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SUMMARY
From the beginning of the 2014 crop season several com-

mercial pepper fields in Poanas, Dgo., began to show plants 
with virus-like symptoms; by June, 2014, some of them were 
mechanically destroyed because the epidemic severity. Affected 
plants showed stunting with yellowish, curling up, deformation 
on leaves. Pods were small and deformed. Presence of vectors 
such as Bactericera cockerelli (Sulc.), Circulifer tenellus Baker, 
and Bemisia tabaci Genn. was confirmed in and around of sam-
pled fields. Tissue samples from plants showing symptoms of 
the diseases were taken to be tested against Beet mild curly top 
virus (BMCTV), Begomoviruses, phytoplasma, and Candidatus 
Liberibacter solanacearum. All the analyzed samples were ne-
gative to BMCTV and only 6% were positive to phytoplasma 
presence; Begomoviruses were detected in 16.9% of the sam-
ples. 24 samples resulted positive to Candidatus Liberibacter 
solanacearum.
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RESUMEN
Al inicio de la temporada de cultivo 2014 algunas parcelas 

comerciales de chile para secado en Poanas, Dgo., principiaron 
a mostrar plantas con síntomas aparentemente virales; para ju-
nio, 2014 algunas de esas parcelas habían sido mecánicamen-
te destruidas debido a la severidad de la epidemia. Las plantas 
afectadas mostraban enanismo, amarillamiento, “enchinamien-
to” y deformación de hojas. Los frutos eran pequeños y defor-
mes. La presencia de vectores como Bactericera cockerelli, 
Circulifer tenellus Baker y Bemisia tabaci Genn. fue confirmada 
dentro y alrededor de las parcelas muestreadas. Muestras de 
tejido de plantas que mostraban los síntomas de la enfermedad 
fueron colectados para ser probados contra Beet mild curly top 

virus (BMCTV), Begomovirus, fitoplasmas y Candidatus Libe-
ribacter solanacearum. Todas las muestras analizadas fueron 
negativas a BMCTV y solamente 6% fueron positivas a fitoplas-
mas; Begomovirus fueron detectados en 16.9% de las mues-
tras. 24 muestras resultaron positivas a Candidatus Liberibacter 
solanacearum.

Palabras clave: Síntomas, incidencia, severidad, Mirasol.

INTRODUCTION
Dried chile pepper (Capsicum annuum L.) is an important 

crop in the north center region of Mexico where the state of Du-
rango is located. Pepper plants in this area are infected by com-
mon diseases such as Phytophthora wilt (Phytophthora capsici 
L.), bacterial spot (Xanthomonas campestris pv. vesicatoria) 
and powdery mildew (Oidiopsis spp.). However, since the be-
ginning of the 2014 crop season plants in commercial chile pe-
pper (Mirasol type) fields in the Poanas municipality of Durango, 
began to show symptoms that resembled those provoked by a 
severe viral infection such as stunting, mosaic and deformed 
growth tips. By June, 2014, only 45 – 60 days after transplant, 
several pepper fields were mechanically destroyed because the 
epidemic severity. Yield in affected commercial pepper fields 
was believed to be so low that harvest would not be economi-
cally feasible. Although the symptomatology has been observed 
in previous crop seasons, the incidence and severity peaked 
during the current crop season. Farmers sprayed their pepper 
fields with a wide range of insecticides to control the spread of 
epidemic with poor results. Failure of the control measures may 
be explained by the lack of knowledge of the disease, its causal 
agent (s), potential vectors and weather factors involved in the 
epidemic. In the other hand, the more important growing area of 
dried pepper in Mexico is found in the state of Zacatecas situa-
ted less than 100 km from the “hot” region in the Poanas muni-
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cipality, consequently, the risk of a major outbreak is latent. The 
aim of this work was a) to describe the symptoms associated to 
the disease, and b) to identify the pathogens in diseased pepper 
plants as well as to confirm the presence of potential vectors in 
this region.

