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Analysis of genetic variability in vitro regenerated
buffelgrass plants through ISSR molecular markers

Analisis de variabilidad genética en plantas regeneradas in vitro de
buffelgrass mediante marcadores moleculares ISSR

Edgardo Carloni , Eliana Lopez Colomba !, Andrea Ribotta !, Mariana Quiroga ?,
Exequiel Tommasino !, Sabrina Griffa !, Karina Grunberg *2

Originales: Recepcion: 06/10/2016 - Aceptacion: 24/08/2017
ABSTRACT

Genetic variability can be generated through in vitro culture via somaclonal vari-
ation. This tool can be potentially useful in a breeding program involving apomictic
buffelgrass genotypes. The aim of this work was to evaluate inter simple sequence
repeats (ISSR) as molecular markers to detect genetic variation in in vitro buffelgrass
regenerated plants. Six plants regenerated from in vitro anther culture, via somatic
embryogenesis were used, as well as the anther donor genotype (RN 51) as control.
Of a total of 26 ISSR primers tested, 22 amplified, detecting 12% polymorphism with
a divergence between 5 and 24% from RN 51. Amplification products were observed
with the primers containing di-, tri- or tetra-nucleotide sequences, with or without addi-
tional nucleotides at the 3’ end. The most informative primers were those containing the
repetitive sequences GACA , AG or GA . Moreover, the regenerants transplanted at field
conditions differed in morphological characteristics among them and with respect to
RN 51. This study confirms that ISSR are useful to identify genetic variability in in vitro
regenerated buffelgrass plants.

Keywords
Apomixis e somatic embryogenesis ¢ somaclonal variation e anther culture ¢ ISSR
genetic diversity

1 Instituto de Fisiologia y Recursos Genéticos Vegetales (IFRGV), CIAP-INTA.
Av. 11 de Septiembre 4755. C. P. X5020ICA. Cérdoba, Argentina.
carloni.edgardo@inta.gob.ar; edgardocarloni@gmail.com

2 Consejo Nacional Investigaciones Cientificas y Técnicas (CONICET), Godoy Cruz
2290, C1425FQB, CABA, Argentina.
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E. Carloni et al.

RESUMEN

El cultivo in vitro permite generar variabilidad genética mediante variaciéon soma-
clonal. Este fenémeno puede ser potencialmente ttil en un programa de mejora en
genotipos apomicticos de buffelgrass. El objetivo del presente estudio fue evaluar inter
secuencias simples repetidas (ISSR) como marcadores moleculares en la deteccion
de variacion genética en plantas regeneradas in vitro de buffelgrass. Se utilizaron seis
plantas regeneradas mediante el cultivo in vitro de anteras, via embriogénesis somatica,
y el genotipo dador de anteras (NR 51) como control. De un total de 26 cebadores ISSR
probados, 22 de ellos amplificaron, detectando un 12% de polimorfismo con una diver-
gencia del 5 al 24% con respecto al material NR 51. Se observaron productos de ampli-
ficacién con los cebadores que contienen secuencias di-, tri- o tetra-nucleétidos, con o
sin nucleodtidos adicionales en el extremo 3'. Los cebadores mas informativos fueron
aquellos que contenian secuencias repetitivas GACA , AG_ o GA . Conjuntamente, las
plantas trasplantadas a campo manifestaron caracteristicas morfolégicas diferentes
entre ellas y con respecto al NR 51. El presente estudio confirma que el empleo de ISSR
permite identificar variabilidad genética en plantas regeneradas in vitro de buffelgrass.

Palabras claves
Apomixis e embriogénesis somatica ¢ variacién somaclonal e cultivo de anteras e

ISSR e diversidad genética
INTRODUCTION

In vitro cell or tissue culture offers
severaladvantagesto plantspecies. Theuse
of this biotechnological tool has resulted in
regenerated plants showing spontaneous
genetic variability with respect to the
donor plant. This phenomenon is known
as somaclonal variation (20) and may be
undesirable in some in vitro propagated
species (9). In apomictic cultivars of
buffelgrass [Pennisetum ciliare (L.) Link
syn. Cenchrus ciliaris L.], however, those
changes can be potentially useful as a
source of genetic variability that can be
beneficial in breeding programs (23) of
this important forage grass worldwide in
arid and semiarid regions (4, 18).

Genetic variation reported in several
in vitro regenerated species include
phenotypic changes (33), alterations in
chromosome number or specific regions
(19), point mutations (11, 24), and acti-
vation of transposable genetic elements

(21), among others. Accordingly, all these
factors should be considered when identify
and analyze the occurrence of a soma-
clone (20). Morphological characters may
be one of the most practical, cost-effective
and easy methods to evaluate somaclonal
variation (33). Nevertheless, these studies
in in vitro regenerated plants usually
require a comprehensive approach,
including several nuclear DNA analysis
techniques (2, 7).

In buffelgrass, measurement of nuclear
DNA content by flow cytometry (FCM) has
been suggested as an alternative and plays
an important role in the analysis of micro-
propagated plant suffering changes in
ploidy levels (8). Also randomly amplified
polymorphic DNA (RAPD) are mentioned
to identify somaclones from induced
mutations of embryogenic callus treated
with ethylmethane sulfonate (EMS) and
in vitro selection (23).
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In others species, one of the approaches
used in those studies is ISSR (inter simple
sequence repeat) molecular markers
(10, 12, 26, 30). This technique is based
on polymerase chain reaction (PCR) and
uses a single primer complementary to
the microsatellites (28). One variant to
this method consists of adding nucleo-
tides in the 3' end of the primer, known
as anchored primer (34). Each amplified
band is a locus and corresponds to the DNA
sequence located between two similar or
inverted microsatellites. This technique
has the advantage that primer design does
not require previous knowledge of the DNA
sequence to be amplified (5, 16). There is
scarce information about the use of this
type of molecular markers in buffelgrass,
except for studies that determined genetic
diversity in wild populations (1, 17). Here
we aimed to evaluate inter simple sequence
repeats (ISSR) as molecular markers to
detect genetic variation in in vitro buffel-
grass regenerated plants.

MATERIALS AND METHODS

Plant material

The study included six plants of the
R, generation (plants obtained by in
vitro anther culture, via somatic embryo-
genesis) which showed genetic instability
in nuclear DNA content by flow cytometry
(8) and anther donor plant registration
number 51 accession (RN 51). All the
plants were transplanted at field in the
Instituto de Fisiologia y Recursos Gené-
ticos Vegetales of the Instituto Nacional de
Tecnologia Agropecuaria (INTA) (Cérdoba,
Argentina) for further evaluation.

Inter simple sequence repeats (ISSR)
Genomic DNA of each regenerated
and donor plant was isolated from frozen
leaves (-20°C) using the Nucleon PhytoPure
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(GE Healthcare) commercial kit and
following the manufacturer's instruc-
tions. Pure DNA was resuspended in 50 pl
of distilled water. DNA concentration in
each sample was quantified by absorbance
reading (A, /Zsonm) ina NanoDrop ND-1000
V3.5 spectrophotometer (NanoDrop Tech-
nologies, USA).

A total of 26 ISSR universal primers
were tested; they were obtained from
sequences published on line the "UBC
Primer Set #9" (31) and from previous
works in other plant species (14, 26, 32)
(table 1, page 4).

The amplification reaction was
performed in a final volume of 20 pl,
containing 2 pl DNA (25 ng/ul), 1X buffer
solution (Tris-HClI 6 mM pH 8.8, KCl
50 mM), 0.8 ul MgCl, (25 mM), 4 pl of each
dNTP (1 mM), 4 pl of the primer (5 pM)
and 0.2 U of GoTaq® DNA polymerase
(Promega, USA). Amplification consisted
of following steps: 94°C for 3 min, 35
cycles at 93°C for 30 s, 55°C for 1 min,
72°C for 1 min 30 s, followed by a final
extension of 72°C for 5 min. To improve
the band patterns of those primers that
failed to amplify, different annealing
temperatures were tested (14) and in
some reactions, 0.5 pl (10 mg/ml) of
bovine serum albumin (BSA) was added.
A minimum of three reactions per primer
were performed to increase resolution
of the band pattern. Amplifications were
conducted in an Eppendorf Mastercycler
5333 thermocycler.

Amplification products were run for
two hours at 100 V in 2% agarose gels in
0.5 X TBE buffer solution. A sample volume
of 12 ul was loaded per lane [10 pl ampli-
fication product + 2 ul 5X loading buffer]
as well as a GeneRuler 100-pb molecular
weight marker, Plus DNA Ladder (Thermo
Scientific Inc) as reference marker to
calculate the size of the bands obtained
with the ISSR.
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Table 1. Analysis of genetic variability of in vitro regenerated plants buffelgrass by ISSR.

Tabla 1. Analisis de la variabilidad genética en plantas regeneradas in vitro de
buffelgrass mediante ISSR.

N° | Primers | Nuc. Seq. Temp. PB | MB | TB | PMF (95) | PIC | AMP SB
117899 (CA), AG 55°C + BSA 21 19 |21 0.10 0.21 95 | 350<3000
2 | AE, (CA), G 55°C 1| 25 26 0.04 0.21 99 | 100<1400
3| D12 (GA), CG 55°C + BSA 0 20 | 20 0.00 nd | 100 | 200<2900
4| D14 (CAC),GC 52°C and 55°C - - - - - - -
5| HB13 (GAG), GC 52°C + BSA 0 25| 25 0.00 nd | 100 | 200<3000
6 | HB14 (CTC),GC | 55°C +BSA 0 3 3 0.00 nd | 100 | 400<700
7 | ISSR1A (AG), Y* 55°C 11 | 18 | 29 0.38 0.23 84 | 100<1800
8 | ISSR1B (AG), GG 52°C + BSA 1 9 | 10 0.10 0.21 99 | 180<550
9 | ISSR4 (GA), T 55°C + BSA 6 9 | 15 0.40 0.21 85 | 220<1500

10 | ISSR8A (AG), Y*T | 55°C +BSA 5 23 |28 0.18 0.24 92 | 200<3000

11 | ISSR9A (GATC), GC | 55°C + BSA 0| 21|21 0.00 nd | 100 | 250<3000

12 | ISSR9B (AG),Y*C | 55°C+BSA 1| 24 | 25 0.04 0.21 97 | 250<1800

13 | RAF16 (GACA), 52°C + BSA 1| 25 | 26 0.04 0.32 99 | 250<3000

14 | RAF4 (GA), T 55°C 4| 11 | 15 0.27 0.21 91 | 400<2300

15 | RAF9 (CAA), 55°C + BSA 0| 11 | 11 0.00 nd | 100 | 280<3000

16 | UBC816 | (CA),T 55°C + BSA 3 25 |28 0.11 0.21 96 | 250<2500

17 | UBC825 | (AC), T 55°C + BSA 0| 21 |21 0.00 nd | 100 | 180<2000

18 | UBC827 | (AC), G 55°C 5] 21 |26 0.19 0.21 92 | 250<3000

19 | UBC834 | (AG),CT 55°C + BSA 21 19 |21 0.10 0.21 95 | 200<1800

20 | UBC840A | (GA),CT 55°C 11| 21 | 32 0.34 0.24 89 | 180<3000

21 | UBC840B | (GA), TT 52°C + BSA 4| 22 | 26 0.15 0.21 92 | 200<2000

22 | UBC850 (GT), Y*C 55°C 0 17 | 17 0.00 nd | 100 | 300<1500

23 | UBC861 (ACC), 52°C and 55°C - - - - - - -

24 | UBC863 | (AGT), 52°Cand 55°C | - - - - - - -

25 | UBC864 | (ATG), 55°C + BSA 1 13 | 14 0.07 0.21 99 | 180<2000

26 | UBC865 | (CCG), 52°Cand 55°C | - - - - - - -

Primers, nucleotide sequences (Nuc. Seq.), annealing temperatures (Temp.), number of polymorphic bands
(PB), number of monomorphic bands (MB), number of total bands (TB), proportion of polymorphic loci
(PMF(95)), polymorphic information content (PIC), amplification percentage (AMP) and size of bands (SB)
generated by the ISSR primers. (*) Y= T/C. (-) Failed to amplify. nd: no data available.

Cebadores, secuencias de nucleétidos (Nuc. Seq.) temperaturas de hibridacién (Temp.), nimero de bandas
polimérficas (PB), nimero de bandas monomorficas (MB), niimero de bandas totales (TB), proporcion de bandas
polimoérficas (PMF(95)), contenido de informacion polimoérfica (PIC), porcentaje de amplificacion (AMP) y tamafio

de bandas (SB) generadas por los cebadores ISSR. Y=T/C. (-) No amplificé. nd: datos no disponibles.
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PCR products were staining with
ethidium bromide (10 mg/ml, GIBCO
BRL) and fragments were observed under
UV light (312 nm). Finally, the gel images
were captured using BIORAD, Molecular
Imager® Gel DocTM XR System (USA).

Phenotypic evaluation

To identify the ocurrence and observe
phenotypic changes, RN 51 used as
control and in vitro regenerated plants
were transferred to an experimental plot
in a completely randomized design. Thus,
plant materials were transplanted at 1 m
distance between them and morpho-
logical characters of leaf, stem and panicle
were measured (25).

Phenotypic tests were performed during
two crop seasons (2013/14 and 2014/15).

Statistical Analyses

The molecular profiles obtained using
ISSR were coded by performing a matrix
of binary data per primer and genotypes,
where "1" and "0" indicated presence and
absence of bands, respectively, and each
band was regarded as a locus. Genetic
relationships between individuals were
evaluated using the Jaccard's similarity
index [J=a/(a+b+c)] (15, 26, 27), where
a, b and c are absolute frequencies for
events (1.1), (1.0) and (0.1), respectively.
To obtain a matrix of genetic distances
between individuals a transformation
of the Jaccard’s index (sqrt (1-S)) was
performe d. From the obtained data the
proportion of polymorphicloci (PMF (95))
and polymorphism information content
(PIC) were calculated. The PMF was calcu-
lated as the number of polymorphic loci /
total number of loci, while PIC was esti-
mated using the following equation:

n 2 n n 2 2
PIC=1-pi)->. > 2pipj
i=1

Jj=i+l =i+l
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where:

pi = the frequency of the

i = allele

n = the number of alleles (6)

The distance matrix was subjected to a
principal coordinate analysis (PCoA) and
to unweighted pair group method with
arithmetic mean (UPGMA) hierarchical
clustering. All the analyses conducted with
the binary data matrix were performed
using Info-Gen statistical software (3).

To confirm phenotypic variability
in the in vitro regenerated materials,
morphological variables of R, plants were
compared with those of the anther-donor
plant (RN 51) using ¢ test. To determine the
degree of grouping of R, and RN 51 material,
a clustering analysis was performed using
the average linking clustering UPGMA by
applying the Euclidean distance as proximity
measure. The analyses were performed
using InfoStat statistical software (13).

RESULTS

Inter simple sequence repeats (ISSR)

The ISSR generated amplification
products in the DNA samples extracted
from buffelgrass plants. Of a total of 26
primers tested, 22 amplified clear and
reproducible bands. Table 1 (page 4)
shows a descriptive analysis of amplifi-
cation data obtained with ISSR primers.
A total of 460 bands were generated,
of which 58 were polymorphic (12%).
Fifteen (68%) polymorphic primers were
detected, with a proportion from 4 to 40%
of polymorphic bands. The primers RAF16
(0.32), ISSR8A (0.24), UBC840A (0.24)
and ISSR1A (0.23) produced the highest
polymorphism information content. Of
them, ISSR1A and UBC840A had the
highest proportion of polymorphic bands
(0.38 and 0.34, respectively).
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Most of the polymorphic ISSR (RAF4,
UBC834,ISSR8A, 17899, UBC827,UBC840A,
ISSR1A, UBC816, ISSR4) generated the
two types of expected data (absence and
presence of alleles).

However, in comparison to donor plant,
some primers only showed absence of alleles
(AEZ, UBC864, ISSR1B and RAF16), whereas
ISSR9B showed presence of new alleles.

The amplification profiles generated
with ISSRs 17899, RAF4, UBC827 and
UBC834 are displayed as an example in
figure 1.

To understand the degree of similarity
of molecular profiles between the in vitro
regenerated individuals (R,) and RN 51,
the 22 ISSR that amplified were used for
diversity studies and distance analyses.

MM: Molecular weight marker (100 pb Plus DNA Ladder, Thermo Scientific). C: DNA of anther donor plant
(RN 51) used as control. Lanes 1 to 6: DNA of 6 in vitro regenerated buffelgrass plants, corresponding to the

materialsR, ,R R R .,R ., VR ., respectively. H,0: Negative control (a reaction containing all PCR

components except the DNA template of the studied plant). The arrows indicate absence or presence of bands.

MM: Marcador de peso molecular (100 pb Plus DNA Ladder, Thermo Scientific). C: ADN de planta dadora de
anteras (NR 51) utilizada como control. Calles 1 al 6: ADN de 6 plantas regeneradas in vitro de buffelgrass,
correspondiente a los materialesR, , R, ., R, R ., R ., ¥R ., respectivamente. H,0: Control negativo

(reaccién de PCR conteniendo todos los componentes menos el ADN molde de la planta en estudio). Las
flechas indican ausencia o presencia de bandas.
Figure 1. Detection of genetic variability using ISSR in vitro regenerated buffelgrass
plants. Agarose gel electrophoresis (2 %) of the PCR product obtained with the

following ISSR: (A) 17899, (B) RAF4, (C) UBC827, and (D) UBC834.

Figura 1. Deteccion de variabilidad genética utilizando ISSR en plantas regeneradas
in vitro de buffelgrass. Electroforesis en gel de agarosa al 2 % del producto de PCR
obtenido con los siguientes ISSR: (A) 17899, (B) RAF4, (C) UBC827 y (D) UBC834.
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The results obtained from the sqrt (1-S)
transformation of Jaccard’s similarity
index indicates that the distance coeffi-
cients vary between 0.05 and 0.24 (5 and
24%, respectively), between in vitro
regenerated plants and control (table 2).

The analysis including only the
coefficients of the in vitro regenerated
plants showed values ranging between
0.11 and 0.29 (11 and 29%, respectively),
indicating not only divergence from RN
51 but also differences between in vitro
regenerated plants.

The results of the principal coordinate
analysis (PCoA) show that the most
important principal components (PCs) (PC 1
and PC 2) (figure 2, page 8), which account
for almost 62% of the total variability, shows

Table 2. Distance matrix of six in vitro
regenerated buffelgrass plants and
genotype RN 51 (C), obtained from the
transformation sqrt (1-S) of the Jaccard's
similarity index based on 22 ISSR primers.

Tabla 2. Matriz de distancia de
seis plantas regeneradas in vitro de
buffelgrass y del genotipo NR 51 (C),
obtenida de la transformacién sqrt (1-S)
del indice de similitud de Jaccard basado
en 22 cebadores ISSR.

C Rl—t31 Rl—t32 Russ Rl—t4 Rl—tS Rl—té
c |0
R, | 024 |0
R, | 0.18 029 |0
R, | 0.18 029 | 0.22 0
R,, | 0.14 | 027 021|021 |0
R,. | 012 025 019 |02 |0.16 0
R, |0.05 023 018 017 013 0.11 0

C: Apomictic genotype used as anther donor control
plant. Rl-t4’ Rl-tS' Rl-té’ Rl-t31’ Rl-tBZ and Rl-t33: invitro
regenerated buffelgrass plants.

C: Genotipo apomictico utilizado como planta

control dadora de anteras. Rl-.t4’ Rl-tS’ R .o Risv R

y R, plantas regeneradas in vitro de buffelgrass.
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two groups; one of them is composed of
a single genotype (R, ), which showed
the greatest differences among the in vitro
regenerated materials in PC 1. In turn, PC
2, differentiates two groups, one of them
including the material used as anther donor
or control (C) and the other including two
regenerants that were very different from
therest (R ,,andR ..).

Figure 3 (page 8) showed the results
of the dendrogram generated by UPGMA
clustering method. The former cophenetic
analysis yielded a correlation coefficient
of 0.97. These results further highlight
the differences compared with PCoA,
because if considering a distance of 0.13
as an arbitrary cut-off value (50% of the
maximum distance), R, ,, and R ., indi-
viduals not formed a group and the R,
individual was separated from the group
that included RN 51 (C).

Phenotype evaluation

Of the six plants that were trans-
planted to the field (R)), five exhibited very
different phenotypes from RN 51, and the
remaining one did not survive. Plants R
and R . whose DNA content increased
(6), showed significant differences
(P <0.05) in four morphological variables:
plantheight (PH), internode length (INTL),
stem width (SW) and number of branches
(NBR) (table 3, page 9).

The lower INTL, without modifying
the number of nodes (NN), gives these
plants a stunt appearance (lower PH).
Moreover, the plants have a lower number
of branches (NBR). The material R, .
exhibits scarce panicles and the other one
(R,.,,) has a lower panicle length (PanL)
(P < 0.05). Both regenerants produce
few seeds (data not shown). R . also
presented a decrease in flag leaf length
(FLL), flag leaf width (FLW) and flag leaf
sheath length (FSL) (P < 0.05).

1-t5
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Figura 2. Biplot de seis plantas regeneradas in vitro de buffelgrass (R
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R, v R YR, 5) v del genotipo NR 51 utilizado como control (C), obtenido de la
transformacion sqrt (1-S) del indice de similitud de Jaccard basado en 22 cebadores ISSR.
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Figure 3. Dendrogram of six in vitro regenerated buffelgrass plants (R

Rl-t31’ Rl-t32 and R
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Distance: Jaccard (sqrt(1-S))
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) and RN 51 genotype used as control (C), obtained via UPGMA

R R
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method through the analysis of ISSR markers over a distance matrix calculated from
the sqrt (1-S) transformation of the Jaccard's similarity index.

Figura 3. Dendrograma de seis plantas regeneradas in vitro de buffelgrass (R

R

1-t4 ~1-t5’

R, .o Riav Rius, ¥ R, 55) ¥ del genotipo NR 51 utilizado como control (C), obtenido
por el método UPGMA mediante el analisis de marcadores ISSR, sobre una matriz de
distancia calculada de la transformacion sqrt (1-S) del indice de similitud de Jaccard.
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Table 3. Characters of external morpholoogy of leaf, stem and panicle analyzed in 5 in
vitro regenerated buffelgrass plants.
Tabla 3. Caracteres de morfologia externa de hoja, tallo y panoja analizados en 5
plantas regeneradas in vitro de buffelgrass.

i T PO FSL PP T L NI S g Y
RN 51 33.3 1.2 7.2 126.8 | 119 19.4 8.3 10.8 3.9 9.8 6.8 2.4
. 31.0 1.3 6.2 102.5*% | 7.75* | 15%* 5.6 6.02% | 3.2 9.2 6.2 2.8
R, . - - - | 1058%| - - - 633 27 | 125 77 | -
R .. 28.7 0.9* 6.4 92.8% | 8.5* 17.5 8.7 7* | 2.4%* 9.6 5.6 3.4
R, - - - 57.4% | - - - 4% 21% | 100 | 2.8* -
R 22.4* | 0.7* 3.2% 64.2*% | 6.3* 15.2 6.4 4.5% | 2.1* 8.4 3.6* 1.0

(*) Indicates significant differences (P < 0.05) within each column in the morphometric characters
analyzed in in vitro regenerated materials with respect to the anther donor plant (RN 51). Material: in vitro
regenerated R plants. Morphological variables: flag leaf length (FLL), flag leaf width (FLW), flag leaf sheath

length (FSL), plant height (PH), panicle length (PanL), total floral penduncle length (TFPL), exerted peduncle
length (EPL), internode length (INTL), stem width (SW), number of nodes (NN), number of branches (NBR)

and number of flowers/branch (FL/BR).

(*) Indica diferencias significativas (P < 0,05) dentro de cada columna en los caracteres morfol6gicos
analizados de los materiales regenerados in vitro con respecto a la planta dadora de anteras (NR 51).
Material: plantas R, regeneradas in vitro. Variables morfologicas: longitud de ldmina de hoja bandera
(FLL), ancho de ldamina de hoja bandera (FLW), longitud de vaina (FSL), altura de planta (PH), longitud de
inflorescencia (PanL), longitud total del pedunculo floral (TFPL), longitud del pedtinculo excerto (EPL),
longitud inter-nodal (INTL), ancho tallo (SW), nimero de nudos (NUD), nimero de ramas (RAM) y nimero
de flores/ramas (FL/RA).

The plants exhibiting a reduction in
DNA content (R, R, ,,andR, .. ) (8)also
showed a statistically different increase
in phenotypic traits with respect to
control (P < 0.05) (table 3). All the plants
exhibited a decrease in PH. Plant R, had
reduced FLW (thinner leaves), as well
as PanL, INTL and SW. Plant R .., also
had smaller panicles, and smaller length

of exerted peduncle (EPL) and INTL.

that in vitro regenerated plants are pheno-
typically different from genotype RN 51. The
dendrogram shows that the group including
regenerantsR _,R, ,andR .. arethe most
similar to material RN 51, and that R, .
and R, are the most different materials

(figure 4, page 10).

Di1SCUSSION

Plant R, , exhibited particularly lighter-
colored foliage. Different molecular profiles were
Because R, ., and R, plants had few detected in in vitro regenerated buffel-

panicles with immature inflorescences,
PanL, TEPL, EPL and flowers/branch (FL/
BR) variables and characters of leaf (FLL,
FLW, FSL) werenotconsidered in theanalysis
of clusters. The results of this analysis show
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grass plants using ISSR molecular markers,
suggesting some degree of variability
(16, 17, 34). There is scarce information
available on the use of this type of markers
in somaclonal variation in buffelgrass.
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0.92 1.85 2.77 3.69

Distance: Euclidean

In vitro regenerated buffelgrass plants: R, , R, R o R .,R . andR ... The genotype RN 51 was used as

control (C). Cophenetic correlation = 0.938.
Plantas regeneradas in vitro de buffelgrass: R, , R, ., R, . R, ., R 5, ¥ R, 5 El genotipo NR 51 fue utilizado
como control (C). Correlacion cofenética = 0,938.
Figure 4. Dendrogram constructed using UPGMA method through the analysis of
morphological markers, with Euclidean distance being applied as proximity measure.

Figura 4. Dendrograma construido utilizando el método UPGMA mediante el andlisis de
marcadores morfolégicos, aplicando la distancia Euclidea como medida de proximidad.

Studies conducted with ISSR in other in
vitro propagated species reported very
different polymorphic levels. For example,
a 50% polymorphism level was detected
in variants of Camellia sinensis L. (30);
lower levels, of 5 and 3.9%, were recorded
in micro-propagations of Musa spp. and
Dictyospermum ovalifolium, respectively
(10, 26). Here, total polymorphic loci
were found to be 12%, which is similar to
results reported for Codonopsis lanceolata
(15.7%) or in clones of Camellia spp.
(12.8%) (12, 15).

Likewise, the generated polymorphism
showed a diferentiation degree of 5 to 24%
with respect to the "control” pattern, as
observed in somaclones of Zea mays L. (24).
In addition, it is important to note that using
the same type of molecular marker similar
levels of polymorphism were obtained in
wild populations of buffelgrass (1).

10

Amplification products were observed
with the primers containing di-, tri- or
tetra-nucleotide sequences, with or
without additional nucleotides at the 3’
end. While most of the ISSR produced
bands using the method implemented
here, some of them failed to amplify.
These primers were then tested at lower
annealing temperatures, since molecular
patterns were found to be highly modified
by this factor (14), but some of these ISSR
also failed to amplify. Lower temperatures
could be used (16) or other additional
factors should be considered, which were
not studied in this work (5, 34).

The most informative primers were
those containing repetitive sequences
GACA, AG_or GA , with the addition of
one or three nucleotides at the 3’ end.
Similar results were described in a study
conducted to determine genetic diversity
in wild bufflegrass populations (17).
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Hence, this results confirm that the motifs
(GA), and anchors at the 3’ end can be
included in the ISSR markers used for
different studies of this species.

The polymorphism detected by ISSR
in in vitro regenerated buffelgrass plants
may be attributed to genetic changes in a
restricted portion of the genome, because
microsatellites and their continuous bases
are the hybridization site of the marker
primer (16, 34). This portion of the genome
usually undergoes changes during the DNA
replication-repair process (22, 29), and
some authors suggest that the generated
polymorphism may be due to deletions or
insertions that occur at the primer recog-
nition site (24). Regardless of the type of
mutations occurring during in vitro plant
regeneration, they can generate gain or loss
of alleles (28), as shown in this work.

Finally, plants transplanted to the field
exhibited very different morphological
characteristics among them and from
the genetic material used as control
(RN 51), thereby confirming changes in
the phenotype.
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Water absorption hydrogel agricultural use and wetting of three
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RESUMEN

El objetivo fue evaluar el porcentaje de absorcién de agua y su humedecimiento en
tres tipos de suelo. Se utilizé6 como material experimental al Polimero de Acrilamina de
Potasio (PAP) y tres suelos de tipo arenoso, limoso y arcilloso. Se midi6 la cantidad de
agua (mL) y el tiempo (minutos) que absorbe 1 g de PAP. Ademas, se evalu6 el hume-
decimiento de PAP para cada tipo de suelo colocando 1 g en suelo seco, previamente se
midié la humedad del suelo antes y después de colocar el PAP. Los resultados indican
que el hidrogel PAP absorbe por cada gramo alrededor de 103 mL, dicha absorcién va en
aumento en funcién del tiempo llegado a un punto de inflexién a los 60 min, posterior a
este tiempo el aumento no es significativo. El humedecimiento tuvo un aumento variable
en funcién del tipo de suelo, siendo 14,7, 17,4 y 14,5% para los suelos arenoso, limoso
y arcilloso respectivamente. Este humedecimiento se obtiene después de alrededor de
una hora. En suelo saturado los geles permanecen sin modificaciones. En cambio en un
suelo seco, los geles ceden el agua contenida al suelo, pasando a ser parte del contenido
de agua del suelo.

Palabras clave
absorcion e« humedecimiento ¢ hidrogel PAP e suelo arenoso
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ABSTRACT

The objective was to evaluate the percentage of water absorption and wetting in
three soil types. It was used as experimental material to Acrylamide Polymer Potassium
(PAP) and three floors of sand, loam and clay type. The amount of water (mL) and time
(minutes) which absorbs 1g of PAP was measured. In addition, the wetting of PAP for each
soil type by placing 1 g dry soil was evaluated previously soil moisture was measured
before and after placing the PAP. The results indicate that the hydrogel absorbed per
gram PAP about 103 mlL, this absorption is increasing function of time reached, after
this time turning point at 60 min the increase is not significant. It wetting had a variable
increase depending on the type of soil, being 14.7, 17.4 and 14.5% for sand, loam and
clay soils respectively. This wetting is obtained after about an hour. In saturated soil
gels remain unchanged. However in a dry soil, the gels gives the contained water to the

ground becoming part of the soil's water.

Keywords

absorption e wetting e hydrogel PAP ¢ sandy soil

INTRODUCCION

Cada vez se hace mas intensivo el
cuidado por el agua dulce en el mundo, por
lo que se realizan investigaciones de como
ser mas eficiente en su uso en especial en la
agricultura, ya que este sector es la que mas
consume agua, mas aun si existe escasez,
como es el caso de la zona centro norte de
la provincia de Manabi. Donde se esta utili-
zando como alternativa productos como
los polimeros hidroretenedores que hacen
eficiente el uso del agua.

Sin embargo, no se esta evaluando en
funcion de las caracteristicas del suelo, en
este sentido Ruiz et al. (2016) mencionan
que la retencion de humedad esta
relacionada con la superficie especifica y
el contenido de arcilla. Este hecho puede
provocar un mal uso del producto, que
podria repercutir en el suelo e incluso
en los cultivos. Se dan recomendaciones
técnicas de uso, pero estas son muy
generalizadas y no se pueden adaptar a
todos los tipos de suelo.

Las Acrilamidas es wuno de los
monomeros utilizados para sintetizar los

16

hidrogeles para aplicaciones horticolas (1)
y su eficacia se describe en distintas publi-
caciones desde los afios 80 (13, 16, 17),
donde se cita una variedad de usos en
la agricultura.

En la explotacion forestal al momento
de la siembra, es muy util usar polimeros
sintéticos aplicados como auxiliar en el
manejo de la plantaciény para proteger las
raices, cuya principal caracteristica es su
alta capacidad de retencién de agua (7, 9).
Esto permite incrementar la frecuencia
de riego, y disminuir las pérdidas de
productos quimicos por lixiviacién y
lavado (13).

En otro ambito, es usual utilizarlo en
viveros donde es comun el uso de arena
como sustrato, o en lugares donde existe
produccion agricola con un suelo de tipo
arenoso. Idrobo et al. (2010) probaron la
aplicacion de hidrogel en suelo arenoso
en el cultivo de rabano, sefialando que la
mayor cantidad de hidrogel en un suelo
incrementa la eficiencia en la retencion de
la humedad.
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Santelices (2005) lo recomienda para
el establecimiento de Eucalyptus goblulus
ya que minimiza la mortandad por
estrés hidrico.

Las propiedades de los hidrogeles
presentan algunas dificultades de usos
agricolas como horticultura. Uno de ellos
es la fuerza que ejerce el suelo para poder
absorber el agua de los geles, por otro
lado, la cantidad de agua que pueden
retener los geles.

Estudios previos han demostrado que
la cantidad de agua absorbida disminuye
por las propiedades mecanicas del suelo
(15). Sin embargo, todos los polimeros
hidroretenedores presentan su principal
beneficio en absorber agua y luego cederla
a las plantas lentamente (10).

Vlach (1991), indica un aumento de
100 veces su peso, para después liberarla
en funcién de las necesidades de la planta.
Con estos antecedentes se plante6 como
objetivo evaluar la absorcién de agua y
el humedecimiento del hidrogel en tres
tipos de suelo, con la hipétesis de que el
hidrogel se comporta diferente en funcién
de la textura del suelo.

MATERIALES Y METODOS

La investigacién se llevd a cabo en
el laboratorio del area productiva de la
Universidad Laica Eloy Alfaro de Manabi
Extension Chone-Ecuador. Se estudidé la
cantidad de agua (mL) que absorbe el
polimero de poliacralamina de potasio (g)
y su propiedad para humedecer suelos de
diferentes clases texturales.

Tomo 50 ¢ N°2 « 2018

Manejo del experimento

El experimento se condujo en dos
fases, en la primera se estudié la cantidad
de 1y 2 g de hidrogel en las muestras de
cada tipo de suelo. Se distribuyeron en
un disefio completamente al azar y se
aplicé la cantidad de 1y 2 g de hidrogel y
el volumen de agua seglin corresponda a
cada tratamiento en estudio.

Absorcion de agua del hidrogel

La absorcion del hidrogel consistié en
medir la cantidad de agua que retiene.
Para lo cual se realizaron pesadas de 1y
2 gramos de hidrogel y se le aplic6 100 y
200 mLparalgy 200y 300 mLparaZ2g
de hidrogel. Se realizaron tres repeticiones
de cada tratamiento. Una vez iniciada
la hidratacién, se midié la cantidad de
agua retenida haciendo drenar el agua
no retenida y restandola de la cantidad
inicial. El tiempo de hidratacion fue de 20,
30, 60, 120 y 150 minutos.

Humedecimiento del hidrogel

Se tomaron tres tipos de suelo con
diferencias, texturas: arenoso, limoso y
arcilloso. Se tom6 muestra de cada suelo y
se dejo secar a la sombra. Posteriormente
se colocaron en recipientes de 20 cm de
didametro y 40 cm de alto. Se realizaron
tres repeticiones de cada tratamiento.
En cada recipiente se colocd en el centro
del recipiente 1 g de hidrogel hidratado.
Previa a la aplicacidn del hidrogel se midié
la humedad por gravimetria.

Después de 24h se tomd muestras del
suelo y se determiné su humedad por
gravimetria y asi establecer el aumento de
humedad de cada suelo. Los datos se tabu-
laron y analizaron mediante estadistica
descriptiva, con los estadigrafos, media y
desviacion estandar.
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RESULTADOS Y DISCUSION

Evaluacion de la absorcion del

hidrogel

El polimero de poliacrilamina tuvo
un limite de absorcion de agua de
103,25+6,8 mL (tabla 1) en un tiempo de
una hora. En un tiempo menor la absorciéon
es considerablemente menor, y en mayor
tiempolaabsorcidn esligeramente superior
a lo cual se consider6 como depreciable.
Con estos datos se pudo considerar que el
tiempo Optimo de hidrataciéon es de una
hora y que en ese tiempo cada unidad de
hidrogel absorbe 103 mL. En la figura 1, se
observa la tendencia entre la cantidad de
agua absorbida y el tiempo.

Los resultados indican diferencia
respecto de la descripcion del producto, el
cual hace referencia de un aumento hasta
300 veces su peso.

En este caso al considerar volumen
se podria decir que llegd a 100 veces
su peso ya que por cada gramo absorbe
100 mL de agua (cada gramo equivale a
un mL de agua). Se deberia proseguir las
investigaciones para determinar cual es la
causa de dicha diferencia.

Tabla 1. Valores de agua absorbida del
hidrogel en distintos tiempos.

Table 1. Values of the hydrogel of water
absorbed at different times.

Tiempo (minuto) | Agua Absorbida (mL/g)
20 50+5
30 65+2,5
60 103,25+6,8
120 103,4+14,2
150 107,4+11,6

120 ~
110 ~
100 ~
90 ~
80 -
70 A
60 -

Absorded water (mL)

40 T T

20 40 60 80

100 120 140 160

Time (minute)

Figura 1. Tendencia de absorcion de agua del hidrogel en el tiempo.

Figure 1. Trend water absorption of the hydrogel over time.
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Sin embargo, comercialmente se sabe
que las empresas que proveen el hidrogel
sobreestiman sus propiedades. Otro aspecto
atomar en cuenta es el tipo de agua a utilizar,
en este sentido Bowman (1990) en ensayos
realizados con agua desionizada y agua
con 0,5 ds.m™? de conductividad eléctrica,
encontraron que se alcanzaba un maximo
de 420 g de retencion por cada g de hidrogel
en el agua desionizada y en el caso del agua
con 0,5 ds.m?, era ligeramente superior a
los 100 g, similar al resultado encontrado en
este estudio.

Arbona et al (2005), presentan un
aumento de peso de alrededor de 30%
al usar una concentraciéon de 0,4% de
hidroretenedor, frente a wun sustrato
tipo enmienda en dia cero y en el dia 21
presentaron un porcentaje superior al 60%.
El porcentaje de retencion de agua suele
estar dado por la composicién del producto.
Asi Martyn y Szot (2001) encontraron
diferencia al comparar dos productos: el
Alcosorb-400 y Akrygel-RP al ser mezclado
con diferentes sustratos. Por otrolado, Bresy
Weston (1993) encontraron un porcentaje de
retencion superior a 300% en dos diferentes
hidroretendores en estudio realizados con
la aplicacién de fertilizantes. Sobre la base
de esta informacion se puede concluir que
existe la necesidad de corroborar los datos
encontrados hasta el momento en esta
investigacion y evaluar otros factores que

pudieran estar influyendo en la retencion de
agua, lo que permitira tener una idea clara
antes de recomendar su uso en la zona de
produccion agricola de la region.

El hidrogel se comporta diferente
dependiendo de la textura del suelo. En
suelos de caracteristicas arenosa aumenta
un 14,7% la humedad, en suelo con textura
limosa 17,4% y en suelos pesados o
arcillosos un 14,5% (tabla 2). Los aumentos
de humedad son realmente considerables,
este fendmeno no se observa cuando el
suelo estd saturado o en capacidad de
campo. Se pudo observar también que el
gel practicamente desaparece al colocarlo
en suelo seco, y permanece sin modificarse
en suelos saturados.

Los hidroretenedores deben tener la
capacidad de una facil absorcion de agua
pero también de facilidad para entregar
agua. Esta entrega de agua al parecer
tiene relacion directa con el tipo de suelo
o sustrato, puesto que no seria lo mismo
proveer de agua en un suelo arenoso que
un suelo arcilloso y con cualquier otro
tipo de suelo, debido a las diferencias de
las propiedades fisicas. En este sentido
Martyn y Szot (2001), presentan valores
diferentes al aplicar hidrogel en dife-
rentes sustratos, muestran que con turba
la retencion de agua es superior que al ser
aplicada en sustrato de mezcla de turba,
con corteza de arboles o perlita.

Tabla 2. Humedecimiento del hidrogel en suelo de diferentes texturas.

Table 2. Wetting of the hydrogel in different soil textures.

Tipo de suelo Humedad seco (%) | Humedad hidratado (%)* | Incremento Promedio (%)
Arenoso 8 22,7+0,6 b 14,7
Limoso 14 31,4+1,15a 17,4
Arcillo 17 31,5+0,9 a 14,5

a, b: letras distintas en una misma columna indican diferencias estadisticas segin Tukey 0,05. * Probabilidad
estadistica P<0,01.

a, b: different letters in the same column indicate statistical differences according to Tukey 0.05. * Statistic
probability P <0.01.
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Otro parametro observado pero no
medido es el area a hidratar, el cual proba-
blemente esté relacionado con la cantidad
de hidrogel que se aplique y el tipo de suelo.
Por esta razon se necesita realizar inves-
tigaciones dirigidas para medir el area a
humedecer en funcién de la cantidad de
hidrogel y para cada tipo de suelo. Esto sin
duda permitira establecer la forma de apli-
cacion en el suelo. Por el momento los resul-
tados preliminares indican diferencia de

CONCLUSIONES

El hidrogel almacena alrededor de
103 mL de agua por cada gramo de
hidrogel. El tiempo necesario para que el
hidrogel almacene el agua es de una hora
como minimo. Ademas, existe una relacion
directa entre el tipo de suelo principal-
mente por su textura y la facilidad que
tiene el hidrogel hidratado en ceder agua
al suelo.

entrega de agua debido a la textura del suelo.
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ABSTRACT

This study aimed at assessing the effect of hydrogel on irrigation water use efficiency
and yield of Capsicum annuum crops. It was used the hybrid pepper variety El Salvador
as the experimental material, with row widths of 1.0 m and a 0.5 m separation between
plants. It was evaluated five pre-hydrated gel doses: 0.5, 1.0, 1.5, 2.0 and 2.5 g/plant.
Treatments were arranged in a randomized complete block design. The variables under
study were: water consumption, irrigation frequency and water use efficiency, plant
height, fruit characteristics, and yield. Results showed that hydrogel, at doses ranging
from 2 to 2.5 g/plant, reduced the depth of application from 388.6 mm to 197.6 and
196 mm, respectively. Water efficiency was correlated with hydrogel use producing up
to 10.1 kg.m*, whereas the control treatment reached 5.1 kg.m?3. Production variables
did not show statistical significance. The conclusion is that hydrogel worked as a water
retainer releasing water into the Fluvisol soil and making water use more efficient in
pepper crops, without affecting plant development.
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RESUMEN

El objetivo fue evaluar la influencia de la dosis de hidrogel en la eficiencia de riego y en
el rendimiento del cultivo de pimiento. Se utiliz6 como material experimental el hibrido
Salvador el mismo que se establecid a un distanciamiento de 1,0 m entre hileras y 0,5 entre
plantas. Se estudiaron cinco dosis: 0,5; 1,0; 1,5; 2,0 y 2,5 g/planta, el mismo que fue previa-
mente hidratado. Los tratamientos se establecieron en un disefio de bloques completos al
azar. Se midieron las variables relacionadas con el riego: consumo de agua, frecuencia de
riego y eficiencia del uso del agua; ademas, la altura de planta, caracteristicas del fruto y
el rendimiento. Los resultados indican que la aplicacion del hidrogel con una dosis entre 2
y 2,5 g/planta se obtiene una reduccion de la lamina de aplicacién de 388,6 mma 197,6 y
196 mm respectivamente. La eficiencia del agua tiene relacion con el hidrogel produciendo
hasta 10,1 kg.m™ a diferencia del testigo que alcanz6 5,1 kg.m?3. Las variables productivas
no presentaron influencia estadistica. Se puede concluir que el uso de hidrogel actiia como
un retenedor de agua que la libera facilmente en un suelo Fluvisol haciendo eficiente el uso

del agua en un cultivo de pimiento sin afectar su desarrollo.

Palabras clave

retencion de agua e consumo de agua e frecuencia de riego e rendimiento del pimiento

INTRODUCTION

In Ecuador, there is a broad supply
of water retainers or conditioners for
increasing water retention in agricultural
soils. However, they are generally used
without a proper consideration of soil and
crop types. This has perhaps limited the use
of this technology among local farmers. The
use of water retainers is still very sporadic
despite their broad spectrum of benefits;
probably due to the lack of scientific infor-
mation from local research concerning its
use. In the province of Manabi, and mainly
in places where there is difficulty to access
water, farmers use hydrogel on horticul-
tural and perennial crops, but without
considering any formal instructions on its
application, dose and soil type.

Buck and Evans (2010) found that
hydrogel could modify the physical prop-
erties of soils (ie. apparent and real
densities, pore spaces, and water retention
capacity). The changes were mainly asso-
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ciated with hydrogel dose. The modifica-
tions also occurred after adding other
soil improvers, for example peat, for this
reason hydrogel is also known as a soil
conditioner. Martyn and Szot (2001), after
evaluating two commercially available
hydrogel types, at different concentrations
in soil, found variations, though without
any clear trend. The same response was
produced by other organic components
such as peat and vermiculite. Rivera et al.
(2015) indicate that hydrogel has an effect
on the time the soil needs to dry up. On
the other hand, when used in dry soil,
hydrogel can moisten the soil in levels that
vary depending on soil type. Arbona et al.
(2005) reported an increase of 30% in soil
moisture after using hydrogel. Authors
such as Johnson and Leah (1990) and
Nissen (1995) have commented on the
importance of using hydrogel on forest
trees, especially during the sowing period.
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When water is scarce, it results in
massive loss of crops. Thus, hydrogel can
be used as a solution to prevent such
losses. Save et al. (1995) recognize that
hydrogel can decrease the frequency of
irrigation and reduce water lixiviation.
According to Santelices (2005), in Euca-
lyptus goblulus, harvested in the spring,
hydrogel contributed to the survival of
plants with less access to water. On this
ground, the aim was to assess the effect
of hydrogel on water use efficiency of
Capsicum annuum crops in Fluvisol soil.

MATERIALS AND METHODS

The study was conducted in the
Carrizal river valley, in the municipality
of Bolivar, Manabi, Ecuador. The valley
is typically formed by Fluvisol soil as a
consequence of previous floods. The area
is geographically located between 02 39’
34” South Latitude; and 802 02’ 45.07”,
West Longitude; at an altitude of 16
meters above sea level.

It was evaluated 5 doses of agricultural
hydrogel, comprised of 1% potassium poly-
acrylamide, which were added to the soil
at the base of each plant. The doses were:
0.5 (T1), 1.0 (T2), 1.5 (T3), 2.0 (T4) and
2.5 (T5) g/plant, plus a control treatment
consisting of a plot without hydrogel.

Soil characteristics

The soil was primarily composed of
Fluvisol, which is formed by sedimen-
tation layers (5). Its corresponding texture
was 70% sand, 8% silt and 22% clay. The
field capacity was 0.23 cm® (H,0)/cm?
(soil), with a total tension of 10 centibars
and an apparent density of 1.3 g/cm?.

Plant material

The hybrid pepper variety El Salvador
was used as the olant material, with row
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widths of 1.0 m and a 0.5 m separation
between plants. Seeds were placed in germi-
nating trays for transplant after 21 days.

Experimental design

A randomized complete block design.
Was used with four replicates for each
treatment. Each experimental unit
consisted of a 24 m? plot, with 48 plants
distributed along three drip irrigation
tubes of a 1.0 m separation and 32 m long.
Each treatment was replicated four times.

Hydration

Following the indications of Rivera et al.
(2015), hydrogel was hydrated before being
added to the soil, using 100 ml of water/g
for one hour. It was then placed in the soil at
a depth of 25 cm at each plant.

Irrigation

The drip irrigation system consisted
of an irrigation head, a filter, a pressure
gauge and a valve. The drip irrigation
tubes had a valve for controlling the flow
for each treatment. The lateral line had a
diameter of 50 mm, and the drip tubing
was of 16 mm in diameter, releasing a flow
of 4 L/h.

Irrigation was programmed through
tensiometers, which were used for each
treatment. First, data on tension and soil
moisture were collected, and then the
values were adjusted to fit the equation by
Van Genuchten (1980).

0s— Or )
[1+(ch)An]Aal/n—1

9=0r+(

where:

0 =moisture content (ata specific tension)
Or = residual moisture content

Os = saturation moisture content

h = soil tension

o = optimized parameter

n = optimized parameter
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Field capacity (FC) was 10 centibars.
Irrigation time was programmed at 20
centibars or above. After data collection, it
was used the replacement depth equation
as follows:

Lb=(CC-HA)xdaxDxFai

where:

Lb = raw sheet replacement

CC = field capacity

HA = moisture content during irrigation
da = apparent soil density

D = soil stratum depth

Fai = adaptation factor

After calculating the depth of irri-
gation, it was calculated the irrigation
time using the following equation:

Tr=raw volume/dripping flow rate

Analyzed parameters

Variables related to irrigation

It was considered water consumption
(mm), taken from the sum of the irri-
gation depths used for each irrigation; the
frequency, as the interval of days between
irrigations; and the total number of irriga-
tions. Water efficiency was obtained from
the relationship between consumption in
m? and kilograms of pepper produced.

Plant height
The height (cm) was measured from
the base of the plant up to the terminal apex
during days 7, 14, 21, 40, 60, 80 and 100
after transplant, using a measuring tape.

Fruit characteristics

Among these variables, was considered:
length, weight and diameter. Length and
diameter were measured in centimeters
using a Vernier caliper. Fruit weight was
measured in grams using an analytical
laboratory scale.
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Yield

As the sum of total harvest weight per
unit of area, expressed as t/ha. The total
number of fruits per plant was obtained
from the sum of the fruits produced from
the harvest divided by the number of plants.

Statistical Analysis

Using irrigation variable data, was
created average frequency tables showing
total water consumption for each
treatment. The other variables were eval-
uated through analysis of variance and the
Tukey test at the 5% level of probability.

RESULTS AND DISCUSSION

Data regarding irrigation variables are
presented in table 1 (page 27). Treatments
showed big numerical differences mainly
in water consumption. The differences
were more notorious in T4 and T5, with
values reaching total consumption of
197.6 y 196 mm, respectively.

The control treatment (without
hydrogel) reached a consumption of
388.6 mm, showing that it was possible to
save up to 40% water. With this respect,
Agaba et al. (2011) found that hydrogel,
at 0.4%, reduced at least half the water
consumption of the control treatment in a
sandy soil. In contrast to Montesano et al.
(2015), who found that the application of
hydrogel, at 2%, significantly increased
moisture retention in sandy soil; in this
type of soil, hydrogel tends to be more effi-
cient than in clay soils. Lopez et al. (2013),
while evaluating a polyacrylamide hydro-
philic polymer on Anaheim chili, found that
it reduced the volume of water, though not
down to the level shown in this study. This
may be due to the fact that, in this research,
the polymer was placed at the base of each
plant, which proved to be more efficient.
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Table 1. The six treatments and variables related to irrigation.

Tabla 1. Variables relacionadas con el riego en los tratamientos en estudio

Treatments | Water use (mm) frec{flzlﬁs;lg;lays) irriga(zifons Wat@l;((;f'flﬁlgncy
T1 376.1 2y3 44 5.5
T2 374.4 2y3 44 5.3
T3 301.6 2y4 36 6.7
T4 197.6 3y6 22 9.9
T5 196 3y6 22 10.1
Control 388.6 2y3 44 5.1

* Kilogram of pepper produced per cubic meter of water.

* Kilogramo de pimiento producido por metro ctbico de agua.

Previous research has used a mix of
soil substrates in pots (5, 6, 10, 13), but
when used in the field, during normal plant
development, it may be possible to obtain
different results.

Irrigation frequency varied from 2 to
6 days depending on the treatment. This
happened because the frequency was
not pre-established, but was subjected to
soil tension, which was influenced by the
effect of hydrogel. Treatments with more
hydrogel (T4 and T5) reported up to a
six-day irrigation interval. Treatment T1, T2
and Control had a frequency of 2 and 3 days,
respectively. T3 had a frequency ranging
from 2 to 4 days. This frequency increase
made the number of irrigations smaller,
thus less water was needed. Wadas et al.
(2010), from experiments carried out in
Eucalyptus urograndis plantations, argue
that moderated stress symptoms, due to
water deficit, can last up to ten days.

The obtained water use efficiency
suggests that the application of hydrogel,
at doses between 2.0 y 2.5 g/plant, can
produce up to 10.1 kgm-* of C. annum
showing higher values than other treat-
ments. Lopez et al. (2013), while evaluating
a water-absorbing polymer, at a dose of
25 kghatadded to a sandy-loam soil, did not
find any statistically significant differences.
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Hydrogel is considered to be an essential
element for saving water in pepper crops,
without affecting its productivity.

Hydrogel particles retain water, and
then slowly release it into the soil when
the plant needs it. Water encapsulation
inside the hydrogel particle prevents
losses due to evaporation, intensifying
the effect when the particle is in the soil.
However, the stress caused by dry soil
makes hydrogel particles release the
encapsulated water. On the other hand,
Rivera Fernandez et al. (2018) comment
on the relationship between soil texture
and water conveyance by hydrogel. Also,
the specific soil particle surface has been
found to affect water retention in soil
(18). It is necessary to emphasize that
the above-mentioned outcomes occurred
when the doses of hydrogel ranged
between 2.0 y 2.5 grams per plant; using
it in lesser amounts did not produce any
effect. Therefore, we can argue that an
increase in hydrogel levels makes water
retention more efficient, as stated by
Idrobo et al. (2010), who studied hydrogel
in sandy soils.

Plant height

Table 2 (page 28) shows plant height
values on the different evaluation days.
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Table 2. Average height values of the plants (cm) on different days.

Tabla 2. Valores promedios de la variable altura de planta (cm) en diferentes dias.

Plant height (days)
Treatments

7 14 21 40 60 80 100
T1 11.63 20.7 30.8 50.68 70.05 81.8 86.15
T2 11.73 20.43 31.03 50.13 71.13 82.63 84.63
T3 11.5 20.8 31.18 50.98 70.3 79.95 85.58
T4 11.48 20.13 31.63 51.48 70.43 80.9 84.78
T5 11.05 19.88 31.15 49.3 70.95 81.48 84.6
Control 11.73 20.1 30.68 50.38 70.08 80.53 85.75
Probability 0.9 0.87 0.97 0.4 0.53 0.33 0.63
Standard error 0.55 0.61 0.84 0.73 0.49 0.86 0.8

According to the analysis of variance, there
was no significant statistical difference
(p>0.05), which suggests that hydrogel
had no negative effect on crops. However,
there are numerical differences in each
one of the evaluations conducted.

