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INTRODUCTION 

Although precise estimates of effects of drought on bean production 

are difficult to obtain, moderate to severe drought stress is thought to 

occur in over 60% of bean production regions in developing countries, and 

drought i8 probably rivaled in importance on1y by prob1ems of soi1 

ferti11ty as a factor 1imiting bean yie1ds. Although nobody expects that 

common beans (Phaseo1us vu1garis) wi11 grow in the complete absence of 

water, there is much interest in trying to increase hean yie1ds under 

drought conditions. Many natlona1 bean progrants are involved in drought 

research, and CIAT has studied drought tolerance almost sinee the onset of 

its research on bean physiology. 

Recognizing this interest and the need to bring researchers together 

to dlscuss resulta of their efforts and to suggest priorltles fer future 

work, a workshop was organized to review research on drought tolerance in 

cDmmon besna. The original objectives of the workshop were stated as: 

l. Review drought problems in besns, considering the following: 

a) Characterization of drought in different regions 

b) The farmer's view of drought problems 

e) Drought physiology 

d) Solutions to drought problems 

drought tolerance 

agronomic practices 

2. Formulate strategies for reducing the impact of drought in bean 

production, including p1ans for collaboration among national programe. 

How well these objectives were met may be determinad from the papers 

presented and from the conclusions provided at the end of this documento 



Regrettably, funds were not available to invite a larger number of 

participants. In one case a paper was prepared, but the participant could 

not attend for lack of travel support; t:his paper, by R. Rodriguez, has 

also been included. 

Jeffrey W. White 

Workshop Coordinator 
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EFECTOS DE SEQUIA EN CARACTERISTICAS MORFOFISIOLOGICAS EN 

GENOTIPOS DE FRIJOL EN DOS LOCALIDADES DE DURANGO, MEXICO! 

Francisco Ibarra* 

Introducción 

La agricultura de secano de la zona semiárida de altura del Norte 

Centro de México, se caracteriza por tener bajas producciones con alta 

variabilidad a través de la zona y del tiempo. Esto es debido 

principalmente, a la escasez de agua de lluvia y su mala distribución. as! 

como también a la degradación del suelo. Bajo estas condiciones anualmente 

se siembran 1 '250,000 hectáreas en 108 estados de Zacatecas, Durango, 

Chihuahua, Aguascalientes y San Luis Potosí. En años cuando la escasez de 

agua de lluvia es severa, se puede perder hasta el 60% de la superficie 

sembrada. 

Para resolver el problema de sequía se requiere de un enfoque 

multidisciplinario con el objeto de aumentar la producción y productividad 

del fr!jol mediante el uso eficiente del agua de lluvia disponible durante 

el ciclo de cultivo (mayo-octubre), As!, el Campo Agrícola Experimental 

"Valle del Guadiana" (CAEVAG) del Instituto Nacional de Investigaciones 

Forestales y Agropecuarias (lNIFAP) está llevando a cabo un proyecto de 

investigación, el cual considera alternativas de solución que incluyen 

aspectos tanto de mejoramiento genético-fisiológico, donde se pretende 

seleccionar plantas resistentes a sequía, como aspectos de manejo de suelo 

1 Como parte del proyecto cooperativo INIFAP!MSU/CRSP. 

* Investigador del Programa de Fríjol CAEVAG-INIFAP, Apartado Postal 
186, Durango. México. 
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que favorezcan la captación, conservación y aprovechamiento del agua de 

lluvia. 

Para resolver los problemas de sequía desde el punto de vista planta, 

se ha optado principalmente, por trabajar en mejoramiento 

genético-fisiológico, can un esquema de trabajo que permita por una parte 

evaluar y seleccionar una gran cantidad de plasma germinal, as! como el 

entendimiento de los mecanismos de resistencia a sequía de los genotipos 

seleccionados. Así pues, mientras se lleva a cabo la evaluación extensa de 

germoplasma, tanto mexicano como de otras fuentes en la búsqueda de 

progenitores y/o variedades resistentes a sequía, se tienen estudios para 

determinar los efectos del tipo de sequía que las plantas de fríjol 

enfrentan en la zona semiárida de altura de México. 

Como parte de este proyecto se estableció un estudio con 12 genotipos, 

para determinar los efectos de sequía inducida en la etapa de floración 

sobre caracteres fenológicos, morfológicos, fisiológicos, así cama en 

algunos componentes de rendimiento. Además, se esperaba determinar la 

relación de los caracteres estudiados con los mecanismos de resistencia a 

sequía y con rendimiento en fríjol. 

Revisión de Literatura 

Bajo condiciones de campo, 

negativos durante alguna etapa de 

muchos cultivos experimentan efectos 

su ciclo de vida, debido a la sequía. 

Consecuentemente, incrementando la adaptación de las plantas a sequía sería 

un componente importante en el mejoramiento de los programas de 

investigación agrícola. Adaptación de las plantas es definido en 

diferentes formas dependiendo del tipo de planta, ambiente y el uso que 

tendrá dicha especie. Hall (1981) define adaptación como la producción de 

altos promedios de rendimiento de grano, así COmo alta estabilidad del 

mismo en especies como chícharo de vaca (Vigna unguiculata). 
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Para definir el concepto de sequía, hay que considerar la especie de 

planta que se trata, de las condiciones ambientales del lugar y de las 

interacciones importantes de la relación agua-suelo-planta-atmósfera. Una 

definición de sequía muy amplia, y que es consistente con los conceptos 

ampliamente usados de escape, evasión y tolerancia a sequía la sugiere Hall 

(1981) como la ocurrencia de un déficit substancial de agua en el suelo, 

planta y atmósfera. 

Una aproximación empírica, basada en la evaluación de rendimiento bajo 

condiciones de campo, son componentes esenciales en 108 programas de 

mejoramiento de cultivares. Hurd (1974) desarrolló cultivares mejorados de 

trigo seleccionando por rendimiento en localidades libres de lluvia. 

Desafortunadamente. evaluación de rendimiento en condiciones semiáridas es 

menos exitosa que en una agricultura intensiva, debido principalmente a 

variaciones substanciales tanto en severidad y período de la sequía. 

Mejoramiento convencional de los cultivos pudieran ser suplementados usando 

índices de adaptación a sequía basados en características fenológicas, 

morfológicas, anatómicas, fisiológicas, y bioquímicas para facilitar la 

selección de progenitores, así COmO material segregante, (Hall, 1981). 

La resistencia a sequía se puede considerar como una acción combinada 

de tolerancia, evasión y escape. Escape a la sequía. se manifiesta cuando 

las plantas completan su ciclo de vida durante cortos períodos cuando el 

agua es disponible en ambientes semiáridos. Las plantas que utilizan el 

mecanismo de evasión intentan mantener un nivel normal de agua en los 

tejidos en la presencia de sequía ambiental. La planta que mantiene mas 

alto el potencial hídrico (el valor mas cercano a O) tiene un valor mas 

alto de evasión a sequía. Tolerancia a sequía es definido en el sentido de 

que el funcionamiento de la planta es mantenido en presencia de dl!ficits 

hídricos. Por 10 tanto, se puede decir que las plantas adaptadas 

exhibirían un balance entre los niveles de tolerancia a sequía y evasión a 

sequía. Así. una planta que exhibe poca eVB.sión a sequía sería benéfica 

por su habilidad para mantener el funcionamiento de la planta a pesar de 
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estar desarrollando deificiencias hídricas en su sistema, (Hall, 1981). 

En lo que respecta a las respuestas de las plantas a condiciones de 

sequía, la magnitud de la reducción en la producción de grano as! como 

materia seca, depende en buena extensión de la etapa fenológica más 

susceptible del cultivo, como el espigamiento en maíz (Slatyer, 1967) Y 

pocos días antes de la antesls en trigo (Fisher, 1973), para cultivos 

indeterminados como el fríjol y chícharo de vaca, los efectos de la sequía 

en el rendimiento de grano durante etapas específicas de crecimiento, 

dependen de subsecuentes condiciones ambientales. Turk et al. (1980) 

utilizando la especie Vigna unguiculata observaron que una sequía moderada 

durante la floración causó una substancial abscisión de flores y pequeñas 

vainas; también, las plantas rápidamente entraron a senescencia para 

producir un temprano y reducido rendimiento de grano, situación que es muy 

similar en el fríjol común (Phaseolus vu1garis L.) como se demuestra en los 

estudios de Acosta et al. (1981). 

Cuando las plantas son expuestas a un amplio rango de condiciones 

atmosféricas y ediíficas, ciertos procesos fisiológicos y características 

morfológicas proporcionan un amortiguamiento en contra de condiciones 

ambientales extremosas. Así, cuando una planta pierde agua hacia la 

atmósfera. el potencial hIdrico disminuye en el sit:\.o de evaporac:\.ón. Los 

estomas generalmente no responden a las reducciones en el potencial hídrico 

necesario para mantener el flujo de transpiración, a menos que el potencial 

hídr1co de la hoja caiga por debajo de un punto crítico (umbral). Entonces 

el estoma comienza a cerrarse. Este umbral puede ser a potenciales 

hídricos típiCOS en plantas mesófitas que están entre -7 y -lB barias 

(Hsiao, 1973; Raschke, 1976). Así pues, el potencial hIdrico de la hoja y 

la conductancia estoma tal son usados solos o en combinación como 

importantes indicadores de sequía en el suelo. La relación entre estos dos 

parámetros no es única entre especies o aún dentro de especies, sino que 

depende de las condiciones del medio ambiente. 
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Carlaon et al. (1979) llevaron a cabo estudios en soya tratando de 

correlacionar el potencial hídrico y la resistencia difusiva de la hoja con 

mediciones en campo; no fue factible establecer una relación lineal, ya que 

el potencial hídrico de la hoja no influyó sobre la resistencia difusiva, 

sino hasta que los valores del potencial fueron muy bajos -13 a -14 barias. 

La resistencia difusiva aumentó rápidamente despuées de que el valor 

crítico fue excedido. 

Materiales y Métodos 

El estudio consistió de un experimento de campo establecido en dos 

localidades del estado de Durango, México. En la localidad del Campo 

Agrícola Experimental "Valle del Guadiana" (CAEVAG) se sembró el 12 de 

junio de 1986 en un suelo arcillo-arenoso con una precipitación acumulada 

de 695 mm durante el ciclo de cultivo. La fecha de siembra en la localidad 

de Francisco l. Madero fue el 9 de julio del mismo año, en un suelo migajón 

arcillo-arenoso, acumulándose 677 mm de mayo a octubre. 

Los genotipos utilizados en este estudio fueron previamente 

seleccionados a partir de un grupo de 1,500 genotipos evaluados en varias 

localidades de la zona semiárida de altura de México, tanto por su 

rendimiento, sanidad, adaptación y estabilidad en diferentes condiciones de 

humedad a través de localidades y años. En el Cuadro 

algunas características agronómicas, así como la 

procedencia. 

1 se pueden observar 

fuente genética de 

Los 12 genotipos se distribuyeron en cuatro repeticiones, dos de las 

cuales se cubrieron con plástico negro entre los surcos y así evitar el 

agua de lluvia a partir de los 45 d!as despúes de la siembra (DDS) en la 

localidad del CAEVAG. En Francisco 1. Hadero se utilizaron estructuras 

metálicas de 4 ro x 6 m cubiertas con polietileno transparente para evitar 

el agua de lluvia y así inducir sequía a partir de los 39 DDS. Las dos 

repeticiones restantes recibieron un riego de auxilio durante el período de 
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floraci6n para utilizarse como control. 

Se utiliz6 fertilizante comercial para la f6rmu1a 35-50-00, la cual 

fue aplicada al momento de la siembra. I.a parcela experimental fue de 3 

surcos de 5 m y 0.76 m entre surcos; de los surcos laterales se tomaron 

muestras para materia seca y del central para rendimiento de grano. 

Se tomaron datos en los 12 genotipos sólo en aquellas características 

que resultaron ser importantes de acuerdo al análisis multivariado 

realizado en 1985, sobre feno1ogía, morfología, fisiología y de componentes 

de rendimiento. 

Los datos fenol6gicos fueren días a floracion, a madurez fisio16gica y 

la diferencia entre estas dos etapas denominado período efectivo de 

reproducción. 

Datos morfológicos como materia seca total en floración y en madurez 

fisiológica, separando la materia seca de hojas, tallos y vainas cuando las 

hubo, siendo de 1 m el tamaño de la muestra. Además, se determin6 la tasa 

de crecimiento en la etapa reproductiva (g/pI/día) y del fruto también, así 

como el factor de remohilizaci6n de la siguiente manera: 

Tasa de cree. (etapa rep.) 

Tasa de cree. del fruto 

Factor de remobilización 

M.S. Total a M.F./Período efectivo de rep. 

= Peso de vainas/período efectivo de rep. 

= Peso del grano/M.S. total a M.F. 

Solamente en la localidad de Francisco l. Madero se determinaron como 

caracteres fisiológicos la conductancia 

y el potencial hídrico de la hoja 

estomatal (Automatic Porometer MK3) 

(usando la bomba de presión de 

Scholander), solamente en 4 de los 12 genotipos en tres ocasiones durante 

el período de sequía; la determinación de estos parámetros se llevó a cabo 

cada hora durante el día de muestreo entre las 7 y 19 horas, tanto en la 

condición de riego como en sequía. La conductancia estomatal se determinó 
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en cuatro trifolios, dos en la parte inferior y dos en la parte superior de 

la planta. El potencial hídrico se determinó inmediatamente después de 

usar el porómetro en 4 trifolios utilizando el mismo criterio que para la 

determinación de la conductancia estomatal. 

Con respecto a los componentes de rendimiento, sólo se determinó el 

peso de 100 semillas y el rendimiento de grano. 

Finalmente, se llevaron a cabo muestreos durante el ciclo para 

determinar la humedad del suelo en diferentes estratos 0-15, 15-30 Y 30-45 

cm por el método gravimétrico. Además, en Francisco l. Madero se utilizó 

el método radioactivo de dispersor de neutrones para determinar el 

contenido de agua del suelo en diferentes estratos hasta una profundidad de 

1.05 m, en sólo 3 de los 16 genotipos en 4 ocasiones durante el período de 

sequía. Para estimar el contenido volumétrico de agua (av) se utilizó el 

conteo relativo (CR), registrado en el dispersor, con la siguiente ecuación 

de regresión : 

6 = 
v 

119.56 + 0.163 (CR) 

El % de agua del suelo se determinó por medio de la relación del 0v y 

la densidad aparente promedio del suelo (1.6) bajo la siguiente fórmula: 

e 
v 

% de agua = 

Donde: 

Da = 
e = v 

Da 

Densidad aparente del suelo 

Contenido volumétrico de agua 
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Resultados y Discusión 

Con los datos obtenidos en campo se llevó a cabo el análisis 

estadístico como bloques al azar de un factorial 2x2. El factor A se 

refiere a dos condiciones de humedad (riego y sequía) y el factor B para 

genotipos con 12 niveles. Además, para el análisis de varianza se 

consideraron dos localidades. Los resultados del análisis están descritos 

en el Cuadro 2 solamente de aquellas variables que fueron comunes para las 

dos localidades. 

Con relación a los caracteres fenológicos días a madurez fisiológica 

(MF) y período efectivo de reproducción (PER) , el análisis estadístico 

indicó significanc1a (p = 0.01) entre condiciones de humedad (C) y para 

genotipos (G). La interacción CxG no fue significativa, pero la 

interacción LxG fue altamente significativa para las dos variables; sin 

embargo, la triple interacción LxCxG sólo fue altamente significativa para 

MF. 

El promedio de MF en la condición de riego fue similar para las dos 

localidades, encontrándose significancia (p = 0.01) entre localidades bajo 

sequía. En Francisco 1. Madero la sequía propició que los genotipos 

aceleraran su MF en forma significativa como es el caso de A 59 Y BAT 477 

(Cuadro 3). Por otra parte, al combinar las dos localidades se detectaron 

genotipos que aceleraron su MF al ser sometidos a sequía con respecto a 

riego. Esta respuesta se observó en tipos precoces como A 59 Y tardíos 

como Tlax-475. Lo anterior representa para algunos genotipos reducciones 

en el PER hasta de 9 días como en BAT 477 (Cuadro 4). Seleccionar 

genotipos precoces tiende a incrementar los rendimientos de grano durante 

años relativamente secos, pero reduce el potencial de rendimiento y la 

producción de grano durante años mas húmedos, situación que se debe 

considerar en el intento de seleccionar progenitores y/o variedades para la 

zona semiárida de altura de México, donde algunas veces es posible obtener 

lluvias en los meses de septiembre y octubre al final del ciclo de cultivo. 
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Con respecto a la producción de biomasa CB) y al factor de 

remobilización (FR) , el análisis estadístico indicó significancia entre 

condiciones CC), entre genotipos (G). para la interacción CxG y LxCxG 

solamente para la variable biomasa (Cuadro 2). 

La biomaaa total es uno de los caracteres cuantitativos que son 

afectados por déficits hídricos y en este estudio no fue la excepción. En 

el Cuadro 5 se puede observar que genotipos como Pinto Nacional-l, CIAT 

131/84, V 8025 Y Bayo Durango tuvieron reducciones significativas cuando se 

combinaron los datos obtenidos en las dos localidades. También hubo 

genotipos que respondieron similarmente al testigo Durango-222 que tuvieron 

reducciones en biomasa, pero no en forma significativa. En el mismo Cuadro 

5 se presentan los resultados combinados del factor remobilización, 

detectándose genotipos como Pinto Nacional-1 que remobiliza 

significativamente, tanto bajo riego (44%) como bajo sequía (43%), al igual 

que A 322 (41%) en ambas condiciones. Por otra parte, hay genotipos que si 

fueron afectados severamente por la sequía inducida para este carácter, tal 

es el caso de Negro Argel, A 59 Y T1ax-475. 

Caracteres morfológicos 

La tasa de crecimiento del cultivo y del fruto en la etapa 

reproductiva, fueron afectadas por la sequía inducida, cuando se comparó 

con el promedio de riego (Cuadro 6). Solamente A 59 Y Negro Puebla 

tuvieron tasas de crecimiento ligeramente mas altas bajo sequía que en 

riego. Además, fue notorio que Pinto Naciona1-l, Negro Argel y A 322 se 

vieron mas afectados que el testigo Durango-222. Por otra parte, la 

pérdida de peso en hojas y tallos en el período comprendido entre SS DDS y 

M.F., se utilizó para determinar la capacidad de remobi1ización de 

carbohidratos. El promedio en la pérdida de peso en hojas y tallos fue mas 

alto en riego (5.10 y 1.23 g/planta, respectivamente) que bajo sequía (3.46 

y 0.76 g/planta, respectivamente); sin embargo, Pinto Nacional-l y BAT 477 

perdieron más peso en hojas y tallos tan pronto se les sometió a sequía en 
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comparación con riego (Cuadro 7). 

Componentes de rendimiento 

El análisis estadístico señaló significancia para peso de 100 semillas 

y rendimiento de grano entre condiciones de humedad (C), entre genotipos 

(G) y para la interacció CxG, y solamente para la variable rendimiento se 

detectó significancia para la interacción de tercer orden LxCxG, no así 

para el peso de 100 semillas (Cuadro 2). 

Fisher and Wood (1979) han definido un índice de intensidad de sequía 

en trigo, como la unidad menos la relaci6n entre el promedio de rendimiento 

bajo sequía y el promedio de rendimiento bajo no sequía. Usando este 

índice, las intensidades de sequía fueron de 0.50 y 0.25 para CAEVAG y 

Madero, respectivamente (Cuadro 6). Ya que las intensidades de sequía 

fueron muy diferentes para cada localidad, esto permitió que los 

rendimientos de grano fueran afectados también diferentemente para cada uno 

de los genotipos. La respuesta de cada uno de los genotipos se determinó 

utilizando un índice de sequía, basado en el rendimiento bajo ambas 

condiciones de humedad. De acuerdo a Fisher et al. (1983) el índice de 

sequía (1S) para cada uno de los genotipos sería la relación entre su 

rendimiento bajo sequía y no sequía, relativo a la relación entre el 

promedio de rendimiento de todos los genotipos bajo sequía y no sequía. 

Así, el índice de sequía mayor de 1.0 sugiere resistencia relativa a 

sequía, y un índice menor de 1.0, susceptibilidad relativa a sequía. 

En el Cuadro 8 se presentan los datos de rendimiento por localidad por 

condición; se puede notar que A 424, Durango-222 (t) y BAT 477 forman un 

grupo de genotipos relativamente resistentes a sequía, ya sea cuando ésta 

ea intermedia (D = 0.50) O cuando es moderada (D = 0.25), ya que en ambas 

localidades mantienen un índice de sequía IS :> 1.0. Por otra parte, se 

detectaron genotipos como Pinto Nacional-l, A 322, C1AT 131/84 y Negro 

Puebla que son relativamente resistentes cuando la sequ!a es moderada, pero 
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si ésta se agudiza, estos genotipos tienden a ser relativamente 

susceptibles de acuerdo al índice de sequía. 

Mas aún, cuando se considera el promedio de las dos localidades, 

varios genotipos mostraron un alto potencial de rendimiento bajo la 

condición de riego de auxilio. En el Cuadro 9 se puede observsr que la 

media geométrica (X
G

) permite detectar genotipos con valores mas altos que 

el testigo Durango-222 (1,185 kg/ha), pero que no necesariamente tienen 

resistencia relativa a sequía, ya que sus IS fueron menores de 1.0, como 

Pinto Nacional-l (1,242 kg/ha) y Tlax-475 (1,336 kg/ha). Sin embargo, si 

fue posible detectar genotipos con respuesta similar al testigo, es decir, 

alto valor en la X
G 

de rendimiento y valores de IS:> LO, combinación 

deseable para que los genotipos A 424. A 322 Y CIAT 131/84 se consideren 

como resistentes a sequía. Sin embargo, V 8025 Y BAT 477 que tienen 

resistencia relativa a sequía no disponen de alto potencial de rendimiento. 

Se llevó a cabo un análisis de correlación lineal (r) entre el 

rendimiento de grano bajo sequía y las variables discutidas hasta ahora. 

Así, el análisis indicó que la relación entre el rendimiento de grano bajo 

ambas condiciones de humedad fue alta y positiva (r = 0.78), lo que sugiere 

que aquellos genotipos que se comportaron bien bajo riego, lo hicieron 

relativamente bien bajo sequía. Esto fue posible ya que los genotipos 

utilizados han sido seleccionados por su buena adaptación a sequía basada 

ésta, principalmente, en rendimiento de grano bajo una amplia gama de 

condiciones ambientales. Considerando que en este estudio no se incluyeron 

genotipos susceptibles a sequía, no se puede considerar la posibilidad de 

seleccionar para sequía en base a alto potencial de rendimiento bajo riego 

como se ha sugerido en otros estudios. 

Por otra parte, la correlación entre el período efectivo de 

reproducción y el rendimiento de grano, ambos bajo sequía, no fue 

significativa, a pesar de que mostró un valor intermedio (r = 0.50), 10 que 

permitiría hacer algunas inferencias acerca de la respuesta de los 
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genotipos bajo sequía (Cuadro 10). 

La ausencia de correlación entre el rendimiento de grano en sequía y 

el resto de las variables, hacen suponer que éstas no permiten explicar el 

comportamiento de los genotipos a las condiciones de humedad impuestas en 

este estudio. 

Caracteres fisiológicos 

Por razones de equipo, solamente en la localidad de Francisco r. 
Madero se hicieron mediciones en el potencial hídrico, conductancia 

estomatal, y temperatura del follaje en 4 de los 12 genotipos en estudio. 

Las primeras mediciones se llevaron a cabo 57 días después de la 

siembra en Bayo Durango; la conductividad estoma tal fue menor bajo sequía 

que bajo riego, ocasionando incrementos hasta ellO C en la temperatura del 

follaje, principalmente entre las 12:00 y 15:00 horas. Sin embargo, el 

potencial hídrico de la hoja fue mayor (mas cercano a cero) bajo sequía que 

en riego, respuesta inversa a lo que se esperaría (Figuras lA, B, C). 

A los 62 días después de la siembra se determinaron los mismos 

parámetros en los genotipos Bayo Durango y Durango-222, detectándose la 

misma respuesta 5 días antes. Se mantuvo alto el potencial hídrico de la 

hoja en ambos genotipos (-0.5 y -1.5 barias) a través del día bajo sequía, 

mientras en la condición de 

-5.5 barias, salvo en horas 

riego los valores 

del día cuando se 

fueron tan bajos como -4.5 a 

ocultaba el 

atmosférica permitía la recuperación de las plantas aún 

sol y la demanda 

baj O riego. La 

respuesta de los genotipos s la sequIs inducida en este estudio. fue 

incrementando la temperatura del follaje, debido principalmente al cierre 

estomatal, ya que la conductividad estomatal disminuía conforme el déficit 

hfdrico avanzaba a través del día, siendo mas severo en el lapso entre 

12:00 y 15:00 horas (Figuras 2A, B, C). 



Con los genotipos A 322 Y Pinto Nacional-l se llevaron a cabo estas 

mediciones a los 70 días después de la siembra, y a pesar de tener períodos 

con nublados a través del día, se detectaron las mismas tendencias que con 

Bayo Durango y Durango-222 en 10 que se refiere a la conductividad 

estomatal y el potencial hídrico de la hoja. Pinto Nacional-l siempre 

mantuvo el potencial hídrico mas bajo en sequía (-3.0 a -4.5 barias) que 

A 322 (-1.5 a -2.5 barias); sin embargo, el diferencial en potencial 

hídrico entre riego y sequía fue mayor en el Pinto Nacional-l, ya que este 

genotipo tuvo valores hasta -8.2 barias, mientras que A 322 no fue mas allá 

de -4.5 barias bajo riego. Con respecto a la conductividad estomatal el 

efecto de la sequía no fue tan drástico en estos genotipos como en Bayo 

Durango y Durango-222, pero fue claro que A 322 mantuvo mas cerrado los 

estomas (0.050 cm/s) que Pinto Nacional-l (0.150 cm/s) en sequía, a pesar 

de los nublados momentáneos que se presentaron el día de muestreo (Figuras 

3A, B). 

Ya que las respuestas de los genotipos a la sequía inducida en este 

estudio, estaba siendo diferente a lo que la literatura reporta en 10 que 

respecta al potencial hídrico de la hoja, se dicidió determinar estos 

parámetros a los 75 días después de la siembra en Durango-222 y en 

Qro-3-B-l a pesar de que este último genotipo no se incluyó en el grupo de 

12 genotipos. Se detectó que Durango-222 permanecía con potenciales 

hídricos (-1.5 a -2.5 barias) mas altos bajo sequía que en riego (-3.0 a 

-5.0 barias) a través del día, notando que en esta etapa la sequía estaba 

avanzando pues los valores del poteneial hídrico eran mas bajos en 

Durango-222 que 15 días atrás. Con respecto a la conductividad estomatal, 

los períodos nublados no permitieron detectar respuestas claras en los 

genotipos (Figuras 4A, B). 

El potencial hídrico de la hoja ha sido utilizado para detectar 

respuestas de las plantas a déficits hídricos, ya que el potencial hídr!co 

puede ser descrito como una función del potencial del suelo, el flujo de 

agua a través de la transpiración, y la resistencia en su fase líquida al 
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flujo de agua del suelo a un punto de evaporación dentro de la hoja 

(Kaufmann, 1981). Esto augiere que loa potenciales hídricos bajo la sequía 

inducida en este estudio debieron ser mas bajos que bajo riego; sin 

embargo, Hall (1981) estudiando con chícharo de vaca (Vigna unguiculata) 

encontró que durante el medio día, plantas de esta especie que no habían 

recibido agua de lluvia o riego por 2 ó 3 meses mostraron potenciales 

hídricos que fueron solamente 2 barias más negativos que plantas irrigadas 

semanalmente, siendo el mecanismo responsable de esta respuesta una 

expansión de área foliar lenta, cierre estomatal y movimiento de foliolos 

que resultó en bajas cargas de irradiación. Todos estos mecanismos 

resultarían en menOS asimilación de CO2 y su valor de adaptación dependería 

en el balance entre la regulación de pérdida de agua y el mantenimientode 

la asimilación de CO2 (Hall and Schultze, 1980). Así, con referencia a 

este estudio, las plantas que se pudieron desarrollar bajo las estructuras 

metálicas cubiertas con polietileno transparente, parece ser que no fueron 

lo suficientemente vigorosas para experimentar una sequía severa repentina, 

sino que el déficit hídrico en el suelo (Fig. 5) fue avanzando lentamente 

lo que permitió que plantas con mucho menor área foliar presentaran 

potenciales hídricos mas altos en sequía que bajo riego donde el vigor de 

las plantas así como la demanda atmosférica resultara en el tipo de 

respuesta detectada en este estudio. 

Conclusiones 

Con los datos obtenidos en este estudio se llegó a las siguientes 

conclusiones. 

l. Los genotipos mostraron diferente respuesta al tipo de sequía inducida 

en cada localidad. 

2. No todos los genotipos aceleraron su madurez fisiológica tan pronto se 

les expuso a sequía, principalmente cuando ésta fue inducida como en 

la localidad de Francisco l. Madero. 
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3. El crecimiento y desarrollo de las plantas fue reducido en los 

genotipos debido a la sequía inducida en ambas localidades. 

4. Pinto Nacional-l y BAr 477 mostraron en este estudio la capacidad de 

removilizar fotosintatos provenientes de hojas y tallos a las fuentes 

de demanda. 

5. Los genotipos en los que se realizaron mediciones fisiológicas, 

mostraron respuestas similares a sequía indicando capacidad de 

conservar humedad en la hoja, debido al cierre estomatal usando esto 

como medio de adaptación a sequía. 

6. A 424, A 322 Y el testigo Durango-222 mostraron Una respuesta en el 

rendimiento de grano mas estable en ambas condiciones de humedad y 

localidades. Esto sugiere que estabilidad del rendimiento es un 

componente importante en los genotipos de frijol resistentes a sequía. 
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Cuadro l. Características agron6micas y fuente genética de 12 genotipos de 
fríjol sembrados bajo dos condiciones de humedad en dos 
localidades de Durango, Mex. 1986. 

Color Fuente 
Nombre grano 1 Tipo M.F 2 Tamaño 3 genética País 

días g 

1 Pinto Nacional-1 P 3 90 34 CAEVAG Méx. 
2 Negro Argel N 2 89 20 INIA Chile 
3 A 424 P 3 94 28 CIAT Col. 
4 A 59 C 2 85 26 CIAT Col. 
5 A 322 C 3 100 28 CIAT Col. 
6 CIAT 131/84 C 3 89 26 CIAT Col. 
7 Tlax-475 B 3b lIO 29 URG Méx~ 
8 Durango-222 (t) B 3 100 40 CAEVAG Méx. 
9 V 8025 N 3 88 22 CIAT Col. 

