuisculas en la columna difieren estadisticamente mediante la prueba
de Tukey al 5% de probabilidad.

The results of the significant inter-
action recorded in this research between
the amounts of roostertree added to the
soil and the population densities of the
component crops in the canonical variable
score and in the productive efficiency
index show that the levels of one factor
behaved differently within each level of
the other factor, thus revealing that there
are more productive and agronomically
efficient intercropping systems with high
quality products. These results for the
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polyculture of coriander, beet and arugula
in terms of agronomic efficiency are
explained by better use of environmental
resources in the density of 40.-50,-40,
with the amount of 19 t ha! roostertree
biomass, not observing the negative
influence of competition for water and
nutrients to the plants. This means that
when we combine production factors such
as population density of the component
crops and fertilizer doses in polyculture,
it is possible to obtain satisfactory and
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viable results in terms of production and
agronomic efficiency, making it easier for
farmers to practice this type of cultivation.

Given this, it is up to us to select the
agronomically most productive systems.
Working with the polyculture of arugula,
carrot and lettuce, Oliveira et al. (2015)
did not obtain significant interaction in
the agronomic variables evaluated but
recorded that the intercropped system
of better agronomic efficiency of the
polyculture was that obtained with the
amount of 55 t ha? of roostertree added
to the soil and in the population density
of 50,-50.-50, (%) of the RDSC. This
result differed from that obtained in
this research, where the best productive
efficiency index of the polyculture was
reached with 14.23 t ha! of roostertree
incorporated into the soil in the popu-
lation density of 40.-50,-40, (%) of the
RDSC. This difference in results is due to
the types of polycultures used, being stem
vegetables more efficient than broadleaf
vegetables and beet, where the benefits
of complementarity between the species
occur more efficiently (19).

The organic fertilizer to be decom-
posed, besides providing nutrients,
stimulating root growth and increasing
absorption after humi-fication, becomes
a main source of negative loads in the
soils increasing cation retention and
allowing greater absorption of nutrients
by plants (16).

In addition, it also has high soil buff-
ering power, i.e., the higher the content of
organic matter humidified in the soil, the
greater its resistance to the sudden change
in pH of the medium. One of the main
characteristics related to the quality of an
organic fertilizer for soil is its C/N ratio,
controlling the availability of nutrients to
plants (13).

Tomo 52 « N°1 2020

When used in an adequate quantity,
the organic matter immediately reduces
the apparent density of the fertilized
layer and promotes the aggregation of
particles, giving the soil favorable condi-
tions of aeration and friability, increasing
its water retention capacity (17). The
increase in water retention may be related
to the decrease in density and increase in
total porosity and change in aggregate size
distribution, which may change the pore
size distribution (8).

It is known that population densities
have been used in intercropped systems of
cultivated species, and their use in vege-
table crops has been increasing. With the
proper management of this production
factor, it is possible to increase the effi-
ciency in the use of fertilizer and available
resources (water, light and nutrients),
consequently increasing crop productivity
and agronomic efficiency in the associ-
ation of crops.

The overall density of the inter-
crops and the relative proportions of the
component crops are important in deter-
mining yield and production efficiency
of these systems. When components are
present in approximately equal numbers,
productivity and efficiency appear to be
determined by the most aggressive culture
in the intercropping (30).

IIn the case of this research the most
aggressive crop was beet. In agronomic
terms, the best productive performance
of the polyculture of cori- ander, beet and
arugula was reached at the density of
40C-50B-40A of the RDSC with 19 t ha-1
roostertree biomass incorporated into
the soil.
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Economic efficiency

One of the questions that arise when
working with vegetable crop polycul-
tures is whether the productive or agro-
nomic performance of the intercropping
systems evaluated is translated in terms
of economic efficiency. This is not an easy
question to answer, since polyculture
systems with vegetables are complex
and depend on a number of factors, such
as the crops involved, type and quality of
products produced, prices of products,
indicators and indices used in economic
evaluation, among others.