The highest values on day 7 were
obtained with the Controland T2,11.73 cm;
followed by T1, 11.63. The smallest value
was obtained with T5, 11.05 cm. On day
14, all treatments showed an increase
in height, as in the first evaluation. T5
showed the smallest value, 19.88 cm. The
other treatments had values above 20 cm.
On day 21, there was a similar increase to
that of the first evaluations. Height, among

treatments, did not show a trend that
suggests a significant difference. The same
situation remained until day 100.

Fruit characteristics

Table 3 shows the characteristics of
C. annum fruits, with weight and length
not presenting any statistically significant
difference (p>0.05). However, as can
be seen, there were differences in fruit
diameter (p=0.002). With respect to weight,
despite not showing statistical differences,
it was observed that all treatments exceed
100 g, with T1 having the largest average
value, 114.87 g, and T2 the smallest mean
value, 106.98 g.

Table 3. Variables related to pepper fruit characteristics.

Tabla 3. Variables de las caracteristicas del fruto de pimiento.

Treatments Fruit variables
Fruit weight (g) | Length (cm) | Diameter (cm)

T1 114.87 12.13 5.93 ab
T2 106.98 10.15 5.45 bc
T3 107.93 12.53 6.08 a
T4 107.55 10.13 5.58 abc
T5 108.18 12.63 5.88 abc
Control 109.8 11.43 5.38¢
Probability 0.31 0.36 0.002
Standard error 2.56 1.04 0.11

Different letters in a column indicate statistical difference, Tukey at 0.05.

Letras diferentes en una columna indica diferencias estadisticas, Tukey 0,05.
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In the initial harvests, pepper fruits
had more weight than at the end of the
experiment. Likewise, the variability in
fruit characteristics, even from the same
treatment, was high. The values presented
here are the average results from all
harvests, thus they give the impression of
having less variability.

Fruit length and weight presented only
numerical differences and not any statis-
tical significance. Values ranged from
10.13 to 12.63 cm, T4 and T3, respectively.
As with weight, there was a high vari-
ability among pepper fruits. Sometimes
fruits were of 25 cm in diameter, but other
times, they were only 5 cm.

Diameter was affected by the studied
variable, showing statistical differences
(p=0.002). T3 was different from the other
treatments obtaining the first statistical
category with an average value of 6.08 cm.
The smallest diameter was that of the
control treatment with 5.38 cm. Despite
having statistical difference, variation
among treatments is not as notorious as
with the previously analyzed variables.

Fruit variables such as length and
diameter are important when commercial-
izing the product. Fruit must preferably be
between 12-15 cm in size. However, in this
study, most fruits were above or below this
size, which made fruit classification more
difficult. These variables are determined
by the characteristics of the plant material.
Other variables related to crop management,
for example fertilization, irrigation and
number of fruits per plant are also influential.
There could be plant material with more
length, such as Tikal, which was studied by
Lesser (2004), reaching 17.88 cm in size. The
other material evaluated by the same author
ranged between 10.12 y 14.56 cm.

Yield

Yield variables did not show statistical
differences (p>0.05). The number of fruits
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per plant ranged from 8.93 y 9.35, treat-
ments T1 and T2, respectively. The values
were obtained from the sum of all harvests.
Yield, in tha?, was not affected by
hydrogel, presenting similar yield values.
This may be due to the fact that all treat-
ments received the required amount of
water. Treatment T1 obtained the largest
average value 20.53 t.ha!, followed by T3
with 20.3 t.hal, and T4 with the smallest
mean value of 19.48 t.hal. After obtaining
high differences between hybrid and tradi-
tional varieties, Lesser (2004) concluded
that yield is dependent on plant material.

Table 4. Yield, expressed in number of
fruits per plant and tons per hectare.
Tabla 4. Rendimiento en nimeros

de frutos por planta y toneladas
por hectarea.

Treatments # fruits/plant t.ha'
T1 8.93 20.53
T2 9.35 20.03
T3 9.4 20.3
T4 9.05 19.48
T5 9.1 19.7
Control 9.08 19.95
Probability 0.54 091
Standard error 0.2 0.72

CONCLUSIONS

Hydrogel, at doses between 2 to
2.5 g/plant, reduced irrigation water
consumption making water use more
efficient by producing twice as many kilo-
grams of pepper per cubic meter of water.

Hydrogel, when added to Fluvisol soil,
increased the water retention capacity,and
released water into the soil when needed,
without affecting the yield because no
difference was found when compared to
yield values from the control treatment.
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The phenomenon of cavitation in grapevine...
Unravelling implicated mechanisms

El fendmeno de la cavitacion en vid...
Descifrando los mecanismos implicados

Inés Hugalde !, Marcos Bonada 2, Hernan Vila *
Originales: Recepcion: 18/04 /2017 - Aceptacion: 07 /11/2017
ABSTRACT

Cavitation is a physiological dysfunction that takes place in the xylem of water stressed
plants. Itleads to aloss of hydraulic conductance (k) as the vessels are filled with air. This
impacts water supply, water potential (¥, ) and canopy hydration. Stomatal clossure is an
effective response upon diminishing momentary or seasonal foliar hydraulic contents.
Depending on each type of plant, stomata may close preventing catastrophic cavita-
tions. This research intended to understand how stomatal control acts upon cavitation
events in two contrasting grapevine varieties, Syrah and Grenache. A mechanistic was
developed model based on the water and vapour fluxes, k , stomata conductance (g),
and the vulnerability to cavitation of the xylematic tissue. The theoretical model explains
how plants respond to drought and avoid catastrophic cavitation. Water stressed grape-
vines couple their g with their k, in order to avoid embolism. It is not stomatal closure,
by istself, the controlling mechanism. Grapevines under mild water stress, do not need
to completely close their stomata in order to avoid cavitation, therefore, photosynthesis
is not completely impeded, and the cost in terms of carbon assimilation is less than
expected for other species.

Keywords
cavitation e stomatal conductance ¢ hydraulic conductance ¢ mechanistic model e
Syrah e Grenache
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RESUMEN

La cavitacion es una disfuncion fisioldgica que ocurre en el xilema de las plantas bajo
déficit hidrico, y que entrafia una pérdida de su conductancia hidraulica (k ), cuando
algunos vasos se llenan de aire. Esto incide negativamente sobre la oferta de agua y
afecta el potencial hidrico foliar (¥,) y la hidratacion de la canopia. El cierre estomatico
es una respuesta efectiva ante la disminucion del contenido hidrico. Dependiendo de la
especie vegetal, los estomas suelen cerrase para evitar la cavitacion catastrofica. Mediante
un modelo mecanistico, que se construyd teniendo en cuenta los flujos de agua y vapor,
las k; y conductancia estomatica (g_), y la vulnerabilidad del xilema a cavitar; se prob6
que g_no es la Unica variable responsable de frenar la embolia. Se determin6 que g_y
k estan intimamente asociadas y que este acople entre ambas conductancias es lo que
frena la embolia. Se concluyd que, en la vid y bajo niveles de estrés hidrico moderado, no
es necesario un cierre estomatico para controlar la cavitacion. Por esto, el mecanismo de
control de la cavitacién en la vid no conlleva un costo en términos de intercambio gaseoso.

Palabras clave

cavitacion e conductancia estomdtica e conductancia hidraulica e modelo mecanistico

e Syrah e Grenache

INTRODUCTION

Drought resistant crops have adaptive
physiological and morphological traits
that allow them to survive and grow under
severe water deficit, resisting dehydration
(14, 24). The origin of plant dehydration
is embolism formation and catastrophic
cavitation. In a dry soil, with low water
potential, increasing xylem tension,
triggers cavitation. This phenomenon
consists on the formation of air bubbles
inside the xylem vessels, and subsequently,
the breakage of the water column (35). As
consequence, the plant suffers a loss of
hydraulic conductance (k, )and desiccation
(6, 11, 34, 35). Vulnerability curves relate
the percentage loss of plant k (PLC)
or embolism to the increasing applied
pressures that cause that drop of k. This
pressure may be paralleled to the xylem
tension, given that this positive pressure
can be considered as equal, but opposite,
to the negative pressure inside the xylem
(1,12, 31, 34).

34

It is well known that stomatal control
prevents excessive water loss in an
attempt to maintain k and prevent
desiccation under high evaporative
conditions. Several authors have also
concluded that stomatal adjustment limits
cavitation (4, 8, 15, 19, 21, 28) and that
the mechanism is subjected to hydraulic
and hydromechanic laws (3, 4, 11). In
general, grapevines have been considered
as drought avoiding specie due to their
efficient stomatal control (8). Most of
the water that enters the plant (consti-
tuting k ), leaves through opened stomata
(depending on stomatal conductance, g)
as transpiration (E) (9).

In this sense, many authors have
already studied the relationship between
g, and ku concluding that in most species,
including grapevine, both conductances
are tightly correlated (17, 18, 21, 29, 39).
While aquaporins, in roots, act as the
entrance valves for water (20, 28), stomata
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in leaves act as water vapour exit valves
that limit transpiration (E).

However, recent insights, cast doubt
on the main role of stomatal closure on
the embolism-avoidance strategy (38, 39),
besides the fact that the actual involved
mechanism is still not elucidated (2, 16).

In addition, grapevines have shown
to own a highly resistant xylem (10)
that cavitates at higher tensions than
previously thought, keeping k between
certain values before stomata respond.
In this context, this research intended
to study the cavitation phenomenon in
grapevines and the mechanisms involved
in its control. It tried to comprehend
on a mechanistic manner, the stomatal
functioning, its relation to the cavitation
phenomenon, and the physical laws that
rule them. This was achieved by comple-
menting the construction of a functional
and dynamic model with the comparison
of two contrasting varieties, Syrah and
Grenache, under two different water treat-
ments, grown in pots, inside a greenhouse.
These varieties were chosen because they
have been reported as opposite in regards
to stomatal behaviour, isohydric and
anisohydric, respectively (8, 9), However,
this classification is currently under
strong debate (8, 14, 19, 21, 29). Given
this controversy, tried to try the model
as well as the varieties' behaviour under
these conditions.

Model developing

Several models have been developed
describing and explaining the stomatal
functioning (8). The model includes
several sub-models and relates them in an
attempt to explain embolism control by
hydraulic traits in grapevine, adding the
"vulnerability to cavitation element”, and
clarifying the coupling mechanism that
achieves embolism control.
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This model is based on the Ohm's law
analogue concept (37) that states that
the flow (J ) escaping through stomata,
called transpiration (E), constitutes the
impulsive force that drives water along
the xylem vessels. This suction that occurs
inside the xylem vessels is expressed in
terms of water potential (W; MPa). Finally,
this W difference between soil and leaves
(A¥) is what allows water to move from
one place to the other (13, 37).

Jw = ﬁ = kLAlP: E; (1)
R
A\Ij = IIj.&mil - \PL (2)

where:
J,, = E, is transpiration (mmol H,0 m*s™)
R =hydraulicresistance =1/k, (1/ (mmol
H,0 m?s™ MPa™))
k =hydraulic conductance (mmol H,0 m*s™
MPa™)
AY = water potential difference (MPa)
Y = soil water potential (MPa)

soil

W, = leaf water potential (MPa)

Assuming that species like grapevines
have null capacitance (25); (meaning that
there is no water storage due to the water
potential difference), ] A equals E (1), and
may be expressed by Fick’s law as follows:

_ leggy—e) (3)
P.(gs"'+gb™)

where:
E = transpiration (mmol H,0 m*s!)
(« )~ e )/Pa”= q" which is the difference
of water vapour concentration between
leaf and atmosphere, the vapour pressure
gradient from leaf to air (dimensionless
variable, it is a ratio of pressures).
(9,"+g,") = sum of stomatal and boundary
layer resistances (1/mmol H,0 m?s™).
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Then, by replacing (2) and (3) in (1), is
obtained (4)

' -1 -1
q7g +g @)

Y =¥ -
L soil
k,
where:
q' = vapour pressure gradient from leaf to air.

Eq. (4) formalizes the relationship
between Y, q’ g, and kL.

The next step in this model development
is to relate plant embolism (Emb) to the
hydraulics described. Emb inversely depends
on water potential (V). For more negative
values of W, higher percentages of Emb can be
measured. In the model, Emb was interpreted
by means of the mathematical adjustment of
the sigmoid vulnerability curves of grape-
vines to a piece-wise defined function, shown
as follows in figure 1.

In the first piece of the function, up to
certain | = ¥, Emb equals cero (5). This
part of the function is called "lag" and
corresponds to a range of ‘P, values where no
embolism takes place. When ‘¥, diminishes
because of increasing water deficit, exceeding
Y1, Emb lineally depends on Y, and
grows until maximum Emb -ie. 100%- is
achieved for Y=Y, (6). On or after Y.,
Emb equals 1 (or 100%; (7); figure 1).

Emb=0 N - (5)

Emb=a+b¥,;¥, >¥, <v¥,, (6

Emb =1 v, <y, (M

By trigonometry, equation (6) can
mathematically be expressed as (8):

=w;%1 <y, <vy,0)

2 Tt

Emb

Then, by replacing (4) in (6) is obtained
the suffered Emb as output of the model,
(Equation 9), for the part of the function in
which Emb linearly depends on \¥,.

36

100%%

> g (-; MPa
\_I_leLl ( )

Wi,
lag

The "lag" indicates the pressures under ¥, where no
embolism takes place. Note that ¥ are negative values.

El "lag" indica la presion bajo la cual no existe
embolia. Los valores de ¥ son negativos.
Figure 1: Theoretical vulnerability curve
for grapevines. ¥, the pressure at which
embolism starts, and Y, the pressure at
which embolism reaches its maximum value.

Figura 1: Curva tedrica de vulnerabilidad
paravid. ¥, la presion ala cual
comienza la embolia, y Y., la presién a la
cual existe embolia maxima.

q/g.' +g,'
g 418 TE g
( soil kL ) L1 (9)
b4

Emb =

\IJL2 —tn

Equation 9 probes that plant embolism
effectively depends on g, although notina
direct manner, but through its interaction
with other variables, like g (that depends
on leaf temperature T, and atmos-
pheric variables), the boundary layer
conductance (g, that varies with wind
speed) and most importantly, with k,
that depends on root aquaporin activity
(36). With respect to the g_vs. k, relation,
it has been widely proved that they are
strongly correlated throughout the day;
and this study corroborated this fact
(R=0.8438, p =0.000, figure 2, page 37).

In this study, it is created a new
variable called Ag_ that represents the
ratio between g_and k
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Figure 2. Correlation between stomatal conductance (g, mmol H,0 m?s™) and
hydraulic conductance (k,, mmol H,0 m?s™* MPa™) for Syrah.

Figura 2. Correlacion entre conductancia estomatica (g, mmol H,O m*?s*) y
conductancia hidréulica (k , mmol H,0 m* s MPa™) para Syrah.

The model also shows the feedback
relationship between Emb and k_ This
feedback process states that Emb depends
on ku while, at the same time, kL depends
on Emb, as the former diminishes when
the last rises.

Figure 3 (page 38), shows the dynamic
mechanistic model that explains how the
relationship between g_and k; controls
embolism, and how embolism, in turn,
modifies k in a feedback loop. The k;
(2) is the result of a k before embolism
(k,,, or maximum k; 3), then affected by
embolism (1). The k , is a function of the
time of dayand ¥_.

The model adopted several already
existing models to fit into the general model.

The g_(5) is interpreted by the Buckley
et al. model (2003); g, and leaf temper-
ature (T,) are expressed by the Campbell
and Norman (2012) equations (4); v,
(osmotic water potential of the guard cell),

Tomo 50 ¢ N°2 « 2018

included in g_(5), is empirically expressed
by Taiz and Zeiger (1998) and Tardieu and
Simonneau (1998). The entry variables
are ¥ , ¥, time of day (hour), Yo, T,
e,/P,, wind speed and solar radiation. The
model output is Embolism (1).

Model parameterizing

To parameterize the model, it was
designed an experiment with Grenache
and Syrah plants, under field capacity
and water stress. It was measured gas
exchange and ¥, during a complete day,
from predawn to 18 h. The k was calcu-
lated for each moment along the day, and
atime dependent equation was then fitted
to the data. Vulnerability curves were
constructed and embolism achieved along
the day was estimated.
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MATERIALS AND METHODS

Vines and site

The experiment was undertaken
during the season 2012/2013 at the
INTA's Experimental Station, in Mendoza,
Argentina.

A factorial experiment combining
2-year-old Syrah and Grenache grapevines
and two water regimes was established
on the summer of 2012. In quadruplicate,
dormant own-rooted vines were removed
from their 4-L pots and replanted on a
sandy loam substrate on 15-L pots to
allow good growth during the season.

Water regimes, named field capacity
(FC) and water deficit (WD), were irrigated
with 100% and 50% of the fraction of
transpirable soil water (FTSW), respectively,
as follow. Immediately after replanting all
vines were irrigated to saturation and water
treatments were applied; the FC treatment
was watered every two days to maintain
100% FTSW whereas the WD treatment
was left without irrigation for a week until
it reached the targeted soil moisture of 50%
FTSW (0.16 g/g). After the WD pots achieved
the desired soil moisture, pots were watered
every two days replenishing the transpired
water. Water regimes were maintained for
three months. Moisture was measured every
two days using moisture probes (ECH20
EC-5 sensors, Decagon devices, USA). Vines
were trained to one shoot and grown in a
greenhouse with daily average temperature
of 25°C and photosynthetic active radiation
of 800 umoles m2es™,

Water potential and gas exchange
measurements

A portable photosynthesis system
(CIRAS-2, PP Systems, Hertfordshire U.K)
was used to measure instantaneous leaf
gas exchange. Measurements were carried
out every two hours from 6am and 6pm.
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The CO, concentration of the incoming
air was maintained at 375 pmolemol™.
The same leaves used for gas exchange
assessment were used to measure leaf
water potential (W ), with the Scholander
pressure chamber (Biocontrol, Cérdoba,
Argentina), using the procedure of Hsiao
(37). Predawn water potential (¥,))
was considered as a proxy to soil water
potential (¥_).

Water vapour concentration at leaf
temperature (eSm)/Pa; hPa), was calcu-
lated via the equation of Teten.

e,=6.11 x Exp 17.502 %7, (10)
T, +240.97

where:
T, = leaf temperature
Hydraulic conductance was calculated
through the Van den Honert law, with o
¥, and E for every assessed moment of
the day.

Leaf embolism along the day (Emb)
was estimated from the daily course curves
of ¥, and the vulnerability curves, for
each plant. Both curves were related and
the positive pressures achieved for the
vulnerability curves were directly linked to
the ¥, measured along the day, assigning an
embolism value to each moment and plant.

Vulnerability curves

The loss of kH to increasing ¥, ie.
cavitation, was studied by constructing
vulnerability curves for each plant: after all
water potential and gas exchange measure-
ments finished, shoots were harvested
and transported to the laboratory for
vulnerability curves construction.
Previously, every leaf was removed from
the stem, and the cut surfaces were
sealed with contact glue. Vulnerability
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curves were constructed following the
"Air Injection Long" method already described
(10), using a double ended pressure sleeve
connected to a Scholander pressure chamber
(Biocontrol, Coérdoba, Argentina;). First,
the shoots were flushed for 30 minutes
using distilled, degassed 5% potassium
hypochlorite (KCIO) solution, removing
all embolisms and obtaining maximum k,
(K, )- Then, successive pressure cycles were
imposed. The air pressure in the chamber
was increased to a specific value and held
for 10 minutes before it was reduced back to
cero. Air pressure was successively increased
to higher levels and hydraulic measures
were taken, obtaining the k;, for each cycle.
Percentage loss of conductivity (PLC) was
calculated for each cycle relative tok, .

PLC=100x (1-(k /k_))=(k_-k)/k

max max.

Statistics and data analysis

Differences between treatments were
assessed by multifactor and one-way
ANOVA, followed by LSD test (p< 0.05) using
Stat Graphics Plus (Statistical Graphics Corp.;
StatSoft, Inc., 2003). When homogeneity of
variance was not reached, non-parametrical
analyses were carried out.

RESULTS

Water relations: water potential
and stomatal conductance

The imposed water deficit had an evident
effect on '¥|. The water deficit (WD) treat-
ments provoked a significantly lower (more
negative) ‘¥, than those of the field capacity
(FC) plants. For midday water potential
(‘) interaction between treatments was
significant (varieties vs. water treatments;
p = 0.0333). As for stomatal conductance
(g), the WD treatments had significantly
lower values than the FC ones, for the whole
day course (p = 0,01; figure 4, page 41).

40

Once all vulnerability curves were
obtained, each one was adjusted to a piece-
wise defined function as described in the
"Model developing" section: The first piece of
the function, were no cavitation or embolism
(Emb) has already happened, is called "lag"
and equals cero for Emb; while the second
part of the function, showing increasing
cavitation, is fitted to a straight line equation
(figure 1, page 36 and figure 5, page 41).

The ANOVA analysis for the straight
line fitting parameters a (intercept) and
b (slope) showed that neither statisti-
cally significant interaction, nor significant
differences existed among varieties or
water treatments (table 1, page 42). This
means that under the experimental condi-
tions, no xylem adaptation upon water
stress occurred.

Xylem embolism vs. water relations,
throughout day

Estimated  embolism  throughout
the day was only achieved in four cases,
because most of the plants had vulnerability
curves with long lags that started from
-1.5 MPa, while this ¥, value was generally
not achieved in the greenhouse. As leaf
embolism directly depends on Y, both
variables followed similar, though opposite
daily courses. Lower ¥, corresponded to
higher cavitation values (figure 6, page 42).

When it was observed the daily courses
of embolism and g_for the four plants that
did cavitate, it was observed that there was
no relation between both variables that
could explain embolism control. Stomatal
closure events (reduction ong ) vs.embolism
detention did not correlate throughout the
day, meaning that stomatal conductance,
per se, is independent of embolism (figure
7 page 42). This conclusion was already
achieved theoretically by means of the
model that clearly showed that the coupling
between g, and ku (and not g, alone), is, in
fact, the controlling switch.
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Each point corresponds to the mean # one SE for water deficit (WD; dotted line) and field
capacity (FC; solid line) treatments.

Cada punto corresponde a la media + un error para déficit hidrico (WD; linea de puntos) y capacidad de
campo (FC; linea entera).
Figure 4. Daily course of stomatal conductance (g, mmol H,0 m*s*) for Grenache (A)
and Syrah (B).
Figura 4. Dindmica de la conductancia estomatica a lo largo de un dia
(g, mmol H,0 m?s-') para Grenache (A) y Syrah (B).
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Dots indicate values from a single shoot. Straight line indicates fitted linear curve.
Los puntos indican los valores medidos en un tallo. La linea indica el ajuste lineal obtenido.

Figure 5. Vulnerability curve measured in Grenache under water stress [percentage
loss of hydraulic conductance (PLC) vs. pressure (WL)]. The pointed ¥ , and ¥, are the
pressures at which xylem embolism starts and equals 100%, respectively. Under ¥ , no

embolism takes place.
Figura 5. Curva de vulnerabilidad medida en Grenache bajo estrés hidrico [porcentaje
de pérdida de conductancia hidraulica (PLC) vs. presion (¥,)]. Los valores de ¥ |
y ¥, sefialados son las presiones a las que la embolia comenz6 y alcanzo el 100%,
respectivamente. Debajo de ¥ | no existe embolia.
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Table 1. Straight line fitting parameters b
(slope) and a (intercept) for vulnerability
curves in Grenache and Syrah cultivars,
under field capacity (FC) and water
deficit (WD). Data are means and p-values
are from the ANOVA.

Tabla 1. Parametros de ajuste lineal b
(pendiente) y a (intercepto) para curvas de
vulnerabilidad en Grenache y Syrah, bajo
capacidad de campo (FC) y déficit hidrico
(WD). Los datos son medias de mediciones
y los p-values provienen del ANOVA.
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Figure 6. Daily course of water potential

- (¥, solid line) and embolism (dotted
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- line). Values are means from the three
Cultivar (C) .
Grenache -0.8855 19221 Syrah vines and the one Grenache plant
Syrah 08678 14316 suffering embolisms throughout the day.
p value 0.9615 0.6209 Figura 6. Dinamica del potencial
Water treatment (W) hidrico (¥ ; linea entera) y la embolia
FC -0.6077 -1.0930 (linea punteada) a lo largo del dia. Los
WD -1.1457 -2.2607 valores son la media para tres plantas
p value 0.1596 0.2501 de Syrah y una planta de Grenache en
p value (C x W)) 0.8775 0.9983 condiciones de embolia.
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Figure 7. Daily course of stomatal conductance (g black squares) and embolism
(black diamonds) for two vines that suffered embolism under no stress (A) and under
water deficit (B). Clear independence between both curves is shown.

Figura 7. Cinética de la conductancia estomatica (g; cuadros negros) y la embolia
(diamantes blancos) a lo largo de un dia para dos vides que sufren embolia
bajo condiciones de riego suficiente (A) y bajo estrés hidrico (B). Notar la clara
independencia entre ambas curvas.

42

Revista de la Facultad de Ciencias Agrarias

Water potential (MPa)



The phenomenon of cavitation in grapevine...

Unravelling implicated mechanisms

Simulations

Figure 8, shows how embolism, Y,
g and k behaved under water stress
(¥,,,=-0.2), constant ambient circum-
stances and a variable guard cell osmotic
adjustment (T[g). The m, modifies, in
a significant manner, the stomatal
adjustment (Buckley et al, 2003). In this
case, it was modified T by increasing its
value by 20% for case A; and diminishing

m, by 20% in case B. Notice that as ¥,
gets more negative and achieves -2 MPa,
embolism starts and g_ couples with k
(Ag, = 28), allowing a maximum embolism
of 45% for simulation B. For simulation A,
were ¥, does not grow over the threshold
value and no embolism takes place, the
coupling is much less evident (Ag_= 16).
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Arrows in figure A show that no embolism occurs, stomatal conductance (g ) does not couple with
hydraulic conductance (k,) and Ag =16. Arrows in figure B show that as soon as embolism starts, stomatal
conductance (g ) couples with hydraulic conductance (k) achieving a Ag =28. (Embolism and k; black
diamonds; ¥, and g; white diamonds).

Las flechas en la figura A muestran que la embolia no ocurre, la conductancia estomatica (g_) no se acopla con
la conductancia hidraulica (k ) y Ag.=16. Las flechas en la figura B indican que en cuanto comienza a haber
embolia, la g_se acopla con lak; alcanzando un Ag =28. (Embolay k ; rombos negros; ¥, y g ; rombos blancos).

Figure 8. Simulations of embolism, ¥, g_and k, under water stress (¥_,=-0.2),
constant ambient circumstances and variable guard cell osmotic adjustment (mg).
A: tg augmented by 20%. B: tg diminished by 20%.

Figura 8. Simulaciones de embolia, ¥, gy k bajo estrés hidrico (‘Psoil=—0,2),
circunstancias ambientales constantes y ajuste osmético de la célula
guardiana variable (mg). A: mg aumentado un 20%. B: g disminuido un 20%.
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DISCUSSION

These measurements and the ideated
mechanistic model, demonstrated that
embolism and g are independent.
Embolism depends on g_in addition to other
physiological and ambient variables; like
xylem vulnerability, k , difference on water
vapour between leaf and atmosphere, and
boundary layer conductance. In this study
g. and k were tightly associated (R = 0.70).
Through the model, it could be shown that
the daily embolism restraint was linked
to the variation that g_suffered in intimate
relation with k ,and not to g_itself. This tight
relation between both conductances has
already been widely observed in grapevine
and trees (17, 21, 29, 39). This puts in
evidence that g responds to variations
in kL; and that both variables, in mutual
interaction, control embolism in grapevines.

Apparently, k and g are related
because, under drought, stomata operate
allowing photosynthesis and preventing
desiccation at the same time (7, 8). Conse-
quently, g must respond to k, since
changes in k influence plant and leaf
water status (17). Therefore, the effect of
g, as prime embolism restraint attributed
in grapevines and other species, could be
related to the fact that both conductances
are strongly coordinated (21, 29, 39).

In relation to the generated model, it
should be settled that the input variable
ku is affected by the intrinsic embolism
level, including a feedback process.

The model measures the phenomenon
while k, grows, (and it grows despite of
the portion of hydraulic conductivity that
embolism captures, probably by the action
of the root aquaporins) (36).

In fact, the model functions calculating
embolismin atimet, from embolism in time

44

t-1 (integrated in the inputvariable, k ). This
iscorrectinnegative feedbackmechanisms,
as embolism control shows to be (30). It
might also be probable that this embolism
that affects k is, partly, responsible for
the stricter coupling of g_and k. Nardini
and Salleo (2000), explained that in many
species embolism cannot be completely
avoided and that it could constitute the
signal that stomata need to start closing
up. This can be reinterpreted as follows:
stomata actually respond to a lower k;
caused by certain embolism formation,
coupling itself to this changing k; .

The obtained vulnerability curves
were not different among treatments.
Therefore, for the achieved water deficit,
no xylem adaptation took place. It might
be possible that differences among
varieties were not evidenced because the
stress levels achieved were not severe
enough to generate these adaptation
responses. It could also be possible that
the three months period during which
the plants lived was not long enough to
let the xylem system anatomically adapt
to the stressful situation. Besides, the
possibility of discriminating vulnerability
differences turns to be quite hard, given
that the phenomenon shows great intrinsic
variability in grapevines as in other species,
(21, 22, 23, 35). For this study, variation
coefficient for the "lag" value was 0.55.

Of great importance is to highlight
that in grapevines, embolism control
does not require complete stomatal
closure, meaning that photosynthesis is
not completely deprived, and the assimi-
lation cost is not as high as expected for
other species.
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In this experiment, under severe
water stress (W ,=-0.2 MPa, and 50%
embolism) g was significantly reduced
but never achieved complete stomatal
closure. In less stressful conditions,
embolism is well controlled while stomata
are maintained opened.

In 2011, Zufferey et al. (2011) found
that stomata closed up only after 90% of

the plant can keep on photosynthesizing
and, at the same time, avoid catastrophic
cavitation (cavitation levels at which
the plant cannot recover and dyes). In
this sense, it is one remarkable species
that may require low amounts of water,
and still produce quantity and quality of
fruit, without the risk of suffering severe
embolism events.

embolism was achieved. This means that
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Planting density and its effect on plant height and rosette
quality in ornamental cabbages for cutting

Efecto de la densidad de plantacion sobre altura de planta y calidad
de roseta en repollos ornamentales de corte

Yoo Ree Kim, Libertad Mascarini, Gabriel Antonio Lorenzo, Mariel Norma Gonzalez
Originales: Recepcion: 17/02/2017 - Aceptacién: 22/08/2017
ABSTRACT

Brassica oleracea L. var. acephala is an ornamental cabbage cultivated as foliage
for cutting due to the coloration of the rosette formed by its apical leaves. The plant
height and the diameter of the rosettes may be modified through the planting density;
however, there is not enough information about this. The aim of this study was to assess
the influence of the planting density of four cultivars of B. oleracea L. var. acephala of
the series F1 Crane: Bicolor, Pink, Red and Rose, on the plant height, rosette diameter,
number of leaves, leaf area, root volume, and aerial and root fresh and dry weight. The
experimental design was completely randomized, with six repetitions. The combination
of density (56 plants.m? and 28 plants.m?) and cultivar allowed obtaining eight treat-
ments. The results showed that the treatments with high planting density improved
commercial quality indices: achieving greater stem height and more compact and
smaller diameter rosettes, leading to lower values of the rest of the vegetative variables
evaluated. Also, as productive alternative, it would allow a more efficient use of the soil
and reduce crop management activities such as manual leaves removal.

Keywords
Brassica oleracea L.  foliage for cutting ¢ market quality
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RESUMEN

Brassica oleracea L. var. acephala se cultiva como follaje para corte debido a la
coloracion de la roseta de hojas apicales de este repollo ornamental. Es posible
modificar la altura de las plantas y el diametro de las rosetas, para mejorar la calidad
comercial, a través de la densidad de plantacidn, sin embargo, no hay suficiente infor-
macion al respecto. Se evaluo6 la influencia de la densidad de plantacién en cuatro culti-
vares de la serie F1 Crane: Bicolor, Pink, Red y Rose, sobre altura del tallo, diametro
de roseta, numero de hojas, area foliar, volumen radical y peso fresco y seco, particio-
nados en vastago y raiz. El disefio experimental fue completamente aleatorizado (DCA),
con seis repeticiones. Por combinacion de factores densidad (56 pl.m?y 28 pl.m?) y
cultivar se obtuvieron 8 tratamientos. Una alta densidad de plantacion aumento la
calidad comercial de las plantas, las que tuvieron rosetas apicales mas compactas y de
menor didametro y mayor altura del tallo, reduciendo el resto de las variables vegetativas.
Asimismo, permitiria un uso mas eficiente de la tierra disminuyendo tareas de manejo
del cultivo tales como el deshoje de las varas.

Palabras clave

Brassica oleracea L.  follaje para corte ¢ calidad comercial

INTRODUCTION

Brassica oleracea L. var. acephala is a
biennial plant usually grown as an annual
for ornamental purposes. Ornamental
cabbages for cutting are used as substi-
tutes for flowers during autumn and
winter due to the decorative aspect of their
central leaves, that display different colors,
which are enhanced by the degradation
of chlorophylls induced by low tempera-
tures (13). Unlike that observed in other
varieties, the central leaves of B. oleracea
L. var. acephala develop a rosette-like
shape, without forming a 'head' at the top
of the plant (11). At the time of harvest,
the lower leaves are removed, leaving the
rosette on the top of the plant to give it a
flower-like appearance.

The commercial production of
ornamental cabbages wusually takes
place by the end of the summer, when
warm temperatures promote the growth
of plants. Growth stops when night

50

temperatures are below 15°C, time at
which the central and upper leaves
express their characteristic coloration.
An important management tool for the
commercial production of ornamental
cabbages is the choice of the number
of plants per unit area because several
factors such as the absorption of light, the
consumption of water and nutrients, and
the possible incidence of diseases depend
on this variable.

According to different researchers, in
order to satisfy the needs of the market,
the size and composition of edible broccoli
may be modified by different fertilizer (26)
but ornamental cabbages for cutting may
be modified through the management of
the planting density. However, there is still
notenough information on thisissue. Thus,
the aim of the present study was to assess
the differences in plant height and rosette
diameter, which are ornamental quality
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indexes, as well as in other vegetative
variables in four cultivars of the series F1
Crane of B. oleracea L. var. acephala under
two planting densities. A higher density of
plants leads to cabbages of greater height
and smaller rosette diameter, and reduces
the individual growth of cabbages,
affecting other components such as leaf
area, number of leaves, root volume, and
aerial and root fresh and dry weight.

MATERIALS AND METHODS

The experiment was carried out in
the experimental field of the Catedra
de Floricultura of the Faculty of
Agriculture of Buenos Aires University
(34°40' S, 58°30" W). Four cultivars of
B. oleracea L. var. acephala of the series
F1 Crane (American Takii Inc.) were used:
Bicolor, Red, Rose and Pink. Cultivation
began on February 3, 2012, starting from
seedlings from the propagation company,
on black plastic plug trays (150 cells of
28 cm?® each), with a substrate mix of
50:50 peat and perlite. The experiment
was carried out in a greenhouse under
controlled conditions for 14 days, time
at which plants were transplanted to the
field and sown in 0.8 m x 6.3 m flowerbeds
raised 0.2 m above the ground.

For each cultivar, two treatments with
different planting densities were carried
out: high density (56 plants m?) and low
density (28 plants m?), with a plantating
diagram of 12.5 x 15.0 cm and 25 x 30 cm
respectively. It was used a tutoring mesh
(grid of 15 cmx 12.5 cm) that was raised as
plants grew. Drip irrigation was managed
according to the needs of the crop, and the
necessary phytosanitary controls were
carried out. Harvest took place when the
upper leaves formed a colored center,
characteristic of each cultivar. Data of
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the mean daily temperature during the
experimental period were obtained from
the Central Observatory of Buenos Aires
(34°35'24"S 58°29'0" W).

The crop variables evaluated were:
i) rosette diameter, determined at harvest
as the average value of two perpendicular
measures; ii) plant height, recorded on a
weekly basis throughout the study with a
metric tape from the soil surface up to the
apex of the stem; iii) leaf area per plant,
determined at harvest time and estimated
by separating and scanning the leaves
of each plant; the images were analyzed
using Image] software; iv) number of
leaves per plant, counted twice a week
throughout the study, taking as a criterion
the fully expanded leaf; v) root volume
per plant, determined at harvest time
by dipping the root (separated from the
stem) in a test tube with a known volume
of water (100 mL) and subsequently
measuring the volume of the displaced
water; vi) rate of leaf appearance, calcu-
lated from the cumulative number of
new leaves per plant as a function of the
elapsed time; vii) aerial fresh weight
(AFW), considering the stem and the
"rosette” of leaves, composed of two
cycles of green leaves (eight leaves) taken
from the colored center; viii) root fresh
weight (RFW), determined by cutting the
roots taking as a point of reference the
first node located above their insertion;
and ix) aerial and root dry weight
(ADW and RDW respectively), determined
by separating the stems and the leaves
from the root and placing them in a stove
at 70°C until consistency of weight. A
TH-200 digital scale (accuracy 0.1 g) was
used for all weight measurements. The
measurements of all the studied variables
were completed on April 23, 2012.

The design was fully randomized with
a 2 x 4 (density and cultivar) factorial
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arrangement, with the plant as experi-
mental unit and six repetitions per
treatment. The statistical analysis was
performed using ANOVA and Tukey's Test
(p = 0.05), using the Infostat software
InfoStat / Professional V1.1 (8).

RESULTS

The evolution of the mean temperature
during the experimental period presented
a slightly descending trend, according to
the change of season (summer-autumn).
Coloration in the central leaves began to
appear once mean temperatures showed
a significant decrease (figure 1). This
change was verified simultaneously in all
the cultivars and showed to be gradually
intensified in the subsequent days.

Regarding the plant height, the curves
of the eight treatments showed a similar
pattern of response, but with different
magnitudes, which began to be obvious
several weeks after planting.

The cv. Bicolor showed the greatest
increases in plant height, mainly under
the condition of high density, and, in the
case of low density, in a shorter interval
(with significant differences (p<0.05)
respect to the cv. Pink and Rose). At the
end of the experiment, the plants culti-
vated at high density showed significant
differences with respect to those planted
at low density in all cultivars, except in
Pink (figure 2, page 53).

All together, the plants grown at high
density presented a final mean height
that was 18.4% higher than that of plants
grown at low density, with significant
differences between them.

Transplant to field
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The arrows show the moments of the field transplant, appearance of coloration in central leaves and harvest.

Las flechas indican los momentos de transplante a campo, aparicion de color en hojas centrales y cosecha.

Figure 1. Evolution of the mean temperature (°C) during the crop cycle
(summer-autumn 2012).

Figura 1. Evolucion de la temperatura media durante el ciclo del cultivo
(verano-otofio 2012).
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Figure 2. Mean final height (cm) in ornamental cabbage plants (Brassica oleracea
L. var. acephala) cv. Rose (Rs), Red (Rd), Pink (Pk) and Bicolor (Bc) at high planting
density (HD) (56 plants/m?) and low planting density (LD) (28 plants/m?).
The final height is the mean value * standard error.

Figura 2. Altura final promedio (cm) (valor medio * error estdndar) en plantas de
repollo ornamental (Brassica oleracea L. var. acephala) de los cv. Rose (Rs), Red (Rd),
Pink (Pk) y Bicolor (Bc) en los tratamientos con plantacién a alta densidad (AD)
56 plantas/m? y baja densidad (BD) 28 plantas/m?.

A significant density x cultivar
interaction for plant height was found only
for the first fifteen days from planting,
whereas in the successive periods, the
effects of both variables were independent
(table 1, page 54).

Rosette diameter was significantly
affected by planting density and cultivar,
but not by the interaction between these
factors. This variable was smaller in plants
sown at high density than in those sown at
low density, with significant differences in
all cultivars (figure 3, page 54).

The mean rosette diameter of all the
plants grown at high density was 32.7%
smaller than that of those grown at low
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density, with
(p<0.05).

On the other hand, without considering
the effect of density, it was found
differences between cultivars, where the
greatest mean rosette diameter was that of
Bicolor, which was significantly different
from that of Pink (p<0.05). Both the
planting density and the cultivar showed a
significant effect on this variable, whereas
the interaction of both factors did not.

The leaf area per plant presented
significant differences between densities
as well as between cultivars, but no
density x cultivar interactions were found.

significant  differences
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Table 1. Mean final height (cm) of the plant as a function of the planting density and
cultivar in B. oleracea L. var. acephala.

Tabla 1. Valores medios de altura final (cm) de la planta en funcién de los factores
densidad y cultivar en repollos de B. oleracea L. var. acephala.

i i . L Relative difference between high
Density Final height (cm) Signif. * | Standard error . .
density and low density

HD 47.98 b 1.08

18.41%

LD 39.15 a 1.08

Cultivar | Final height (cm) Signif.* | Standard error

Bicolor 47.15 b 2.02
Pink 42.65 a 2.02
Red 43.28 ab 2.02
Rose 41.28 a 2.02

* Different letters indicate significant differences (p<0.05). HD: High Density; LD: Low Density.
* Diferentes letras indican diferencias significativas (p<0,05). HD: Alta Densidad; LD: Baja Densidad.
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Figure 3. Comparison of rosette diameters (cm) in plants of ornamental cabbage

(Brassica oleracea L. var. acephala) cv Rose (Rs), Red (Rd), Pink (Pk) and Bicolor

(Bc) at high planting density (HD) (56 plants/m?) and low planting density (LD)
(28 plants/m?). Rosette diameter is the mean value * standard error.

Figura 3. Comparacion de diametros de roseta (cm) (media * error estandar de la
media) en plantas de repollo ornamental (Brassica oleracea L. var. acephala) de los cv
Rose (Rs), Red (Rd), Pink (Pk) y Bicolor (Bc) en los tratamientos con plantacién a alta

densidad (AD) 56 plantas/m?y baja densidad (BD) 28 plantas/m?.
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The mean leaf area developed by
each plant showed different responses
between treatments. In all cases, a lower
planting density led to a greater leaf area
(figure 4). The mean of the four cultivars
showed that the plants grown at low
density showed a significant increase in
leaf area of 33.2% (p<0.05). Regardless
of planting density, this variable showed
differences between cultivars.

The highest leaf area values were
achieved by Red and Bicolor, which, on
average, outperformed Pink and Rose
with significant differences (p<0.05).

The rate of leaf appearance showed
a progressive increase as a function
of temperature. This relationship was
tighter in the treatments at high density
(figure 5, page 56). Regarding the root
volume per plant, it was found significant
differences (p<0.05) due to the density

and the cultivar, but not to the density x
cultivar interaction (table 2, page 57).

The lower planting density determined
a greater root volume (mL/plant) in all
the cultivars, with significant differences
in Bicolor (figure 6, page 58). Also, the
mean of the four cultivars showed that
the condition of lower planting density
generated a significant increase in this
variable with a difference of 39.8%.

Both, AFW and RFW were affected by
the density and the cultivar, but not by the
interaction between both factors (table 2,
page 57). The treatments at low density
led, on average, to 34.5% higher AFW, with
significant differences (p<0.05) regarding
the treatments at high density.

The same trend was observed for RFW,
where the lower density in each cultivar
led to an increase in RFW, with significant
differences in Bicolor (figure 7A, page 58).
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Figure 4. Comparison of the mean leaf area (m?/plant) of ornamental cabbage plants

(Brassica oleracea L. var. acephala) (mean * standard error of the mean) cv. Rose (Rs),

Red (Rd), Pink (Pk) and Bicolor (Bc) at high planting density (HD) (56 plants/m?) and
low planting density (LD) (28 plants/m?).

Figura 4. Comparacion de medias de area foliar (m?/planta) en plantas de repollo
ornamental (Brassica oleracea L. var. acephala) (media * error estandar de la media) de
los cv. Rose (Rs), Red (Rd), Pink (Pk) y Bicolor (Bc) en los tratamientos con plantacion a

alta densidad (AD) 56 plantas/m?y baja densidad (BD) 28 plantas/m?.
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Table 2. Summary of the results of the ANOVAs and interactions for B. oleracea L. var.
acephala for each of the assessed variables.

Tabla 2: Resumen de los resultados de los ANOVAs y las interacciones para B. oleracea
L. var. acephala en cada una de las variables evaluadas.

Variable Factor F
Density 215.3 *
Rosette diameter Cultivar 5.8 *
DxC 0.1 ns
Density 10.4 *
Leaf area per plant Cultivar 6.1 *
DxC 0.2 ns
Density 26.4 *
Root volume per plant Cultivar 6 *
DxC 0.6 ns
Density 26.1 *
Aerial fresh weight Cultivar 14.5 *
DxC 0.7 ns
Density 29.4 *
Root fresh weight Cultivar 7.2 *
DxC 2.3 ns
Density 24.9 *
Aerial dry weight Cultivar 10.5 *
DxC 0.6 ns
Density 25.3 *
Root dry weight Cultivar 7.7 *
DxC 1.4 ns
Density 0.4 ns
Aerial/root fresh weight Cultivar 4.05 *
DxC 1.48 ns
Density 1.59 ns
Aerial/root dry weight Cultivar 1.66 ns
DxC 0.3 ns

*p<0.05; ns: not significant.

* p<0,05; ns: no significativo.

On average, the plants grown at low
density increased their RFW by 36%,
with significant differences (p<0.05).
Regarding ADW and RDW, there were
significant differences due to the planting
density and cultivar but not to the density
x cultivar interaction (table 2).

Tomo 50 ¢ N°2 « 2018

The mean of the resulting ADW of the
treatments at high density was 33.4%
higher, with significant differences
(p<0.05). The average increase in RDW in
the treatments at low density was 37.8%,
also with significant differences (p<0.05)
regarding those at high density (figure 7B,
page 59).
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Figure 6. Comparison of means (mean * standard error of the mean) of the root
volume (mL/plant) in ornamental cabbage plants (Brassica oleracea L. var. acephala)
cv. Rose (Rs), Red (Rd), Pink (Pk) and Bicolor (Bc) at high planting density (HD)
(56 plants/m?) and low planting density (LD) (28 plants/m?).

Figura 6. Comparacion de medias (media * error estandar de la media)
del volumen radical (ml/planta) en plantas de repollo ornamental
(Brassica oleracea L. var. acephala) de los cv. Rose (Rs), Red (Rd), Pink (Pk) y
Bicolor (Bc) en los tratamientos con plantacion a alta densidad (AD) 56 plantas/m?y
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Figure 7. Comparison of means of aerial and root fresh (A) and dry (B) weight
(mean * standard error of the mean) in ornamental cabbage plants (Brassica oleracea
L. var. acephala) cv Rose (Rs), Red (Rd), Pink (Pk) and Bicolor (Bc) at high planting
density (HD) (56 plants/m?) and low planting density (LD) (28 plants/m?).

Figura 7. Comparacion de medias de peso fresco (A) y seco (B) aéreo

y radical (media * error estandar de la media) en plantas de repollo
ornamental (Brassica oleracea L. var. acephala) de los cv Rose (Rs), Red (Rd), Pink (Pk)
y Bicolor (Bc) en los tratamientos con plantacién a alta densidad (AD) 56 plantas/m?y
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baja densidad (BD) (28 plantas/m?).
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Figure 7. cont. Comparison of means of aerial and root fresh (A) and dry (B) weight
(mean * standard error of the mean) in ornamental cabbage plants (Brassica oleracea
L. var. acephala) cv Rose (Rs), Red (Rd), Pink (Pk) and Bicolor (Bc) at high planting
density (HD) (56 plants/m?) and low planting density (LD) (28 plants/m?).

Figura 7. cont. Comparacion de medias de peso fresco (A) y seco (B)
aéreo y radical (media * error estandar de la media) en plantas de repollo
ornamental (Brassica oleracea L. var. acephala) de los cv Rose (Rs), Red (Rd), Pink (Pk)
y Bicolor (Bc) en los tratamientos con plantacion a alta densidad (AD) 56 plantas/m?y
baja densidad (BD) (28 plantas/m?).

DiscuUsSION

The growth and productivity of a crop
are the result of the interaction between
its genotype and the environment that
surrounds it (21).

However, eventhough the genotype
is relatively constant as compared with
the environment, its expression is largely
influenced by environmental changes and
any variable affecting the environment
will be reflected in the growth and produc-
tivity of the crop (18). Also, as stated by
Casal (2013), the management of crops
involves decisions on several factors
such as the sowing density, defoliation,
fertilization, architecture, and choice of
cultivar, all of which affect the leaf area
and the position of the foliage in relation
to the angle of the incoming radiation and
therefore the degree of shading.
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In this experiment, the planting
density notoriously influenced all the
parameters evaluated, regardless of the
cultivar. A greater planting density led
to an increase in plant height probably
due to the changes caused in the light
environment, ie. due to the decrease
in the Red:Far-Red ratio caused by this
treatment, generating shade avoidance as
aresponse. This response, the best-known
of those mediated by photosensors, leads
to a change in the architecture of plants by
the elongation of internodes (1).

According to Casal (2013), in dense
canopies, upper leaves intercept radiation
that would otherwise reach the lower
leaves, and plants are mutually shaded.
Shade implies the selective attenuation of
the wave length of the incident radiation.
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Green leaves absorb primarily in the
range of UV radiation (280-320 nm for
UVB and 320-400 nm for UVA) and in
the range of the photosynthetically active
radiation (400-700 nm), particularly in
the blue and red regions of the spectrum;
and transmit and reflect more strongly
in the far red (700-800 nm) and infrared
regions. According to Smith (1995),
the Red:Far-Red ratio provides a highly
reliable indication of the degree of shading
because it is relatively little affected by
other environmental conditions.

The changes in the Red:Far-Red ratio
caused by the reflected light constitute
an early signal of alert of the presence
of neighboring plants, even before the
mutual shading of the leaves begins.

In the present study, although the differ-
ences in plant height were not expressed
clearly from the start of the experiment
(may be because the plants had not
reached a size large enough to generate
competition for the resources of the
environment), the stimulus caused by the
proximity of neighboring plants could have
been early detected by the plants cultivated
at high density. Thus, the stem elongation
could be attributed to the increased levels
of gibberellins (in some cases through
inhibition of their inactivation), caused by
alow Red:Far-Red ratio (4).

Other researchers also point out that,
in these cases, the responses of elongation
seem to be based on the combined action
of several plant hormones: gibberellins,
auxins, brassinosteroids and ethylene
(12, 14). Such elongation includes various
physiological components and processes
that control the extensibility of the cell
wall through expansins and xyloglucan
endotransglucosylase/hydrolases and by
acidification of the cell wall (22,23). On the
other hand, the reduction of the irradiance
and the blue/green ratio in dense canopies
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would provide signals that do not share all
the features of the Red:Far-Red ratio but
that are important for the responses of the
plants to the shade.

The light spectrum under a dense
canopy shows a relative increase in green
light (500-580 nm) and a decrease in blue
light (400-500 nm).

The green light reflected or trans-
mitted through the surrounding plants
can be another signal to detect neigh-
boring plants, because the addition of
green light induces the elongation of the
hypocotyl in seedlings and the hypoplasia
and elongation of the petiole in adult
Arabidopsis plants (10, 27).

When the canopy closes and the
competition between plants is established,
additional signals, such as the decline in
the photosynthetically active radiation and
UV-Blight, are generated. These signals can
inform plants of the progressive intensity
of competition. Similarly to the red light,
the UV-B light is absorbed by chlorophyll
and used in photosynthesis. Thus, it has
been suggested that a relative decrease in
UV-B in the light spectrum would also be
a signal of detection of neighboring plants
and shade.

In the present study, the increase in the
height of the plants grown at high density
was not accompanied by an increase in
the aerial or root biomass. This greater
plant height at high density could not
be attributed to a differential stem:root
partitionbecausenosignificantdifferences
in fresh or dry weight were found for such
relationship between treatments with
high and low densities. Numerous studies
have shown that the responses of shade
avoidance are often accompanied by a
reduction in the investment of carbon in
organs such as roots and leaves (2, 19).

According to Casal (2013), one of the
responses of plants against the limited
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generation of photoassimilates under
shading is the reduction of potential yield.

In the present study, the higher density
of plants also reduced the rosette diameter
in the same way in all the cultivars,
although the rosette diameters accom-
plished were within the commercial range
(7.5 cm-18 cm).

This results coincide with those
reported by Carter (2003), who stated
that a smaller spacing between plants
promotes the formation of longer stems
and reduces the rosette diameter of
ornamental cabbages. This same trend
has been found in other varieties of the
genus Brassica. Studies in B. oleracea L.
var. capitata have shown that the diameter
of the "heads" decreases as the spacing
between plants decreases (25).

In B. oleracea L. var italica, it has been
found that a high planting density reduces
the size and the weight of the floret (6) as
well as the diameter of the stem and the
yield per plant (7).

In the present study, the cumulative
number of new leaves and the leaf area per
plant decreased as density increased. This
trend was recorded in the four cultivars.
Similar results have been previously found
by Criollo and Garcia (2009) in radish plants
(Raphanus sativus) cultivated in pot and in
greenhouse, in which treatments with lower
density allowed achieving a greater leaf
area. As stated by these authors, the increase
in population density caused a decrease in
size, vigor and weight of the plants.

In this study, the rate of leaf appearance
was lower in the treatments at high density
than in those at low density, in coincidence
with that reported by Jolliffe and Gaye
(1995), who claimed that growth is faster
and the expansion of leaves is greater
when there are no competing plants
nearby. However, a much more marked
adjustment in the rate of leaf appearance
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as a function of the environmental temper-
ature was found in the treatments at high
density than in those at low density when
the temperatures were between 17 and
27°C (temperatures that promote the
active growth of B. oleracea acephala).

Temperature is one of the most
important physical factors of the
environment that influence the processes
of growth and development of plants
(17). This variable has a widely-accepted
role as a main factor in the control of
the phyllochron, since it affects different
biochemical processes that regulate the
meristematic activity, closely associated
with the development of the leaf and stem
(9, 16). Thus, the value of the adjustments
obtained in the treatments at high density
would allow hypothesizing that, once the
stimulus that induces shade avoidance is
captured (due to the modification in the
Red:Far-Red ratio of dense canopies),
plants could present a greater sensitivity
to other environmental factors (in this
case temperature) than the plants grown
at low density. Also, it should be noted
that, as time passed by, plants grown at
high density lost the leaves in the lower
strata of the crop. It is likely that the
increase in density, due to the increase in
the shading, generated their senescence
and abscission.

Casal (2013) argues that, in the vertical
avoidance of shading, the average position
of foliage is high due to the increase in the
height of the stem and/or a decrease in the
foliage of the lower strata. In this way, on
average, the foliage is less shaded because
the upper layers have more light and the
increase in leaf senescence reduces the
foliage volume at the base of the canopy.