10 Negro Puebla N 3b 110 26 URG Méx. 
11 BAT-477 C 2 88 21 CIAT Col. 
12 Bayo Durango B 3 105 45 CAEVAG Méx. 

1 P = PInto, N = Negro, C = Crema, B = Bayo. 
2 Días a madurez fisio16gica. 
3 Peso de 100 semillas. 
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Cuadro 3. Madurez fisiológica de 12 genotipos de fríjol bajo dos 
condiciones de humedad en dos localidades de Durango, Mex. 1986. 

Días a madurez fisiológica 
CAEVAG Madero 

Nombre S Dif. R S Dif. 

1 Pinto Nacional-l 85 81 2 91 84 -7 
2 Negro Argel 85 84 -1 93 86 -1 
3 A 424 89 91 2 95 89 -6 
4 A 59 82 81 -1 86 16 -10 
5 A 322 101 100 -1 100 95 -5 
6 CIAT 131/84 82 81 -1 90 85 -5 
7 Tlax-475 120 109 -11 113 109 -4 
8 Durango-222 (t) 105 104 -1 99 93 -6 
9 V 8025 83 84 1 89 83 -6 

10 Negro Puebla 119 114 -5 110 109 -1 
11 BAT-417 85 83 -2 93 84 -9 
12 Bayo Durango 116 106 -10 95 94 -1 

Promedio 96 94 -2 96 90 -6 

DMS 0.01 genotipos a 2.6 días 
DMS 0.01 genotipo/loc. ~ 3.7 días 
DMS 0.01 genotipo/loc./cand. ~ 5.2 días 
DMS 0.01 condición R 1.5 días 

Rl ~ Riego de auxilio. 
S ~ Sequía inducida 49 DDS (CAEVAG) y 39 DDS (Madero). 
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Cuadro 4. Caracteres fenológicos de 12 genotipos de fríjol bajo dos 
condiciones de humedad combinando dos localidades de Durango, Mex. 
1986. 

Días a M.F. 
Nombre R1 S Dif. 

1 Pinto Nacional-l 88 86 -2 
2 Negro Argel 89 85 -4 
3 A 424 92 90 -2 
4 A 59 84 79 -5 
5 A 322 101 98 -3 
6 CIAT 131/84 86 83 -3 
7 Tlax-475 117 109 -8 
8 Durango-222 (t) 102 99 -3 
9 V 8025 86 84 -2 

10 Negro Puebla 114 112 -2 
11 BAT 477 89 83 -6 
12 Bayo Durango 106 100 -6 

Promedio 96 92 -4 

DMS 0.01 condiciones 1.6 
DMS 0.01 genotipos 2.6 
DMS 0.05 genotipos/loe! 

cond. 4.2 

1 Días entre floración y madurez fisiológica. 
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Período efectivo 
de reproducción' 

R S Dif. 

46 43 -3 
39 37 -2 
43 46 3 
44 36 -8 
46 45 -1 
43 40 -3 
57 54 -3 
55 52 -3 
40 37 -3 
57 53 -4 
46 37 -9 
56 SS -1 

48 45 -3 

1.3 
3.3 



Cuadro 5. Producci6n de biomasa de 12 genotipos de fríjol bajo dos 
condiciones de humedad en dos localidades de Durango. Mex. 1986. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

1 

Nombre 

Pinto Nacional-1 
Negro Argel 
A 424 
A 59 
A 322 
CUT 131/84 
Tlax-475 
Durango-222 (t) 
V 8025 
Negro Puebla 
BAI 477 
Bayo Durango 

Promedio 

Biomasa 
g/m 2 

R S 

276.9 103.4 
149.2 143.2 
182.5 132.7 
127.2 111.0 
229.9 191.2 
127.7 50.7 
168.2 119.6 
183.6 164.7 
169.1 71.1 
172.0 118.5 
205.9 149.7 
366.6 149.0 

189.9 125.4 

DMS 0.01 condiciones 21.5 
DMS 0.01 genotipos 52.8 
DMS 0.01 gen/cond. 74.5 

Peso de grano/M.S total a M.F. 
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Factor de re­
movilizacion 1 

P~rdida R S 

173.5 44 43 
6.0 53 45 

49.8 47 43 
16.2 54 38 
38.7 41 41 
77 .0 56 51 
48.6 63 52 
18.9 43 40 
98.0 50 48 
53.5 56 58 
56.2 45 41 

217.6 47 43 

64.5 50 45 

0.72 
1.76 

P~rdida 

1 
8 
4 

16 
O 
5 
9 
3 
2 

+2 
4 
4 

5 



Cuadro 6. Características de crecimiento y desarrollo de 12 genotipos de 
fríjol bajo dos condiciones de humedad de Durango. Mexico. 1986. 

Tasa de crecimiento en S/2lanta/día 
Eta2a re2roductival del fruto '2 

Nombre R S Pérdida R S Pirdida 

1 Pinto Nacional-1 1.05 0.46 0.59 2.05 0.96 1.09 
2 Negro Argel 0.68 0.53 0.15 1.67 0.79 0.88 
3 A 424 0.74 0.57 0.17 1.41 1.04 0.37 
4 A 59 0.41 0.55 +0.14 0.78 0.98 +0.20 
5 A 322 1.14 0.63 0.51 1.95 0.40 1.55 
6 CIAT 131/84 0.58 0.34 0.24 1.45 0.95 0.50 
7 Tlax-475 0.51 0.68 +0.17 1. 71 1.52 0.19 
8 Durango-222 (t) 0.65 0.55 0.10 LOO 0.62 0.38 
9 V 8025 0.70 0.49 0.21 1.32 1.25 0.07 

10 Negro Puebla 0.35 0.41 +0.07 0.76 1.15 +0.39 
11 BAT 477 0.60 0.51 0.09 0.70 0.51 0.19 
12 Bayo Durango 0.95 0.42 0.53 0.89 0.40 0.49 

Promedio 0.70 0.51 0.19 1.31 0.88 0.43 

1 Materia seca a M.F./período efectivo de reproducci6n. 
2 Peso de grano/período efectivo de reproducci6n. 
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Cuadro 7. Pérdida de peso en hojas y tallos como indicador de removilización 
en 12 genotipos de fr{jel bajo dos condiciones de humedad de 
Durango, México. 1986. 

Peso seco en ~/Elanta1 
Rie8° Se9uía 

Nombre Hojas Tallos Vainas Hojas Tallos Vainas 

1 Pinto Nacional-l 4.63 0.37 31.4 4.74 2.32 19.7 
2 Negro Argel 4.59 1.48 28.3 0.57 0.38 15.3 
3 A 424 6.29 1.29 33.0 2.84 0.83 27.9 
4 A 59 6.47 2.99 40.6 2.43 1.61 12.3 
5 A 322 4.42 0.02 65.2 3.28 +1.48 22.6 
6 CIAT 131/84 5.06 3.22 22.7 2.77 1.17 15.4 
7 Tlax-475 6.12 0.30 37.8 4.78 0.50 24.1 
8 Durango-222 (t) 4.74 +0.60 26.5 2.74 0.67 21.1 
9 V 8025 5.38 1.74 21.6 4.90 1.46 25.2 

10 Negro Puebla 5.07 0.61 19.5 4.67 +0.10 20.1 
11 BAT 477 2.91 1.53 19.8 4.61 1.92 10.0 
12 Bayo Durango 5.49 0.57 51.7 3.16 +0.18 12.4 

Promedio 5.10 1.23 33.2 3.46 0.76 18.8 

1 Pérdida de peso entre 55 DDS y madurez fisiológica. 
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Cuadro 8. Rendimiento de grano de 12 genotipos de fríjol bajo dos 
condiciones de humedad en dos localidades de Durango, Mex. 1986. 

Rendimiento en k8/ha 
CAEVAG Madero 

R S !G1 IS 2 R S ~G 1S 

1 Pinto Nacional-l 2045 860 1326 0.84 1248 1013 1140 1.09 
2 Negro Argel 1579 734 1076 0.93 692 449 493 0.87 
3 A 424 1786 1192 1459 1.34 820 672 119 1.10 
4 A 59 1379 658 952 0.96 662 445 522 0.90 
5 A 322 1715 797 1169 0.93 1474 1098 1272 1.00 
6 CIAT 131/84 2677 1267 1841 0.95 932 839 884 1.20 
7 Tlax-475 2577 1082 1670 0.84 1245 786 989 0.84 
8 Durango-222 (t) 1819 987 1340 1.09 1055 967 1010 1.23 
9 V 8025 1491 1077 1236 1.45 902 448 636 0.66 

10 Negro Puebla 1953 666 1140 0.68 1177 1040 1117 1.18 
11 BAT 477 1536 899 1175 1.18 830 684 753 1.10 
12 Bayo Durango 1847 934 1313 1.02 1222 719 937 0.79 

Promedio 1867 929 1316 1021 763 883 
D3 0.50 0.25 
DMS O•01 entre genotipos ; 113 
DMS O•01 genotipo/loe. e 160 
DMS a•01 genotipo/cond. e 160 

1 Media geométrica V R.S = 

2 Indice de sequía - ( Ys ) / ( XS ) 
Yr Xr 

3 Intensidad de sequía = 1 - Xs 
Xr 
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Cuadro 9. Rendimiento de grano de 12 genotipos de fríjol bajo dos 
condiciones de humedad combinando dos localidades de Durango, 
Mex. 1986. 

Rend. ka/ha 
Nombre R S K G1 182 Pérdida 

1 Pinto Naciona1-1 1647 936 1242 0.97 711 
2 Negro Argel 1136 591 792 0.89 545 
3 A 424 1303 932 1102 1.22 371 
4 A 59 1020 551 750 0.92 469 
5 A 322 1594 947 1230 1.02 647 
6 CIAT 131/84 1804 1053 1379 1.00 751 
7 Tlax-475 1911 934 1336 0.84 977 
8 Durango-222 (t) 1437 977 1185 1.16 460 
9 V 8025 1196 763 956 1.09 433 

10 Negro Puebla 1565 853 1155 0.93 712 
11 BAT-477 1183 791 968 1.14 392 
12 Bayo Durango 1535 826 1127 0.92 709 

Promedio 1436 839 1098 597 
D3 0.41 

DMS 0.01 entre genotipos = 113 
DMS 0.01 genotipo/condición = 160 
DMS 0.01 genotipo/cond./loc. = 227 

1 Media geométrica =VYs Yr 

2 Indice de sequía = (Ys) / (Ks) 
Yr Xi? 

3 Intensidad de sequía = 1 Ks 
rr 
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Cuadro 10. Coeficiente de correlación lineal (r) entre rendimiento de grano 
y otras características de 12 genotipos de fríjol bajo dos 
condiciones de humedad en Durango. Mex. 1986. 

Variable 

Rendimiento grano (sequía) 
Madurez fisiológica (sequía) 
Período efectivo de rep. (sequía) 
Biomasa total (sequía) 
Factor de removilización (sequía) 
Indice de sequía 

Rendimiento kg/ha 
R 

0.78** 
0.59* 
0.62* 

-0.16 
0.52 

-0.32 

s 

1.0** 
0.39 
0.50 

-0.08 
0.26 
0.31 

*. ** Significativo al 0.05 y 0.01 de probabilidad. respectivamente. 
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Figuras 

Fig. l.A. Potencial hídrico de la hoja del genotipo Bayo Durango bajo 

dos condiciones de humedad 57 días después de la siembra. Feo. 

L. Madero, Dgo. 1986. 

Fig. l.B. Conductividad estomatal del genotipo Bayo Durango bajo dos 

condiciones de humedad 57 días después de la siembra. Feo. L. 

Madero, Dgo. 1986. 

Fig. 1.C. Temperatura del follaje del genotipo Bayo Durango bajo dos 

condiciones de humedad 57 días después de la siembra. Feo. L. 

Madero, Dgo. 1986. 

Fig. 2.A. Potencial hídrico de la hoja de los genotipos Bayo Durango y 

Durango 222 bajo dos condiciones de humedad 62 días después de 

la siembra. Feo. r. Madero, Dgo. 1986. 

Fig. l.B. Conductividad estomatal de los genotipos Bayo Durango y Durango 

222 bajo dos condiciones de humedad 62 días después de la 

siembra. Feo. l. Madero, Dgo. 1986. 

Fig. 2.C. Temperatura del follaje de los genotipos Bayo Durango y Durango 

222 bajo dos condiciones de humedad 62 días después de la 

siembra. Feo. l. Madero, Dgo. 1986. 

Fig. 3.A. Potential hídrico de la hoja de los genotipos A 322 Y Pinto 

Nacional-l bajo dos condiciones de humedad 70 días después de la 

siembra. Feo. l. Madero, Dgo. 1986. 

Fig. 3.B. Conductividad estomatal de los genotipos A 322 Y Pinto 

Nacional-1 bajo dos condiciones de humedad 70 días después de la 

siembra. Feo. l. Madero, Dgo. 1986. 

Fig. 4.A. Potencial hídrico de la hoja de los genotipos Queretoro 3-B-1 y 

Durango 222 bajo dos condiciones de humedad 75 días después de 

la siembra. Feo. l. Madero, Dgo. 1986. 

Fig. 4.B. Conductividad de los genotipos Qro-3-B-l y Dgo. 222 bajo dos 

condiciones de humedad 75 días después de la siembra. 

Feo. l. Madero, Dgo. 1986. 
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Fig. 5. Muestreos de humedad del suelo en dos condiciones (riego y 

sequía) bajo condiciones de Feo. l. Madero, Dgo. 1986. 
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Resumen 

INVESTIGACION PARA TOLERANCIA A SEQUIA EN FRIJOL 

(Phaseolus vulgaris L.) EN GUATEMALA 

Rafael Raúl Rodríguez C.* 

La investigación para tolerancia a sequía en fríjol (Phaseolus vulgaris 

L.) en Guatemala, no ha sido suficiente. Sin embargo, desde 1976 el tema 

ya fue de preocupación para algunos técnicos nacionales. Así, a la fecha 

se han elaborado ya algunos estudios que pueden dar la pauta para la 

investigación futura en este campo. Se dá una breve descripción de los 

trabajos mencionados. 

1. Problemática 

En el Sur-Oriente de Guatemala, la región más productora de fríjol en 

el par s , ocurre cada año una época seca dentro del perrodo de lluvias 

llamada "canícula" la cual se presenta a mediados de julio, prolongándose a 

veces hasta agosto y pudiendo llegar a durar hasta un mes (Rodrrguez, 

1986). 

Si se considera que la siembra de "primera" se realiza a mediados de 

mayo para ser cosechada en agosto, y la de "segunda" se siembra a mediados 

de septiembre para ser cosechada en noviembre, es fácil ver que la sequía 

puede afectar el cultivo de frrjo1 en un estado tan crítico como puede ser 

la floración u otro estado de desarrollo contiguo a éste, cuando la siembra 

es de "primera", mientras que para la "segunda", es el final del ciclo 

vegetativo el afectado por la falta de lluvia. Las Figuras 1 y 2 pueden 

** lng. Agr. M.C. Fitomejorador Programa de Fríjol, ICTA, Guatemala. 

43 



ilustrar mejor la situación descrita. 

En la Figura 3, puede verse la precipitación ocurrida en la región 

durante el ciclo agrícola de 1986. Para 1987, la Figura 4 muestra los 

respectivos datos. 

De los cuatro casos presentados puede verse que para 1987 ocurrió un 

corrimiento en cuanto al inicio de la temporada de lluvias, 10 cual también 

incidió para que la canícula se presentara tardíamente respecto a otros 

años. En cualquier caso, también las dos siembras principales se 

retrasaron, con lo cual todo el fenómeno tuvo Un movimiento relativo. 

Adicionalmente, a la mala distribución de la precipitación pluvial, 

debe agregarse el hecho de que los suelos de la región poseen bajo promedio 

de infiltración y son poco profundos, por 10 que no almacenan agua en 

cantidades suficientes (Simmons !!:. al., 1959). Ya Piant (1979) había 

mencionado que la mayor cantidad de agua llovida en la región al final se 

acumulaba en el Océano Pacífico. 

Considerando el problema desde el punto de vista de la investigación 

agrícola, es interesante señalar que según el Catálogo de Tesis 1955-1985 

de la Facultad de Agronomía de la Universidad de San Carlos de Guatemala, 

publicado por el Centro de Documentación e Información Agrícola CEDIA, 

fueron elaboradas en la Facultad de Agronomía, 850 investigaciones de 

tesis, de las cuales solamente siete fueron sobre el tema de sequía; a la 

vez, únicamente tres de ellas se relacionan con el cultivo de fríjol. 

Para julio de 1987 el número de tesis ha aumentado a 1019 aunque no se 

tenga un dato exacto de si ha habido incremento de aquellas relacionadas 

con sequía en fríjol. 
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2. Antecedentes 

Como se ha señalado, la investigación para tolerancia a sequía en 

fríjol realizada hasta el momento en Guatemala, no ha sido suficiente como 

para poder presentar en esta oportunidad logros concretos. Sin embargo, 

examinando la trayectoria que el tema ha tenido desde 1976, es posible 

observar que aunque en casos muy esporádicos, la tolerancia a sequía en 

fríjol ya ha sido considerada por algunos investigadores nacionales. 

En lo que sigue, se hará una breve descripción de los trabajos 

realizados a la fecha: 

2.1 En 1976, Figueroa Muñoz, realiza un estudio de Tesis sobre 

Predicción de fechas de siembra para seis variedades de fríjol (Phaseolus 

vulgaris L.) en el Valle de Monjas, departamento de Jalapa, en función de 

la distribución de lluvias, durante los años 1966 - 1973. En este trabajo 

se analizó estadísticamente la distribución de las lluvias por un período 

de 8 años, como principal parámetro ecológico en la producción de fríjol, 

con el fin de determinar la gráfica de precipitación pluvial probable en el 

Valle de Monjas, aspecto que correlacionado con las curvas de crecimiento, 

podría definir las fechas más adecuadas para la siembra. 

El sitio experimental se ubicó a 964 m.s.n.m., con una 

anual promedio de 924 m.m y una temperatura media de 

precipitación 
o 21.5 C. Las 

variedades estudiadas fueron: Turrialba-1, Jamapa, San Pedro Pinula-72, 

Cuilapa-72, Porrillo-1 y Local Monjas. En el Cuadro 1 aparecen algunos de 

los resultados observados en esta investigación. 

En el peso vegetativo, no se incluyeron las hojas porque la pérdida en 

cantidad de éstas, durante el ciclo vegetativo del cultivo, hubiese dado 

resultados no representativos. 

Con los resultados anteriores, se integraron las curvas individuales de 
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crecimiento, tomando éstos, como los puntos de importancia definida para 

los objetivos del estudio. La información para el ploteo de los puntos 

intermedios no se tomó porque está comprobado según el autor que la curva 

general sigue la forma sigmoideo 

Por esta misma razón y considerando que únicamente se requería 

información sobre el período de floración y madurez de corte, no se usó 

ningún diseño experimental, sólo parcelas de observación. 

Las conclusiones de este trabajo fueron: 

a. La cantidad y distribución de la precipitación pluvial, como factor 

climático por sí sólo, no es determinante para definir la fecha de 

siembra más adecuada para el fríjol. 

b. El conocimiento del comportamiento de las variedades, resulta de 

capital importancia, para correlacionarlo con la gráfica de 

precipitación probable y definir con más probabilidades de éxito, las 

fechas de siembra. 

c. La correlación del crecimiento de las variedades estudiadas, con la 

gráfica de precipitación pluvial probable, sirvió para determinar las 

siguientes fechas de siembra, que satisfacen los requerimientos del 

cultivo, a traves de su ciclo vegetativo, (adecuada humedad para 

germinación, crecimiento y desarrollo primarios, llenado de vaina; 

período sin lluvias a la cosecha) 

22 de julio Turrialba-l 

Jamapa 

San Pedro Pinula-72 

Cuilapa-72 

Porrillo-l 
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31 de mayo y 23 de julio Local Monjas 

2.2 Leiva (1977) propuso tres probables soluciones para atacar el 

problema de la mala distribución de la precipitaci6n en la región, a saber: 

a. Obtener variedades tolerantes a la sequía. 

b. Anticipar la fecha de la siembra de "segunda". 

c. Obtener variedades precoces que escapen a la sequía, manteniendo 

un buen potencial de rendimiento. 

Para el autor citado, 10 ideal sería optar por la primera solución, 

aunque acepta que sería un proceso complicado y a muy largo plazo ya que 

habría que comenzar con detectar las fuentes de tolerancia a la sequía. 

Con todo es importante señalar la importancia que como solución a la sequía 

se le da al mejoramiento por tolerancia a la misma. 

2.3 En marzo de 1984, Ruano publicó su trabajo de tesis en donde 

estudió el efecto del Cycocel (Cloruro de 2 cloroetiltrimetilamonio) sobre 

la resistencia a sequía edáfica en plántulas de fríjol bajo condiciones de 

invernadero. 

Se pretendía con el estudio determinar la concentración que indujera el 

óptimo de resistencia a la sequía edifica en la fase de plántula y también 

la variedad que en tal fase superará el mayor período de sequía edáfica 

cuando fuera tratada con Cycocel. 

En el trabajo se consideraron como importantes dos respuestas 

características de las plantas al Cycocel: a) mejor tolerancia a la sequía 

y temperaturas altas y b) reducci6n de la transpiración y pérdida de agua. 

Lo anterior, quizá basado en que este inhibidor puede retrasar la actividad 

meristemática de crecimiento en general. 
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El estudio se realiz6 bajo condiciones de 1500 1Il.!I.n.m., temperatura 
o promedio de 34 C, 55% de humedad rel.tiva y alta intensidad lumínica. 

Se regó diariamente hasta los diez días, las aplicacioaes del inhibidor 

fueron foliares, y se hicieron al suspender el riego. Se usaron 4 dosis de 

Cycocel: 200, 500, 1000 Y 2000 ppm mis un testigo con agua. Las variedades 

empleadas fueron ICTA-Tamazulapa, lCTA-Quetzal e ICTA-Jutiapán. 

En la Figura 5 se observa que la dosis de 500 ppm indujo la mayor 

resistencia a la sequía edáfica, a los 21 días en lCTA-Quetzal y a los 17 

días en lCTA-Tamazulapa. (Estos días fueron medidos como los días que 

tardaron las plántulas en marchitarse después del último riego al suelo), 

En las líneas de tendencia (Figura 6) se observa que la resistencia a 

la sequía es menor cuando se emplean dosis inferiores o superiores a 500 

ppm, especialmente en las variedades lCTA-Quetzal e ICTA-Jutiapán, pués los 

tratamientos obtuvieron respuestas similares y deficientes. 

Los promedios de resistencia a la sequía, debido a tratamientos con 

Cycocel, con respecto a un mes fueron de 47% eft la variedad leTA-Quetzal, 

40% en la variedad ICTA-Tamazulapa y 12% en la variedad lCTA-Jutiapán 

(Cuadro 2). 

Por otro lado, los promedios de re$istencia provocados por cada dosis 

fueron de 27%, 47%, 37% y 20% para 200, 500, 1000 Y 2000 ppm 

respectivamente. El promedio de los testigos fue de 20% (Cuadro 3). 

Se concluyó que 

Los mayores períodos de resistencia a la sequía Be obtuvieron con la 

dosis de 500 ppm, 21 y 17 días en las plántulas de lCTA-Quetzal e 

ICTA-Tamazulapa, respectivamente. En estas variedades la respuesta a cada 

dosis de Cycocel fue difer~nte mientras que en la variedad ICTA-Jutiapán no 
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se encontró respuesta favorable ni significancia en los tratamientos pués 

las plántulas se marchitaron severa y prematuramente hasta secarse debido a 

las condiciones experimentales. 

Las medias de resistencia a la sequía, debido a los tratamientos con 

Cycocel, en cada una de las variedades fueron de 14 días en las plántulas 

de lCTA-Quetzal, 12 días en las plántulas de ICTA-Tamazulapa y 3.5 días en 

las plántulas de ICTA-Jutiapán. 

Por otro lado las mejores medias de resistencia, por dosis de Cycocel, 

se lograron con 500 ppm (14 días) y 1000 ppm (11 días). 

2.4 Beebe~.!l. en 1984 publicaron un trabajo acerca de dos estudios 

sobre el efecto de sequía en el fríjol con variedades precoces y tardías en 

Jutiapa, Guatemala. Las condiciones experimentales fueron 960 m.s.n.m. y 

temperatura promedio de l7oC. 

Se utilizaron cinco genotipos: 

BAT 41 

P006 

RABIA DE GATO 

CENTA-IZALCO 

ICTA-TAMAZULAPA . . 

Intermedio a florecer, maduración precoz, corto 

período de floración a madurez, rojo opaco, 

semilla pequeña. 

Precoz a floración período de maduración largo, 

negro opaco, semilla pequeña. 

Precoz a floración, período corto a maduración, 

negro opaco, semilla pequeña. 

Precoz a floración, con posible tolerancia a 

sequía, rojo opaco, semilla grande. 

Floración intermedia, negro opaco, semilla 

pequeña. 

El objetivo de este trabajo fue determinar si los diferentes 

componentes de rendimiento y diferentes genotipos de fríjol común 
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(Phaseolus vulgaris L.) responden igual a la sequía impuesta en varias 

fechas despu~s de la floración. 

Se utilizó un arreglo en parcelas divididas con distribución en bloques 

al azar, con 3 repeticiones. 

Las variedades constituyeron las parcelas menores. Las parcelas 

mayores se distribuyeron por la fecha del último riego, o sea, la fecha de 

aplicación de la sequía (Figura 7). 

El segundo ensayo se sembró en agosto de 1983. y se establecieron 

tratamientos de sequía variando la fecha de siembra, cada 10 días a partir 

del 24 de agosto hasta el 13 de septiembre (3 fechas de siembra). En este 

ensayo P006 se reemplazó por ICTA-Jutiapán, y se agregó Pata de Zope 

(criollo, muy precoz). 

Aquí, las parcelas mayores fueron las fechas de siembra, y las menores, 

las variedades. 

El objetivo fue determinar si las variedades precoces tienen ventajas 

sobre las tardías en condiciones de períodos cortos de lluvias. 

De ambos trabajos se concluyó 10 siguiente: 

En el primer ensayo la variedad ICTA-Tamazulapa. superó a las precoces 

cuando no hubo presión de sequía. Con sequía, perdi6 su ventaja pero 

no cayó por debajo de las precoces. 

Sin embargo, en el segundo ensayo con presi6n moderada de sequía, 

CENTA-Izalco y Pata de Zope superaron a ICTA-Tamazulapa (no 

significativamente) sugiriendo esto una ventaja de la precocidad. 

De acuerdo con experiencias en ensayos de finca, ICTA-Jutiapán fue más 
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sensible a la sequía que ICTA-Tamazulapa. 

BAT 41, que es intermedio en días a floración y precoz para madurar, 

fue más sensible a la sequía que las precoces criollas Pata de Zope y 

CENTA-Iza1co, que son precoces para florear y madurar. 

El patrón de precocidad de BAT 41 no parece ser el mejor para 

proteger al cultivo contra la sequía. 

Entre los componentes de rendimiento, vainas por planta fue el más 

sensible a la sequía. 

2.5 Con base en el primer ensayo realizado en el estudio anterior por 

Beebe .;!.. !l. (1984), Vásquez (1984) publicó su tesis sobre el efecto de 

sequía impuesta en distintas épocas en el rendimiento y sus componentes en 

cinco genotipos precoces e intermedios de fríjol (Phaseolus vu1garis L.). 

El mérito de este trabajo estuvo en que profundizó los análisis 

estadísticos de los datos. 

El objetivo fue determinar el comportamiento de diferentes componentes 

de rendimiento y diferentes genotipos de fríjol común (Phaseo1us vu1garis 

L.) bajo condiciones de sequía impuesta en distintas fechas. 

Se efectuaron análisis de varianza para cada componente de rendimiento. 

Además análisis de correlación lineal simple, correlaci6n logarítmica y 

cuadrática entre el rendimiento y los diferentes tratamientos de riego. 

Por otro lado, se efectuaron las mismas correlaciones entre cada uno de los 

componentes del rendimiento (número de vainas por planta, número de 

semillas por vaina y peso de cien semillas) y los diferentes tratamientos 

de riego. 

rendimiento 

Correlación lineal simple entre rendimiento y componentes. de 

en los diferentes tratamientos de ri.ego. El análisis 

estadístico anterior se efectuó para cada una de las variedades evaluadas. 
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El análisis de regresión múltiple se aplicó entre el rendimiento y sUs 

componentes tomando en cuenta los diferentes tratamientos de riego. 

Analizando la Figura 8 se observa que el comportamiento en general de 

las variedades en estudio fue similar en el sentido de mantener la 

tendencia a incrementar el rendimiento de acuerdo al incremento en el 

número de riegos. Unicamente Rabia de Gato tiene un decremento en 

rendimiento después del octavo riego, lo que podría deberse a una cantidad 

de agua excesiva (demás), en una época en que ya estaba de cosecha, pues es 

una variedad de madurez precoz (55 a 58 días). 

Esta misma Figura 8 permite observar que variedades precoces como Rabia 

de Gato y BAT 41 son inferiores en rendimiento a las intermedias aún cuando 

se hagan pocos riegos. Estos resultados son contrarios a lo que Se 

suponía, es decir, que las variedades precoces rendirían más que las 

intermedias cuando se les suprimiera el agua en una época en que ambas 

estuvieran en diferente etapa de desarrollo. En otras palabras, las 

variedades intermedias mantienen su potencial de rendimiento superior a las 

precoces bajo condiciones de sequía, según los resultados obtenidos. 

En la Figura 9 se puede ver que el comportamiento del componente número 

de vainas por planta no se mantuvo estable a través de los tratamientos de 

riego ya que hubo una notable variación; por lo tanto, se le considera como 

uno de los componentes más afectados por la sequía impuesta. 

En el Cuadro 4 se presentan los resultados de la regresi6n múltiple 

entre el rendimiento y sus componentes, por cada variedad y a través de los 

tratamientos de riego, se puede observar ah"! que el componente más 

importante y más afectado por la se.quía impuesta en todas las variedades a 

excepción de CENTA-Izalco, es el número de vainas por planta, debido a su 

valores altos de "F". 

En la variedad CENTA-Izalco resultó ser el componente número de 
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semillas por vaina el más afectado por la sequía. El rendimiento de 

ICTA-Tamazulapa depende del número de semillas por vaina y del número de 

vainas por planta, que son los más afectados por la sequía impuesta en esta 

variedad. Al realizar este mismo análisis para todas las variedades, 

resultó que el componente del cual más depende el rendimiento y es 

mayormente afectado por la sequía es el número de vainas por planta, en 

función de su alto valor de "F". 