MATERIALS AND METHODS
Surveys were carried out during June – August, 2014, in 

commercial pepper fields to collect diseased plants and to con-
firm the presence of potential insect vectors within and around 
pepper fields, such as leafhoppers, psyllids and white fly, an 
entomological net was used. To describe the associated symp-
tomatology, three damage categories (initial, mild and severe 
damage) were set up. In a limited number of pepper fields the 
disease incidence as well as disease severity in individual plants 
were recorded. 

Tissue samples from plants showing symptoms of the disea-
ses were taken to be tested against Beet mild curly top virus 
(BMCTV), Begomoviruses, phytoplasma, and CLS using mole-
cular techniques.

Total DNA was isolated from 100 mg of leaf plant samples 
with symptoms using the method described by Dellaporta et al. 
(1983). DNA pellets were dissolved in 50 μL of Tris-EDTA buffer 
(10 mM Tris-HCl, 1 mM EDTA, pH 8.0) with 0.5 μL of RNaseA 
(10 mg/ml) and incubated in a water bath at 37°C for 30 min. 
DNA was resuspended in 100 µL of TE buffer (0.01 mM Tris-
EDTA, pH 8.0) and 100 µL of 100 % ethanol and was stored at 
-20 °C for subsequent use. 

To detect BMCTV by PCR following oligonucleotides were 
used: BMCTV CP4f (5’-CAG TAT CGA CCA GTT GTT T-3’) 
and BMCTV CP6r (5’-CTC TTC GAA TAC GAT AAG TAG-3’) 
(Creamer et al., 2005), which are used to amplify a portion of 
the gene that encodes the protein of the capsid virus. For the 
reaction, 5-10 ng of the mold and 20 µL of a reaction consisting 
of 0.250 µM of each primer, 3 units of Taq DNA polymerase 
(Promega, Madison, USA), 250 µM dNTPs, 2 µL of the buffer 
for Taq 10X (15 mM Mg2Cl, 2 100 mM Tris-HCl (pH 9), 500 mM 
KCl, 1.1 % gelatin) and 3 mM MgCl were used. PCR reaction 
consisted of: 35 consistent cycles at 94 °C during 30 sec, 59 °C 
during 60 sec and 72 °C during 90 sec and a final extension of 
72 °C during 5 min. 

While for the diagnosis curtovirus identification the primers 
combination RepQEW-for/CP450-rev (Velásquez-Valle et al., 
2012a) was used, the composition of the reaction mixture for 
PCR was the same and it was consisting of: Taq DNA polyme-
rase 1X buffer, 1.5 mM Mg2Cl, 0.2 mM dNTPs, 2 oligonucleo-
tides 2 1M, Taq polymerase 2.5 UT, 1g DNA. The conditions 
for viral DNA amplification were: initial denaturation at 94°C/2 
min and 35 cycles consisting of an initial temperature of 94°C/1 
min, an temperature of alignment 55°C/1 min, an extension of 
72°C/1min, and a final extension of 72°C/5 min. The amplifica-
tion BMCTV and Curtovirus products, were separated on 2 % 

agarose gels, stained with ethidium bromide and visualized by 
ultraviolet light on a SIGMA T1201 instrument.

The phytoplasma were detected by amplifying the 16S rRNA 
gene. The oligonucleotides used for direct PCR were P1 5’- AA-
GAGTTTGATCCTGGCTCAGGATT -3’ and Tint 5’-TCAGGCG-
TGTGCTCTAACCAGC-3’ (Smart et al., 1996) and for nested 
PCR were R16F2n 5´-GAAACGACTGCTAAGACTGG-3´ and 
R16R2 5’- TGACGGGCGGTGTGTACAAACCCCG-3’ (Gun-
dersen y Lee, 1996). Regarding the reaction mixture for the 
nested PCR it was utilized 1 μL of the direct PCR and to a final 
volume of 25 μL. PCR was done using a programmable thermo-
cycler (Applied Biosystems) with 35 cycles of denaturation at 94 
°C for 1 min (95 °C, 3 min for first cycle), annealing at 56 °C for 
1 min and extension at 72 °C for 2 min (5 min for the final cycle). 
The PCR products obtained were reamplified with 35 cycles of 
denaturation at 94 °C for 1 min (3 min for first cycle), annealing 
at 55 °C for 2 min and extension at 72 °C for 2 min, and a final 
extension step of 72 °C for 5 min. PCR products were analyzed 
by electrophoresis in a 1% agarose gel and visualized by stai-
ning with ethidium bromide and UV illumination. DNA samples 
extracted from dry chili pepper tissues were used as template 
for PCR. Sterile water was used as negative controls.