However, although it is important that
plants retain a sufficient number of leaves
along their cultivation cycle to ensure
the growth through the contribution
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of photoassimilates, the abscission of
leaves in the lower strata in the treat-
ments at high density could represent
a comparative advantage respect to the
crop grown at low density, because one of
the technical recommendations for crop
management consists in removing the
lower leaves ("defoliation"), after which
plants reach an average height of 25 cm.
Unlike that observed in other crops, in
ornamental cabbages, the decrease in
foliar area per plant (with the consequent
reduction in the rosette diameter) and
the natural abscission of the leaves of the
lower strata of the crop would be effective
to improve the visual appearance of the
harvested plants. Besides their coloration,
one of the main attributes of ornamental
cabbages is the compactness of the apical
rosette whose appearance resembles that
of roses. This is fundamental because,
unlike other foliage for cutting that act
as accompaniment products or comple-
ments in bouquets or flower arrange-
ments, ornamental cabbages for cutting
are novel products, being protagonists as
"cut flowers" within the bouquet.

The higher values of root volume per
plant and leaf area per plant observed
in all low density treatments could be
attributed to the greater space available
per plant, which allowed an increase in
the exploration of the soil, thus giving
plants a greater capacity of absorption of
water and nutrients. This was reflected
in the responses of AFW, RFW, ADW and
RDW, which showed a clear tendency
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to increase with lower planting density
(figure 7, page 58-59). These results
agree with those of Pérez et al. (2005),
who reported that high planting densities
reduce the growth of vegetative variables
such as leaf area, number of leaves and dry
matter, being these effects more notorious
at the end of the crop.

Thedifferences found between cultivars,
for each of the parameters evaluated, are
probably due to genetic features, being an
indicator of the potential of growth of each
plant. In this sense, the cultivars Bicolor
and Red showed better performance in
most of the variables evaluated, whereas,
under the same conditions, Rose reached
the lowest values.

CONCLUSIONS

In the cultivars evaluated, the density
of plants may be increased as an alter-
native that would not only allow a more
efficient use of theby the crop, but also
improve quality indices, achieving greater
plant height and more compact apical
rosettes, while reducing crop management
activities, such as manual leaves removal,
which is made naturally. However, further
studies with other cultivars should be
carried out to test the effect of different
densities under the growth conditions of
each cultivar, in order to find the optimal
planting density in each case.
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ABSTRACT

Frequent anthocyanin consumption improves health and prevents diseases due to
its antioxidant activity. Exposure of some plants to high concentrations of heavy metals
may increase anthocyanin concentration and thus improve their food quality. This study
determined the effect of Cu spraying on hibiscus (Hibiscus sabdariffa L.) leaves at various
dosages and number of doses on anthocyanin content, physical and chemical charac-
teristics, and calyces yield. For this purpose, hibiscus genotype Reina Roja was grown
under rainfed conditions. During the vegetative stage, Cu was sprayed two, four or six
times with 150, 300 and 450 mg L. The results indicate that four and six sprayings
with 150, 300 and 450 mg Cu L* reduced dry calyces yield. Two sprayings at either
Cu dosage did not modify calyces yield. Added Cu increased significantly anthocyanin
content and titratable acidity and decreased ascorbic acid content in the calyces. Antho-
cyanin content increased the most (57 and 44%) when Cu was sprayed six times at 300
and 450 mg L% The data suggests that two sprayings with 150 mg Cu L* could improve
nutritional quality of hibiscus extracts without affecting dry calyces yield.
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RESUMEN

El consumo frecuente de antocianinas mejora la salud y previene enfermedades,
debido a su actividad antioxidante. La exposicion de algunas plantas a concentraciones
altas de metales pesados puede incrementar la concentracién de antocianinas y mejorar
su calidad funcional. Este estudio determind el efecto de la aplicacién foliar de Cu en
varias dosis y nimero de aplicaciones sobre el contenido de antocianinas, caracteristicas
fisico-quimicas y rendimiento de calices de jamaica (Hibiscus sabdariffa L.). Para este
proposito se cultivo el genotipo Reina Roja que durante la etapa vegetativa, se asperjo al
follaje con Cu en dos, cuatro y seis ocasiones con 150, 300 y 450 mg L. Los resultados
indican que cuatro y seis aplicaciones de cobre redujeron el rendimiento de calices secos
para todas las dosis. Dos aplicaciones no modificaron el rendimiento de calices. EI Cu
incrementd significativamente el contenido de antocianinas, acidez titulable y disminuyd
el contenido de acido ascorbico en los calices. Los aumentos mayores de antocianinas
(57 y 44%) fueron con seis aplicaciones de 300 y 450 mg de Cu L. Los datos sugieren
que dos aplicaciones de 150 mg de Cu L* pueden mejorar la calidad nutracéutica de los

extractos de jamaica sin afectar el rendimiento de calices secos.

Palabras clave

Hibiscus sabdariffa e antocianinas  acido ascorbico e acidez titulable.

INTRODUCTION

The demand of plant products as
functional food staple is increasing due to
the direct relationship between diet and
health (11, 30). The properties of some
plant substances and their possible use
in prevention and mitigation of chronic
diseases caused mainly by free radicals
have been identified (10, 15, 20). Some
of the phytochemical compounds with
nutraceutical activity are carotenoids,
phytosterols, flavones, isoflavones,
flavonols, flavonones, stilbenes, phenolic
acids, lignans and anthocyanins (15, 18).

Anthocyanins are polyphenols
that color leaves, flowers and fruits of
red, purple and blue. The main plant
sources for anthocyanins are berries like
cranberries (Vaccinium sp.), blackberries
(Rubus spp.), raspberries (Rubus idaeus)
and strawberries (Fragaria x ananassa D.),
as well as grapes (Vitis vinifera L.) and
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hibiscus calyces (Hibiscus sabdariffa L.)
(23, 29). Anthocyanins function as antioxi-
dants, diuretic, antimicrobial, antiobesity,
inmune modulators, antiurolithiatic,
hepatoprotective and hypocholester-
olcemic (20). Additionally, they reduce
cholesterol levels and decrease the risk
of acquiring diabetes, cancer, and other
diseases (19, 20).

Hibiscus sabdariffa L. is a malvaceae
grown mainly in tropical and subtropical
regions at Sudan, Taiwan, Thailand and
Mexico. In Mexico itis cultivated in approx-
imately 20,055 ha with a production
of 7,528 t (25). This crop is made by
producers of scarce resources without
mechanization, which favors occupation
(5). Dry flower calyces are used to prepare
tea, wine, cocktails, sauce, jelly, candies
and cookie flour; however, its main use
is preparation of refreshing beverages
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from extracts (20). Its consumption
has increased mainly due to promotion
efforts that classify it as a functional food
(10, 20). Efforts to increase secondary
metabolite content, like anthocyanins, in
hibiscus calyces could increment health
benefits and improve prices for producers.
Environmental stresses like high and low
temperatures, drought, salinity, UV stress
or heavy metals could alter their metab-
olism and thus the physical and chemical
characteristics of the plants (2, 31).

Exposure to heavy metals increases
free radical production. Anthocyanins
have greater capacity than vitamins C and
E to protect the plant against oxidative
stress by donation of hydrogen atoms
that stabilize unpaired electrons from
free radicals. It is then possible to induce
secondary metabolite synthesis by stress
conditions (27).

Application of As on Lemna gibba with
0,25, 0,5, 1,0 and 1,5 mg L* increased
anthocyanin content; the highest content
was found at the highest dosage and
produced 45 mg 100 g* of fresh biomass
(FB) (17).

In Arabidopsis thaliana under in vitro
conditions, exposure to Mn, Cu, Zn, Pb
and Hg increased anthocyanin content: Cu
with 250 pM increased anthocyanins more
efficiently from 2 to 32,5 pg g! of fresh
biomass (FB). Zn increased the highest
(14 pg g' FB) with 1000 pM (7). In both
studies, the variables measured included
chlorophyll content, dry biomass weight,
root length and shoot length (7, 17).

According to Ledo et al. (2014), plants
respond differently to stress by heavy
metals, and the response depends on the
metal, the concentration and the duration of
the stress. However, in Atriplex hortensis var
Purpurea and A. rosea exposure to different
concentrations of Cu, Ni, Pb and Zn did not
modify anthocyanin content (22).
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Hibiscus calyces respond to cobalt
and nickel applications, either separate
o combined, by increasing content of
anthocyanins and other flavonoids. The
highest values (31.7 mg anthocyanins
g! dry biomass) occurred with 20 mg
of Co + 25 mg Ni kg': a 96% increment
compared to the control. Plant height,
number of fruits and calix yield also
improved (6). Leaf spraying of heavy
metals could improve this response. Cu is
sold as leaf fertilizer, is easily purchased,
contributes to plant nutrition, and
improves crop yield. There are limited
number of hibiscus-related studies
that explore changes in anthocyanin
production and improvements on physical
and chemical characteristics of extracts.
This study determined the effect of Cu leaf
spraying at different dosages and number
of doses on anthocyanin content, physical
and chemical characteristics of calyces,
and calyces yield.

MATERIALS AND METHODS

The experiments were conducted
under rainfed conditions in Cajones,
Municipality of Gabriel Zamora, Michoacan,
México at 19°10'49" N; 101°58'13"
and 503 a m. s. l. The climate is warm
sub-humid, with summer rains (AW ) (13).

On July 2016, Reina Roja hibiscus
seeds were handed out to local producers.
Two seeds per bush were planted at 0.5 m
between each bush and 0.8 m between
rows. Population density was 50.000
plants per hectare.

Previous tests determined that Cu leaf
spraying should start 15 days after sowing
at 150, 300 and 450 mg L of water per
spraying (D150, D300, D450). Plants
were dosed two, four and six sprayings
(A2, A4 and A6) spaced every seven days.
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Nine treatment combinations were tested
(D150-A2, D150-A4, D150-A6, D300-A2,
D300-A4, D300-A6, D450-A2, D450-A4,
D450-A6), as well as a control (D0-A0),
which were distributed in the field under a
randomized complete block experimental
design in a split-plot arrangement. The
large plot was the dosage and the small plot
the number of applications. Each treatment
was repeated four times for a total of 40
experimental units. Each unit included
three meter long rows with 36 plants.

The Cu source was pentahydrated
cupric sulfate applied with adherent agent
Inex (1 mL L1). Leaves were sprayed in the
mornings until dripping. The sprayer was
15 L in capacity and included an empty
cone tip (hollow).

Crop fertilization included 80 and
40 kg ha' of N and P,0, to the soil as urea
(46-0-0) and triple calcium superphos-
phate (0-46-0). Half of the N dosage and
all the P,0, dosage were applied mixed
15 days after sowing (das); the rest of the
N dosage was applied at 45 das.

At plant physiological maturity
(147 das) when the fruits started with
brown coloration and the seeds get a
black coloration the harvest of fruits with
calyces was carried with the hands, from
the middle row from each experimental
unit. Afterwards, the fruit was separated
from the calyces with a punch. Subse-
quently, the number of calyces per plant
were counted, and their diameter and
length recorded. Calyces were stored in
paper bags and dried in a forced circu-
lation oven at 50°C until constant weight
was achieved. After drying, the weight of
10 calyces was recorded, as well as dry
calyces yield.

From each experimental unit, 15 g of
dry calyces were ground in an IKA mill
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model MF 10 equipped with a 0.5 mm
screen. From each sample, duplicate
water extracts were prepared with 2,5 g
of powder each. The extract was trans-
ferred to 250 mL Schott Duran glass vials,
and 200 mL of distilled water were added.
The mixture was left untouched for 24 h
at ambient temperature in the dark. The
following day, the extracts were placed in
a water bath at 40°C for 15 minutes.

The following variables  were
measured in the extracts: pH with a
Beckman pH Meter (method 981.12);
total soluble solids with an ATAGO digital
refractometer (0 to 32% range) (method
932.12); titratable acidity as percentage of
citric acid (method 942.15); and ascorbic
acid content with 2, 6 dichlorophenol
indophenol (method 967.21). The deter-
minations were made according to the
methodology of the Association of Official
Analysis Chemistry (4).

Anthocyanin content was determined
with the Abdel-Aal and Hucl method (1999).
This method required 100 mg of powder
from each ground sample. This sample
was added to centrifuge tubes and 10 mL
of extraction solution [acidified methanol
(methanol: HCI 1,5N in an 85:15 v/v ratio)].

The mixture was kept in the darkness
for 24 h at 4°C. After this period, the tubes
were centrifuged at 5000 rpm for 20
minutes in a Heraeus Biofuge Primo R.
Samples were then diluted to a 1:10 ratio
(100 pL of concentrated extract + 900 pL
of acidified methanol) and their concen-
tration determined in a Genesys 10 UV
(Termo Spectronic) spectrophotometer at
533 nm with extraction solution as blank.
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Anthocyanin content was estimated as
equivalents of cyanidine-3-glucoside using
the equation:

A = (Ab/£)(Ve/1000)MW(1/Ph)(10°)

where:

A = anthocyanin content

Ab=the absorbance for the sample,
sigma= molar extinction coefficient for
cyanidine-3-glucoside (25965 cm-1 mol™)
Ve = total extract volume

MW = the molecular weight for cyanidine-
3-glucoside (449)

Ph = sample weight

Total anthocyanin content was
recorded in mg of anthocyanins per g of
dry calyces biomass.

Data was analyzed using ANOVA and
mean comparison among treatments
(Tukey < 0.05) in SAS version 9.0 (24).

During the development of the crop
the maximum temperature, minimum
temperature and rainfall were recorded.

On average, the maximum and minimum
temperatures were 33.5°C and 17.7°C,
respectively with accumulated precipi-
tation of 367.9 mm (figure 1).

RESULTS AND DISCUSION

Calyces yield and yield components

Supplied Cu in two applications at
either dosage did not modify statistically
calyces yield: yields for 150, 300 and
450 mg L were similar to yields produced
by untreated plants (1272 kg ha).

The 300 mg L dosage produced heavy
calyces, 12.8% heavier than the control,
but it did not improve yield because the
number of calyces per plant decreased
(table 1, page 70).

Cu spraying reduced significantly
(P <0.01) calyces yield when applied four
and six times in all dosages; it signifi-
cantly decreased calyces length, calyces
diameter, number of calyces per plant and
calyces weight (table 1 and 2, page 70).

Emergence
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Figure 1. Rainfall distribution (ten days sum), maximum and minimum temperature
(ten days average) during crop growth.

Figura 1. Distribucién de la precipitacion pluvial (suma decenal), temperatura maxima
y minima (promedio decenal) durante el crecimiento del cultivo.
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Table 1. Dry calyces yield (DCY), calyces diameter (CD), calyces length (CL), number of
calyces per plant (NC), weight of 10 calyces (W10C) of Hibiscus sabdariffa in response
to dosage and number of foliar Cu applications. Tukey means comparisons.

Tabla 1. Rendimiento de calices secos (DCY), didmetro de célices (CD), longitud de
calices (CL), numero de calices por planta (NC) y peso de 10 calices (W10C) de Hibiscus
sabdariffa en funcién de la dosis y nimero de aplicaciones foliares de Cu. Comparacion

de medias de T.
Cu
dosage Number DCY_1 cbh CL NC w10C
(mg L) of doses (kgha™) (cm) (cm) (g)
0 0 12721 a 3.22a' 4.32a 33.8ab 7.65b
2 1299.2 a 3.17 ab 4.16 abc 36.3a 7.2 bc
150 4 1061.1¢ 3.07 ab 391c¢ 24.3 ¢ 7.68 b
6 10459 ¢ 3.16 ab 4.15 abc 32.8ab 6.48 d
2 1245.4 ab 3.14 ab 4.18 ab 29.0 bc 8.63 a
300 4 1067.5 ¢ 2.81c 3.57d 29.3 bc 7.35 bc
6 1069.2 ¢ 3.19 ab 4.27 a 30.8 ab 7.03 bed
2 1244.2 ab 3.09 ab 3.95 bc 35.5a 7.03 bed
450 4 928.4 ¢ 3.13 ab 4.14 abc 29.3 bc 6.98 cd
6 1087.5 bc 3.01b 4.16 abc 29.0 bc 7.53 be
General Mean 1132.0 3.1 4.08 30.1 7.45
MSD, . 168.0 0.18 0.25 6.16 0.65
(%% 6.10 6.32 8.50 7.9 9.40

TMeans with the same later within each column are not statistically different (Tukey, P < 0.05).

MSD, .- = minimum significant difference at 5% error probability. CV = coefficient of variation.

TMedias con la misma letra dentro de cada columna no son diferentes estadisticamente (Tukey, P < 0,05).
MSD, . _diferencia minimasignificativa al 5% de probabilidad de error. CV = coeficiente de variacion.

Table 2. Level of significance for dry calyces yield (DCY), calyces diameter (CD), calyces
length (CL), number of calyces per plant (NCP) and weight of 10 calyces (W10C)
in Hibiscus sabdariffa in response to Cu dosage, number of leaf sprayings and the
interaction dosage x doses.

Tabla 2. Nivel de significancia para rendimiento de célices secos (DCY), didmetro
de calices (CD), longitud de célices (CL), nimero de cdlices por planta (NCP) y peso
de 10 céalices (W10C) en Hibiscus sabdariffa en funcién de la dosis de Cu, nimero de

aplicaciones foliares y la interaccién dosis x nimero de aplicaciones.

Factor DCY CD CL NCP Ww10C
Dosage (D) ns ns o * ns
Doses (A) *% *k *% *% *%

D X A kX kk *%k k% kk

*, *% P <0.01y 0.05, respectively. ns = not significant.
* **P<0,01y0,05, respectivamente. ns = no significativo.
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Plants sprayed four times with
300 mg L' per application produced
the smallest calyces: 12.7% smaller
diameter than the control treatment. The
150 mg L! treatment applied four times
registered the lowest number of calyces
per plant: 28.1% lower number and 9.5%
shorter calyces.

Results from the statistical analysis
showed that dry calyces yield and yield
components were most affected by the
number of Cu applications rather than
dosage (table 2, page 70). According to
the interaction dosage (D) * number of
doses (N) it was found that the increase
in the number of copper applications at
any dose reduced the yield of dry calyces
and the values of the yield components. It
should be noted that this effect was not
proportional in all doses of Cu, to be less
the dejection with 300 mg L* (table 1 and
2, page 70).

Reduction of calyces yield by Cu
sprayings could be attributed to appli-
cation of higher than recommended
concentrations for crops according to
Fageria et al. (2009). Plant exposure to
high heavy metal dosages could cause
toxicity, but it is also possible that plants
develop mechanisms to tolerate stress.

The mechanisms that stand out are
metal exclusion, metal accumulation and
metal union to cysteine rich proteins.
Plants can also promote the antioxidant
system to fight oxidative lesion induced by
heavy metals (3, 9). This behavior might
explain how calyces yield did not change
with two Cu sprayings at 150, 300 and
450 mg L dosages.

Calycesyield reduction in hibiscus with
four and six Cu sprayings for all dosages
tested might respond to repeated and
prolonged stress to the plant with these
treatments. Previous research mentions
this type of stress catalyzes the production
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of oxygen reactive species like superoxide,
hydrogen peroxide and hydroxyl radicals
that damage cellular components like
DNA, proteins and lipids and affect crop
growth and yield (28).

Similar response was found with a
single application of ZnSO, at 2000 uM and
CdCl, at 250 puM on genotypes Drakkar,
Cossair and Pactol of Brassica napus L.
then reduced significantly dry biomass
production (14). Likewise, in rice (Oryza
sativa L.) 100 pM of Cu caused significant
reductions in growth and dry biomass
accumulation (28).

A positive effect was found in soil-
grown hibiscus treated with Co (20 and
40 mg Kg') and Ni (25 and 50 mg Kg?),
alone or in combination. These elements
improved up to 137% fresh and dry
calyces yield by significantly increasing
the number of calyces per plant (6).
This response, which is opposite to the
response found in this study, might depend
on the differential response of plants to
heavy metals: their response depends on
type of metal, application mode, concen-
tration, and length of stress (8, 17).

Physical and chemical character-
istics of hibiscus extracts

Cu spraying for all the treatments
reduced significantly (P < 0.01) ascorbic
acid content in all calyces. The highest
reduction (41.5%) occurred with two
sprayings at 300 mg Cu L. Four sprayings
at 450 mg Cu L' caused the lowest
reduction (19.4%) (table 3 and 4, page 72).

Regarding D * N, it was found that
the reduction of ascorbic acid with the
increase in the number of applications
was not proportional in all the doses of
Cu evaluated, when there was greater
abatement with 150 mg Cu L7, followed by
300 mg L* (table 3 and 4, page 72).
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Table 3. Ascorbic acid (AA), titratable acidity (TA), pH, soluble solids (SS) and
anthocyanin content in Hibiscus sabdariffa calyces in response to dosage and number of
Cu leaf doses. Tukey means comparisons.

Tabla 3. Acido ascorbico (AA), acidez titulable (TA), pH, sélidos solubles (SS) y
contenido de antocianinas en célices de Hibiscus sabdariffa en funcién de la dosis y
numero de aplicaciones de Cu. Comparacion de medias de Tukey:.

Cudosage | Number AA AT SS Anthocyanin
(mgL?) of doses | (mg100g?) (%) pH (°Brix) (mgg")
0 0 85.5a' 10.5b 294 a 4.32a 189d
2 57.6 d 12.2a 2.85a 4.18a 24.8 bc
150 4 56.1 de 10.5b 294 a 4.31a 24.3 bc
6 59d 12.2a 2.84a 4.17 a 234c
2 50e 11.7 ab 291a 4.27 a 24.7 be
300 4 61.8 cd 10.8 ab 2.96a 434a 24.3 bc
6 58d 12 ab 292a 4.29a 269a
2 57.6d 10.8 ab 291a 427 a 24.7 be
450 4 67.5 bc 12 ab 2.87 a 422a 25.7 ab
6 68.9 b 12.2a 2.86a 420a 27.3a
General Mean 62.2 11.5 2.90 4.26 24.5
MSD, . 6.5 1.7 0.17 0.25 1.97
Ccv 4.7 4.2 2.4 2.4 3.30

T Means with the same later within each column are not statistically different (Tukey, P < 0.05).

MSD, .. = minimum significant difference at 5% error probability. CV = coefficient of variation.

T Medias con la misma letra dentro de cada columna no son diferentes estadisticamente (Tukey, P < 0,05).

MSD, . . diferencia minimasignificativa al 5% de probabilidad de error. CV = coeficiente de variacion.

Table 4. Level of significance for ascorbic acid (AA), titratable acidity (TA), pH, soluble
solids (SS) and anthocyanins (ANT) in Hibiscus sabdariffa calyces in response to Cu
dosage, number of leaf doses and the interaction dosage x doses.

Tabla 4. Nivel de significancia para acido ascérbico (AA), acidez titulable (TA), pH,
sélidos solubles (SS) y antocianinas (ANT), en célices de Hibiscus sabdariffa en funcién de
la dosis de Cu, nimero de aplicaciones y la interaccién dosis x nimero de aplicaciones.

Factor AA TA pH SS ANT
Dosages (D) ** ** ns ns **
Doses (A) ok ** ns ns **
DxA *x *x ns ns **

* **P<0.01y0.05, respectively. ns = not signficant.
*,**P<0,01y 0,05, respectivamente. ns = no signficativo.
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The percentage of titratable acidity
increases with most treatments: the
highest values were registered with
two and six sprayings at 150 mg Cu L%,
and six sprayings at 450 mg Cu L% Both
treatments were statistically similar, and
acidity was 16% higher.

The statistical analysis indicated that
number of sprayings was the determinant
factor in increasing titratable acidity since
in most dosages six sprayings produced the
highestincrements (table 3 and 4, page 72).
Interaction was found between D * N, which
indicates that the increase in the number
of applications of Cu caused higher rates
of increase in the titratable acidity of the
calyces of Jamaica with the dose of 450 mg
Cu L%, followed by 3-00 mg Cu L.

The increase in titratable acidity
percentage is important because it carries
a bactericide effect, favors assimilation
of metallic ions in the body, acts against
formation of low solubility salts, and
promotes the freshness sensation when
ingesting hibiscus-based drinks (21).

Starting at two Cu sprayings, any of
the tested dosages increased signifi-
cantly (P < 0.01) anthocyanin content in
hibiscus calyces. Two 150 mg L* sprayings
increased anthocyanin content by 31%.
This response was stronger with six
sprayings at 300 and 450 mg Cu L': mg of
anthocyanins g of dry biomass increased
by 42 and 44 %, respectively (26,9 and
27.3). According to the interaction D * A
the increase in the number of applications
of Cu caused greater increases in the
content of anthocyanins with 450 mg L*
followed by 300 mg Cu L (table 3 and 4,
page 72).
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Anthocyanins are secondary metabo-
lites that protect plants against oxidative
stress caused by diverse factors, including
exposure to high concentrations of heavy
metals. Under these conditions, plants
might increase anthocyanin content (6),
as the results in this study indicate from
two sprayings at 150 mg L. Increments
in anthocyanin content due to exposure
to high concentrations of heavy metals
and semi-metals has been documented in
other crops: in gibbous duckweed (Lemna
gibba L.) by exposure to arsenic (17); in
Arabidopsis thaliana under in vitro condi-
tions by addition to the growth media of Cu,
Zn, Mn, Pb and Hg (7); in Capsicum annum
L. by leaf spraying of Cu and Zn to young
leaves (26); and in greenhouse-grown
Hibiscus supplied at the soil with Co (20
and 40 mg Kg1), Ni (25 and 50 mg Kg1),
and their combinations (6).

The study shows that foliar Cu appli-
cations improves anthocyanin content as
well as titratable acidity percentage, but
decreased ascorbic acid content. These
results are like those reported by Salinas-
Moreno et al. (2012): they observed that
ascorbic acid content in hibiscus calyces
is inversely proportional to anthocyanin
concentration. Even though ascorbic acid
has antioxidant activity, it has been shown
that its activity is lower than that of antho-
cyanins (16, 27).

All Cu treatments improved antho-
cyanin content in hibiscus calyces. This
polyphenol is highly important because of
its beneficial properties on health when
consumed (19, 20). Four and six sprayings
at 150, 300 and 450 mg L* increased
anthocyanin content the highest, but
dry calyces yield decreased. Thus, two
sprayings at any of the highest dosages
could improve anthocyanin content
without reducing calyces yield.
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CONCLUSIONS

Twice Cu application with 150, 300
and 450 mg L did not modify caly yield,
but four and six applications reduced
yield by decreasing calyx size, weight and
number per plant. Added Cu increased
anthocyanin content and percentage of
titratable acidity and decreased ascorbic

The response was higher with four and
six Cu sprayings in the three dosages applied.

pH and soluble solids in Hibiscus
calyces did not change in response to
applied Cu. The treatments that increased
anthocyanins content without affecting
yield were two Cu applications with 150,

acid concentration in hibiscus calyces. 300,450 mg L.

REFERENCES

1. Abdel-Aal, E. S. M.; Hucl, P. 1999. A rapid method for quantifying total anthocyanins in blue
aleurone and purple pericarp wheats. Cereal Chemistry. 76(3): 350-354.

2. Akula, R.; Ravishankar, G. A. 2011. Influence of abiotic stress signals on secondary metabolites
in plant. Plant signaling & behavior. 6(11): 1720-1731.

3. Alcala Jauregui, J.; Rodriguez Ortiz, J. C.; Hernandez Montoya, A.; Filippini, M. F; Martinez
Carretero, E.; Diaz Flores, P. E. 2018. Capacity of two vegetative species of heavy metal
accumulation. Revista de la Facultad de Ciencias Agrarias. Universidad Nacional de
Cuyo. Mendoza. Argentina. 50(1): 123-139.

4. AOAC. 1980. Official Methods of Analysis. Association of Official Analytical Chemists. 13th Ed.
St. Paul. Minnesota. USA.

5. Ariza-Flores, R.; Serrano-Altamirano, V.; Navarro-Galindo, S.; Ovando-Cruz, M. E.; Vazquez-
Garcia, E.; Barrios-Ayala, A.; Michel-Aceves, A. C.; Guzman-Maldonado, S. H.; Otero-
Sanchez, M. A. 2014. Variedades mexicanas de Jamaica (Hibiscus sabdariffa L.) Alma
Blanca y Rosaliz de color claro, y Cotzaltzin y Tecoanapa de color rojo. Revista
Fitotecnia Mexicana. 37(2): 181-185.

6. Aziz, E. E,; Gad, N.; Badran, N. M. 2007. Effect of cobalt and nickel on plant growth, yield and
flavonoids content of Hibiscus sabdariffa L. Australian Journal of Basic and Applied
Sciences. 1(2): 73-78.

7. Baek, S. A; Han, T. J.; Ahn, S. K;; Kang, H., Cho, M. R;; Lee, S. C,; Im, K. H. 2012. Effects of heavy
metals on plant growths and pigment contents in Arabidopsis thaliana. The Plant
Pathology Journal. 28(4): 446-452.

8. Barbaro, L. A; Karlanian, M. A.; Mata, D. A. 2017. Use of copper hydroxide in the cultivation
of lisianthus seedlings (Eustoma grandiforum L.) under floating system. Revista de
la Facultad de Ciencias Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina.
49(1): 61-68.

9. Chen, ].; Shafi, M,; Li, S.; Wang, Y.; Wu, |.; Ye, Z.; Peng, D.; Yan, W,; Liu, D. 2015. Copper induced
oxidative stresses, antioxidant responses and phytoremediation potential of Moso
bamboo (Phyllostachys pubescens). Scientific Reports. 5: 13554.

10. Cid-Ortega, S.; Guerrero-Beltran. ]. A. 2012. Propiedades funcionales de la jamaica (Hibiscus
sabdariffa L.). Temas selectos de Ingenieria de alimentos 6-2: 47-63.

11. Ejaz, S.; Jezik, K. M.; Anjum, M. A.; Gosch, C.; Halbwirth, H.; Stich, K. 2017. Post-harvest
nutritional and antioxidant profile of Beta vulgaris L. grown in low emission soilless
microgarden system with organic and inorganic nutriments. Revista de la Facultad de
Ciencias Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina. 49(2): 19-33.

12. Fageria, N. K.; Barbosa Filho, M. P;; Moreira, A.; Guimaraes, C. M. 2009. Foliar fertilization of
crop plants. Journal of Plant Nutrition. 32: 1044-1064.

13. Garcia, E. 2004. Modificacién al sistema de clasificacién climatica de Koppen. 5° Edicién.
Instituto de Geografia. Universidad Auténoma de México. 252 p.

74 Revista de la Facultad de Ciencias Agrarias



Increase of anthocyanins in Hibiscus sabdariffa with copper application

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ghnaya, A. B,; Charles, G.; Hourmant, A,; Hamida, ]. B.; Branchard, M. 2009. Physiological
behaviour of four rapeseed cultivar (Brassica napus L.) submitted to metal stress.
Comptes Rendus Biologies. 332(4): 363-370.

Gry, J.; Black, L.; Eriksen, F. D,; Pilegaard, K.; Plumb, J.; Rhodes, M.; Sheehan, D.; Kiely, M.; Kroon,
P. A. 2007. EuroFIR-BASIC- a combined composition and biological activity database
for bioactive compounds in plant - based foods. Trends in Food Science & Technology.
434-444.

Hernéndez, I.; Alegre, L.; Van Breusegem, F.; Munné-Bosch, S. 2009. How relevant are flavonoids
as antioxidants in plants?. Trends in Plant Science. 14(3): 125-132.

Ledo, G. A,; de Oliveira, ]. A,; Felipe, R. T. A,; Farnese, E. S.; Gusman, G. S. 2014. Anthocyanins,
thiols, and antioxidant scavenging enzymes are involved in Lemna gibba tolerance to
arsenic. Journal of Plant Interactions. 9: 143-151.

Luna Guevara, M. L.; Ochoa Velasco, C. E.; Hernadndez Carranza, P; Contreras Cortes, L. E. U;
Luna Guevara, |. ]. Composition, physico-chemical properties and antioxidant capacity
of Renealmia alpinia (Rottb.) Maas fruit. Revista de la Facultad de Ciencias Agrarias.
Universidad Nacional de Cuyo. Mendoza. Argentina. En prensa.

Maganha, G. E.; Halmenschlager, R. C.; Rosa, R. M.; Henriques, J. A. P; Ramos, A. L. L. P; Saffi,
J.; 2010. Pharmacological evidences for the extracts and secondary metabolites from
plants of the genus Hibiscus. Food Chemistry. 118: 1-10.

Patel, S. 2014. Hibiscus sabdariffa: An ideal yet under-exploited candidate for nutraceutical
applications. Biomedicine & Preventive Nutrition. 4: 23-27.

Prenesti, E.; Berto, S.; Daniele, P. G.; Toso, S. 2007. Antioxidant power quantification of decoction
and cold infusions of Hibiscus sabdariffa flowers. Food Chemistry. 100(2): 433-438.

Sai Kachout, S. S.;; Ben Mansoura, A.; Ennajah, A.; Leclerg, J. C,; Ouerghi, Z.; Karray Bouraoui, N.
2015. Effect of metal toxicity on growth and pigment contents of annual halophyte (A.
hortensis and A. rosea). International Journal of Environmental Research. 9(2): 613-620.

Salinas-Moreno, Y.; Zufiiga-Hernandez, A. R. E.; Jiménez-De la Torre, L. B.; Serrano-Altamirano,
V.; Sanchez-Feria, C. 2012. Color en cdlices de jamaica (Hibiscus sabdariffa L.) y su
relacidn con caracteristicas fisicoquimicas en sus extractos acuosos. Revista Chapingo
Serie Horticultura. 18(3): 395-407.

SAS Institute 2002. User’s guide of SAS (Statistical Analysis System). SAS Institute Inc. Cary N. C. USA.

25.SIAP/SIACON. 2017.Servicio de informacién agroalimentariay pesquera/Sistema de informacién

26.

27.

28.

29.

30.

Agroalimentaria de consulta SIACON 2003-2016. Available in: https//www.gob.mx/
siap/acciones-y-programas/produccion-agricola-33119. (Accessed April 2018).
Stavreva-Veselinovska, S. T,; Ziranovik, J. B.; Djokic, M. M. 2010. Changes of some biochemical
and physiologycal parameters in Capsicum annuum L. as a consequence of increased

concentrations of Copper and Zinc. Ecologia Balkanica. 2: 7-13.

Sytar, O.; Kumar, A.; Latowski, D.; Kuczynska, P; Strzatka, K.; Prasad, M. N. V. 2013. Heavy
metal-induced oxidative damage, defense reactions, and detoxification mechanisms in
plants. Acta Physiologiae Plantarum. 35(4): 985-999.

Thounaojam, T. C.; Panda, P.; Mazumdar, P.; Kumar, D.; Sharma, G. D.; Sahoo, L.; Sanjib, P. 2012.
Excess copper induced oxidative stress and response of antioxidants in rice. Plant
Physiology and Biochemistry. 53: 33-39.

Wallace, T. C.; Guisti, M. M. 2015. Anthocyanins. Advances in nutritions. An International
Review Journal. 6: 620-622.

Wildman, R. E. C. 2007. Handbook of nutraceuticals and functional foods. Second edition. CRC
Press Taylor and Francis New York. 560 p.

31.Xing, W,; Huang, W,; Liu, G. 2010. Effect of excess iron and copper on physiology of aquatic plant

Spirodela polyrrhiza (L.) Schleid. Environmental Toxicology. 25:103-112.

ACKNOWLEDGEMENTS

The authors wish to thank to the Consejo Nacional de Ciencia y Tecnologia (CONACYT) for
support for a postdoc assistantship (271812).

Tomo 50 « N°2 « 2018 75



Rev. FCA UNCUYO. 2018. 50(2): 77-85. ISSN impreso 0370-4661. ISSN (en linea) 1853-8665.

Agronomic and economic efficiency of the decanted
phosphate as function of the liming in marandu grass
(Brachiaria brizantha)

Eficiencia agrondmica y econdmica del fosfato decantado como
funcion del encalado en hierba marandu (Brachiaria brizantha)

Fabio Tiraboschi Leal”, Edson Luiz Mendes Coutinho, Ana Beatriz Coelho Franca
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ABSTRACT

The decanted phosphate (DP) is an environmental liability for the fertilizer industries
and its use as a phosphate fertilizer has been suggested in agriculture. However, there are
few researches that studies its efficiency. In this sense, this experiment was conducted
in a greenhouse with the main objective to evaluate the agronomic efficiency and the
relative economic efficiency of decanted phosphate (DP) in the presence and absence of
lime during three growth periods of Brachiaria brizantha cv. Marandu (marandu grass). In
addition, the critical levels of P were determined in soil and shoots of plants. The indices
Equivalent Triple Superphosphate medium (EqTS medium) e Relative Economic Efficiency
(REE) were calculated in order to evaluate the efficiency of DP and triple superphosphate
(TS). The critical levels of P were set when relative production was 90%. The DP efficiency
indices were more than 100% when not applied liming. The liming reduces the agronomic
and economic efficiency of DP. The P critical levels in soil and shoots of the marandu grass
were 15 mg dm= and 1.2 g kg!, respectively.

Keywords
pH e phosphorus e residual effect e critical level of P. Brachiaria brizantha.

Sao Paulo State University. Departament of Soils and Fertilizers. Via de
acesso Prof. Paulo Donato Castellane s/n 14884-900, Jaboticabal. Sao Paulo.
Brazil. * lealft@bol.com.br

Tomo 50 « N°2 « 2018 77



F. Tiraboschi Leal, E. L. Mendes Coutinho, A. B. Coelho Franga

RESUMEN

El fosfato decantado (FD) es una responsabilidad ambiental para las industrias
de fertilizantes y se ha sugerido su uso como fertilizante de fosfato en la agricultura.
Sin embargo, hay pocas investigaciones que estudien su eficacia. En este sentido,
este experimento se realizé en un invernadero con el objetivo principal de evaluar la
eficiencia agrondmica y la eficiencia econdmica relativa del fosfato decantado (FD) en
presencia y ausencia de cal durante tres periodos de crecimiento de Brachiaria brizantha
cv. Marandu (hierba marandu). Los niveles criticos de P se determinaron en el suelo y
los brotes de las plantas. El indice equivalente superfosfato triple medio (EqST medio)
y la eficiencia econémica relativa (EER) se calcularon para evaluar la eficacia de FD y
superfosfato triple (ST). Los niveles criticos de P se establecieron cuando la produccion
relativa fue del 90%. Los indices de eficiencia del FD fueron mas del 100% cuando no
se aplicé el encalado. El encalado reduce la eficiencia agronémica y econdmica de FD.
Los niveles criticos de P en el suelo y en la parte aérea de la hierba marandu fueron

15 mgdm3y 1,2 gkg?, respectivamente.

Palabras clave

pH e fosforo e efecto residual e nivel critico de P. Brachiaria brizantha.

INTRODUCTION

Studies suggest the establishment of
agronomic and economic indices for the
choice of the phosphate fertilizer (3, 8,
10). In this sense, the equivalent triple
superphosphate medium (EqTS medium)
and Relative Economic Efficiency (REE)
are more interesting than other commonly
used indices such as Agronomic Efficiency
Index (AEI) and triple superphosphate
equivalent (EqTS), because it does not
suffer the influence of the dose used due
to it considers the part of the curves of
greater response to the P addition.

Furthermore, the evaluation of P
sources should also consider the residual
effect of fertilizers, because forms of P
may be more or less available for plants
over time (11).

The most commonly used P sources are
soluble phosphates in water, thermophos-
phate and natural phosphates. However,
these forms have higher prices due to
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the dependence on imports. In addition,
tropical soils are mostly weathered, acidic
and with high adsorption of P to oxides
and hydroxides of iron (Fe) and aluminum
(Al), making it unavailable (2). This
combination increases the search for new
alternatives to supply the requirement of
crops with this nutrient, and increase the
sustainability of agricultural systems.

In this context, the decanted phosphate
(DP) can be a possible source of P. The DP
is a by-product of wastewater treatment
of phosphoric acid production (H,PO,)
and it is obtained by precipitation reaction
of H,PO, diluted (contained in the precipi-
tation ponds) with calcium hydroxide
or lime, resulting in a powder that is
dried and marketed. This product is an
environmental liability and it generates
costs for the fertilizer manufacturers,
which seek an appropriate destination
for this material. In addition, there is a
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growing worldwide concern for the reuse
of wastewater from industries, especially
when they can provide nutrients such as
P to soils, reducing depletion of phosphate

reserves and avoiding watercourses
contamination (13, 14).
The DP has been indicated by

companies mainly for pasture due to its
initial and residual effect. It is also known
that most of the Brazilian pastures present
some degradation, mainly related to the
deficiency of P in their soils with little
corrected acidity (4). In this sense, liming
and phosphate fertilization are the most
expensive practices in the implementation
of a pasture. However, the efficiency of P
sources is influenced by changes in the
soil pH value (they modify the adsorption
reactions of P) and by the chemical
composition, solubility and accompanying
cation (they interfere in phosphate solubi-
lization) (2, 12).

Moreover, the critical levels of P in the
soil defined for fodder were established on
the basis of annual crops, with scarcity of
information for crops such as B. brizantha,
which has been included in various
agrosystems either in exclusive cultivation
or in a consortium with cereals, grains
and forest.

As there are few researches that
studied efficiency indices of the DP and
their relationship with the soil acidity, the
main objective of this study was to evaluate
the agronomic and relative economic
efficiency of the DP in the presence and
absence of lime during three consec-
utive growths periods of B. brizantha cv.
Marandu (initial and residual effect).

Furthermore, due to the fact that the
soil fertility classes used for fodder had
been established for annual crops, the
present study also aimed to determine
the critical levels of P in soil and shoots of
the plants.
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MATERIALS AND METHODS

Location, period and soil characterization

This experiment was conducted
in a greenhouse from October 2012
to January 2013 at Sao Paulo State
University - Jaboticabal /SP - Brazil in pots
containing samples of sandy clay loam
Typic Haplustox.

The soil had the following granulo-
metric characteristic:

clay = 260 g kg%; silt = 30 g kg and
sand =710 gkg™.

The chemical attributes of soil fertility
were:
pH (CaCl,) 4.1
MO = 23 g dm%; missing N content
P (resin) =4 mg dm?
K'=0.4 mmol_dm*
Ca =7 mmol_dm™
Mg =3 mmol_dm? S =4 mgdm?
H + Al = 58 mmol_dm
CTC =68 mmol_dm®and V=15%

The experimental design and treatments
The experimental design was completely
randomized (with three replications),
according to a factorial 6 x 2 x 2 [six doses
of P; two sources of P; presence (P/L) and
absence of lime (A/L)], totaling 72 experi-
mental units (pot with 2.8 kg of soil).

The doses of P (calculated by total P of
the fertilizers) were 0, 30, 60, 90, 120 and
150 mg kg! of P.

The P sources were decanted
phosphate (DP) (P,O, total = 17%; PO,
soluble in neutral ammonium citrate
(NAC) + water = 9%; P,O, soluble in citric
acid = 12%; Ca = 18%) and triple super-
phosphate (TS) (P,O, total = 45%, P,0,
soluble in water = 37%; PO, soluble in
NAC + water = 43%; Ca = 14%).

79



F. Tiraboschi Leal, E. L. Mendes Coutinho, A. B. Coelho Franga

Soils with the acidity correction
received lime (PRNT = 95%), in a amount
calculated to elevate soil base saturation
to 60%. The sources of P were applied in
powder form in order to avoid the effects
of granulometry and facilitate the mixture
of them with the soil. The marandu grass
(Brachiaria brizantha cv. Marandu) was
used as test plant.

Experimental conduction

The lime was mixed with the soil
in each pot, followed by the addition
of distilled water to the soil to reach
approximately 80% of the maximum
water retention (MWR).

The soil was incubated for 20 days.
The soil in each pot was air-dried and
it received phosphate fertilizers and
basic fertilization.

The basic fertilization was consisted
of doses of N, S, K and Zn in mg kg
N = 30 and S = 36 (ammonium sulfate),
K = 120 (potassium chloride) = 3 and
Zn (zinc sulfate). The sources of P were
applied only before sowing.

Marandu grass sowing was made
with 30 seeds per pot. Seven days after
the plant emergence, thinning was done
leaving four plants per pot.

After 20 days of plant emergence,
a standardization cut to 0.10 m
above ground level was done. Then
the fertilization was performed with
120 mg kg'! N (ammonium sulfate).

After the standardization, three
cuts of the shoot were done at intervals
of 30 days, also to 0.10 m. After each
cut, fertilization was performed with
150 mg kg! N (ammonium nitrate) and
80 mg kg! K (potassium chloride). Daily
waterings with distilled water were
made to maintain the soil close to 80% of
the MWR.
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The shoots at each of the three cuts
were washed. The plant materials were
dried at 65°C in forced-air oven. The plant
material was weighed to determine the
dry mass of shoots.

Agronomic and economic efficiency

To evaluate the efficiency of P sources
was used the response curve of TS Goedert
etal (1986).

The response curves were adjusted
following the model y = y + ax’%, and
the significance of the regressions were
verified (p<0.01).

The comparative analysis of response
curves (EqTS medium) was calculated
through the quotient squared of the
angular coefficients of the curve, multi-
plied by a hundred, using the DP as
numerator (y,) and TS as divisor (y,):

2
EqTS medium (%)= {b(yz)} .100

b(»)

The relative economic efficiency (REE)
was obtained by division of the price in
reais of one kilogram (kg) of P,0, of TS
(PTS), reference source, and the cost of a
kilogram of P,0, of test source- DP(PDP),
multiplied by the agronomic efficiency
(EqQTS medium) of the test source and by a
hundred (6).

The information for calculating the
REE were: the price in real of the fertilizer
per ton (t) (DP = R$ 320/t; TS = R$
1,615/t), the total content of P,0, in the
fertilizer (DP = 17%; TS = 45%), the PDP
= R$ 1.88, the PTS = R$ 3.59 and the ratio
PTS/PDP = 1.90. Commercial fertilizer
prices were obtained on February 24,
2016.

REE (%) = (EqTSmedium.P—TS). 100
PDP

Revista de la Facultad de Ciencias Agrarias



Decanted phosphate and its efficiency

P critical level

The P critical levels were set when
relative production was 90%. The linear
plateau model was performed to determine
the P critical level in soil and shoots of
marandu grass, which was defined by the
intersection of the two lines (1).

RESULTS

The adjusted equations that best
described the response curves according
to each P source, where x is the dose of
P used, and y, and y, correspond to the
dry matter production of marandu grass
shoots provided respectively by TS and DP
(table 1). Through the EqTS medium (table
2, page 82), it was found that the sum of
the growths, the DP was more efficient
compared to TS when not applied lime.

On the other hand, the DP was less
efficient when the soil received this
corrective. In the three growths, the EqTS
medium provided by the DP were similar
or above those verified for the TS when
the treatments did not receive lime (EqTS
medium = 100).

When the soils received lime, the EqTS
medium for DP in the first growth was the
lowest of the experiment. This indice was
raised to higher values than the ST in the
second growth and again reduced to lower
after this growth.

Through the REE (table 2, page 82), it
can see that the REE indices obtained for
the DP were always higher than 100%,
except for the first growth when the DP
had REE lower than 100% when applied
lime to the soil. However, in the sum of the
growth, REE for DP was than 100% even
when the soil received lime.

Table 1. Response curves for fertilizers as function of the liming in the three growth
periods of Brachiaria brizantha cv. Marandu and the sum of the growths.

Tabla 1. Curvas de respuesta para fertilizantes en funcion del encalado en los tres periodos
de crecimiento de Brachiaria brizantha cv. Marandu y la suma de los crecimientos.

Growths P sources Liming Adjusted equations R?
Triple superphosphate Ausence y, = 0.9947 + 0.5562x"° 0.81**
i u
15" Growth pe superphos Presence y,=0.0023 + 0.4141x"* | 0.87**
Ausence y,=1.0186 + 0.5597x"* 0.68**
Decanted phosphate
Presence | y,=-0.1830+0.2626x"° | 0.46%*
Triple superphosphate Ausence y, = 2.1772 +0.7493x"5 0.75%*
i u
2% Growth P perphosp Presence y, =1.8723 + 0.8825x"5 0.80**
Ausence y, = 1.8821 + 0.8226x"° 0.80**
Decanted phosphate
Presence y, =0.9461 + 0.8956x"° 0.89**
Triple superphosphate Ausence y, = 0.1660 + 0.4467x"° 0.90**
i u
30 Growth P perphosp Presence y, =0.3223 + 0.6234x"* 0.76**
Ausence y, = 0.9486 + 0.4471x"° 0.78**
Decanted phosphate
Presence y, =0.1048 +0.4746x"° 0.79**
Triple superphosphate Ausence y, =3.3380 + 1.7521x"° 0.87**
u
ple superphosp Presence | y,=2.1969+1.9200x'5 | 0.91**
Sum of the growths
Ausence y, = 3.8494 + 1.8295x"* 0.83**
Decanted phosphate
Presence y, =0.8679 + 1.6364x"° 0.91**

** significant at 1% probability. / ** significativo al 1% de probabilidad.
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Table 2. The equivalent triple superphosphate medium (EqTS medium) and relative
economic efficiency (REE) for the three growth periods and sum of the growths of
Brachiaria brizantha cv. Marandu.

Tabla 2. El equivalente superfosfato triple medio (medio EqTS) y la eficiencia

econ6mica relativa (REE) para los tres periodos de crecimiento y la suma de los
crecimientos de Brachiaria brizantha cv. Marandu.

15T Growth 2N Growth 3RP Growth Sum of growths
P source Liming Liming Liming Liming
Ausence | Presence | Ausence | Presence | Ausence ‘ Presence | Ausence | Presence
---------------- Equivalent triple superphosphate medium (%) --------------
gﬁgig;i‘ie 101 40 120 103 100 58 109 73
Zg‘g’;fphosphate 100 100 100 100 100 100 100 100
—————————————————————————— Relative economic efficiency (%) -----------------------
E}fgzgge 192 76 228 196 190 110 207 139
;Fgg’elfphosphate 100 100 100 100 100 100 100 100
1207 ots (@) 120 ®)
1054 vDbP 1054
< v % e vV e -
S ¢ e 7. S
=~ 904 o . < 904
g o o v g
'E 754 - = 754
= v 1
E 60 E 60
E 45 y= 179947364 ifx<15 & 45
=] R =0.79* E -26.93 +101.080x, ifx< 1.2
304 5 30
I [
151 cL-1s = 15
0 Z 0

0 1'0 2'0 30 4'0 5'0 60 7'0

P concentration in soil (mg dm™)

0.0 0.5 1.0 1.5 20 25 30 35

P concentration in shoots (g kg’l)

Figure 1. Critical levels of P in soil (a) and shoots of Brachiaria brizantha cv. Marandu (b).
Figura 1. Niveles criticos de P en el suelo (a) y brotes de Brachiaria brizantha cv. Marandu (b).

The relation between the relative
production and the P levels in the soil
and shoots of marandu grass is presented
(figure 1). The determined critical levels
of this nutrient in soil and shoots of the
plant were 15 mg dm?® and 1.2 g kg?,
respectively.
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DISCUSSION

The P solubilization from the DP had
been favored by the higher acidity of
the soil, which it was possibly increased
throughout the experiment due to
nitrogen fertilization performed in each
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marandu grass cut. In this sense, other
authors verified the efficiency of partially
acidulated phosphate was directly propor-
tional to the acidification rate (7).

The values of EqTS medium for DP
are higher than those verified by other
researchers in field condition for two
years for P sources such as magnesium
thermophosphate and Gafsa phosphate
(90% and 48%, 91% and 88%, respec-
tively) (3).

Moreover, the phosphate fertilizers
were applied in powder form, which may
also have reduced faster the efficiency of
TS (more soluble source in water) after the
first growth due to greater surface contact
and adsorption P to the soil, reducing the
availability of this nutrient.

These results suggest that DP efficiency
can be reduced in soils with lower acidity
due to the smaller supply of protons H*
for the solubilization of P from this source
and it can be increased in soils with higher
acidity. On the other hand, although the
increase in acidity could result in better
utilization of P from DP, it can also enhance
adsorption reactions of this nutrient to
the soil that make the EqTS medium had
been reduced after the second growth. In
acidic soil conditions, positive charges are
generated which increase adsorption the
phosphate anions to adsorbent soil surface.

In addition, precipitation reactions of P
can also occur with ionic forms of Aland Fe in
acidic soils (2). Although the EqQTS medium
indice is obtained by the curves of responses
as a function of the doses of P, the higher
concentration of Ca in the DP compared to
the TS may have provided greater amount
of this nutrient to plants, which can have
increased the efficiency of this by-product
(DP =18% Ca; TS = 14% Ca).

However, the EqTS medium was better
than other indices such as Agronomic
Efficiency Index (AEI), and equivalent
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triple superphosphate (EqTS), because it
did not suffer the influence of the dose used
because it considers the part of the curves
of greater response to the P addition.

The REE indices showed that studies
about effects of P sources must consider
the initial effect of the fertilizer but
also the residual effect. The treatments
without lime had the highest REE indices
compared to those in which the corrective
was applied.

The high REE achieved for DP is due
to good agronomic efficiency indices
associated with high PTS/PDP ratio = 1.90
(price of one kilogram of P,0, of TS/price
of one kilogram of P,0, of DP). The results
of this experiment for EqTS medium and
REE suggest generally efficiencies of DP
similar or above those of the TS, especially
when not applied lime. At the same time,
REE were not considered transportation
and operation costs, which possibly were
higher for DP due to be more the necessary
quantity of this product, when compared
to TS, to apply the same quantity of P.

On the other hand, these same results
can direct field studies about the efficiency
and use of DP in agriculture, assisting in
the reduction of the national dependence
on the import of phosphate fertilizers
and the environmental liabilities of the
fertilizer manufacturers.

The critical level values of P in soil falls
within the range of P levels of the low soil
fertility class (7 to 15 mg dm®) (9), which
was established for annual crops, but is
used for fodder species.

In the shoots of the plant, the critical
level value is within the range suggested
by some authors for B. brizantha (0.8 to
3.0 gkg! of P) (15).
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CONCLUSIONS

In the conditions of this experiment
under greenhouse, it was concluded that
the DP could be a good P source because
it had high EqTS medium and REE,
especially in acid soils and after the first

efficiency. For improving the management
of DP in agriculture, new studies in the field
conditions should be performed.
Furthermore, the critical levels of P in
the soil and shoots of the marandu grass

growth period (residual effect).
The use of DP should consider that the
liming reduces its agronomic and economic

were 15 mgdm?and 1.2 gkg?, respectively.
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ABSTRACT

The objective of this study was to analyze tomato responses to water requirements
(evaluated by means of balance lysimeters), leaf area, yield, quality and its relationship
with weather, depending on the number of stems. The work was carried out in a green-
house under hydroponic conditions. Tezontle (Stuff) was used as a substrate and a drip
irrigation system was installed. The experiment consisted of three treatments, with one
(T1), two (T2) and three (T3) stems per plant. The daily crop evapotranspiration was
0.30 L m in the initial stage, up to 4.41, 4.77 and 6.0 L m?, in the stage of maximum
demand for T1, T2 and T3. The gross volume applied throughout the cycle was 352.2,
388.4 and 434.7 L m? for T1, T2 and T3, with productivities of 49, 41 and 36 kg m® and
yields of 20, 18 and 16 kg m™? for T1, T2 and T3. Regarding quality parameters in size, T1
was the best, with 69, 23, 8 and 1% fruits of first, second, third and small fruits per plant
respectively. The meteorological variables such as; temperature, wind, relative humidity,
vapor pressure deficit and atmospheric water potential determined the consumption of
water and nutrients in crops and are variables for irrigation scheduling.
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RESUMEN

El objetivo de este estudio fue analizar las respuestas del jitomate a los requerimientos
hidricos (evaluado por medio de lisimetros de balance), area foliar, rendimiento, calidad
y su relaciéon con el tiempo atmosférico, en funciéon del nimero de tallos. El trabajo se
realizé en un invernadero en condiciones de hidroponia. Se utilizé tezontle como sustrato
y un sistema de riego por goteo. El experimento consistié en tres tratamientos, con uno
(T1), dos (T2) y tres (T3) tallos por planta. El consumo por evapotranspiracion diaria del
cultivo fue 0,30 L m™ en la etapa inicial, hasta 4,41, 4,77 y 6,0 L m? en la etapa de maxima
demanda para T1, T2 y T3. El volumen bruto aplicado durante todo el ciclo fue 352,2; 388,4
y 434,7 Lm?para T1, T2y T3, con productividades de 49, 41 y 36 kg m® y rendimientos de
20,18y 16 kgm? para T1, T2 y T3. Con relacion a los parametros de calidad en tamafio, el
T1 fue mejor, con 69, 23, 8 y 1% frutos de primera, segunda, tercera y frutos pequefios por
planta. Las variables meteoroldgicas como temperatura, viento, humedad relativa, déficit
de presion de vapor y potencial hidrico atmosférico determinan el consumo de agua y

nutrimentos en los cultivos y son variables para calendarizacién del riego.