Como conclusiones se tienen las siguientes: 

Las variedades en estudio mostraron un aumento en rendimiento 

conforme su aumento en el número de riegos, exceptuando la variedad Rabia 

de Gato cuyo mayor rendimiento se observó a los ocho riegos. 

El componente número de vainas por planta fue el que más se redujo, 

bajo condiciones de humedad limitada, para todas las variedades en general; 

el peso de cien semillas fue menos afectado que el anterior y el número de 

semillas por vaina, el último afectado de los componentes. 

El número de vainas por planta, en las variedades mejoradas fue el 

componente que más contribuyó al rendimiento, seguido del peso de cien 

semillas. 
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Cuadro l. Comportamiento de cada variedad en el estudio de Muñoz (1976) 
sobre fechas de siembra en el Valle de Monjas. 

Variedades 

Turrlalba 
Jamapa 
San Pedro Pinula 72 
Cuilapa 72 
Porrillo-l 
Local Monjas 

Días a 
flora­

c16n 

47 
48 
45 
45 
46 
42 

Días a 
madurez 

de corte 

86 
86 
86 
94 
93 
81 

Peso 
tallo y 
raíces 
kg/ha 

1640 
1800 
2000 
2080 
1760 
2120 

Peso 
grano 
kg/ha 

2360 
2200 
2000 
1920 
2240 
1880 

Peso total 
kg/ha 

4000 
4000 
4000 
4000 
4000 
4000 

Cuadro 2. Medias de resistencia a la sequía en tres variedades de fríjol 
tratadas con Cycocel. 

Variedad 

Quetzal 

Tamazulapa 

Jutiápán 

ir Cycocel 

Días 

14 

12 

3.5 

% 

% • Porcentaje respecto a un mes. 

x ~ Hedias. 

12 

58 

ir Testigos 

Días 

8 

5 

4 

27 

17 

13 



Cuadro 3. Medias de resistencia a la sequía inducida por cada dosis de 
Cycocel (Ruano, 1984). 

% Respecto 
Cycocel (ppm) D!as a un mes 

O 6 20 
200 8 27 
500 14 47 

1000 11 37 
2000 6 20 
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Figuras 

Fig. l. Distribución de la lluvia en mm por mes, y en días por cada mes en 

el Sur-oriente de Guatemala. (Promedio de 6 años y 3 localidades). 

Fig. 2. Cantidad de lluvia distribuida cada 6 días durante el trimestre 

Septiembre-Noviembre en el Sur-oriente de Guatemala. (Promedio de 

6 años y 3 localidades). 

Fig. 3. 

Fig. 4. 
Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Climograma para siembras de Ira. y 2da. región VI, Jutiapa, 1986. 

Precipitación para 1987. 

Resistencia a la sequía edáfica. Plántulaa de fríjol tratadas con 

Cycocel (Ruano, 1984). 

Líneas de tendencia dosis de Cycocel va resistencia a sequía 

(Ruano, 1984). 

Plano de campo. 

Rendimiento de 5 variedades de fríjol a través de 5 tratamientos 

de riego (Vasquez, 1984). 

Fig. 9. Comportamiento del no. de vainas por planta en 5 variedades de 

fríjol a través de 5 tratamientos de riego (Vasquez, 1984). 
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Figura 2. Cantidad de lluvia distribuída cada 6 días durante el trimestre 
Septiembre-Noviembre en el Sur-oriente de Guatemala. (Promedio 
de 6 años y 3 localidades), 
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Figura 3. Climograma para siembras de Ira. y 2da. región VI, Jutiapa, 
1986. 
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Figura 4. Precipitación para 1987. 
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Figura 5. Resistencia a la sequía edáfica. P1ántulas de fríjol tratadas 
con Cycocel (Ruano, 1984). 
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Figura 6. Líneas de tendencia dosis de Cycocel ve resistencia a sequía 
(Ruano. 1984). 
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Figura 8. 
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Figura 9. 
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INVESTIGACIONES SOBRE TOLERANCIA A SEQUIA EN FRIJOL EN HONDURAS 

Silvia Zuluaga, Concha M. Elvir. Carlos Rodriguez Serrano y 

José David Erazo* 

Resumen 

La sequía es un factor limitante de la producción de fríjol en 

Honduras, principalmente en las siembras realizadas en el segundo semestre 

de cada año. El país es ideal para realizar, a nivel de campo, trabajos de 

tolerancia a sequía, ya que se tienen pocas probabilidades de precipitación 

en los cuatro primeros meses del año. En 1986, con la siembra del Vivero 

Internacional de Tolerancia a Sequía (BIDYT), se iniciaron, en la Escuela 

Agrícola Panamericana, investigaciones sobre tolerancia a estrés hídrico en 

fríjol. Bajo condiciones extremas de sequía, las entradas del BIDYT 

redujeron sus rendimientos entre 69% y 98%. En 1987, se continuaron los 

estudios con la siembra de diferentes ensayos. La variedad de grano negro, 

ICTA Ostúa mostró ser muy promisoris; en contraste, RAB 50 Y la variedad 

local Zamorano, resultaron ser altamente susceptibles. Líneas derivadas de 

cruces interespecíficos entre !.. vu1garis x !.. acutifo1ius indicaron una 

alta tolerancia, aunque la respuesta pudo ser debida a precocidad. Los 

planes futuros incluyen estudios de osmorregu1aci6n, pubescencia foliar y 

cruces interespecíficos, con el objeto de identificar mecanismos 

fisiológicos de tolerancia que puedan ser utilizados en programas de 

mejoramiento. 

* Profesor Asociado, Asistente de Investigación y estudiantes de 
Ingenieria Agron6mica. respectivamente. Escuela Agrícola Panamericana, 
Departamento de Agronomía, Apartado 93, Tegucigalpa, Honduras, C.A. 

Las investigaciones fueron parcialmente financiadas por el Titulo XII 
de Fríjol/Caupí CRSP, Proyecto Universidad de Puerto Rico-Honduras. 
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Introducción 

En Honduras, el fríjol es un cultivo de 

dependen de la lluvia para obtener su cosecha. 

utilizadas, principalmente en el segundo 

pequeños agricultores que 

Por las épocas de siembra 

semestre del año, las 

probabilidades de lluvia se disminuyen cuando el cultivo está entrando a su 

etapa reproductiva, limitando grandemente los rendimientos. 

No existe una cuantificación de las pérdidas en rendimiento debidas a 

estrés hídrico. Sin embargo, son considerablemente altas y contribuyen en 

buena parte al bajo rendimiento promedio, 550 kg/ha, que se obtiene en el 

país (Ramos, 1986). Hay épocas en que la sequía es de tal magnitud que se 

pierde un alto porcentaje de la producción en algunas zonas, como ocurrió 

en la postrera de 1984 en la Región Centro Oriental. Alrededor del 30% de 

la producción de fríj 01 se perdió en la Escuela Agrícola Panamericana 

(EAP), en primera de 1985, debido a dos semanas de estrés hídrico en la 

etapa de establecimiento de vainas. 

A través de los años, los agricultores han aminorado el problema de la 

sequía, mediante el uso de variedades precoces. Con buena razón, todas las 

variedades criollas del país como cuarenteños, cincuenteños, chingos. 

etc., tienen 60 días a 65 días a madurez fisiológica. La preferencia por 

variedades muy precoces limita la adopción, por parte de los agricultores, 

de variedades mej oradas con superiores rendimientos a las tradicionales. 

En la EAP, se ha observado que variedades precoces, bajo adecuada 

irrigación, retrazan su madurez fisiológica y presentan un potencial de 

rendimiento más alto que el normal. Esto demuestra, que aún para 

variedades precoces, existe la posibilidad de incrementar sus rendimientos, 

si se les lograra introducir resistencia genética a la sequía. 

Honduras es un país ideal para hacer trabaj os de sequía a nivel de 

campo. Se tienen muy buenas probabilidades de carencia de lluvias en los 

primeros cuatro meses del año. Disponiendo de riego, se puede aprovechar 
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este período para identificar germoplasma tolerante, hacer selecciones en 

un programa de mejoramiento y para el estudio, a nivel de campo, de 

mecanismos fisiológicos de tolerancia. Otra manera de inducir estrés 

hídrico a nivel de campo, es sembrando a fines de octubre (un mes más tarde 

de la fecha normal de siembra) lo que permite humedad suficiente para el 

establecimiento del cultivo y se garantiza estrés en las etapas de 

floración, establecimiento y llenado de vainas. 

En 1986, se iniciaron formalmente investigaciones de sequía en la RAF, 

con la siembra del BIDYT (Ensayo Internacional de Rendimiento de Fríjol 

Bajo Sequía), distribuido por el Programa de Fisiología de Fríjol de ClAT. 

En 1987 se montaron una serie de ensayos, cuyos resultados se reportan en 

este trabajo. En 1988, con financiamiento externo, se iniciarán estudios 

del mecanismo fisiológico de osmorregulación, la pubescencia foliar y el 

comportamiento de líneas derivadas de cruces interespecíficos entre P. 

vulgaris y P. acutifolius. 

Análisis de la Precipitación Pluvial 

Las lluvias en Honduras tienen una distribución bimodal, Generalmente, 

se inician en mayo y se terminan a fines de noviembre o principios de 

diciembre. La precipitación es menor en Julio y Agosto, en 10 que se 

conoce como la "canícula", La Figura 1 ilustra esta distribución para tres 

zonas frijoleras del país: El Valle del Zamorano, donde se produce semilla 

certificada de fríjol; la Región Centro Oriental donde se siembra el 32% 

del área en fríjol del país (23000 hectáreas aproximadamente) y la Región 

Norte donde se cultiva el 20% del área total (15000 hectáreas 

aproximadamente). 

Se hacen generalmente dos siembras al año. En la estación de 

"primera", se siembra a mediados de mayo y se cosecha en Agosto, durante la 

"canícula. En esta época, el cultivo presenta altas probabilidades de 

obtener la precipitación adecuada para establecer buenos rendimientos 
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(Fig. 1). En la estación de "postrera", se siembra a fines de septiembre; 

la probabilidad de buena precipitación se disminuye durante la etapa 

reproductiva del cultivo. Por ejemplo, si un agricultor de la Región 

Centro Oriental siembra las variedades Dan!í 46 o Zamorano, con 38 a 40 

días a floración, su cultivo entraría a la etapa reproductiva a principios 

de noviembre. En noviembre, como norma general caen menos de 100 mm de 

lluvia (Fig. 1), Si el suelo no tiene buena capacidad de retener humedad, 

el cultivo sufrirá estrés hídrico durante toda la etapa reproductiva, lo 

que disminuirá los rendimientos. 

Para ilustrar mejor el problema de la sequía en "postrera" se analizó 

la precipitación quincenal, reportada por la Estación Metereológica de 

Villa Ahumada, Danlí, Región Centro Oriental, para el período 1975 a 1985 

(Cuadro 1). En 6 de los 11 años analizados, la precipitación entre el 15 

de septiembre y el 15 de diciembre estuvo por debajo de los 300 mm, los 

cuales son insuficientes para generar un buen rendimiento. También, en 6 

de los 11 años, se presentó una precipitación de menos de 100 mm en la 

etapa de post-floración, asumiendo que la misma se inici.a a principios de 

noviembre. Se puede concluir que en más del 50% de los años. hay 

problemas graves de sequía en las siembras de "postrera" en la Región 

Centro Oriental. A pesar de que solo se obtuvieron estadísticas de 

rendimiento promedio para la zona en el período 1975 a 1980, se puede ver 

que hay una tendencia a que sean mas bajos cuando la precipitación es mas 

baja (Cuadro 1). 

Aunque no existen buenas estadísticas de producción y rendimiento en el 

país, los rendimientos promedios de producción reportados para la Región 

Norte, en el período 1973 a 1979, fueron de 660 kg/ha. Ellos son 

significativamente más altos que para la Región Central Oriental, que 

fueron de 440 kg/ha para el mismo período (Torchelli y Narváez, 1980). 

Quizás, esta diferencia pueda explicarse por una precipitación pluvial mas 

alta en a Región Norte en comparación con la Región Centro Oriental en el 

mes de noviembre (Fig. l). 
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Resultados del BIDYT 

El 10 de marzo de 1986, se sembró el BIDYT 1984-85. Constaba de 23 

materiales elites de CIAT y 2 variedades locales. Se sembró bajo dos 

tratamientos, con y sin riego. Cada tratamiento se consideró como un 

ensayo diferente, establecido en un diseño de bloques al azar con 4 

repeticiones. Para establecer el experimento a nivel de campo, se regó por 

aspersión hasta los 23 días después de la siembra. Posteriormente, el 

tratamiento húmedo se regó cuando se consideró necesario para evitar 

estrés. El tratamiento seco no recibió lluvia hasta los 60 días después de 

la siembra, implicando que los períodos críticos como floración, 

establecimiento y llenado inicial de vainas transcurrieron bajo estrés 

hídrico. Las lluvias presentadas después de los 60 días de la siembra, 

reactivaron el desarrollo vegetativo de las parcelas del tratamiento seco, 

por lo cual se aplicó un defoliante, cuando el tratamiento húmedo tenía 

madurez fisiológica. Así, solo se consideró comO rendimiento en el 

tratamiento seco, la semilla formada durante el período de estrés de agua. 

Es necesario anotar que el grado de estrés que sufrió el ensayo fue más 

severo del que normalmente se presenta en las siembras comerciales en el 

país (Cuadro 1, Fig. 1). Los rendimientos en el tratamiento seco se 

redujeron entre 69% y 98%, en comparación con el tratamiento húmedo, siendo 

San Cristóbal 83, un genotipo originario de la República Dominicana, el que 

presentó la menor reducción. Los testigos locales Danlf 46 y Zamorano se 

ubicaron en las posiciones 4 y 23, respectivamente, por su rendimiento bajo 

condiciones secas (Cuadro 2). 

Genotipos reportados como tolerantes en CIAT, tales como A 195, BAT 

1289, V 8025 Y BAT 477 (White y Singh, 1985) ocuparon las posiciones 3, 12, 

17 Y 18 respectivamente (Cuadro 2). Esto sugiere que la tolerancia a 

sequía de algunos genotipos, en una zona ecológica determinada. se 

enmascara COn problemas de adaptación y condiciones edáficas en otras 

zonas. Por lo tanto, las selecciones de genotipos de frfjol tolerantes a 

sequía deben hacerse en las mismas zonas con problemas de es tres h!drico. 
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Resultados de los Ensayos de 1987 

En febrero de 1987 se sembraron una serie de ensayos para evaluar el 

efecto de sequía en diferentes genotipos. Cuando se inició el período de 

estrés en el tratamiento respectivo, se notó que los ensayos quedaron mal 

ubicados a nivel de campo, debido a grandes gradientes de humedad presentes 

en el suelo, que no se removieron con la ubicación de los bloques. Una 

lluvia de 70 mm caída a los 29 días después de la siembra inundó varias 

parcelas. Además, el terreno donde se sembró presentaba compactación a los 

30 cm de la superficie. por lo que se hacIa difícil detectar diferencias 

entre genotipos. 

Por los problemas enumerados, se decidió repetir la siembra de los 

diferentes ensayos el 20 de marzo. El terreno donde se ubicó esta segunda 

siembra no presentaba compactación como ocurría con el anterior. Los 

diferentes ensayos incluían un tratamiento seco y uno con riego, manejados 

como experimentos independientes, en un diseño de bloques al azar, con 3 a 

4 repeticiones, dependiendo del ensayo. 

El último riego de establecimiento de los tratamientos secos se dio a 

los 19 días después de la siembra. Posteriormente, se regaron los 

tratamientos húmedos cuando se consideró necesario para que no sufrieran 

estrés de agua. Cayeron 12 mm de preCipitación hasta los 28 días después 

de la siembra. A partir de este día hasta los 43, cuando ya todos los 

genotipos habían florecido, hubo estrés hídrico. De aquí, hasta la madurez 

fisiológica, cayeron 100.5 mm de lluvia. Las condiciones de estrés que 

sufrieron los ensayos fueron muy similares a las que se presentan en las 

siembras de "postrera" en Honduras (Fig. 1, Cuadro l.). Dichas condiciones 

fueron suficientes para generar hasta 75% de reducción de rendimiento en el 

tratamiento seco, con respecto al húmedo, en algunos genotipos. 
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Rendimiento y Componentes de Rendimiento de 10 Genotipos de Phaseolus 

Sembrados Con y Sin Estrés Hídrico 

Utilizando un diseño de bloques al azar, para cada tratamiento, con 

cuatro repeticiones, se sembraron 9 genotipos de P. vulgaris y uno de P. 

acutifolius para estudiar el efecto de la sequía en el rendimiento y sus 

componentes. Las entradas se seleccionaron por su respuesta diferencial a 

sequía en el BIDYT sembrado en 1986 o por ser variedades comerciales o 

líneas promisorias en América Central. 

Como era de esperarse, el genotipo de P. acutifolius fue el que 

present6 los mas altos rendimientos en el tratamiento seco y el que 

presentó menor reducción del rendimiento por efecto de la sequía (Cuadro 

3). P. acutifo1ius ha sido reportado como una especie tolerante al estrés 

hídrico (Nabhan y Felger, 1978 como ejemplo). 

De los 9 genotipos de K. vu1garis, lCTA Oatúa fue el material que 

mejor se comportó bajo condiciones de estrés. Esta variedad, ha sido 

observada, en diferentes países Centroamericanos como tolerante a sequía 

(Silvio Hugo Orozco, comunicaci6n personal). Vale la pena destacar los 

bajos rendimientos obtenidos, bajo condiciones de estrés, por las líneas 

RAS 58, RAS 204 Y RAS 50 que junto al cultivar local Zamorano fueron las 

mas susceptibles, con reducciones de rendimiento superiores al 60% (Cuadro 

3). En observaciones preliminares en 1986, las líneas hermanas RAB 50 Y 

RAS 205 indicaron la misma susceptibilidad a sequía. En 1987, RAB 205 fue 

liberada COmO variedad en Honduras, con el nombre de "Catrachita". Se 

utilizó RAB 50 porque repetidamente, en el Valle del Zamorano, presenta 

mejor potencial de rendimiento. 

Materiales que el año anterior mostraron cierta tolerancia a sequía 

como Danl! 46 y San Cristóbal 83 (Cuadro 2), mostraron, una vez más, cierta 

tolerancia (Cuadro 3). Esto sugiere que independientemente del grado de 
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estrés establecido, puede existir repetición de la respuesta de año a año 

en algunos genotipos. 

Un análisis de los componentes de rendimiento indica que. en general, 

todos son reducidos por el efecto de la sequía (Cuadro 3). Sin embargo, el 

componente que mas sufrió fue el número de semillas/vaina, que presentó una 

reducción del 40%. Considerando que los componentes de rendimiento se 

determinan en una forma secuencial, se puede explicar la baja reducción en 

el número de vaina/m2 y la alta reducción en el número de semillas/vaina, 

mediante el análisis de la precipitación pluvial. Entre los 43 y 46 días 

después de la siembra, cayeron 52.7 mm suficientes para fijar un alto 

número de vainas. Cuando las plantas entraron de nuevo en estrés, 

respondieron disminuyendo el número de semillas/vaina y el tamaño de la 

semilla. 

Los coeficientes de variación para los rendimientos del tratamiento 

seco y el tratamiento húmedo indican que un diseño de bloques al azar, 

funciona bien para el tratamiento con riego (CV = 8.26%), pero no para el 

tratamiento seco (CV = 39.39). Esto mismo se observó en el BIDYT sembrado 

en 1986 (Cuadro 2). En el futuro, se utilizarán 1átices que han sido 

reportados más eficientes para remover variabilidad en trabajos de 

tolerancia a sequía (White y Singh, 1985). 

Respuesta a Sequía de Algunas Líneas Derivadas de Cruces Entre P. vu1garis 

y P. acutifolius 

Hasta la fecha, líneas derivadas de cruces interespecíficos !. vulgaris 

x !. acutifo1ius han mostrado pobre adaptación a condiciones tropicales y 

subtropicales (líneas KAN 159, KAN 160, KAN 161, como ejemplo). Quizás. 

esto se deba a que los progenitores de P. vulgaris usados, tienen 

adaptación específica a regiones templadas. Parece ser que utilizando 

progenitores de !. vulgaris adaptados al trópico, se pueden generar líneas 

con buena adaptación a dicha regi6n. 
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En 1986, se recibió semilla de cruces interespecíficos hechos por el 

Dr. Richard Pratt (Departamento de Horticultura, Purdue University, West 

Lafayette, Indiana 47907). En los cruces iniciales utilizó Jamapa, Puebla 

152, Ex-Rico 23 y Porrillo Sintético como algunos de los progenitores de t. 
vulgaris. Esta semilla, con abundante segregación para color y tipo de 

planta, se sembró durante la época normal de siembra y se seleccionaron 

algunas líneas. 

Cuatro líneas que presentaban semilla suficiente para montar, a nivel 

de campo, un ensayo replicado de rendimiento con y sin riego, se compararon 

con un genotipo de t. acutifolius, A 76-2 y uno de t. vulgaris, PI 312-302, 

reportado por Mosj idis y Haines (1985) como capacitado para sobrevivir 

tanto como t. acutifolius, bajo condiciones extremas de sequía y producir 

vainas con al menos una semilla bien desarrollada. 

Los rendimientos de las líneas en el tratamiento húmedo estuvieron 

entre 2126 y 2714 kg/ha (Cuadro 4), 10 que demuestra su buena adaptación y 

potencial de rendimiento. Estos rendimientos son comparables a los 

obtenidos con los mejores genotipos de P. vulgaris sembrados en la misma 

fecha, en ensayos aledaños (Cuadro 3). La reducción en rendimiento en el 

tratamiento seco, con respecto al húmedo, estuvo entre 21 y 36%, lo que 

indica un alto nivel de tolerancia a sequía, comparable al presentado por 

P. acutifolius. El genotipo de P. vulgaris. PI 312-302, redujo el 

rendimiento en solo 27%. En contraste, el t. acutifolius, A76-2, 

incrementó el rendimiento en un 10% en el tratamiento seco (Cuadro 4). 

Otros investigadores, han reportada que P. acutifolius rinde mejor bajo 

condiciones de estrés hídrico que cuando se siembra bajo regímenes de 

humedad adecuada (Pererson y Davis, 1982). 

La tolerancia a sequía expresada por las líneas bajo estudio, se podría 

explicar por precocidad ya que todas florecen entre 31 y 33 días (Cuadro 

4). Sin embargo, dadas las condiciones del ensayo, estos materiales 

florecieron bajo pleno estrés hídrico, el cual se prolongó hasta los 44 
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días después de la siembra. Es necesario obtener más información para 

determinar si además de precocidad, presentan otras características 

fisiológicas que las hacen tolerantes a sequía. 

Estudio de Selección Fenotípica por Tolerancia a Sequía 

Por definición, una línea o variedad de un cultivo de polinización 

autógama, como es el caso de fríjol, es una mezcla de genotipos homocigotos 

con similar fenotipo. Bajo ciertas condiciones, por ejemplo estrés 

hídrico, esos genotipos pueden mostrar fenotipos diferentes. Es muy 

posible que dentro de una población .fenotípicamente igual, existan 

genotipos con tolerancia a sequía que 8010 aparecen cuando el cultivo está 

sometido a estrés hídrico. De hecho, se notan plantas dentro de las 

parcelas con un estatua hídrico superior y con rendimientos aceptables. 

Del BIDYT de 1986 se seleccionaron las S mejores plantas del centro de la 

parcela del tratamiento seco, de algunas entradas. Se hizo un ensayo para 

determinar si esas plantas seleccionadas, generaban poblaciones mas 

tolerantes a sequía que la población de la cual se hizo la selección. Se 

usaron 4 genotipos (Cuadro 5) los que se ubicaron en un ensayo en bloques 

divididos, bajo un solo tratamiento, el seco. 

Los resultados demostraron que los grupos seleccionados rinden, en 

general, un poco mejor que los cultivares originales, pero estas 

diferencias no fueron estadísticamente significativas (Cuadro 5). 

Análisis Conjunto de los Genotipos Ensayados en 1987 

El uso del rendimiento diferencial, como criterio de selección de 

genotipos de fríjol con tolerancia a sequía, puede dar lugar a la selección 

de genotipos con bajo potencial de rendimiento. Samper y Adams (1985). 

sugirieron el uso de la media geométrica (raíz cuadrada del producto de los 

rendimientos obtenidos con y sin estrés hídrico) como criterio, ya que 

considera el rendimiento potencial y el rendimiento diferencial. Cuando se 
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estimó la media geométrica, en general, los genotipos que presentaron baja 

reducción en rendimiento, presentaban una alta media geométrica, con la 

excepción de algunos materiales precoces, de bajo potencial de rendimiento, 

como el PI 312-302 Y el Cuarenteño. Para el análisis de le respuesta a 

sequía de los diferentes genotipos de fríjol ensayados en 1987, se utilizó 

el porcentaje de reducción en rendimiento en el tratamiento con estrés 

hídrico. 

El porcentaje de reducción en rendimiento estuvo altamente 

correlacionado con los días a floración (r - 0.74, eliminando RAB 50), tal 

como 10 indica la Figura 2. Esto implica que la precocidad es importante 

de considerar en trabajos de sequía en fríjol en Honduras. Sin embargo, 

existen genotipos precoces a floración, como el RAS 50, que mostraron ser 

al tamente susceptibles. Cuando se analiza la relación entre los 

rendimientos absolutos en el tratamiento seco y los días a floración 

(Fig. 3), se puede notar que los mayores rendimientos correspondieron a los 

genotipos de P. acutifolius y a las líneas derivadas de cruces 

interespecíficos que son precoces. Sin embargo, materiales como la ICTA 

Ostúa, que es más tardía a floración (Fig. 3), presentó altos rendimientos 

en el tratamiento seco, indicando que debe poseer algun mecanismo 

fisiológico de tolerancia a estrés hídrico, diferente al "escape" dado por 

la precocidad. 

Planes Futuros 

En 1988, además de los esfuerzos para identificar germoplasma 

tolerante, se iniciarán estudios en tres áreas específicas, con el objeto 

de entender algunos mecanismos de tolerancia a sequía en fríjol. 

Las áreas a estudiar son : 

l. Estudio detallado de la presencia y el efecto de la osmorregulación en 

fríjOl. Estos estudios se harán colaborativos con la Universidad de 
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Rutgers-New Jersey. 

2. Estudios de tolerancia a sequía y fijación biológica de nitrógeno bajo 

condiciones de estrés hídrico, de líneas derivadas de cruces 

interespecHicos entre E.. vulgaris y E.. acutifolius. Se harán en 

colaboración con la Universidad de Minnesota. 

3. El efecto de la pubescencia foliar como mecanismo de tolerancia a 

sequía. 
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tttal (g/m2 1 
Rieg> San 

356 Jl4 
453 2B9 
Xi) 230 
37A 251 
:fi4 273 
497 259 
254 160 
397 221 
382 189 
338 194 

363 2.15 
83.2 76.3 
15.8 22.1 



Cuadro 4. Fenolog{a y rendimiento de un genotipo de P. acutifolius, uno de 
t. vulgaris y líneas derivadas de cruces interespec{ficos entre 
ambas especies, sembradas con y sin estrés de agua, en el Valle. 
del Zamorano, Honduras, en 1987A. 

Genotipos 

A 76-2 
PI 312-302 

(t. vul~aris) 
Purdue SAl 
Purdue 9 
Purdue 32 
Purdue 35 

X 
DMS 
CV 

D{as a 
floración 

30 
31 

33 
33 
32 
32 

32 

D{as a madurez 
fisiológica 

63 
56 

66 
67 
62 
67 

64 

1 Pedigree de las líneas Purdue: 

Rendimiento 
(kg/ha) 

Riego Seco 

2355 2582 
2006 1468 

2272 1805 
2714 1762 
2126 1540 
2660 1697 

2356 1809 
376 612 

6.20 13.14 

% de 
reducción de 
rendimiento 

10 
27 

21 
35 
28 
36 

23 

(((Sanilac x Puebla 152) x GN 1026) x (Jamapa x Ex-Rico 23» x Pinquito. 

GN 1026 = línea de P. acutifolius. 
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00 
en 

O:a:lm 5. Ren:l:Imientn, bajo estrés hfddro cE la p:bJacim o.dg1ml. cE ]a aJal lB sehn1amm vjsslnmt:é :las 5ll2jores plaltas en 19?{) 

y :rm:l:imierIl:a cE las p:b1acirre> cdglnales Y ~, senbrtrlas mjo a:ntlclm'!S sacas. En el \hlle di!. Zan:Itan, 
H:ni.Irns,l987A. 

MI: l.2$ 
G li8. (IrA 'fui) 
GSlll 
Clraa:lI:J;ib 

X 

~ED 
el t:rntan. S'O) 

1916 
(kg/ba) 

355 
3)1 

lió 
513 

419 

ImllmImto cE 
:las 5 ll2jores 

p1aJh1s En 1916 
(g) 

:005 
54.9 
45.1 
81.1 

57.9 

las m!dias cE mrl:!m!a:tt:o ro s:n esta:líst::Iomn difermt:es. 

Dfas a 
fkn:¡]c. 

'SI 
39 
38 
32 

36 

D:Ias a 
mrln:ez 

fJ..sfoJfg!ca 

72 
75 
74 
68 

72 

ImllmImto 
cE ]a p:hIac:. 

oc:!ginal 
(kg/ba) 

1513 
1153 
1~ 
rro 

1517 

ImllmImto 
cE :las 

elecclCCl. 
(kg/ba) 

l/ro 
1243 
1933 
1397 

1568 



Figuras 

Fig. l. Precipitaci6n pluvial en tres zonas frijoleras de Honduras. 

Fig. 2. Relaci6n entre los días a de floraci6n y el porcentaje de 

reducción en rendimiento de los genotipos de Phaseolus ensayados 

para tolerancia a sequía en el Valle del Zamorano, Honduras, 

1987 A ( @: !. acutifolius, *: llneas derivadas de cruces 

interespecíficos!. vulgaris x!. acutifolius, e:!. vulgaris). 

Fig. 3. Relación entre días a floración y el rendimiento, bajo condiciones 

de sequía, de los genotipos de Phaseolus ensayados en el Valle del 

Zamorano, Honduras. 1987A (0:!. acutifolius, *: Líneas 

derivadas de cruces P. vulgaris x P. acutifolius, e: P. 

vulgaris). 
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Figura 1. Precipitacion pluvial en tres zonas frijoleras de Honduras. 
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a) Precipitacion pluvial en el Valle del Zamorano (44 años). 