For detection of Candidatus Liberibacter solanacearum-spe-
cific primers were used: OA2 / Oi2c (5’-GCGCTTATTTTTAATA-
GGAGCGGCA -3’ / 5’-GCCT CGCGACTTCGCAACCCAT-3 ‘), 
which were designed from the 16S rDNA region and to amplify 
a fragment of 1178 pb (Liefting et al, 2008; Liefting et al., 2009). 
PCR was performed according to Jagoueix et al. (1996) with 35 
cycles each at 92°C for 40 s, and 72°C for 90 s (annealing and 
primer extension at same temperature).

RESULTS AND DISCUSSION
Diseased pepper plants collected in Poanas, Dgo., expres-

sed a wide range of symptoms although three disease develop-
ment stages were distinguished; during the initial phase infected 
plants began the show an intense yellow discoloration in the leaf 
base that was frequently covering more than 50% of the leaf sur-
face; the growing tip above those yellow leaves showed severe 
chlorosis and mild rolling up leaves. Frequently these symptoms 
were only seen in youngest portion of the plant. Pepper plants 
in a mild disease stage showed symptoms involving the whole 
plant, such as general interveinal chlorosis, leaf blistering and 
mild rolling up leaves. In the third stage of the disease infected 
plants were stunted, the leaves were size-reduced, completely 
deformed and chlorotic. Pods below the presumably point of 
infection did not show symptoms and most of them had com-
mercial quality, however, pods situated above of the presumably 
point of infection were small and severely misshaped with no 
commercial value (Figure 1). Some of those plants also showed 
yellow elongated and crispy leaves characteristic of curtovirus 
infection (Velásquez et al., 2008). Even plants in the third stage 
of the disease continued to bloom, however, the resultant pods 
did not develop. Disease incidence in commercial fields ranged 
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from 7.8 to 66.9%. The percentage of symptomatic plants with 
pods was 94.4 and 66.7% for the fields 1 and 2 respectively, 
however, it should be noticed that most of the pods located 
above of the point of infection would be small and deformed, 
with no commercial value (Figure 2). Preliminary damage eva-
luation revealed that the number of pods and its weight among 
symptomatic plants and fields is highly variable: the number of 
pods /plant in the field 1 ranged from 1 to 21 [mean: 5.6; Stan-

dard deviation (SD): 5.3] while in the field 2 varied from 1 to 11 
(mean: 4.2; SD: 2.9). The fresh weight of pods/plant in the field 
1 ranged from 1 to 82 g (mean: 23.3 g; SD: 26.2) while in the 
field 2 varied from 1 to 39 g (mean: 9.3 g; SD: 13.8). High values 
of SD show that the variability in the pod number and weight 
among infected plants and fields may be due to the infection 
time; plants infected at the very beginning of the season would 
be more damaged. 

Figure 1. Pepper plant showing CLS infection symptoms.