Palabras clave

Solanum lycopersicum L. e lisimetro de balance e tezontle ¢ evapotranspiracion e

calidad de fruto

INTRODUCTION

Tomato crop (Solanum lycopersicum L.)
is one of the most consumed vegetables in
the world (Chapagain and Wiesman, 2004)
and mainly grown under greenhouses. In
Europe and the United States, the intensive
production system in greenhouses has use
undetermined growth habit cultivars and
low densities that vary from two to three
plants per square meter; where the stems
of the plants are often pruned and set a
single stem that reaches more than seven
meters in length and it is left to harvest
15 or more bunches per plant in a single
crop cycle per year (3). This production
system in Mexico is relatively new and has
generated an impact on the increase in
cultivated area, productivity, profitability
and quality in recent years.

Production under protected or forced
conditions has several advantages over
open field production: greater efficiency
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in the use of water, soil and fertilizers, as
well as greater flexibility in the sowing
and harvest season according to the
market demand.

By having better control over environ-
mental and agronomic variables, green-
house production is usually better, in
quality and quantity than that produced
at open field (7, 16, 18, 26).

Irrigation application timing and
quantity determine the yield of crops in
these systems. In addition, that helps to
increase water use efficiency. Thus, a poor
coupling of irrigation with water demands
of the crop can promote the presence

of pests, diseases and physiological
disorders (1, 19, 25).
The necessary amount of irri-

gation should be applied to cover water
consumption of the crop by the evapo-
transpiration (10).
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Excess irrigation water generates
leaching of soluble fertilizers which
contributes to the pollution of ground-
water. On the other hand, a lower supply
to the crop evapotranspiration (ETc) can
lead to water deficit and consequently a
reduction in yield potential. Although there
are several studies to determine irrigation
requirements of open field tomato, its esti-
mation in greenhouses is scattered and
limited (28). Furthermore, studies under
greenhouse conditions have been carried
out for production systems in Europe, the
United States and Canada, where there is
usually a lower density of plants.

In Mexico, empirical equations have
been used for determination of evapo-
transpiration in protected environments,
but it is not known exactly if these values
are correlated with the real evapotranspi-
ration, since there is a lack of evapotrans-
piration data measured over the crop
cycle. It is necessary to establish a simple
and economical procedure in order to
estimate the crop evapotranspiration in
protected environments, that can allow
adjust such estimation based on meteoro-
logical variables (29). The balance method
is the most used method to directly
estimate the evapotranspiration in which
evaporation is measured from bare soil
and crop transpiration. Lysimeters are
containers with soil generally installed
in the field under natural environmental
conditions; where water, soil, plant, atmo-
sphere system can be regulated, allowing
to measure more accurately. Those lysim-
eters are used to study environmental
effects and to evaluate the estimation
methods for water demand of crops (8).
That allows calculating the actual evapo-
transpiration of the crop (ETc) and thus
estimating the loss of moisture in the
soil, plant, and atmosphere system, which
allows scheduling irrigation timing (13).
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Greenhouse irrigation is usually applied
on drip system with a pre-established
interval and timing. This empirical practice
does not consider the dynamic conditions
in the management, environment and
development of the crop. When there is
no coupling between irrigation and crop
evapotranspiration demands, there are
periods of moisture deficit that affect the
potential productivity of the crop and the
efficient use of water and fertilizers (5).

Development of many organisms
is controlled mainly by environmental
temperature. Thermal time is an indirect
measure of growth and development of
plants and insects. These represent the
integration of two temperature thresholds,
which is define as interval in which an
organism is active. Outside this interval,
the organism does not show appreciable
development or die.

The concept of thermal time resulted
from observations indicated: 1) plants do
not develop when the ambient temper-
ature is lower than the basal one (Neild
and Smith, 1997), 2) the rate of devel-
opment increases when ambient temper-
ature is higher than the basal one, 3) the
varieties of tomatoes require different
values of growing degree days.

Knowledge of tomato water demands
will allow coupling this demand with
the application of irrigation in a timely
and efficient manner, and as a result,
an increase in the efficiency of fertilizer
application, a reduction in contamination,
an increase in yield and fruit quality.

Objective

Analyze tomato responses to water
requirements (evaluated by means of
balance lysimeters), leaf area, yield,
quality and its relationship with weather,
depending on the number of stems.
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MATERIALS AND METHODS

Description of the experiment

The experiment was carried out in a
greenhouse at graduate college Monte-
cillo Campus, State of Mexico, (19° 28'05"
latitude North and 98° 54'31" longitude
West at 2.244 m altitude). In a green-
house with plastic covers of high-density
polyethylene, 75% transmissivity, natural
ventilation, and anti-aphid mesh screen
equipment. The average temperature
recorded during the crop growing cycle
was 18.45 °C, 25.0 °C for the hottest month
(April) and 9.0 °C for the coldest month
(September).

Cultivar “Cid F1” seeds were sown on
March 5th, transplanted on April 20™ and
harvested at the last bunches of fruits on
September 20%, 2015. The plants were
maintained at one, two and three stems,
and were sprouted on July 8, 2015, when
the tenth floral bunches were reached. The
arrangement of transplanting consisted of
separation of 40 cm between plants and
40 cm between lines in all treatments,
using 35 x 35 cm black polyethylene bags
with red tezontle (stuff) as substrate, with
a crop density of 3 plants m.

Treatments (T) consisted of three
management conditions, depending on the
number of stems per plant: with one (T1),
two (T2) and three (T3) stems per plant,
respectively. The area of each treatment
was 53 m? with a total area of 159 m?2. The
treatments were distributed in the field
under a design in random blocks with
arrangement in divided plots with four
repetitions whose dimensions were 10 m2.
The drip irrigation system consisted in
a surface irrigation line of 16 mm of
diameter, with self-compensating dripper,
flow rates of 4 L h*!, an operating pressure
of 68.64 k Pa. The nutrient solution was
applied with Steiner solution (27).
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The physical properties of five tezontle
(volcanic rock) samples were deter-
mined. The results were as follows:
water holding capacity 1.7 L, bulk density
1.04 g cm?3, total porosity 40.98%, air
capacity 59.44%, field capacity 0.183 cm?
permanent wilting point 0.09 cm? volu-
metric water content 0.092 cm? cm?3.

Description of variables

Temperature (Ta, °C) and relative
humidity (RH, %) were recorded with a
data acquisition system, Hobo U12-011
was installed inside the greenhouse at
2 m above the ground. With these vari-
ables, the vapor pressure deficit (VPD,
k Pa) and atmospheric water potential
(¥,) were computed from planting to
harvest of the tenth bunches. The VPD is
a useful variable to express the vapor flow
(gradient) in a greenhouse. It also allows
knowing the flow of the condensation and
the crop transpiration. Besides, it quan-
tifies the proximity of greenhouse air to
the saturation.

To estimate the daily degree of
development, it was used the (equation 1)
that requires the average environmental
temperature (17).

ADD=T-T  siT<T

c-max

ADD=T_ -T

c-max  c-mir’

ADD=0,siT,sT

c-min

SIT>T (1)

c-max

where:
T = the daily air temperature
T and T = minimum and
c-max c-min,
maximum air temperature, the threshold
for the tomato growth are 29 and

11°C (24).
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The accumulated values for n days are
expressed with:
ADD =3} GDi (2)
Where:
i = the number of the day from the

initial day, either at planting or the first
phenological stage

To measure the evapotranspiration
of the crop, control pots with 10 kg of
tezontle and water holding capacity of
1.7 L. were used. In each treatment, four
replicates of control pots were installed
and covered with plastic on the surface
to avoid evaporation of water from the
substrate. In these pots, a known volume of
water was applied at 9:00 a.m, which was
allowed to drain for 50 minutes and the
drained nutrient solution was measured,
and by difference (volume applied and
drainage), the evapotranspirated volume
was obtained per plant (figure 1). This
procedure was repeated daily at 11:00,
13:00, 15:00 and 17:00 hours with five
daily measurements from transplant to
harvest of the tenth bunches.

The evapotranspiration during a
certain period was the difference between
the water supply and the drainage:

ETc=R-D#* 46 3)
where:

ETc = crop evapotranspiration

R = the irrigation volume (L)

D = the drainage volume (L)

AB = the rate of water content in the
substrate (L)

In the absence of rain and other inputs,
the irrigation requirements are equal
to actual crop evapotranspiration (ETr)
described by the following equation.
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RR = ETr = transpiration (L) (4)

In addition, pH and EC in the nutrient
solution supplied and drained were
measured from the pot in order to know
the concentration of ions in the solution. In
order to adjust the fertilization scheduling
to carry out a better control in supplying
the nutrient solution.

Relationship between leaf area

index and water requirement

In addition, from the measurement of
water consumption, the leaf area index
was measured in different crop stages
to correlate with the water demand of
the plant.

va%
oW erp®*

A Y
wate
‘-ve
Res®

Support base

Drained water
collection vessel

Figure 1. Daily evapotranspiration
measurement in control pots in
the greenhouse.
Figura 1. Medicién de evapotranspiracion
diaria en macetas control en invernadero.
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In each harvest, quality classification
of fruit size was divided into five cate-
gories (extra-large, large, medium, small
and smallest fruits) based on the Mexican
Standard (table 1).

To determine the significant differ-
ences of the evaluated variables, analysis
of variance (ANOVA) was conducted along
with Tukey mean separation test (P <0.05)
using MINITAB statistical software.

Water use efficiency (WUE) estimated
as the ratio of total yield (kg) and the
volume of water applied (m?) as well as
yield (R) of the treatments mass produced
per unit surface (kg m?).

Electric conductivity and pH values

managed

The pH values of the nutrient solution
were the average of 6.85, and ranged from
6.7 to 7.0; for electrical conductivity (C.E)
the average was 1.85 dS m™ and varied
between 1.1 and 2.6 dS m™. The average
values for drained solution were 7.6 for pH
and 2.89 dS m™ for electrical conductivity.
These values of electrical conductivity
for the drained solution were lower, that
recommended for production in green-
houses, whose typical interval is between
2and 4 dS m™.

RESULTS AND DISCUSSIONS

Temperature and relative

humidity

At the initial stage of crop, the
temperature reported was higher than
22°C, during the hottest months from
April to June, and then decreased. In the
rainy months from July to September, it
decreased until 9°C, and increased the
relative humidity up to 90%, due to the
rain, cloudy days at the beginning of the
cold season where the experiment took
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place (figure 2, page 93). The behavior of
these two variables were similar to those
reported by Jaimez et al. (2005).

Vapor Pressure Deficit (VPD)

Vapor Pressure Deficit (VPD) is an
important variable in the crop production,
either, in protected conditions or open
field. It indicates that when air becomes
saturated, the water will condense to
form clouds, dew or water films over the
leaves. This is the last instance that makes
the VPD important for the regulation of
water demand. If a film of water keeps
on the leaf of the plant, it becomes much
more susceptible to putrefaction (20).

The VPD in the stage of vegetative
development was 1.7 k Pa. This value
could be due to the initial phase of growth,
its leaf area was small, so the number of
stomata was scarce.

Although the transpiration rate was
high, as well as the loss of water vapor
inside the greenhouse, this did not reach
to satisfy the atmospheric demand. This
process involved greater release of water
vapor through the stomata of the leaves
trying to cover the atmospheric water
demand (figure 3, page 94).

Table 1. Saladette tomato fruits
classification (15).

Tabla 1. Clasificacion de frutos de
jitomate tipo saladette (15).

Diameter [mm]
Size
Minimum Maximum
Smallest fruits 26 37
Small 37 51
Medium 51 60
Large 60 71
Extra-large 71 Onwards
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Figure 2. Temperature and relative humidity in the greenhouse during the crop cycle.

Figura 2. Temperatura y humedad relativa en el invernadero durante todo el
ciclo de cultivo.

A high VPD increases the transpiration
demand, increases water and nutrient
uptake, increasing the photosynthetic
activity, in addition, it directly influences
the amount of water in plant tissues that
is further transferred to the greenhouse
air. In the final stage of cultivation, the
VPD close to 0.1 kPa was estimated, since
the plants decreased the transpiration,
because the atmosphere was practically
saturated with vapor water.

Therefore, less diffusion of the water
vapor from the stomata to the envi-
ronment was present which reduced the
photosynthetic activity, which had an
impact on yield and quality of the fruits
(figure 3, page 94).

In addition, a very low VPD indicated
near to the dew point could be harmful for
the crop. These results were reported by
Jaimez et al. (2005) with 0.4 kPa minimum

Tomo 50 ¢ N°2 « 2018

and 2.5 kPa maximum of VPD ofred pepper
cultivated in controlled conditions.

The behavior of VPD during a day
(24 hours), each minute was completely
different from the daily VPD. In the vege-
tative stage, the lowest value of VPD was
found of 0.16 kPa at 6:23 a.m. and the
highest value of 10.76 kPa at 13:30 p.m.,,
corresponded at 20 days after planting
(six true leaves). These compared to
the VPD obtained in the reproductive
stage, the lowest value of 0.11 kPa was
presented at 7:31 a.m. and during the day
of solar insolation at exactly 15:07 p.m. the
highest value of 5.27 kPa was estimated,
corresponding at 131 days after planting
(ripening of fruits of the 15 bunch).

The high peaks did not occur at the
same time; this was due to the variation of
the season of the year.
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Figure 3. Daily vapor pressure deficit (A) and for a day (B) in the greenhouse.

Figura 3. Déficit de presién de vapor diario (A) y durante un dia (B) en invernadero.

Although the values were out of the
optimum range, the crop was developed
in a normal manner and did not present
problems of pests or diseases, this was
attributed to an adequate management
in the pruning of shoots and preventive
application of fungicides and insecticides
during the crop cycle (figure 3).

As the VPD increases, the plant needs
to extract more water from the substrate
through its roots to satisfy the water and
nutrient demand. For this reason, the
adequate values for the VPD in the green-
house are from 0.45 kPa to 1.25 kPa, the
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optimum are around 0.85 kPa. Overall,
most plants have an optimal VPD between
0.8 and 0.95 kPa (21). With the calculation
of current VPD, it is known the suscepti-
bility of the crop to develop diseases due
to environmental conditions or to suscep-
tibility of a pest development. Prenger and
Ling (2001) showed that fungal pathogens
survive better below VPD (<0.43 kPa).

In addition, infection of the disease
is more detrimental below (0.20 kPa).
Therefore, the climate of the greenhouse
should be maintained above (0.20 KPa), to
prevent diseases and damage to crops.
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Atmospheric water potential (V)

Atmospheric demand is undoubtedly
a factor of great importance to determine
the amount of water that a crop requires
for its growth and development. This
demand will depend on the incident radi-
ation, temperature, relative humidity, and
wind. Figure 4 shows the atmospheric
water potential (¥ ) at higher temper-
ature in the vegetative stage lowers the
atmospheric water potential which means
that the atmosphere requires more water
to saturate the environment, which can

be evidenced by the dropped down of
W, of the dry air. At the end of the crop
cycle, there was an increase in Y, due to
the air temperature dropped down and
the relative humidity raised, which corre-
sponded to the start of the rainy months,
cloudy days. With relative humidity of
100% at any temperature, the water
potential of the air was equal to zero
(figure 4). As the atmospheric demand
increased, the evapotranspiration crop
increased too the water and nutrients
uptake to a certain threshold, fixed by the
potential of water from its leaves.
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Figures 4. Daily atmospheric water potential (A) and during a day (24 hours) each
minutes (B) in greenhouse.

Figura 4. Potencial hidrico atmosférico diario (A) y durante un dia (24 horas) en
intervalo de cada minuto (B) en invernadero.
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Lépez (2000) reported that when
the relative humidity (RH) of the air was
98% at 20°C, the water potential of the air
decreased to -2.72 MPa, which was enough
to raise a water column at a height of
277 m. At 90% of RH, the W =-14.2 MPa; at
50% RH of air, Y = -93.5 MPa and at 10%
RH, ¥ =-311 MPa. The water potential of
the soil water available to the plants was
rarely below -1.5 MPa, was not needed to
generate a pronounced water potential
gradient from the soil passing through the
plant to the atmosphere due to the dry air.
Even when the soil is very humid and the
RH of the air is 99%, a gradient of water
potential can be established.

In addition, Gil-Pelegrin, et al. (2005)
found similar behavior of atmospheric
hydric potential through a continuous inte-
grating model soil-plant-atmosphere (SPAC)
that analyzes the flow of water in terrestrial
plants as a dynamic process along a series of
compartments, from the source (soil) to the
final demand (atmosphere).

The behavior of W _ atmospheric
during a day (24 hours), each minute was
completely different from the daily ¥ . In
the vegetative stage, the lowest value of
¥  was found of -20.05 MPa at 6:23 a.m.
and the highest value of -300.03 MPa at
13:13 p.m.,, corresponded at 20 days after
planting (six true leaves). These compared
to the W  obtained in the reproductive
stage, the lowest value of -13.26 MPa was
presented at 7:58 a.m. and during the day
of solar insolation at exactly 15:09 p.m.
the highest value of -173.60 MPa was
estimated, corresponding at 131 days
after planting (ripening of fruits of the
1%t bunch).

Crop evapotranspiration

The daily evapotranspiration variation
per m?, measured with the balance method,
is shown in figure 5a, 5b y 5c, page 97. For
the treatment of one stem (T1), it was
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observed that in the initial phase the daily
variation of water demand was between 0.3
- 4.41 L m?, in the stage of maximum water
demand (at the maturation stage of fruits
of the 1% bunch) at 1500 ADD (figure 54,
page 97).

In addition, it was found that the plant
began to develop its leaf area, height,
roots and fruits, the water requirement
increased. These data were closer to
reported by Flores et al. (2007) for tomato
crop in greenhouse with a crop density of
4.3 plants m? in tezontle.

For the treatment of two stems (T2)
the daily variation of the water demand
was between 0.3-4.77 L m? plants® from
the initial phase to the stage of maturation
of fruits (the 1% bunch) to the 1500 DDD
(figure 5B, page 97). The volume of water
uptake by this treatment was closer to
(T1) in the vegetative stage, however, at
the beginning of maturation, differences
were found by increasing the volume of
water uptake.

The water requirement for three stems
(T3), the daily variation was from 0.3 to
6.0 L m? from the initial stage to the stage
of ripening of fruits (the 1% bunch) to the
1500 DDD (figure 5C, page 97). These
results were closer to those reported by
Leoén et al. (2005) for Lignon and FL-5
varieties of tomato grown under protected
conditions on two sowing dates.

The volume of water uptake in the
three treatments at the beginning of the
crop cycle was minimum because leaves
and roots were not fully developed in that
they did not consume a greater volume of
water. After 750 DDD, the volume of water
applied to the crop increased, because
the development of the plant and its total
biomass was increased too as a function
of time. The changes of the variations of
water requirement in the three treatments
were due to the effect of cloudy days, rainy
days and clear days.
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Figure 5. Net water requirements for T1, T2 and T3.
Figura 5. Requerimiento hidrico neto para T1, T2 y T3.
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Net water requirement each crop

stages for one stem

The net consumption measured by the
balance method during the whole crop
cycle was 352.2, 388.4 and 434.7 L m? for
T1, T2 and T3 respectively, in a cycle of
154 days, from the transplant to the tenth
bunches (table 2, 3 and 4, page 99).

According to the results obtained from
Tukey mean separation test (95%), no
significant difference in the average of net
water requirement was found in the three
replications among the tomato cultivation
treatments grown in the greenhouse
(table 5, page 99).

Relationship between leaf area

index and water requirement

The values of water uptake obtained
during the growing cycle, without water
limitations in the area explored by the roots,
depended on the atmospheric demand, the
duration of the growing season and the foliar
area developed by the plant. In terms of crop
water consumption, the aerial structure of
the crop determined the transpiration crop.
When the leaf area index increased, the
water consumption of the crop rised linearly
to the atmospheric demand, reaching a
maximum value under maximum growth of
the canopy, declining with the progression
of the season (figure 6, page 100).

Water yield and productivity

The yield of the crop pruned to one
stem (T1) was 20 kg of fruit per m?, this
yield was similar reported by Flores et al.
(2007) for tomato c.v. Tequila, in addition,
Corella et al. (2013) obtained yield of
23.43 kg m2 for tomato c.v. Malinche culti-
vated on a single stem in the greenhouse.

The yield of the crop pruned to two
stems (T2) was 18 kg m?, this yield was
found by Corella et al. (2013) of 18.55 and
18.24 kg m? for c.v. 4426 and c.v. Anibal,
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respectively, for indeterminate tomato
crop growth in greenhouse.

The yield of the crop pruned to three
stems (T3) was 16 kg m™? Information
was not found for the yield and quality
for this last treatment. Significant statis-
tical differences were found between
treatments. The gross volume applied
throughout the growing cycle was 404,
438 and 444 L m? for T1, T2 and T3
respectively, with a productivity of 49, 41
and 36 kg m* of water, Flores et al. (2007)
reported 35 kg m? for tomato c.v. Tequila
of indeterminate growth. This indicates
that higher evapotranspiration does not
necessarily indicate higher yield.

Size of fruits by category

Regarding the size of the tomato fruits
in (%) harvested for each treatment. For
one stem (T1) it was better with 69, 23, 8
and 1% fruits of large, medium, small and
smallest fruits, respectively (table 6, page
102). The fruits obtained in this treatment
comply with the NMX-FF-031-1997 to be
exported to the international market. The
results obtained in this work were found
by Rodriguez et al. (2008), for tomato
under greenhouse conditions, found that
60% corresponds to extra quality; 20% at
first, 10% at second and 10% at loss.

For two stems (T2) 49, 33, 17 and 1%
fruits of large, medium, small and smallest
fruits were obtained respectively. The
fruits obtained in this treatment could be
considered for the national market due to
its size, it is mainly transferred to super-
markets and central supply stores for
its later distribution to final consumers.
Quintana et al. (2010) reported the results,
for tomato in greenhouse, they reported
that 9% corresponds to extra quality, 52%
to first, 27% to second, 11% to third and 2%
to fourth.
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Table 2. Net water requirement each crop stages for one stem (TI) of tomato.

Tabla 2. Requerimiento hidrico neto por etapa de cultivo de jitomate para un tallo (T1).

. . Degrees-day
Water consumption Days after planting
Stage development
Daily Period \ Accumulated Period \ Accumulated | Accumulated
Lm2d* L m?
Initial 0.30 4.80 4.80 16 16 670
Vegetative 1.35 33.75 38.55 25 41 951
Development 2.85 88.35 126.90 31 72 1268
Production 3.12 165.36 292.26 53 125 1698
End of cycle 2.07 60.03 352.29 29 154 1762
CV(%) 1.15 61.43 153.59 13.68 57.38 47091

Table 3. Net water requirement each crop stages for two stem (T2) of tomato.

Tabla 3. Requerimiento hidrico neto por etapa de cultivo de jitomate para dos tallos (T2).

. . Degrees-day
Water consumption Days after planting
Stage development
Daily Period | Accumulated Daily Period
Lm?2d? L m?
Initial 0.30 4.80 4.80 16 16 670
Vegetative 1.35 33.75 38.55 25 41 951
Development 2.97 92.07 130.62 31 72 1268
Production 3.42 181.26 311.88 53 125 1698
End of cycle 2.64 76.56 388.44 29 154 1762
CV(%) 1.28 67.41 168.71 13.68 57.38 47.91

Table 4. Net water requirement each crop stages for three stem (T3) of tomato.

Tabla 4. Requerimiento hidrico neto por etapa de cultivo de jitomate para tres tallos (T3).

. . Degrees-day
Water consumption Days after planting
Stage development
Daily Period \ Accumulated Daily Period
L m2d* L m?
Initial 0.30 4.80 4.80 16 16 670
Vegetative 1.38 34.50 39.3 25 41 951
Development 3.24 100.44 139.74 31 72 1268
Production 3.87 205.11 344.85 53 125 1698
End of cycle 3.03 87.87 432.72 29 154 1762
CV(%) 1.48 76.88 188.68 13.68 57.38 470.91

Table 5. Comparison test of means of average net water requirement between treatments.

Tabla 5. Prueba de comparacion de medias de requerimiento hidrico neto promedio
entre los tratamientos.

. Vegetative Development Production i
Treatments Initial stage Final break
stage stage stage

One stem (T1) 0.30a 135a 2.85a 312a 2.07 a

Two stems (T2) 0.30a 1.35a 297 a 342a 2.69 a
Three stems (T3) 0.30a 1.38a 3.24a 3.87a 3.03a

CV (%) 0.0 0.0 0.2 0.4 0.5
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Figure 6. Ratio of water requirement and leaf area index during the whole crop cycle
for T1, T2 and T3.

Figura 6. Relacién de requerimiento hidrico e indice de area foliar durante todo el ciclo
de cultivo para T1, T2 y T3.
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Figure 7. Daily drained volume variation for T1, T2 and T3.
Figura 7. Variacion del volumen drenado diario para T1, T2 y T3.
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Table 6. Quality classification of the size tomatoes fruit.

Tabla 6. Clasificacién de calidad en tamafio de los frutos de jitomate.

Treatments Large (%) Medium (%) Small (%) Smallest fruits (%)
One stem (T1) 68.70 a 2293 ¢ 7.66 ¢ 1.66 b
Two stems (T2) 49.10 b 33.17b 16.66 b 1.05 ab
Three stems (T3) 36.77 ¢ 38.54 a 23.00 a 0.68 b
CV (%) 16.1 7.7 0.5

For three stems (T3), 37, 39, 23 and
2% of fruits of large, medium, small and
small fruits were obtained, respectively.
The fruits obtained in this treatment can
be considered for the local market since
the majorities are fruits are of medium
size. These fruits are consumed in fresh
condition, and are used in the preparation
of puree or sauce for food.

Least significant difference: means
followed by the same letter within a
column are not significantly different
according to the Tukey test (a = 0.05).

Drainage measured in the lysimeter

A leaching irrigation was applied in
the control pots to ensure the drainage
volume. The crop was kept under optimum
humidity conditions.

In figure 7 (page 101) presents the
daily variation of the fraction drained in the
lysimeter, with respect to the applied volume.

The drained volume in the initial stage
in the three treatments was 97%, this
was due to the newly transplanted plants
where the volume of water consumption
was minimal and in the stage of maximum
demand (ripening of the bunch) the
volume drained was 70, 65 and 61 % for
T1, T2 and T3 respectively. In this stage,
the volume of drainage decreased due to
the increasing in development and fructifi-
cation of the plant over time, thus it raised
the water demand because of the filling
of the fruit. These drainage variations
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were found by Flores et al. (2007) in
tomato cultivation of 0-80%. For soils or
substrate with fine texture it is recom-
mended that the percentage of drainage
does not exceed more than 30%. Since it
can decrease oxygen content in soil and
roots showing damages due to lack of
respiration and presence of fermentation
and this it will be reflected in the decrease
in quantity and quality of fruits.

CONCLUSIONS

The results indicated that it is possible
to estimate irrigation requirements in
greenhouse crops by means of balance
method. These lysimeters (drainage) are
economical, easy to install and measure the
water uptake, with the condition that should
be there drainage and, there must be strict
control in the application of irrigation.

With proper handling it helps us to
determine the volume of irrigation. The
experimental values indicated that the
tomato irrigation requirements vary from
0.30 L m? for the three treatments in the
initial stage, up to 4.41, 4.77 and 6.0 L m™
in the stage of maximum demand for T1,
T2 and T3, respectively. The maximum
value of the irrigation requirement was
lower than that reported in the literature
for low planting densities, which indicated
the importance of estimating the irrigation
requirements of crops for local conditions.
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The gross volume of water applied
during the crop cycle was 404, 438 and
444 1, m? for T1, T2 and T3, respectively.
With a productivity of 49, 41 and 36 kg of
fruit per m3 of water and a yield of 20, 18
and 16 kg of fruit per m?, which indicated
the importance of generating optimum
foliage to obtain maximum yield. The best
treatment was T2 (two stems) since the

A better knowledge of the daily water
demands of the crop facilitates adjusting the
volume required for irrigation, depending
on the phenological stage of the crop and the
weather conditions coupling to the concept
of degree-day development, as a function
of temperature. In addition, the pruning of
tomato crop is a cultural practice used to
obtain vigorous plants, resulting in fruits of

fruits obtained were more homogenous. better quality and higher yields (2).
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ABSTRACT

Increase of water use efficiency in crops through better irrigation systems and use of
farmyard manure to fertilize plants and avoid contamination are needs in arid regions.
The objective was to evaluate a jalapefio pepper crop with organic fertilization and two
irrigation methods.This research was carried out at Gomez Palacio, Durango, Mexico,
in 2013 and 2014. The experimental units were randomly distributed in a split plot
design with four replications. Main plots were irrigation treatments and fertilizers were
applied as split plot treatments within each irrigation treatment. Irrigation was applied
with either a furrow irrigation system to apply 80% of the measured pan evaporation
or drip irrigation set to deliver 60% of the measured evaporation. The drip irrigation
treatment showed greater fruit yield than the surface irrigation (p<0.05). Green fruit
yield was similar among fertilized treatments in 2013 (p>0.05) and different in 2014
(p<0.05) with 40 t ha' solarized manure having the greatest fruit yield. Soil organic
matter and nitrate-N content were greatest in 2013 when solarized manure 40 t ha! was
used. There were no differences among fertilizer treatments in 2014 (p>0.05). Soil pH
and electrical conductivity remained unchanged among treatments in each year of the
study. Drip irrigation had a positive effect in the fruit yield in spite of delivering a lesser
amount of water. The solarized manure applied at 40 t ha! had the greater effect in the
fruit yield in year 2 but not in year 1.
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fruit yield e fertilizers e nitrates e organic matter  evaporation
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RESUMEN

Incrementar el uso eficiente del agua a través de mejores sistemas de irrigacion y el
uso de estiércol de vaca para fertilizar plantas y evitar la contaminacién son necesidades
en regiones aridas. El objetivo fue evaluar un cultivo de chile jalapefio con fertilizacién
organica y dos métodos de irrigaciéon. La investigacion fue llevada a cabo en Gémez
Palacio, Durango, México en 2013 y 2014. Las unidades experimentales fueron distri-
buidas aleatoriamente en un disefio de parcelas divididas con cuatro repeticiones. Las
parcelas grandes fueron los tratamientos de irrigacion y los tratamientos de fertilizacion
fueron las subparcelas. El agua aplicada a través de surcos de irrigacion fue el 80% de
evaporacion medida en un tanque evaporimetro o bien a través del riego por goteo
para aplicar 60% del agua evaporada. El tratamiento de riego por goteo mostré mayor
cosecha de fruto que el riego por surcos (p<0,05). La cosecha de fruto fue igual entre
los tratamientos de fertilizacion en 2013 (p>0,05) y diferente en 2014 (p<0,05) con el
tratamiento de 40 t ha! de estiércol solarizado teniendo la mayor produccion de fruto.
La materia organica del suelo y el contenido de nitratos fueron mayores en 2013 en el
tratamiento 40 t ha' de estiércol solarizado. No hubo diferencias entre tratamientos de
fertilizacion en 2014. El pH del suelo y la conductividad eléctrica no tuvieron cambios
entre tratamientos en los dos afios de estudio. El riego por goteo tuvo un efecto positivo
en la produccién de fruto a pesar de que se aplic6 menos cantidad de agua. El estiércol
solarizado aplicado a 40 t ha! tuvo el mayor efecto en el afio 2 pero no en el afio 1.

Palabras clave
produccion de fruto e fertilizantes e nitratos e materia organica e evaporacion

INTRODUCTION

account for 63% of the water losses which
includes water loss from storage dams

In Mexico there are approximately
500,000 ha in irrigation districts,

mainly in arid and semiarid areas where
water problems are exacerbated by the
extraction rates exceeding infiltration
rates which it leads to salinization; in
regions such as the Laguna region, which
is located to the northeast part of the State
of Durango and in the southwestern State
of Coahuila (22). This region extracts an
average of 930.92 million m® per year
but only 518.9 million m?® are recharged.
Therefore the ground water table loses
almost two meters per year (9). Surface
irrigation accounts for 94% of the irrigated
land area in Mexico. In the La Laguna
region low efficiency in irrigation systems
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to crop areas (9). There is, therefore, the
need to increase irrigation efficiency
by changing to pressurized systems.
Water use efficiency can also be further
increased by improving fertilization
techniques which should provide more
biomass per m® of water. Implementation
of suitable irrigation methods that apply
lower amounts of water, especially during
the germination stage when it is difficult
to keep the seedbed sufficiently moist,
would improve crop yield. Economic crops
such as jalapeno pepper would benefit the
region with improved water use efficiency
(4, 28).
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Another problem in the Laguna Region
is an unmanaged use of dairy manure.

The region is home of a burgeoning
dairy industry of over 400,000 head that
contributes over 900,000 t of dry matter
per year (14). The manure is not properly
utilized for crop production but with
proper management it could provide
organic nutrients for plants as it decom-
poses in the soil. The current practices
include direct application of manure to
agricultural soils without any regard to an
optimum rate of application.

Manure appears to be over-applied but
with no available studies in the region to
determine an optimum rate for a given
crop it is not known what side effects
may be occurring (15). Manure could also
be composted or vermi-composted if it
were known what effects it would have on
crop growth.

The use of manure or compost is
becoming increasingly important and
efficient means of recycling of nutrients,
which helps crop growth and returns many
of the elements extracted during the milk
production process to the ground (31).

Peppers are an important commodity
around the world and Mexico is the second
largest producer in the world with an area
0f 143,465 ha, producing 2.73 million t (13).
The jalapeno pepper (Capsicum annuum L.
var. annuum) is one of the most important
economic chiles within those grown in
Mexico for its wide consumption, high
profitability and a high labor demand
(31). In response to these problems this
research was conducted in jalapeno pepper
where the objectives were to find optimum
amounts of solarized cow-manure for
jalapeno, and determine if drip irrigation
could improve water use efficiency over
that of furrow irrigation.
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MATERIALS AND METHODS

This study was carried out in 2013
and 2014, in the experimental agricultural
field (CAE) of the Facultad de Agricultura
y Zootecnia (FAZ) de la Universidad Juarez
del Estado de Durango (UJED), located at
km 30 of the Gomez Palacio-Tlahualilo road
in ejido Venecia, municipality of Gomez
Palacio, Durango, Mexico (25°46'56" N
and 103°21'02" W, 1110 m a. s. 1.).

The climate, according to the classi-
fication of Koppen, modified by Garcia
(2004), is steppe (BS) and desert (BW),
an arid climate with an average annual
rainfall of 230 mm, a yearly evaporation
of 1380-2530 mm, and an average annual
temperature of 20.7°C. Rainfall during the
study was 79.9 mm in 2013 and 153.4 mm
in 2014, maximum average temperature
was 33.4°C and 33.5°C, and minimum
average temperature 20.0°C and 20.5°C in
2013 and 2014.

Solarization of manure

Manure was solarized by making a
mound 1.0 m high and 2.0 m wide and
3.0 m long, after that it was covered with
a polyethylene plastic without albedo
which was held tight by applying soil
around the edges of the plastic. Water was
applied at the beginning of solarization
to reach a moisture content of 55% in
order to have better heat distribution
through the manure. Solarized manure
was analyzed using the Kjeldahl method
for total N (21) finding 1.42%, at the
time of incorporation into the soil in the
laboratory of the National Center of Disci-
plinary Research in Water-Relationship
Floor-Plant-Atmosphere (CENID-RASPA)
of Gomez Palacio Durango, Mexico.
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Treatments

The treatments resulted from the
combination of two factors under a split-
plot design randomly distributed. The
whole plotwas the irrigation methods with
4 repetitions (drip and furrow irrigation);
the split-plot fertilization treatments of
20 and 40 t ha' of solarized manure, a
chemical treatment of 160-80-00 (NPK kg)
and zero fertilization with 8 repetitions.
All plots were first prepared by plowing to
a depth of 30 cm followed by harrowing
and land leveling. Experimental units (EU)
were 3.2 m wide x 3 m long, with 8 EU
having each fertilized treatment including
the control treatment. The research was
carried out at the same place, with the
same treatments administered to the
experimental units.

Dairy manure was exposed to solar
radiation for two months before it was
applied to the soil. Manure was incor-
porated into the soil in the first year by
using a scraper to get a uniform area
on the ground before plowing. In the
second year manure was incorporated by
harrowing. Synthetic fertilizer (80-80-00)
was applied individually at transplanting
as 153.8 kg ha! of monoammonium
phosphate (11-52-00) and 137.13 kg ha'
of urea (46-00-00).

The remainder nitrogen (80-00-00)
was applied at 50 days after trans-
planting as 173.91 kg ha' of urea.
Dripirrigated plots were watered every four
days corresponding to 60% of the amount
of pan evaporation that had occurred
for a total of 60 cm in 2013 and 51 cm in
2014. The irrigation system consisted of
PVC pipe (0.019 m ID) where there were
connected 20 cm length polyethylene hoses
(0.013 m ID) each 0.8 m.

The other side of each polyethylene
hose was connected to a drip tape (0.016 m
ID, wall thickness 0.152 mm) with emitters
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spaced every 0.15m with a hydraulic output
(Q) of 0.65 L/h at 1.0 bar pressure.

Furrow  irrigation  was every
15 days. A total of 78 cm of water was
applied in 2013 according to 80% of
pan evaporation (Type A tank EV).
There was 63 cm applied in 2014.
Jalapeno seedlings var. 'Compadre’ were
transplanted on April 23, 2013, and May
05, 2014, transplants had 10 true leaves
and a height of 20 c¢m, including the roots.
Transplants were first seeded 50 days
before transplanting. Distance between
plants was 0.4 m and between rows 0.8 m,
which gives a density of 31250 plants ha.

The amount of nitrogen in manure
treatments was based on analysis of the
cattle manure, 1.42%, and considering
that 30% of the N in the manure would be
mineralized in the first year (11, 12).

Before planting in 2013, 10 random
soil samples were taken from the entire
treatment location. Soils were sampled
again at the end of the last harvest in each
year by taking one sample in each experi-
mental unit. One kg of soil was collected
from each of two depths (0-30cm depth
and 30-60cm). Soil parameters that were
measured in the experimental site were
organic matter, soil texture, nitrate-N, pH
and electrical conductivity. Amount of
organic matter was estimated with the
Walkley-Black method and soil texture
with the Bouyucos method (26). The
nitrate concentration was estimated with
a transnitration of salicylic acid (23),
electrical conductivity and pH by using
an electrical spectrophotometer (Genesys
10S UV-Vis) (23).

Before planting, soil organic matter
values were 2.41 and 1.46%, nitrates 3.80
and 1.12 mg kg?, electrical conductivity
3.13 and 3.55 dS m*, pH 7.8 and 7.06 at
the soil depth of 0-30 cm and 30-60 cm
respectively. Soil texture was silty clay
loam at both soil depths.
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To measure green fruityield, five plants
were randomly chosen at the beginning of
the first harvest in each experimental unit,
and the next measurements were carried
out in the same plants the following
harvests. Green fruit yield per ha was
estimated considering 31,250 plants in
this area. Fruit length and fruit width was
measured randomly in 25 plants in each
experimental unit and the average was
analyzed. In 2013, plots were harvested
June 20, July 5, July 20, August 5, August
20, and September 5. In 2014, plots were
harvested July 4, July 25, August 15,
August 28, and September 10.

RESULTS
Green fruit yields

There was no difference among split
plots fertilization treatments on total fruit

yieldin 2013 (p>0.05),and the highest fruit
yield was found in the 40 t ha! manured
treatment in 2014 (p<0.05) (table 1).

Total fruityields of the whole plots treat-
ments showed difference in 2013 and 2014
(p<0.05), the drip irrigation treatment
was significantly higher than the furrow
irrigation treatment. Respect to the fruit
yield per harvest, the split plot fertilized
treatments showed no differences (p>0.05)
in 2013 (table 2, page 110).

In the first harvest of 2014, the 40 t ha*
manured treatment was higher than the
20 t ha! manured treatment and similar
to the other treatments (p<0.05). In the
second harvest, the 40 t ha! manured
treatment was higher than the control
and the 20 t ha! manured treatment
and similar to the chemical treatment
(p<0.05). In the third and fourth harvests
there were no differences among fertilized
treatments (p>0.05).

Table 1. Green fruit yield, fruit length, and fruit width of Capsicum annuum L. of the periods
evaluated at Facultad de Agricultura y Zootecnia, UJED, Gdmez Palacio, Dgo. Mexico.

Tabla 1. Produccidn de fruto verde, longitud y ancho del fruto de Capsicum annuum L.
en los periodos evaluados en la Facultad de Agricultura y Zootecnia, UJED, Gémez
Palacio, Dgo. Mexico.

---green fruit yield--- ----fruit length---- ---fruit width---
(tha) (cm) (cm)
2013 | 2014 2013 | 2014 2013 | 2014

sub-plot fertilized treatments

M40* 50.98a% | 44.95 a 6.30 a 4.64 b 2.17 a 2.66 a

M20 50.53a | 34.60 b 6.06b 482a 2.13 ab 2.53a

ChT 52.03a | 3791 ab 6.26 a 5.08a 2.12 ab 2.65a

CT 47.02a | 3505 Db 6.21a 5.10a 2.07 b 2.53a
Whole plots, irrigation treatments---------------=-=---------

DI? 56.61a 4141a 6.42 a 5.04 a 2.18a 2.63a

FI 43.67b | 34.84D 599b 476 a 2.06 a 2.55a

M40 =40 t ha of solarized manure, M20 = 20 t ha! of solarized manure, ChT = 160-80-00 of NPK kg,
CT = without any fertilized treatment. 2 DI = drip irrigation. FI = furrow irrigation. * Means with different
letter in the same column show significant differences (p<0.05).

M40 =40 t ha! de estiércol solarizado, M20=20 t ha de estiércol solarizado, ChT = tratamiento quimico
160-80-00 de NPK kg, CT = sin tratamiento de fertilizacion. 2 DI = riego por goteo, FI = riego por surcos.

#Medias con letra diferente en la misma columna muestran diferencia significativa (p<0,05).
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Table 2. Green fruit yield per harvests of Capsicum annuum L. in the subplot and the

whole plot

treatments.

Tabla 2. Produccién de fruto verde por cosecha de Capsicum annuum L. en los
tratamientos de las subparcelas y parcelas grandes.

Y1ir | Y2 Y3 Y4 \ Y5 \ Y6
Subplots? | e Green fruit yield (t ha') 2013 -----=-=-=-mnmnmmmmmmnae-
M40 527 | ad 9.87 | a 7.68 | a 9.71 a 9.73 a 9.06 a
M20 526 | a 1134 | a 6.24 | a 9.31 a 840 | a 11.22 a
ChT 4.71 10.08 | a 830 | a 9.52 a 9.60 | a 10.34 a
CT 4.09 1092 | a 6.24 | a 9.75 a 843 | a 8.94 a
Subplots Green fruit yield (t ha') 2014
M40 9.17 | a 942 | a 648 | a 9.41 a 9.60 | a
M20 624 | b 712 | b 558 | a 7.37 a 717 | b
ChT 7.21 | ab 769 | ab | 699 | a 7.70 a 8.04 | ab
CT 7.27 | ab 713 | b 6.75 | a 7.02 a 740 | b
Whole plots* e -- Green fruityield (t ha') 2013 -------------mmmrmmmmeen
DI 6.37 | a 1213 | a 9.04 | a | 10.03 a 10.54 9.91 a
FI 329 | b 896 | a 597 | b 9.14 a 7.82 9.96 a

----------------------- - Green fruit yield (t ha') 2014 -----=--=-=-=-=n=mnmuu--

DI 8.12 837 | a 6.74 a 8.60 a 8.81 a
FI 7.04 7.29 | a 6.18 a 7.10 b 7.35 b

! Mean of the harvest number one. ?M40 = 40 t ha™ of solarized manure, M20 = 20 t ha™! of solarized manure,
ChT = Chemical treatment 160-80-00 of NPK kg, CT = without any fertilized treatment. ® Means with different letter in
the same year and column show significant differences (p<0.05).*D I = drip irrigation, FI = furrow irrigation.

Media de la cosecha nimero uno. 2 M40=40 t ha' de estiércol solarizado, M20 = 20 t ha' de
estiércol solarizado, ChT = tratamiento quimico 160-80-00 de NPK kg, CT = sin tratamiento de fertilizacion.
3Medias con letra diferente en el mismo afio y columna muestran diferencia significativa (p<0,05).

* DI = riego por goteo, FI = riego por surcos.

In the whole plot treatments, fruit yield
was greater in drip irrigation treatment
than furrow irrigation only in the first and
third harvests in 2013, and in the fourth
and fifth harvests in 2014 (p<0.05).

In the other harvests no differences
were found (p>0.05) (table 2).

Fruit length and fruit width

In the whole-plot treatments, the
greatest fruit length was found in drip
irrigation treatment in 2013 (p<0.05) and
there was no difference between treat-
ments in 2014 (p>0.05) (table 1, page
109). The 20 t ha! manured treatment
showed the lowest fruit length in the split
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plot treatments (p<0.05) in 2013.In 2014,
the 40 t ha! manured treatment showed
lower fruit length than the other fertilized
treatments (p<0.05) (table 1, page 109).

In fruit diameter, the 40 t ha*manured
treatment showed no differences with
the other treatments in 2013, and having
greater fruit diameter than the control
treatment (p<0.05) (table 1, page 109).
The chemical, the 20 t ha! manured
and control treatments showed similar
diameter fruit (p>0.05). There was no
difference in this variable among split plot
fertilized treatments in 2014 (p>0.05). In
the whole plots there was no difference
between treatments in 2013 and 2014
(p>0.05).

Revista de la Facultad de Ciencias Agrarias



Solarized manure on jalapeno chili yield

Soil organic matter

In 2103, in the split plot fertilized treat-
ments, the 20 and 40 t ha' manured treat-
ments had similar amount of soil organic
matter found at a soil depth of 0-30 cm
(p>0.05). The 20 t ha* manured treatment
showed greater amount of soil organic
matter than the other treatments in this
soil depth (p<0.05) (figure 1, page 112). At
the same soil depth, the 40 t ha* manured
treatment was similar to the control
treatment and greater than the chemical
treatment in this variable (p<0.05). The
control and chemical treatments had
similar amount of soil organic matter at
that same soil depth (p>0.05). In 2014,
no differences were found among split
plot fertilized treatments at the soil depth
before mentioned (p>0.05).

Inthewholeplotsthere wasnosignificant
difference of organic matter in 2013 and
2014 at this soil depth of 0-30 cm (p>0.05).
There were no significant differences of soil
organic matter at a depth of 30-60 cm for
neither the split plot fertilizer treatments
nor the whole plot irrigation treatments
(p>0.05) (figure 1, page 112).

Nitrates, pH and electrical conduc-
tivity (EC)

The 40 t ha! manured treatment had
the greater amount of nitrates than the
other treatments (p<0.05) at the 0-30 cm
soil depth level in 2013. In 2014 there were
no differences among split plot fertilization
treatments (p>0.05). In the whole plots,
drip and furrow irrigation, there was no
difference at this soil depth in both years
(p>0.05) (figure 1, page 112).

In the split plot fertilized treatments,
the chemical treatment was similar to
the manured treatments and greater
than the control treatment (p<0.05) in
nitrates concentration at soil depth of
30-60 cm, and control treatment showed

Tomo 50 ¢ N°2 « 2018

no differences with the manured treat-
ments (p>0.05). In the whole plot treat-
ments there was no difference in nitrates
at this soil depth (figure 1, page 112).
Significant difference was not found
neither for split plot fertilized or whole
plot irrigation treatments in pH and
EC at 0-30 cm soil depth level (p>0.05)
(figure 2, page 113).

Di1ScUSSION

Green fruit yield

Assouline et al. (2006), in order to
investigate irrigation frequencies (up to
10 per day), found that the highest values
of yield (5 kg m), efficiency of water use
(10.7 kg m*) was achieved with a daily
irrigation drip, because the frequencies
generated higher irrigation crop damage
by excessive accumulation of salts in the
rhizosphere. In the same species, Sezen
et al. (2006) found that the highest yield
of fresh fruit (33.1 t ha') was obtained
when irrigation was applied to achieve a
consumption of 18-22 mm of evaporation
of a standard tank type "A", with a coeffi-
cient of development crop equals one.

These green fruit yields are similar
to those found by Vazquez-Vazquez et al.
(2011) and higher than those reported
by Ashrafuzzaman et al. (2011). These
results were in a certain way because of
the jalapefio hybrid 'Compadre’ is one of
the chili crops that are cultivated in the
Center-North region of Mexico which have
higher fruit yields than those hybrids that
are cultivated in the Mexico South-Gulf
region (2). When the amount of fertilizer
that the plant needs is applied to the soil
instead of recommended applications in
a certain region, yield results are better
without N losses (10).
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M40 =40 t ha of solarized manure. M20 = 20 t ha of solarized manure. ChT = chemical treatment
160-80-00 kg of NPK. CT = without any fertilized treatment. DI = drip irrigation. FI = furrow irrigation. Means
with different letter in the same column (date) show significant differences (p<0.05).

M40 =40 t ha! de estiércol solarizado. M20 = 20 t ha! de estiércol solarizado. ChT = tratamiento quimico
160-80-00 kg de NPK. CT = sin fertilizante. DI = riego por goteo. FI = riego por surcos. Medias con letra
diferente en la misma columna (fecha) muestran diferencia significativa (p<0,05).

Figure 1. Soil organic matter (A and B) and nitrates (C and D) found after jalapefio

pepper was harvested.

Figura 1. Materia organica del suelo (A y B) y nitratos (C y D) encontrados después de
que el chile jalapefio fue cosechado.
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M40 = 40 t ha! of solarized manure. M20 = 20 t ha of solarized manure. ChT = chemical treatment
160-80-00 of NPK kg. CT = without any fertilized treatment. DI = drip irrigation. FI = furrow irrigation. Means
with similar letter in the same column and year show no significant differences (p>0.05).

M40 = 40 t ha! de estiércol solarizado. M20 = 20 t ha! de estiércol solarizado. ChT = tratamiento quimico
160-80-00 de NPK kg. CT = sin fertilizante. DI = riego por goteo. FI = riego por surcos. Medias con letras
iguales en la misma columna y aflo no muestran diferencias significativas (p>0,05).

Figure 2. pH (A and B) and electrical conductivity (EC, C and D) at the depth soil of
0-30 cm after the jalapefio pepper was harvested in 2013 and 2014.

Figura 2. pH (A y B) y conductividad eléctrica (EC, Cy D) del suelo a 0-30 cm de
profundidad después de que el chile jalapefio fue cosechado en 2013 y 2014.
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In this way, the highest fruit yield found
in 2014 is according to the results found
by Vazquez-Vazquez et al. (2011) who
found the best yield with the application
of 40 t ha' of manure. It seems that in the
first year (2013) manure and chemical
fertilizers had no effects on green fruit
yields, but in the second year (2014) of
the manure and chemical fertilizer appli-
cation an accumulative effect was showed
in the fruit yield.

Fruit length and fruit width

Sermenli and Mavi (2010) reported
similar fruit length results. Ashrafuzzaman
etal (2011) and Gunawardena and De Silva
(2014) showed lower length fruit than this
research and Jayasree and George (2006)
found greater length fruit of jalapefio
pepper. Also, Sermenli and Mavi (2010)
found similar results in fruit width. Ashra-
fuzzaman et al. (2011) and Gunawardena
and De Silva (2014) showed lower fruit
width in research they carried out.

Organic matter

Soil organic matter is an important
factor for providing nutrients supply
(19), especially nitrogen (17), but it is
known that the nutrients of the organic
matter are not available for plants at the
beginning (30). In the first year of manure
application, the results in fruit yield were
similar to the control treatment and there
was more residual soil organic matter in
the manured treatments.

In the second year of manure appli-
cation, equal percentages of residual
organic matter in the soil were found
among the treatments and the 40 t ha'
manured treatment had the greatest fruit
yield what it indicates that organic matter
was more useable by plants trough net N
mineralization processin the soil (12),and
repeated applications of farmyard manure
increase the N availability for plants (8).
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Nitrates

The nitrates had a similar tendency
that soil organic matter. There were
more soil nitrates in the first year in the
manured treatments after the fruit yield
was done, but this fruit yield did not show
a difference with the control treatment,
what it could indicate that nitrates were
no available to be used by plants at that
time (30), but in the second year the soil
nitrates were lower at the end of the last
harvest than the first year in the manured
treatments, what it could indicate that
nitrates were used by plants to get more
fruit production.

In the second year, the results show
that fruit yield was greater in the 40 t ha!
manured treatment and the depletion of
nitrates found in the soil indicates that N
was used by plants instead of being lost
by denitrification.

The reason why people adds
manure is due to its low C:N ratio where
microorganisms do not have any trouble
to mineralize N and plant available-N
increases in soil (7, 24), although soil
temperature, water content, and drying
and rewetting events must be considered
in this process (5), and C:N ratios of crop
residues should be noted to avoid N losses
after harvest (10, 25).

pH and Electrical Conductivity (EC)

Because of the higher fruit yield in the
40 t ha' manured treatment, a higher soil
pH and a lower soil electrical conductivity
in 2014, it does not seem that these condi-
tions allowed a soil denitrification (29).

The irrigation every four days applying
60% of water evaporated in this study had
no adverse effects in fruit yield, because
both high electrical conductivity and
water-filled pored space affect positively
soil denitrification (1, 6).
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CONCLUSIONS

There were a better jalapefo fruit
yields by using drip irrigation because of
frequency of water application according
to the water evaporation, therefore the first
hypothesis of this research was accepted.