Promedio Anuol :*106 mm'. 

b) Precipitación pluvial en Vills Ahumada, Región Centro Oriental 
(12 años). 

Promedio Anual: 1191 mm., 

e) Precipitacion pluvial en Yoro, Región Norete (13 años). 

Promedio Anual: 1069 mms. 

MESES DEL AÑO 
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Figura 2. Relaci6n entre los días a de floración y el porcentaje de 
reducción en rendimiento de los genotipos de Phaseolus 
ensayados para tolerancia a sequía en el Valle del Zamorano, 
Honduras, 1987 A ( 0: P. acutifolius, 1<: líneas derivadas de 
cruces interespecHicos !.. vulgaris x !.. acutifolius. • : P. 
vulgaris). 
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Figura 3. Relación entre días a floración y el rendimiento, bajo 
condiciones de sequía, de los genotipos de Phaseolus ensayados 
en el Valle del Zamorano, Honduras, 1987A ( 0: P. acutifolius, 
* : Líneas derivadas de cruces !. vulgaris x !. acutifolius, 
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PROGRAMA DE RESISTENCIA DO FEIJOEIRO A SECA NO CNPAF 

Cleber Guimaraes* 

IntroduFao 

As produtividades do feijao baixas e instÁveis retratam bem as 

condicoes a que a cultura é submetida. A defici~ncia h{drica é um dos 
I 

fatores que mais concorrem para o insucesso da cultura. Considerando-se 
, -que ela acorre, em maior ou menor intensidade, em quase todas as regioes 

brasileiras produtoras de feijao e que a irrigaf30 é altamente dispendiosa 

e ~s vezes impraticÁvel recomenda-se que as novas cultivares apresentem 

adaptabilidade as condicoes de sequeiro. Para isto est' sendo conduzido, 
I 

no CNPAF, um programa de resistencia do feijoeiro a seca, cujas linhas 

" -basicas e resultados sao descritos a seguir. 

Programa de Resistencia á Seca 

• 

Objetivos 

Identificar progenitores promissores em condicoes de sequeiro; , 
caracterizar os principais fato res fisiológicos e morfol6gicos 
lA' responsaveis pela resistencia a seca; e 

selecionar, em condicoes de sequeiro, linhagens comercia{s. 
I 

" ~ Estrategia de afao 

Sao efectuadas avaliacoes preliminares 1 e 11, avancada, estudos de , , 

* Fisiólogo de Feijao, CNPAF, Goiania, Goias, Brasil. 
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mecanismos de resistencia a seca, hibridscoes intra e interespecíficas e , 
avaliacao de populacoes segregantes (Figura 1). 

¡ I 

Avaliarao preliminar l. A avaliacao preliminar 1 é formada de 
J 

aproximadamente 600 introducoes, provenientes das coletas regionais, do 
I 

ensaio preliminar e de linhagens dos cruzamentos direcionados para 

i .... 'i ' res stenc a a seca. Estes materiais sao submetidos a boas condicoes de 
/ 

" umidade., 0,036 MPa a 15 cm de profundidade, ate aos 15 a 20 dias após a 
~ i ' -emergenc a, quando e aplicado um estresse severo de umidade, pela suspensao 

total da irrigacao, até o fim do ciclo da cultura. As introducoes sao 
I , 

distribuídas aleatoriamente em dois blocos ou repeticoes, senda plantada , 
uma testemunha promissora, 

introducoes • 

para as condicoes , de sequeiro, a cada 10 

• 

Avaliarao preliminar 11. A avaliarao preliminar 11 é formada dos 200 

melhores materiais provenientes da avaliacao preliminar l. que sao mantidos 
I 

em condicoes h{dricas ideais até aos 15 a 20 dias apos a emergencia, quando , -sao implantados dois tratamentos hídricos: 1) 

condicóes h{dricas anteriormente , implantadas; e 

estresse hídrico severo, com a suspensao total da 

ciclo da cultura. Os materiais sáo distribuídos 

manutenfao das 

2) aplicacao , 

mesmas 

de um 

irrigacao. até o fim do 
J 

aleatoriamente em duas 

repeticoes ou blocas. A avaliacao será baseada no índice de 
J , 

susceptibilidade a deficiencia h{drica (S), conforme equacoes abaixo. 
J 

o = 
Yd = 

O 

S 

X 
P 

Xw 
Yd -

1- xp/Xw 

Yw (l SO) 

(1) 

(2) 

Severidade da deficiencia hídrica. 

índice de susceptibilidade a seca, 

produtividade média dos materiais com deficiencia hídrica, 

produtividade média dos materia1s com boas cond~cóes h[dricas, 

produtividade individual dos materiais com deficiencia h{drica. e 
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y 
w 

produtividade 

h{dricae. 

individual dos materiais com boas condicóes , 

Os materiais terao a máxima resistencia a seca quando 

s ,-
- O; no entanto, sera tanto menor, quanto maior os valores de S. 

Avaliacao avancada. A avalia9ao é composta dos 30' melhores materiais 

provenientes da avaliacao preliminar 11 e dos 70 materiais do BIDAN (Bean 
I 

International Drought Adaptation Nursery), enaaio organizado pelo CIAT e 

distribuido de dais em dais anos a urna rede de cooperadores internacionais. 

Considerando-se que estes materiais enviados pelo CIAT sao anteriormente 

testados para as condicóes 
I 

de sequeiro, 

diferentes, decidiu-se que este germoplasma 

mas em condicoes clinutticas 
I 

fosse avaliado e reavaliado em 

dais anos consecutivos. No entanto, os trinta novos materiais provenientes 

da avaliacao preliminar 11 sao introduzidos e avaliados anualmente, de modo 
I 

a manter uro total de 100 materiais na avaliacao avancada. 
, I 

Este experimento, como os demais, é mantido em boas condicoes h{dricas, 
I 

até os 15 a 20 dias apÓs a emergencia, quando é instalada e linhe central 

de espersores, planejada para produzir tr~s n{veis hídricos distintos: 1) 

estresee severo, 2} estresse moderado; e 3) sem estresse hí'drico. A 

irrigacao no nivel 3 é controlada com tensiometros, ou seja, novas 
J 

irrigacoes de aproximadamente 28 mm sáo efetuadas 
I 

quando a tensao do solo, 

a 15 cm de profundidade, atingir 0,036 MPa, somando, ao fim do ciclo, 

aproximadamente 300 mm. O n{vel 2 recebe aproximadamente 150 mm e o n{vel 

1, nao recebe irrigacóes ap6s a implantacao dos tratamentos hídricos. 
I I 

O coeficiente de regressao linear entre a produtividade e as laminas de 

[gua dos tres tratamentos h{dricos é usado como escala de avaliacao da , 
resposta 

usada na 

a irrigacao. 
I 

avaliacao do 
J -

A produtividade dos niveis com estresse hídrico é 

potencial produtivo em condicóes de sequeiro. Estes , 
" parametros sao representados graficamente, da seguinte maneira: a 

produtividade, na ordenada, e os coeficientes de regressao, na abscissa. 

Do ponto médio (X) da abscissa e do ponto médio acrescido de 25% (Y x 1.25) 

93 



da ordenada sao tracadas linhas que dividem o germoplasma em quatro grupo. 

Nos grupos 1 e II sao classificados os materiais que produzem acima da 
/' 

media do experimento, mas que diferem quanto ao potencial produtivo em boas 

condicoes hídricas. Os materiais do grupo 1 sao responsivos a irrigacao, e , , 
os do grupo 11, nao tem esta característica. Os materiais dos grupos 111 e 

IV apresentam produtividade ababo do limite estipulado anteriormente, o 

grupo localizado á direita da linha média dos coeficientes de regressao, 

apesar de náo apresentar resistencia a seca é responsivo ~ irrigacao. , 

Paralelamente, sao efetuadas observacoes agronomicas, com o objetivo de 
I 

contribuir, para a compreensao do comportamento dos materiais em estudo, 

nas condicoes h{dricas do teste. , 

Avaliacao de mecanismos. A avaliadío de mecanismos é composta de um 
) 

numero reduzido de progenitores comprovadamente promissores e uma 

testemunha nao produtividade em condicoes de deficiencia hídrica. Este 
I 

germoplasma é estudado morfo-fisiologicamente, com o obj etivo de avaliar 

suas fontes de resistencia a seca. Uma vez conhecidos os principais 

fato res de resist~ncia 
, 
a seca. tem-se orientadío 

J 
para a escolha dos 

progenitores a 

ocorrencia de 

condicoes 

comporem os 

deficiencia 

cruzamentos para as regioes 

h{drica. Este experimento é 

I 
com provavel 

submetido a 

J 
h{dricas iguais as do experimento anterior. 

de maior niÍmero de f!leiras (15 f!leiras), compostas 

destinadas A 

Suas parcelas -sao 

das quais seis sao 

avaliacao de , 
avaliacao 

I 

potencial 

temperatura do doseel, 

, 
de produtividade e seus componePtes, e as demais, a 

h(drico foliar, resistencia difusiva dos estomatos, 

(ndice da área foliar, an&lise de crescimento, etc. 

Faz-se o acompanhamento da umidade do solo e densidade radicular, de 20 em 

20 cm da superfIcie at~ 120 cm de profundidade e, das laminas da 

irrigacao, através de pluviometrOs distribu{dos no experimento. , 
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Hibridacoe¡¡ e ¡¡elecao em popula¡;:oes segregantes. Os cruzamentos sao 
¡ ; 

efetuados pelo programa de melhoramento, utilizando as fontes de 

resistencia a seca identificadas nos trabalhos mencionados antes, em 

Phaseolus vulgaris L. e l. acutifolius L., atraves dos cruzamentos intra e 

interespecíficos. As populafoes de F
2 

dos cruzamentos intra-espec{ficos 

para resistencia !i seca e popula;:oes F 2' F 3 e F 4 dos RC2 dos híbridos 

interespec{ficos para l. vulgaris L., sao conduzidos a campo, pela 

metodologia de descendincia de uma tinica semente, modificada na forma 

exposta a seguir: 

As populacoes mencionadas acima sao 
J 

repeticoes, em espacamento de 0,5 m 
¡ ) 

semeadas no campo, em "blocos" 

entre linhas; as populacoes , 

sem 

de 

cruzamentos intra-especÍficos, em 

Goiás, (latitude 130 27', longitude 

Goianla, e as demais, em Porangatu, 

490 10', altitude 600 m, e temperatura 

suficientemente alta, para permitir boa adaptabilidade de plantas híbridas 

com P. acutifolius L.). Todas as populacoes sao submetidas a estresse 
I 

h{drico e, ao final (por ocaaiao da colheita), as plantas que tiverem menos 

de 4 vagens sao eliminadas. Das demais, colhe-se uma vagem por planta, 

destinadas a formar tres populacoes: a primeira, formada de uma semente de 
J 

cada vagem, para compor a gerafao seguinte; uma segunda, formada de uma 

semente para ser entregue a outros programas que a solicitem, e as demais 

sementes das mesmas vagens sao reunidas numa "populacao reserva". a ser 
··1 A _ 

mantida em camara fria, para o caso de se necessitar delas. Na ocasiao da 
~ -selefao (F 4 e F 5) sao colhidas, individualmente, as melhores plantas de 

cada populacao (100 ou mais de cada), e as demais, eliminadas. As linhas 
I 

resultantes sao semeadas a campo, em linhas de 5 m, sem repeticoes. A cada 
I 

as mesmas da avaliacao , 20 linhas sao plantados testemunhas intercaladas, 

preliminar. Sao eliminadas todas as linhas que ainda estsjam segregantes e 

as inferiores as testemunhas. As ltnhas superiores, fixadas, sao colhidas 

massalmente, e 80 de suas sementes sao entregues para o EPL, e as demais 

passam a seguir o esquema das avaliacoes preliminares de resist~ncia ¡¡ 
J 

seca. 
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Resultados de Trabalhos em Andamento 

Avaliafáo preliminar 1-1986 

Avaliaram-se 597 entradas, a maioria das quais proveniente das coletas 

regionais de germoplasma tradicional. Esta avaliacao foi conduzida durante 
J 

os meses de malo-agasto de 1986, período em que ocorreu deficiencia hídrica 

severa, com uma precipitarao total de 33 mm durante o período de conte~cao 

de umidade que se prolongou do 200 dia após a emergencia até a maturacao , 
das vagens. 

imposid¡'o de 

Do plantio at~ a implantacio do tratamento hÍdrico, com a , 
, dificencia hídrica aos 20 dias 

, 
apos a emergencia, o 

experimento foi mantido em condicóes h{dricas ideais. Durante este período , 
ocorreram 50 mm de precipitacao pluviometrica e foram aplicadas tres , 
irriga~oes com aproximadamente 60 mm. 

A amplitude de variacao da produUvidade foi de 130 a 861 kg/ha. A 
I 

clasae maia frequente foi composta 

de 350 a 600 kg/ha. Acima dos 

de 63% da populacao, e sa amplitude foi , 
700 kg/ha foram registrados apenas 17 

materiais, o que representa 2,8% do total (Figura 2). Para continuidade 

dos trabalhos do programa de resistencia ~ seca selecionaram-se e 

incorporaram-se a avaliacao preliminar 11 - 1987 todos os materiais com 
I 

produtividade acima de 523 kg/ha, englobando todos os da classe de 550 a 

900 kg/ha e alguns da classe de 500 a 550 kg/ha. 

Avaliarao avancada - 1986 

Este experimento foi conduzido seguindo a 

anteriormente. Ap6s o período inicial irrigado. 

metodologia descrita 

aplicaram-se os " tres 

tratamentos h{dricos: estresse severo, moderado e sem estresse hídrico, COm 

o uso de linha central de aspersores, os quais receberam, respectivamente 

O, 107 e 311 mm de :trrigacao, e 26 mm de precipitadío pluviometrica. O 
I ' 

germoplasma avaliado nestas condic¡oes fa! classificado em fun¡::ao da sua 

resistancia a seca e da resposta a irrigarao dadas pela produtividade com 
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deficiencia h{drica e coeficiente de regressao linear entre produtividade e 

laminas de água aplicadas. 

Estes parámetros foram representados graficamente, estando as 

produtividades na ordenada, e os coeficientes de regresaRo, na abscissa. 

Do ponto médio dos coeficientes de regressao (X = 2,96) e do ponto médio 

das produtividades com deficiencia hídrica mais 25% (Y x 1,25 = 806 kg/ha) 

foram tracadas linhas que d:l.videm o germoplasma em quatro grupos com , 
características próprias (Figura 3). Os materíais, A 285 (1), A 295 (2), A 

319 (3), A 320 (4), BAT 53 (5), G 4446 (6), e GF 1138 (7) foram 

classificados no grupo 1, por produzirem em condicoes de deficiencias 

hídricas e responderem a irrigaFao, conforme pressao de sele~ao aplicada, 
<'" A , 

para as proximas etapas do programa de resistencia a seca. Os mater:l.ais do 

grupo 2, por 

desclassificados. 

nao 

Os 

apresentarem boa respoata 

materiais dos grupos 3 

a irrigacao , foram 

e 4 tambeíil foram 

desclassificados, por 

deficiencia h{drica. 

nao apresentarem boa produtividade em condicoes de , 

Avaliacao de mecanismos de resistencia a seca - 1986 , 

Estudaram-se alguns parametro morfa-fisiológicos relacionados com o 

comportamento, em condicoes h{dricas diversas, de oito materíais, CNF 127, , 
CF 830026, IPA 7419, BAT 477, BAT 258, Carioca e Moruna, classificados, 

conforme as avaliacoes anteriores, como promissores para resistencia a , 
seca, enquanto que A 170, como material sensivel do deficit h{drico. Neste 

experimento foram impostas tres tratamentas h{dricos conforme descrito, 

ap6s um pe'riodo inicial com irrigacao adequada, que se prolongou até aos 20 
/ 

dias ap6s a germinacao; durante este período registrou-se um total de 3.5 , 
mm de precipitacao pluviometrica, sendo efetuadas irrigacoes suplementares, 

I , 

para manter o solo em condicoes h{dricas satisfatórias, on seja, coro tensaa 
J 

inferior a 0.036 }!Pa, controlada cam tensicmetra na profundiade de 15 cm. 

Após este per{oda foram implantados os tratamentos h{dricos que perduraram 

ate' o fim do ciclo da cultura, tendo acorrido 21 mm de precipitacao , 
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pluviometrica. o tratamento 1 caracterizou-se por urna deficiencia h{drica 

severa, nao recebendo irrigacao; o tratamento 2 foi mantido em condicoes , , 
hídricas moderadas, recebendo 123 mm, e o tratamento 3 foi matido em 

condicoes h{dricas satisfatórias, recebendo 333 mm. 
I 

Os materiais BAr 258, CF 830026 e Moruna, embora nao tenham apresentado 

produtividade significativa superior em re la cao 
1 

aos demais. foram 

ligeiramente superiores em resist~ncia a seca. Produziram 408, 359 e 333 

kg/ha, sob deficit h{drico severo e 1198, 1202 e 1014 kg/ha, sob deflcit 

hídrico moderado respectivamente (Figura 4). Os dois primeiros materíais, 

(BAr 258 e CF 830026) apresentaram, também• o maior coeficiente de 

regressao, (2.82), mostrando que, além de comportarem bem em condicoes , 
h{dricas deficitárias, foram os mais responsivos a irrigacao. A testemunha 

J 
~ , ~ 

suscept~vel a seca, quando submetida a deficiencia severa produziu apenas 

164 kg/ha, respondeu prontamente a irriga~ao moderada (21 1llln de 

precipitacao e 123 mm de irrigacao), com urna produtividade de 772 kg/ha, o 
I , 

que corresponde um aumento da ordem de 371%. Seu coeficiente de regressao 

linear foi de 1.75, mostrando que nao é um material de alto potencial de 

producao, comparativamente aos demais quando submetido a irrigacao ideal . , 
(Figura 4). 

Na tentativa de compreeder a variabilidade produtiva do germoplasma 

estudado nos diversos tratamentos h{dricos, fez-se an~lise de regressao 

linear entre este paúlmetro e o potencial hídrico foliar. resistencia 

estomática das faces superior e inferior das folhas, temperatura do dossel 

e do {ndice de área foliar. Constatou-se que os componentes nao explicaram 

a variabilidada produtiva nas condicoes hídricas favoráveis. Nos extresses , 
h{dricos severo e moderado foi explicada pela temperatura do dossel, pelo 

índice da área foliar. e pela resistencia difusiva da face inferior das 

folhas apenas nas condicoes hídricas moderadas (rabeIa 1). , 

Pela análise de regressao linear obtiveram-se equaroes coro coeficientes 

diferentes, significando que a relacao entre temperatura e produtividade 
• 
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varia com o estado hídrico das plantas. Analizando mais detalhadamente a 

relaca'o entre temperatura e produtividade soh estresse hidrico moderado , 
(Figura 5) verifica-se que existe um conjunto de 8 pontos que podem nao 

representar o verdadeiro estado térmico das plantas no momento da leitura, 

ou que existem fator ou fatores interativos atuando sobre a temperatura do 

dossal, em condicoes moderadas de umidade do sol~ Deve-se acrescenter que 
/ 

" houve tendencia de as cultivares BAT 477 e IPA 7419 concentrerem seus 

pontos neste grupo. Considerando-se que a temperatura representa, 

indiretamente, o estado h{drico da planta, seria difícil admitir que 

temperaturas iguais resultariam em produtividades diferentes. Neste caso, 

o conjunto de dados seria representado por um sistema de segundo grau. O 
o o ; intervalo de temperatura entre 20 a 23 e seria responsavel por uroa queda 

vertiginosa de 

inferior a 400 

produtividade. o A partir de 24 e, a produtividade foi 

kg/ha, com baixa sensibilidade a variara o de 

mas o suficiente para 

h{drico (Tabela 1). 

explicar a variacao de produtividade 
I 

temperatura, 

neste nível 

No entanto, deve-se considerar que os dados de temperatura foram 

obtidos durante horas de alta insolar~o (12:00 a 15:00) e que as plantas 

sob estresse moderado tem maior índice de área foliar que as Bob estresse 

h{drico severo, lago. com provável maior ocorrencia de estresse hídrico 

temporário (Figura 6, Tabela 2) consequentemente maiores temperaturas do 

dossel. Esta afirmativa nao pode ser considerada comO regra geral, pois a 

temperatura do dossel e a resistencia difusiva dos est~matos diferiram 

significativamente entre estresse severo e moderado, apesar de o potencial 

h[drico nao ter diferenciado significativamente (Tabela 2). 

Feíta a análise de regressao linear individual entre produtividade e 

temperatura do dossel, verificou-se que, exceto a cultivar BAT 258 o 

germoplasma promiasor apresentou menor coeficiente de regressao. quando 

comparado com a testemunha suscept{vel, A 170 (Tabela 3). Estes dados 

augerem que a temperatura atua diferentemente nos diversos matariais. 

Parece que o material suscept{vel e mais sensível ao afeito da temperatura. 
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As Figuras 

temperatura do 

(4, 5 e 7) dao urna viSao mais precisa sobre o parametro 

dossel. 

inverso de temperatura 

produtividade maie alta e 

o prlmeiro aspecto a ser notado " o gradiente 

em relacao a produtividade; foram observada 
J 

temperatura maia baixa, no tratamento h{drico sem 

estresse; a medida que se desloca em direcao ao estresse h{drico severo, a 
) 

produtividade diminuiu e a temperatura do dossel aumentou. No entanto, 
, 

observou-se, tambem, que as 

n{vel h{drico, explicando 

temperaturas variram entre cultivares no mesmo 

14% a 23% de variacao da produtividade dos , 
tratamentos com estresse severo e moderado, respectivamente. Apesar de a 

temperatura, pela análise de regressao linear, nao ter explicado a variacao , 
de produtividade do tratamento irrigado (Tabela 1), em algumas cultivares 

as temperaturas mais baixas no nível sem estresse hídrico correspondem a 

produtividades mats altas. Fazendo-se urna observ~cao geral, conclul-se que 

os materiais BAT 258 e CF 830026 apresentaram temperatura mais baba, 

lndependente dos n{veis h{dricos. As cultivares BAT 258 e CF 830026 
,. o d apresentaram, urna temperatura media de 22.5 e 22.8 C, para produtivida e 

1006 e 978 kg/ha, o que ditere das mé'días dos germoplasmas promissores 

restantes, com temperatura de 24.3 0 C, para produtividade de 756 kg/ha. A 

f ' , 2 o testemunha suscept vel a seca apresentou temperatura media de 2.6 e, nos 

tres n{veis hídricos para a produtividade de 581 kg/ha, sugerindo-se que 

este material tem alguma característica, alem de seu estado hídrico que 

controla sua produtividade. 

Verificou-se que O 

nos níveis h{dricos 

IAF influenciou parcialmente a produtividade apenas 

com estresse severo e moderado (Tabela 1). 

Aparentemente níi'o houve diferenca 

efeito do IAF, nos dois n{veis 

coeficientes de regressao linear 

Sob estresses h{dricos severo e 

de sensibilidade da 

h{dricos, como pode 

produti vidade por 

ser 

das equacoes apresentadas 

visto pelos 

na Figura 8. 
I 

moderado, os coeficientes de regressao 

linear foram, a 256. 336 e 285, 752. respectivamente. Pelos dados da 

análise individual de regresaso linear, percebe-se que o gerrnoplasms 

promissor apresentou menor sensibilidade so índice de área foliar; o 

coeficiente de regressao medio dos materlais promissores foi de 378.60 e 
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506.32 para testemunha A 170 (Tabela 4). 

Avaliacao de mecanismo de resitencia a seca - 1987 , 

Na tentativa de compreender melhor o comportamento do material 

promissor decidiu-se trabalhar mais intensamente coro um menor número de 

materiais. Desta maneira, em 1987, conduziu-se um enaaio com apenaa quatro 

materiais, dois comprovadamente promissores, Carioca e BAT 477, e dois 

relativamente desconhecidos, em termos de respasta a deficiencia h{drica, 
, -Os metodos de conducao do experimento foram 

I 
tidos apenas como exigentes. 

os descritos anteriormente. As avaliacoes foram fefta a partir do início 
I 

da floracao, 
1 

durante duas semanas consecutivas. Neste período, 

avaliaram-se a temperatura do dosael, a abertura estomática das faces 

superiores e inferiores e o potencial hídrico durante todo odia. 

Avaliaram-se, também, o índice de área foliar, a umidade do solo, densidade 

radicular, etc. 

Infelizmente, nao se pode apresentar uma anállse global, pola alguns 

dados estao sendo analisados e, outros, calculados. Contudo, serao 

apresentados alguns gráficos aem qualquer tipo de análise, para dar uma , 
ideia geral do que se pretende. A Figura 9 apresenta o desenvolvimento 

diurno do potencial hídrico, do dia 17 de julho de 1987, das cultivares 

Carioca e EMGOPA 201 Guro, com estresse severo. Parece que houve urna 

tendencia de nivelamento de comportanento durante as horas mais quentes do 

dia. No entanto, a partir das 15:00 horas, a cultivar EMGOPA Z01-0uro 

tendeu a recuperar maia rapidamente seu estado hídrico, com o aumento do 

seu potencial. Este comportamento inverteu no tratamento eom estresse 

h1drico moderado, (Figura 10). Deve-se notar que a cultivar EMGOPA 201 

Ouro apresentou tend~ncia de manter o potencial hídrico foliar maior que a 

Carioea, durante as horas maia quentes (Figura 10). Observo\l-se também, 

diferenfa do potencial h1drico foliar entre os tratamentos eoro estresse 

hídrico severo e sem deficit h!drico. durante todo o dia. No entanto, nao 

houve grande distanciamento, sugerindo que os mecanismos de deficit h{drico 
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sao aclonados para ajustar as condicoes h{drlcas da planta, 
I 

iminencla de estresse h{drico (Figura 11). 

.-
quando ha 

As temperaturas do do ss el (cv. Carioea), dos tratamentos com estresses 

h{dricos severo e moderado, foram semelhantes até as 9:00 horas, quando 

comecou o diferenclamento que perdurou ate o té'rmino das lelturas, ao 

entardecer (Figura 12). 1sto leva a erar que o período em que as plantas 
,. .. { estressadas se mantem recuperadas, apos o per odo noturno, perdura por 

poucas horas do dia, ou seja, até as 9 :00 horas. No entanto. parece que 

nao houve diferenca clara entre as cultivares Carioca e EMGOPA 201 Ouro e 
) 

BAT 477 durante as horas mais quentes. A diferenca foi notada a partir das 
J 

16:00, (Figura 13 e 14). Observou-se que 

tratamento sem deficit h{drico (Figura 15). 

esta diferenca desaparece no 
I 

, -O comportamento da abertura estomatica, face inferior, nao seguiu a 

tend;;-ncia do potencial h{drico, temperatura do dossel e intensidade da 

radiacao solar. O comportamento das duas cultivares foram semelhantes, nas 
I 

condicoes h{dricas ideais (Figura 16). Sob estresse h{drico severo. o 
I , , 

comportamento estomatal foi semelhante, ate as 10:00 horas; a partir deste 

ponto, houve intensa diferenciarao. e a cultivar EMGOPA 201 Ouro manteve a 

resistencia difusiva mais alta ~t¡ o t{rmino das leíturas, is 18:00 horas 

(Figura 16). Tendencia semelhante ocorreu para resistencia estomática da 

face superior (Figura 17). 

Hibridacao e selecao em populafoes segregantes 
j J 

Selecionaram-se linhagens em 28 populacoes de cruzamentos 
t 

intraespeciftcos e 7 de cruzamentos interespecÍficos para resistÉ1'ncia a 
seca pela metodologia descrita anteriormente. 

Em 1988 serao executados novos cruzamentos utilizando os progenitores 

até o momento identificados e combinando-os com linhagells do programa de 

melhoramento de alto potencial de rendimento ou linhagens que apreeentam 
~ , , 

resistencia mutua as doencas. 
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Tabela l. Coeficiente de determinaFao entre produtividade e número de vagens/planta (NVAG), 
peso de 100 sementes (P100) , potencial h{drico das folhas ( f)' resistencia 
estomática das faces superior (R

f 
), e inferior (Rfi), temperatura do dossel (TD) e 

índice de área foliar (IAF), nos ~res níveis h{dricos, estresse severo (1), moderado 
(2) e sem estresse hídrico (3). 

Níveis 

hídricos 

1 

2 

3 

NVAG 

** 
0.3718 

* 
0.1477 

** 
0.2275 

P100 

g 

*** 
0.4523 

0.0576 

* 
0.1224 

f 
MPa 

0.0971 

0.0047 

0.0412 

Rfs 
cm/seg 

0.0128 

0.0379 

0.0391 

Rfi 
cm/seg 

o 
*** 

0.3542 

0.0963 

TD 

Oc 

0.1989 

0.2621 

0.0413 

IAF 

*** 
0.2400 

** 
0.1812 

0.0410 
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Tabela 2. Temneratura do dossel. (TD), Indice de área foliar (IAF), potencial hídrico foliar 
( f)' resistencia estomatica da faces superior (Rfs ) e inferior (Rff)' 

Tratamentos 

hídricos 

Estresse severo 
Estresse moderado 
Sem estresse 

TD 
Oc 

26.24 a 
23.13 b 
21.62 c 

IAF 

0.68 c 
1.82 b 
2.65 a 

f 
MPa 

1.03 ab 
1.05 a 
0.93 b 

Rfs 
cm/seg 

4.77 a. 
2.37 b 
2.63 b 

Rfi 
cm/seg 

2.14 a 
1.01 b 
0.65 c 



Tabela 3. Coeficiente de regressao entre produtividade e a temperatura do 
dosael, nos tres níveis hídricoa estresae severo, moderado e aem 
estresse h{drico. 

Tabela 4. 

Cultivares 

BAT 258 
BAT 477 
Carioca 
CF 830026 
CNF 127 
IFA 7419 
Moruna 
A 170 (testemunha) 

Coeficiente de regressao linear (b) 

- 210,837 
- 103,977 
- 100,987 
- 109,034 
- 115,712 
- 116,135 

98,738 
- 177,458 

Coeficiente de regressao linear entre produtividade e índice de 
área foliar, nos tres niveia hídricos. estesse severo, moderado 
e sem estreaae. 

Cultivares 

BAT 258 
BA! 477 
Carioca 
CF 830026 
CNF 127 
IPA 7419 
Moruna 
A 170 (testemunha) 

-Coeficiente de regresaao linear (b) 

105 

383,57 
398,53 
482,30 
414,77 
324,52 
352,47 
294,03 
506,32 



Figuras 

Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Pig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Fluxograma do programa de resistencia do feijao a seca. 