Figure 2. Pods of pepper showing deformation associated to CLS infection.
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Presence of RNA viruses was not tested since Camacho-
Tapia et al. (2011) reported negative results for those pathogens 
in pepper plants showing similar symptomatology in Yurecuaro, 
Michoacán. Although the incidence of curtoviruses in the neigh-
bor states of Chihuahua and Zacatecas (Robles- Hernández 
et al., 2011; Velásquez-Valle et al., 2008) has already been 
mentioned and in spite of the ocurrence of typical symptoms, 
the presence of BMCTV was not detected in none of the sam-
ples; phytoplasma infection was positive (visualized as a band 
around 1200 pb) in only 6% of the analyzed samples (Figure 
3), while the presence of begomoviruses was found in 16.9% 
of the samples (visualized as a band around 600 pb) (Figure 
4). In the other hand, 24 pepper samples resulted positives to 
Candidatus Liberibacter solanacearum (visualized as a band 
around 1168 pb) (CLS) (Figure 5). CLS is a non-culturable, rod-
shaped, Gram negative bacteria that inhabits the phloem tissue; 
its transmission occurs by grafting and psyllid insect vectors; po-
tato, tomato, pepper and other solanaceous plants are among 
its more economically important hosts (Liefting et al., 2009).CLS 
co-occurs with B. cockerelli in Canada, USA, México, Guate-
mala, and Honduras, however, it may also be found in absen-
ce of the psyllid as occurs in carrot in Finland (Thomas et al., 
2011). The occurrence of this bacteria and its vectors in potato 
fields from several Mexican states has previously been registe-
red (Almeyda-León et al., 2008; Rubio et al., 2006) as well as 
the CLS-infection of Bell pepper plants in the states of Sinaloa 
and Michoacán (Munyaneza et al., 2009; Camacho-Tapia et al., 
2011), these plants exhibited similar symptoms to those shown 
by the pepper plants in Durango. Mixed infections are a com-
mon phenomenon in dried pepper in the north center of Mexico, 
involving RNA viruses, begomoviruses, curtoviruses (Reveles-
Torres et al., 2012; Velásquez-Valle et al., 2012c), therefore, it is 
possible for future researches, to find more than one pathogen 
infecting plants with the symptomatology above described.    

The presence of virus, bacteria, and phytoplasma vectors 
such as Bactericera cockerelli (Sulc), Circulifer tenellus Baker, 
and Bemisia tabaci Genn. was confirmed in and around of sam-
pled fields. Remarkably, the three vectors were caught within 
the pepper field in the same sampling date; this could indicate 
that pepper plants may be reinfected several times during the 
crop season and that late transplants could not escape to the 
infection because a high vector population; besides, the pre-
sence of the vectors also may reflect the failure of the chemi-
cal control. The psyllid B. cockerelli has been mentioned as a 
vector of the bacterium Candidatus Liberibacter solanacearum 
(CLS) (Buchman et al., 2011) while the leafhopper C. tenellus 
and the white fly B. tabaci have been recognized as curtovirus 
and begomovirus vectors respectivelly (Trejo-Saavedra et al., 
2013; Munyaneza y Upton, 2005). C. tenellus has previously 
been reported in the dry pepper production area of Zacatecas 
(Velásquez-Valle et al., 2012b), near to the Durango´s pepper 
production region.

 Although B. cockerelli populations are endemic in the pe-
pper fields in the north center region of Mexico, there is no re-
ports about a severe CLS outbreak in this pepper growing area 
of México. The occurrence of both, pathogen and vector in this 
area may lead to more destructive outbreaks in a susceptible 
host like C. annuum Mirasol type. Durango´s pepper farmers 
expressed that the seed used in Poanas came from the state of 
Zacatecas, consequently, the pepper germplasm in Zacatecas 
may be susceptible to CLS.

To our knowledge this is the first report of Candidatus Libe-
ribacter solanacearum infecting dried chile pepper plants in the 
north center of Mexico. To continue with Koch´s postulates is 
strongly recommended to confirm CLS as the causal agent of 
the observed symptomatology.

Figure 3. Gel electrophoresis of Phytoplasm products from nested PCR performed on DNA extracted from dried 
pepper samples using the primers pairs P1/Tint and R16F2n/R16R2. Line 1, 1 kb plus DNA ladder (Invitrogen Life 
Technologies); line 9 positive dried pepper samples; line 11, positive control and line 12 negative control (sterile 

water).