The 40 t ha* manured treatment had a
greater fruit yield until the second year of

the continuous application of this amount
of manure, the other hypothesis accepted.
This result could be consequence that
nitrates were taken up by the plants in
lower amount in the first year what it was
indicated by residual amounts of nitrates
in the soil.
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ABSTRACT

Wheat sprouts are a source of carbohydrates, fiber, vitamins, essential nutrients
and bioactive compounds that have been linked to the prevention and treatment of
illnesses. The presence of these compounds in wheat sprouts may be increased by
means of the application of organic acids during the growth stage. The objective of this
investigation was to evaluate the effect of a sprayed application of citric acid (0, 107,
103, 10*and 10° M) on the total antioxidant capacity and total content of phenolic
compounds and flavonoids in wheat sprouts. A completely randomized design was
used, consisting of six repetitions. The results showed that phenolic compounds, flavo-
noids and antioxidant capacity increased significantly with the application of a 10*M
foliar spray as compared to the control. As such, the spraying of low concentrations of
secondary metabolism-inducing molecules during the sprout development process is a
useful and effective method to stimulate the biosynthesis of bioactive phytochemicals
and improve the nutraceutical quality of wheat sprouts.
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RESUMEN

Los brotes o germinados son una fuente de carbohidratos, fibra, vitaminas, nutrimentos
esenciales y compuestos bioactivos, los cuales se han relacionado con la prevencién y
tratamiento de enfermedades. La presencia de estos compuestos, en brotes de trigo,
pueden incrementarse mediante la aplicacion de acidos organicos durante la etapa de
crecimiento. El objetivo de la presente investigacion fue evaluar el efecto de la aplicacion
por aspersion de acido citrico (0, 102, 103, 10* y 10° M) en la capacidad antioxidante
total, contenido de compuestos fenolicos totales y flavonoides totales en brotes de trigo. Se
utiliz6 un disefio completamente al azar con seis repeticiones. Los resultados mostraron
que los compuestos fendlicos, flavonoides y la capacidad antioxidante se incrementaron
significativamente con la aspersion foliar 102 M en relacién al testigo. Por lo tanto, la
aspersion de bajas concentraciones de moléculas inductoras del metabolismo secundario
durante la etapa de desarrollo de brotes es un método util y efectivo para estimular la
biosintesis de fitoquimicos bioactivos y mejorar calidad nutracéutica de los brotes de trigo.

Palabras clave

calidad nutracéutica ¢ nutricion e alimento  germinados

INTRODUCTION

Wheat sprouts are a fresh food
product that provides carbohydrates,
fiber, vitamins, nutrients and a high
content of phytochemical compounds
with a bioactive effect and "nutraceu-
tical" qualities, including antibacterial,
anti-diabetic, anti-inflammatory, anti-
cancer and antioxidant effects (6, 17).
Wheat sprouts are widely consumed in
countries such as Spain, Japan and the
United Kingdom due to their quality
and composition; however, they are not
commonly consumed as part of the gastro-
nomic culture in developing countries
(21). On the other hand, these countries
present high rates of malnutrition (11)
and chronic degenerative illnesses such
as obesity, diabetes and hypertension
(18). Due to the above, societies increas-
ingly demand foods that not only satisfy
hunger, but that also contain bioactive
compounds with antioxidant effects (5,
22). The antioxidant effect of foodstuffs is
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related to their capacity to slow or prevent
the oxidation of biological molecules,
preventing their oxidation and reducing
aging and the emergence of illnesses (7).
In this sense, it is prudent to develop tech-
nologies that increase the antioxidant
content and overall production of foods,
which can be of use to both the food and
pharmaceutical industries (8, 9). Several
studies have demonstrated that the
nutraceutical properties of sprouts of
various species can be increased with the
application of compounds that function
as elicitors, promoting the synthesis of
derivative compounds of phenylpro-
panoids and activating signal cascades
that increase antioxidant activity (28).
The application of hydrogen peroxide,
yeast hull extracts, various abiotic stresses
and minerals such as selenium and sulfur
are all treatments that have been studied
in relation to improving the content of
health-promoting compounds (27).

Revista de la Facultad de Ciencias Agrarias



The effect of citric acid in wheat sprouts

The application of organic acids has
also been demonstrated to increase the
presence of the compounds in question
(30). As the subject of this study, citric
acid has been shown to increase the
antioxidant content of foods, being that
it stimulates greater synthesis of nutra-
ceutical compounds that function as anti-
oxidants, including phenolic compounds,
flavonoids and tannins (15, 23). As such,
the application of citric acid during the
production of wheat sprouts could be
a useful tool to increase the synthesis
of bioactive compounds. Wheat seeds
contain high levels of nutrients and anti-
oxidants (13), presenting moderate levels
of phenolic compounds that complement
those found in fruits. On the other hand,
no studies are currently available that
have explored the effect of citric acid
applications on the nutraceutical quality
of wheat sprouts. As such, the objective
of this investigation was to evaluate the
effect of a sprayed application of citric
acid in varying concentrations on total
antioxidant capacity and the total content
of phenolic compounds and flavonoids in
wheat sprouts.

MATERIALS AND METHODS

The study was carried out in the
Biotechnology Laboratory in the Gémez
Palacio Polytechnical University, located
in in Goémez Palacio, Durango, Mexico.
Wheat seeds (Triticum aestivum L) were
used, with a germination percentage
of 95%. Temperature conditions were
15-18°C. Distilled water was used through
the study. Four stages can be identified in
the process of obtaining sprouts: washing
and disinfection, pregermination, germi-
nation and sowing, and growth. In the first
stage, seeds were submitted to washing
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through immersion in water containing
sodium hypochlorite (NaCIO, 1 mL L) for
15 minutes for the purpose of disinfection.
Following this, the seeds were rinsed
twice in order to remove excess NaClO and
drained prior to pregermination.

The pregermination phase consisted of
immersingthe seed inwater for 6 hours (6).
Next, the seeds were drained and rinsed
prior to germination. The germination
stage consisted of placing the pregermi-
nated seeds in 15 x 10 x 5 cm polystyrene
foam containers, perforated in the base
to allow percolation and aeration. The
containers were covered with a number
one cloth and placed in darkness. This
stage lasted 6 hours. After this time began
the growth stage, for which the cloth was
removed and the containers were placed
on shelves with natural lighting. In this
stage the treatments were applied and
which lasted 6 days.

A completely randomized experi-
mental design with six repetitions per
treatment, consisting of the application
of citric acid (C,H,0,) in concentra-
tions of 0, 102, 103, 10* and 10°M (1)
was used. During the germination and
sowing stage irrigation was applied every
3 hours, exclusively with water, through
the spraying of 3 ml per application. The
application of the treatments took place at
the growth stage with the same irrigation
dosage. The variables evaluated were total
antioxidant capacity (TAC), total phenolic
content (TPC), and total flavonoid content
(TFC).

Extracts were prepared in order to
quantify the variables evaluated in the
study, mixing 2 g of fresh sample in 10 ml of
ethanol at 80 % in screw-top plastic tubes
which were placed in a rotating agitator
(ATR Inc., US) for 24 hours at 20 rpm and
5°C. The tubes were then centrifuged at
3000 rpm for 5 minutes, and the overdrain
extracted for analysis.
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The TAC was determined with the
in vitro DPPH* method (2, 3). To carry out
the method, a solution of DPPH* (Aldrich,
St. Louis, Missouri, USA) in ethanol was
prepared, adjusting the solution absor-
bance to 1.100 *+ 0.010 at a wavelength of
515 nm. A standard curve was obtained
with Trolox (Aldrich, St. Louis, Missouri,
EU), and the results were reported as
equivalent antioxidant capacity in pM
equivalent in Trolox per 100 g base fresh
weight (M equiv Troloxe100 gm'FW).

The TPC was determined with a
modified Folin-Ciocalteu method (26).
To calculate TPC, a calibration curve was
created using gallic acid as a standard,
and the results were registered as mg of
gallic acid equivalent per 100 g base fresh
weight (mg GAE/100 g FW). To quantify
the concentration, a calibration curve was
created using a quercetin standard. The
results were expressed as mg quercetin
equivalent per 100 g base fresh weight
(mg g FW).

For the statistical analysis, the SAS
software version 9.0 (25) was used. A Tukey
test at 0.05 probability was applied for
the comparison of averages. Furthermore,
the coefficient of determination analysis
(p<0.05) was made in order to detect asso-
ciation between the evaluated variables.

RESULTS AND DISCUSSION

Different concentrations of citric acid
led significant differences (p<0.05) in TAC
in the wheat sprouts. A concentration of
102 M provoked the greatest antioxidant
capacity, whereas the lowest value was
obtained with the 10* to 10° M solution
(table 1). The antioxidant capacity of
a foodstuff depends on the nature and
concentration of the different compounds
and the natural antioxidants present within
(4). In the case of this study, the antioxidant
capacity can be attributed to the action of
the citric acid in stimulating the accumu-
lation of antioxidant compounds (16).

On the other hand, Swieca and
Baraniak (2014) highlight that greater or
lesser antioxidant activity is not always
accompanied by the concentration of
phenolic compounds. These authors
stress that, when capacity for free radical
capture is being assessed, TPC is not
always as important as the position of the
hydroxyl group. Another factor that may
increase antioxidant activity in wheat
sprouts are the additive and synergetic
affects between other phytochemicals and
phenolic compounds altered by the elici-
tation effect of citric acid.

Table 1. Average values obtained in wheat sprouts under different molar
concentrations of citric acid.

Tabla 1. Valores promedio obtenidos en brotes de trigo bajo diferentes
concentraciones molares de acido citrico.

Citric Acid TAC TPC TFC
M Meq mg mg
TOLOX/100 gr PF AGE/100 gr PF QE/100 gr PF
10 115.04a 189.97 a 150.03 a
103 105.56 b 154.27b 138.62b
10 99.50d 142.70 c 129.84 ¢
10~ 99.73d 136.22d 112.91d
0 100.93 c 136.33d 102.17 e
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In order to determine the relationship
between antioxidant capacity and
phenolic compound content, in this study
the coefficient of determination analysis
was performed (figure 1A, page 124),
in which it was shown that there was a
strong positive correlation between both
variables (r?=0.96), suggesting that these
phenolic compounds are antioxidant in
nature. This correlates with other studies
in which it was found that the potential
health benefits of phenolic compounds
can be primarily attributed to their anti-
oxidant activity through the donation
of a hydrogen atom from the aromatic
hydroxyl group to the free radicals (14).

Regarding the TPC, a significant
increase was found that can be attributed
to the application of citric acid (p<0.05).
The 102 M treatment surpassed the control
treatment by 72 % (table 1, page 122).

The lowest concentration of TPC
was obtained with the lowest citric acid
dosage (10°) and the control. While
there continues to be a deficit of studies
into the effect of citric acid application,
results can be found that indicate the
possibility of obtaining an increase in
phenolic compound content due to the
effect of treatments that cause the degra-
dation of polyphenols such as tannins to
simple phenols (16). It is also known that
some phenolic compounds accumulate
in cellular vacuoles (29), and that hydro-
lization by citric acid can liberate these
otherwise unavailable phenols.

The increase found as a result of the
citric acid application may be attributable
totheliberation of phenolicacids following
the decomposition of cellular components
and walls. This suggests a disassociation
of polyphenolic forms due to citric acid
hydrolization, possibly followed by agly-
cosylation, polymerization or oxidation
of the phenolic components (30), which
was responsible for the increase in total
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phenolic compound content found in this
study. Similarly, the coefficient of deter-
mination was made between the TPC and
that of the flavonoids (figure 2, page 125),
as these were the principal phenolic
compounds identified and reported in
the sprouts (24). The results showed a
positive correlation between the TPC and
the TFC (r?=0.92), demonstrating that
the flavonoids belong to the polyphenolic
group (14).

TFC found in the wheat sprouts was
significantly affected by the different
concentrations of citric acid (p<0.05). The
values obtained fluctuated between 102
and 150 mg of quercetin (QE) / 100 g fresh
weight (table 1, page 122). The greatest
flavonoid content was found in the wheat
sprouts that were sprayed with a 102
concentration of citric acid, compared to
the control in which a value 68 % smaller
was obtained.

Previous studies indicate that appli-
cation of citric acid increases the synthesis
of secondary metabolites such as flavonoids
(19), which correlates with the results of
the present study, in which the citric acid
application considerably increased the
presence of these metabolites. It is possible
that a synergistic reaction occurred with
the application of the acid, which activated
the transduction pathways that conduct the
secondary signals produced by plants (20).

Several investigations have shown
that flavonoids are implicated in the
prevention of chronic non-transmissible
diseases due to their antioxidant activity
(10), which agrees with the correlation
obtained in the current study (figure 1B,
page 124) between antioxidant capacity
and flavonoid content (r?=0.97). This
suggests that flavonoids may be impli-
cated in the prevention of chronic non-
transmissible diseases as a result of their
antioxidant activity (12).
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Figure 1. A) Pearson correlation (r?) between total antioxidant capacity (TAC)
with total phenolic content (TPC) and B) total antioxidant capacity (TAC) with total
flavonoid content (TFC) in wheat sprouts under different concentrations of citric acid.
Figura 1. A) Coeficientes de determinacion (r?) entre la capacidad antioxidante total
(CAT) con los compuestos fendlicos totales (CFT), y B) capacidad antioxidante total
(CAT) con el contenido de flavonoides totales (FT) en brotes de trigo bajo diferentes
concentraciones molares de acido citrico.
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Figure 2. Pearson correlation (r?) between total phenolic content (TPC) and total
flavonoids (TFC) in wheat sprouts under different concentrations of citric acid.

Figura 2. Coeficientes de determinacion (r?) entre el contenido de compuestos
fendlicos totales (CFT) y flavonoides totales (FT) en brotes de trigo bajo diferentes
concentraciones molares de acido citrico.

The results suggesta positive increase in
each variable evaluated by the application
of citric acid. However, it is not conclusive
that the content of phenolic compounds,
flavonoids and the subsequent antioxidant
capacity in the evaluated germinates can
always be linear with the increase in the
application of citric acid.

Therefore, it could be interesting to
investigate the range of application of this
acid to determine if there is a quadratic
response and to relate the molar concen-
tration of citric acid and the production of
phenolic compounds and total flavonoids.
Likewise, it remains to be resolved if the
increase in the concentration of citric acid
modifies other quality variables and the
development of the sprouts.

Tomo 50 ¢ N°2 « 2018

CONCLUSIONS

The total phenolic and flavonoid
content of the wheat sprouts increased
significantly as a result of the 102 M
citric acid solution treatment, by 205 %
and 184%, respectively, while the TAC
increased by 123 %.

As such, citric acid favors the biosyn-
thesis of phytochemical compounds in
wheat sprouts when sprayed during the
growth stage.

However, it could be interesting to
increase the range of application of this
acid to determine if there is a quadratic
response and to relate the molar concen-
tration of citric acid and the production of
phenolic compounds and total flavonoids.
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These results indicate that the appli- and improving the antioxidant capacity of
cation of low concentrations of secondary =~ wheatsprouts, opening up the possibilities
metabolism-inducing moleculesis auseful  of using this ingredient for consumption
and effective means of stimulating the in functional foodstuffs.

biosynthesis of bioactive phytochemicals
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and productivity of Opuntia ellisiana Griffiths
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ABSTRACT

Inarid conditions, the low quality of the forage and water shortage could be attenuated
by the introduction of Opuntia species. Several plant species grows well under Prosopis
canopy, responding to a higher nutrient content in the soil, It was hypothesized that
productivity and nutrient content, mainly crude protein (CP), of Opuntia ellisiana planted
under Prosopis would be higher than of those planted outside the canopy, and that these
parameters would be influenced by the cactus position: north or south from the centre
of the tree. Sampling was done in 18 plants under the canopy of Prosopis and 23 outside
of it. After one year of the plantation, the totality of cladodes was harvested. The produc-
tivity per plantwas 3.1 and 5.7 cladodes and 34.9 and 48.1 g of dry matter (DM), outside
and under the canopy, respectively. The bromatological values (%) were moisture: 89.1
and 91.9, organic matter (OM): 76.7 and 79.8, CP: 4.4 and 8.1, acid detergent fiber (ADF):
13.7 and 18.2, neutral detergent fiber (NDF): 29.0 and 31.5, K: 3.1 and 3.6, P: 0.07 and
0.11, Ca: 5.5and 4.4, Na: 0.04 and 0.02, outside and under the canopy, respectively. Crude
protein, moisture, OM, ADF, NDF, K, P and productivity per plant were higher under the
canopy, whereas Ca and Na values were higher outside the canopy (p<0.05). Magnesium
(1.9 and 1.9%) was not affected by the position outside or under the canopy. The north
or south orientation did not influence any of the analysed parameters.

Keywords
bromatological composition e crude protein ¢ food reserve ¢ agrosystem enrichment ¢
arid lands

Argentine Institute for Arid Land Research (IADIZA-CCT-CONICET Mendoza)
Av. Adrian Ruiz Leal s/n. Parque Gral. San Martin. 5500 Mendoza. Argentina.
*jgrunwaldt@mendoza-conicet.gob.ar

Tomo 50 « N°2 « 2018 129



J. M. Griinwaldt, ]. C. Guevara, E. M. Carretero, E. G. Griinwaldt

RESUMEN

En condiciones de aridez, la baja calidad del forraje y la escasez de agua podrian
ser atenuadas con la introduccién de especies de Opuntia. Varias especies tienen buen
crecimiento bajo la canopia de Prosopis spp., respondiendo a un contenido mas alto de
nutrientes en el suelo. Se hipotetiz6 que la productividad y el contenido de nutrientes,
principalmente proteina cruda (PC), de Opuntia ellisiana establecidas bajo la canopia de
Prosopis serian mas altos que los implantados fuera de la misma y que estos parametros
serian influenciados por la posicion del cactus: norte o sur respecto del centro del arbol.
Se muestrearon 18 plantas de cactus bajo la canopia y otras fuera de la misma. Después
de un afio de crecimiento, se cosechd la totalidad de los cladodios. La productividad
por planta fue 3,1 y 5,7 cladodios y 34,9 y 48,1 g de materia seca (MS), fuera y bajo la
canopia, respectivamente. Los valores bromatolégicos (%) fueron humedad: 89,1y 91,9,
materia organica (MO): 76,7 y 79,8, PC: 4,4 y 8,1, fibra detergente acida (FDA): 13,7 y
18,2, fibra detergente neutra (FDN): 29,0y 31,5,K: 3,1y 3,6,P: 0,07y 0,11, Ca: 5,5y 4,4,
Na: 0,04 y 0,02, bajo y fuera de la canopia, respectivamente. Proteina cruda, humedad,
MO, FDA, FDN, K, Py productividad por planta fueron mas altas bajo la canopia, mientras
que los valores de Ca y Na fueron mas altos fuera de la canopia (p<0.05). Magnesio (1,9
y 1,9%) no fue afectado por la posicion bajo y fuera de la canopia, respectivamente. La
orientacion norte o sur no influencié los parametros analizados.

Palabras clave

composicion bromatolégica e proteina cruda e reserva de alimento e enriqueci-
miento del agroecosistema e tierras aridas

INTRODUCTION

There are numerous reasons behind the
diffusion of cacti as forage or fodder around
the world, such as the simple cultivation
practices required to grow the crop, rapid
establishment in a new area, easy multi-
plication practices (18). Also they have the
ability to withstand prolonged drought, high
temperatures as well as soils affected by
wind and water erosion (16). This aptitude
has made the cactus plantations suitable as
food supply and they have become strategic
to mitigate the effect of drought over animal
production systems in various arid and
semi-arid areas of the world. Cacti have
greater water-use efficiency due to Crassu-
lacean Acid Metabolism (CAM) photosyn-
thetic pathway (24) and this makes them
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especially suited for forage productions in
arid lands.

Opuntia species are notabalanced feed:
rich in energy, calcium and beta carotene,
but poor in fiber and nitrogen (4). As
evidenced by various studies, some efforts
have been made with the purpose of
increasing the nitrogen content in cactus
for using as forage (8, 10, 17).

Opuntia spp. can be cultivated in a
wide range of environments. The major
limitation to cultivation of cactus in
many areas of the world are severe cold
winter temperatures such as happens in
the region of Mendoza, Argentina (16),
northern Mexico (5), the Mediterranean
Basin (22), the arid highland steppes
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of western Asia (23) and the south-
western United States (25). O. ellisiana
has a lower growth and productivity
compared to other Opuntia species such
as O. ficus-indica (L.) Mill. but it stands
out for its resistance to sub-zero tempera-
tures proper of the arid lands.

Prosopis spp. has the capacity
of tolerating drought and unfavourable
edaphic conditions, such as salinity, as well
as being well adapted to the herbivory. All
these are the main reasons of its dominant
position in the silvopastoral systems of
the arid and semi-arid areas of America.
On the other hand, they generate spatial
heterogeneity that affects the distribution
of the shrub and herbaceous layers due
to the modification of the microclimatic
conditions under its canopy (29).

The improvement in the forage value of
cactus under the Prosopis crown indicates
the better condition of the site as a result of
the higher nutrient content of the soil (26).
In arid ecosystems, dominant woody plants
are likely to cause changes in microclimate
and soil properties by mitigating harsh
environmental conditions such as high
temperature and solar radiation (6, 19).
Also, shrub species play an important role in
arid land vegetation, since in several cases,
they act as "nurse plants” improving micro-
climatic conditions, increasing water and
nutrient availability, and offering protection
against herbivory (13).

The objective of this work was to
determine the effect of associating
tree-cactus over the bromatological
parameters and DM productivity per plant
of Opuntia ellisiana Griffiths, implanted
under and outside the Prosopis spp.
canopy, considering the north and south
location respect to the tree. It was hypoth-
esized: a) productivity and nutrient
content, mainly crude protein (CP), of
cactus under the Prosopis will be greater
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than those planted outside the canopy and
b) these parameters will be influenced by
the location of cacti plantation, north or
south, with respect to the Prosopis trunk.

MATERIALS AND METHODS

The experience was carried out
in the campus of the CCT-CONICET-
Mendoza (32°53'45" S; 68°52'28" W,
840 m a. s. 1) Mendoza, Argentina.
The maximum and minimum absolute
temperatures (2014-2015 period) were
38.0 and 0.9°C in summer and winter,
respectively. Precipitation is characterized
by high spatial and temporal variability,
it occurs in summer mostly as intense
precipitations and the mean for the 2014
and 2015 period was 324.2 mm year?,
during an exceptionally wet period given
that the mean of the past 10 years was
226.7 mm year. Soils in the study area are
of alluvial origin with heterometric clasts in
a sandy matrix, normally non-structured,
deep, well drained, belonging to the order of
Torripsamments. Soluble salts are washed
into the profile increasing the electrical
conductivity between 25-40 cm deep.

In the soils, texture (Boujoucos), N
(Kjeldahl), P (UV visible spectrophometry),
K (Pratts), Na (flame photometry), Ca and
Mg (complexometry with EDTA), pH and
electrical conductivity were determined.
Samples of soil for analysis were taken
from the first 20 cm of the soil, bearing in
mind that 91 to 100% of the roots of the
O.ficusindica are found in the top 15 cm of the
ground (27). To know the soil parameters at
greater depth, other soil samples were also
extracted at 40 cm depth.

0. ellisiana was used in this study due
to its resistance to low temperature (12).
This experience started in the autumn of
2014. Double cladodes, homogeneous in
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size, provided by the IADIZA experimental
collection, were used for the plantation.
They were cut before they started giving
out new cladodes.

Sampling of cladodes took place at the
end of the growing period, as from the
month of April. Organic matter (OM), dry
matter (DM), neutral detergent fiber (NDF)
and acid detergent fiber (ADF) (Van Soest
and Wine), crude protein (CP) by Kjeldahl, P
(vanadomolibdophosphoric complex colori-
metric, Spectronic 21 Bausch & Lomb.), K
and Na (flame photometry, Metrolab 315),
Ca and Mg (atomic absorption spectroscopy,
Perkin Elmer AAnalyst 200) were deter-
mined in the cladodes. The samples were
obtained from the south and from the
north, under the Prosopis canopy; a similar
sampling being carried out outside the
influence of the canopy.

The experimental design included 18
and 23 plants located under and outside
of the Prosopis canopy, respectively. Under
the canopy of five trees, four plants were
implanted, two to the north and two to the
south, equidistant between the trunk and
the edge of the canopy. Five plots with five
double cladodes in each of them were also
used as controls. Two plants under Prosopis
spp.- and control, respectively, did not
thrive in their growth. After a year of the
plantation, all the cladodes were collected,
with the exception of the double cladodes
planted when initiating the experience.

In order to determine the photo-
synthetically active radiation (PAR), a
linear radiometer (Apogee MQ 300) was
applied. To quantify the air temperature
at 1 m height from the ground and 5 cm
deep in the ground, a multichannel digital
thermometer was used.

The data for PAR and temperature
were registered in spring (September),
summer (February) and winter (June),
between 11 a.m. and 1 p.m. These reports
were taken in the centre of the tree and
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outside the influence of the canopy; the
orientation being north-south.

The data were analysed using multi-
variate analysis with InfoStat statistics
software. As confirmation, multivariate
analysis of variance (MANOVA) of the
nutritional variables was performed.
To compare mean vectors between the
groups, a Hotelling test was used (21).

RESULTS AND DISCUSSION

In each sampling period the air
temperature had very similar values both
outside and under the canopy. The values of
radiation and soil temperature were higher
outside the canopy (table 1, page 133).
Although the influence of the radiation level
on the growth and productivity of Opuntia
has been demonstrated (1, 9, 11, 14), in
this experiment the Prosopis’ effect on the
cactus was more important than the higher
radiation received by the cladodes outside
the canopy. Shadow of Prosopis influenced
the incident radiation with a decrease of
20% in summer, 15% in winter and 32%
in spring, compared to outside the canopy.
During the post-implant and the harvest
of the cladodes the temperatures recorded
were not low enough to evaluate any
damage by frost, having registered -0.7 and
1°C as the coldest days of winter of 2014 and
2015, respectively.

In soil, under Prosopis canopy, the
contents of N, OM and others elements
such as P and K were greater than those
found outside it (table 2, page 133).

The contribution of nitrogen by
Prosopis mulch under its cover could
be explained by the redistribution of
the nutrients absorbed by the radical
system (3, 28) and the biological fixation
of nitrogen by Rhizobium (15), and in
addition, through of the litter accumulated
under the canopy.
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Table 1. Values of photosynthetically active radiation, air and soil temperature in
February, June and September outside and underside of Prosopis canopy.

Tabla 1. Valores de radiacidn fotosintéticamente activa, temperatura del aire y del
suelo en febrero, junio y setiembre bajo y fuera de la canopia de Prosopis.

February June September
Outside | Underside & Outside | Underside | Outside | Underside
PAR! (umol m?s?) 1352 273 775 119 1354 587
AT? (°C) 31.9 314 15.0 14.8 30.4 29.9
TS? (°C) 24.5 16.0 5.0 0.0 31.0 19.9

! Photosynthetically active radiation. / ! Radiacion fotosintéticamente activa.

2 Air temperature. /2 Temperatura del aire

3 Soil temperature. / * Temperatura del suelo.

Table 2. Soil components at 20 and 40 cm depht outside and under the Prosopis canopy.

Tabla 2. Componentes del suelo a 20 y 40 cm de profundidad bajo y fuera de la canopia
de Prosopis.

N (ppm) | OM (%) | pH | EC(puScm™25°C) | P (ppm)
20 cm outside 532 1.6 7.1 2650 9.0
20 cm under 1708 3.5 7.4 3130 16.4
40 cm outside 560 2.1 7.5 4960 7.4
40 cm under 798 2.2 7.5 5210 7.9

K (ppm) | Ca(ppm) | Mg(meql?) | Na(meql")
20 cm outside 1095 14.5 12.5 3.0
20 cm under 2581 9.2 12.9 2.5
40 cm outside 938 17.8 13.8 27.0
40 cm under 1642 15.9 21.8 12.8

Throughfall effects are generally In the principal component analysis

attributed to leaching from leaves, but
canopies also filter and capture atmos-
pheric nutrients, and these processes
contribute large amounts nutrients to
the understory.

The high percentages of nitrogen,
derived from atmosphere in wood and
leaves, clearly indicate that Prosopis is
actively fixing nitrogen (15).

There is evidence that canopy filtration
of atmospheric nutrients provided K, Mg,
Ca,Naand P (7).
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(PCA), considering the data obtained
from cladodes and soil, the first two axes
of variation explain 78.4% of the total
variability (figure 1, page 134).

Thefirstcomponentseparates cladodes
according to the nutrient contents and
productivity; to the right, cladodes under
the canopy with higher values, to the left
cladodes outside the canopy and closely
related to environmental variables.

No differences were found in the
variables measured for cacti located in the
northern and southern parts of the canopy.
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ADF: acid detergent fiber; NDF: neutral detergent fiber.

T°a: temperatura del aire; T°s: temperatura del suelo; PAR: radiacién fotosintéticamente activa;
OM: materia organica; ADF: fibra detergente adcida; NDF: fibra detergente neutra.

Figure 1. Biplot obtained by principal component analysis on nutritional and environmental
parameters under and outside the Prosopis canopy for 41 Opuntia plants. Different symbols
indicate under/outside location and north/south orientation below the canopy.

Figura 1. Grafico biplot obtenido por analisis de componentes principales sobre los
parametros nutricionales y ambientales fuera y bajo la canopia de Prosopis para 41
plantas de Opuntia. Diferentes simbolos indican la ubicacion bajo/fuera y la orientaciéon
norte/sur debajo de la canopia.

Furthermore, to compare mean
vectors between groups and confirm the
information given by PCA, a Hotelling test
was used.

Table 3 (page 135), presents the
bromatological values and cladode
quantity per plant of O. ellisiana planted
outside and under the Prosopis canopy.

Dry matter productivity per plant (g)
were 34.9 = 16.1 and 48.1 + 24.1 outside
and under the canopy, respectively. Under
the Prosopis canopy, the nutritional
values of O. ellisiana were increased, the
nitrogen content, to almost double its
value. Productivity cladodes per plant and
concentrations of moisture, OM, ADF, NDF,
K and P in the cladodes were also signifi-
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cantly higher under Prosopis, while Ca
and Na were higher outside the canopy.
Magnesium values were not affected by
the position, under or outside the canopy.
Under the crown of the tree the effective
precipitation is greater than outside of
it, due to the runoff of the branches and
trunk (20), which favors the leaching of
Na in the soil; while an increase in N and P
reduces the uptake of Ca and Na (8).

The improvement in the forage value of
cactus under the Prosopis crown indicates
the better condition of the site as a result of
the higher nutrient content of the soil and
the contribution of OM as mulch, resulting
in the formation of fertility islands (26).
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Table 3. Means and standard deviations of bromatological values and yield of cladodes
per plant of O. ellisiana planted outside and under Prosopis canopy.

Tabla 3. Medias y desviaciones estandar de valores bromatoldgicos y produccién de
cladodios por planta de O. ellisiana bajo y fuera de la canopia de Prosopis.

Under the canopy
Parameters Outside the North and South
canopy (n=23) | North (n=9) South (n=9) (n=18)
Moisture (%) 89.1 #1.3 a 91.9+09 b 919 *1.2 b 919 *1.0 b
Organic matter (%) 76.7 £2.5 a 80.2+2.7 b 794 ¥1.0 b 79.8 #2.1 b
Na (%) 0.04+0.01a 0.02+0.01b 0.02 +£0.005b 0.02+0.01b
K (%) 3.1 04 a 3.5+0.4 b 3.7 04 b 3.6 04 b
P (%) 0.07+0.02a 0.11+0.02b 0.12+0.02 b 0.11+0.02b
Ca (%) 55 #1.4 a 4.3+1.2 b 47 +04 b 44 +09 b
Mg (%) 19 %0.2 a 1.9+0.2 a 1.8 #0.2 a 19 #0.2 a
Crude protein (%) 44 +1.0 a 8.1+1.3 b 8.0 0.5 b 81 #1.0 b
Acid detergent fiber (%) 13.7 +2.4 a 17.7¢19 b 188+1.0 b 182 *1.6 b
Neutral detergent fiber (%) 29.0 #4.2 a 318424 b 312 #13 b 315 #19 b
Cladode quantity per plant 3.1 #1.2 a 5.7¢2.7 b 56 21 b 57 #23 b

Hotelling test Alfa=0.05. Means with a letter in common are not significantly different (p>0.05).

Prueba de Hotelling Alfa=0,05. Medias con letra en comiin no son significativamente diferentes (p>0,05).

In arid and semiarid ecosystems,
dominant woody plants are likely to
cause changes in microclimate and soil
properties by mitigating harsh environ-
mental conditions (e.g., high temperature
and radiation) and by modifying soil
characteristics, resource availability (e.g.,
water and nutrients) and spatial distri-
bution of nutrients (2, 6, 19).

The nurse effect of Prosopis improves
the nitrogen content of cladodes in the
same way as cattle manure applied to
soil (10). The high doses of chemical
fertilizers applied almost doubled the CP
mean content of the 1-year-old cladodes
when it was compared with the treatment
in which no fertilizer was added: 7.8 and
4.3% DM, respectively (17).

Tomo 50 ¢ N°2 « 2018

CONCLUSIONS

There is no significant influence (p>0.05)
of the north/south orientation under the
canopy on the measured variables.

There are significant differences
(p<0.05) in productivity and nutrient
content for cactus planted under and
outside the Prosopis canopy. The nurse
effect of Prosopis improves the nitrogen
content of cladodes in the same way as
cattle manure or high doses of chemical
fertilizers applied to soil. The enrichment
of the pastoral system in arid environments
by the introduction of Opuntia associated
to Prosopis increases both the productivity
and forage quality of the system.
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ABSTRACT

The interception of rainfall by vegetation greatly affects the hydrology of a basin.
The main objective of this paper is to evaluate the effect of annual rainfall variability on
the interception in isolated individuals of two of the most common types of vegetation,
Pinus pinea and Cistus ladanifer, in a Mediterranean watershed. For this, experimental
data were taken for four years and the Rutter interception model was used to calculate the
canopy drying time, while Rutter and Klaassen methodologies were used to determine
the storage capacity of the canopy. On the whole, 29.6% of rainfall was intercepted
for pine, and 17.7% for rockrose. Stemflow accounted for 0.3% for pine and 17% for
rockrose, while 70.1% of the rainfall fell as throughfall for pine and 65.3% for rockrose.
However, in dry years, the interception percentage almost doubled that of wet years.
An average canopy drying time of 9.2 hours was established for pine, and 4.4 hours for
rockrose. Approximately equal results of canopy storage capacity were obtained from
both methods (1.8 mm for pine and 0.7 mm for rockrose). Both species registered higher
values of canopy storage capacity in dry years than in wet years.

Keywords
Pinus pinea e Cistus ladanifer » southern Spain ¢ canopy reservoir capacity ¢ canopy
drying time

Hydraulic Engineering, Department of Agronomy. University of Cérdoba,
Campus Rabanales. 14071. Cérdoba. Spain. mfatima@uco.es
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RESUMEN

La interceptacién de la lluvia por la vegetacidn afecta sobremanera la hidrologia de
una cuenca. El objeto de este trabajo es determinar el efecto de la variabilidad anual de
la lluvia sobre la interceptacion en individuos aislados de Pinus pinea y Cistus ladanifer,
en una cuenca mediterranea. Para ello, se tomaron datos experimentales durante cuatro
afios y se us6 el modelo de interceptacion de Rutter para calcular el tiempo de secado
del dosel, en tanto que para determinar la capacidad de almacenamiento del dosel se
consideraron las metodologias de Rutter y Klaassen. En conjunto, el 29,6% de la lluvia
fue interceptada por pinoy 17,7% porjara. E1 0,3% en pinoy el 17% en jara ocurri6 como
escorrentia cortical, y el 70,1% fue trascolacion en pino y el 65,3% en jara. Sin embargo,
en afios secos, el porcentaje de interceptacion casi duplicé el de afios hiimedos. El tiempo
de secado medio en pino fue 9,2 horas y en jara 4,4. Aproximadamente, se obtuvieron
iguales resultados de la capacidad de almacenamiento del dosel usando ambos métodos
(1,8 mm en pino y 0,7 en jara), registrandose también valores mas altos en afios secos.

Palabras clave

Pinus pinea o Cistus ladanifer  sur de Espafia ¢ capacidad de almacenamiento del

dosel e tiempo de secado del dosel

INTRODUCTION

The partitioning of rainfall affects the
water balance both locally and at basin
scale, and accordingly the structure of the
vegetation cover significantly affects the
hydrology of a watershed. During and after
a rainfall event, the vegetation temporarily
stores rainwater on the canopy, which
subsequently evaporates (interception),
resulting in a reduction in the water
available for infiltration (38). Rainfall that
is not intercepted, falls as throughfall,
affecting the surface layers of the soil and
the rate of deep percolation below the root
zone in a discontinuous forest cover, while
stemflow can reach the deeper layers of soil
and make water directly available to the
roots. Some studies in the Mediterranean
basins indicate that forest cover leads to
a significant reduction in average annual
measured flows, and so from a hydro-
logical perspective, vegetation canopies
exert significant control by modifying
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both evaporation and precipitation redis-
tribution (4). It is demonstrated that
interception losses represent a significant
component of the water balance in forest
areas (24). These losses can vary from 9%
of incident rainfall in the Amazon rainforest
(26) to almost 50% in coniferous forests
in areas of Mediterranean mountainous
climate (25).

The most common field method of
determining interception is to measure
incident precipitation, throughfall
and stemflow. Interception is then the
difference between precipitation and
the sum of throughfall and stemflow.
In general, trees have a higher relative
throughfall (the ratio of throughfall
to gross rainfall) and a lower relative
stemflow than shrubs (26, 39).

Whatever the method used to
obtain the canopy storage parameters
for modeling interception, there is no
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standard protocol for measuring incident
rainfall, throughfall and stemflow in inter-
ception studies (21). This is due, on the
one hand, to the variety of study objec-
tives and diversity in vegetation coverages
studied (22) and, on the other hand, to
the fact that sampling systems are not
well adapted to the heterogeneity of the
forests studied (40). The accuracy of
measurement of these variables can give
rise to negative interception values or, at
least, errors in the interpretation of the
measurements obtained (1, 8).

However, the process of interception
is influenced by two main factors: the
climate conditions and the structure of
the species of trees or shrubs (35). In
literature, no consensus exits on whether
climate or vegetation is the dominant
factor. For instance, (3) compared
stemflow from Pinus sylvestris with five
tree species at three sites in northern
Britain and found that it was influenced
by stand characteristics more than by
weather conditions. On the other hand,
(12) showed with a modeling study that
the rainfall distribution is most dominant
for the interception amount.

In Mediterranean forest where canopy
cover is discontinuous, the wide variability
in the relationships between rainfall
and interception losses creates greater
complexity (6, 15). In areas of dehesas
pasture, such as our study area, where
the forest is composed of isolated trees
interspersed with shrubs, this complexity
is even greater (5).

Canopy water storage capacity is a
key factor determining the quantity of
precipitation intercepted (13, 16). When
rainwater that falls on the canopy exceeds
the maximum holding capacity water
begins to fall to the ground along with the
water that manages to pass directly through
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the canopy without being intercepted
(i.e, free throughfall). These parameters,
the canopy water storage capacity (S)
and the free throughfall coefficient (p),
are related to climatic conditions during
rainfall and to the canopy structure (26).

In coniferous forests, there is a close
relationship between interception and the
amount of water stored in the canopy (20).
Moreover, in shrubs the water storage
capacity can even at times be comparable
to that of tree communities and, despite
their short height, in arid and semi-arid
environments water loss by evaporation
in rainy periods may be similar to losses
in more temperate forests (9).

Although several experiments have
been carried out in areas generally
referred to as Mediterranean climates,
few have focused on the subtype and none
to the best knowledge on a dehesa area,
while dehesa's are a common ecosystem
or land use type in southwestern Iberian
Peninsula. The present study was
conducted in isolated individuals of the
most common types of vegetation in the
Mediterranean "El Cabril" watershed,
Pinus pinea and Cistus ladanifer, with
objectives: (i) to estimate the impact of the
annual rainfall variability on the process
of interception; (ii) to determinate of the
minimum number of hours required for
all water stored in the canopy to evaporate
and (iii) to calculate the amount of
precipitation needed to reach saturation
point in both species. While many studies
in Mediterranean climates are of short
duration this study encompasses a study
period of four-year, which allows us to
obtain more consistent results than those
typically found in literature.
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STUDY SITE AND MATERIALS

Site description

The experimental plots are located on
a forest area known as "El Cabril" in the
town of Hornachuelos, which is in the
west of the province of Cordoba, Spain.
"El Cabril" has an area of 11.26 km? and
its geographic coordinates are 38°4' N and
5°25'W (figure 1).

The climate of the study area
is influenced by its two main
geographical features: its elevation

(500-700 m a. s. L) and its relative
continentality. It is characterized by a
semi-arid continental Mediterranean
climate, featuring hot, dry summers and
moderately cold winters.

The average annual temperature is
16°C, with the maximum ranging between
37 and 41°C, and the minimum between
-1 and 3°C. The average annual rainfall
(1990-2013) is 506 mm/year with large
variations (CV = 0.49), December being the
wettest month (average 73 mm/month)

and July and August the driest months
(average 4 mm/month).

The rainfall regime is one of the most
characteristic climatic aspects, with the
majority of precipitation occurring from
October to May.

The reason for studying isolated
individuals is the frequent existence
of sparse vegetation in the basin. The
plant communities are dominated by
Mediterranean  sclerophyllous  scrub
(6.1 km?) with extensive thickets of
rockrose (Cistus ladanifer) accompanied
by retama (Retama sphaerocarpa),
mastic (Pistacia lentiscus), flax-leaved
daphne (Daphne gnidium), lavender
(Lavandula stoechas) and rosemary
(Rosmarinus  officinalis). A  large
area at the basin rivers’ headwaters
(2.6 km?) is covered by plantations of pine
(Pinus pinea), planted in the early 1970s.

Pinus pinea

[ Bounday farm
— Level curves
— Riverbed
[ Shrubland
[ Pine grove
[ Others

® Experimental

plots
® Raingauges

0205410 820 1,230 1,640
o ——— | 0

CABRIL
®

.Cordoba

V Hornachuelos

Figure 1. Location of the forest area of the "El Cabril".

Figura 1. Ubicacion de la zona forestal de "El Cabril".
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The relief of the study area is fairly
steep, with an average slope of 30%. Other
species such as eucalyptus and quercus
are also present in the basin, but they
cover a smaller area. The soils are sandy
loam texture and relatively shallow with a
depth not exceeding 30 cm in most of the
basin (29).

Materials

Three  experimental plots were
established to determine throughfall (Tf)
and stemflow (S f), two of Pinus pinea and one
of Cistus ladanifer. In each plot, there is only
one individual of the corresponding species.
The study was conducted over a four-year
period from October 2010 to June 2014 in
the case of the first pine plotand the rockrose
plot. For the second pine plot, experimental
data is available from September 2013 until
June 2014. The characteristics of these plots
are shown in table 1.

The second individual of pine has
been chosen with similar dasometric
characteristics to the first in order to
eliminate the influence of geometry on
the results obtained. To do this, it was
measured the same variables that other
authors chose to quantify the growth of

species due to management strategies
(ie. Donoso et al, 2016) or to establish
the value of individuals of commercial or
ornamental interest (ie. Ponce-Donoso
and Vallejos-Barra, 2016). These variables,
among others, are the height of the tree,
the canopy area projection or the diameter
at breast height (table 1).

Two tipping bucket raingauges
were installed to record the incident
precipitation with an accuracy of
0.2 mm (Eijkelkamp). Precipitation data
are recorded every 10 minutes on a
datalogger (e+® RAIN).

The raingauges are located in two open
areas, approximately 20 meters away from
the pine plots and the rockrose plot. Also,
there is a complete meteorological station
at El Cabril watershed.

In both pine plots, a permeable fence
(two meters high) was installed to protect
the instrumentation inside, delimiting an
area of 28.27 m?, in both cases.

In the pine plots the volume of
throughfall (Tf) is measured by eight
standard manual raingauges of 9.3 cm
in diameter located under the pines
according to cardinal directions and
forming two concentric rings.

Table 1. Characteristics of experimental plots.

Tabla 1. Caracteristicas de las parcelas experimentales.

. Canopy area .
Plot Latitude | Longitude Height | Dbh projection Altitude Orientation Sl;)pe
(m) (m) (m?) (m) (%)
P '""?l’)""e“ 38.076°N | 5.421°0 | 87 | 0.39 33.1 4581 | Southeast | 28.0
P '""(s"’;'"e" 38.076°N | 5.421°0 | 88 | 043 34.1 4614 | Southeast | 27.6
Cistus | 36 087°N | 5.427°0 1.9 0.05 0.78 4103 South 40.0
ladanifer

Tomo 50 ¢ N°2 « 2018

Dbh: Diameter at breast height.
Dbh: Diametro a la altura del pecho.
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In addition, six troughs consisting of
20 cm wide and 2 m long metal guttering
were installed radially just below the
canopy within the research plots. Pérez-
Arellano et al. (2016), found that similar
statistically results were obtained with
any of these methods.

The guttering was installed at a slope
of about 10% to encourage the draining of
the collectors. Stemflow (S f) is measured by
an open, flexible tube sealed with silicone
around the trunk of the trees, and channeling
the water collected to a 12-liter tank.

The guttering and the raingauges were
cleaned at least once a month but on
occasions they still got blocked.

Furthermore, it was also measured Tf
and S,ona rockrose plant that had repre-
sentative characteristics for Cistus ladanifer,
by means of an adaptation of the so-called
"interception flow collection box" described
by Belmonte and Romero (1998). This
device consists of a 0.45 m? impermeable
square surface surrounded by an L-shaped
perimeter that ensures that the throughfall
does not overflow, and that it reaches the
drainage point located in one of the corners
(figure 2). All throughfall water is collected
and channeled to a 25-liter tank.

Figure 2. Experimental plots for Pinus pinea (a) and Cistus ladanifer (b).

Figura 2. Parcelas experimentales en Pinus pinea (a) y Cistus ladanifer (b).

144

Revista de la Facultad de Ciencias Agrarias



Influence of interannual rainfall variability on interception

The plot is also waterproofed laterally
to prevent the entry of lateral rain. To
measure stemflow, a container was placed
around the base of the trunk to collect the
water flowing through the branches to the
trunk. This water is conveyed to a 12-liter
collection tank.

The gaskets of the "interception
box", the drain holes and cortical runoff
collector were sealed with silicone.

Measurements were taken when the
rainfall events had ended and after a suffi-
cient period of time for the canopy storage
to empty and for throughfall and stemflow
to be fully collected (usually one day after
the end of the rain).

Methods

Effect of annual rainfall variability on
the process of interception

In this study, the amount of inter-
cepted precipitation has been deter-
mined indirectly by taking the difference
between the incident rainfall and the
measure precipitation passing through
the vegetation canopy, which is divided
into throughfall and stemflow:

_ 1
[=P-T,-8, (1)

where:

I = interception (L)

P = incident precipitation (L)
T,= throughfall (L)

Sfis stemflow (L).

During study period, it was calculated
the water balance per precipitation event
and we obtained information about T
and S for Pinus pinea and Cistus ladanifer.
The influence of precipitation annual
variability on the interception process can
be studied because it was disposed of four
years of data and a very high number of
rainfall events.
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Canopy Drying time

A precipitation event is defined as one or
multiple showers with at least enough time
between the events to dry the canopy, where
a shower is a single-rainfall occurrence. In
this case, it was applied the Rutter model of
interception (35) to estimate canopy drying
time, using hourly climatic data from the El
Cabril weather station.

The model is based on a calculation
of the water balance in the canopy and
trunks, and uses incident precipitation
and evaporation in the canopy and the
trunk to estimate throughfall, stemflow
and interception. Wet canopy evapo-
ration can be directly calculated from the
Penman-Monteith potential evaporation
equation (28).

Pereira et al. (2016), have proposed a
wet bulb to estimate mean evaporation
rate as an alternative to the Penman-
Monteith equation when the forest canopy
is fully ventilated. The canopy drying time
(CDT, h) was obtained by calculating the
amount of time it takes for the canopy to
dry completely after the end of the rainfall
event ("rain shower"); given that we
have hourly precipitation and potential
evaporation data, we know when the rain
stops and how many hours it takes until,
according to the model, there is no longer
any water stored in the canopy.

Canopy storage capacity

According to Leyton et al (1967),
canopy storage capacity (S, mm) can be
defined as the amount of precipitation
needed to reach saturation point and it can
be determined using the graphic method
whereby incident precipitation P is plotted
against T for individual events. Due to the
fact that the field readings could comprise
a number of rainfall events and that there
was no continuous record of throughfall,
it was selected only the events with one or
two showers to calculate S.
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In the case of an event with two
showers, the total amount of intercepted
water was divided in proportion to the
amount of incident precipitation collected
in each shower.

The scatter plot demonstrates a
two-step relationship between incident
precipitation and throughfall (34).

The first step was dictated by canopy
storage and the second step occurs after
saturation of the canopy.

The intersection point between the
regression line fitted to the first-step
data and the upper envelope line of the
second-step data as proposed by Gash and
Morton (1978) and Lloyd et al (1988),
represents the event size in which the
amount of incident precipitation is suffi-
cient to saturate the canopy (P). Finally,
the value of S is obtained from the
intercept of the upper envelope on the
throughfall axis (in absolute value).

Specifically, when the amount of the
incident precipitation in an event was
less than P, the incident precipitation
was mostly intercepted by the canopy
and the amount reaching the ground,
does so as free throughfall; therefore,
the regression line slope between Tfand
P indicates the proportion of incident
precipitation reaching the ground as free
throughfall (18). So, for the first step, the
coefficient of free throughfall (C), defined
as the proportion of incident precipitation
reaching the ground as free throughfall,
can be calculated as the ratio between T,
and P, and the canopy storage capacity
can be obtained as suggested (34), by
applying equation 2.

S=1-C)P (2)
Following the methodology proposed

by Huanhua et al. (2013), which defines
the canopy storage capacity (S, mm) as
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the maximum possible water storage after
a quick drain has stopped, and calculates
S using a scatter plot of measured inter-
ception (I) versus P, linear regression of the
type I = a-P + [3 is fitted to the second-step
data, taking o as the ratio of precipitation
that evaporates from the canopy and {3 as
the canopy storage capacity (S).

RESULTS

Effect of annual rainfall variability
on the process of interception

It should be noted that in the first and
third year precipitation was 60% and 25%
higher, respectively, than the average of
the previous 20 years, while in the second
and fourth year precipitation was 44%
and 20%, respectively, below the previous
average (table 2, page 147). These data
show the interannual variability of rainfall
over the years.

It was recorded 64 rainfall events for
Pinus pinea and 53 for Cistus ladanifer.
The rain showers had an average intensity
of 2.81 mm/hour.

The maximum intensity recorded at
10 and 60 minutes were 13.8 mm and
28.6 mm, respectively.

In Pinus pinea the cumulative amount
of precipitation measured after 64 events
was 2083.6 mm (CV = 0.96), with a high
variability (ranging from 1.2 mm to
180.6 mm), being the volume of water
intercepted 616.6 mm (29.6%).

In the Cistus ladanifer plot, only
53 events could be included in the study
due to different problems when taking
the samplers (such as filling up the water
collection tanks and installation errors).
In this case, the accumulated rainfall was
1289.4 mm, with a lower coefficient of
variation (CV = 0.74), and an interception
amount of 228.6 mm (17.7%).

Revista de la Facultad de Ciencias Agrarias



Influence of interannual rainfall variability on interception

Table 2. Precipitation and throughfall, stemflow and interception losses for period
2010-2014.

Tabla 2. Precipitacion y pérdidas por trascolacion, escorrentia cortical e interceptacion
durante el periodo 2010-2014.

i inus cistus inus cistus inus cistus
Period | Plmm) | " | @) | o | G | G0 | 6
2010-2011 | 805.7 78.5 70.9 0.4 18.7 21.1 10.4
2011-2012 | 2835 61.5 55.5 0.2 16.3 383 28.2
2012-2013 | 635.1 73.6 69 0.4 15.9 26 15

) 57.7.(1) 0.1 (D) 422 (D)
2013-2014 | 4024 | ., an 635 | % an 176 | 437 an 18.9

For Cistus ladanifer the average Canopy storage capacity

throughfall was 65.3% and the average
stemflow was 17%, whereas in Pinus
pinea these values were 70.1% and 0.3%,
respectively. Table 2, shows the results
broken down by year. The year 2013-2014
displays results for both the first and
second pine.

Canopy drying time

For the pine, the Rutter model
identified a total of 278 rainfall events
("rain showers") with an average drying
time of 9.2 hours. The canopy drying time
for rockrose is 4.4 hours, and 374 rainfall
events were identified in this case. Erring
on the side of caution, it was established a
minimum period of 10 hours to evaporate
all the water stored in the canopy for Pinus
pinea and 5 hours for Cistus ladanifer.

Based on the CDT values obtained, it
can be assumed that the methodology
followed for taking measurements of
throughfall and stemflow is appropriate.
All water from throughfall and stemflow
had already been collected by the different
tanks the day immediately after rainfall.

Tomo 50 ¢ N°2 « 2018

Figure 3 (page 148) shows the
relationship between incident precipitation
and throughfall of 38 showers at the first
pine plot and of 35 showers at the rockrose
plot (see section 3.3). Measurements from
the second pine plot are not shown as there
are insufficient data to provide significant
results. In these cases, P, and S obtained
graphically are 4.2 mm and 1.8 mm for
Pinus pinea, and 1.4 mm and 0.6 mm for
Cistus ladanifer, respectively.

The value of C obtained as the values
of slopes of the regression equations
between throughfall and incident precipi-
tation for the first step in Pinus pinea and
Cistus ladanifer are 0.58 and 0.51, respec-
tively, as indicated in section 3.3. Applying
equation 2 (page 146), gives S values of
1.76 mm for Pinus pinea, and 0.69 mm for
Cistus ladanifer. Both values are in close
agreement with those obtained graphi-
cally (1.8 mm for Pinus pinea and 0.6 mm
for Cistus ladanifer).

These results were compared following
the methodology proposed by Klaassen
et al. (1998), figure 4 (page 149), that
yielded values of 1.81 mm for Pinus pinea,
and 0.74 mm for Cistus ladanifer, similar
to those obtained above.
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Figure 3. Scatter plot of throughfall against incident precipitation
(Tf > Ps(©); Tf <Ps(e)) for Pinus pinea I (a) and Cistus ladanifer (b). The regression line fitted
to the first-step data and the upper envelope line of the second-step data is depicted with a
discontinuous and continuous line, respectively (Canopy storage capacity).

Figura 3. Representacion de la trascolacién frente a la precipitacidn incidente
(Tf > Ps(0); Tf <Ps(e)) para Pinus pinea 1 (a) y Cistus ladanifer (b). La linea de regresion
ajustada a los datos del primer escaldn y la linea envolvente superior de los datos
del segundo escaldn se representan mediante una linea discontinua y continua,
respectivamente (Capacidad de almacenamiento del dosel).
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Figure 4. Scatter plots of interception against incident precipitation for

Pinus pinea | (a) and Cistus ladanifer (b).