Distribuicao das classes de producio da avaliacao preliminar l. 
¡ " 

Distribuifao do germoplasma da avaliaf80 avan9ada, em 4 grupos: 

1 - resistente á seca e responsivo a irrigacao, 11 - resistente , 
e nao responsivo, 111 - nao resistente e nao responsivo e IV-

nao resistente e responsivo. 1 - A 285, 2 - A 295, 3 - A 319, 

4 - A 320, 5 - BAT 53, 6 - G 4446 e 7 - GF 1138. 

Produtividade das cultivares promissoras e nao promissora (A 170) 

para as condifoes de severo, moderado e sem estresse h{drico. 

Efeito da temperatura do doseel sobre a produtividade em 

condicoes de deficiencia severa (1) e moderada (2). , 
lndice de área foliar (IAF) das cultivares proroissoras e nao 

proroissora (A 170) para as condicoes de severo, moderado e sem , 
estresse hidrico. 

Temperatura do dossel das cultivares promissoras e nao promissora 

(A 170) para as condicoes de severo, moderado e sem estresse 
I 

h{drico. 

Efeito do índice de área foliar sobre a 

condieoes de defici~ncia hldrica severa , 
produtividade em 

(1) e moderada (2). 

Variacio diurna do potencial h{drico foliar, das cultivares , 
Carioca e EMGOPA 201-0uro, ero condicoes de estresse h{drico 

I 

severo. 

Variacao 
I 

Carioea e 

moderado. 

hídrico foliar, das cultivares 

condieoes de estresse hídrico , 

diurna do potencial 

EMGOPA ZOl-Ouro, ero 

Variaéáo diurna do potencial h{drico foliar, da cultivar Carioea, , 
em eondicoes de estresse h{drico severo e sem estresse. 

¡ 

Fig. 12. Varia9ao diurna da temperatura do dossel, da cultivar Carioea, em 

condicoes de estresse h{drico severo e sem estresse. 
I 
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Fig. 13. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

Fig. 17. 

Variacao da temperatura do dossel, das 16:00 as 18:00 horas, das 
• 

cultivares Carioea e BAr 477, ero eondicoes de estresse h{drico , 
severo. 

Variacao da temperatura do doseel, das 16:00 ~s 18:00 horas, das 
I 

cultivares Carioea e EMGOPA 201-Duro, ero condicoes de estresse 
I 

h!drico severo. 

Variacao da temperatura do dossel, das 16:00 as 18:00 horas, das 
I 

cultivares Carioca e EMGOPA 201-0uro, sero deficiencia hídrica. 

Variacao diurna da resistencia difusiva estomatal da face , 
inferior, das cultivares EMGOPA 201-Duro e Carioca, em condicoes 

J 

de estresse h{drieo severo e sem estresse. 

Variacao diurna da resistencia es toma tal 
I 

cultivares EMGOPA 201-0uro e Cariocs, ero 

h!drico severo e sem estresse. 
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Figura 16. Variayao diurna da resistgncia difusiva estomatal da face 
inferior, das cultivares EMGOPA 201-ouro e Carioca, em 
condi~oes de estresse hídrico severo e sem estresse. 
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COMPORTAMIENTO DE 30 VARIEDADES DE FRIJOL (Phaseolus vulgaris L.) 

EN SIEMBRAS SIN RIEGO 

Evelio García, Miguel González y Benito Faure* 

Se realizó un experimento donde se compararon 30 variedades de fríjol 

de diferentes colores de testa y de las más promisorias, procedentes de la 

Academia de Ciencias de Cuba, introducidas del CIAT y criollas, con el fin 

de recomendar a los agricultores las de mejor comportamiento en condiciones 

de siembras sin riego y de obtener elementos para futuros trabajos de 

mejoramiento genético en dichas condiciones. 

Para el estudio se dividieron en dos grupos: variedades negras (15) y 

de varios colores (15), en diseños respectivos de bloques al azar con 4 
2 réplicas y parcelas de 11,2 m. Se utilizaron testigos locales conocidos, 

como el Bolita 42 y Criollo para negros y Velaaco Largo para el de varios 

colores. Las siembras se efectuaron en septiembre de 1985 y 1986 Y enero 

de 1986 y 1987. 

Las variedades negras de mejor comportamiento fueron el Tazumal (BAr 

58). Holguín 518 (BAT 518). Guira 89 e rCTA-Quetzal. En las de varios 

colores el Chavere (BAT 482), Jíquima 61, Engañador (BAT 93) Y el Jíquima 

70 fueron mejores. En cuanto a colores, el negro fue el de mayor 

rendimiento promedio. Las variedades de períodos cortos y largos 

alcanzaron los menores rendimientos respectivamente y las de mejor 

rendimiento fueron las de ciclos medios. 

* Ingenieros Agrónomos de la Subestación de Granos MINAG, Laboratorio 
Provincial de Sanidad Vegetal y Estación Experimental de'Granos "El 
Tomeguin", en Holgu!n, Holguín y Ciudad de La Habana, Cuba, 
respectivamente. 
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Introduction 

PRELIMINARY RESULTS OF THE BEAN INTERNATIONAL 

DROUGHT YIELD TRIAL (BIDYT) 

J.W. White* 

The Bean International Drought Yield Trial (BIDYT) ",as initiated in 

1984, consisting of a replicated yield trials ",ith 25 entries (including 

local checks) distributed to bean researchers interested in drought 

tolerance. The stated purposes of the BIDYT ",ere: 

l. Make germplasm identified at CIAT as drought tolerant avallable to 

researchers else",here. 

2. Determine whetber select10n at CIAT bad been effective in identifying 

superior genotypes for otber sites. 

3. Characterize sites and genotypes by their yield responses. 

To date, 29 sets of data have been received, and the results are being 

organized for a publication similar to those prepared for IBYAN's 

(International Bean Yield and Adaptation Nurseries). This paper discusses 

preliminary results from the BIDYT, and considera whether such 

international drought triale should be continued. 

* Pbysiologist, CIAT, A.A. 6713, Cali, Colombia 
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MateriaIs and Methods 

The BIDYT was distributed as a yield trial with four repIicates in a 

randomized complete block designo The trial included 23 bean genotypes 

identified as drought tolerant at CIAT, with space allowed for: 

investigators to include 2 local checks. The 23 genotypes were 

predominantly small aeeded indeterminate materiaIs, but three medium to 

larga aeeded type 1'9 were included to aesure some variation in plant types 

(Table 1). 

Enough seed was supplied to permit four row plots 4 m long, it being 

recommended that ooly the center rows be harvested. Rowever, trials varied 

greatly in the actual plot layouts used. An option of having a parallel 

aet of materials for irrigated controls (labeled "BIDYT+C") was also made 

available. 

Data for 29 trials have been received. 

yieIds varied from nearIy O under drought to 

treatments (Table 2). 

Results 

As would be expected, mean 
-1 over 2500 kg ha in irrigated 

Rather than present tabulations of individual trial results. emphas1.s 

was given to using the data to evaluate the goels of the triel, and to 

provide a basis for considering alternatives for future triels. Since the 

first goal of the trial was satisfied by distributing trials. the points 

which were thought to require attention were: 

l. Did materials identified as drought tolerant at CIAT appear to show 

drought tolerance in locations outside of CIAT? 

2. Did the results suggest that certain sites tend to show the same 

drought response? 
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3. Did eertain genotypes eonsistently show similar results, thus 

suggesting eoromon meehanisms of drought toleranee? 

Performance of materials 

Analysing results of multUocation yield trials is always a perUous 

endeavor, and having the alternative of exeluding data from the irrigated 

triala provided another dimension of complexity. 

Mean yields across trials are one possible index of overall 

performance, but aites with high yields will bias the results. 

Nevertheless, such means were generated, including separa te means of 

drought and irrigated trials (TabIe 3). Based on this index of 

performance, most test materiaIs were inferior to the local checRs. 

Bias introduced by variation in yields can be eliminated by 

standardizing data to a constant mean and standard error. This was done by 

subtracting out site mean yield, and dividing this value by the standard 

error, resulting in a11 triala having a mean yield of O, with standard 

error of 1. When overall means are ealculated in this manner. the best 

local checR was clearly superior, while V 8025 and BAr 477 were the second 

and thlrd best entrles (Table 3). 

Yet another strategy 16 to base evaluations en ranRa of yields. Using 

this criterion, V 8025 and the best local check interchanged positions, 

while BAT 477 dropped to sixth place (Table 3). 

Although the exact order of the evaluations varied considerably, the 

overall trend was that the genotypes of the BIDYT performed poorly compared 

to the local checks (see aIso TabIe 4). The few linea which might be 

coosidered outstsnding were V 8025, BAT 1289. BAT 1298, snd BAT 477. 

One possible explanation ls that the screening strategy at CIAT la 
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inappropriate. Perhaps the soil or climatic conditions are so unusual that 

mechanisms which give tolerance at CIAT are of little use e1sewhere. This 

possibility is difficult to test, and wil1 require a better understanding 

of tolerance mechanisms both at CIAT and elsewhere. 

A second possibility is that factors affecting non-drought components 

of adaptation masked effective drought tolerance. The number of genotypes 

in the SIDYT is too low to permit a 

the parallel drought adaptation 

Adaptation Nursery, BIDAN) , which 

photoperiod-temperature adaptation 

decisive evaluation of this point, but 

nursery (Bean International Drought 

contained 72 entries, suggested that 

was a confounding factor. When 

genotypes were classed by drought yield and photoperiod response at two 

contrasting sites, it was se en that the optimal photoperiod response was 

comp1etely different. In California, a day neutral response was 

advantageous. while on the coast of Peru, photoperiod sensitive materials 

yielded hetter (Table 5). 

Characterization of sites 

The probable effects of adaptation suggested a need to c1assify drought 

sites so that breeding efforts can be directed toward site specific 

problems. The yield data provided a convenient tool for characterizing 

sites on exactly the parameter one is most interested in, yield response to 

environments. 

Using a centroid clustering technique (Williams. 1976). sites were 

classified using absolute yields, and also using ranks of yields. For the 

classification using absolute yields, the biggest separation was one 

separating experiments with high and low yields. this heing associated 

primarily irrigated vs drought conditions (Fig. lA). A more instructive 

classification appeared to result frol"t classification on ranks of yields 

(Fig. lB). Using ranks, the predominant feature was that experiments from 

the same location tended to form groups irrespective of the water regime. 
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For example, trials from Chiclayo, Peru and from CIAT Palmira formed one 

cluster including three irrigated and four drought trials. 

These results again suggested that local adaptation was such a dominant 

force in determining genotype response that their possible drought 

tolerance was severely affected by local adaptation. 

Characterization of genotypes 

Just as sites may be classified by yield response, genotypes may be 

grouped by similarity in response to different drought environments. Again 

using a centroid clustering algorithm, the genotypes were grouped based on 

absolute yields and ranks of yields, also including a classification based 

on absolute yields only of drought experiments. The validity of all three 

classifications was supported by the result rhat materíals known to be 

similar were grouped together (Fig. 2). Thus the three medium to large 

aeeded genotypes of growth habit type l. A 195, BAT 1393, and G 4523 were 

grouped in a single group, using three different criteria. as were the 

sister lines BAT 85 and BAT 477 (see also Table 1). 

Ideally, groupings from the classification based on drought experiments 

should indieate similarity of tolerance mechanisms. However, given the 

relatively poor performance of the BIDYT genotypes as compared to local 

checks, it seems likely that the classification would reflect similarities 

of general adaptation rather than of specific tolerance mechanism. 

The phenology data also permitted consideration of possible mechanisms 

since relations between yield and time to flower and maturity provide 

indication of the importance of drought escape through earliness. TabIe 6 

presents correlations between these parameters for individual trials of the 

BIDYT. Correlationa were gene rally small snd not statistically 

significsnt. Seven of the ten correlations betweell days to maturity with 

drought yield !Yere negative, as compared to three of nine for irrigated 
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trials. but a ChiZ test (2.5 with 1 d.f.) failed significance. These 

results could again be attributed to differences in sites having effects on 

the utility of a specific tolerance mechanism. 

The Need for Future Internacional Drought Trials 

Given the apparent disappointing performance of the genotypes of the 

BIDYT. the advisability of continuing international drought trials requires 

careful consideration. It would certainly be unjustifiable to continue the 

BIDYT in its present formo 

One alternative would be to organize a truly international nurSery 

based upon elite material from different countries. relying upon results of 

screening from the individual countries. Drawbacks ro such sn effort would 

include that adaptation would continue to limit the urility of the 

materials. and that phytosanitary problems would increase over those 

encountered in trying to supply seed for the BIDYT. To partially alleviate 

these problems, a smaller trial might be used, requiring fewer replicates. 

and excluding the alternative of irrigated controls. To suggest what 

results might occur with such an interchange, Tables 7 and 8 present 

drought yields of promising materials sent ro CIAT from Brazil (CNPAF) and 

Mexico (INIFAP) for evaluation. 

Another strategy would be to subdivide the nurseries by grain types and 

or expected adaptation. One also might continue the BIDYT with the same or 

similar entries, making it available to researchers who want an initial set 

of materials essentislly for diagnostic purposes. Further needs of drought 

regiona could be handled on the basia of specific requests from individual 

programs. Disadvantages of this approach would include that unless 

communication among regions is improved, different regions probably would 

not know what genotypes to request from other programs. 

A utopian strategy would be to wait until more information on specific 
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tolerance mechanisms is avaiIable, and then reIy on distribution of 

specific parents or progenies from crosses incIuding sources of desired 

traits. In a sense, such a strategy is already betng investigated in a 

collaborative project between INIFAP and CIAT where outstanding lines from 

CIAT have been erossed with outstanding Mexiean materials, and resulting 

progenies are being evaluated both in Mexico and Colombia. Perhaps similar 

trials should be developed at other sites. 

Conclusion 

With respect to the three points raised previously, these preliminary 

analyses of the BIDYT suggest the following: 

l. Only V 8025, BAT 1289, and BAT 1298 stood out for possible drought 

tolerance in a wide range of environments. 

2. Cluster analyses suggested that factors besides drought predominated in 

determining similarity of results. 

3. Genotypes did tend to forro logieal clusters based on yield performance. 

However, given the apparent importance of local adaptation, these groupings 

probably reflected characteristics of general adaptation, not specific 

drought tolerance mechanisms. 

While this first attempt at evaluation of promising genotypes has been 

instructive, the effect of local adaptation is so strong that it seems 

unadvisable to continue the BIDYT unless major modifications are made in 

its structure. 
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Table l. Description of materials of the BIDYT. 

No. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Seed 
ldentification color 

A 54 Cream 
A 195 Cream 
A 59 Coffee 
A 97 Cream 
A 170 Cream 
BAT 85 Cream 

BAT 125 Cream 
BAT 336 Cream 
BAT 477 Cream 

BAT 1393 Cream 
BAT 798 Black 
BAT 868 Coffee 
BAT 1289 Red 

BAT 1298 Pink 
EMP 105 Red 
G 4830 Black 
G 4523 M. Red 
G 4454 Black 
G 4446 Coffee 
G 5059 Cream 
G 5201 Black 
G 17722 Pink 
V 8025 Black 
Local Check 1 
Local Check 2 

100 seed Growth 
weight habit Pedigree or name Origin 

19 2 TTS x 77B-ICA 10303 CIAT 
52 1 Red Kloud x ICA 10009 CIAT 
27 2 A 5 x G 2618 CIAT 
23 2 Aeté 1/37 x (A 23 x G 4000) CIAT 
20 2 TTS x ICA 10303 CIAT 
22 2 (51052 x ICA Bunsi) x 

(51052 x Cornell 49-242) CIAT 
23 2 (G 4495 x G 5481) x (Jamapa x G 5481) CIAT 
21 2 51052 x Cacahuate CIAT 
24 3 (51051 x ICA Bunsi) x 

(51052 x Cornell 49-242) CIAT 
36 1 (G 14013 x (G 4494 x (G 76 x G 1540» CIAT 
23 3 (G 4495 x Jamapa) x (G 4495 x G 5479) CIAT 
25 2 51052 x Ecuador 299 CIAT 
21 3 (Honduras 46 x Venezuela 54) x 

(Desarrural x Cornell 49-242) CIAT 
21 3 Pompadour Checa x Turrialba 1 CIAT 
20 2 BAT 1155 x BAT 964 CIAT 
19 2 Rio Tibagí BRZL 
40 1 ICA Línea 17 COLB 
21 2 ICA Tui COLB 
28 3 Puebla 152 MEX 
23 2 H 6 Mulatinho BRZL 
18 2 Bxl 1074 MEX 
26 3 San Cristóbal'83 ROOM 
21 4 Jamapa x Compuesto Chimaltenango 2 CIAT 



Table 2. Trials reporting data in the BIDYT. 

Drousht Irrisated 
No. Location Institution Yield S.E. Yield S.E. 

-------------kg -1 
ha -------------

1 Chiclayo, Peru INIA 330 270 350 220 
3 Chincha, Peru INIA 630 134 1420 270 
5 Palmira, Colo CIAr 1640 26Q 2660 350 
7 Quilichao, Colo CIAT 1400 260 
9 Popayan, Colo CIAT 520 260 

11 F. Madero, Mex INIFAP 90 20 
16 Davis, Calif CIAT 600 
21 Goiania, Brazil CNPAF 850 1900 
23 Chincha, Peru INIA 280 70 670 190 
25 Chillan, Chile u.c. 1300 80 2470 290 
26 Palmiar, Colo CIAT 1080 200 2550 280 
28 Palmira, Colo CIAT 730 180 2630 220 
29 Palmira, Golo CIAT 1590 220 2080 80 
30 Quilichao, Colo CIAT 820 UO 
39 Popayan, Colo CIAT 2020 
41 F. Madero, Mex INIFAP 588 130 
43 Aguascalientes, Mex INIFAP 
45 Chiclayo, Peru INIA 800 210 1330 290 
49 Jutiapa, Guat ICTA 620 120 U20 150 
51 Palmira, Colo CIAT 600 140 1340 200 
53 Quilichao, Colo CIAT 2210 200 
54 Popayan, Colo CIAT 2720 240 
55 Riverside, Calif UCD 80 50 
56 Palmira, Colo CIAT 1230 250 
58 Zamorano, Hond EAP 350 llO 2560 340 
62 Chiclayo, Peru INIA 370 100 
63 Chic layo , Peru CIAT 840 230 1300 250 
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TabIe 3. Performance of entries of the BIDYT evaluated as mean yield 
across sitas, yield standardized to eliminate effect of Bite mean 
yield, and mean of ranks in individual trials, D = drought, I = 
irrigated, and O = overall mean. 

Mean of Mean of 
Mean Yield standarized Iield ;[ield ranks 

Genotype D 1 O D 1 O D 1 O 

-1 ------kg ha -------

A 54 651 1615 1004 0.12 -0.39 -0.07 12 24 19 
A 195 713 1697 1091 0.07 -0.08 0.01 18 17 18 
A 59 576 1722 996 -0.55 0.02 -0.34 22 20 23 
A 97 637 1685 1021 -0.11 -0.22 -0.15 14 16 17 
A 170 633 1867 1086 -0.15 0.41 0.05 16 2 10 
BAT 85 702 1598 1031 0.19 -0.45 -0.05 8 11 7 
BAT 125 604 1670 995 -0.69 0.00 -0.43 20 18 20 
BAT 336 672 1614 1021 0.11 -0.54 -0.13 13 14 13 
BAT 477 747 1720 1103 0.55 -0.04 0.33 6 6 4 
BAT 1393 685 1654 1040 0.18 -0.28 0.02 10 21 15 
IlAT 798 593 1705 990 -0.15 0.46 0.07 19 7 16 
BAT 868 478 1607 912 -1.02 -0.30 -0.75 24 12 22 
BAT 1289 751 1665 1086 0.13 -0.29 -0.03 3 22 8 
BAT 1298 723 1801 1118 0.38 0.28 0.34 4 13 6 
EMP 105 551 1674 963 -0.82 -0.22 -0.60 25 23 24 
G 4830 705 1667 1058 0.06 -0.30 -0.07 9 15 11 
G 4523 562 1504 907 -1.15 -0.97 -1.08 23 25 25 
G 4454 625 1659 1004 -0.45 -0.25 -0.38 21 19 21 
G 4446 628 1839 1072 0.09 0.33 0.18 15 8 14 
G 5059 631 1833 1072 -0.36 0.32 -0.11 17 3 12 
G 5201 687 1758 1080 -0.08 0.05 -0.03 11 10 9 

G 17722 747 1844 1153 0.34 0.49 0.40 7 4 5 
V 8025 808 2099 1281 0.77 1.42 1.01 1 1 1 

CHECK-l 854 1743 1183 2.29 0.19 1.51 2 9 2 
CHECK-2 751 1853 1175 0.44 0.43 0.44 5 5 3 
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'liiiIe 4. Y:Ield nri<s of :ltdtvid:al ~ of th! HID'iT, ~ l.ooll dEcks. Tr.Ia18 ate 

BlI:a@irl ~ to cl1Jst:er amyms of ~ lB. D = ~ trail; 1 = úrlí!f!h'd. 

TrJal 
Qdn Q1il Q.rl1 Q.rl1 Davi Za!D Oúc CN'2 CN'3 CN'1 :!qn (h:!l Rive Zam Oúc 

Gax:.type 1 D D D D lID 1 D D 1 D D D 

AS!< 24 12 4 16 15 13 10 19 19 23 19 21 1 5 8 
A1S6 4 1 19 13 11 2 18 13 12 13 4 6 13 3 3) 

A:8 16 3) 25 21 25 23 13 15 16 3) 17 17 14 3) 16 
A97 8 5 10 1 6 7 19 22 21 5 16 5 10 7 12 
Ali'O 14 17 15 9 3 3 2 21 24 18 25 10 12 8 24 
MI'85 9 6 12 11 7 8 25 20 18 24 11 9 19 15 4 
MI' 125 1 8 13 4 24 18 15 17 23 6 18 15 15 18 25 
MI' Th 23 23 8 7 17 11 6 9 la 11 13 7 9 9 la 
MI'477 5 16 16 10 la 6 3 6 5 15 3 25 24 17 1 
MI' l393 3) 2 7 12 4 12 1 5 14 7 7 2 3 2 18 
BAT i'9! 2 la 21 2 13 16 17 23 25 16 24 23 21 14 9 
BAT ¡ffl 11 18 11 25 23 5 14 8 7 22 15 13 25 23 21 
BAT l2ll9 19 22 3 8 9 22 12 14 3) 8 5 24 5 11 15 
MI' l~ 15 15 17 17 20 25 7 1 2 1 12 4 6 13 7 
1M' 1(6 18 21 24 3) 21 20 3) 24 22 25 21 19 22 19 6 
G lo8ll 10 13 2 5 8 4 8 3 15 19 9 20 3) 6 11 
G 4523 25 25 3) 19 19 19 22 25 17 17 2 18 8 12 23 
G 44S!< 3 19 23 22 14 14 16 18 13 4 la 11 18 10 22 
G 4446 17 24 18 18 22 15 23 16 6 3 3) 12 23 24 14 
G:ml 6 3 1 6 18 1 5 2 3 2 23 14 17 21 19 
G 5201 13 4 9 3 2 17 9 7 4 14 6 16 16 25 13 
G 17722 21 11 22 15 16 21 4 11 n 12 22 3 II 1 3 
V rozs 7 14 6 14 12 la 24 4 1 21 1 1 4 16 17 

QRK-l 12 9 5 24 1 24 11 10 8 10 8 22 1 22 2 
QRK-2 22 7 14 23 5 9 21 12 9 9 14 8 2 4 5 
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A 5'+ 
A 195 
A:E 
A97 
AliU 
1lÁT85 
llÁT 125 
llÁT 336 
llÁT 477 
llÁT 1393 
llÁT 7'll 
llÁT aí8 
llÁT l.2ID 
ll!\T 1298 
1M' 1(5 
G l,8)} 

G4523 
G 4454 
G 4446 
G S'1i9 
G Sall 
G 17722 
V 3J25 

QHX-1 
QHX.:.1 

lhlm lhlm Rtbn lhlm <hI.c <hI.c ~ ~ .AJti .llI:i <hI.c Chfn Chfn Chfn Iqa 
D lID D 1 D D D 1 D D D 1 1 

ZZ 'lA 16 23 1 11 9 5 17 16 21 3 8 12 18 
16 al 24 25 21 23 16 6 15 al 24 18 11 10 13 
12 17 22 15 8 4 15 23 'lA 23 19 8 1 2 7 
24 11 al 22 12 25 11 21 14 6 12 25 18 19 11 
2 1 1 9 13 17 14 15 22 19 22 7 4 9 12 
4 6 6 10 11 10 8 7 3 2 4 al 17 18 25 

al 22 25 13 14 21 25 24 10 4 9 9 5 4 10 
5 7 8 3 6 7 3 22 25 22 17 19 23 23 23 
1) 4 4 8 4 al 4 12 7 1 6 17 24 22 24 

18 25 19 19 19 'lA 21 19 23 24 25 12 6 3 17 
13 14 10 14 16 6 23 17 16 8 15 2 2 1 5 
23 10 7 16 ZZ 8 10 4 19 14 10 21 25 25 22 
3 9 11 4 9 18 17 16 8 7 3 10 22 al 4 

11 12 18 5 7 15 7 8 21 17 14 4 10 7 15 
15 15 21 21 18 14 Xl Xl Xl 21 16 5 7 8 2 
9 18 9 18 15 13 13 10 2 13 al 23 19 17 al 

19 21 23 24 23 22 24 13 13 25 23 15 14 14 16 
10 23 17 6 3 12 18 18 18 15 18 16 15 15 19 
7 3 3 Xl 10 19 2 1 4 II 7 13 13 13 8 

25 19 14 12 al 1 12 11 II 9 13 24 21 24 21 
21 16 15 7 17 9 19 14 6 10 11 22 16 16 9 
1 5 12 2 5 3 22 25 9 18 5 6 9 6 14 
8 13 2 17 2 S 6 3 1 3 8 1 12 S 1 

17 8 5 11 24 16 1 2 S 12 1 11 3 11 3 
14 2 13 1 25 2 S 9 12 S 2 14 Xl 21 6 



Table 5. Comparison of photoperiod response of flower1ng and yield of 
lines of BIDAN at Davis. California and Chincha, Peru. 

Photoperiod 
Response 

Davis 

Sensitive 
Intermediate 
Day neutral 

Chincha 

Sensitive 
Intermediate 
Day neutral 

<: 100 kg/ha 

8 
13 

1 

1 
3 

14 

139 

No. oí lines yielding 
100-400 > 400 ka/Ka 

4 O 
10 1 
13 17 

2 Chi = 40 P <: .001 

7 7 
14 7 
13 5 

Chi2 
= 13 p <:: .025 



TabIe 6. Correlations between yield and days to maturity for selected 
BIDYT experimenta (some trials include additional bean 
genotypes). 

Correlation with yield 
Drought lrrigat10n 

No. Site Flowering Maturity Flowering Maturity 

5 Palmira -0.21 -0.39** 0.12 0.23* 
23 Chincha, Peru 0.55** -0.34 0.42* -0.30 
26 Palmira, Colo -0.04 -0.18 0.14 -0.01 
30 Qullíchao, Colo 0.22 -0.16 
41 F. Madero, Mex -0.07 0.53** 
45 Chiclayo, Peru 0.38 -0.26 -0.29 -0.51** 
49 Jutiapa, Guat 0.20 0.22 
51 Palmíra, Colo 0.17 0.30** 0.15 0.18 
53 Qullichao, Colo 0.40** 0.08 
55 Popayan, Colo 0.03 0.06 
55 Riverside, CA -0.27 
56 Palmira, Colo 0.28 0.19 
58 Zamorano, Bond -0.38 -0.28 0.27 0.37 
62 Chiclayo, Peru -0.02 -0.12 
63 Chiclayo, Peru 0.11 0.35 0.29 0.07 

*, ** Significant at the p = 0.05 and p = 0.01 levels, respectively. 
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TabIe 7. Y1eIds of selected genotypes from stage 1 drought screening at 
CIAT PaImira and Quilichao (1986A). including 14 genotypes sent 
for screening from CNPAF. Brazil. 

Drousht/Yield 
Identification Orig1n Palmira Qullichao 

-1 
---------kg ha ----------

BAT 477 CIAT 980 380 
FEB 4 CIAT 960 280 
Pirata Bradl 950 360 
DOR 350 CIAT 860 250 
RAO 30 CIAT 810 140 
RAE 175 CIAT 760 250 
CNF-128 Bradl 700 290 
S. Cristobal 83 D. Republic 640 390 
BAT 1289 CIAT 510 180 
A 170 CIAT 470 260 
CNF-1l5 Brazil 430 310 
8030-1-1 Brazil 420 190 
CNF-143 Brazil 380 200 
BAT 12241 CIAT 340 180 
IPA-7419 Brazil 330 160 
Hico de Ouro Brazll 280 500 
CNF-151 Brazil 270 70 
Jamapa Brazil 103 160 
CNF-154 Brazil O 160 
CNF-156 Brazil O 110 
CNF-155 Brazll O 180 
Sacquven Brazll O 270 
Turrialba 2N Brazil O 70 

Mean 440 240
2 S.E. 230 NA 

1 
2 Considered susceptible check at CIAT. 

NA : Not available. Unreplicated nursery. 
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Table S. Yields of selected genotypes from stage I drought screening oí 56 
genotypes st CIAT Palmira (19S6B) including ZO genotypes from 
INIFAP, Mexico. The genotypes from INIFAP included 8 materiaIs 
also considered drought tolersnt at CIAT, snd thus, are 
identified with both sources. 

Identification Source 1 Drought yield 

kg ha -1 

G 6333 CIAT 1970 
G 6221 CIAT 1920 
G 17722 CIAT 1770 
G 542S CIAT 1710 
G 5430 CIAT 1570 
A 170 INIFAP, CIAT 1510 
BAT 477 INIFAP' CIAT 1500 
Negro Argel INIFAP, CIAT 14S0 
N 81017 INIFAP , MSU 1470 
V 8025 INIFAP , CIAT 1450 
BAT 1393 INIFAP , CIAT 1080 
A 59 INIFAP, CIAT 1010 
A 161 X various INIFAP 930 
DGO 5 INIFAP S20 
A 424 INIFAP, CIAT 750 
A 195 INIFAP. CIAl 690 
Negro Queretaro-S INIFAP 680 
Bayo Dursngo INIFAP 640 
DGO 222 INIFAP 600 
Tlaxcala 475 INIFAP 520 
CHID 7 INIFAP 360 
Pinto Nacional 1 INIFAP 200 
MICH 89 INIFAP 110 
CHIS 86 INIFAP O 

Mean 850 
S.E. 310 
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Figures 

Fig. 1 

Fig.2 

Classification of 30 BrDYT experiments based on absolute yields 

and ranks of yields. "D" and "1" indicate drought and irrigated 

plota respectively. Yields of local checks and BAT 868 were 

excluded. 