AGROFAZ

PRODUCCIÓNAGRÍCOLA

97

Figure 4. Gel electrophoresis of begomoviruses products on DNA extracted from dried pepper samples using the 
primers pairs CP4f and CP6r. Line 1, 1 kb plus DNA ladder (Invitrogen Life Technologies); lines 6,7,8 y 9 positive 

dried  pepper samples; line 11 negative control (sterile water) , lines 12 and 13, positive controls.

Figure 5. Gel electrophoresis of Candidatus Liberibacter solanacearum products on DNA extracted from dried 
pepper samples using the primers pairs OA2 and Oi2c.

CONCLUSIONS
Pepper plants showing symptoms like stunting, chlorotic, de-

formed leaves, and small, misshaped pods were infected with 
Candidatus Liberibacter solanacearum.

Other pathogens like as phytoplasma and begomoviruses 
were detected in symptomatic pepper plants, although its low 
incidence may discard them as causal agents of the disease.

Presence of Bactericera cockerelli (Sulc.) vector of  Candi-
datus Liberibacter solanacearum in the region of Poanas, Dgo., 
may facilitate new outbreaks of the disease.  
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RESUMEN
Con el objetivo de proponer un análisis de evaluación de la 

calidad de datos de precipitación, mediante métodos gráficos y 
estadísticos, se estudió la información registrada en 13 estacio-
nes ubicadas en las subcuencas del Río Nazas – Rodeo y Arro-
yo de Naitcha para el periodo de 1974 a 2009. El primer análisis 
gráfico muestra las estaciones que presentan mayor tiempo de 
datos continuos, que son las estaciones “10021” del municipio 
de Indé y “10049” de San Pedro del Gallo, así como la estación 
“10155” Radar, Palmito. También, se ajustó mediante un análi-
sis de doble curva masa la estación problema “10140” El casco, 
empleando un factor de corrección de 0.92, que se obtuvo de la 
relación entre las pendientes del patrón y datos observados de 
la estación. El coeficiente de correlación de Spearman detectó 
que no existe tendencia entre el orden en que se tomaron las 
observaciones y el incremento (o decremento) en magnitud de 
los datos de la serie. Finalmente, de 13 estaciones se consideró 
que solo 5 cumplen con el criterio de calidad de porcentaje de 
información completa, periodos sin vacíos más largos y sin ten-
dencia en relación al orden cronológico en la toma de los datos.

PALABRAS CLAVE: Curva doble masa, Coeficiente de co-
rrelación de Spearman, Análisis gráfico.

SUMMARY
The goal of this article was to propose the assessment of 

quality of rainfall data with statistical and graphic methodolo-
gies. We studied the information of 13 weather stations located 
in the watersheds Río Nazas –Rodeo and Arroyo Naitcha in the 
period of 1974 to 2009. The first graphic analysis shows the 
stations with the longest continuous data, which are “10021” in 
the town of Indé and “10049” in San Pedro del Gallo as well as 
“10155” in Radar, Palmito. Also we adjusted by double mass 

curve technique the station “10140” El casco; the correction fac-
tor was 0.92, wich was obtained from the relation between the 
pattern slopes and the observed data. Finally, they were detec-
ted only five stations of a total of 13 stations that accomplish 
with the quality criteria of percentage complete information, pe-
riods without longer data gaps and without trend related to the 
chronological order in data collection. 

KEY WORDS: Double mass curve technique, Spearman’s 
rank correlation coefficient, Graphic analyse. 

INTRODUCCIÓN
El clima es por naturaleza variable, debido a que en el influ-

yen distintos factores como el relieve, latitud, corrientes mari-
nas, etc. (Zúñiga y Crespo, 2010) y uno de los elementos prin-
cipales del sistema climático es la precipitación. Si además de 
considerar la variabilidad natural de la precipitación le agrega-
mos la incertidumbre climática debido al calentamiento global 
(Solomon et al., 2007), entonces se nos presenta una situación 
sobre la que debemos actuar; no tanto para reducir la incerti-
dumbre climática sino al menos conocer esa variabilidad para 
poder predecir y hacer inferencia sobre la inminencia de lluvia.