Figura 4. Representacion de la interceptacion frente a la precipitaciéon incidente para

Pinus pinea () y Cistus ladanifer (b).
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The value of S varies between the two
types of years being greater in dry years
(2.07 in pine and 1.09 in rockrose) than
in wet years (1.71 in pine and 0.61 in
rockrose). This would seem logical since
in dry years the wet canopy evaporation
increases and, consequently, the storage
capacity of the plant also increases.

DISCUSSION

Effect of annual rainfall variability
on the process of interception

The results show that the canopy inter-
ception differs per vegetation type and
annual precipitation (table 2, page 147).

The interception rate is higher in
dry years for both species, and is nearly
double that of wet years. This can be
explained with reference to the canopy
storage capacity, which decreases in rainy
years and is exceeded more easily, as will
be made clear in section 4.3. Accordingly,
throughfall is lower in dry years than in
wet years.

The results from both the first and
second pine are very similar, which
might initially suggest that a single year
is enough to record conclusive measure-
ments. Nevertheless, table 2 (page 147),
shows widely varying results between dry
and wet years, thus indicating that study
periods of more than a year are advisable.

There is a significant difference
between species in terms of the redis-
tribution of precipitation. Stemflow is
negligible in Pinus pinea, but substantial
in Cistus ladanifer. This is largely due to
differences in plant structures.

In rockrose, the relative stemflow is
very variable, which may be an indication
of the effect of the resin produced by these
shrubs, that acts as a repellent against the
first drops of rain.
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Garcia-Estringana et al. (2010), showed
that the impermeable wax, ladane,
secreted by Cistus ladanifer acts as a water
repellent and diminishes the retention
of intercepted rainfall. Plant surfaces are
rendered water repellent by three-dimen-
sional microstructures of the epidermal
cells and hydrophobic wax crystals (17).

The amount of throughfall for Cistus
ladanifer is lower than that obtained by
Simdes et al. (2009), in Evora (southern
Portugal) for the same specie (79% Tf)
during two years, but higher than Cistus
salviifolius (61% T). Such variation may
be mostly a result of differences in canopy
structure; Cistus ladanifer is characterized
by sparse foliage clumps distributed verti-
cally and with larger gaps in the canopies.

For Pinus pinea the results are
consistent with those obtained in two
studies carried out in a Mediterranean
climate: Llorens et al. (1997), for Pinus
sylvestris (24% I) in Barcelona, Spain;
and Ibrahim et al. (1982), for Pinus pinea
(27% I) in Petit Saint-Jean, France.

However, Ghimire et al. (2012), in
their study of a forest of Pinus roxburghii
located in Nepal recorded slightly
different proportions of throughfall,
stemflow and interception, at 83%, 0.5%
and 16.5% of precipitation, respec-
tively. This demonstrates the impact of
climate on the interception process in
similarly-structured species.

Levia Frost (2003), linked the large
amounts of stemflow in rockrose, in all
cases and even with low-intensity rains, to
the plant having a cone-or funnel-shaped
structure. Cistus ladanifer features just
such a structure, with vertically-oriented
branches at an insertion angle of more
than 45° to the horizontal, thus favoring
the flow of water from the branches to the
trunk. However, in pine, cortical runoff is
lower in drier years because the intensity
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and duration of rainfall decreases. Once
again, the limited data available for the
second pine means that results are of
little relevance.

Canopy drying time

Canopy drying time generally varies
depending on evaporation rate after the
rain (10, 35). Thereisno standard criterion
for the duration of the drying period, as it
depends largely on the climate and natural
processes affecting precipitation. Some
authors have set this time at 4 hours (33),
while others estimate 12 hours (3).

This results show that canopy drying
time varies from specie to specie, being
more than double for Pinus pinea that for
Cistus ladanifer, which makes sense given
the difference between canopy structure
of both species, that is much greater for
Pinus pinea.

Canopy storage capacity

The results are consistent with experi-
mental values for interception measured
in both plant species. It is indeed the
case that a greater amount of incident
precipitation is required to saturate the
pine canopy compared to the rockrose.
Accordingly, the canopy storage capacity
is greater for pine.

For small quantities of incident
precipitation-too small to saturate the
canopy-the slope of the line-of-fit is practi-
cally the same in pine and in rockrose
(figure 3, page 148), indicating equal
throughfall increases in both species in
response to equal increases in precipi-
tation. Under these conditions, the only
throughfall is free throughfall. Moreover,
the slope in each case should show the
relationship between throughfall and the
incident precipitation, or the coefficient
of free throughfall, with a zero intercept.
Values different from zero obtained from

Tomo 50 ¢ N°2 « 2018

said intercept in this study, although
relatively small, are due to expected
experimental measurement errors.

Thus it can be seen that either method
can be used to determine such infor-
mation, although it is advisable to use
both in order to confirm the validity of
the results, particularly with low values
for the coefficient of determination R?, as
was the case for Cistus ladanifer (R>=0.18)
when the Klaasen methodology was used
(figure 4, page 149).

These values are similar to those
obtained by Saxena (1986), for a pine
forest in Uppsala (S = 2.1 mm, C = 0.49 and
Ps =4.1 mm).

For Cistus ladanifer, we find a higher
value than Garcia-Estringana et al. (2010),
who obtained an average S value of 0.54
mm using eight individuals in a laboratory
setting. The different values obtained by
different authors may be due, among other
reasons, to the use of short data series that
fail to reflect the annual rainfall variability.

The difference between dry and wet
years in the value of seems logical since
the maximum evaporation rate from
wet/saturated forest canopies increases
in dry years and, consequently, the storage
capacity of the plant increases.

CONCLUSIONS

This research show that the canopy
interception differs per vegetation
type and annual precipitation. Notable
differences in interception values were
found when comparing dry and wet years.
The interception rate is higher in dry years
for both species, and is nearly double that
of wet years. Accordingly, throughfall
is lower in dry years than in wet years.
Then, to reach significant conclusions
in interception studies, the use of data
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from periods of greater than one year is
therefore recommended.

Canopy drying time for each species
following a rain event is quite different
given the morphology and plant archi-
tecture differences between both species,
being more than double for Pinus pinea
that for Cistus ladanifer.

Accordingly, the canopy storage capacity
is greater for pine.

The value of canopy storage capacity
varies between the two types of years
being greater in dry years than in wet
years, in both species, because the canopy
storage capacity decreases in rainy years
and is exceeded more easily.

A greater amount of incident precipi-
tation is required to saturate the pine
canopy compared to the rockrose.
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RESUMEN

La expansién urbana descontrolada lleva a una fuerte presién especulativa inmo-
biliaria y consecuentemente a la desapariciéon de pequeias explotaciones agricolas.
La atencién se centra en la interfaz urbano-rural del drea metropolitana de Mendoza,
Argentina donde se demuestra que este fendmeno se debe a que los instrumentos
normativos aplicados para ordenar los usos del suelo no han logrado regular el mercado
del suelo urbano ni conservar suelo agricola. Se analizan las relaciones competitivas
del mercado de suelo, las diferenciaciones que surgen entre los usos del suelo y el rol
que cumple el Estado para corregir las imperfecciones y sesgos especulativos. Las apor-
taciones tedricas de Ciriacy-Wantrup permiten valorar los aportes del Ordenamiento
Territorial para planificar y regular usos del suelo mediante la aplicaciéon de instru-
mentos propuestos en la Ley N° 8051/09 de Ordenamiento Territorial y Usos del Suelo
de Mendoza. Si bien los resultados alcanzados no se pueden generalizar, por tratarse
de un estudio de caso, se comprueba la aplicabilidad de la metodologia a otros casos
de similares caracteristicas y se brindan nuevos aportes a la problemadtica planteada,
contribuyendo a mantener las condiciones de sostenibilidad urbana y rural y mejorar
las condiciones de vida de los que habitan en interfaz urbano-rural.
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ABSTRACT

The uncontrolled urban expansion leads to strong speculative real estate pressure
and consequently to the disappearance of small farms.The focus is on the urban-rural
interface of the metropolitan area of Mendoza, Argentina, in which it is tried to demon-
strate that this phenomenon is due to the normative instruments applied to order the
land uses have not been able to regulate the urban land market nor conserve agricul-
tural land. The competitive relationships of the land market and the differentiations that
arise between land uses are analyzed and the role of the State is addressed to correct
imperfections and speculative biases. The theoretical contributions of Ciriacy-Wantrup
make it possible to assess the contributions of Territorial Planing to plan and regulate
land uses through the application of instruments proposed in Law N° 8051/09 Terri-
torial Planning and Uses of Soil of Mendoza. Although the results achieved can not be
generalized, as it is a case study, the applicability of the methodology to other cases of
similar characteristics is verified and new contributions are provided to the problem,
contributing to maintaining the conditions of urban and rural sustainability and improve

the living conditions of those who live in urban-rural interface.

Keywords

Uses of land e market e State ¢ zoning ¢ economic instruments

INTRODUCCION

La industrializacion del siglo XIX trae
consigo la concentracién de poblaciéon en
grandes ciudades y movimientos migra-
torios del campo a la ciudad, pero en el
Siglo XX y especialmente desde fines de los
afo '70, el proceso de globalizacion genera
movimientos centrifugos desde las ciudades
hacia sus periferias. La ciudad compacta da
lugar a una urbanizacién difusa que lleva a
ocupar tierras fértiles que son aprovechadas
por pequeiias explotaciones agricolas.

"Los usos agricolas de secano son
desplazados por los de regadio y estos a
su vez desplazados por los urbano-indus-
triales. Ese desplazamiento se produce
porque los suelos urbanos-industriales son
mas competitivos que los agricolas, pero
ante la necesidad de conseguir que las rela-
ciones de competencia no terminen con los
suelos de mayor capacidad agrondmica,
pueden establecerse mecanismos de
control y restriccién que lo impidan” (44).
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La explicacion se encuentra en la
competencia, forma de comportamiento
del mercado que debe ser controlada por
el Estado para proteger en iguales condi-
ciones. Sin embargo, sus acciones de
intervencion no han dado los resultados
esperados, lo que plantea la necesidad de
buscar nuevas formas de planificacion y
gestion que permitan entender lo que pasa
y actuar conforme a ello. La mirada esta
puesta actualmente en el Ordenamiento
Territorial por considerar lo urbano y lo
rural de una manera unificada e integral
y sustentar su accionar en la coordinacién
multinivel de las politicas publicas y la
aplicacion de instrumentos que permitan
regular el mercado de suelo.

Desde esta especialidad y a partir
de la seleccion de un caso de estudio, se
pretende demostrar que la zonificacion
como instrumento normativo utilizado
para ordenar los usos del suelo, en el caso

Revista de la Facultad de Ciencias Agrarias



Regulacion del mercado para conservar suelo agricola

del area de interfaz urbano-rural de la
zona metropolitana de Mendoza, no logra
regular el mercado del suelo urbano por
lo que desaparece el suelo agricola que
bordea la metrépoli.

Se busca analizar el proceso de
expansion urbana hacia la zona de interfaz
urbano-rural con la consecuente pérdida
de explotaciones agricolas. A través de
la interpretacién de la forma de compor-
tamiento del sistema productivo de las
explotaciones de menos de 5 ha y la
seleccion de criterios que inciden en el
precio de mercado, se intenta comprender
las relaciones competitivas entre el
suelo urbano y el suelo agricola y el rol
que cumple el Estado para corregir las
imperfecciones y sesgos especulativos
mediante la aplicaciéon de instrumentos
que propone el Ordenamiento Territorial
en la Ley N°8051/09 de Ordenamiento
Territorial y Usos del Suelo de la provincia
de Mendoza.

El propésito final es contribuir en la
busqueda de soluciones para frenar el
avance urbano y conservar suelo agricola.

Marco tedrico-conceptual

La interfaz urbano-rural

Diversas denominaciones geograficas
han intentado dar cuenta de este tipo de
espacio: periferia urbana, frontera campo-
ciudad, territorios de borde, borde urbano/
periurbano, cinturéon de especulacién inmo-
biliaria, exurbia, interface o ecotono urbano-
rural, etc., términos con los que se ha tratado
de caracterizarlo ante la dificultad de
conceptualizarlo y delimitarlo (1).

La dicotomia entre lo urbano y lo rural
y los procesos que se manifiestan en las
areas de interfaz o transicion urbano-rural
han sido objeto de debate durante mucho
tiempo, sin llegar a una validacion general.
Teniendo en cuenta que el suelo rural es
el que no esta funcionalmente integrado a
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la trama urbana y que el suelo urbanizado
es que el que ha sido completamente
antropizado, algunas de las denominaciones
mas conocidas las que siguen.

Periurbano, aquel espacio donde,
partiendo de los bordes de la ciudad, se
registra una secuencia de intensidades
decrecientes en el uso del suelo: de un
periurbano denso "de contacto" a un peri-
urbano cada vez mas difuso y distante.
Johann Heinrich von Thiinen (1826) (3),
el precursor de las teorias de localizacion,
determiné en el siglo XIX que alrededor
de la ciudad se localizan en anillos dife-
rentes segun el tipo de cultivo, el primero
dedicado a la horticultura y la producciéon
lechera y en el 5to cordén cultivos mas
extensivos. Garcia Ramoén, Tulla Pujol
y Valdovinos Perdices (1995), lo clasi-
fican de otra manera: el espacio urbano
propiamente dicho, el espacio periurbano
o areas urbanas discontinuas, el espacio
semiurbano (con alternancia de usos), el
espacio semirural urbanizado, el espacio
rural dominado por la actividad agraria
pero con algunas influencias urbanas
(como las derivadas de la descentrali-
zacion industrial) y, por ultimo, el espacio
rural marginal.

Otra forma de denominarlo es
rururbano, proceso evolutivo que afecta
a la periferia de ciertas ciudades. Los
primeros en difundir el término rururbano
son los franceses G. Bauer y J. M. Roux en
1976, expresion que identifica a las areas
que rodean a las ciudades antiguas donde,
la presencia dominante de viviendas
unifamiliares, dispersas y aisladas,
cohabita con la persistencia de areas
agricolas y forestales (o naturales). Al
respecto "La Geografia se vale de términos
hibridos, como el rururbano para procurar
comprender y explicar, en este caso, la
constitucién y los procesos ocurridos en
las areas de expansion de las ciudades.
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Esta interface o ecotono esta compuesta
por una cara interna o periurbano y otra
externa o rururbano. Sin embargo, en
sus origenes las definiciones de ambos
parecian aludir a lo mismo, empleandose
uno u otro como sinénimo” (4).

Periurbano y rururbano tienen
elementos en comun, como la mezcla de
funciones y usos del suelo. Sin embargo, se
distinguen en el nivel de presion de los usos
urbanos sobre los usos de suelo agricola.
En el periurbano, la presion es muy fuerte,
debido a la mayor cercania a la ciudad, de
donde provienen las fuerzas centrifugas.
En tanto que en el rururbano la presion
es menor, debido a una mayor distancia
respecto de la ciudad y a una mayor
disponibilidad de tierras. Mientras que el
periurbano se conformé por el avance de la
ciudad hacia su periferia, en el rururbano
se dio una combinacién de procesos, en
distintas escalas temporales y espaciales.

Una connotacién diferente tiene el
concepto interface, frontera compartida,
un enlace entre dos realidades. La
Development Planning Unit of University
College of London ha condensado tres
formas en las que regularmente han
identificado aproximaciones a la nocién de
interface: como periferia de la ciudad, la cual
hace referencia a las areas marginales en
proceso de urbanizacién; como un sistema
socioecondmico, es decir, sistemas sociales
de pobladores con una condicién dual entre
lo rural y lo urbano; como la interaccién
de flujos rurales y urbanos, considerando
las areas periféricas de las ciudades donde
se verifican con mayor intensidad vinculos
rural-urbanos y son mas intensos los
cambios y conflictos sociales, ambientales y
econdmicos (figura 1) (30).

La interface es entonces un espacio
geografico donde se manifiestan una serie
de conflictos y donde se producen profundas
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transformaciones, de caracter sistémico
complejo, heterogéneo, delimitable, aunque
de dificil inclusiobn en las zonificaciones
de uso del suelo. Un campo relacional en
proceso y en continua construcciéon; un
espacio de transiciéon de interacciones de
usos del suelo que se caracteriza en esencia
por la diversidad de ecosistemas, dinamicas
de poblacién y presencia de diversos actores
con intereses privados, publicos, comuni-
tarios, no necesariamente convergentes. Un
espacio funcional para la ciudad en términos
de conservacion de la naturaleza, produccién
de agua y energia, ocio, recreacion, seguridad
alimentaria y sumidero de residuos.

Un espacio de oportunidades para la
expansion de los estilos de vida urbanos y
para la conservacion de los estilos de vida
rurales. Un espacio periférico a la ciudad
como consecuencia de procesos de reubi-
cacion o relocalizacion industrial, ligado
a la idea de marginalidad econémica y
social. Un espacio con variedad de ofertas
y demandas, en términos de bienes y
servicios de caracter ambiental, social y
econdmico y receptor de nueva poblacion
debido a procesos migratorios campo-
ciudad, provenientes de sectores populares
o de poblacién flotante con una condicion
dual entre lo rural y lo urbano (30).

Zona urbana Zona rural

| Zona de interface urbano-rural

Fuente: elaboracion propia, 2016.
Source: processed, 2016.

Figura 1. Zona de interface urbano-rural.
Figure 1. Area urban-rural interface.
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Elvalor del suelo

El suelo no es neutro, es tutil y tiene
un valor de uso y de cambio. Segin
Lefebvre (1973), el espacio juega un papel
activo, instrumental y operacional en el
conocimiento y la acciéon del modo de
produccion capitalista; sirve a la hege-
monia, que hace uso de él en el estableci-
miento, las bases y la logica del sistema
(27). Es ademas un recurso econdémico,
natural y escaso que tiene distinta valori-
zacion segun la actividad que haga uso de
él y presenta algunas caracteristicas que
contribuyen al aumento de su valor.

En el caso del suelo urbano, es un
mercado imperfecto en la competencia,
ya que los terrenos difieren entre si por su
forma,subsueloysuperficie,sulocalizacion
y sus posibilidades constructivas. La
oferta de terrenos es inflexible a corto o
mediano plazo, mientras que la demanda
es rigida en razén de la imperiosa
necesidad de habitarlo. Es también un
mercado especulativo y complementario
del mercado de la construccion.

Entre los componentes del precio
del suelo se destacan los gastos para
urbanizar un terreno: provision de agua,
evacuacion de afluentes servidos, electri-
cidad, servicio de calles, etc., costos que
varian ademas en funcion de la situacion
del lote, su facilidad de acceso, su relativa
cercania en relacion con otros predios ya
urbanizados, etc., lo que exacerba su valor
de cambio en relacion con el valor de uso
(43). Es el que mas plusvalias genera y el
que aumenta su valor de cambio sobre
su valor de uso por lo que cualquier otro
aprovechamiento queda supeditado a la
dinamica coyuntural del mercado inmo-
biliario (41).

Con respecto al suelo agricola este tiene
valor de uso y su precio se relaciona con el
tamario dela explotacion, lainfraestructura,
la superficie irrigada, la clase de suelo,
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la distancia del predio a la ciudad o ruta
mas cercana y la zona donde se localiza.
Las condiciones de productividad vy
rentabilidad con las cuales la explotacion
agricola compite en el mercado de suelo,
dependen de estos componentes.

Con respecto a las relaciones competi-
tivas que se establecen entre el uso del
suelo urbano y rural, en la década de los
'60 Ciriacy-Wantrup (1964) profesor
del Departamento de Economia Agricola
y de los Recursos de la Universidad de
Berkeley, realiza interesantes aprecia-
ciones. Destaca que los espacios rurales
han sido dejados de lado por la economia a
favor del suelo urbano por considerar que
el suelo es un recurso natural ilimitado que
actua de soporte a las actividades urbanas,
cuyo uso resulta ser mas competitivo (5).

Dada la naturaleza del suelo urbano
y agricola y ante el lema de la competi-
tividad que impone la globalizacién, el
suelo urbano tiene mayor capacidad para
obtener mas rentabilidad en el mercado
y esto se debe a que su productividad es
mayor que la del suelo agricola, aunque no
siempre la alta productividad se traduzca
en mayor competitividad.

Frente a esta realidad y las
caracteristicas de un mercado de suelo
que no es perfectamente competitivo,
las administraciones publicas pueden
asumir un papel protagonista con el
objeto de corregir las imperfecciones y
sesgos especulativos para sostener a la
agricultura periurbana debido a que, tal
como sostiene Ciriacy-Wantrup (1964),
el suelo es un recurso limitado, por lo que
aquellos con mayor capacidad agronémica
deben ser conservados para uso agricola,
decisién que implica una reorientacion de
la expansion urbana y un costo econdmico
y social que deber ser asumido como una
prima de seguro ante una posible pérdida
cuantificable econ6micamente.
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El rol del mercado y el Estado en el
mercado de suelo

De acuerdo con la concepcién del
liberalismo, los agentes privados son los
que regulan el mercado a través del sistema
de precios, asignando a cada cosa el valor
que realmente tiene. Sin embargo, la logica
de la acumulacion privada puede tener
consecuencias sociales nefastas porque no
contabiliza la destruccion de valores de uso
ni el valor de algunos recursos, motivo por el
cual el Estado debe intervenir debido a que
su funcion es cuidar los intereses publicos y
satisfacer las necesidades colectivas. Pero su
actuacion en el marco de la aceleracion de
los procesos de integracion a la economia
mundial, no es eficiente.

"La gestidon sigue siendo verticalista,
compartimentada y rigida, utiliza instru-
mentos que no responden a las exigencias
actuales, ademas de actuar a destiempo
y trabajar en la coyuntura sin tener en
cuenta el mediano y largo plazo" (17).

Un instrumento técnico y legal utilizado
para ordenar los usos del suelo ha sido la
zonificacion, la que ha pasado a ser solo una
operacion que se realiza sobre un plano al
responder a una concepcion rigida propia
de una época cuando el Estado tenia mayor
poder para controlar (18).

Con el proposito de intervenir en forma
mas eficiente en el territorio, el Orde-
namiento Territorial plantea una nueva
manera de concebir este instrumento, no ya
como una delimitacion de areas segun usos
predominantes sino teniendo en cuenta la
aptitud para el uso del suelo, su capacidad de
carga, la coexistencia de usos compatibles,
su complementacién con instrumentos
econdémicos que permitan promover deter-
minadas actividades, conservar otras o
regular usos del suelo incompatibles.

Con respecto a este tema, Ciriacy-
Wantrup (1964) considera la existencia de
tres niveles en el sistema de decisiones: el
operativo (productor, organismos publicos,
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empresarios, etc.), el institucional o
normativo y el politico, siendo este ultimo
el que puede reorientar los objetivos
politicos en relacion con la planificacion y
gestion. Aclara que es necesario un cambio
de enfoque en la planificacion tradicional, la
que solo plantea el modelo de crecimiento
urbano, el urban sprawl, siendo necesario
un tipo de planificaciéon que unifique la
planificacion urbana con la planificacion
de la agricultura, la silvicultura, el agua y el
resto de recursos naturales (5).

Las afirmaciones de este autor
fundamentanlanecesidad del Ordenamiento
Territorial como forma de planificacién
que tiene en cuenta la organizacién y uso
del territorio como una unidad integral
y como forma de gestiobn que contempla
instrumentos que permiten corregir las
imperfecciones y sesgos especulativos del
mercado de suelo, tal como lo propone
la Ley N°8051/09 de Ordenamiento
Territorial y Usos del Suelo de la provincia
de Mendoza. Esta normativa contiene una
serie de instrumentos espaciales, entre ellos
la zonificacion que asociada a instrumentos
economicos tales, como la prestaciéon de
servicios ambientales, incentivos fiscales,
impuestos inmobiliarios diferenciados,
etc, pueden contribuir a la conservaciéon
de suelos agricolas en la zona de interface
urbano-rural del area metropolitana de
Mendoza (29).

MATERIALES Y METODO

Las consideraciones tedricas realizadas
sobre la complejidad de las areas de interfaz
urbano-ruralyelrol que cumplen el mercado
y el Estado en las relaciones competitivas
entre el uso del suelo urbano y rural, funda-
mentan la necesidad de utilizar el estudio de
caso y el enfoque de los sistemas complejos
para el abordaje de la interfaz urbano-rural
de la zona metropolitana de Mendoza.
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Se elige el estudio de caso por ser un
disenio de fuerte orientacién empirica
y descriptiva que implican la captacién
holistica de un caso segin criterios
teoricos seleccionados y la interpretacion
de las complejidades del mismo en su
unicidad, en su particularidad, explicando
cémo suceden los hechos y por qué, cuales
son las razones inmediatas y el contexto
donde tienen lugar (28).

En primera instancia, se delimita
la zona objeto de transformaciones
producidas ante la expansiéon urbana
hacia tierras agricolas, mediante analisis
espacial de imagenes satelitales del
afio 2010 y 2014 y el uso de un sistema
de informacién geografica (SIG). Las
variables seleccionadas son: densidad de
poblaciéon por superficie de radio-fraccion
censal del ano 2010 y delimitacion del
continuo urbano (zona construida).

Una vez delimitada la zona de estudio
y teniendo en cuenta que "un sistema
complejo adaptativo (...) es un sistema
en el cual los procesos que determinan
su funcionamiento son el resultado de
la confluencia de multiples factores que
interactian de tal manera que el sistema
no es descomponible” (11).

Se buscan las causas que llevan a
la desaparicion de las explotaciones
agricolas, a través del analisis del proceso
por el que transita la actividad agricola
en el periodo 2002-2008 y teniendo en
cuenta los siguientes componentes del
sistema productivo agricola: tamafio y
superficie de las explotaciones agricolas,
tipo de cultivos, forma de tenencia de
la tierra, cantidad y el tamafio de las
empresas rurales (7,12, 13, 14, 15, 23, 24,
26, 37).

Es importante aclarar que se utilizan
datos cuantitativos como complemento
estadistico porque el fin ultimo es
la busqueda de significacion y no de
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distribuciéon de los datos porque tal
como sostienen Neiman y Quaranta
(2007), la validez externa (generalizacion
estadistica) no es posible en un estudio
de caso, ni es un objetivo de este estilo de
investigacion. Es decir que este estudio de
caso no se rige por la ldgica estadistica de
representatividad de la muestra (34).

Los resultados obtenidos llevan a
profundizar en el rol del mercado y el
Estado en cuanto a las relaciones competi-
tivas del suelo urbano y el agricola.

Se analizan precios de mercado
teniendo en cuenta, los siguientes criterios
para el caso del suelo urbano: a) tipo de
lote urbanizado y sin construcciéon en
barrios tradicionales (son aquellos que
fueron disefiados por el Estado a partir
de operatorias de vivienda o por iniciativa
privada conforme alo que determinala Ley
de Loteos), b) cerrados o semi-cerrados y
privados y c) proximidad a rutas de acceso
ala ciudad o al tejido urbano consolidado.
Estos datos son obtenidos de articulos
periodisticos, relevamientos de usos del
suelo, como también de documentos
sobre zonificacion municipal vigentes y
realizacion de entrevistas a inmobiliarias
y talleres con técnicos municipales (36).

En el caso del precio o valor del suelo
agricola, se diferencian explotaciones
segun su localizaciéon en los oasis o en
tierras no irrigadas; la disponibilidad del
recurso agua (si poseen derecho de agua
e infraestructura de riego) y el tipo de
cultivo (perennes o anuales).

El rol de Estado se define en funcion de
los instrumentos aplicados para regular los
usos del suelo, tanto a nivel del gobierno
central como el municipal, utilizando
como fuente de informacion el diagndstico
realizado para desarrollar el ante-proyecto
de ley de Ordenamiento Territorial para
Mendoza entre los afios 2006 y 2009.
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Elrigor cientifico con el que se trabaja el
estudio de caso permite la aplicabilidad de
la metodologia o resultados a otros casos
de similares caracteristicas porque "si
bien queda claro que no se pueden realizar
inferencias generalizantes, los resultados
alcanzados pueden ser transferidos a otros
casos en un contexto similar” (31).

RESULTADOS

La metrépolis de Mendoza

El area metropolitana de Mendoza se
localiza en el oasis norte, uno de los tres
oasis que posee la provincia de Mendoza
gracias al riego. Cabe aclarar que los oasis
de Mendoza son oasis de riego creados
por el hombre para hacer frente a las
condiciones de extrema aridez del lugar.
Estos representan el 3% del territorio
de los cuales el 0,25% corresponde a las
zonas urbanas donde habita el 79% de la
poblaciéon, concentrandose mas del 50%
en el area metropolitana en tan solo el
0,16% de la superficie.

El resto de la poblaciéon (21%) se
localiza en forma dispersa ya sea dentro
de los oasis o en tierras no irrigadas de
llanura o montafia, las que comprenden al
97% de la superficie (figura 2, pag. 163).

Es el aglomerado wurbano mas
importante del oeste Argentino y ocupa
un lugar estratégico en los circuitos
comerciales del MERCOSUR con el
mercado mundial, debido al flujo de
mercaderias que circula desde el Atlantico
hacia el Pacifico, lo que ha favorecido la
llegada de la inversion directa extranjera
y de capitales regionales y nacionales.
Mientras que los otros centros urbanos de
la provincia tienden a perder peso relativo
en el concierto provincial, la poblaciéon
del area metropolitana sigue creciendo
por lo que aumentan las condiciones
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de vulnerabilidad y el deterioro de las
condiciones de vida.

Este fendomeno de macrocefalia
muestra una dinamica diferente a partir
del Siglo XXI. Comienza un proceso de
verticalizacion en la ciudad y expansion
descontrolada hacia las zonas periféricas
de los municipios que la rodean,
preferentemente en Lujan de Cuyo, Maip1,
Las Heras y Guaymallén.

La poblacién del microcentro migra y
esto se debe en parte al cambio de usos
del suelo, las residencias dan paso a
comercios y la prestacion de servicios, a lo
que se suma la apariciéon de importantes
hoteles de cuatro y cinco estrellas, hoteles
boutique, edificios para oficinas y resi-
dencia y grandes centros comerciales. Se
genera mayor demanda de espacios, fric-
ciones y competencia desenfrenada por
el uso del suelo, problemas de contami-
nacion por ruidos, poluciéon atmosférica,
produccion de mayor cantidad de basura
y de desagilies que afectan la calidad del
agua superficial y subterranea.

Se incrementa el tiempo que implica el
traslado desde los lugares de residencia a
los del trabajo. Los medios de transporte
adolecen de serias deficiencias por lo que
el automovil pasa a ser una necesidad
ineludible, pero no todos tienen acceso a €], 1o
que contribuye a acentuar las desigualdades.

En consecuencia, los ingresos a la
ciudad resultan muy dificultosos debido
al incremento del parque automotor y la
falta de planificacion del transporte, las
demoras son importantes y se generan
nuevas externalidades negativas, entre
ellas el aumento de la contaminacién por
combustion y ruido.

En la periferia, coexisten barrios
cerrados de clase alta o media-alta con
villas inestables y barrios populares,
en zonas carentes de servicios, equipa-
mientos e infraestructura.
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La marginalidad y la segregacion
social generan violencia y llevan a condi-
ciones de inseguridad. Pero también la
inseguridad es producto de habitar en un
lugar donde aparecen procesos de degra-
dacidén natural y riesgos para la poblacion
frente a amenazas naturales que pueden
terminar en catastrofe. A esto se suma
la pérdida de zonas muy fértiles y de alto
valor agricola con la consecuente pérdida
de explotaciones agricolas que amenaza su
ecosistema (42).

Expansion urbana y desaparicién
de explotaciones agricolas

El mercado inmobiliario orienta la
expansion hacia la zona periurbana o
interface urbano-rural, en algunos casos
hacia el piedemonte y en otros hacia
tierras agricolas localizadas en el cinturén
frutihorticola que abastece a la ciudad
o en zonas productoras de uvas de alta
calidad (figura 2, pag. 163).

El aumento poblacional se produce
gracias a la reactivacion de la inversion
inmobiliaria producidaapartir del afio 2002,
llegando a ocupar el area urbana 26.468
hectareas en el afio 2010, cifra que asciende
a 28.574 en el ano 2014, segin datos del
Instituto CIFOT, FFyL, UNCuyo (2014).

Este fenémeno explica la disminucién
demasde 100 explotacionesagropecuarias
(EAPs) en Lujan de Cuyo y mas de 300 en
Maipt y cerca de 480 en Guaymallén en el
periodo 2002-2008 (tabla 1).

En total en el periodo 2002-2008
se pierden en la zona de interface 1041
explotaciones, lo que representa el
35,76% del total provincial. Este proceso
contintia y en el afio 2010 se urbanizan
11.322 ha de parcelas con derecho a
riego (lo que equivaldria a 3.774 EAPs
de 3 ha) principalmente en suelos aptos
de clase 1 a 3 (muy buenos) segun datos
del Gobierno de Mendoza (2014). En los
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ultimos afios, los mayores avances de
la urbanizacion, de acuerdo con datos
del Departamento General de Irrigacion
(2015) (38), se producen nuevamente
en Lujan de Cuyo (2889 ha), Guaymallén
(1817 ha), Maipt (1459 ha) y también en
Las Heras (1362 ha) mientras que en el
resto de los departamentos el crecimiento
solo ha sido de menos de 500 ha, excepto
en San Martin con 1326 ha, ubicado en la
zona Este.

Segun el estudio realizado por Maria
Eugenia Van den Bosch en el afio 2016,
en los distritos de Lujan de Cuyo al norte
del rio Mendoza: Russell, Luzuriaga,
Lunlunta, Gutiérrez y Cruz de Piedra en
Maipa y todos los distritos bajo riego
de Las Heras excepto Uspallata, y de
acuerdo con datos de los Censos Nacio-
nales Agropecuarios (CNA) de 1988,
2002 y 2008 (22, 23, 24), se perdieron
el 55% de las explotaciones, es decir que
solo conservan el 45% de las unidades
productivas y el 75% de la superficie.

Tabla 1. Explotaciones Agropecuarias
(EAPs) menores a 5 ha, afios 2002-2008.

Table 1. Agricultural farms less than 5 ha,
years 2002-2008.

Departamento | 2002 | 2008 Variacién
absoluta
Capital 1 0 -1
Godoy Cruz 0 1 1
Guaymallén 1.213 734 -479
Las Heras 254 157 -97
Lujan de Cuyo 387 240 -147
Maipu 2.005 | 1.688 -317
Total 11.600 | 8.689 -2.911

Fuente: Instituto CIFOT, FFyL, UNCuyo sobre la
base de los datos del Censo Nacional Agropecuario,
2002 y datos provisorios del Censo Nacional
Agropecuario-2008 (23, 24).

Source: Institute CIFOT, FFyL, UNCuyo based on
data from the National Agricultural Census, 2002
and provisional data from the National Agricultural
Census 2008 (23, 24).
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Fenémeno que se explica fundamen-
talmente por la presion urbana, lo que
le confiere al sector una dindmica muy
regresiva y anticiclica en ocupacidon. Este
retroceso afecta en forma muy aguda a
explotaciones muy pequefias y pequenas,
las que representan el 59% de las explo-
taciones y ocupan el 11% de la superficie,
siendo las chacras del sistema horticola
las que mas han reducido su presencia
tanto en frecuencia como en extension (7).

La mayor pérdida absoluta de EAP se
observa en las propiedades capitalizadas
con mano de obra no familiar remunerada.
De esta modalidad persiste solamente
un 16% de las presentes 20 afios atras.
Las unidades productivas de mayores
dimensiones se ubican en Vistalba, Las
Compuertas, Lunlunta y Russell, distritos
mas alejados del AMM, frecuentemente
sedes de importantes firmas que
consignan su superficie en el mismo
pero que en realidad se localizan en otra
zona (40).

Valor del suelo urbano y suelo
agricola

El suelo tiene distinta valorizacion
segun se trate de suelo urbano o
agricola. Con respecto al suelo urbano se
consultan precios del m? de suelo urbano
en distintos departamentos y distritos
del area de interface. La busqueda se
realiza por internet cotejando valores de
distintas inmobiliarias, segtn tipo de lote
y proximidad a rutas de acceso. De esta
manera se comprueba que no existen
variaciones en el precio segun el tipo de
barrio, por el contrario, en algunos lotes
ubicados en barrios tradicionales se
encontraron valores superiores a lotes
en barrios cerrados o semi-cerrados
o privados. Las diferencias no son
significativas (6, 9, 20, 21, 32, 33, 35, 39).
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Los mayores valores aparecen en
Lujan de Cuyo, siguiéndole en orden
de importancia Maipi y Guaymallén,
lugares hacia donde el avance de la
urbanizaciéon ha sido mayor, mientras
que los menores valores corresponden a
Las Heras, municipio ubicado en la zona
norte del area metropolitana. También
se observan variaciones por distritos
porque los mayores precios aparecen en
aquellos lugares proximos al tejido urbano
consolidado, tal es el caso por ejemplo
de Mayor Drumond en Lujan de Cuyo
y el Challao en Las Heras o en aquellos
préoximos a rutas de acceso a la ciudad
como Km11 en Guaymallén, el distrito de
Ciudad en Maipu o Chacras de Coria en
Lujan de Cuyo (tabla 2).

Tabla 2. Valores del suelo urbano y suelo
agricola por distrito, afios 2015-2016.

Table 2. Urban land and agricultural land
values by district, years 2015-2016.

Suelo Suelo agricola
Departamentos | urbanizado 1ha-
y distritos 1m?-2016 2015/2016
u$s u$s
Maipu 15.000-40.000
Fray L. Beltran 43
San Roque 45
Ciudad 60
Lujan de Cuyo 15.000-40.000
Perdriel 57
Chacras de Coria 79
Mayor Drumond 60
Guaymallén 16.000-10.000
Km 11 66
La Primavera 33
Corralitos 40
Las Heras 10.000-8.000
El Challao 63
El Algarrobal 26
El Borbollon 45

Fuente / Source: (32).
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Con respecto al valor del suelo agricola,
los valores varfan considerablemente
segun los criterios que se tengan en cuenta.

De acuerdo con datos provistos por
inmobiliarias de Mendoza, en el afio
2013 una hectarea de tierra explotada en
Tupungato, (municipio ubicado en el oasis
centro, Valle de Uco), en ese momento la
de mayor valor en el mercado debido a
la expansion de los vifiedos en tierras no
irrigadas pero con factibilidad de explo-
tacion del agua subterranea y donde crece
la compra de tierras de la mano de la
inversion directa extranjera, llegaba a u$s
65.000 por ha. Mientras que en zona no
irrigada dedicada a la ganaderia era de u$s
500y en tierra inculta sin riego de u$s 30 la
hectarea (6,9, 20, 21, 32, 33, 35, 39).

En el caso de la zona de interfaz del area
metropolitana ubicada enzonade oasisy con
derecho a riego, el valor del suelo agricola
no solo varia segtn el tipo de cultivo sino de
acuerdo con el tamafio de la explotacion, su
productividad y rentabilidad.

En zonas como Maipu y Lujan las cuales
se destacan por su aptitud para cultivos de
vifledos, enladécadapasadael crecimiento
urbano hacia la zona norte de Lujan,
especialmente Chacras de Coria y Vistalba,
gener6 la pérdida de 700 hectareas de
vifiedos y tierra fértil para el cultivo,
mientras que en otros lugares de Maipu y

Guaymallén, especialmente en los distritos
de Corralitos y La Primavera, el cinturén
verde perdio entre el afio 2004y 2014 casi
el 10% de su superficie por el avance de
la urbanizacién. Se trata de productores
minifundistas, el 68% de las EAPs son
menores a 5 hectareas, porcentaje que
llega al 84% si se consideran las EAPs de
hasta 10 hectareas, con alta dependencia
de mano de obra familiar, descapitalizados
y con maquinarias obsoletas. Mas del 40%
tienen problemas de tenencia de tierra por
lo que pagan altos costos de arrendamiento
o cultivan mediante régimen de medieria
y aparceria (16) (tabla 3).

"Las unidades pequefias son el
resultado de un proceso histérico de
fraccionamiento sucesorio y puede inter-
pretarse su antigiiedad, en funciéon de
relaciones de proximidad al area urbana
de acuerdo con el patrén de crecimiento
del oasis y son asimismo, los terrenos
mas demandados por el crecimiento
urbano, lo cual genera un incremento
del valor de los terrenos. Esto significa
en términos econdémicos un aumento
de los costos de producciéon por el costo
de oportunidad de la tierra y si bien, los
mismos no se registran financieramente,
juegan un papel determinante en las
decisiones productivas de los actores.

Tabla 3. Valor de la tierra en Mendoza, afio 2014.
Table 3. Value of land in Mendoza, year 2014.

Localidades Tupungato = 100 | Tierra Inculta U$S x ha Tierra Explotada U$S x ha
Tupungato 100 40.000 65.000
Maipu / Agrelo 80 32.000 52.000
Lujan / Perdriel 75 30.000 48.000
Alta montafia/arroyo 1.5 600 n/c
Ganaderia extensiva 1.3 n/c 500
Zona no irrigada 0.075 30 n/c

Fuente: Gobierno de Mendoza, Programa de Fortalecimiento Institucional de la Subsecretaria de
Planificaciéon Territorial de la Inversion Publica - Préstamo CAF 7353, 2014.

Source: Government of Mendoza, Institutional Strengthening Program of the Secretariat of Planning
Territorial Public Investment - Loan CAF 7353, 2014.
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Este fen6meno se agudiza en las unidades
con menor inversion productiva y de facil
relocalizacion como son las chacras horti-
colas, que fueron las que mas perdieron
ocupacion territorial. La baja escala,
frecuentemente por debajo de la unidad
econdmica, reduce las expectativas y por
lo tanto inversiones" (40).

Instrumentos de regulacién para
conservar suelo agricola

De acuerdo con los estudios realizados
para elaborar el ante-proyecto de ley de
Ordenamiento Territorial entre el afio
2006y 2009 en Mendoza, los instrumentos
normativos para regular los usos del suelo
son de competencia municipal y deben ser
aprobados por ordenanza.

Cada municipio determina su limite
urbano y los criterios de clasificacion
y zonificacion de usos del suelo, lo que
genera en el area metropolitana conflictos
e incompatibilidades a nivel inter-
jurisdiccional al no existir una delimitacién
uniforme de la zona de interface urbano-
rural, como tampoco criterios comunes
acerca de la denominaciéon de las areas
de expansion urbana (la mayoria las
denominan zonas complementarias o
de reserva) dada la multiplicidad de
funciones de la zona de interfaz y la
especificidad de usos del suelo rural,
especialmente el agricola.

Es importante mencionar que la
Administraciéon ~ Tributaria  Mendoza
(ATM), es el 6rgano del gobierno provincial
que calcula el avalto fiscal, ponderacion
atribuida a la utilidad de un inmueble
como bien econdémico, pero la clasificacion
y delimitacion que utiliza, no coincide con
las zonificaciones municipales.

Tampoco existe una relaciéon directa
entre el avaluo fiscal y el valor del inmueble
en el mercado, lo que influye en la compe-
tencia inequitativa de los usos del suelo.
El avaluo fiscal es la tasacién no comercial
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que el fisco realiza sobre un predio o bien
raiz, con el fin de valorizarlos y aplicarles
una contribuciéon o impuesto territorial.
Generalmente el avaluo fiscal es inferior
al avalio comercial. El objeto del avalto
es el inmueble, para ATM, es el terreno
mas las mejoras, lo que implica considerar
ademas de la superficie de la parcela y
superficie cubiertas, la categorizacion del
inmueble (segun caracteristicas construc-
tivas), los usos del suelo y en zonas rurales
los derechos de riego.

En funciéon del planteo que Ciriacy-
Wantrup (1964) hace con respecto a los
niveles de decisiéon para conseguir la
conservacion del suelo agricola, se trabaja
con el segundo nivel, el institucional
normativo y especificamente en la Ley N°
8051/09 de Ordenamiento Territorial y
Usos del Suelo de la provincia de Mendoza,
por ser la que puede provocar un cambio
en los objetivos politicos al considerar
de una manera integral la planificacion
urbana y rural.

Esta Ley prevé la elaboracion de
planes de Ordenamiento Territorial jerar-
quizados segiin competencias delegadas
en la constitucion provincial y la incorpo-
racion de nuevos criterios de zonificacion
de usos del suelo asociados con instru-
mentos econémicos que pueden utilizarse
para frenar el crecimiento urbano en
tierras agricolas.

El propésito es promover, conservar
o desalentar actividades en el territorio
segun criterios de equidad y sostenibi-
lidad. Sobre la base de esta normativa se
elabora en el afio 2014 una propuesta de
Plan Provincial de Ordenamiento Terri-
torial (36), la que incluye criterios gene-
rales y uniformes para todos los muni-
cipios en lo concerniente a la zonificacion
de usos del suelo especialmente en las
areas de interfaz, tales como: la multi-
funcionalidad, es decir la presencia de
espacios con vocacion rural, industrial
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o de servicios especiales que por sus
dimensiones no pueden estar dentro de
la unidad urbana; la diversidad ya que
pueden convivir areas residenciales con
otros usos compatibles siempre y cuando
no generen conflictos ambientales; el
tamaiio de las parcelas, las que no pueden
ser inferiores a una unidad econémica
de explotacién extensiva o intensiva en
areas rurales. Estos criterios se comple-
mentan con instrumentos econdmicos
como son la adecuacion del impuesto
inmobiliario al valor del suelo vigente, sea
urbano o rural y el reconocimiento de la
prestacion de servicios ambientales de las
explotaciones agricolas (19).

La adecuaciéon del impuesto inmo-
biliario, al valor del suelo vigente, exige
mecanismos periddicos de actualizacion
y del estado de mejoras edilicias para que
refleje el valor referencial de mercado. Si
bien la alicuota es determinada anualmente
mediante la Ley Impositiva, se plantea la
necesidad de incluir criterios vinculados
con la zonificacion de usos del suelo para el
calculo del valor del suelo y especialmente
considerar el valor del suelo agricola.

Con respecto a la determinacién de
la Unidad Econdémica Minima (UEM), la
Ley N° 8051, en su articulo 21 establece
la "reglamentacion y elaboracion de las
normas referidas a la implementacion
de la Unidad Econdémica -UE- de acuerdo
con las previsiones de los articulos Nos.
2326y 3475 del Cadigo Civil" para funda-
mentar laimportancia de su conservacion.
Si bien su estimacién resulta compleja,
su determinacion es fundamental para
la preservacion de explotaciones agri-
colas menores a 5 ha. La estimacion de la
Unidad Econémica Minima (UEM) es dificil
debido a las condiciones de fragilidad
ambiental que caracterizan al territorio de
la provincia, la diversidad de actividades
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productivas que en ella se desarrollan, la
concentracion de las actividades produc-
tivas y econdmicas en los oasis, la exis-
tencia de explotaciones agrarias traba-
jadas en forma mixta y los precios de la
producciéon que varian notablemente en
tiempo y espacio (25).

En relaciéon con la compensaciéon por
servicios ambientales se considera la
necesidad de cuantificar el coste de la
pérdida de suelo agricola, tal como Ciriacy-
Wantrup (1964) propone para los recursos
naturales. Esta compensacion o subsidio
a las explotaciones agricolas en zonas de
interfaz urbano-rural ayudaria a evitar el
fraccionamiento en unidades menores y
a conservar el uso agricola, dado que su
sustentabilidad se apoya en la necesidad
de preservar la soberania alimentaria de
los habitantes de la ciudad y mantener una
agricultura de cercanias que contribuya a
acortar las distancias entre los habitantes
del campo y la ciudad (5).

CONCLUSIONES

La zona de interfaz del area metro-
politana de Mendoza es un caso de estudio
sobre los problemas que plantea una
expansion urbana sin control hacia tierras
fértiles agricolas, un ejemplo de los espacios
que circundan las ciudades, los que han sido
objeto de profundas transformaciones terri-
toriales y conflictos que plantea la fuerte
presion especulativa inmobiliaria.

Se trata de un espacio geografico
sistémico complejo, heterogéneo; de tran-
sicién e interacciones de usos del suelo,
dindamico y diverso. Estas caracteristicas
se expresan también en el comporta-
miento del mercado de suelo, recurso
econdmico, natural y escaso que adquiere
distinta valorizacién segun la actividad
que haga uso de él.
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Es por este motivo que se centra la
atencion en las relaciones del mercado y el
Estado en cuanto a la valorizacion del suelo
y las diferenciaciones que surgen entre el
uso del suelo urbano y el rural, por ser el
suelo urbano mas competitivo y generador
de mas plusvalia, lo que aumenta el valor
de cambio sobre el valor de uso, mientras
que el suelo agricola es menos competitivo
porque sus condiciones de productividad
y rentabilidad inciden en el valor de uso.
Esta realidad plantea la necesidad de inter-
vencion por parte del Estado para corregir
las distorsiones que se generan.

Se analiza el estudio de caso como
un sistema complejo donde se producen
transformaciones territoriales debido al
avance de la urbanizacion sobre suelo
rural. Se aborda el sistema productivo de
las pequefias explotaciones que desapa-
recen, los valores del mercado de suelo que
demuestran que las relaciones competi-
tivas entre lo urbano y rural no son equi-
tativas y se plantea la necesidad de apli-
cacion de instrumentos de regulacién ante
la desigual competencia en el mercado.

Se trata de explotaciones de menos
de 5 ha que pierden productividad
y rentabilidad, motivo por el cual
son abandonadas y posteriormente
urbanizadas, pérdida en la que influyen
distintos factores vinculados con las
caracteristicas que presenta cada lugar, los
usos del suelo que practican, la existencia
o no de derecho a riego e infraestructuras,
como también las normativas que regulan
el uso del suelo y las instituciones
involucradas en la gestion del territorio.
Por el contrario, las variaciones en el precio
del suelo urbano se producen segun las
zonas donde estos se ubican, apareciendo
los mayores precios en aquellos lugares
proximos al tejido urbano consolidado de la
zona sur y suroeste de la interfaz. Es decir,
mientras aumenta el valor inmobiliario del
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suelo debido a su cercania a la ciudad o a
vias de acceso rapido, disminuye la renta
agricola provocada por el predominio
de explotaciones menores a 5 ha, con las
caracteristicas mencionadas, perdiéndose
suelo con capacidad agronémica a favor del
avance de la urbanizacion.

De esta manera se comprueba la hipo-
tesis que guia la investigacion, ya que la
desapariciéon de explotaciones agricolas
en la zona de interfaz se explica porque
los instrumentos normativos aplicados no
han logrado frenar el avance urbano, al no
intervenir en el mercado del suelo.

Por ser el suelo un mercado
competitivo imperfecto se hace visible
la relacién conflictiva entre lo publico y
lo privado ante un Estado que no logra
regular los usos del suelo. No existen
criterios uniformes en la aplicaciéon de
la zonificacion municipal, la forma de
realizar el calculo del avaluo fiscal deberia
ser revisada, se carece de instrumentos
de regulacién especificos para la zona de
interfaz urbano-rural y de reglamentacion
de los espacios rurales.

Esta situacion contribuye a que el
inversor inmobiliario busque nuevos
lugares para residencia, fuera del area
urbana consolidada, de bajo precio, debido
a que el valor del suelo rural es menor por
la baja rentabilidad y productividad de la
explotacion agricola, pero de facil acceso ala
ciudad a través de autopistas y corredores.

Frenteaestarealidad,lazonadeinterfaz
del area metropolitana de Mendoza
plantea la necesidad de cambiar los obje-
tivos politicos centrando la atencidn en el
Ordenamiento Territorial para abordar la
planificaciéon de una manera integral en
todo el territorio y no solo en el espacio
urbano, utilizando instrumentos aggior-
nados para que efectivamente se logre
frenar la expansion urbana, regular los
usos del suelo y conservar suelo agricola.
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La Ley N° 8051/09 de Ordenamiento
Territorial y Usos del Suelo de la provincia
deMendozacontiene estetipode medidasa
incorporar en los planes de Ordenamiento
Territorial, segiin competencias delegadas
en la Constitucion provincial, como
también nuevos criterios de zonificacion
deusos del suelo asociados a instrumentos
econdémicos para frenar el crecimiento
urbano en tierras agricolas tales como:
el ajuste del calculo del avalto fiscal, la
determinacion de la Unidad Econémica
Minima (UEM) y la compensacion
por servicios ambientales o subsidio,
instrumentos que permitirian evitar
el fraccionamiento predial y preservar
explotaciones agricolas menores a 5 ha.
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ABSTRACT

Atmospheric dust establishes an element of study to know the distribution of
pollutant particles such as heavy metals and their effects on ecological systems. The
objective was to determine the elemental composition of particles deposited in two
species of trees as an indicator of environmental impact in San Luis Potosi, México. The
distribution of Acacia farnesiana and Prosopis laevigata trees was taken into account
in five soil uses to collect leaf material and extract atmospheric dust during the spring
and summer seasons, determining the concentration of heavy metals using the ICP-MS
technique. The results indicated the presence of Al> Cu> Zn> Pb> V> As> Ni> Cd> Ti>
Cr> Co. Correlations with values of r>> 0.90 were presented between V-Ti, Ni-V, Ni-Ti,
Al-Ti and Cr-V. The species factor conditioned the concentrations of Al, Ti, V, Cr, Ni and
Zn mainly in the particles deposited in Prosopis leaves. Particles of nine elements were
conditioned by the activities of the five land uses, where the use of mineral soil affected
by the presence of Al, Cd, Co, Pb, Cu and Zn. Concentrations of Cd were 6.2 times higher
in the use of mining soil than in the agricultural sector; 5.9 and 5.4 times the concentra-
tions of Co and Pb in the use of mining soil with respect to the trade and service respec-
tively. The season had only significant effects on Cr and Pb particles. This study indicates
the existence of pollutants that can affect ecological systems so it falls within the context
of continued evaluation of environmental impacts.
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RESUMEN

El polvo atmosférico se establece como elemento de estudio para conocer la
distribucion de particulas contaminantes, como son los metales pesados y sus efectos
sobre los sistemas ecolégicos. El objetivo fue determinar la composicion elemental de
las particulas depositadas en dos especies de arboles como un indicador de impacto
ambiental en San Luis Potosi, México. La distribucién de los arboles de Acacia farne-
siana y Prosopis laevigata se tom6 en cuenta en cinco usos del suelo para recolectar
material foliar y extraer el polvo atmosférico durante la primavera y el verano, determi-
nando la concentracion de metales pesados utilizando la técnica ICP-MS. Los resultados
indicaron la presencia de Al> Cu> Zn> Pb> V> As> Ni> Cd> Ti> Cr> Co. Se presentaron
correlaciones con valores de r?> 0,90 entre V-Ti, Ni-V, Ni-Ti, Al-Ti y Cr-V. El factor especie
condiciond las concentraciones de Al, Ti, V, Cr, Ni y Zn principalmente en las particulas
depositadas en las hojas de Prosopis. Las particulas de nueve elementos fueron condi-
cionadas por las actividades de los cinco usos de la tierra, donde el uso del suelo mineral
se vio afectado por la presencia de Al, Cd, Co, Pb, Cu y Zn. Las concentraciones de Cd
fueron 6,2 veces mas altas en el uso de suelo minero que en el sector agricola; 59y 5,4
veces las concentraciones de Co y Pb en el uso del suelo minero con respecto al comercio
y al servicio, respectivamente. La temporada solo tuvo efectos significativos sobre las
particulas de Cr y Pb. Este estudio indica la existencia de contaminantes que pueden
afectar los sistemas ecoldgicos, por lo que entran en el contexto de la evaluacion de los
impactos ambientales.