Classification of genotypes of the SIDYT based on absolute yields 

and ranks of yields for 30 trials, and on absolute yields under 

drought (19 trials). Yields of local checks and BAT 868 were 

excluded. 
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Figure 1. Claasification oí 30 BIDYT experimenta based on ab1solute yields and ranks of yields. nO" 
and "1" indicate drought and irrigated plots respectively. Yields of local checks and 
BAT 868 were excluded. 

A) Absolute yielda B) Ranka of yield 

Chincha 1 1 Chincha 1 1 ........... 
Madero D 16 · . ) Chillan D 17 ............ ., .... "' .. ) .... 
Chiclayo D 24 · .) .. ) Quilichao D 7 .......•... ) 
Zamorano D 27 ..... ) Quilichao D 14 .................. ~.) .... ) 
Chincha O 2 · . ) Oavis O 11 '" ................ '" .. ) 
Chincha D 9 .... ) .... ) Zamorano 1 28 •.......... ) .. ) .. 
Oavia O 11 .. .. .. .. .. ) Chic layo 1 4 .............. ) 
CNPAFl O 19 ) CNPAF2 O 20 ........ ) ) 
Rlverside O 29 .. ) .. ) ...... CNPAF3 1 21 ........ ) ...... ) ) 
Popayan O 8 ........... ) CNPAFl D 19 •............. ) .. ) 
Chiclayo D 3 ..... ) Popayan O 8 ..............•.. ) 
Jutiapa D 22 "' ........ ) ) Chillan 1 18 •.......... ) 
Madero D 30 .......... ) ) Riverside D 29 ........... ) .. ) 
Quilichao O 14 ..... ) ) Zamorano D 27 .....•........ ) .. ) 
Chic layo D 25 .......... ) .... ) Chiclayo O 3 .......•...... ) 
CNPAF2 D 20 .... .. .... ...... ) .... ) Palmira D 5 ........ ) ) 
Chincha 1 10 ........... ) ...••...... Palmira 1 6 ........ ) .. ) ) 
Chiclayo 1 4 ....... ) Palmira 1 13 ............. ) .. ) ) 
Chillan D 17 .. . .. . ) ) Palmira D 12 ............. ) ) 
Quilichao O 7 · ........ ) ... ) Chic1ayo D 24 ........ "' ..... ) .. ) ) 
Palmira O 12 ) ) Chiclayo 1 26 ."' .............. ) .. ) 
Chiclayo 1 26 · ..... ) .. ) ) Madero D 16 ............. ) 
Jut1apa 1 23 ......... ) ..... ) Madero D 30 ............... ) ..... ) 
PalmiTa D 5 ............... ) ) Jutiapa D 22 . .........• ) 
CNPAF3 1 21 · ............. ) ) ) Jut1apa 1 23 ......... ) ) 
Popayan 1 15 .............. ) .. } .......... ) ........... Chiclayo O 25 ..... ~ .. ) .. ) ..... ) .. 
Palmj.ra 1 6 ) Chincha D Z .......... 
Palmira 1 13 ........ ) .... ) Chincha O 9 ) 
Chillan 1 18 ........... ) ) Chincha 1 10 ... ) ...... ) ... 

) 
) 
) 

Zamorano I 28 ............ ) ... ,. .. ,. .................... ,. ) ..... Popayan 1 15 ........... )."' ......... ) ..... 



Figure 2. CIassification of genotypes of the BIDYT basad on absoluta yields and ranks of yields for 30 
trisIs, snd on absoluta yields under drought (19 trials). Yields of local checks and 
BAT 868 were excluded. 

Absoluta yield Ranks of yield Absolute yiald - drought 

A 170 •••••••• A 170 . .......... A 170 • • 
A 54 ••••• ) BAT 1298 • ••••••• ) BAT 798 ..) 
A 59 •• ) ) G 17722 ........ ) .. ) .. BAT 125 '" ",) "' . 
EMP 105 .. ) .. ) ) A 195 . . . '" '" ) A 59 • • ) 
BAT 125 · . ) ) BAT 1393 ...... ) .. ) EMP 105 '" ",) ... ). '" 
BAT 798 .. ) .. ) .. ) G 4523 ........ ) .. ) G 17722 "' ........... ) .... 
BAT 1298 · . ) G 4454 •.......... ) ) A 54 ••••• ) 
G 17722 .... ) .......... ) .... A 54 •.•......•• ) .. ) V 8025 .. ....... ) .... ) 
A 195 .......... ) A 59 •• ) A 97 • • ) } 

:;: BAT 1393 ..... ) .. ) BAT 868 .... ) .......... ) G 4523 .. ) ) ) 
'" G 4523 ........ ) .. ) BAT 125 ........ ) ) G 5201 ... ) ... ) ) 

A 97 ••••• ) BAT 798 "' ............ ) ........ ) BAT 1289 • • ) ) ) 
BAT 1289 .. ) ) A 97 ...................... ) BAT477 .. ) ) ) ) 
G 4523 .. ) ) ) G 4830 .. '" ...... ) ) BAT 85 ..) .. ) .. ) ) 
G 5201 .. ) .. ) ) G 5201 .... "' .... ) .... ) ) BAT 1298 • • ) } 
BAT 477 • • ) ) G 5059 ........ ) .. ) ) G 4454 .. ) .... ) ) 
BAT 85 .. ) .. ) ) .BAT 1289 •••••••• ) ) BAT 336 . .... ) .. ) .. ) 
BAT 336 ..... ) ) BAT 336 ........ ) .. ) ) A 195 ••••• ) 
G 4454 ..... ) .. ) BAT 477 ••••• ) ) G 4523 ..... ) .. ) 
G 5059 ........ ) .. ) BAT 85 ..... ) ..... ) .. ) BAT 1393 . ....... ) .... ) 
G 4446 ..•.......• ) G 4446 .......... " ) G 5059 ........... ) 
V 8025 ..••....•.. ) .... V 8025 .•..•....•. ) .. ). G 4446 •••••• 1 ••••• ) ••• '" 



STUDIES AT CIAT ON MECHANISMS OF DROUGHT TOLEHANCE IN BEANS 

J.W. White and J.A. Casti11o* 

Introduction 

Investigation st CIAT on drought to1erance in beans (Phaseo1us vulgaris 

L.) has ·focused on three classes of mechanisms, in all cases defining 

drought tolerance as the ability to yie1d well under drought stress. 

Drought escape would be indicated through posltive associations between 

yield and earliness or acceleration of maturity. Genotypes which yield 

well due to reduced water 10ss or increased water uptake show drought 

avoidance. And "true" drought tolerance or desiccation tolerance would be 

indicated by cultivars displaying an ability to yield better than other 

genotypes eventhough they reach en equel or greater level of water loss. 

Drought Escape 

Two mechanisms of drought escape have been considered at CrAT. The 

conventional one is simply that a genotype grows when soil moisture is 

stlll adequate, and matures before stress becomes severe. The second 

alternative i8 that although a genotype shows normal maturity under 

irrigated conditions, its maturity date shows plasticity such that drought 

causes greater acceleratlon of maturity than occurs in other genotypes. 

Evidence for drought escape through eerIiness was easily found in 

drought nurseries. Comparing drought yieId with daysto maturity, yieId 

frequently showed a negative correlation with maturity (Table 1). 

* Physiologist and Assistant Investigator, respectiveIy. CIAT, A.A. 6713 
Cali, Colombia. 
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Occasional positive correlations were consistent with the expectation that 

differences in temporal patterns of water stress would affect the 

importance of earliness. A severe late season stress would favour early 

maturing lines, while rains after flowering would benefit late materiars. 

A particularly interesting case concerning drought escape,was found in 

a trial including three genotypes of P. acutifolius, a cultivated species 

frequently cited as drought tólerant. As shown in Figure 1, it appeared 

that a large component of their very superior yields was attributable to 

earl1ness. 

An aspect of drought avoidance which preliminary work has suggested may 

aIso be of importance at CIAT is that sorne cultivars may accelerate pod 

filling and maturation when subjected to stress. Thus in one trial where 

drought yields were compared to the reduction in time to maturity under 

drought vs. irrigated conditions, highest yields were associated with 

genotypes showing the greatest reduction in maturation time (Fig. 2), 

Drought avoidance 

The possibility that sorne bean genotypes are able to avoid water stress 

either by conserving water or extracting a greater amount of soil water has 

also been investigated. In evaluations of drought nurseries started in the 

mid-1970's, ,a strong relation was detected between reduced canopy 

temperature, as measured by infrared thermometry, and drought yield (La1ng 

et al., 1984). Lower canopy temperature was presumed due to greater 

evaporative cooling, in turn reflect1ng greater transpiration, and greater 

extract10n of soi1 moisture. Thus, emphasis was placed on evaluating 

differenees in root growth under drought. 

To study root growth, core samples of genotypes previously 

eharaeterized as drought tolerant or drought sensitive (Table 2) were 

ana1ysed us1ng the method of Newman (1966) and Marsh (1971). Root growth 
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of tolerant genotypes was found to extend to over 1.2 m deep under drought 

while drought sensitive materials did not reach over 0.8 m deep 

(Sponchiado, 1985; Fig. 3). As expected, these differences were also 

associated with marked differences in overall growth (Table 3). 

These results were thought conclusive for drought avoidance in the 

relatively fertile soi1s of CIAT Palmira, but the question remained whether 

a similar response would exist in soils p06ing more severe limitations to 

root growth. Taking advantage of the very acid 60H (pH ~ S) at CIAT 

Quilichao, root growth of the same cultivars were evaluated under 

conditions where growth was expected to be limited to the approximately 0.3 

m deep zone of incorporation of agricultural lime (caC0
3
). For all 

cultivars, no root growth was detected beyond a depth of 0.8 m (Fig. 4). 

and BAr 1224, a drought sensitive genotype, gave the same drought yields as 

the two presumed drought tolerant materials (Table 3). 

Assuming that greater root growth wil1 be a useful tolerance mechanism 

under certain drought conditions, and tbat genotypes might exist which do 

produce deeper roots in acid soils, root growth was evaluated for 10 

genotypes at the two sites. Since the previous study had indicated tbat 

important cultivar differences occurred at lower soil depths, analyses 

were restricted to 0.4 m to 1.2 m deep at Palmira and 0.15 m to 0.6 m at 

Quilichao. At Palmira, large and significant differences in root length 

density were found (Table 4) and root growth was bighly correlated w1th 

yield (Fig. 5). In contrast, nO genotype differences in root growth were 

found at Quilichao. and l:he correlation between root length density and 

yield was nonsignificant. However, root growth of the genotypes was highly 

correlated between the two sites (Fig. 6). 

These results demonstrated tbat greater root growth was associated witb 

greater yields in soils permitting such growth, but the results did not 

differentiate between direct effects of the root genotype. or of some other 

plant characteristic which would indirectly perroit increased root growtb. 
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To determine the relative importance of root and shoot characteristics. 

roots and ahoots of tolerant and sensitive cultivars were interchanged via 

grafting at the seedling stage, and plants were then grown under drought 

stress in the field. Results at both sites were consistent with' the 

hypothesis that the root genotype is directly responsible for greater root 

growth (Table 5). 

Two future needs are seen from the studies on root growth. One is to 

identify effic1ent ways to screen for differences in root growth associated 

with increased drought tolerance. The second 15 to develop an alternative 

strategy for soils not permitting extensive development of roots or which 

have low available soil moisture. 

Moisture conservation. Genotypes able to conserve moisture through 

leaf movements, effects of leaf size or reflectivity on leaf temperature, 

or stomatal behaviour which conserved water without reducing photosynthesis 

also might show higher yields under stress. 

Recent work using carbon isotope discrimination to evaluate water use 

efficiency indicated large genotypic differences in the latter parameter 

(White et al., 1988), and this may have reflected differences in leaf 

characteristics. 

Attempts to quantify leaf movements in relation to solar movements were 

able to detect genotypic differences (Table 6), but no relation with yield 

was noted. Indeed, we suspect such a relation will be very difficult to 

detecto Most bean cultivare show marked ability for solar tracking, and 

subtle quantitative differences will undoubtedly be confounded by 

differences in levels of overall water stress. 
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Desiccation tolerance 

In the first studies on root growth, leaf water potentials were 

monitored 

cultivars 

to determine whether there was 

were better able to function 

any evidenee that tolerant 

at low water potentials. 

Unfortunately, at Palmira, the overwhelming effeet of root gro~th made this 

eomparison impossible. The results of the grafting experimenta (rabIe 5) 

illso suggest that the effeer of root genotype i9 so strong that other 

differences in tolerance are difficult to detect, 

Integration of mechanisms with other factors 

From the aboye results. it seems that even such simple mechanisms as 

drought escape and drought avoidance through greater root growth are not 

panaceas which should be blindly incorporated in al1 germplasm for drought 

regions. Rather it seems that the correct suite of mechanisms will have to 

be developed for esch site, snd that such planning shou1d account for 

season to season variation in stress, snd if possib1e, effects of different 

cultural praetices. A strietly empirical solution would consist of relying 

on repeated obse~lations of different genotypes over time and in different 

environments. However, this approach will be very time consuming. As an 

alternative. research i8 also being conducted on the use of growth 

simulation models, such as BEANGRO (Hoogenboom, et al., 1988), to predict 

integrated effects of different mechanisms in the context of variable 

c1imatic conditions and agronomic practices. Similar work with a soybean 

simulation model has a1ready shown that the relative importance of root 

growth, osmotic adjustment, and stomatal resistanee should vary with so11 

texture (Jones and Zur, 1984), 
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Table l. Effectiveness of earliness as a source of drought tolerance, 
judged by correlations between yield and days to flower or 
maturity. 

Trial Site 

8427 Palmira 
8450 Palmira 
8446 Palmira 
8447 Quilichao 

8520 Palmira 
8521 Quilichao 
8535 Palmira 
8536 Quilichao 

8618 Palmira 
8619 Quilichao 
8620 Palmira 
8621 Quilichao 

*. ** Significant at the p = 

Mean 
yield 

1650 
1320 
1080 
820 

600 
2200 
2160 
2440 

440 
240 
510 
320 

0.05 and p 
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= 

No. of 
entries 

72 
144 

72 
72 

72 
72 

240 
240 

156 
156 

72 
72 

Correl. with yield 
Flower Maturity 

-.21 -.39** 
-.20* -.22* 
-.04 -.18 

.22 -.17 

.17 ,30** 

.40** .08 

.14 -.24* 

.21* .29** 

-,38** -.51** 
-,38*'" -.53** 
-.03 -.11 
-,42** -.34** 

0.01 levels. respectively. 



Table 2. Yields of bean linea BAT 85, BAT 477, BAT 1224 and A 70 in 
various drought triala including irrigated controla at Palmira, 
Colombia, and resulta of ANOVA over all trials. 

No. oi Water Line Mean oi a11 
Trial entriea regime BAT 85 BA! 477 BAr 1224 A 70 entriea 

---- -------kg ha -1---------------

1982B 72 D+ 710 590 40 50 260 
1 2090 2010 1970 2090 1710 

1983A 72 D 250 60 NP+ 10 46 
1 1930 1950 NP 1530 1490 

1984A 72 D 1960 1870 NP 1670 1640 
1 2920 3200 NP 3360 2660 

1984A 6 D 1020 970 420 650 735 
1 2520 2660 2640 2760 2560 

1984B 72 D 1210 1260 NP 1160 1080 
1 2870 2930 NP 2490 2550 

1986A 10 D NP 980 130 240 520 
1 NP 1940 2230 2450 2070 

Mean D 810 770 190 450 
1 2230 2280 2270 2320 

Standard error of 
differences oi means 

Regime 57** 
Line 67** 
Regime x line 103** 

+ D = drought treatments; 1 = Irrigated control. 
++ NP = variety not present in trial. 
** Signiiicant at the p = 0.01 level. 
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Table 3. Basic crop growth parameters of drought tolerant lines BAT 85 
and BAT 477 and susceptible lines BAT 1224 and A 70 at palmira 
and Quil1chao. 

Seed Harvest CroE srowth rate Leaf area 
Line yield index 40 days 50 days duration 

-1 -2 -1 
kg ha ---g m day day 

Palmira, drousht 
BAT 85 1460a+ 55a 8.6a 6.0a 92a 
BAT 477 1460a 58a 9.2a 6.4a 83ab 
BA! 1224 550 b 28 b 6.S b 4.3 b 74 b 
A 70 570 b 29 b 4.9 b 2.9 e 80ab 

Palmira, irri¡¡ated 
BA! 85 2S20a 4~a 15.5a 13.6a 170 b 
BAT 477 2540ab 84a 17.0a 14.4a 161 b 
BAT 1224 2340a 41a 13.8a 13.2a 186a 
A 70 2770 b 51a 14.5a 13.6a 170 b 

gullichao, drousht 
BAT 85 590a 21a 86a 
BAT 477 720a 24a 81a 
BAT 1224 720a 35a 69ab 
A 70 190 b 10 b 49 b 

guilichao, irrigated 
BAT 85 2900a 54a 133a 
BAT 477 2950a 533 121a 
BAT 1224 2660 b 53a 134a 
A 70 2124 e 58a 9lb 

+ Means followed by different letters within treatments are statistically 
different (p = 0.05) based on Duncan's multiple range test. 
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Table 4. Root length density and seed yields under drought of 10 genotypes 
grown at CIAT Palmira and Quilichao. Root length densities are 
mean s soil layers 0.4 to 1.2 m deep at Palmira,and 0.15 to 0.6 m 
deep at Quilichao. 

Palmira guilichao 
Genotype Root length denso Yield Root length "1:Iens. Yield 

-2 -1 -2 -1 m kg ha m kg ha 

BAT 477 3000 980 4110 342 
A 170 2230 790 3640 156 
San Cristobal 83 2180 760 4680 211 
V 8025 1890 620 3700 341 
BAT 1289 700 580 2700 339 
G 5059 1340 560 3460 281 
Carioca 1440 320 2890 355 
A 70 650 240 2120 105 
Porrillo Sintetico 620 230 3370 138 
BAT 1224 1080 130 2470 184 

Mean 1510 520 3310 245 
S.E. 510 130 970 53 
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Table 5. Seed yields (kg/ha) of reciprocally grafted plants under field 
drought conditions at CIAT-Palmira in two semesters, and 
CIAT-Quilichao in one semester. 

Palmira, Grafted Control 
Semester A: Shoots of: BAT 85 BAT 1224 BAT 85 BAT 1224 

Roots of: BAT 85 1344 l390 1457 
BAT 1224 639 461 765 

Significance of 
effect of: F Probabllity 

Root 7.018 0.01 
Shoot 0.031 NS 
Graft 0.751 NS 

Palmlra, Grafted Control 
Semester B: Shoots of: BAT 477 BAT 1224 BAT 477 BAT 1224 

Roots of: BA! 477 596 839 703 
BAT 1224 164 30 39 

Significance of 
effect of: F Probability 

Root 18.592 0.01 
Shoot 0.090 NS 
Graft 0.108 NS 

Grafted Control 
guilichao: Shoots of: BAT 477 BAT 1224 BA! 477 BAT 1224 

Roots of: BAT 477 500 1000 650 
BA! 1224 810 610 1120 

Significance of 
effect of: F Probability 

Root 7.15 0.05 
Shoot 56.13 0.01 
Graft 7.42 0.05 
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Table 6. Comparison of leaf or1entat10n and yields for six lines grown at 
CIAT-Palmira. Data for orientation are means of angle of 
inc1dence of sunlight (0

0 
= rays parallel to leaf surface), 

measured over 12 hours 58 days after planting. 

Angle of orientation Yield (kg/ha) 
Line Drought Control Drought Control 

BAT 85 ' 29 38 1020 1520 
BAT 477 33 36 970 2660 
G 5059 30 39 680 2110 
G 4830 34 41 680 2670 
A 70 33 41 650 2760 
BAT 1224 31 36 420 2640 

Mean 32 39 740 2560 
S.E. 2.1 126 
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Figures 

Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Hg. 6. 

Relation between yield and days to maturity under drought stress 

for 156 genotypes, including three genotypes of !. acutifolius at 

CIAT Palmira. 

Relation between yield under drought stress and the 1;'aduction in 

time to maturity under drought va. J.rrigated conditions for 7'2 

bean genotypes. CIAT, Palmira, 1985. 

Distribution of roots within the soil profile for tour bean 

lines grown under drought and irrigated regimes at Palmlra. Root 

samples were taken at 56 days after planting. 

Distribution of roots within the soll profile for four bean 

lines grown under two drought snd irrlgated regimes at Quilichao. 

Root samples were taken at 56 days after planting. 

Comparison of root length density and seed yield of 10 genotypes 

grown under drought stress at CIAT Palmlra. 

Comparison of root length density of 10 genotypes grown under 

drought stress at CIAT palmira and CIAT Quilichao. 
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Abstract 

CORRELATIONS BETWEEN CARBON ISOTOPE RATIO, 

WATER-USE EFFICIENCY ANO YIELD 

J.R. Ehleringer* 

Recent theoretical studies have indicated that isotopic discrimination 

againet 13C02 during photosynthesis in C
3 

reflects water-use efficiency. 

Empirical data for a number of crop and native species support theoretical 

predictions and indicate that there ls substantial variation ln water-use 

efficiency both within and between species. These relationship between 

carbon isotope ratio and water-use efficiency are observed in both 

short-term gas exchange observations as well as long-term seaeonal crop 

observations. Carbon isotope ratio and genotype ranking patterns persist 

between yeara and when plants are grown in different habitats. More recent 

studies al so indicate that there can be a significant correlation between 

prtmary productivity (yield) snd carbon isotope ratio. To test whether 

csrbon iso tope ratios could be extended to screening in common beans 

(Phaseolus vulgaris L.), leaf carbon isotope ratios and crop growth 

parameters were determined for ten bean cultivars grown under drought 

stress at two CIAT sites in Colombia. Leaf carbon isotope ratio showed 

considerable promise for determining the relative importance of water-use 

efficiency in different environments, offering physiologists and plant 

breeders a powerful new tool. 

Key words: 13C¡12C, carbon isotope ratio, drought tolerance, leaf 

conductance, Phaseolus vulgaris, stable isotopes, stomata, water-use 

efficiency, yield. 

* Department of Biology, University of Utah, Salt Lake City, Utah 84112, 

USA. 
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Introduct!on 

About a third of the land area of the earth i6 classified as arid. An 

additional third is semi-arid or exposed to periodic drought conditions. 

In these regions, if not a11 agronomic situations, primary productlvlty ls 

often limlted by soil water availability (Flsher and 'turner '. 1978; Boyer, 

1982), Both yie1d and evapotranspiration of a crop are linearly dependent 

on soil water availability. When both parameters are simultaneously 

measured, they are consistantly tightly correlated (Hanks, 1983), 

indicating the inevitable tradeoff between transpirational and 

photosynthetic fluxes as stomata regulate the diffusion rates of water 

vapor out of and carbon dioxide into the leaf. 

From both a baslc standpoint as well as for potencial agricultural 

applications, it is important to know how the rates with which water is 

lost by a crop relate to rates of primary productivity. The pioneering 

studies on this tapie were by Briggs and Shantz (1913, 1914) on the water 

requirements for growth of plants in the Great Plains region. Their 

studies on plants in conrainers focused on che amount of water which was 

consumed per unit dry matter production. One striking festure of their 

results was the observation of a "... marked difference in efficiency 

exhibited by different plants in the use of water". They further noted 

that there were measurable differences in this character between varieties 

of the same crop. 

As an index of the two processes, we can measure the water-use 

efficiency (WUE) , which 16 defined as the molar ratio of photosynthetic 

carbon gain to transpirationa1 water 10ss (Tanner and S1nclair, 1983). WUE 

can be measured either on sn instantaneous, gas-exchange basis or on a 

long-term scsle as the yield to water consumption ratio. One agricultural 

goal in semisrid and arid agriculture i8 to achieve high yield without the 

expense of a low WUE, and breeding for increased WUE is frequently 

suggested as s desirable charscteristic for drought tolerance (Blum, 1980; 
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Zohel, 19B3}, although Tanner and Sinclair (1983) and Sinclair, Tanner and 

Bennett (1984) questioned the extent to which exploitable variation might 

exist in this parameter. 

Gas Exchange and Water-Use Efficiency 

Slnce limited water availability is of major conéern for the 

cultivation of crop plants and as well appears to limit the productivity of 

most if not all native plants, it is not too surprislng tbat for many years 

there has been an intense interest in trying to understand how 1eaves 

simultaneous1y regulate carbon dioxide uptake and transpirationa1 water 

loss (Farquhar and Sharkey, 1982; Taylor et al., 1983). Photosynthetic 

rates (A) tend to decline in response to a decreased leaf conductance (g), 

because carbon dioxide diffusion rates into the leaf and hence 

intercellular carbon dioxide cOncentrations (ci '. the carbon dioxide 

concentration inside the leaf after diffusion from the outside air through 

the stomata) are progressively reduced with a reduction in leaf 

conductance. However, ii leaf temperatures do not change substantially as 

the atomata close, there may be an lncreaae in the water-use efficiency 

(molar ratio of photosynthesis to transpiration), 

This follows because the rate of net photosynthesis as influenced by 

stomatal activity can be described ss: 

snd the trsnspiration rate (E) as 

E = 6w'g (2) 

where ca is the atmospheric carbon dioxlde concentration, 6w la the 

water vapor gradient. and 1.6 i6 the ratio of the diffu6ivitles of water to 

carbon dioxlde in air and 19 used to convert the conductance to water vapor 
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through the stomata to the conductance to carbon dioxide through the 

stomata. 

Combining these two equations we see that the water-use efficiency 

(A/E) becomes 

Thus, under natural field conditiona the leaf water-use efficiency depends 

on both the intercellular carbon dioxide concentration and the leaf to air 

water vapor gradient. High water-use efficiency ean be achieved by 

decreasing ei or by decreasing /c,w (e.g. photosynthesizing during eooler 

seasons or cooler times of the day, both of which have the effect of 

reducing leaf temperature during photosynthetieally active periods). 

For a given decrease in stomatal or leaf eonductance, the water-use 

efficiency of a leaf is typically increased (assuming leaf temperature 

rema1ns constant). This is because a untt decrease in leaf conductance has 

a smaller 1mpact on photosynthetic rate than it does on transpiration rateo 

In Figure 1, the relationship between A and E 18 plotted. Note that the 

relationship is curvilinear and that the slope of this relationship, which 

ls water-use efflciency, decreases as the flux rates increase. 

Carbon Isotope Ratio 

Measuring leaf water-use efficiency using gas exchange equipment ovar 

long time periods has been difficult because of the necessity to 

simultaneously measure biomass production and water consumption in a 

nondestructive mannar. This ls labor-intensive and because of equipment 

cost, sample alzas are usually quite small. Canopy-level aerodynamic 

methods also have limitations for ruany of tha same reasons. As an 

alternativa approach to the problem, Farquhar, O'Leary and Berry (1982b) 

first proposed that leaf water-use efficiencies could be measured using 
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carbon isotope ratios at natural abundance levela. 

The carbon iso tope 

of a sample (Rsample) 
(R

std
), 

ratio (.s13C) 

relative to 

13 12 is the ratio of the e/ e composition 

the 13e/12c composition of a stan:dard 

.s13e = (R 1 /R d - 1) • 1000 (4) 
samp e st 

where <5 13e has unies of parts per mil (0/00) and represents the deviation 

in composition of the sample from the standard, which happens to be a 

fossil belemnite from the Pee Dee Formation in South Carolina (PDS). 

Farquhar et al. (l982b) proposed that there should be a relationship 

between the average ei during the photosynthetieally active period snd 
13 13 

<5 e. Their idea 18 based upon two observations: first CO2 in air 
12 diffuses more slowly than COZ' and seeond, that RuSP carboxylase, the 

initial carboxy1ating enzymatic reaction of photosynthesis in C3 plants 

wi11 discriminate against 13cOZ ' While RuSP carboxy1ase can diseriminate 
13 against CO2 , it does so on1y as a funetion of COZ levels actually at the 

sites where carboxylatien is occurring (Le., ei level). Thus, it i8 

predicted that 

é)13c =ó13C - a - (b - a) • ei/e
a 

(5) 
leaf air 

where a is the diserimination due te diffusion differences (4.4 0/00) snd b 

ia the net diaerimination due to RuBP carboxylase (27 0/00). 

The advantage of using stable isotopes ls that sinee earbon is 

eontinually being fixed by a leaf, measuring the earbon isotope ratio of a 

leaf prevides s long-term indicstion of ci • Therefore, earbon isotope 

ratio could be useful as a long-term indiestor of lesf-water use effieieney 

(sssuming lesf temperatures are equivalent). Sinee various environmental 

factors (such as drought. temperature, or salinity) influenee gas exchange 
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and thus ei , earbon isotope ratios can be used to estimate how water-use 

effieiency ehanges in response to a diversity of environmental conditions. 

13 Observations otó e and Water-Use Efficieney 

A number of data sets from different laboratories exist. which verify 
13 the expected relationships between o C and intercellular COZ (Farquhar et 

al., 1982a; Bradford et al., 1983; Downton et al., 1985; Ehleringer et al., 

1985; Seeman and Critch1ey, 1985). In the original set of observations 

using instantaneous gas exchange measurements, Farquhar et al. {l982a} 

found a best-fit agreement to a RuBP carboxylase discrimination value of 

b = 27 (Fig. 2). More recent observations of RuBP carboxylase kinetlcs in 

vitro suggest that the value is closer to b = 29 (Roeske and O 'Leary, 

1984). However, not all of the organic carbon pool of C3 plants is derived 

from this enzymatic reaction alone. There are al so PEP carboxylations 

oceurring in C
3 

plants, and sinee these reactions do not diseriminate 
13 against COZ' the effect is to make the total earbon pool slightly heavier 

in 13C• Thus, the overall net result is to create an effective value for 

RuBP carboxylase discrimination of b = 27 (Farquhar, Hubick, Condon. and 

Richards. 1987). 

The extension of carbon isotope ratio to long-term growth studies was 

made by Farquhar and Richards (1984), who established that there was a 

strong corre1ation between carbon isotope ratio and the ratio of above 

ground productivity to the amount of water consumed by the crop (Fig. 3). 