Una de las limitaciones de muchos países para profundizar 
en el análisis de precipitación es la disponibilidad de datos cli-
máticos de buena calidad, en particular datos de precipitación 
en forma de series de tiempo de larga duración (al menos de 20 
años) (Guenniet et al., 2008; Díaz, 2006). En México la principal 
entidad que realiza monitoreos climatológicos es la Comisión 
Nacional del Agua, manejando estaciones con información de 
más de 30 años, sin embargo, existen datos faltantes y/o atí-
picos, los cuales afectan la calidad de los datos (Merlos et al., 
2014; Castro y Carvajal, 2010).
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Existen diversas pruebas para evaluar la calidad de informa-
ción meteorológica. Las pruebas para detectar falta de homoge-
neidad en datos geofísicos tienen una larga historia. Algunos de 
los más viejos y bien conocidos son la técnica de la doble curva 
masa (Bruce y Clark, 1966) y distintas pruebas paramétricas 
(Lindgren, 1968; Alexandersson y Moberg, 1997). El método de 
curva doble masa se utiliza para “detectar y corregir alteracio-
nes técnicas como cambio de operador, de localización o de las 
condiciones adyacentes. Verifica la consistencia del registro en 
una estación comparando la precipitación acumulada bien sea 
anual o estacional, con valores concurrentes, de precipitación 
media para un grupo de estaciones localizadas en los alrededo-
res” (De la Lanza et al., 2007).   

En el presente estudio se tuvo como objetivo proponer un 
análisis de evaluación de la calidad de datos de precipitación, 

mediante métodos gráficos y estadísticos que permitan el uso 
de la información de manera eficiente y sencilla.

MATERIALES Y MÉTODOS
El estudio se realizó para las subcuencas del Río Nazas – 

Rodeo y Arroyo de Naitcha, que se encuentran ubicadas entre 
los paralelos 25°  y 25° 48’ Latitud Norte y los meridianos 104° 
y 105° Longitud Oeste (Figura 1). El área de estudio es un total 
de 546,018.6 hectáreas. Las estaciones a las que se les realizó 
el análisis de calidad fueron 13 y se enlistan en el Cuadro 1. Se 
realizaron dos propuestas de análisis de calidad de datos de 
precipitación de tipo gráfico y uno de tipo estadístico, ambos 
para el período del 1 de enero de 1974 al 31 de diciembre del 
2009. La información se obtuvo a partir del software ERIC III 
(IMTA, 2009).

Figura 1. Localización de estaciones y área de estudio.
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Cuadro 1. Estaciones consideradas en el análisis de calidad de datos de precipitación. 

Las propuestas de tipo gráfico, se ilustran en las Figuras 
2 y 3. La primera consiste en “Líneas de tiempo” que se utili-
zan para detectar la existencia de datos faltantes y registrados, 
así como la longitud temporal de los mismos (esto es de gran 

ayuda para realizar estudios en donde es necesario emplear 
estaciones con datos que compartan el mismo periodo de es-
tudio); la coloración gris indica existencia de datos y la negra, 
ausencia. 

Figura 2. Líneas de tiempo de las estaciones en estudio y detalle de registro de datos. El color negro indica au-
sencia de datos (8 datos seguidos faltantes es la menor escala que se puede observar en el esquema).
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El otro análisis gráfico propuesto (Figura 3) es una modifi-
cación de curvas de doble masa, que consiste en graficar las 
precipitaciones acumuladas de una estación problema y otra 
considerada patrón, que en realidad es un promedio de esta-
ciones cercanas a la estación que se ajustará. Las estaciones 
patrón fueron “10072”, “10132” y “10049”, así, la estación pro-
blema fue la “10140” (ver Figura 1).

Para realizar el análisis estadístico se empleó la correlación 
de Spearman con el fin de comprobar que no existe tendencia 
en la serie, es decir que no hay correlación entre el orden en 
que se tomaron las observaciones y el incremento (o decre-

mento) en magnitud de los datos de la serie (Dahmen y Hall, 
1990). La ecuación es la siguiente:

Donde i es el número de orden de la variable en orden cro-
nológico y Ri es el número de orden de la observación de la 
serie cronológica original que ocupa la variable ordenada en 
forma ascendente o creciente. 