Based on the partitioning of the inter-
action between the amounts of roost-
ertree biomass added to the soil and the
population densities evaluated in the
polyculture of coriander, beet and arugula,
it can be verified that the best agronomic/
biological efficiency of the polyculture was
reached with the density of 40 -50,-40, of
the RDSC and the incorporation of 19 t
ha? of roostertree biomass into the soil,
while the best economic efficiency of the
polyculture was obtained with the density
of 20.-50,-20, and 45 t ha™ of this green
manure. These results lead producer
choose whether to use a high population
with intercropped systems fertilized with
a low roostertree amount or a low popu-
lation with a high roostertree amount.

The indicators chosen to express
economic efficiency of the polyculture
of coriander, beet, and arugula in this
research were the net income and profit
margin, which are strongly dependent
on the total cost of production of each
treatment and on the product prices
coming from each treatment.
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The net income is one of the indicators
that best expresses the economic value of
an intercropping system when compared
to gross income, because the total
costs of production are deducted. The
expenses that most affect these costs of
production are those with inputs, labor,
maintenance and conservation of facilities
and equipment. If these intercropping
systems are run by family farmers, where
the workforce in the production of crops is
carried out by the family itself, this means
that the expenditure of this labor force
would become an extra profitforthe farmer
and the intercropped production systems
would increase their economic efficiency.
When production factors like fertilization
and population density in polyculture of
broadleaf and tuberous crops are well
managed, family farmers can benefit from
efficient production systems with high
quality products for the market. These
indexes allow the producer to visualize
the best technology for the coriander, beet
and arugula production process, in terms
of agro- economic efficiency.

Cultivating a polyculture of arugula,
carrot and lettuce in semi-arid region,
Oliveira et al. (2017) obtained agroeco-
nomic efficiency using a high population
density of 50A-50C-50L (%) of the RDSC
and a low roostertree amount of 25 t ha-1
incorporated into the soil. This result is
close to the obtained agronomic efficiency
of the polyculture of coriander, beet and
arugula of this research. In view of this,
one can observe agroeconomic advantage
in  cultivating polycultures among
broadleaf and tuberous crops in semi-arid
environment.
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CONCLUSIONS

The maximum agronomic efficiency
of the polyculture of coriander, beet and
arugula was obtained with the density of
40.-50,-40, with of 19 t ha' roostertree
biomass incorporated into the soil. The
maximum economic efficiency of the poly-
culture of coriander, beet and arugula was
reached with the density of 20.-50,-20,
with the amount of 45 t ha! roostertree
biomass added to the soil. High agro-

economic efficiency can be obtained by
cultivating the polyculture of coriander,
beet and arugula by well managing
production, fertilization with roostertree
and population densities among the
component crops. This cropping system
should be recom- mended to family
farmers who produce leafy and tuberous
vegetable crops in a sustainable way in
semi-arid environment.
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ABSTRACT

This document aims to evaluate the determinants of the price of pears in the interna-
tional fresh fruit market, from an innovative vision in a complex world. The panel data
methodology was applied. The variables considered were the different prices (CIF/kg)
of pear, apple and stone fruits, their per capita consumptions, real per capita income,
consumer price indexes and real exchange rates. Pear consumption responds especially
to apple consumption, but also to prices of apples and peaches, real per capita income,
consumer price indexes and countries’ exchange rates. This might imply improving
commercial efficiency in international trade, effective budgets in price formation, and
giving new impetus to studies on the price of fruits and foods with a new vision.
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RESUMEN

Este documento tiene como objetivo evaluar los determinantes del precio de la pera
en el mercado internacional, en la demanda en fresco; desde una visiéon innovadora en
un mundo global y complejo. Se aplica la metodologia de panel de datos. Las variables
consideradas son los diferentes precios de importacién (CIF/kg) de pera, manzana y
duraznos; sus consumos per capita, ingresos reales per capita, indices de precios al
consumidor y tasas de cambio de los paises. Esto implica mejorar la eficiencia comercial
en el comercio internacional, presupuestos efectivos en la formacién de precios, ademas
de dar un nuevo impulso a los estudios sobre el precio de las frutas y los alimentos con

una nueva vision.