Their results indicated a two-fold range in absoluta water-use efficiencies 

among genotypes grown under common growth chamber conditions. Moreover. 

their study clearly established that there was substantíal 

genetically-based variatíon in water-use efficiency among different wheat 

cultivars and that carbon isotope rati05 were a reliable tool for detecting 

water-use efficiency differences. 

Cultivar-based variatíon in leaf carbon isctope ratios under cornmon 
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growth conditions has now been detected in a variety of additional crop 

apecies including barley (Farquhar, Hubick, Condon and Richards, 1987), 

beans (White et al., 1988), created wheatgrass (Johnson, Asay, Tieszen and 

Ehleringer, unpublished observationa), peanut (Hubick, Farquhar, and 

Shorter, 1986), and tomato (Martin and Thortenson. 1987). Many more 

additional examples are expected as stable iaotope analysia is extended to 

other crops. We have found similar intraspecific variation in carbon 

isotopic composition among native plants, although most of these results 

have not yet been published. 

Patterns of Water-Use Efficiency and Productivity 

Increased e
i 

1evels (more negative o l3e values) eould reBult in an 

enhanced photosynthetic rate and perhaps also in an enhanced blo1ogieal 

yield, but only if the so11 moisture levels are not depleted befare the 

crop is able to complete its lHe eyele. rt ia likely that becauae of 

differencea in lite expectaneies and phenological patterns among plants, 

that there roany not be a unique relationshlp between yield and water-use 

efficiency. Figure 4 demonstrates three possible re1ationships between 

bioroass or seed yie1d snd water-use efficiency for plants growing on a soll 

with a fixed amount of soil water available. Pattern A is that expected 

for an ephemeral, drought-escaping erop, where the maximum yield 18 

associated with a low water-use efficiency. Conservative water-use 

efficiency by plants of pattern A could result in a decreased biological 

yield because of the reduced photosynthetic rates associated with a higher 

WUE. Pattero B is the expeeted pattern for longer-lived annual and for 

perennial pLants where the selective pressures favor survival by drought 

avoidance. In such plants, we would expect mechanisms ta conserve water 

use by the plant su eh as a high stomatal sensitivity to !::,w. Pattern C 

representa the pattern expected for a drought-escaping plant in which 

phenological or developmental restrictions could result in a yield 

reductlon if the soil water is cansumed at arate rapid enough to deplete 

the available moisture before the erop has matured. In this case, the 
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greatest yleld 15 not assoclated wlth extremes in WUE, but instead with an 

intermediate WUE value. 

Three data seta are available to evaluate yield and carbon isotope 

ratio relationships. Condon et al. (1987) measured grain yield and dry 

matter produc:tion in field-grown wheat cultivara and found _that both of 

these parameters were negatively c:orrelated with carbon isotope ratio (they 
13 ac:tually present their data as discrimination against CO:!, so their 

reported values have a positive sign). Thus, wheat would appear to fit 

Pattern A from Fig. 4. In contrast, Hubick et al. (1986) observed that in 

peanuts WUE (as measured by carbon isotope ratio) was positively correlated 

with dry matter production at 10101 WUE values, but leveled off at higher WUE 

values. From those data, peanuts would appear to be similar to Pattern C 

of Fig. 4. The third example ls common bean and i5 disc:ussed in greater 

detail next. 

ó13C and Productivity in Beans 

In a preliminary study oí leaí carbon isotope rati05 in c:ommon beans, 

White et al. (1988) investigated the relationships between biomsss 

productivity and Ó l3C for ten different lines under irrigated and 

nonirrigated condltions at Palmira, Columbia (deep, neutral soil) and under 

non-irrlgated conditions at Quilichao, Columbia (shallow, acid soil). 

The effectiveness of the irrigatian treatment at palmira was indicated 
-1 

by nanirrigat10n (151 mm) mean y1elds oi only 520 kg ha ,but a mean y1eld 
-1 of 2010 kg ha with normal irrigation (501 mm). Significant differences 

among genotypes were found far all carbon isotope ratio measurements under 

nonirrigated conditions, but under the irrigated treatment, biomass d1d not 

show significant differences (Table 1). Irrigation treatment by bean line 

interactions were significant far all parameters, indicating strong 

genotypic: differences 1n response to water regimes. The comparison of BAT 
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477 and A 170 yields are particu1arly illustrative. BAT 477 had the 

highest yie1d under nonirrigated conditions. but the fourth lowest yield 

under irrigation. while A 170 was highest under che irrigated treatment. 

but third under nonirrigated conditions. 

13 Under nonirrigated conditions at Palmira • .s e Toras negatively and 

linearly correlated with all growth parameters. When a11 ten linea were 

included in the analysis. the biomass correlation was sgnificant at the 

p<O.05 level. However, if BAT 1224 was excluded froro the analyses, seed 

yield and biomass had strong linear correlationa (p<O.Ol) with ó13
C. 

Although within a water treatment at Palmira was only 

significantly correlated with growth parameters under nonirrigated 

conditions, there was nonetheless a strong, significant correlation between 

biomass, seed yield and LAI with ó13c when all data were combined. Fig. 5 

indicates that across a11 bean lines in the tIJO water treatments, the ó13C 

correlation with biomass was r=O.91 and with seed yield r=O.89. 

At Quilichao, a11 linear correlations of ó13c with growth parameters 

were nonsignificant. However, when these data were fitted with parabolic 
13 

curves, a11 growth parameters showed significant relationships with 15 e 
13 such that intermediate 1) e levela were associated with maximum values 

(Fig. 6). 

Of interest in breeding studies ia knowing the extent to which 

genotypic patterns exhibited at one site are indicative of the pattern 
13 observed at other sites. The compariaon of <5 e values from bean lines 

under nonirrigated conditions at Palmira and Quilichso showed a strong, 

significant correlation (r=O .84, P < 0.01, Fig. 7) • Similar data 

demonstrating similar genotype rankings between sites under similar growth 

conditions have been obtained fro Agropyron cristatum, a ·common range grasa 

of the intermountain region of the Uni ted States (Johnson, Asay, Tieszen 

and Ehleringer, unpublished observations). 
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Although data on the year to year eonsistency of genotype ranking s are 

not yet available for beans, sueh data are available for grasses. Fig. 8 

illustrates that between successive yeara the genotype carbon ranking a with 

respect to carbon isotope ratio remained very constant for Agropyron 

cristatum, even though thera was a large difference in the rainfall that 

fell during the two years. Thus, the preliminary data appear_ to suggest a 

strong site-to-site and year to year consistency for carbon isotope ratio 

and genotype ranking. 

ó13
C and Leaf Conductance: A Possible Mechanism tor Increased Productivity 

While there 

efficiency to 

exists a theoretical basis for expeeting ó13C 
13 be correlated, the basis for why o C 

and water-use 

and primary 

productivity should be correlated i5 less well established. However, it 

follows directly from the same arguements since the gas exchange flux rate 

and water-use efficiency are always negatively correlated. Consider how 

stomatal activity affects both flux rate and the point at which the leaf is 

operating on the AlE curve (Fig. 1), 

The effect of a decrease in leaf eonductance on phot"osynthetic rate i~ 

best visualized by examining the dependence of net photosynthesis on 

intercellular COZ and the role that leaf eonductance playa in regulating ci 
values (Fig. 9). While a unit decrease in leaf conductance results in a 

unit decreaae in transpiratíon rate, its impact is less on photosynthesis 

beeause of the positive x-axis intercept (the CO2 compensatíon point) and, 

thus, the slope of the AlE curve inereases as flux decreases, In our 

analyses of beans which fo110ws, we hsve assumed that the A vs ei response 

curves of different bean lines were similar (we have preliminary evidenee 

to suggest thst chis may be the case). 

From Fig. 9, it f01low8 that since A snd e
i 

sre positively related, sny 

inerease in leaf condactance (g) would increase productivity' if leaves 
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maintained the same A vs ci response curve. That is, an increased rate of 

primary productivity comes at the expense of a reduced water-use 

efficiency. Although there are clearly means by which increased 

productivity need not reduce water-use efficiency, water-use efficiency·and 

primary productivity must be negatively correlated if leaves of different 

bean lines are maintaining the same A va. c
i 

response curve. Sased on 

this, we would predict that leaf conductance and carbon isotope ratio 

should be negatively eorrelated. 

While White et al. (1988) did not measure leaf conductances, Ehleringer 

(unpublished observations) has correlated maximum leaf conductances and 

carhon isotope ratio for dry beans grown in Utah under well-watered, field 

conditions. Pig. 10 illustrates that for dry beans, there appears to be a 

strong negative correlation hetween earbon isotope ratio and leaf 

conductance, implying that leaves with higher conductances are operating at 

proportional1y higher ei levels. A meehanism as simple as maintaining 

higher leaf conductances could be responsible for the observed higher rates 

of primary productivity in bean lines with more negative carbon isotope 

ratios. 

Leaf conductance has been reported to be positively correlated with 

stomatal denaity in sorne crop apecies (Nerkar, Wilson and Lawes, 1981; 

El-Sharkawy, Cock and Hernandez, 1985). but not in others (Jones, 1977). 

Preliminary observations of stomatal densities on both the upper or lower 

sur faces of the leaves on these dry bean lines indicated that there was no 

significant correlation between stomatal density and leaf conductance. le 

is however possible that the differences in leaf conductances among bean 

lines arises because of differences in stomatal sensitivity to humidity. 

Conclusion 

Carbon iso tope ratio analysis at natural abundance levels seems to hold 

promise as a useful tool for evaluating long-term water-use efficiency in 
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crops. This technique has the advantage of averaging a pIant f s activity 

over time and can be used to screen large numbers of genotypes in a rapid 

manner. A number of recent studies are suggestive that for some erop 

species 'earbon iaotope ratio s may also be tightIy eorrelated with yield. 
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TabIe l. Leaf carbon isotope ratio, seed yield, and biomass for 10 bean 
lines grown under irrigated and nonirrigated field conditions at 
Palmira, Colombia (from White, Castillo, and Ehleringer, 1987). 

Carbon isotope Seed 
Line ratio yield Biomass 

(0/00) (kg ha -1) (kg ha -1) 

Nonirrigated treatment 

BAT 477 -26.59 980 2390 
A 170 -26.39 790 2070 
S. Cristobal 83 -26.91 760 3070 
V 8025 -26.27 620 2070 
BA! 1289 -25.49 580 2300 
Mulatinho H8 -26.22 560 1990 
Carioea -25.31 320 1060 
A 70 -25.61 240 1570 
Porillo s. -25.26 230 1130 
BA! 1224 -26.51 130 1330 

Irrigated trea.tment 

BA! 477 -27.75 1940 4940 
A 170 -27.02 2330 4820 
S. Cristobal 83 -27.77 1990 4390 
V 8025 -27.87 2090 4340 
BA! 1289 -27.41 1830 4380 
Mulatinho H8 -26.98 1840 3530 
Cariaoca. -27.84 2120 4440 
A 70 -27.10 2450 4630 
Porrillo S. -27.43 1930 4160 
BAT 1224 -28.18 2230 4460 
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Figures 

Fig. l. The relationship between the photosynthetic rate (A) and 

transpiration rate (E) of a leaf. 

Fig. 2. The dependence of carbon iso tope ratio on intercellular carbon 

dioxide concentrations using gas exchange techniques (from 

Farquhar et al., 1982a). 

Fig. 3. The correlation between leaf carbon laotope ratio as whole plant 

water-use efficiency (measured as biomass production divided by 

total soil water consumed). From Farquhar and Richards (1984). 

Fig. 4. Possible relationships between biomass or seed yield and water-use 

efficiency in plants. Pattern A is that expected for short-lived, 

drought-eacaping annuals on deep soi1s. Pattern B is that expected 

for long-lived plants where there is strong selection for survival 

Fig. S. 

Fig. 6. 

through drought perioda. Pattern e is that expected for 

short-lived, drought-escaping annua1s on shallow soils. See text 

for further details. 
-1 Linear correlations between aboveground b10mass (kg ha ) (1eft) 

and seed yield (kg ha-1) (right) and leaf carbon isotope ratio 

(0/000) for irrigated (closed symbols) and nonirrigated (open 

symbols) bean lines at Palmira, Colombia. 

(1988) • 

From White et al. 

Nonlinear second 
-1 (kg ha ) (left) 

order correlation between aboye ground biomass 
-1 and seed yield (kg ha ) (right) and leaf carbon 

isotope ratio (0/000) for nonirrigated bean lines at Quilichao, 

Colombia. From White et al. (1988). 

Fig. 7. Linear cortelation between leaf carbon isotope ratios of bean 

lines grown under nonirrigated conditions at Palmita and 

Quilichao, Colombia. From White et al. (1988). 

Fig. 8. Correlation between seed carbon isotope ratios of different 

Agropyron cristatum genotypes harvested on successive years. From 

Johnson, Asay, Tieszen, snd Ehleringer (unpublished observations). 
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Hg. 9. The dependenee of photosynthesis (A) on intercellular carbon 

dioxide concentration (e
i

) , often referred to as the demand 

function of photosynthesis. The intersecting linear lines 

repreaent different leaf eonductance (g) values snd tUs Une ia 

often referred to as the supply function of photosynthesis. The 

interaection of demand and supply funetion ia the operational 

point of the leaf for those eonditions. 

Fig. 10. The correlation between adaxial and abaxial leaf conductance 

values and leaf earbon isotope ratio for dry beans in Utah. From 

Ehleringer (unpublished observations). 

181 



Figure l. 

A 

E 

The relationship between the photosynthetic rate (A) and 
transpiration rate (E) of a leaf. 
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Farquhar et al (1982l 
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Figure 2. !he dependence of carbon isotope ratio on intercellular carbon 
dioxide concentrations using gas exchange techniques (from 
Farquhar et al., 1982a). 
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Forquhor ond Richards (1984) 
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Figure 3. Tbe correlatlon between leaf carbon isotope ratio as whole 
plant water-use efflciency (measur~d as b10mass production 
dlvlded by totsl so11 water consumed). From Farquhar and 
Rlchards (1984). 
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Figure 4. 

A 

Low High 

Water use efficiency 

Possible relationships between biomass or aeed yield and 
water-use efficiency in plants. Pattern A ia that expected for 
short-lived, drought-eacaping annuals on deep soila. Pattern B 
ia that expected for long-lived planta where there ia strong 
selection for survival through drought periods. Pattern e ia 
that expected for short-lived, drought-escaping annuals on 
ahallow soila. See text for further detaila. 
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ratio (0/000) for irrigated (closed symbols) and ncnirrigated 
(open symbols) bean lines at Palmira, Colombia. From White et 
al. (1988). 
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Figure 6. Nonlinear second order correlation between above ground biomass 
(kg ha ) (left) and seed yield (kg ha ) (right) and leaf 
carbon isotope ratio (0/000) for nonirrigated bean lines at 
Quilichao, Colombia. From White et al. (1988). 
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Figure 8. 
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Correlation between seed carbon isotope ratios of different 
Agropyron cristatum genotypea hsrvested on successive yeara. 
From Johnson, Asay, Tieszen, snd Ehleringer (unpublished 
observstiona). 
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Figure 9. 

A 
g' < g 

c¡ ca 

The dependenee of photosynthesis (A) on intereellular earbon 
dioxide concentration (e ). often referred to as the demand 
funetion of photosynthesis. The interseeting linear lines 
represent different leaf eonductanee (g) values and this line ls 
often referred to as the supply funetlon of photosynthesls. The 
intersection of demand and supply function la the operatlonal 
point of the leaf for those condltions. 
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1986 dry beans 
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Figure 10. The correlat1on between adaxial and abax1al leaf conductance 
values and leaf carbon 1sotope ratio for dry beana in Utah. 
From Ehleringer (unpublished observat1ons). 
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USE OF MODELS IN STUDIES OF DROUGHT TOLERANCE1 

Gerrit Hoogenboom, J. W. Jones, and J. W. White* 

lntroduction 

Moat agricultural research has traditionally been conducted under 

either field conditions or in controlled environmental such aa greenhouaes. 

Data collected during experimenta were analyzed by hand or with hand 

caIcuIators. After computera were introduced, sOrne of the analysis 

procedures were replaced with computer programs. Currently atatistical 

analysis techniques are widely used by moat agricultural researchera to 

calculate the eignificance of their experimental results and to evaluate 

the original hypotheses. However, only a few researchers have gane further 

and tried to apply their models, developed on computera, under practical 

agricultural conditions or in farmer's fielde. Unfortunately many 

agronomists trained in the traditional schools are st!ll apathetic toward 

the use of computen! in agriculture, ma!nly because they are un familiar 

and the potential of computer with the capabilities 

applications. This has 

systems analysts on one 

of computer 

prevented a mutual cooperation between 

had and agronomists on the otber. 

computer and 

During the last 15 years, a new research discipline has slowly emerged 

in agriculture. Computer simulation or modeling integrates the knowledge 

of such fields as soi1 physics, soi1 chemistry, plant nutrition, crop and 

plant physiology,biochemistry, agrometeorology, and agronomy with systems 

1 This projeet was sponsored by IBSNAT, a program of the U.S. Agency of 
International Development, implemented by tlle University of Hawaii 
under Contraet No. AID/DAN-4054-C-002-2071-00. 

* Post-doctoral Associste snd Professor. tespectively, Deptartment of 
Agricultura! Engineering, University of Florida, Gainesville. Florida 
32611, USA, and Physiologist, CIAT, A.A. 6713, Cali, Colombia. 
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analysis, mathematics, and computer science. In computer simulations, the 

functioning of physical and physiological systema ia represented through 

relational (Gold, 1977) and Forrester diagrams (Forrester. 1971). These 

diagrams are then trsnslated into mathematical modela and implementad on 

computera (France and Thornley, 1984; Jones et al., 19B7). If accurate 

plant models have been developed, the models will correctly predict whae 

occurs under real field conditions. 

Models can he very simple and have only one or two equations, or they 

can he extremely complex and consist of hundreds of equationa. SOrne models 

can be implemented on simple hand calculators or hand computars, while 

others need the latest and fastest super-computers. A simple model in 

agriculture might predict yield as a function of total seasonal radiation, 

temperature, sud rainfall. A complex model also might predict final yield, 

but would require hourly inputs of radiation, air and so11 temperatura, 

rainfall, relative humidity, and wind run, From this data, it would 

calculate the detailed physiological processes of water uptake, 

transpiration, photosynthesis, organogenesis, hiomess partitioning, and 

other processes at time intervals as small as one minute. Although both 

models have been developed to predict final yield, the complex model should 

be more accurate than the simple model, lt i8 fairly easy to develop and 

test simple models, but complex ones require many resources in the forro of 

time, equipment, and manpower both for development and calibration, and tor 

validation of the model before it can actually be used by other researchers 

or extensionists (Dent and Blackie, 1979), 

Crop Simulation Models 

Many of the computer models'developed in agronomy and soil 8cience are 

dynamic and mechanistic simulation models. These models are called dynamic 

because for each calculation and update of the interna1 model variables, 

information is needed from the previous time step. For example, to model 

leaf growth. we need ta 'know total leaf area from the previous days in 
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order to predict photosynthesis correctly for today. After we have 

ca1cu1ated today's growth and death rates, we can update the leal area with 

the net increase in area and predict what the total leaf area wil1 be at 

the end of today. The same procesa w111 be repeated for subsequent days. 

These models are mechanistic because among their main objectives are to 

describe the actual processes which occur in the plant and to summar!ze the 

interna1 mechanisms of plant growth. As mentioned earlier. we can find 

relatively simple and relatively complex dynamic and mechanistic computer 

models. 

A distinction can also be made between the object!ves snd goals behind 

the various erop modeling efforts. Sorne models have been developed to 

study on1y specifie aspects of plant growth and deve1opment, sueh as 

reproductive development. seed growth, stomatal resistance, and root water 

uptake. Theae modela contain many details which relate to the processes 

they simulate, but other processes which occur in the same or other organs 

of the plant are ignored. The main purpose oí these models is to study 

hypotheses which relate to the processes the modela describe and simulate. 

They are called research models because they are mainly used for research 

purposes. On the other hand there are management models, which in most 

Cases include a more complete, but simplified, descript10n of plant growth 

snd development. Such models wi11 respond to differences in irrigation or 

fertilization regimes, plantíng dates, cultivar choice, etc., and wi11 

predict yield as a function of msnsgement inputs and cultural practices. 

They are called management models becauee their main purpose is to study 

the effect of management decísions on final yield snd yield components. Of 

eourse, many models have heen developed which contain components of both 

types of modela. 

Legume Models 

At the Uníversity oí Florina, a crop modeling effort was initiated 

primarily to study the effect of irrigation on growth, development, snd 
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yield of Boybeana (Glycine ~ (L.) Merr.). As a result of this research 

project. a simulation model was developed which contains botb management 

and research components. The computer model. called SOYGRO. simulates ehe 

different growth processes in the soybean plant from planting until harvest 

maturity, and predicts total growth and development at the different 

vegetative and reproductive growth stages of the soybean planto Although 

the main goal of the model BOYGRO i8 to predict yield. lt also simulstes 

other physiological processes as a function of envlronmental conditions. 

The designo development, and construcl:ion of a simulation roodel 18 a 

continuous process which improvements are continuously bein¡ incorporal:ed 

to the modelo In the case of the model BOYGRO a series of versioDs thus 

have been publlshed (Wilkerson et al., 1983, 1985; Jones el: al •• 1988.). 

Bince 1985, a model called BEANGRO has also been under development. 

The model simulate vegetative growth, reproductive development, and final 

yield of common bean (Phaseolus vulgaris L.). Only a few modela which 

simulate growth of dry bean have been reported in the literature (White, 

1981). For BEANGRO, the code of the soybean model SOYGRO was used as a 

standard, and modiflcations were made to the different submodules and input 

files of the model to describe the specific growth and development 

characteristics of dry bean (Hoogenboom et aL, 1986a and b). A third 

legume model which has been developed by the cropping systems analysis 

group at the University of Florida is the peanut (Arachis hypogaea L.) 

model, PNUTGRO (Boote et al., 1988). All three modele are part of s U.S. 

Agency of International Development project called IBSNAT (International 

Benchmark Sites Network for Agrotechnology). The IBSNAT project i8 

designing a new methodology for pIanning agricultural development and 

controlling farming outcomes in the developing countries. Included in the 

techniques used to accomplish these objectives are computer models snd data 

bases (Jones, 1986a), 
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Model Applicationa 

Although computer modeling ia a fairly new discipline. potential 

et al. (1985). Jones applications have been widely published. 

(1986b). and Ritchie (1986) showed the use 

managernent decisions. Elwell et al. (1987) 

Jones 

of computer modela to improve 

determined the potential yield 

limiting factora of soybean through crop modeling. Programs are also 

being developed to spply modela on a farro scale level, integrating both 

crop modela and farming systems research models (Thornton and Dent, 1987; 

Jagtap and Jones. 1987). 

Computer models have shoyo particular promise in studies of the impact 

of drought on crop production and yield. Pisani (1987) used the 

CERES-MAIZE model, a dynamic simulation model which predicts growth and 

yield of corn (Zea mays L.) (Jones and Kiniry, 1986) to assess the impact 

of drought on maize during early stages of the growing season. Boote and 

Jones (1986) presented the potential and limitations of erop growth 

simulation models for the evaluation of crop varieties and cropping systems 

in arid and semi-arid regions. They used the peanut model PNUTGRO (Boote 

et al., 1988) to create potential cultivar characteristics and crop 

management conditions, and predict used there to growth, development, snd 

yield of the new cultivars for environmental conditions in Gainesville, 

Florida and Niamey, Niger. 

In this paper, we will demonstrate the use of the dry bean model 

BEANGRO in studies of drought tolerance. We will especially concentra te on 

bean plant characteristics which are thought related to drought resistance 

and avoidance (White and Castillo, 1988) and will predict the yield of 

hypothetical cultivare incorporating these characteristics under drought 

conditions at CIAT, Colombia. The advantage of using simulation modela for 

such applications ls that many theoretical experiments can be conducted 

with the aid of crop models and computers without actually investing in 

resources for field experiments. The resulta of these simulations will aho" 
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if modifications to the plant 

in yield (Wallace, 1985). 

have a potential for an economical increase 

A physiologist can validate the model 

predictions. and if necessary perform further experimente to clarify the 

mechanisms involved. A breeder can then concentrate breeding efforts 

around the most promising traits (White and Singh, 1988). 

Dry Bean Model Description 

!he first version of the dry bean model BEANGRO during the conversion 

process from the soybean model SOYGRO was described by Hoogenboom et al. 

(1986A, B), and a more detalled deacription of the model was presented 

during the Bean International Trials Workshop (Hoogenboom et al., 1988A). 

Currently a first version of the bean model i8 being finalized and prepared 

for public release. A user I s guide, which explains the procedure of 

running the model on a micro-computer (Hoogenboom et al., 19888), and 

technical documentation will al so be published. 

The dry bean model predicts vegetative growth and reproductive 

development. A description and explanation of the module Which simulates 

reproductive development for all three legume models was given by Jones et 

al. (1988b). The model has separate routines which calculate 

photosynthesis, respiration, biomass partitioning, growth of leaves, stems, 

roots, and after flowers have been initiated and pods are set, pod and seed 

growth. The model al SO accounts for 1nfiltrat1on of rainfall and 

irrigat10n into the soil profile, saturated and unsaturated flo", for the 

different s011 layers, water uptake, soil evaporation, and transpiration. 

The soil water balance section is based on genarie so11 water snd root 

growth modules, developed by Ritehie (1985) and used in the CERES and 

SOYGRO models. The potential daily evapotranspiration rate ls calculated 

from temperatura snd rsdiation based on the equilibrlum evapotransplration 

defined by Priestly and Taylor (1972). 
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The vegetative and reproductive development sections use predicted 

hour1y temperatures and night length to calculate several thermal and. 

phototbermal indexes, and are reevaluated at hourly intervals. All otber 

plant processes defined in tbe model are calculated and updated after each 

24 hour time step. BEANGRO requires daily weather data in the form of 

total radiation, minimum and maximum temperature, and total rainfsll as 

inputs. Also needed are crop management practices such as row and plant 

spacing, planting date, cultivar, and irrigation and fertilization regimes 

(IBSNAT Project, 1988). Finally information about the soil profile and 

so11 water conditions are required. This ls especial1y important when the 

model is used to study the effect of drought on crop production and yield. 

For each soil layer, a saturated soi1 water content, a drained upper limit 

(which is similar to field capacity) and a lower limit (permanent wilting 

point) are defined. Other parameters which define soil albedo, saturated 

conductivity, and root distribution can be estimated based upon the soil 

texture of each layer. More information about the input requirements of 

the simulation models is given in IBSNAT lechnical Report 5 (IBSNAT 

Proj ect, 1986). 

For ínitial development of the model, experiments were conducted at the 

Irrigatíon Research and Educatíon Park of the University of Florida during 

the 1985 FaIl season (Hoogenboom et al •• 1986) and the 1986 Spring season 

(Mahamadou et al.. 1987). Although several different irrigation regimes 

were applied during the growing seasons, only data from the non-stressed 

and fulIy irrigated plots were used to calibrate the modelo At the same 

time, the model was tested with data seta collected at CIAT-Palmira, 

Colombia, during the 1985 and 1986 growing season (White, personal 

communication). The model predícted growl:h of the different plant 

componenta accurately for both locations (Hoogenboom et al •• 1988a), 

although modifications in the moclel are stU1 needed to be abIe to predict 

yield correctly under a wider rang" of en"ironmental conditions. 
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Simulation Conditions 

For special 

conditions, the 

collected during 

applications under different drought and irrigation 

dry bean model was validated with experimental data 

the 1986 growing seaaon (Mahamadou et al., 1987). Beans 

in this experiment were grown under five different irrigation levels, froro 

daily irrigation to rainfed only. All the legume models show a very strong 

response as a funetion of the total amount of accumulated water received 

during the season, whether from rainfall or irrigation, (reflecting the 

fact that the tirst version of SOYGRO was developed to study irrigation 

management). The dry bean model predicted growth and yield of the rainfed 

and daily irrigated treatments accurately, while some of the predictions 

for the other irrigation treatments could still be improved. Overall, the 

predictions of the model were within the error range of the field 

observations. Therefore the model could be used to demonstrate the 

potential of crop models for drought studies in dry beans. The main 

objective of this study was to look at the qualitative responses of the 

model, not detailed quantitative responses. Thus, the actual precision of 

the simulated results 18 less important than general trends. 

The CIAT-Palm1ra station is geographically closer to bean growing areas 

than the Un1versity of Florida, experimental condit1ons at CIAT were used 

to define the parameters which describe the soil profile characteristics 

and crop management data files of the model. Although conditions for 

extreme drought are not very eommon at CIAT, the institute 18 located in an 

are a which has relat1vely wet and dry seasons, and therefore the model has 

a potential to show differences in response to CrAT's weather conditions. 

CIAT was al so the only tropical Ioeation whieh had enough weather and soils 

data available to be able to initiate and run the modelo Possible future 

applications will be in the Jutiapa region of Guatemala. and in Durango, 

Hexico. 

CIAT is lacated close to the equator (latitude ,,30 N), so the effeet of 
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varying daylength on development ia not very 

fairly atable daylength during the entire year. 

important beeause of the 

Alao daily total radiation 

and temperature only ahow minor var1at1ons over the entire growing season. 

Overall, most responses to environmenta1 conditions will vary as a function 

of seasonal rainfall. The soil at CIAr i8 a silty elay (loamy dayey, 

Aquie Hapludoll) with a rather large water holding capacUy. Soil data 

collected at CIAl' (White and Castillo, personal communication) were used to 

define the soil water eharaeteristics of each layer of the profile. For 

these studies, the genetie charaeteristies of the bean 1ine BAT 477 were 

seleeted to define the cultivar eharaeteristics. BAT 477, a line developed 

at CIAT, has shown a potential for higher yields under relatively dry 

eonditions. BAT 477 was also studied in the experiments both in 

Gainesville and at CIAT and was used tor initial development of the modelo 

Unfortunately only 8 complete yesra of historieaI weather data were 

available from CIAT (1979 through 1986). In the new Decisian Suppart 

System for Agroteehnology Transfer (DSSAT), options are available ta 

analyze long term effects through programs which "generate" weather records 

and which use grafieal and statist1cal analysis to assess simulation 

results (Jagtap and Jones, 1987). However, in the study presented in this 

paper real weather data were used. Measured daily minimum and max1mum air 

temperature, rainfall, and radiation were stored in data files, read at 

daily time intervals by the computer model, and used in ealculating all the 

processes simulated by the modelo 

Planting Date 

To study the effect oí planting date as a function of seasonal and 

yearly weather variation, the first simulation wss run assuming a planting 

date of January 1. In subsequent ,,:uns. plstttlng was inítiated at intervals 

of 15 days until Oetober 15, for a total of 20 plantíng dates. The 

simu1ations were then repeaterl for each of the eight years, which resulted 

in a total of 160 s1mulations. Tn Fig. 1 total aceumulated rainfall 

reeeived by the bean erop during the growing seaBan is shown as a function 
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of planting date. For each planting date, a total of 8 polnts is shown, 

these representing the 8 years for which the simulatlon was runo Ihere was 

strong variation in total rainfall. 

and the beginning of July (calendar 

Planting dates around the snd of Juna 

day 150 to 170) showed less than 150 

mm, while early plantings in March (calendar day 60 to 90) or late 

p1antings in September (calendar day 245 to 215) showed rainfaI1 as high as 

350 to 400 mm. The ralnEall pattern wss clearly bi-modal, with the highest 

amounts corresponding to the rainy season and the lowest amounts to the dry 

season. Especially during the wet seasons, a very strong year to year 

variation was predicted. The March 1 (calendar day 60) planting date 

showed a minimum of 150 mm and a maxImum of 450 mm during the 8 years 

simulated periodo 

A similar bi-modal distribution was found when simulated total blomass 

at the end of the season was plotted as a functlon of planting date (Fig. 