Palabras clave
contaminacione vegetacion arborea e usos de suelo ¢ impacto ambiental

INTRODUCTION

The atmospheric dust or particulate
material constitutes an element of study to
investigate the distribution of heavy metals
and their effects on ecological systems
and environmental health. Some authors
state that they are solid or liquid particles
suspended intheair, with adiverse chemical
composition and a size that varies between
0.005 to 100 pm of aerodynamic diameter
(27, 31). Its presence in the environment
is associated with anthropogenic sources
such as fossil fuels, vehicular and indus-
trial emissions, energy production, among
others (14). Studies on atmospheric dust
have been limited due to the high cost of
instrumental monitoring methods and also
due to sampling difficulties, which has led
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to the use of organisms that act as bioac-
cumulators (19). Several species of plants
have been studied to evaluate the behavior
of atmospheric dust such as: Platanus
orientalis, Alstonia scholaris, Ficus benga-
lensis, Polyalthia longifolia, Azadirachta
indica, Nerium oleander, Lantana camara;
Alstonia scholaris, Ficus bengalensis, Morus
alba, Polyalthia longifolia among others
(19, 20, 26, 28).

The foliar surface of plantsis continuously
exposed to atmospheric patterns and is
the main dust receptor affecting the reflec-
tance spectra and growth factors of plants,
so it can be used to determine the level of
contamination, as well as the capacity of
interception and mitigation of each species
(15, 21, 24, 29).
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The urban zone of San Luis Potosi -
Soledad de Graciano Sanchezischaracterized
by the growth of the industrial population
and large areas of crops under irrigation.
Among the associated environmental
problems are overexploitation and contami-
nation of aquifers, erosion, salinization
and loss of soil fertility and inadequate
disposal of domestic and industrial waste.
Emphasis is placed on the need to generate
actions that address the problems related
to air pollution and improve the green
infrastructure (9, 15, 23).

In the urban and industrial area of the
city of San Luis Potosi have been found to
have levels of solid particles in suspension,
with an annual average of 438 g/m? value
that is above the threshold of 90 pug/m?
marked by the WHO (World Health Organi-
zation), with the presence of elements such
as Pb, Ni, Cu, Cd, As (10). Likewise, in this
area, more than 20 species of trees are
considered more abundant and of common
use as part of the urban and regulated
green infrastructure within afforestation
and reforestation programs (16, 25).

In addition, several studies have been
conducted that indicate the presence of
heavy metals in soil, leaves and bark of tree
species associated with the dynamics of
agricultural, urban, industrial, commercial
and service land uses.

On the other hand, the capacity of
retention of atmospheric dust in species like
Shinus molle, Prosopis laevigata and Acacia
farnesiana has been studied, which has
indicated differences between the seasons,
species and uses of finding that the greater
accumulation of atmospheric dust in leaves,
occurred in the winter-spring season and
the lowest in the summer, while, in the bark,
the largest amount was recorded in winter
and the lowest in spring (5, 6, 7, 8,9, 13).

As a follow-up to the study of the environ-
mental impact of land uses, the atmospheric
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dust deposited in the foliar material of
Acacia farnesiana and Prosopis laevigata
was considered to determine the presence
of heavy metals and associate it with the
potential use of efficient green infrastructure
in the mitigation of environmental problems
such as the atmospheric contamination and
the use for protection of agricultural areas.

MATERIALS AND METHODS

The study area was located in the state of
San Luis Potosi, within the rural-urban area
between the municipalities of "Soledad de
Graciano Sanchez" and "San Luis Potosi".

The municipality of "Soledad de
Graciano Sanchez", is located geographically
at 22°11" North latitude and 100°56" West
Longitude with altitude of 1,850 meters
above sea level, while the municipality of
"San Luis Potosi", at coordinates 22°09'04"
North latitude and 100°58'34" West.

The climate is mainly characterized by
being temperate dry with warm summer,
BSOkw11 (e) g. This climate registers
400 mm annual rainfall, concentrated in
summer and part of autumn, particularly
between the months of May to October,
although it should be noted that in half
of this season there is a season in which
precipitation decreases.

The 6 dominant soil types are lithosol,
xerosol, pheozem, chestnut tree and fluvisol
(22). In a journey formed by an ecological
corridor of approximately 35.5 km, it
allowed locating 30 sites considering the
alternation in the presence of the species
Prosopis laevigata (Fabaceae) and Acacia
farnesinana (Fabaceae).

The sites were located on paths
fragmented by five types of dominant
land use: agriculture, rural residential,
commerce and services, urban and mining
residential (figure 1, page 176).
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Figure 1. Location of the study area of atmospheric dust in tree species.
Figura 1. Ubicacion del area de estudio de polvo atmosférico en especies arboreas.

176 Revista de la Facultad de Ciencias Agrarias



Heavy metals in atmospheric dust

For each species, 30 to 40 g of foliar
material were taken from branches of
individuals with a height greater than
1.60 m. It was considered that the trees
were located in the alignment of the road
section, alternating their presence in left
and right side, as well as their exposure to
sources of pollution and air currents. So
that there was no effect of the flowering
season of these species, the samples were
taken in the same individuals during the
summer and autumn seasons, as well
as in winter and spring, corresponding
115 samples during the four seasons. For
the determination of metal concentra-
tions, weighed between 10 to 15 g of foliar
material that was washed and filtered in
a 100 ml volumetric flask using a No. 42
(previously tared) Whaltman filter paper,
then dried in an oven at 60°C and heavy
with the powder extracted from the
washing of leaves.

Finally, the paper was weighed with
atmospheric dust and together with
filter paper used as white, in a muffle at
450°C, performing a dry digestion until

incineration. The resulting ashes were
augmented to 25 ml in volumetric flask
with 1% HNO,; for the analysis of Al, As,
Co, Cu, Ni, Cd, Cr, Pb, Ti, V and Zn using the
ICP-MS technique. The concentrations of
the metals in mg kg' were reported. For
the analysis (ANOVA), it was designed
in Minitab setting an a<0.05, testing the
interactions between the factors land use,
species and season with respect to the
concentrations of heavy metals. A corre-
lation analysis (Pearson's correlation
coefficients) was carried out, as well as a
principal component analysis (PCA).

RESULTS AND DISCUSSION

The analyses carried out indicate the
presence of eleven (11) metallic elements
in atmospheric dust retained from a total
of 115 samples of the species evaluated.
The average tendency oscillated with Al>
Cu> Zn> Pb> V> As> Ni> Cd> Ti> Cr> Co
(figure 2).

HAl mCu ®mZn WMPb mV mAs mNi mCd

Cr ®mCo
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Figure 2. Average concentrations of heavy metals in sedimentable particulate matter.

Figura 2. Concentraciones promedio de metales pesados en material
particulado sedimentable.
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Regarding the correlation analysis, 11
significant associations were found with
the presence of these elements and with
values r%> 0.80 (table 1, page 179).

Among these are the relationship
between V-Ti (r? = 0.947, p = 0.000), Ni-V
(r? = 0.937, p = 0.000), Ni-Ti (r* = 0.930,
p=0.000), Al-Ti (r*=0.910, p= 0.000) and
Cr-V (r? = 0.902, p = 0.000). This obser-
vation indicates that dust contamination
by metals they can come mainly from
common (11).

Relationship atmospheric dust-tree
species

According to the effect of the tree species
factor, six of the eleven elements analysed
in the sedimentary particulate material
present significant differences in the
concentrations of heavy metals deposited in
A. farnesiana and P, laevigata (table 2, page
179). These elements were: Al (p = 0.001),
Ti (p = 0.000), V (p = 0.000), Cr (p = 0.000),
Ni (p = 0.000) and Zn (p = 0.023). It is
distinguished that, of these six elements
found in the atmospheric dust, their highest
concentrations were present in the particles
deposited in Prosopis leaves. He empha-
sizes that the concentrations are twice the
amount of deposited particles of Ti, V, Cr, Ni
and Zn in Prosopis I. with respect to Acacia f.

This result is associated with studies
conducted in the area where the presence
of heavy metals is determined by anthro-
pogenic sources and the efficiency of
these species to retain atmospheric dust
in leaves and bark (5, 6, 7, 8).

The deposition of atmospheric dust
with metallic contents implies processes
such as sedimentation, impact and inter-
ception (20). Not only the diameter and
shape of the particles have impacts (17).

In diverse investigations it is indicated
that the dust deposition capacity of the
plants can depend on its geometrical
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surface, phyllotaxis and external charac-
teristics of the leaves as it is the presence
or absence of pilosity, cuticle, length of
the petiole, height of the canopy and
crown. Other aspects are the condition
of humidity, direction and wind speed
(11, 12, 18, 24). The mobilization and
transport of atmospheric dust is related
to variations in vegetation growth condi-
tions, density and vegetation (2, 18, 30).

Relationship atmospheric dust-land use

The significant effect of the use of soil
on the concentrations of heavy metals in
atmospheric dust, was presented in nine of
the 11 elements analysed, these being: Al
(p=0.058), Ti (p=0.046),V (p=0.023), Co
(p =0.000), Ni (p=0.022), Cu (p = 0.000),
Zn (p = 0.000), Cd (p = 0.000) and Pb
(p = 0.000). It is distinguished that in the
use of mining soil the presence of a greater
quantity of particles with contents of Al,
Cd, Co, Pb, Cu and Zn was evidenced (table
3, page 180).

On the other hand, particles with
contents of Ni, Ti and V were concen-
trated in greater quantity in the use of
agricultural land. It is distinguished that
the concentrations of Cd were 6.2 times
higher in the use of mining land than in
the agricultural one; 5.95 and 5.4 times
the concentrations of Co and Pb in the use
of mining land with respect to trade and
service, respectively. Another comparison
is the one that occurred with the Zn, where
they were 6.8 times their concentration
in particles of the use of mining land in
relation to trade and service.

The presence of these heavy metals
in this area has been associated with the
diversification of land uses (7, 8). Similar
results regarding the effect of land uses
on concentrations of heavy metals in
atmospheric dust have been reported (1).
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Table 1. Results of the Pearson correlation coefficient test on sedimentable
particulate matter.

Tabla 1. Resultados de la prueba del coeficiente de correlacion de Pearson en material
particulado sedimentable.

Elemento Al Ti \% Cr Co Ni Cu Zn As Ccd
Ti 0.910
0.000
\% 0.887 | 0.947
0.000 | 0.000
Cr 0.860 | 0.889 | 0.902
0.000 | 0.000 | 0.000
Co 0.418 | 0.423 | 0.368 | 0.416
0.000 | 0.000 | 0.000 | 0.000
Ni 0.847 | 0.930 | 0.937 | 0.878 | 0.436
0.000 | 0.000 | 0.000 | 0.000 | 0.000
Cu 0.462 | 0.451 | 0.395 | 0.434 | 0.554 | 0.473
0.000 | 0.000 | 0.000 | 0.000 |0.000 |0.000
Zn 0.472 | 0.494 | 0.376 | 0.397 | 0.476 | 0.385 | 0.612
0.000 | 0.000 | 0.000 | 0.000 |0.000 | 0.000 | 0.000
As 0.260 | 0.245 | 0.193 | 0.257 | 0.269 | 0.281 | 0.700 | 0.404
0.005 | 0.008 | 0.039 | 0.006 |0.004 | 0.002 | 0.000 | 0.000
cd 0.301 | 0.296 | 0.263 | 0.292 | 0.548 | 0.341 | 0.860 | 0.467 | 0.674
0.001 | 0.015 | 0.048 | 0.010 | 0.000 | 0.002 | 0.000 | 0.000 | 0.000
Pb 0.440 | 0.446 | 0.362 | 0.484 | 0.523 | 0.456 | 0.672 | 0.574 | 0.498 | 0.588
0.000 | 0.000 | 0.000 | 0.000 |0.000 |0.000 | 0.000 | 0.000 |0.000 |0.000

Table 2. Ratio of heavy metal concentrations to deposited particulate matter according
to species (N =115, p<0.05).

Tabla 2. Relacién de las concentraciones de metales pesados en material particulado
sedimentable depositado de acuerdo con la especie (N=115, p<0,05).

Especie Al Ti v
(mg kg) (mg kg) (mg kg”)
Media E.E. Media E.E. Media E.E.
A. farnesiana 815.62 | 13343 | 15.12 2.83 35.77 7.99
P, laevigata 1447.77 | 125.46 | 32.30 2.66 95.38 7.61
Especie Cr Ni Zn
(mg kg) (mg kg”) (mg kg”)
Media E.E. Media E.E. Media E.E.
A. farnesiana 2.43 0.44 4.52 0.89 255.66 | 92.19
P, laevigata 491 0.42 10.33 0.85 | 549.90 | 87.78
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Heavy metals in atmospheric dust

Presence of Zn and Cu has been associated
with traffic activities and industry and Ni
with contaminated soils (19). Presence of
this element is associated with vulcani-
zation activities in tires, abrasion of car
tires increases and lubricating oils (28).

Atmospheric dust ratio-season

With regard to the effect of the
season, it is indicated that only Cr and
Pb had significant effects for this factor
(p<0.05, figure 3). In this sense, the Cr
concentrations ranged from 4.81 to
5.89 mg/kg! and in Pb from 77.54 to
125.88 mg/kg?, in both cases, in summer
the highest concentration of particles of
these elements.

The Cr is associated with the manufac-
turing industry, use or disposal of
chromium products can be found in air,
soil and water. This does not remain in the
atmosphere, but is deposited in the soil
and water (4).

As for the GDP, a large part comes from
human activities such as the burning of
fossil fuels, mining and manufacturing.

When the lead is released into the air, it
can travel long distances before being
deposited on the ground (3). Presence
of Pb particles has been associated with
heavy vehicular traffic and industrial
dusts (1).

In scenarios where the period of dry
weather, the moisture content of the soil is
below the vegetation cover is poor, there
is more mobilization of particles that may
contain heavy metals (11, 28, 30). In the
study area, it has been associated to the
influence of the directions of the prevailing
winds of the city vary during the course of
the year in relation to particles of indus-
trial and anthropic sources coming from
the E and ENW and the influence of winds
from WSW and N (10).

Principal component analysis and
similarity

Respectively, the first two components
(PC1 and PC2) presented a variance of
6.55 and 1.91 of the total variance, which
represented 59.6% and 17.5%.

160
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Figure 3. Relationship of concentrations of Cr and Pb in atmospheric dust according to
the season.

Figura 3. Relacion de concentraciones de Cr y Pb en polvo atmosférico de acuerdo con
la temporada.
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For PC1 the highest values of the coeffi-
cients are related to Al, Ti, V, Cr and Ni.
With respect to PC2 positive coefficients
were presented with respect to Co, Cu, As,
Cd and Pb, and negative with Al, Ti, V, Cr, Ni
and Zn. Together, the first two and the first
three components represent 76.9% and
83.5%, respectively, of the total variability
(figure 4). It was distinguished a group
of thirteen samples distant from the axis
related to the use of mining soil and with
the highest averages of heavy metals
found in atmospheric dust with respect to
the rest, being these: 22, 24, 25, 49, 52, 53,
54,55,111,112,113, 114 and 115.

Anotherimportantgroup of 24 samples
removed from the axis stands out at the

species level and most of them belonged
to Prosopis. The behaviour of groups and
the incidence of heavy metal localities can
be attributed to anthropogenic activities
derived from land uses, soil or geological
composition, dust derived from vehicular
traffic and streets (7, 8, 11, 26).

With respect to the similarity analysis,
associations were found between the
elements analysed with atmospheric dust
(figure 5, page 183).

The relationship between Al, Ti, V,
Ni and Cr is distinguished with values
ranging from 95.08 to 96.87.

On the other hand, a group consisting
of Cu, Cd, As and Pb presented values
between 90.98 and 83.62 of association.
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Figure 4. Dot diagram derived from the principal component analysis with

atmospheric h

eavy metals.

Figura 4. Distribucién de puntos derivado del andlisis de componentes principales con
metales pesados en polvo atmosférico.
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Figure 5. Dendrogram of similarity of

Euclidean distance in metals studied in
atmospheric dust.

Figura 5. Dendrograma de similitud
de la distancia euclidiana en metales
estudiados en polvo atmosférico.

This confirms a high correlation
between these elements. With respect to
Zn and Co, the distance found with the
other elements is notorious. This indicates
the association between the presence of
particles and the effect of the dynamics
of each of the land uses. For example, it
has been associated with Pb, Cd and Cu
with sources such as fossil fuel, biomass
combustion and industrial emissions,
vehicular traffic. Others may be associated
with sources of natural contamination
(18). In the study area these elements
have been found in atmospheric particles
and associated mainly with industrial
sources such as mining activity (10).

Tomo 50 ¢ N°2 « 2018

CONCLUSIONS

The study indicated the presence of
heavy metals in atmospheric dust retained
in leaves of P, laevigata and A. farnesiana
evidenced by concentrations that oscil-
lated with Al> Cu> Zn> Pb> V> As> Ni>
Cd> Ti> Cr> Co.

Likewise, significant correlations with
values r?> 0.90 were presented between
V-Ti, Ni-V, Ni-Ti, Al-Ti and Cr-V.

The species factor conditioned the
concentrations of Al, Ti, V, Cr, Ni and
Zn mainly in the particles deposited in
Prosopis leaves. Particles of nine elements
were conditioned by the influence of the
activities of the five evaluated land uses,
where the use of mineral soil affected
mainly with the presence of Al, Cd, Co,
Pb, Cu and Zn. Concentrations of Cd were
6.2 times higher in the use of mining land
than in agriculture; 5.95 and 5.4 times the
concentrations of Co and Pb in the use
of mining land with respect to trade and
service, respectively.

The season only had significant effects
on Cr and Pb particles. This indicates
the existence of contaminating elements
that can affect ecological systems and
environmental health considering the
need to continue with these studies in the
environmental impact assessment.
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Biomass function for Acacia caven (Mol.) Mol. distributed
in the dry land areas of south central Chile
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ABSTRACT

Acacia caven is a key native species in the dry land region of south-central Chile. It
is a species of high social and productive interest to landowners. Therefore, this study
proposes a biomass function for A. caven, which involves incorporating predictor variables
that are easily obtainable in the field and less complex than those used in already existing
functions for the species. Due to the multi-purpose nature of the species and its potential
for silvopastoral systems, these functions typify important planning tools to improve the
management of this plant resource. To generate the biomass function, the methodology
of destructive analysis of components was used on a total of 71 trees. These trees were
selected, cut and weighed in the field to generate and test different models. Statistical
analysis models were used and root collar diameter, diameter at breast height and total
height served as predictor variables, resulting in a good adjustment of the models (R?
adjusted the 0.97 for stem-branches, 0.90 for stems and 0.96 for total biomass), with high
correlations between estimated and real values. These functions may be used safely in
plant formations of A. caven located in the same distribution area and within the range of
the used variables. In the future, however, they require validation with new measurements
in other sectors than the area considered to increase geographical representativeness.
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RESUMEN

Acacia caven, es una de las principales especies nativas presentes en el secano
interior de la zona central de Chile. Es una especie que tiene un alto interés social y
productivo para los propietarios de este recurso. En este sentido, el objetivo de este
estudio es proponer una funcién de biomasa validada para A. caven, y que incorpore
variables predictoras de facil obtencién en terreno y de menor complejidad que las
consideradas en funciones ya conocidas para la especie. Dadas las caracteristicas de
especie multipropésito y su potencial para su uso en sistemas silvopastorales, estas
funciones son importantes herramientas de planificaciéon para mejorar la gestién y
manejo de este recurso vegetacional. Para la generacién de la funcién de biomasa, se
utilizé una metodologia de andlisis destructivo por componentes de 71 arboles, los cuales
fueron seleccionados, volteados y pesados en terreno, para posteriormente generar y
probar diferentes modelos. A través de analisis estadisticos se seleccionaron modelos
que utilizan como variables predictoras el didmetro a la altura del cuello, didmetro a la
altura del pecho y altura total. Los resultados muestran un buen ajuste de los modelos
(R? ajust. de 0,97 para fuste-ramas, 0,90 para ramillas y 0,96 para biomasa total), lo
que indica un alto nivel de correlacién entre valores estimados y valores reales. Estas
funciones se pueden utilizar con seguridad en formaciones vegetacionales de A. caven
que se ubiquen en la misma zona distribucional del recurso y dentro de los rangos de las
variables utilizadas, siendo conveniente en el futuro validarlas con nuevas mediciones
de sectores distintos al 4rea considerada para estos andlisis, aumentando su represen-
tatividad geogréfica.

Palabras claves
espino e estepa ¢ zona semiarida de Chile e sistemas silvopastorales

INTRODUCTION
The steppe or savanna forma- production, or atmospheric nitrogen
tions, where Acacia caven (Mol.) Mol. sequestration (being a leguminous

("espino") represents the dominant and
co-dominant species, cover approximately
957.000 hectares in Chile (14) especially
between the Coquimbo Region in the
north and the Biobio Region in the south.
Espino can be found in both pure formations
and in association with tree species such as
quillay (Quillaja saponaria), litre (Lithraea
caustica), maitén (Maitenus boaria), huingan
(Schinus polygamus) and others (32).

A. caven provides multiple benefits
and so counts as multi-purpose species.
It serves as firewood, for charcoal

188

species). Its ecological use in erosion
control, increase of organic matter and
retention of soil humidity, nutrient
recycling and the creation of a favorable
micro-climate for the growth of vegetation
under its influence, raise its importance
further (13, 20, 23).

From a productive and ecological
viewpoint, A. caven is among the main
species present in the dry land area in
south-central Chile and in countries such
as Argentina, Bolivia, Uruguay, Paraguay
and Brazil (13).
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However, mainly as a result of human
pressure, itisbeingdegraded,inducingloss
of economic value of soil and vegetation
(7, 13). Despite such degeneration of
A. caven formations, their restoration has
been envisaged (31) by applying silvopas-
toral systems as a sustainable production
alternative (16, 21, 22, 24).

In line with their appearance, Espinal
formations are complex with a woody
stratum of varying cover and height,
dominated almost exclusively by A.
caven (25). Currently existing formations
correspond to an environmental unit
of mainly secondary origin (9, 13, 31);
composition and structure developed as
consequence of human intervention. Land
preparation for agricultural use altered
this resource decisively predominantly for
the production of wheat and cattle, albeit
later being abandoned due to market
fluctuations and low productivity. Espinal
cover of the resulting formations is less
dense, formed by smaller individuals
mainly from stump sprouts; on rare
occasions, where vegetation remained
free of incisive alteration, denser forma-
tions can be found (7).

In order to allow for a sustainable use
of A. caven and considering that it mainly
provides firewood and charcoal, it is
necessary to count on predictor functions
that make it possible to estimate the biomass
this resource potentially generates. Estima-
tions, however, remain challenging due to
the high variability of the species.

Functions make it possible to estimate
biomass through predictor variables
which can easily be measured in the field,
such as the diameter at breast height
(DBH) and total height (H), or crown
diameter and length, basal diameter and
length of branches, producing generic (for
various species) or specific (for one only)
functions (3, 11, 27).
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Various studies have produced biomass
functions for A. caven in the north-central
part of its natural distribution in Chile
(1, 10, 26, 30). These functions, never-
theless, lose precision when applied to
other regions with different conditions
than those of the study area, and different
ranges and parameters than the original
resource (1, 6,17, 30). Predictor variables
used in these functions, and for other
tree species, are mainly DBH, root collar
diameter (RCD), number of commercial
branches, crown diameter, trunk height,
commercial height, medium crown
diameter, height of maximum foliage,
number of stems (1, 2, 4, 10, 26, 28, 30).

This study aims to develop a biomass
function for A. caven present in the
southern part of its geographical distri-
bution area. The function is validated for
the dry inland area of the Maule Region
(Chile), considering predictor variables
that are easily obtainable in the field, with
less complexity than those considered in
already existing functions, making them
a key tool for improving the sustainable
management of this native plant species.

MATERIAL AND METHOD

Location and description of the
Study Area

The study area covers a surface of
2.4 hectares ofadultA. caven, with the coordi-
nates latitude 35°53'34" and longitude
72°08'44", within farm "San Adolfo", km 48
of "Los Conquistadores” Road, Cauquenes
community, Maule Region.

Methodology for inventory and
biomass measurements

The predictor function was generated
using the method of direct biomass deter-
mination or destructive analysis (3). This
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required a previous enumeration in the
study area, during which each tree got
classified as mono- or pluri-fustal (2 or
more stems) according to growth habit,
RCD and DBH variables and H of each
shank or stem. These variables were
measured on a total of 3,367 single- and
multi-stem A. caven trees distributed
across the study area.

In order to select the sample trees for
the destructive analysis, the observed
frequency (OF) of the resource was
determined first by using the root collar
diameter variable, as it represents the
most common variable in native forests
with characteristics like that of A. caven
and is also recommended by Gajardo &
Verdugo (10).

Furthermore, OF was determined
differentially according to root collar
diameter due to the existence of single- and
multi-stem individuals, and to increase
representativeness of the diameter classes
to be sampled (figure 1 and figure 2).

After determining the OF according
to growth habits, a minimum of 20 trees

was selected (35) which were distributed
proportionally to diameters, with the
restriction that at least one individual
for each diameter class (if existing)
was sampled.

In total, 71 trees (single- and multi-
stem) were cut for the destructive analysis.
The material extracted from these
trees was classified into stem-branches
-including the woody material with
minimum diameter of 3 cm-and twigs-
woody material with diameter below 3 cm
(including leaves and fruits) (10). Both
categories were weighed in the field using
ametallic support device designed specifi-
cally for this purpose and scales with a
maximum capacity of 200 kg + 0.1 kg,
thus obtaining the green weight of each
component for each tree.

To determine the relation between dry
weight and green weight and thus estimate
the dry weight of the components for the
generation of the biomass function, three
random samples of each component were
taken from five randomly selected trees, both
single- and multi-stem, of the 71 cut trees.

100

90
80
70

& 60 /

g 50 /

E 40
zg R%=0.9658
10 N,
o LLIRIIINNINNN] 111N i =

3 5 7 9 11 13 15 17 19 21 23 25 27 29

Diametric

Figure 1. Observed frequency according
to root collar diameter (RCD) A. caven
single-stem.

Figura 1. Frecuencia observada segin
didmetro a la altura del cuello (DAC) de
arboles monofustales de A. caven.

190

300

250

200

150

Frequency

LI B B e S S B B B e B e S B B e S B e e e e

9 11 13 15 17 19 21 23 25 27 29

.50 -
Diametric Class (cm)

Figure 2. Observed frequency according
to root collar diameter (RCD) A. caven
multi-stem.

Figura 1. Frecuencia observada segin
didmetro a la altura del cuello (DAC) de
arboles plurifustales de A. caven.
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These samples were first weighed
in the field (green weight) and then put
into bags and labeled for dispatch to
the laboratory of the Forestry Institute
in Concepcion.

The dry weight was obtained after
drying the material in an Yih Der oven,
DK-600DT model (Taiwan), with forced
ventilation at 103°C # 2°C, until obtaining
steady weight between measurements
every 2 or 4 hours (15). With the dry,
green and total weight data the dry weight
ratio (r_) per component according to
growth habit (single- or multi-stem) and
in total was determined, using equation 1
(3, 18). The extant literature for A. caven
reports dry weight ratio values (r_) for
stem-branches of 0.62 and for twigs 0.68
(30), so it was expected similar values for

this study.
2
w. .
_ =1 S_I
T = n 1
Zi:l W, i
where:
r., = dry weight ratio
w,_ = dry weight of sample unit i
Wv_i= green weight of sample unit i
n = size of selected sample (n>1)

The information obtained in the field
and described above was then system-
atized and processed for generating the
biomass function (BF).

On specific occasions when the stem
below 1.3 m split into two or more
sub-stems thus generating more than
one DBH, the medium DBH (DBH ) and
equivalent DBH (DBH ) (3) were calculated
according to equations 2 and 3 respectively,
and these variables were included as part
of the predictor variables to determine the
biomass function. Importantly, in those
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trees with only one DBH (one stem) both,
DBH_and DBH_ equal DBH.

" DBH @
DBH, =(~==""")
n

where:

DBH = medium diameter at breast
height in cm.

DBH, = diameter at breast height of
sub-stem i in cm

n = number of sub-stems

DBH, = \/Z; (DBH,)* (3)

where:

DBH = equivalent diameter at breast
height in cm

DBH= diameter at breast height of
sub-stem i in cm

n  =number of sub-stems with DBH
Adjustment and selection of
biomass function (BF)

One ofthe objectives when selecting the
models was to acquire simpler functions
than the existing ones for the species
(northern part of its natural distribution
area). Therefore, analyzed functions
contemplated only variables thatare easily
measurable in the field. In the process of
selecting the predictor functions, DBH,
and DBH,_ were considered and analyzed
independently, as was assumed that one of
these variables related better to the DBH
variable when contemplating more than
one value, because no tested model has
considered these variables in conjunction.
Indeed, existing models contemplate these
variables only independently in relation to
other variables such as H, RCD, or crown
starting height and radius (upper and
lower crown diameter).
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When analyzing the relation between
DBH and H to evaluate the coherence of the
in-field data, generally the expected corre-
lation of higher H with higher DBH was
maintained. In accordance with the infor-
mation from the field, the expected relation
of higher diameter class related to higher
biomass was confirmed. This initial analysis
gave information on the reliability of the
in-field data, validating it for subsequent use
for determining the biomass functions.

For the generation of the dry biomass
function per components and in total,
simple and multiple regression models
were adapted, using 12 models as a
guideline (6, 11, 29, 35) for the variable
type used and for each component
(stem-branches, twigs & total). Moreover,
12 additional trial models were obtained
through the Step-Wise method. In total
147 models were tested, considering the
modification of variables, namely the use
of variables as measured in the field, their
squared and cubed value, transformed
into natural logarithm and the combina-
tions between them.

Selection of the final models rested
on their compliance with the distribu-
tional and qualification assumptions of
each model in relation to the adjusted
statistic, the Mean Squared Error (MSE),
the Prediction Error Sum of Squares
(PRESS) and the Furnival Index (FI). The
latter enables comparing models using
transformed variables with models of
non-transformed variables (19, 33, 35).
Also, only models using variables with
p- value<0.05 were considered. For all
analyses SPSS 21.0 software (New York,
USA) was used.

RESULTS

Table 1 (page 193), shows the
maximum, minimum and standard
192

deviation range of the state variables of
the 71 trees cut (36 single-stem and 35
multi-stem) for the destructive analysis to
be carried out according to the selection
methodology described in section 2. In
addition, the rank of the state variables of
the subsample of randomly selected trees
is included to calculater .

Table 2 (page 194), shows r_ values
for each component and in total, subse-
quently used to determine the dry weight
of each of the 71 trees evaluated in the
field to specify dry biomass models.

For the selection of the best models for
the components among already proven
models, a total of 18 models complying
with the distributional assumptions were
selected. These models were then qualified
according to the statistics calculated for
each of them in order to be able to compare
them, with value 1 given to the best model
according to the mentioned criteria. (For
example, value 1 was assigned to the model
with the best value for adjusted R? etc.)

Eventually, the best model selected turned
out the one with the lowest total accumulated
qualification (table 3, page 195).

Table 4 (page 194), shows the model
selected for each component and total.
Given this particular situation, the models
selected were linearized applying the
natural logarithm function, correction
factor Fc was applied according to
equation 4 below (2, 8,11, 17, 36):

Fec = eMSE/Z (4)
where:
Fc = correction factor
MSE = mean squared error

o
1

base natural logarithm
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Subsequently, these models were
submitted to a comparative analysis
charting the dry weight values of observed
(real) biomass in relation to the dry
weight of estimated biomass (figure 3), to
determine whether the selected models
under- or overestimate tree biomass
(8, 35). If the models measure adequately,
the charted dots should run along or near
liney =x.

DISCUSSION

The enumeration carried out at
the beginning helped proving the high
variability of this species. Although in
general the expected growth tendencies
were confirmed, e.g., a higher RCD equals

more biomass, this did not always hold,
because mechanical damage (broken
branches, rot, signs of decay, etc.) of
some individuals affected their normal
production and consequent biomass.

The use of the observed frequency
criterion according to the RCD variable,
following Gajardo & Verdugo (1979), for
the selection of trees to be cut guaranteed
high reliability of the model selection
during the sampling process.

Regarding the easy measurement
of the wvariables used in the
models, it should be noted that eg,
Gonzalez-Benecke et al. (2014) indicate
that in order to obtain estimations that are
more precise and representative models,
other variables, like age, wood density
and/or productivity, should be included.

Estimated Dry Weight (Kg)

0 20 40 60 80 100 120

Real Dry Weight (Kg)

Estimated Dry Weight (Kg)

Real Dry Weight (Kg)
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Figure 3. Comparative analysis of model
precision for components of A. caven. (a)
stem-branches, (b) twigs, (c) total weight.

Figura 3. Andlisis comparativo de la
precision de los modelos seleccionados
por componente de A. caven. (a) fuste-

ramas, (b) ramillas y (c) peso total.
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However, these variables complicate the
actual applicability of the models in the
field, and make in-field measurements
difficult, considering in particular the
great diversity of the species. Thus it was
preferred sticking to variables which can
be applied easily.

Combining the information obtained
in the field with database analysis facili-
tated the generation of more than 147
preliminary models, based on the most
commonly reported models found in the
literature (6, 11, 29, 35). It also reinforced
this confidence in the methodology
proposed by Segura & Andrade (2008)
utilizing the models selected for each
component, and determine which one best
adapts to the production of aerial biomass
of A. caven in this particular region.

Out of these models, 18 with values
of adjusted R? between 87% and 97%
(p<0.05) were pre-selected, resulting
in good to very good data adjustment
(table 3, page 195). Also, the selected
functions consider the use of easy-to-use
regression variables such as RCD, DBH,
and H which can be obtained effortlessly
in the field (table 4, page 194) (8). They
also strengthen the models' reliability
and usability, making it superior to other
models, which consider variables such as
RCD, medium DBH of sprouts, height of
maximum foliage, upper and lower crown
diameter and total height (13).

The proposed models (table 4, page
194) do not differentiate between single-
or multi-stem individuals, although
initially the sampling methodology had
considered this differentiation.

The models obtained consider each
sapling as an individual, no matter if
several are part of one stump (multi-stem).
This kind of model makes it necessary to
measure the total height of each existing
sapling, which may imply more measuring

Tomo 50 « N°2 « 2018

work, but also leads to higher represen-
tativeness than the in-field estimation of
medium height of multi-stem individuals.

Moreover, with the existing technology of
dasometric instruments, and as conducted
in this study, the variable can be measured
quickly, allowing the use of H as estimator
for the two growth habit categories.

Also in table 4 (page 194), the lower
values of adjusted R? correspond to the
models related to the twigs component
with values between 0.87 and 0.90, which
was expected considering the difficulty
of finding a model for the crown biomass
with state variables such as RCD and DBH,,
and the high variability of the resource in
the field.

The higher adjusted R? values are
found in the stem-branches and total
components, which indicates that biomass
estimations of these components relate
better to the state variables of the trees,
confirming Segura & Andrade's (2008)
finding in relation to biomass model
determination. They point out that a high
correlation of the models for stem and
branches with variables such as DBH is
expected, but not so with leaves and twigs.

Regarding precision of the models
it turns out that the models for stem-
branches and total components are more
precise (figure 3a and figure 3c, page 196),
although someover-and underestimations
occur as biomass production increases.
This has also been discussed by Segura &
Andrade (2008).

In the case of the twigs component
(figure 3b, page 196), the model is
acceptable for lower values, but tends
to underestimate biomass for higher
values. It was believed that this tendency
may prove significant in relation to the
obtained frequency for individuals with
RCD longer than 20 cm (on average one
individual per diameter class), although
this almost never occurs.

197



A. Lucero Ignamarca et al

This makes it more difficult to
elaborate a model for these diameter
classes compared to individuals with a
lower RCD, which were well represented
in the in-field sampling process, again
confirmed via the three models' perfectly
acceptable precision level, both for
lower and medium biomass production.
Additionally, the studentized residue
dispersion graphs (figure 4) show that
the dot clouds have a random behaviour
around 0, which indicates that the data fit
properly to the models.

It should be noted that the selected
models by design do not comply with
additivity property, although for Dieguez
et al. (2003) this counts as one of the
most important properties models should
comply with. Yet, since the selected
models are log-linearized, Cancino's
(2006) argument holds, stating that the
summed-up biomass of the estimated

components for this type of model does
not equal total estimated biomass, so they
cannot be harmonized, and the additivity
concept is not admissible in these
particular situations.

In relation to the better adjusted
variables (RCD, DBH,_ & H), it was rightly
expected that RCD adjusts well, as this
variable has been representative for
characterizing these plant formations
(10). DBH_ variable adjusted better than
DBH_ in all selected models, pointing to
higher representativeness than real DBH,
as it produces better ponderation of the
different DBH measured in the field than
their simple measurement (Eq. 1 and 2,
page 191). In the case of H it was also to
be expected to rely on this variable in the
stem-branches and total models, as this
variable normally associates directly to
biomass production-higher H equaling
more biomass production.
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Figure 4. Studentized residue dispersion
of the models selected by component of
A. caven. (a) stem-branches, (b) twigs,
(c) total weight.

Figura 4. Dispersion de residuos
estudentizados de los modelos
seleccionados por componente de
A. caven. (a) fuste-ramas, (b) ramillas
y (c) peso total.
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A literature review on the determi-
nation of biomass in Peumus boldus (6,
11, 12) reveals that the state variables
that best explain biomass production
of the different species analyzed here
can be multiple, but they also affirm
that easily measurable variables such as
RCD, DBH and H are more characteristic
and representative.

In the selected models the coefficient
of determination adjusted R? is high,
showing values of 0.97 for stem-branches,
0.90 for twigs and leaves, and 0.96 for
total biomass, indicating a high level of
correlation between estimated and real
values. These values are similar to the
R? values presented by Aguirre & Infante
(1988), Prado et al. (1988) and INFOR
(2012) for the stem-branches (between
0.93 and 0.97), twigs (0.92) and total
(between 0.96 and 0.98) components.

CONCLUSIONS

The initial characterization of the
resource (enumeration) produced good
information  regarding  distribution
according to diameter classes, which
substantially improved the sampling of
the trees to be cut and their represen-
tativeness in what followed. Although
methodology of biomass analysis with
the destructive sampling process involves
high costs, it still serves well to obtain this

REFERENCES

type of functions, which becomes clear
considering the good adjustment level
obtained in the selected models.

These functions, with the used
methodology and adjustments, canreliably
be used in formations of A. caven in the
distribution area of the dry inland region
between the Cauquenes (VII Region) and
Chillan (VIII Region) communities within
the range of the state variables used in
this study (table 1, page 193). However,
it is recommended to validate and adjust
them with new measurements of trees
from other regions, too, to get a higher
level of geographical representativeness
and reliability.

These new biomass functions with a
high correlation level are a new tool for the
forestry and agricultural sectors helping
to better plan and manage this important
resource in the dry land regions of south-
central Chile.

The potential of A. caven forma-
tions for the application of silvopastoral
systems is well known, partly because it
is a multi-purpose species that facilitates
interactions between trees, grassland and
livestock. In this context the new functions
generated and proposed in this study
allow for a more adequate and reliable
assessment of the tree component before
commencing silvopastoral management,
and may also support new research to
optimize these systems and the interrela-
tions between their components.

1. Aguirre, S.; Infante, P. 1988. Funciones de biomasa para boldo (Peumus boldus) y espino (Acacia
caven) de la Zona Central de Chile. Revista Ciencia e Investigacion Forestal. Instituto

Forestal. Chile. Vol. 2 N°3. 6 p.

2. Blujdea, V; Pilli, R;; Dutca, I; Ciuvat, L.; Abrudan, I. 2012. Allometric biomass equations for
young broadleaved trees in plantations in Romania. Forest Ecology and Management.

264:172-184.

3. Cancino, J. 2006. Dendrometria Basica. Departamento Manejo de Bosques y Medio Ambiente.
Facultad de Ciencias Forestales. Universidad de Concepcion. Chile. Editorial Talleres de

Direccién de Docencia. 171 p.

Tomo 50 « N°2 « 2018

199



A. Lucero Ignamarca et al

4. Del Fierro, P. 2001. Efecto de tratamientos de corte sobre el rebrote de Acacia caven (Mol.)
Mol en Auco, IV Regién. Memoria para optar a titulo profesional de Ingeniero Forestal.
Departamento de Silvicultura. Escuela de Ciencias Forestales. Facultad de Ciencias
Forestales. Universidad de Chile. 83 p.

5. Diéguez, U,; Barrio, M.; Castedo, F; Ruiz, A,; Alvarez, M.; Alvarez, J; Rojo, A. 2003. Dendrometria.
Coedicion Fundacién Conde del Valle de Salazar. Ediciones Mundi-Prensa. 340 p.

6. Djomo, A.; Ibrahima, A.; Saborowski, ].; Gravenhorst, G. 2010. Allometric equations for biomass
estimations in Cameroon and pan moist tropical equations including biomass data
from Africa. Forest Ecology and Management. 260: 1873-1885.

7. Donoso, C. 1982. Resefia ecoldgica de los bosques mediterraneos de Chile. Bosque. 4(2): 117-146.

8. Fonseca, W,; Alice, F; Rey, ]. M. 2009. Modelos para estimar la biomasa de especies nativas en
plantaciones y bosques secundarios en la zona Caribe de Costa Rica. Bosque. 30(1): 36-47.

9. Gajardo, R. 1983. Sistema basico de clasificacién de la vegetacidn nativa chilena. Facultad de
Ciencias Agrarias, Veterinarias y Forestales. Universidad de Chile. Santiago. Chile. 93 p.

10. Gajardo, M.; Verdugo, R. 1979. Rendimiento en hojas de boldo, (Peumus boldus Mol), corteza de
quillay (Quillaja saponaria Mol), y carbén de espino, (Acacia caven Mol), en la V Region.
Memoria para optar al titulo de Ingeniero Forestal. Facultad de Ciencias Forestales.
Universidad de Chile. Santiago. Chile. 99 p.

11. Gonzalez-Benecke, C.; Gezan, S.; Albaugh, J.; Lee Allen, H.; Burkhart, H.; Fox, T; Jokela, E.; Maier, C.;
Martin, T; Rubilar, R.; Samuelson, L. 2014. Local and general above-stump biomass function
for loblolly pine and slash pine trees. Forest Ecology and Management. 334: 254-276.

12. INFOR. 2011. Boldo. Rescate de un patrimonio forestal chileno. Manejo sustentable y
valorizacién de sus productos. Benedetti, S.; Barros, S. (eds.). Santiago. Chile. 235 p.

13. INFOR. 2012. Monografia del Espino. Acacia caven (Mol.) Mol. Programa de investigacion de
productos forestales no madereros. Benedetti S (ed.). Santiago. Chile. 71 p.

14. INFOR. 2015. Estimated surface according to the GIS Department of INFOR Biobio, based on
updated information from the cadastre of native plant resources of Chile from 2015
(Catastro de los recursos vegetacionales nativos de Chile) under administration of the
National Forestry Corporation (Corporacién Nacional Forestal/CONAF). Not published.

15. INN. 1984. Norma Chilena Oficial: NCh0176/1.0f84. Madera Parte 1: Determinacion de la
humedad. Santiago. Chile. 10 p.

16. Mahecha, L. 2002. El silvopastoreo: una alternativa de produccién que disminuye el impacto ambiental
de la ganaderia bovina. Revista Colombiana de Ciencias Pecuarias. Vol. 15 (2): 6 p.

17. Manurij, S.; Brack, C.; Puji Nugroho, N.; Hergoualc'h, K;; Novita, N.; Dotzauuer, H.; Verchot, L.;
Septiadi, Ch.; Widyasari, E. 2014. Tree biomass equations for tropical peat swamp
forest ecosystems in Indonesia. Forest Ecology and Management. 334: 241-253.

18. Muiioz, F; Cancino, J.; Rodriguez, R.; Olave, R. 2018. Evaluacién de crecimiento, rendimiento y
calorimetria de biomasa de Miscanthus x giganteus (Poaceae) establecido en el centro-
sur de Chile. Revista de la Facultad de Ciencias Agrarias. Universidad Nacional de Cuyo.
Mendoza. Argentina. 50(1): 47-60.

19. Murillo-Brito, Y.; Dominguez-Dominguez, M.; Martinez-Zurimendi, P; Lagunes-Espinoza, L. del
C.; Aldrete, A. 2017. indice de sitio en plantaciones de Cedrela odorata en el trépico
hiimedo de México. Revista de la Facultad de Ciencias Agrarias. Universidad Nacional
de Cuyo. Mendoza. Argentina. 49(1): 15-31.

20. Olivares, A. 2006. Relaciones entre el estrato arbéreo, el estrato herbaceo y la conducta
animal en el matorral de Acacia caven (espinal). Science et changements planétaires/
Sécheresse. 17(1-2): 333-334.

21. Ovalle, C. 1986. Etude du systéme écologique sylvo-pastoral a Acacia caven (Mol.) Hook. et
Arn: aplications a la gestion des ressources renouvelables dans l'aire climatique
méditerranéenne humide et sub-humide du Chili. Centre Emberger (Francia). Groupe
d'Ecologie des Ressources Renouvelables. Montpellier. Francia. 224 p.

22. Ovalle, C.; Avendano, ]. 1984a. Utilizacion silvopastoral del espinal. I. Influencia del espino
(Acacia caven Mol.) sobre la productividad de la pradera natural. Agricultura Técnica
(Chile). 44(4): 339-345.

200 Revista de la Facultad de Ciencias Agrarias



Biomass function for Acacia caven in Chile

23.

24.

25.

26.

27.

28.

29.
30.

31

32.

33.

34.

35.

36

Ovalle, C.; Avendafio, ]. 1984b. Utilizacion silvopastoral del espinal. II. Influencia del espino
(Acacia caven Mol.) sobre algunos elementos del medio. Agricultura Técnica (Chile).
44(4): 353-362.

Ovalle, C.; Aronson, J.; Del Pozo, A.; Avendafio, J]. 1990. The espinal: agroforestry systems of
the mediterranean-type climate region of Chile. Agroforestry Systems. 10(3): 213-239.

Ovalle, C.; Squella, F. 1988. Terrenos de pastoreo con praderas anuales en el area de influencia
climatica mediterranea. InI. Ruiz (ed.). Praderas para Chile. Instituto de Investigaciones
Agropecuarias (INIA). Ministerio de Agricultura. Santiago. Chile. Capitulo 20: 369-409.

Oyarzun, M.; Palavicino, V. 1984. Evaluacién de especies lefiosas para ser usadas con fines
energéticos en la Provincia de Choapa, IV Regioén. Tesis Ingeniero Forestal. Universidad
de Chile. Facultad de Ciencias Agrarias y Forestales. Santiago. Chile. 159 p.

Pajtik, J.; Konopka, B.; Lukac, M. 2008. Biomass function and expansion factors in young Norway
spruce (Picea abies [L.] Karst) trees. Forest Ecology and Management. 256: 1096-1103.

Parra, G. 2001. Funciones de biomasa total y por componentes del "Espino" (Acacia caven
Mol.) en Pencahue, VII Region. Tesis Ingeniero Forestal. Escuela de Ingenieria Forestal.
Facultad de Ciencias Forestales. Universidad de Talca. 70 p.

Parresol, B. 2001. Additivity of nonlinear biomass equation. Can. J. For. Res. 31: 865-878.

Prado, J.; Infante, P; Arriagada, M.; Aguirre, S. 1988. Funciones de Biomasa para Siete especies
arbustivas de la IV Regién. Proyecto "Investigaciéon y desarrollo de areas silvestres
zonas aridas y semi aridas de Chile". CONAF/PNUD/FAO-CHI/83/017. Documento de
Trabajo N°14. Santiago. Chile. 26 p.

Quintanilla, V. 1977. Diccionario de Biogeografia para América Latina. Ediciones Universitarias
de Valparaiso. Universidad Catdlica de Valparaiso. Valparaiso. Chile. 249 p.

Rodriguez, R.; Matthei, O.; Quezada, M. 1983. Flora arbdrea de Chile. Editorial de la Universidad
de Concepcidn. Universidad de Concepcion. 408 p.

Rodriguez-Toro, A.; Rubilar-Pons, R.; Muioz-Saez, F.; Cartes-Rodriguez, E.; Acufia-Carmona, E.;
Cancino-Cancino, J. 2016. Modelo de ahusamiento para Eucalyptus nitens, en suelos
de cenizas volcanicas de la regidon de La Araucania (Chile). Revista de la Facultad de
Ciencias Agrarias. Universidad Nacional de Cuyo. Mendoza. Argentina. 48(1): 101-114.

Root-Bernstein, M.; Jaksic, F. 2013. The Chilean espinal: restoration for a sustainable
silvopastoral system. Restoration Ecol. 21(4): 409-414.

Segura, M.; Andrade, H. 2008. ;Como construir modelos alométricos de volumen, biomasa o
carbono de especies lefiosas perennes? Agroforesteria en las Américas. 46: 89-96.

. Sprugel, D. 1983. Correcting for bias in log-transformed allometric equations. Ecology.

64(1): 209-210.

ACKNOWLEDGEMENTS

The authors thank the Forestry Institute of Chile (INFOR) for the direct support in the realization

and funding of this study.

Mr. Marco Antonio Bejar Vega, owner of "San Adolfo" compound where this research took place.

To the National Scientific and Technological Research Commission (CONICYT).

The professional and technical staff of the Biobio office of the Forestry Institute of Chile, namely

Mauricio Navarrete, Jorge Acevedo, Hernan Soto, Patricio Chung, Juan Carlos Mufioz, Alberto

Avila, Juan Carlos Pinilla, Hans Grosse and Luis Vasquez, who contributed with their experience

and knowledge to the implementation of this study in the different stages in the field and
laboratory.

Tomo 50 « N°2 e 2018 201



Rev. FCA UNCUYO. 2018. 50(2): 203-216. ISSN impreso 0370-4661. ISSN (en linea) 1853-8665.

Nutritional parameters of "mate cocido” with milk
prepared from two species of Ilex and their commercial
mixture for school age population

Parametros nutricionales del "mate cocido"” con leche
preparado a partir de dos especies de Ilex y su mezcla comercial,
para la poblacion en edad escolar

Marcos G. Maiocchi *?, Lorena Corrales !, Paulina Cardoso-Schiavi #**, Natalia Serrano },
Elisa M. Petenatti >, Eduardo J. Marchevsky ¢, Luis A. Del Vitto 3

Originales: Recepcion: 07/10/2017 - Aceptacion: 29/05/2018
ABSTRACT

The infusion at 1.5% of yerba mate (Illex paraguariensis A.St.-Hil.) (Ip) corresponds to
"cooked mate" (MC), whose combination with milk (50:50 v/v) (M) and refined sugar (S) is
the "mate cocido with milk", a popular food in southern South America offered to preschool
and primary education students (3-13 years old) in Argentina. Another species of the
genus, . dumosa Reissek (Id), has low caffeine; appears in the market as an Id:Ip (70:30
w/w) mixture. The substitution of Ip by the mentioned mixture maintains analogous nutri-
tional values and significantly lowers the caffeine levels (a=0.05); this allows for a higher
consumption of the food during the day, without reaching the xanthine daily limits (40-100
mg day?) for the age range, favoring the students intellectual and physical performance
without adverse effects. The daily intake of a double serving (breakfast and afternoon snack)
of MC+M+S provides high energy and is a source of carbohydrates, proteins, vitamins A, B,,
B,,B,, B,,and B_,, biotin and essential minerals (Mn, P, Zn, Cu, Ca, Mg, Na, Cl, K, Fe and Al), with
low cholesterol. The nutritional parameters are within international limits. Heavy metals do
not make it to the infusion or they remain well below harmful values.
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RESUMEN

La infusidn al 1,5% de "yerba mate" (Ilex paraguariensis A.St. -Hil.) (Ip) constituye
el "mate cocido" (MC), que con leche (50:50 v/v) (M) y azucar refinada (S) es el "mate
cocido con leche", alimento popular en el Cono Sur de América ofrecido en la escuela a
nifos de educacioén inicial y primaria (3-13 afios) en Argentina. Otra especie del género,
I dumosa Reissek (Id), tiene baja cafeina; se presenta en el mercado en mezcla con Ip
(Id:Ip 70:30 p/p). Sustituyendo Ip por la mezcla, el MC+M+S mantiene valores nutri-
cionales analogos con niveles significativamente bajos de cafeina («=0.05); atin con
consumos diarios altos de este alimento, no se alcanzalos limites de xantinas establecidos
para el rango etario (40-100 mg dia'), favoreciendo el desempefio intelectual y fisico
sin efectos adversos. La ingesta diaria de una doble porcién (desayuno y merienda)
de MC+M+S aporta altos valores energéticos y es fuente de carbohidratos, proteinas,
vitaminas A, B, B,, B, B,y B ,, biotina y minerales esenciales (Mn, P, Zn, Cu, Ca, Mg, Na,
Cl, K, Fe y Al), con bajo colesterol. Los parametros nutricionales estan comprendidos
dentro de limites internacionales. Los metales pesados no pasan a la infusién, o estan

muy por debajo de los valores peligrosos.

Palabras clave

"cha mate" ¢ Ilex dumosa e llex paraguariensis ¢ "mate cocido" ¢ "mate cocido" con

leche e valor nutricional e dieta escolar

INTRODUCTION

"Yerba mate" or "erva mate" (herein-
after, YM) is a plant food product made from
shoots and leaves of llex paraguariensis
ASt-Hil. (Fam. Aquifoliaceae) once they
are toasted, dried, milled and conditioned
(6, 26). Itis wanted for its nutritional value,
highlighting its content in xanthines, some
vitamins and minerals, and chlorogenic
acids. Its infusion is the most traditional
non-alcoholic beverage in the southern
Cone of Latin America (Argentina, southern
Brazil, Paraguay and Uruguay, and partially
Chile), and is regulated by its respective
Food Codes and specific provisions (3, 6, 7,
26,37, 38,39, 48).

The first three countries are the only
producers of YM in the world, and half of
this production takes place in Argentina,
on a surface of 165,000 ha, with an annual
yield of 820,000 t of "green leaves",
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from which 37,000 t of produced YM are
exported annually (23).

The most frequent forms of YM
consumption are brewed mate (in a
hollowed pumpkin or another container),
"tereré” (a cold maceration), and the
tea-like infusion known as “mate cocido”
(in Spanish) or “chd mate" (in Portu-
guese), which has recently gained wide
dissemination among the rural and urban
population in the region.