Keywords

peras e manzanas e duraznos e precio importacion CIF

INTRODUCTION

The historical paradigm in the fruit
market is that the main determinant of
the sale price is the volume of supply
of the same product. It responds to a
simple model, with direct relationship,
offer and price. Numerous studies
provide information on price elasticity in
fruits (2, 7, 12, 18, 19, 20, 30).

Also many studies indicate that
demographic factors and economic
growth also influence the consumption of
fruits (1, 3,5, 8, 11, 15).

Literature on the topic shows publica-
tions on the demand of apples and pears,
at the level of individual countries and not
globally (Vosloo and Groenewald 1969,
Tunstal and Quilkey 1990 and Kavitha
etal.2016).Vosloo and Groenewald (1969)
focused on the apple demand analysis
in South Africa, where the availability
of pears and oranges is considered as a
factor explaining the price of apples.

On the other hand, Tunstal and Quilkey
(1990), used the disappearance of storage
pears to explain the average monthly
price of apples in the Victorian wholesale
market. Other investigations explain the
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link between prices of pear and apple, as is
the case of (Wani et al. 2015). A significant
change in the fresh fruit market can be driven
by the emergence of new consumption
preferences (4,9, 17, 26, 27, 29).

This contrasts with the recent opinion
of some commercial operators of the inter-
national fruit business, at least partially.
They point out that the definition of price
for pears is not based on their volume of
supply, but on the price of late peaches at
the beginning of the pears harvest, and
then on the supply of apples for the rest
of the season.

The discussion with people linked to the
international trade of fruits (mainly pears
and apples), highlight the importance of
evaluating this new vision in the formation
ofthesalepriceinaglobalized environment,
thinking that perhaps changes in trade
are evident and that currently they are
not considered in a commercial planning.
For an improvement in the efficiency
of the value chain. Kevin Moffitt, Pear
Bureau Northwest President (22),
comments on a favourable opinion to
relaunch the research on price behaviour.
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This situation encouraged the project
of a structural and comprehensive
analysis on the determination of the main
factors in the price of pears worldwide,
combining the offer of both hemispheres
-north and south. The novelty is the
analysis based on world trade, in relation
to other fruits -analysing peaches and
apples- and economic variables of the
main importing countries - per capita real
income, price indexes and actual annual
country exchange rates.

MATERIALS AND METHODS

Our analysis used yearly data from the
period 1990-2015. The sample panel was
composed of 18 countries, the main world
importers in the international demand
for fresh pears: Brazil, Canada, Denmark,
France, Germany, India, Indonesia, Italy,
Malaysia, Mexico, Portugal, Russian
Federation, Saudi Arabia, Singapore,
Spain, Sweden, UK and USA. China and
Argentina are the main exporters, but have
low relevance as importers worldwide.
This research focused on demand factors
from the main importing countries.

The variables considered for the
analysis were pear prices (cif/kg), per
capita consumptions of pears, apples
and stone fruits, per capita real income,
consumption price indexes and real
annual country exchange rates (local
currency per USD). The data source
was the World Development Indicators
(28). As wusual, all the values were
converted in their natural logarithms,
to reduce variability, and were codified
to facilitate data handling and computer
processing. Logistics of perishable foods
in the domestic market affects prices and
consumer availability (23), for this reason
choosing of the import price (cif: Cost
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Insurance and Freight) allowed avoiding
asymmetries of wholesale and retail prices.
As stated by Greene (2012), Maddala,
G. S. (2001), Hsiao et al. (1999), in
statistics and econometrics, panel data