Para verificar que no existe tendencia, el valor de p será 
igual a 0, de lo contrario, p < > 0 si existe tendencia.

Figura 3. Curva doble masa (análisis para la estación problema 10140).

RESULTADOS Y DISCUSIÓN 
La representación gráfica de cada una de las estaciones se 

denomina “Línea de tiempo”, la cual nos ilustra que las estacio-
nes con el mayor historial de información son solo cinco de un 
total de 13 estudiadas (para el período 1974 – 2009); dichas es-
taciones son las “10021”, “10049”, “10053”, “10098” y “10072”, 
que se ubican en los municipios de Indé, Nazas, San Pedro del 
Gallo, Rodeo y San Pedro del Gallo, respectivamente. Después 
de una revisión de los datos se tiene que los porcentajes de 
información completa son del 96% para la estación “10021”, 
97%, para la “10049”, 95% para la “10053”, 94% para “10098” 
y 96% para la estación “10072” (ver Cuadro 1).

Las estaciones que presentan mayor tiempo de datos conti-
nuos son las estaciones “10021” y “10049”, con lecturas desde 
mediados de 1990 hasta finales del 2005 en la “10021” y desde 
finales de 1974 hasta mediados de 1992 en la “10049”. Cabe 
resaltar que, en cuanto a datos faltantes, todas las estaciones 

presentan el mismo vacío en el último tercio del año 2009. Otro 
aspecto importante a considerar es por ejemplo, en la estación 
“10155” cuya información completa es del 66.7% (aparente-
mente de baja calidad de información), presenta el periodo más 
largo con existencia de datos (1981 – 2000), que pudiera ser 
de gran utilidad para trabajar en coincidencia temporal con las 
demás estaciones (ver Figura 2).

El análisis de curva de doble masa se muestra en la Figura 
3, donde la precipitación acumulada varía en la cercanía con 
la línea patrón (azul); dichas variaciones son señaladas con 
círculos punteados y son los valores que se ajustaron con el 
factor de la relación entre la pendiente del patrón (m1) y la de la 
línea de los datos de la estación problema (m2) (10140) en el 
periodo del 1° de enero de 1992 al 30 de noviembre de 1999. 
El factor de corrección fue de 0.92. Así mismo, los valores de 
0 se ajustaron a la línea patrón. La comparación gráfica de la 
estación problema ajustada y las estaciones patrón se muestra 
en la Figura 4. 



AGROFAZ

RELACIONES AGUA-SUELO-PLANTA

103

Figura 4. Curvas doble masa de la estación 10140 ajustada y su comparación con las demás estaciones.

El coeficiente de correlación de Spearman para las esta-
ciones con mayor porcentaje de información completa (Cuadro 
2) mostró que no hay correlación entre el orden en que se to-

maron las observaciones y el incremento (o decremento) en 
magnitud de los datos de la serie.

Cuadro 2. Coeficiente de correlación de Spearman para las estaciones con mayor porcentaje de                               
información completa.

CONCLUSIONES
Se propuso un análisis de evaluación de la calidad de da-

tos de precipitación mediante métodos gráficos y estadísticos. 
Respecto a los métodos gráficos, se elaboró una representa-
ción esquemática de cada una de las estaciones, la cual es útil 
para detectar la información completa e incompleta, así como la 
variabilidad temporal y comportamiento cronológico; cabe des-
tacar, que este esquema es útil para cualquier otro tipo de infor-
mación meteorológica, como temperaturas o radiación solar. El 
esquema es especialmente útil cuando se requieren datos de 
distintas estaciones pero en la misma temporada.

El análisis en general muestra tres estaciones en el área de 
estudio que presentan datos continuos hasta de 15 años y al 
menos cinco con información completa arriba del 94% (de un 
periodo de 35 años); asimismo, se comprueba que no existe 
tendencia en los datos conforme avanza cada año.
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