"Mate cocido" (hereinafter, MC) is
obtained by adding approximately 1 L of
recently boiled water to 20-30 g of YM;
the resulting infusion is then filtered and
usually sweetened with cane sugar or
honey. "MC in a cup" has recently gained
wide acceptation due to its easy prepa-
ration using a porous paper "sack" or
"bag" (39) containing approximately 3 g of
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YM, over which around 200 mL of recently
boiled water are poured, and then usually
sweetened. In both cases, MC with milk is
prepared by adding cow milk in variable
proportions, significantly increasing the
infusion nutritional value. This product
is a food supplement offered more
frequently in schools to students between
3 and 13 years old, in the preschool and
primary education sector in Argentina.
With its administration, it is intended to
mitigate factors that determine nutri-
tional deficiencies and low-quality diet of
children in Argentina, as response to the
food insecurity of disadvantaged sectors
of the population (4, 5).

A related species, Ilex dumosa Reissek,
commonly known as "dumosa", "caa miri"
or "yerba sefiorita", has been included in
the Argentine Food Code in the group of
"herbs for infusions" (CAA 2017: Cap. XV,
Art. 1192). It is of interest due to its low
xanthine content, so thatits cultivation has
been promoted in the recentyears (42,43).
It has been demonstrated that a mixture
in a 70:30 w/w proportion of I. dumosa
and I paraguariensis shows a great part
of the organoleptic characteristics of
YM made from I paraguariensis, with a
slightly lower caffeine proportion due to
the predominance of I. dumosa; currently,
it is a commercial product that satisfies a
wide range of consumers (29).

The goal of the present study is to
assess the comparative nutritional value
of MC with milk obtained from the Ilex
species mentioned above, proposing as
alternative the use of the 70:30 w/w
mixture of I. dumosa:l. paraguariensis to
obtain a low-caffeine food product with
good nutritional quality.

Tomo 50 ¢ N°2 « 2018

MATERIALS AND METHODS

Materials

The following samples, from
the argentine market, were used:
a) commercial YM “"sacks" from 6

different brands (3 from the province
of Misiones and 3 from the Province of
Corrientes), acquired in shops from San
Luis and Corrientes, with around 3 g each,
made from [ paraguariensis A. St.-Hil.
(hereinafter, Ip); other similar samples
were prepared in the laboratory from
I dumosa Reissek (hereinafter, 1d), and
separately from a commercial 70:30 w/w
mixture of I. dumosa + I. paraguariensis
(hereinafter, Id+Ip mix), whose crude drug
was provided by the Establishment "Las
Marias" (Gobernador Virasoro, Province
of Corrientes); b) commercial samples of
whole cow milk, sterilized by ultra-high
temperature, from the dairy basin of the
Argentine center-east (hereinafter, M);
and c) commercial refined sugar (herein-
after, S) from the province of Jujuy.

Samples mentioned in b) and c) were
acquired in the local market of San Luis.
All samples were included within the
framework of the Argentine Food Code
requirements (6), and the reactants used
were of analytical grade.

Extracts

The aqueous extracts were prepared
according to the procedure described
in Maiocchi et al. (2016), which repre-
sents the common conditions of use and
the manufactures recommendations,
by pouring 200 mL of recently boiled
deionized water (ca. 84° C) over a sack of
3 g YM of each species and their mixture,
leaving them in contact with the water for
5 min. The resulting infusions, at 1.5%,
were filtered through Whatman n° 5 filter
paper. The MC with milk was prepared by

205



M. G. Maiocchi et al.

mixing the 1.5% infusions of Id, Ip and
Id+Ip mix with whole milk (M) in a 50:50
(v/v) proportion, and adding 10 g of refined
sugar (S), equivalent to two teaspoons.

Analytical methods

The 1.5% infusions (MC) and the
MC+M+S mixtures were mostly analyzed
using the A.0.A.C. methods (21) for
hydroscopic moisture, lipids, ashes, crude
proteinand chlorogenicacids; total dietary
fiber was evaluated by the N2 20511
IRAM Norm (25); and total nitrogen was
assessed by the Kjeldahl method.

Total carbohydrates (non-nitrogenous
extractive substances) (17), in grams per
serving, were calculated by the difference
with respect to the real extract. Calories
per portion (in kcal and kJ) were calcu-
lated using the Atwater conversion factors
(33). Caffeine was determined by UV
spectroscopy (method of reference in
Argentina) (27) as well as by HPLC (24).

Fat-soluble vitamins (A, D, E, K and provi-
tamin A) and some water-soluble vitamins
of the B complex (B,, B,) were determined
by high performance liquid chromatog-
raphy with a HPLC-UV/DAD UltiMate®
3.000 chromatograph (Dionex), Gemini
C18 column (Phenomenex®), mobile phase
acetonitrile:phosphoric acid 0.05% (20:80),
flow of 0.8 mL min?, ata 330 nm wavelength;
the UV spectra were collected within the
200-367 nm interval, comparing with
Sigma® standard patterns and processing
the data with the software associated to the
instrument (Chromeleon®); while vitamins
B, B, and B, biotin and niacin were
evaluated by microbiological methods (44).

The elemental composition of the
infusions and mixture was established by
the samples mineralization as described
by Abou-Arab & Abou-Donia (2000), with
some modifications (31); the concen-
tration of 32 selected chemical elements
and an internal standard (Indium) was
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determined by ICP-OES (inductively
coupled radial spectrometer, Varian®-Pro
Ser. EL-05083717), with a Czerny-Turner®
monochromator, a holographic diffraction
grid and a VistaChip CCD (charge coupled
device) array detector, calibrated quarterly,
and using a Kretz® 5530 precision calibrated
scale. Shown in table 1 (page 207), are the
wavelengths used and the limits of detection
for each analyzed element.

Serving size and daily average intake

The serving size consisted in a medium
cup of 200 mL capacity (30), both for the
1.5% infusion (MC) as well as for the
MC+M+S combination. The daily intake
was set at 2 servings per person per day,
that is, 400 mL of MC with milk and sugar,
corresponding to breakfast and afternoon
snack, just like it is commonly provided to
children at home and/or schools.

Nutritional value

It was calculated based on the require-
ments of children between 3 and 13 years
old, according to the most accepted inter-
national parameters, such as the Dietary
Reference Intakes (DRIs), Recommended
Dietary Allowance (RDA), Adequate Intake
(AI) and Tolerable Upper Intake Level (UL)
(6,11, 15, 16), in addition to the Estimated
Dietary Intakes (8) and the Typical Daily
Nutritional Intake (36), taking into account
the levels of nonobservance of adverse
effects (NOEA in Spanish), that is, "the
maximum intake of a determined nutrient
not associated with adverse effects” (6).

Statistical analysis

Experimental design had 5 repetitions.
The data of samples and formulas were
analyzed using the Infostat program (10),
by means of one-way ANOVA, followed
by a comparison of averages (LSD test,
a=0.05); in all cases the p-value was lower
than 0.0001.
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Table 1. Wavelength (A) and limit of detection for each element.

Tabla 1. Longitud de onda (A) y limite de deteccién para cada elemento.

Element Ag Al As B Ba Ca Cd Co
Wavelength (nm) 328.068 | 308.215 | 193.696 | 249.773 | 493.408 | 317.933 | 226.502 | 228.615
Detection limit (mg kg ') 0.021 0.06 0.105 0.009 0.003 0.021 0.003 0.006
Element Cr Cu Fe Hg K Li Mg Mn
Wavelength (nm) 267.716 | 324.754 | 259.940 | 194.164 | 766.491 | 670.783 | 279.800 | 257.610
Detection limit (mg kg ') 0.012 0.009 0.012 0.03 0.45 0.006 0.06 0.003
Element Mo Na Ni P Pb Sb Se Si
Wavelength (nm) 202.032 | 588.995 | 231.604 | 213.618 | 220.353 | 206.834 | 196.026 | 251.611
Detection limit (mg kg ') 0.015 0.06 0.03 0.15 0.084| 0.063 0.15 0.06
Element Sn Sr Th Ti Tl U \% Zn
Wavelength (nm) 189.927 | 421.552 | 401.913 | 334.947 | 377.572 | 409.013 | 292.401 | 213.857
Detection limit (mg kg ') 0.051 0.001 0.09 0.006 0.081 0.45 0.009 0.006

RESULTS AND DISCUSSION

Nutritional parameters

The nutritional contributions to the
daily reference intake (DRI) of one serving
of "mate cocido" with milk and sugar,
made from both species of Ilex and their
mixture, are comparatively shown in table
2 (page 208-209).

None of the three formulations
present significant differences for most
of the analyzed nutritional parameters,
although they do differ significantly in
the concentration of caffeine and chloro-
genic acids (table 2, page 208-209). In the
Id: Ip mixture case, the nutritional values
are directly related with the proportion
in which both species appear in the
commercial product.

Taking into account the energy needs
of the age range between 3 and 13 years
old (the considered schoolchildren age),
between 1050 and 2550 kcal have been
established (14); the daily intake of two
servings of the studied products provides
8-22% of the required calories, while it
also supplies up to 58% of the required

Tomo 50 ¢ N°2 « 2018

proteins and 22-26% of carbohydrates.
Regarding vitamins, such intake doubles
or triples the daily requirements (12)
of biotin, provides 44-96% of cyanoco-
balamin, 30-76% of riboflavin, 10-38%
of thiamine, 20-32% of pantothenic
acid, 14-28% of vitamin A and 9-26% of
pyridoxine. Due to the 50:50 v/v dilution,
the total fat is half of the supplied by an
equal intake of whole milk, with a propor-
tional decrease in the cholesterol value. All
these amounts are below the NOEA (levels
of nonobservance of adverse effects) limits
established as safe, regarding vitamins, by
the Argentine Food Code (6).

The same occurs with the other nutri-
tional factors, when compared with the
allowed maximum intake levels (15).
Finally, it is worth mentioning that these
formulas do not provide dietary fiber.

Even though caffeine is not required
as a nutritional principle, it is considered
here due to the stimulating effect generally
caused by xanthines on the CNS.
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These bioactive principles contribute,
in certain extent, to a better school perfor-
mance, both intellectual as well as physical
(2,19, 22, 28, 45, 47), in particular when
they are part of the breakfast provided in
schools, since in many cases it is the first
food intake of the day (40, 41), and present
a strongly dose-dependent pharmacoki-
netics and psychomotor effects.

However, children compose a group
of risk in which high doses of caffeine can
provoke adverse effects (45, 46). Although
there are no established international
limits, it is considered that the daily
consumption of caffeine in children and
teenagers should not exceed 2.5 mg kg* of
body weight, whereas for adults, it should
be below 400 mg day™ (18, 20, 35).

Assuming that only YM provides
caffeine to the MC+M+S, the one made
from Ip reached 20-25 mg of caffeine
per serving. This value is similar to
that from diverse sources regarding tea
infusions (c. 23+12 mg), and 2-3 times
lower that the indicated for the coffee
infusion (c. 57420 mg) under the common
preparation conditions (20, 22, 32, 34).
Regardingthe MC+M+Smade from Id (with
1.5-2.5 mg of caffeine/100 mL), it had, on
average, 11 times less caffeine than Ip,
while the Id:Ip (70:30 w/w) commercial
mixture (with 7-9 mg/100 mL) had, in
average, 2.75 times less caffeine than YM
with Ip.

Table 3 and figure 1 (page 211), show
the limits of caffeine consumption and
of potential servings of MC+M+S per
day for the considered age groups, in
comparison to those of tea with milk and
coffee with milk.

A diet including 2 medium cups (of
200 mL) per day of MC made with Ilex
paraguariensis with milk (50:50 v/v)
and sugar, involves a caffeine intake of c.
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40-48 mg day?, similar to the provided
by the same amount of tea with milk, and
well beyond the limits established for the
considered age range (45-100 mg day?)
(18, 35). In contrast, the daily intake
of the same volume of coffee with milk
contributes with 40-85 mg of caffeine,
reaching such limits.

If the Id:Ip (70:30 w/w) mixture is
used in the making of MC with milk, with
a daily intake of 400 mL, the daily caffeine
does decreases to 15-17 mg. Thus, the
use of such mixture seems to be the best
combination to be used in the elaboration
of MC with milk, for their safer doses of
caffeine which allow greater consumption
without increasing the risks.

Mineral content

The ash content of the MC made with
the two studied species and their mixture,
reached (on average) between 0.054 and
0.066 g/100 mL, while for milk it was an
average of 0.7 g/100 mL and for sugar
0.046 g/10 g. Infusions prepared from
Ilex dumosa and I. paraguariensis, as well
as from the Id:Ip (70:30 w/w) mixture,
presented high extractability of the
mineral elements, oscillating between 60
and 70% of the mineral matter detected
in the crude drug, in agreement with
previous studies (31).

Table 4 (page 212) shows the mineral
contribution of a 200 mL serving of MC
obtained from llex paraguariensis, I. dumosa
and their mixture (Id:Ip, 70:30 w/w),
combined with whole milk and sugar.

No significant differences were found
in the mineral composition of the 3
studied formulas. Taking into account
one serving, some minerals (P, Zn and Cu)
reached percentage values of DV enough
for the MC+M+S to be considered as a
source of those nutrients, since they can
exceed 20% of the daily requirement.
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Table 3. Comparative number of cups to reach the caffeine limit of consumption of MC,
Tea and Coffee (with milk and sugar) in 4-13 y/o children.

Tabla 3. Niimero comparativo de tazas para alcanzar el limite maximo de cafeina por
consumo de MC, Té y café (con leche y aztcar) en escolares entre 4 y 13 afios de edad.

Dail N° of cups per day to reach the limit (a cup = 200 mL)
aily
Childrens caffeine MC, +M+S | MC  +M+S | Tea+M+S Coffee+M+S
age group intake 22‘:1._8 mg 810.3? mg 23i12 mg 57129 mg
limit © caffeine/ caffeine/ caffeine/ caffeine/
cup @ cup @ cup @ cup @
4-6y/o <45 mg 2 6 2 1
7-9y/o <62.5 mg 3 8 3 <2
10-12y/o <85 mg 4 11 4 <3
Adolescents
>13y/o <2.5mgkg?! bw (4)5 (6) (12) 14.5 <5 <3
(40-50kg bw) @ | (100-125mg) (16) = =

As in table 2 (page 208-209), (including serving size), plus: y/o: years old.- bw: body weight.- ) according to
Nawrot et al. (2003) and Health Canada (2012).- @ statistical estimates of the "Looking at us: IMC Brigade"
Project on the local school population from Educational Center N° 2, San Luis, Argentina (M.G. Del Vitto, pers.
comm., August 2017).- @ in round numbers.- @ in this work. - ® according to Heckman et al. (2010), IFIC
(2008) and CSPI (2014).

Como en tabla 2 (pag. 208-209), (incluyendo tamariio de porcién), mas: y/o: edad.- bw: peso corporal.- @ segin
Nawrot et al. (2003) y Health Canada (2012).- @ estimaciones estadisticas del Proyecto "Mirandonos: Brigada
IMC" sobre la poblacion escolar del Centro Educativo N° 2, San Luis, Argentina (M.G. Del Vitto, com. pers.,
agosto 2017).- M en nimeros redondos.- @ en este trabajo. - @ segiin Heckman et al. (2010), IFIC (2008) y

CSPI (2014).
16 -
14 A
g 12 1
g 10 -
S
5 87
= 6 -
E —&— MCIp or Tea+M+S
-4
2 L MC mix+M+S
0 : : : Coffee+M+S

4-6y/o 7-9y/o 10-12y/o 213y/o

Age intervals

MC: "mate cocido".- Ip: Ilex paraguariensis.- 1d: I. dumosa.- mix: Id+Ip 70:30 (w/w).- M: milk; S: sugar; y/o:
years old.
MC: mate cocido.- Ip: Ilex paraguariensis.- Id: I. dumosa.- mix: mezcla de Id+Ip 70:30 (p/p).- M: leche; S:
azucar; y/o: afios de edad.
Figure 1. Number of cups to reach the daily caffeine limit of consumption for MC, Tea
and Coffee (with milk and sugar).

Figura 1. Numero de tazas de M(, té y café (con leche y azlcar) para alcanzar el limite
diario de cafeina.
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In the case of Mn, it exceeds 50% of
the DV and reaches up to 1.24 times the
daily requirement, which is attributable to
the contribution of both species of Ilex, in
agreement with previous results (31).

For their part, a double daily portion
of MC+M+S provides up to 40% of the
DRIs of P, Zn and Cu, up to 29% of Ca,
27% of Mg, and 15% of Na and Cl, in
addition to almost 10% of K, Fe and Al
It is noteworthy the contribution of Mn,
since it far exceeds the DRI. These values
of essential elements demonstrate the
importance of this product in the student
mineral nutrition (13).

In no case the analyzed elements
exceeded the limits established by the
international norms; the heavy metals did
not make it to the infusion or milk, or were
in a proportion well below the harmful
values, which makes the product a safe
food in terms of mineral elements.

Considering the nutritional goals set
by diverse authors for school canteens
in Argentina (5), the double serving of
MC+M+S would provide approximately
40% of the required Ca, 35% of proteins,
30% of the energy value and vitamin A,
10% of Fe and 8% of vitamin C. These
amounts are a bit higher than the calcu-
lated in this work, based on the DRIs, in
regard to vitamin A, significantly higher
in terms of energy value and vitamin C,
almost triple in terms of Ca, double in Fe
and significantly lower in proteins.

CONCLUSIONS

"Mate cocido" as a 1.5% infusion, does
not represent per se a relevant food due to
its dilution, except for some minerals and
vitamins, and its content in chlorogenic
acids and xanthines. However, mixed with

Tomo 50 ¢ N°2 « 2018

whole cow milk in a 50:50 proportion
and sweetened with 10 g of refined sugar
per cup ("mate cocido with milk"), it can
become an important factor in the diet
of students between 3 and 13 years old
when their diet is supplemented with 1 to
2 daily servings of this food (serving size:
amedium cup of 200 mL).

Considering a daily intake of 2
servings, except for niacin, folic acid and
vitamins C, E and D, the rest of the nutri-
tional parameters of the product exceed
(sometimes by far) 20% of the DV, so that
this food has to be considered as source of
the following nutritional parameters and
principles: energy value, proteins, carbo-
hydrates, vitamins A, B, B, and B, (220%
of the DRI); vitamins B, and B,, (250%
of the DRI); biotin (2100% de la DRI), in
addition to a low contribution of choles-
terol. Regarding minerals, it has inter-
esting contributions of P, Zn and Cu (s40%
of the DRI), Ca and Mg (<30%), Na and Cl
(£15%) and K, Fe and Al (8-10%); with
a noteworthy contribution of Mn, which
doubles the DRI but still without reaching
toxic values. In no case the heavy metals
make it to the infusion or are well below
the values considered as harmful.

The wuse of Ilex paraguariensis
(Ip), I. dumosa (1d) or their commercial
mixture (Id:Ip, 70:30 w/w) does not
involve significant differences in nutri-
tional parameters, both in the resulting
infusions as well as in "MC with milk",
except for the values of caffeine and
chlorogenic acids. With Ip, "MC with milk"
is close in caffeine values to "tea with
milk", and contains from 1/2 to 1/3 of
the caffeine found in "coffee with milk".
"MC with milk” obtained from Id, contains
11 times less caffeine than "MC with milk"
from lp.
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The mixture ensures the persistence
of favorable organoleptic characters
of I paraguariensis, while the greater
proportion of I dumosa significantly
lower the caffeine content in the final
product (7-9 mg, that is, 2.75 times lower
than the obtained from Ip and tea, and
10-20 times lower than in coffee), that
is, within the recommended safety limits
(40-100 mg day!) for the age range
between 3-13 years.

The use of this mixture (Id:Ip, 70:30
w/w) in the preparation of "mate cocido”
seems to be the best combination, since it
maintains the product nutritional quality
and palatability for most of the consumer

population, contributing to a better intel-
lectual and physical performance of the
students, without detrimental effects
due to its lower doses of caffeine making
it safer against the possible intake of
multiple servings per day.

The studied food provides interesting
nutritional values for some of the goals
established as '"reasonable" for some
school canteens in Argentina (5), in
particular in regard to energy, proteins,
some vitamins (A and C), and minerals
(Ca and Fe).

Finally, YM manufactured in "bags" of
3 g each, allows to properly dose the crude
drug for consumption.

REFERENCES

1. Abou-Arab, A. A. K;; Abou-Donia, M. A. 2000. Heavy metals in Egyptian spices and medicinal
plants and the effect of processing on their levels. Journal of Agricultural & Food
Chemistry. 48: 2300-2304.

2.Bohm, B. A. (ed.). 2015. Nutrition: Science, Issues, and Applications. Sta. Barbara. Denver (USA).
Greenwood. 2 vol. (Caffeine: vol. I, p. 113-115).

3. Brasil. 2005. Reglamento técnico para café, cebada, té, yerba mate y productos solubles.
Resolucién RDC N° 277, 22 de setiembre de 2005. Brasilia.

4. Britos, S.; Costa, R. 2007. Seguridad Alimentaria y Nutricional y Politicas Publicas. El caso
argentino 2001-2007. Available in: http://www.bvsde.paho.org/texcom/nutricion/
memredsan_10.pdf (Accessed July 2017).

5. Britos, S.; O' Donnell, A.; Ugalde, V.; Clacheo, R. 2003. Programas Alimentarios en la Argentina.
51 p. Available in: http://www.cesni.org.ar/sistema/archivos/35-programas_
alimentarios_en_argentina.pdf (Accessed July 2017).

6. CAA (Cddigo Alimentario Argentino, Ley 18.284). Available in: http://www.anmat.gov.ar/
alimentos/ normativas_alimentos_caa.asp. (Accessed July 2017).

7.Chile. 2005. Nuevo Reglamento Sanitario de los Alimentos. Decreto Supremo N° 977 /96, Parrafo
I. De la Yerba Mate. Santiago de Chile.

8. COT (Committee on Toxicity of Chemicals in Food). 2003. Total Diet Study of Twelve Elements
(COT 2003/39), p. 5-6. Available in: http://www.food.gov.uk/multimedia/pdfs/TOX-
2003-39.PDF (Accessed March 2016).

9. CSPI (Center for Science in the Public Interest), 2014. Caffeine content of food and drugs.
Available in: http://www.cspinet.org/new/cafchart.htm (Accessed July 2014).

10. Di Rienzo, ]. A,; Casanoves, F; Balazarini, M. G.; Tablada, M.; Robledo, C. W. 2016. Infostat version
2016. Grupo Infostat, FCA, Universidad Nacional de Cérdoba, Argentina. Available in:
http://www.infostat.com.ar (Accessed November 2016).

11. EPA (U.S. Environmental Protection Agency). 2003. EPA National Primary Drinking Water
Standards, June 2003. Office of Water. Available in: http://www.epa.gov/safewater/
contaminats/index.html (Accessed July 2015).

214 Revista de la Facultad de Ciencias Agrarias



"Mate cocido" with milk: nutritional value for schoolchildren

12. FAO (Food and Agriculture Organization). 2001. Human vitamin and mineral requirements.
Bangkok. Thailand. Rome. FAO/WHO. 286 p.

13. FAO (Food and Agriculture Organization). 2003. Diet, nutrition and prevention of chronic
diseases. WHO Technical Report Series 916. Geneva. FAO/OMS. 149 p.

14. FAO (Food and Agriculture Organization). 2004. Human Energy Requirements. Food & nutrition
technical report, Series 1. Roma: United Nations University/WHO/FAO. 96 p.

15. FNB (Food and Nutrition Board). 1997-2011. Standing Committee on the Scientific Evaluation
of DRIs. [1997, DRIs for Calcium, Phosphorous, Magnesium, Vitamin D, and Fluoride;
1998, DRIs for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12,
Pantothenic Acid, Biotin, and Choline; 2000, DRIs for Vitamin C, Vitamin E, Selenium,
and Carotenoids; 2001, DRIs for Vitamin A, Vitamin K, Arsenic, Boron, Chromium,
Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc;
2002-2005, DRIs for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein,
and Amino Acids; 2005, DRIs for Water, Potassium, Sodium, Chloride, and Sulfate;
2011, DRIs for Calcium and Vitamin D]. Washington, DC. Institute of Medicine. National
Academies Press. Available in: http://www.nap.edu (Accessed November 2016).

16. FNB (Food and Nutrition Board). 2004. Dietary Reference Intakes (DRIs): Recommended
Intakes for Individuals, Elements. Washington. DC. Institute of Medicine. National
Academies Press.

17. Hart, E |].; Fisher, H. ]J. 1991. Analisis moderno de los alimentos. Zaragoza. Espafa. Acribia. 619 p.

18. Health Canada. 2012. Caffeine in foods. Available in: https://www.canada.ca/en/health-
canada/services/food-nutrition/food-safety/food-additives/caffeine-foods/foods.
html (Accessed July 2017).

19. Heatherley, S. V;; Hancock, K. M.; Rogers, P. ]. 2006. Psychostimulant and other effects of caffeine
in 9- to 11-year-old children. Journal of Child Psychology and Psychiatry. 47(2): 135-142.

20. Heckman, M. A.; Weil, ].; Gonzalez De Mejia, E. 2010. Caffeine (1, 3, 7-trimethylxanthine) in
foods: a comprehensive review on consumption, functionality, safety, and regulatory
matters. Journal of Food Science. 75(3): 77-87.

21. Horvitz, W,; Latimer Jr, G. W. (eds.). 2010. Official methods of analysis of AOAC International.
Gaithersburg, MD. USA. Association of Official Analytical Chemists International.

22. IFIC (International Food Information Council Foundation). 2008. Caffeine & Health: clarifying
the controversies. IFIC Review. Available in: http://www.foodinsight.org/IFIC_Review_
Caffeine_and_Health_Clarifying the_Controversies (Accessed August 2017).

23. INYM (Instituto Nacional de la Yerba Mate). 2017. Available in: http://www.inym.org.ar/wp-
content/uploads/2017/01/estadisitcas-inym-diciembre-2016.pdf (Accessed July 2017).

24.1RAM (Instituto Argentino de Normalizacién). 2005. Norma IRAM N° 20512, 1° ed. Yerba Mate.
Determinacion del contenido de cafeina. Método por cromatografia de alta resolucion.
Buenos Aires. IRAM. 2005/03/21.

25. IRAM (Instituto Argentino de Normalizacion). 2007. Norma IRAM N° 20511, 22 ed. Yerba
Mate. Determinacién de fibra cruda (método de referencia). Buenos Aires. IRAM.
2007/11/22.12 p.

26.IRAM (Instituto Argentino de Normalizacidn). 2010. Norma IRAM N° 20516. 2° ed. Yerba Mate
Canchada, Definicion y caracteristicas basicas. Buenos Aires. IRAM. 2010/07/14.

27. IRAM (Instituto Argentino de Normalizacién). 2013. Norma IRAM N° 20513. 2° ed. Yerba
Mate. Determinacion del contenido de cafeina. Método por espectrofotometria en el
ultravioleta (método de referencia). Buenos Aires, IRAM, 2013/04/25.12 p.

28. Kaplan, G. B.; Greenblatt, D. J.; Ehrenberg, B. L.; Goddard, J. E.; Cottreau, M. M.; Harmatz, |. S.;
Shader,R.1.1997.Dose dependentpharmacokinetics and psychomotor effects of caffeine
in humans. Journal of Clinical Pharmacology. 37: 693-703.

29. Maiocchi, M. G. 2012. Optimizacién del proceso de producciéon de Illex dumosa para la
obtencion de infusiones y su caracterizacion farmacobotanica y farmacognostica.
Estudio comparativo con Ilex paraguariensis. Doctoral Thesis in Chemical Sciences.
Universidad Nacional del Nordeste. Corrientes, Argentina. 196p.

Tomo 50 « N°2 « 2018 215



M. G. Maiocchi et al.

30. Maiocchi, M. G.; Téves, M.; Del Vitto, L. A.; Avanza, M. V,; Petenatti, E. M. 2011. Comparative
physicochemical parameters of infusions (“mate”) of two species of Ilex. Biocell. 35
(1): A-22.

31. Maiocchi, M. G.; Del Vitto, L. A.; Petenatti, M. E.; Marchevsky, E. ].; Avanza, M. V,; Pellerano R. G.;
Petenatti, E. M. 2016. Multielemental composition and nutritional value of "dumosa"
(Ilex dumosa), "yerba mate" (I. paraguariensis) and their commercial mixtures in
different forms of use. Revista de la Facultad de Ciencias Agrarias. Universidad
Nacional de Cuyo. Mendoza. Argentina. 48 (1): 145-159.

32. Mayo Clinic. 2017. Nutrition and healthy eating. Available in: http://www.mayoclinic.org/es-
es/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/caffeine/art-20049372
(Accessed July 2017).

33. Merrill, A. L.; Watt, B. K. 1973. Energy value of foods: basis and derivation. Rev. ed. Washington
DC. US Government Printing Office. Agriculture Handbook n® 74. 1V: 105 p.

34. Mitchell, D. C,; Knight, C. A.; Hockenberry, ].; Teplansky, R.; Hartmann, T. ]. 2014. Beverage
caffeine intakes in the U.S. Food and Chemical Toxicology. 63: 136-142.

35. Nawrot, P; Jordan, S.; Eastwood, J.; Rotstein, J.; Hugenholtz, A.; Feeley, M. 2003. Effects of
caffeine on human health. Food Additives and Contaminants. 20(1): 1-30.

36. Nielsen, F. H. 2003. Boro, manganeso, molibdeno y otros oligoelementos. In: Bowman B.A;
Russell R. M. (eds.). Conocimientos actuales sobre nutricién. 8° ed. Washington.
Organizacién Panamericana de la Salud. Publ. Cient. y Técn. 592 p.

37. Paraguay. 1995. Yerba mate: Especificaciones. Norma Paraguaya INTN-NP 35 001.93. Marzo
de 1995. 22 ed. Asuncion.

38. Paraguay. 2002. Yerba mate elaborada compuesta. Requisitos generales. Norma Paraguaya
INTN-NP 35 002.01. Febrero de 2002. 1° ed. Asuncién.

39. Parodi, N. B.; Brignardello, A. E.; Kanzig R. G.; Floridia, C. M.; Linares, R. A. 2009. Mercosur:
analisis comparativo de la legislaciéon de Argentina, Brasil, Chile, Paraguay y Uruguay
sobre yerba mate comercializada. Rev. de Ciencia y Tecnologia. Posadas, Misiones.
11(11): 14-19.

40. Piaggio, L.; Concilio, C.; Rolén, M.; Macedra, G.; Dupraz, S. 2011. Children's food consumption in
schools: between playgrounds, classrooms an cafeterias. Rev. Salud Colectiva (Buenos
Aires). 7(2): 199-213.

41.Pollit, E.; Mathews, R. 1998. Breakfast and cognition: an integrative summary. American Journal
of Clinical Nutrition. 67(4): 804-813.

42.PratKricun, S. D. 1998. Ilex dumosa Reissek. Misiones. Argentina. EEA INTA Cerro Azul. Informe
Técnico N° 3.

43. Prat Kricun, S. D. 2011. Cultivo y cosecha de Dumosa (I/lex dumosa R. var. dumosa) en Misiones
y NE de Corrientes. Misiones. Argentina. EEA Cerro Azul. INTA. Misceldnea N° 64. 23 p.

44. Schiiep, W. 2007. Andlisis de vitaminas en alimentos. FAO/INTA. Cap. 17, p.189. Available in:
www.fao.org/docrep/010/ ah833s/ah833s19.htm (Accessed July 2016).

45. Seifert, S. M.; Schaechter, J. L.; Hershorin, E. R.; Lipshultz, S. E. 2011. Health effects of energy
drinks in children, adolescents, and young adults. Pediatrics. 127(3): 511-528.

46. Temple, J. L. 2009. Caffeine use in children: what we know, what we have left to learn, and why
we should worry. Neuroscience and Biobehavioral Reviews. 33: 793-806.

47. Turley, K. R.; Desisso, T.; Gerst, ]. W. 2007. Effects of Caffeine on Physiological Responses to
Exercise: Boys Versus Men. Pediatric Exercise Science. 19: 481-492.

48. Uruguay. 1994. Reglamento Bromatol6gico Nacional. Decreto N° 315, 05 julio de 1994. Cap. 22,
Secc. 3. Yerba Mate. Montevideo.

ACKNOWLEDGEMENTS

The Authors are grateful for the financial support by the Research Projects F002 SECyT-UNNE
and 2-1014 SECyT-UNSL, the assistance of Lic. D. Bouchard (INTI Corrientes), as well as the
invaluable contribution of the Academic Committee of the Journal and the anonymous reviewers.

216 Revista de la Facultad de Ciencias Agrarias



Rev. FCA UNCUYO. 2018. 50(2): 217-231. ISSN impreso 0370-4661. ISSN (en linea) 1853-8665.

Parameterization of the Hargreaves equation in the
northern oasis of Mendoza, Argentina

Parametrizacion de la ecuacion de Hargreaves en el oasis norte de
Mendoza, Argentina

Regina Aguilera !, José Francisco Maestre-Valero ?, Victoriano Martinez-Alvarez ?,
Maria Gassmann >4, José Morabito !

Originales: Recepcion: 15/02/2018 - Aceptacion: 28/06/2018
ABSTRACT

In view of the water scarcity that affects the province of Mendoza, Argentina, infor-
mation on reference crop evapotranspiration (ET) is crucial for irrigation scheduling.
Data that are not generally available is required for the determination of ET, with the
Penman-Monteith FAO56 equation (PM). The Hargreaves equation (HG), which only
requires air temperature data, represents an alternative to calculate ET, after its local
or regional calibration with PM. In this paper, the Hargreaves equation was calibrated
locally by means of annual (C) and monthly (Cm,j) adjustment coefficients for the
northern oasis of Mendoza. Also, a regionalisation of the C, was performed considering
environmental variables. The local adjustment with both coefficients made it possible to
correct the positive bias that indicated an overestimation of HG with respect to PM in 12
meteorological stations. The mean value of the root mean square error decreased from
0.80 mm day™ to 0.57 mm day" with the C_ adjustment coefficient, and to 0.55 mm day™
with the C.. adjustment coefficient, while the absolute error decreased from 0.63 to 0.42
and 0.39, fespectively. Wind speed was the variable that best explained the regional
variability of the C, (R*=0.64).
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reference evapotranspiration e irrigation programming e Hargreaves equation e
water scarcity e adjustment coefficient
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RESUMEN

Ante la escasez hidrica atravesada por Mendoza, Argentina, es importante conocer
la evapotranspiracion referencia (ET)) de los cultivos para programar el riego. Su
calculo, a partir de la ecuaciéon de Penman-Monteith FAO56 (PM), requiere contar con
datos no disponibles en general. La ecuaciéon de Hargreaves (HG), que solo requiere
datos de temperaturas del aire, representa una alternativa para calcular ET, luego de
su calibracion local o regional con PM. En este trabajo se calibré localmente la ecuacion
de Hargreaves por medio de coeficientes de ajuste anuales (C,) y mensuales (Cm'j) para
el oasis norte de Mendoza. También, se llevd a cabo una regionalizacion del C, conside-
rando las variables ambientales. El ajuste local con ambos coeficientes logré eliminar
el sesgo positivo que indicaba una sobrestimacion de HG con respecto a PM en las 12
estaciones meteoroldgicas consideradas. El valor promedio del error cuadratico medio
disminuy6 de 0,80 mm dia’ a 0,57 mm dia con el ajuste con C_y a 0,55 mm dia™ con el
uso de Cm'., mientras que el error absoluto disminuy6 de 0,63 a 0,42 y 0,39 respectiva-
mente. La velocidad del viento fue la variable que mejor explico la variabilidad regional

del C, (R?= 0,64).

Palabras claves

evapotranspiracion de referencia e programacion de riegos ¢ ecuacion de Hargreaves

e escasez hidrica ¢ coeficientes de ajuste

INTRODUCTION
Evapotranspiration from agricul-
tural lands constitutes the greatest

consumptive water use globally (7).
Nearly 70% of the land in Argentina is arid
(25) and the province of Mendoza, located
in the central-western part of the country
(32°and 37°35'S, 66° 30" and 70° 35' W),
is one of the most desertified provinces
with a mean annual rainfall of 200 mm.
The rivers, which are fed by snowmelt
from the Andes mountain range, and
groundwater use have given rise to the so
called "oasis" and a particular settlement
pattern (11). The oasis, where 98% of the
population is concentrated, occupies only
3% of the total land area. The available
surface water resources are estimated at
6000 hm? per year (12) and groundwater
withdrawals are about 250 and 600 hm?3,
depending on surface water availability
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(16). The northern oasis of the province
of Mendoza, irrigated by the Mendoza
and Lower Tunuyan rivers, is the second
largest irrigated area in Argentina (8).
Climate change scenarios for the region
(6) anticipate changes in climate as well
as in local water availability. For the
Andes mountain range, between 32° to
36° S parallels, the models developed by
the Centro de Investigaciones del Mar y
la Atmosfera (CIMA), based on scenario
A2 (Scenario where effective mitigation
measures or technological developments
to reduce CO, emissions are not expected
(IPCC, Synthesis Report 2001), predict
a mean temperature increase of 1.25 to
1.5°C and a mean precipitation decrease
of 100 mm for the period 2020-2030. A
mean elevation of the 0°C isotherm of 150
to 130 metres with respect to the current

Revista de la Facultad de Ciencias Agrarias



Parameterization of the hargreaves equation in the northern oasis of Mendoza, Argentina

situation is also expected. Under this
scenario, a decline in the winter snowpack
and a progressive reduction of the ice
cover are likely to occur. These changes
will reduce water availability in the rivers
running from the Andes mountain range
and will consequently affect the irrigable
lands. In this sense, since 2009 the
province has been under a state of water
emergency because the volume of water
in the rivers of Mendoza is below the
historical mean, principally due to little
snowfall in the mountain range.

The water balance of the oasis shows
a deficit of nearly 80 hm? year?! for the
Mendoza River (1,041.46 hm? year?! while
water demand is 1,121.05 hm?® year?)
and a notably increasing water deficit
(422 hm? year?) for the Lower Tunuyan
River (12) (822 hm?® year? while water
demand is 1,244 hm® year?'). Water
scarcity affects mainly the agricultural
sector since it uses 92% of the water from
the Mendoza and Tunuyan rivers.

In this sense, it is crucial to estimate
crop water requirements accurately in
order to: (i) plan irrigation management
and ensure efficient water use, (ii)
increase productivity and efficiency in
water use, and (iii) reduce water and
carbon footprints (22). Irrigation water
requirements can be estimated on the
basis of the reference evapotranspiration
(ET,) (2). Among the existing methods,
the Food and Agriculture Organization of
the United Nations (FAO) recommends
to use the Penman-Monteith equation
(FAO56-PM) as the standard method for
estimating ET | (2).

The equation calls for information
on temperature, relative humidity, solar
radiation and wind speed, which is not
always available. Other equations, such as
the one proposed by Hargreaves (HG) and
its modifications (13, 14, 15), basically
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require data on air temperature that is
available in most meteorological stations.

The HG -equation has received
considerable attention for its accurate
ET, estimates in different climatic regions
(2). However, it should be evaluated
and calibrated to improve its appli-
cation accuracy in each area (10, 24). For
example, when the HG equation is applied
in coastal regions, the ET, is usually
underestimated while in interior regions
it is overestimated (4, 10, 24). Moreover,
when there is intense sensible heat
advection on the surface, the HG tends to
underestimate daily ET; values by 25%
(5). Previous research has shown that the
results obtained with the HG equation are
very local and depend specifically on the
location of each study (17). Therefore, it
is often recommended to perform a local
calibration of the HG equation (18) by
adjusting the daily or monthly ET values
obtained with FAO56-PM (10, 18, 20, 24).
The HG equation has been calibrated at
international level in different locations
with satisfactory results. In southeast
China, Feng et al (9) improved the
adjustment of the HG equation with a
relative root-mean-square error (RRMSE)
and mean-absolute error (MAE) of 0.284
and 0.433 mm day" for local calibration
against 0.567 (RRMSE) and 0.959 (MAE)
mm day* corresponding to the original HG
model. In the semi-arid region of southeast
Spain some authors have differentiated
the adjustment of the equation for windy
and non-windy zones (19) and between
coastal and interior zones (10, 24). In
this regard, Maestre-Valero et al. (2013)
recommended a regionally calibrated
HG equation for the calculation of long
series of monthly ET, when they lacked
complete data on temperature and air
humidity, radiation or wind speed. In
Argentina, Almorox et al. (2012) reported

219



R. Aguilera et al.

that they had no meteorological data for
calculating the ET | FAO56-PM in Coronel
Dorrego (Buenos Aires) but since data on
temperature was available, they recom-
mended the HG method to estimate the
ET,. Moreover, they concluded that the HG
method, parameterized by means of a local
coefficient calibration, is more in line with
the FAO56-PM results, with an RMSE of
0.89 mm day*! and an MBE of 0.27 mm day™™.

Irrigators in the northern oasis of
Mendoza are concerned about inaccurate
meteorological information and the need
foraservice to estimate cropwaterrequire-
ments (1). In this context, in regions with
scarce information on climate it is crucial
to develop locally or regionally calibrated
equations for accurate ET, estimates.
Therefore, the objective of this work is
to calibrate and validate the HG equation
on a daily scale for the northern oasis of
Mendoza in order to provide irrigators
with a tool to estimate crop water require-
ments and contribute to the sustainability
of the region’s agricultural sector.

MATERIALS AND METHODS

Study area and climate data

This work was carried out in the
northern oasis of Mendoza which lies
between latitudes 32°28' and 33°23' S
and longitudes 69°03' and 67°31" W.
Daily meteorological information from 12
weather stations was used for the period
2008-2014 (2008-2011 for calibration
and 2012-2014 for validation).

The principal characteristics of these
stations are presented in table 1 and their
location in the northern oasis is shown in
figure 1 (page 221). Three of the stations
belong to the Servicio Meteorolégico
Nacional (SMN) and the rest to the network
of automatic meteorological stations of
the provincial Direcciéon de Agricultura
y Contingencias Climaticas (DACC). All
stations provide hourly or tri-diurnal data
on meteorological variables which the SMN
and the DACC use to calculate daily values.

Table 1. Meteorological stations in the study area, location (latitude and longitude)

and altitude.
Tablal. Estaciones meteoroldgicas del area de estudio, localizacion (latitud y longitud)
y altitud.

Station (nomenclature) Institution Location Altitude (m a.s.l.)
Chacras de Coria (Cha) SMN 32°59'S68°50'0 921
Mendoza Aero (MAero) SMN 32°50' S 68°48' 0 704
Mendoza Observatorio (MObs) SMN 32°54' S 68°52'0 823
Jocoli (Joc) DACC 32°35'S 68°35'0 590
Las Violetas (LasVio) DACC 32°48'S 68°36' 0 625
Tres Porteias (3P) DACC 32°54'S 68°23'0 627
Junin -(Jun) DACC 33°07'S 68°29'0 667
Los Campamentos (LosCam) DACC 33°15'S 68°27'0 661
El Marcado (EIMar) DACC 33°05'S 68°13' 0 622
Las Catitas (LasCat) DACC 33°15'S 68°03' 0 595
Russell (Rus) DACC 33°01'S 68°45' 0 790
Perdriel (Per) DACC 33°07'S 68°54' 0 981
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Figure 1. Location of the meteorological stations in the northern oasis of Mendoza,
Argentina. The names of the stations are shown in table 1 (page 220).

Figura 1. Localizacién de las estaciones meteoroldgicas en el oasis norte de Mendoza,
Argentina. Los nombres de las estaciones se pueden ver en la tabla 1 (pag. 220).

FAO-56 Penman-Monteith Equation

Due to the lack of direct measure-
ments of real evapotranspiration, either
by lysimeter or by soil water balance, the
reference value of ET| is the one recom-
mended in FAO-56 (2) (ET PM):

(1)
0.408(R, ~G)+1| =2V, (e, ~e,)
(T, +273) | 2
ET,PM = ne
A+y(1+0.347,)
where:

ET PM = reference evapotranspiration
(mm day?)

R = net radiation on crop surface
(M] m?day?)

G = ground heat flux (M] m?day!)

T = mean air temperature at a height
of 2m (°C)
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V, =wind speed ata height of 2m (ms™)
e, = equilibrium vapour pressure
or saturated vapour pressure at air
temperature (kPa)

e, = real air vapour pressure (kPa)

e - e = air vapour pressure deficit (kPa)
A = slope of the equilibrium vapour
pressure curve (kPa °C?)

Y = psychrometric constant (kPa °C1).

These  variables and  physical
parameters were determined following
the method outlined in FAO-56, which
provided daily estimates of reference
evapotranspiration in the 12 stations
(ET,PM). They were used to calibrate
(period  2008-2011) and validate
(period  2012-2014) the different
adjustment coefficients proposed for the
Hargreaves equation.
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Hargreaves Equation

The Hargreaves-Samani equation
(1985) was used to determine ET (ET,HG)
as a function of the extraterrestrial
radiation (Ra; mm day'), and the mean

(Tmed; °C), minimum (Tmm; °C) and
maximum (7__; °C) air temperature.
(2)
ET)HG=C R (T, +17.78)T,, +T,.)""
where:

C = 0.0023, represents the Hargreaves
coefficient.

Local calibration of the Hargreaves
equation

Calibration by means of the annual
adjustment coefficient

A calibration of the HG method was
carried out using the C_ annual adjustment
coefficient for each station.

The adjustment was carried out by
calculating forced-origin linear regres-
sions from the daily calculated values of
ET,PM and ET,HG/0.0023 in the period
2008-2011. The values of C, substituted
0.0023 in (2), thus the HG equation
calibrated with an annual coefficient
(ET,HG ) was obtained.

Calibration by means of monthly
adjustment coefficients

The calibration was also performed
by means of monthly C. adjustment
coefficients for each station obtained by
forced-origin linear regressions from
daily calculated values of ET PMm,j and
ETOHGm,j/0.0023intheperiod2008-2011,
where ET,PMm,j and ET,HGm,j are the
daily ET values for the month j by PM and
HG, respectively.

222

Adjustment validation of the
Hargreaves equation

The equations calibrated with the
C and C . adjustment coefficients were
validated 1 usmg the 2012-2014 data series
for each of the stations (table 1, page 220)
that were not previously used for the
calibration. The results obtained with the
original HG equation (ET HG) were statis-
tically compared between their annual
(ET,HG,) and monthly (ETOHGmJ) calibra-
tions -expected values- and those calcu-
lated from the ET PM -observed values-
by, (i) the determination coefficient, R?
(ii) the mean bias error, MBE; (iii) the
root-mean-square error, RMSE, and (iv)
the absolute error, AE:

szy
RP=——7 (3)
szczy
RMSE = ZZ’:I (yi _xi)2 (4
\ n
MBE = M (5)
n

AE = Zi:l

YVi—X
n

where:
n = number of data
= the expected value of ET (ET HG,
ET HG,or ETHG, )
X= the observed value of ET, (ET,PM)
o, = the covariance of x and y
o = the typical deviation of x
o,= the typical deviation of y
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Regional calibration ofthe Hargreaves
coefficient

In order to determine one or more
variables that explain the variability of C,
among the stations, a sensitivity analysis
was carried out for different environ-
mental variables using linear regres-
sions. The mean annual variables that
were analyzed were: latitude, altitude
-station's altitude-, r., T.. T, P
(atmospheric pressure), V, R, R, HR
(relative humidity), AT (T__-T ) and AT/
T . For each station, a matrix of correla-
tions among these variables and C, was
calculated to determine which variables
exert the greatest impact to explain the

variance at a 99% confidence level.

RESULTS AND DISCUSSION

Application of the original
Hargreaves equation
The results of the statistical

comparison between ET,PM and ET,HG
are shown in table 2.

The determination coefficient R? was
higher than 0.80 for all the stations, with
a mean of 0.91. The statistical analyzes
(RMSE, MBE and AE) showed significant
errors. Considering all stations, the RMSE
varied between 1.034 and 0.49 mm day?,
withamean of0.80+0.18 mm day’, the MBE
varied between 0.698 and 0.077 mm day!
with a mean of 0.41+0.23 mm day ! and the
AEvariedbetween0.802and 0.375mmday!
with a mean of 0.63+0.14 mm day™.

The mean values of the MBE indicated
that ET HG overestimated ET,PM in all
stations. These results are similar to those
that Gavilan et al. (2006) obtained for
interior zones in southern Spain, where
the climate is semi-arid and local calibra-
tions of the HG equation are required.

Local calibration using annual
adjustment coefficients (C))

According to other similar studies
performed in arid and semi-arid regions
(10, 18, 22), annual coefficients for all
stations were lower than the original HG
coefficient (0.0023).

Table 2. Statistical results among daily ET values with the Penman-Monteith (ET PM)
and original Hargreaves (ET HG) equations.

Tabla 2. Resultados estadisticos entre valores diarios de ET, con Penman-Monteith
(ET,PM) y Hargreaves original (ET HG).

Station R? RMSE MBE AE
Chacras de Coria 0.88 1.034 0.686 0.802
Mendoza Aero 0.97 0.738 0.619 0.633
Mendoza Observatorio 0.80 0.998 0.173 0.716
Jocoli 0.88 0.898 0.460 0.656
Las Violetas 0.98 0.830 0.698 0.712
Tres Portefias 0.96 0.494 0.189 0.375
Junin 0.98 0.811 0.686 0.704
Los Campamentos 0.84 0.903 0.130 0.695
El Marcado 0.91 0.698 0.411 0.570
Las Catitas 0.94 0.485 0.077 0.376
Russell 0.94 0.706 0.427 0.536
Perdriel 0.83 0.980 0.379 0.801
Mean 091+0.06 | 0.80+0.18 | 0.41+0.23 0.63 £ 0.14

Tomo 50« N°2 e 2018 223



R. Aguilera et al.

C presented arather stable value ranging
between 0.0019 (Cha, LosCam, LasCat) and
0.0022 (Joc, LasVio, Maero, Per, 3P) and
a mean value of 0.0021. Figure 2, shows
the spatial variation of € in the Northern
oasis of Mendoza, although no clear spatial
behavioural pattern or possible relationship
with other geographic variables such as
altitude or latitude can be identified.

The results obtained agree with
those presented by Martinez Cob et al
(2004) for non-windy semi-arid regions
in Spain, where they proposed a coeffi-
cient of 0.0020, or with those obtained by
Vanderlinden et al. (2004) in interior areas
of southern Spain where the annual mean
of the adjustment coefficient was 0.0022.

Validation of the use of an annual coefficient

The determination coefficient (R?)
between ET HG, and ET PM was practi-
cally identical to that obtained with
the original HG, with no appreciable
differences in any of the stations (table 3,
page 225).

The RMSE improved considerably,
ranging between 0.96 and 0.26, with
a mean of 0.57 + 0.24 mm day®. The
adjustment bias was almost completely
eliminated, with the MBE ranging
between 0.17 and -0.03, with a mean of
0.04 + 0.07 mm day*.

Finally, the AE also improved considerably
when compared to that obtained with the
original HG, showing values between 0.69 and
0.21, with amean of 0.42 + 0.18 mm day .

The MBE values, close to zero,
demonstrated that the use of an equation
calibrated with an annual coefficient
eliminated the systematic overestimation
produced by the original HG in calculating
the daily ET.

Local calibration by means of
monthly adjustment coefficients (Cm'].)

Monthly coefficients showed a similar
pattern throughout the 12 stations (figure
3, page 225-226), with slight decreases
in value during the autumn months and
slight increases at the end of winter and
early spring.

Kilometers

40 20 0 40
- —

QOasis norte de Mendoza

€ coefficient value:

= 0.00190- 0.00195
= 0.00195- 0.00200
1 0.00200- 0.00205
= 0.00205- 0.00215
= 0.00210-0.00215
= 0.00215-0.00220

Figure 2. Map of annual coefficient values in the northern oasis of Mendoza.

Figura 2. Mapa de valores de coeficiente anual en el oasis norte de Mendoza.
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Table 3. Statistical results among daily ET values with Penman-Monteith (ET PM) and
Hargreaves calibrated with an annual coefficient (ET HG ).

Tabla 3. Resultados estadisticos entre valores diarios de ET con Penman-Monteith
(ET,PM) y Hargreaves calibrada con coeficiente anual (ET HG ).

ET HGa R? RMSE MBE AE
Chacras de Coria 0.88 0.624 0.024 0.448
Mendoza Aero 0.97 0.314 -0.030 0.247
Mendoza Observatorio 0.80 0.959 0.011 0.673
Jocoli 0.88 0.720 0.166 0.512
Las Violetas 0.98 0.300 0.019 0.229
Tres Portefias 0.96 0.448 -0.024 0.310
Junin 0.98 0.260 0.032 0.206
Los Campamentos 0.84 0.895 -0.015 0.662
El Marcado 0.91 0.497 -0.004 0.369
Las Catitas 0.94 0.469 -0.007 0.353
Russell 0.94 0.501 0.126 0.358
Perdriel 0.83 0.885 0.143 0.688
Mean 0.91+0.06 | 0.57+0.24 | 0.04+0.07 | 0.42+0.18
Cm,j Cha Cm,j EIMar
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0.0027 0.0027
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Figure 3. Evolution of monthly coefficients (ij).
Figura 3. Evolucién de coeficientes mensuales (Cm,j)'
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Figure 3 (cont.). Evolution of monthly coefficients (C ).

Figura 3 (cont.). Evolucién de coeficientes mensuales (Cm,j)'
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This variation was similar to the
intensity of the Zonda wind (21), whose
variability throughout the year presents
the same behaviour.

In general, the Cmeere also lower than
the original HG value (0.0023), with the
exceptions of the Joc, Per and 3P stations
where it was exceeded by the end of
winter when the Zonda wind reaches its
maximum intensity.

Validation of the use of monthly coefficients

Calibration by means of monthly coeffi-
cients virtually reduced the adjustment
bias (mean of the MBE of 0.04 + 0.07)
eliminating the systematic overestimation
produced by the original HG. Additionally,
the values of RMSE and AE decreased
slightly with respect to the calibration
with the annual coefficient (table 4).

The improvement in RMSE and AE
is most significant in those stations
with greater monthly C, variability,
as is the case of the El Marcado and
Perdriel stations.

Regional calibration by means of
annual coefficients

An assessment of the correlation
performed among the different environ-
mental variables and the annual
adjustment  coefficient (C) showed
that wind speed is the variable that
best explains the higher percentage of
adjustment variance (R? = 0.64; figure 4,
page 228). Other authors also found a good
relationship between wind speed and the
HG coefficient. For a semi-arid region in
southern Spain Martinez-Cob and Tejero
(2004) used annual mean wind speed as
the parameter defining calibration groups
of the HG equation and recommended
not to perform a calibration when the
wind speed was over 2 m s due to the
good performance of HG with respect
to PM. Moreover, they suggested using a
coefficient of 0.0020 rather than 0.0023
for non-windy locations, where ET HG
overestimated ET PM with a mean error
of 14 to 20%.

Table 4. Statistical results of daily ET values with Penman-Monteith (ET PM) and
Hargreaves calibrated with monthly coefficients (ETOHGmJ).

Tabla 4. Resultados estadisticos entre valores diarios de ET con Penman-Monteith
(ET,PM) y Ha