2). The maximum biomaas predicted by the mode1 varled between 6000 and 

7000 kg/ha for al1 planting dates except during May, June, and JuIy, which 

were the dry months. The lowest biomass varied between O and 1000 kg/ha, 

which was mainly predicted during the dry months, but was also found for 

BOme of the January and March plantlng dates. From Figures 1 and 2, it can 

be concluded that there was a linear relationshlp (R2 = 0.63) between total 

ralnfall during the season and biomass harvested at the end of the season 

(Fig. 3). For total amounts of ralnfall greater than 300 mm, total blomass 

reached a maxlmum around 6000 kg/ha and did not incresse as a function of 

rainfaIl at higher amounts. 

Yie1d followed a very similar pattern as a function of plantlng date, 

as was found for observation for rainfall and biomass (Fig. 4). The 

highest predicted ylelds varied between 3500 and 4000 kg/ha, whlle the 

lowest yields were of zero ylelds (O kg/ha). Although mast of the 

zero-yield plantlng dates were found In May and June, thE'y were sometimes 

predlcted for other planting dates where more total rainfsll had be en 

received during the season. Apparently the rainfsll during sorne of those 
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years was not evenly distributed over the entire growing season, aud 

therefore uot enough so11 moisture was present during seed filling to 

permit a high yield. For the conditions of the simulations, only the 

planting dates from August 15 through October 1 predicted a mínimum 

expected yield of 1000 kg/ha, with no yield lower than this amount. 

Although yield was strongly dependent on rainfall, this relationship only 

held for intermediate amounts oí ralnfall received during the season 

(Fig. 5). For rainfall between 150 and 200 mm, there was a linear 
2 relationship (R = 0.59) with yield, which lncreased írom O to 3000 kg/ha. 

For total ralníall below 100 mm, zero yield was predicted. 

These results sholN that computer simulations of plant growth can be 

used to determine the possibilities of sustainable agriculture in certain 

regions. When several years of historical weather data are available, 

similar computer simulations can be made to determine yield as a function 

of plantíng date. When all results show a lOIN yield, independent of the 

year or the planting date, there is a h1gh chance that the region will be 

unable to produce enough agricultural products either to satisfy their own 

need for food or to trade or sell besns in exchange for other products. 

The risks involved are then too high for the farmers to invest in seed or 

other ínputs, and no net positive return can be expected. On the other 

hand, if the model shows that certain planting dates have a higher 

potential yield than others, it might be worthwhile for breeders to select 

for drought resistant traits which will inctease the product1vity of beans 

under those conditions. 

Yield and Probability 

In the previous section, we demonstrated the response of ehe dry bean 

model BEANGRO to periods of drought. During dry periods, a yield decrease, 

with a minimum of zeto yield, was predicted when compared with periods 

which receive higher amounts of rainfall. Raínfsll at CIAT-Palmira varied 

strongly as a function of time (Pig. 1), and therefore planting dates 
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needed to be selected for further simulations. In these simulations, one 

or more plant traits thought important under drought stress were modified, 

and predicted yield and yield components were analyzed under both dry and 

wet conditions. Cumulative probability functions (Fig. 6) were used to 

select the months which had both low and high yields. Although these 

probability functions are normally used to determine efficient crop 

management strategies (Thornton and Dent, 1987), we used these functions to 

examine the distrlbution of yields over the range of potential planting 

dates (Fig. 4). 

The probability function shown in Figure 6 ls the accumulated yield for 

all combinations of 8 years and 20 planting dates. Ihe function indicated 

that there was a 10 % probability under these environmental conditions that 

there was no yield (O kg/ha). There was a 50 % probability that yield vas 

les s than 2000 kg/ha (shown by the large arrows). One can also consider 

the inverse of the cumulative density function : there was a 65 % (100 % -

35 %) probability (small arrows) that yield was higher than 1000 kg/ha. In. 

general, the yields predicted for ClAT's environmental conditions vere high 

compared with drought areas like the highlands of Mexico, where yields 

seldom reach 1000 kg/ha. However, the predicted yielda aU11 served to 

show the possibilities of applications of the model for drought conditions. 

Separate cumulative probability curves were calculated for all planting 

dates in each month. During the month of June, there vas a 50% probability 

of O kg/ha yield, and the maximum yield predicted was 1000 kg/ha. During 

March, the probability was 80 % that yield vas higher than 2000 kg/ha. The 

results of June and March were extremes for respectively severely dry and 

wet conditions for the 8 years of weather data used in this study. 

February and August planting dates showed a diagonal cumulative probability 

distribution with an equal probability for a11 yield levels within the 

predicted range. Therefore, these two months were used for further 

simulations in which parameters representing certain traits related to 

drought avoidance were modified. 
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Cultivar Characteristics 

Until now we have on1y discussed the use of BEANGRO for analysis of the 

variability of yield as a function of the uncertainty of weather 

conditions, especial1y rainfall. The model, however, can also be used to 

modify specific cultivar traits and characteristics and study the effect of 

these modifications on yield and yield components. Boote and Jones (1986) 

demonstrated this application with the peanut simulation modelo However, 

in this paper, we have taken a slightly different approach. Specific 

parameters which affect a given trait related to drought response were 

selected and modified at + 10 % or - 10 % intervals. The model was then 

run for both the February and August planting dates using the 8 years of 

weather data from CIAT-Palmira. Finally, yield and other model predictions 

were p10tted as a function of a given cultivar trait. 

Specific leaf area 

The assumption was made that thick leaves and a smaller total leaf area 

per plant will reduce the total amount of water lost through transpiration. 

and consequently, that the crop will be more efficient with available soil 

water. On the other hand. a bigger canopy. consisting of relatively thin 

leaves. has a potential for higher total canopy photosynthetic rates and 

consequently. biomass production and final yield. The standard value 

(value used to calibrate the model) for Specific Leaf Area (SLA) is 300 
2 2 cm /g. and SLA was varied at + 15 cm /g intervals between a minimum SLA of 

2 - 2 
195 cm Ig and a maximum SLA of 405 cm /g. Total mean, maximum, and minimum 

predicted biomass at the end of the season are shown in Fig. 7. The 

minimum biomass was independent of SLA, but maximum biomass increased as a 

function of SLA from 4000 kg/ha to 7000 kg/ha. The mean predicted value 

for aU planting dates and simulation years increased from 2000 kg/ha to 
2 2 4000 kg/ha when SLA increased from 195 cm jg to 405 cm Ig. 
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Yield showed no response to SLA for values higher than 300 cm /g, the 

value used in the standard version of the model (Fig. 8). However, when 

SLA decreased from 300 cm2/g to 195 cm2/g and leaves became thicker, yield 

dropped from 1750 kg/ha to 1000 kg/ha. Thus, for these simulations the 

model predicted the lowest yield for canopies with 10101' SLA's, thiek leaves, 

and smal1 amounta of total leaf area, while the highest yields were 

predicted for canopies with the highest SLA's and the thinnest leaves. 

Water use efficiency (WUE) , calculated as yield per unit of 

transpiration (yield efficiency, Tanner and Sinclair, 

maximum at a SLA of 265 cm2/g, clase to the SLA of 300 

model (Fig. 9). For both lower and higher values 

1983) • showed a 

cmZ /g used in the 

of SLA, the WUE 

decreased. This was caused by a slowly increasing total accumulated 

transpiration rate as a function of SLA, while yield reached a maximum at a 

SLA of 300 cm2/g. Thus the hypothesis that the water use effic1ency is 

highest for plants with the smallest SLA and the thickest leaves was 

rejected. However, the model did predict that decreasing the SLA slightly 

from the eurrent value of 300 cm2/g (Fig. 9, broken line) to 265 cm2/g will 

increase the overall yield or water use efficlency. 

Siomass partitioning to roots 

The second hypothesis was that if a larger fraction of total 

carbohydrates is distributed into the root system, the plant will have more 

soil volume to explore, will extract more soil water, and therefore will be 

able to avoid drought stress for a longer period. The standard vaIue 

defined in the model was used as a check, and this parameter was increased 

or decreased at steps of + 2 %. This resulted in a minimum oí 88 % and a 

maximum of 116 % of the original biomass fractlon distributed to the root 

system. The model predicted that the highest yield will be occur when the 

largest fraction of carbohydrates will be partitioned into the roots, whl1e 

the lowest yield will be found when the smallest fraction of carbohydrates 

205 



is distributed to the roots (Fig. 10). There was no significant effect of 

root partitioning factor on total above ground biomass production. Biomass 

was fair1y constant over the entire range of partitioniug sud aversged 

around 4000 kg/hs (Fig. 11). 

The model illustrates that modifying plant characteristics which affect 

or relate to biomass partitioning into the root system has a potential to 

improve yield. As part of the experimental study used to calibrate the model, 

it was found that the root density of all five irrigation treatments was 

very similar for al! depths, while there was a significant difference in 

total above ground biomass (Hoogenboom et al., 1988), Unfortunately, roots 

are the most difficult componente of the plant to study, and many aspects 

of the rhizosphere have often been ignored in previous investigations 

because of labor intensive measurements. The model, however, can be used in 

preliminary studies to investigate traits which may affect drought 

tolerance or resistance, and permit selection of traits which merit further 

study under field or greenhause conditions. 

Maximum rooting depth 

For the third hypothesis, it was assumed that a deeper penetrating root 

system has the potential to increase the plant' s capability ta extract 

water from deeper soil layers, which previausly have been unexplored by the 

root system. Because the plants will still have the ssme total root biomass 

and root length, actual root length density will decrease with a lower 

maximum rooting depth snd will increase with a shallower maximum rooting 

depth. lt is sssumed in the model that roots will not grow deeper than the 

maximum rooting depth. This can either be caused by genetic constraints of 

the cultivar or physical factors in the soil profile. For this study, the 

rooting characteristics of the cultivar determine the maximum rooting depth 

snd no other physical soil conditions, except soil water, limit root 

growth. 
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Under standard conditions. the maximum rootins depth of the model for 

the soil conditions at CIAT-Palmira i8 1.25 m. The maximum rootins depth 

was varied at increments of :!:. 0.05 m. A very sha110w soi1 of 0.6 m wall 

se1ected for the minimum depth. whi1e the maximum depth was 1.5 m (Fig. 

12). The average biomass gradually inereased from 3000 kg/ha to 4000 kg/ha 

when maximum reoting depth increased from 0.6 m to 1.2 111. For maximum 

rooting depths below 1.25 m. there was no slgnificant difference in the 

mean total biomass predicted at the end of the season. Yield increased 

from 1300 kg/ha to 2100 kg/ha, w1th most of the increase occurring when 

rooting depth was lowered from 0.6 m to 1.25 m (Fig. 13). Except for the 

shallow rooting depth, WUE increased significantly when maximum rootins 

depth increased and roots were allowed to penetrate deeper into the soil 

profile (Fig. 14). These model predictions show that yie1d, biomass. and 

WUE will be higher for plants w1th deeper roots, than for plants w1th 

shallower roots. Therefore opportunities exist for plant breeders to 

select for plants which show root systems with deep penetrating roots ear1y 

during the growing season. 

Root length weight ratio 

The last rooting characteristic to be studied with the simularion model 

was the root length weight ratio. This factor is an indication of the 

thickneaa of the root system, similar to the specific leaf area of the 

canopy. Thin roots have a rather high root length weight ratio, while 

thick roots have a low root length weight ratio. In the model, it i6 

assumed that all roots have the same thickness, and that there is no 

difference between tap roots, primary roots, and secondary roots. Growth 

in the model is based on carbohydrate balance, and therefore a certain 

amount of carbohydrate ia allocated to the root system. Given a certain 

amount of root biomasa. the root length we1ght ratio will determine the 

total length of new root growth. This in turn determines the total root 

length which i8 potentially available tor water uptake. In general, the 

longer the total root length of a plant. the larger the amount of water 
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which can be extracted by the entire root system. In the current version 

of the model, it i8 assumed that the root length weight ratio i9 5000 cm/g, 

which is rather low compared with field observations. For this study we 

are mainly interested in the relative effects of the parameter 

modifications, and therefore absolute values are not very important. 

The root length weight ratl0 was changed with incrementa of :!:. 10 %, 

with a minimum value of 3000 cm/g and a maximum value of 10000 cm/g. The 

root system with a ratio of 10000 cm/g ls three times as long as the root 

syatem with a ratio of 3000 cm/g. Yield increased from 1350 kg/ha to 2300 

kg/ha, with most of the increase occurring when the root length weight 

ratio changed froro 3000 to 6000 cm/g (Hg. 15). Total predicted biomass 

ahowed a similar response to the inerease in root length weight ratio. lt 

is interesting to note that, while the total root system was confined to 

the same total soil volume, accumulated transpiration and therefore total 

water uptake by the root syatem at the end of the growing aeason increased 

significantly when the root !ength weight ratio increased. A total 

accumulated transpiration of 135 mm was predicted for plants with a roct 

length weight ratio of 3000 cm/g, and a total of 185 mm was predicted for 

plants with a root length weight ratio of 10000 cm/g (Fig. 16). In a11 

cases the standard deviation was very small, independent of either planting 

date or weather year. 

Conclusions 

In this paper, we have shown the poten tia! application of a computer 

simulation model in studies of crop response to drought. Depending on the 

type and amount of data avallable, the model can be used to study the 

potential yield under drought conditions and determine if breeding tor 

higher yield ls feasible, or if, due ta environmental condi.tions. yield 

will never be higher than a eertain amount. The model can also be used to 

suggest which characteristics of plants wil1 make them more susceptible or 

resistant to drought stress. Breeders can then use the results of these 
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theoretical studies to orient their breeding programo However, one needs 

to keep ln mind that a model ls never "perfect", and will never be able to 

simula te a system completely, as in this example, a bean crop. To develop 

a model, a modeler has to make assumptions, and the results of the model 

are only valid within the reslm of these assumptions. The results shown in 

this paper, however. elearly show s potentisl use of models in the field of 

drought stress studies. 
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Figure Legends 

Figure l. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 

Figure 11. 

Total accumulated rainfall for the entire growing season at 

CIAT Palmira as a function of planting date. There are eight 

(1979-1986) simulations for each planting date. 

Biomass predicted at the end of the growing season as a 

function of planting date. 

Biomass predicted at the end of the growlng season as a 

function of total seasonal rainfall. 

Final aeed yield as a function of planting date. 

Final seed yield as a functlon of total seasona! rainfall. 

Cumulatlve probability as a function of final yield. 

Mean, maximum. and minimum predicted biomaas (~, X. ~ 1 ad.) 

at the end of the growing aeaaon as a function of specific 

leaf area (vertical line representa value for SLA used in the 

standard version of the model). 

Mean, maximum, and minimum predicted seed yield (6, X, ~ 1 

sd.) aS a function of specific leaf area (vertical line 

represents value for SLA used in the standard version of the 

model). 

Water use efficiency (yield efficiency) as a function of 

specific leaf area (vertical line representa value for SLA 

used in the standard vereion of the model). 

Predicted seed yield (6, X, ~ 1 sd.) as a function of biomass 

partitioning to the root system (vertical line represents 

value used for partitioning in the standard version of the 

model), 

Mean, maximum, and minimum predicted biomass (6, X, ~ 1 sd.) 

at the end of the growing season as a function of biomass 

partitioning to the root system (vertical line representa 

value used for partitioning in the standard version of the 

model). 
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Figure 12. 

Figure 13. 

Figure 14. 

Figure 15. 

Figure 16. 

Mean, maximum, and minimum predicted biomass (Ó, X, ~ 1 sd.) 

at the end of the growing season as a function of maximum 

rooting depth (vertical line represents value used for 

maximum rooting depth in the standard version of the model). 

Predicted seed yield (Ó, X, ~ 1 sd.) as a function of maximum 

rooting depth (vertical line represents value used for 

maximum rooting depth in the standard version of the model). 

Water use efficiency (yield efficiency) as a function of 

maximum rooting depth (vertical line represents value used 

for maximum rooting depth in the standard version of the 

model). 

Predicted seed yield (Ó, X, ~ 1 sd.) as a function of root 

length weight ratio (vertical line represents value used for 

maximum rooting depth in the standard version of the model). 

Total accumulated transpiration (ó, X, ~ 1 sd.) for the 

entire growing season as a function of root length weight 

ratio (vertical line represents value used for maximum 

rooting depth in the standard version of the model). 
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Figure 2. Biomass predicted at the end of the growing season as a 
function of planting date. 
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Figure 3. Biomass predicted at the end of the growing season as a 
function of total seasonal rainfall. 
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partitioning to the root system (vertical line represents value 
used for partitioning in the standard version of the model). 
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the end of the growing season as a function of biomsss 
partitioning. to the root system (vertical line represents 
value used for partitioning in the standard version of the 
model). 
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Figure 12. Mean, maximum, and minimum predicted biomass (fu x, .± 1 sd.) at 
the end of the growing season as a function of maximum rooting 
depth (vertical line represents value used for maximum rooting 
depth in the standard version of the model). 
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Figure 16. Total accumulated transpiration (6, x, + 1 ad.) for che entire 
gro.'ing season ss a function of root length weíght ratio 
(vertical line represents value used for maxímum rooting depth 
in the standard version of the model). 



CARACTERrZACION DE LAS SEQurAS EN CONDICIONES DE RIEGO Y SECANO EN 

TERMINOS DE LOS REQUERUIIENTOS DE AGUA DE LOS CULTIVOS 

Manuel Paulet* 

Introducción 

Se presentan algunas reflexiones desde el punto de vista de las 

relaciones de productividad agua-suelo-planta considerando lo que el autor 

ha podido apreciar de las discusiones realizadas en el Taller de 

rBYAN y, en parte, del taller de Sequías. La observación principal es que, 

en general, con excepciones, las investigaciones realizadas no introducen 

la cantidad de agua utilizada como elemento de variaci6n, quedando una 

preocupación cuando se descartan resultados aparentemente sin éxito sin 

haber analizado cuál fue la situaciÓn agua-suelo durante la ejecución del 

trabajo. En relaci6n con las sequías, parecería aún más relevante que las 

investigaciones incluyan observaciones sobre la condición 

suelo-agua-planta. Los conceptos utilizados en estas reflexiones se 

presentaron en el Taller de IBYAN. 

Discusi6n 

l. Un indicador de la condici6n de las plantas en términos de su 

resistencia a períodos de déficit de agua (en relación con su demanda) 

es la cantidad de producto deseable (Y) por unidad de cantidad de agua 

utilizada (ET). Este indicador se podría expresar de diversas maneras 

según el interés del investigador: a) por etapas de crecimiento; b) 

* Especialista en Manejo y Conservación de Suelos y Aguas, tlCA/Brasil. 
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considerando varias medidas del producto deseable según la etapa de 

crecimiento. 

2, Para una misma cantidad de agua utilizada, las plantas que manifiestan 

una mayor relación (Y/ET) tendrían mayor resistencia al déficit de 

agua. Comparativamente las de mayor Y/ET tienen menor demanda de agua 

por unidad de producto. 

3. Esto podría implicar: 

a) Que la demanda ET es menor porque el ciclo vegetativo es más corto. 

b) Que la demanda es menor porque la evapotranspiraeión del suelo (E), 

es menor. 

e) Que unas plantas producen más que otras con la misma cantidad de 

agua, o sea, que son más eficientes en la utilización del agua 

(menor Kc), 

d) Que unas plantas pueden satisfacer sus necesidades de agua COn más 

altas tensiones de humedad en el suelo que otras. 

4. Dependiendo de las condiciones el objetivo de la resistencia a las 

sequías estaría orientado hacia las dos últimas condiciones. 

5. En la práctica la (ET) se estima mediante ecuaciones en función de las 

condiciones del clima (RAD, TE, HREL) Y de las características de las 

plantas (Kc). En el trabajo presentado en el Taller sobre Mejoramiento 

de Fríjol se dan ejemplos de cálculo y referencias sobre la 

metodología. La medición de ET real se realiza mediante el cálculo del 

balance hídrico del cual resulta difícil medir las pérdidas por 

percolación y cambio en el almacenamiento del suelo. Experimentalmente 

la medición se realiza con lisímetros. (ET = R - (PE + AS». 

6. El estimado de ET por etapas del cultivo para todo el ciclo vegetativo 

debe realizarse para conocer las demandas locales y la condición de 

déficit que deberá satisfacerse ya sea mediante lluvia o riego. 
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7. Como el riego o la lluvia son generalmente ineficientes en proveer la 

cantidad de agua requerida por ET, (por exceso o deficit), su c§lculo 

permite conocer las cantidades de agua que se requerirán dependiendo 

del método de riego ylo la distribución y oportunidad de las lluvias. 

8. Para condiciones de secano. los valores de ET (Figura 18, Paulet, M, 

Taller de rBYAN), permiten conocer el riesgo de é,dto si se comparan 

con las lluvias probables. 

9. El control de la humedad del suelo será siempre beneficioso para 

conocer la situación de energía del agua en el suelo - asociada a las 

lluvias o al riego y a la tasa de ET - Y por tanto, apreciar las 

condiciones de "stress" que pueden presentarse (o ausencia de éste, 

caso existe agua en el subsuelo por nivel freatico alto, o exceso de 

lluvia o riego). 

10. El control de la humedad del suelo es necesario para investigar las 

condiciones de sequía (3c y 3d) aunque fuera para poder correlacionar 

con otros indicadores medidos en la planta. 

11. Para la agricultura en condiciones de secar.o, la variabilidad de las 

lluvias en el espacio y en el tiempo será siempre un factor de riesgo 

para la producción de cosechas. 

12. 

1 

A continuación presentamos un resumen del procedimiento utilizado en el 

an/Hisis de un número de resultados experimentales de varios años en 

una localidad del Perúl • En este procedimiento se puede: 

Paulet, M. 1973. Apreciación del significado del riego suplementario 
para la producción agrícola en la Sierra del Perú. UNA!DKA/USAID. 61p. 
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a) Apreciar el efecto de la cantidad de lluvia sobre la variación de 

rendimientos en interacción con varios niveles de fertilización. 

b) Apreciar el riesgo de la agricultura de secano para tomar 

decisiones. 

c) Ajustar la oportunidad de siembra a las mejores probabilidades de 

éxito. 

Relación entre la cantidad de agua de lluvia y la productividad en 

interacción con varios niveles de NPK. 

13. Se relacionan los rendimientos obtenidos con las cantidades de NPK 

aplicados, más las cantidades de lluvia caídas, ya sean en períodos 

críticos (PC) y/o durante el ciclo vegetativo del cultivo (PT). 

Posteriormente se analizan las frecuencias de dichas cantidades de 

agua, provenientes de los registros de lluvia existentes, para conocer 

la probabilidad de ocurrencia de las cantidades de lluvia consideradas 

y, por ende, la probabilidad de obtener los rendimientos asociados a 

esas cantidades con el nivel de fertilización incluido. Para obtener 

variación en los resultados, los trabajos deben replicarse en lugares 

diferentes (aunque habría otros factores si la variación de suelos es 

importante) o en un número de años. 

rendimientos serían deseables. 

Veinte o más resultados de 

14. El análisis estadístico es regresión múltiple buscando la ecuación de 

mejor ajuste - stepwise regression - mediante cambios en las variables 

y sus interacciones, conociendo las probables tendencias de estas 

relaciones (Cuadro 1). El análisis de frecuencias consiste en el 

ordenamiento de los datos mensuales de lluvias de mayor a menor, para 

uno, dos. tres, cuatro, meses consecutivos según la duración del 

período crítico (PC) o ciclo vegetativo (PT) -- en relación con el 

abastecimiento de agua a la planta -- que se desee examinar. las 

cantidades obtenidas se presentan en tablas como el Cuadro 2. La 
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última columna del Cuadro 2 indica la probabilidad (P (X ; x) = 
m/(N+l», de que una lluvia (X) en un año cualquiera sea igualo mayor 

que (x) - aquella a que est' asociado en la tabla-o 

15. Por ejemplo, en el Cuadro 2, si la siembra fuera el primero de 

septiembre, la probabilidad de que caigan 13 cm (asociado a bajos 

rendimientos en la Figura 2), durante el período de 60 a 120 días 

después de la siembra -- columna de noviembre -- es de 70% (ver nota l ). 

Para esta fecha de siembra, mayores cantidades de agua que 13 cm están 

asociadas a menores probabilidades. Si cambiamos la fecha de siembra a 

primero de noviembre -- la columna de enero representa el período de 60 

a 120 días después de la siembra --, se observa que existe un 75% de 

probabilidades de obtener por lo menos 20 cm de lluvia en ese período, 

lo que está asociado con rendimientos óptimos (Figura 2). 

16. La información del Cuadro 2 se transfiere a un gráfico como la Figura 1 

(Log x probabilidades) para linearizar el comportamiento de los datos 

de lluvia en función de sus frecuencias. Para el caso de eventos 

hidrológicos como las lluvias, la distribución de sus frecuencias se 

puede linearizar bastante bien cuando se utilizan los logaritmos de sus 

magnitudes, queriendo indicar que los eventos menos frecuenteS tienen 

magnitudes extremas o muy distintas de la media. La relación 

probabilidades con cantidad de agua de lluvia que aparece en la Figura 

2 provienen de la Figura l. 

1 m, número de orden de 13 cm = 38, N, número total de registros. 53, 
entonces, P • 38/(53 + 1) = 0.7037 
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Cuadro 1. Función de producción' del cultivo de papa en el Mantaro. 

Nombre 

Constante 
NZ 
N 
Pz 
P 
KZ 
K 
PT 
PC 2 
PC 

NxK 
NxPC 
PxPT 
PxPC 

Y 

Código 
variable 

NITRO 
TRFB 
Fosro 
TarC 
POTAS 
TRFD 
AGPT 
AGPC 
TRFF 
MULTA 
MULTC 
SALTC 
SUlIEA 
RENDI 

Observaciones 
RZ 
F 

~-~~---~-~---' .. _~ .. _~-

Valor Valor Desv. Uni-
Coeficiente F/var máximo Promedio mínimo standard dades 

-122153. 
129.25 5.67 280 114 O 74.4 kg/ha 
0.1074 0.82 
173.59 8.22 240 86 O 63 kg/ha 
0.2418 2.23 
62.15 0.88 240 101 O 66 kg/ha 
0.1474 0.86 
300.46 5.12 89.8 58.4 41.3 9.9 cm 
9259.12 38.19 30.7 23.9 15.4 4.4 cm 
-173.07 29.78 
-0.2185 2.65 
-4.3899 3.38 
-3.3543 10.34 
-3.5154 1.43 

37,714 16,Oll 1,238 8,234 kg/ha 
157 
0.36 
6.15** 

PC Precipitación crítica en el cultivo de papa (cantidad de lluvia desde 60 a 120 días después 
de la siembra). 

** Aquí y en los siguientes cuadros, indica significación al 99% de probabilidades. 



Cuadro 2. Cantidad de lluvia en mm 
Suma de 2 meses consecutivos - ordenándolas descendentemente y cálculo de la 
probabilidad respectiva. 

SEr ca NJl Jm: IN'!: m3 M\R Am. M\Y .IN .IL I!ro m:B 

2l23) 218.10 ~.20 312.40 354.00 361.40 '!:J7.ro 179.00 JíYI..7O 44.70 1ll.00 0.00 0.0185 
196.00 l)53) 'lA7.70 296.ro 339.00 :mm 283.70 174.10 79.00 JI.lO 85.20 0.00 0.<1'.00 
173.30 X6m 'lA1.ro 293.20 :m.70 :m.20 2133) 169.40 7l.ro 36.30 59.ro 0.00 0Jl'i'S6 
151.00 19)3) 235.00 2m.l0 323.00 :m.70 240.00 135.40 62m 34.70 56.40 0.00 0.0741 
1.50.30 IB8m Z!4m :!16.70 312.70 3l7.oo Z!63) 131.10 003) 33.L¡() 52.40 0.00 O.a1l6 

148.40 lID.OO m.ro 284m Dl.30 m.60 2343) l26.4O 53.ro 3l.oo 52.00 0.00 0.1111 
146.40 m.60 210m 284.40 DJSl 3l4.ro 234.00 124.40 51.10 29.40 46.40 0.00 0.l296 
143.00 17331 :m3) 283.00 D)3) 313.70 224.00 113.30 !D.lO 283) 45.20 0.00 0.1481 
142.20 l69.ro m.70 li4.40 299.70 '!:10m 222.J) UO.30 !D.1O 28.20 ».10 0.00 0.1fii7 
142.00 164.ro al2Sl 263.00 299,L¡() 2m.00 m.ro JíYI..IO 108.ro XlSl 33.al 0.00 0.l8S2 

N 
14131 "" 164.30 193.10 252.!D 298.00 m.ro 213.10 J02.l) lo8.S) 3'i.!D 32.70 0.00 o.ml7 ....¡ rn.JJ 163.30 191.30 251.~ '07.00 Xl4.ro :ni.70 101.10 47.00 25.60 ll.~ 0.00 0.1222 
137.30 155.00 198m 251.40 293.30 :m.ro v..00 99.30 46.10 2A.~ ll.70 0.00 O.1liJ7 
133.ro 147.60 ~.10 250.60 293.10 266.10 199.10 96.30 46.31 2A.!D ]).20 0.00 O.2.5'JJ 
lXI.ro 146.30 IBS.60 1I\9.'Xl 279.al ai2.60 195.60 91.70 45.30 23.al 28.20 0.00 0.ZJ78 

121.ro 146.10 lBS. 10 244.ro 278.00 259.60 195.00 003) 44.00 21.ro 28.20 0.00 0.2%3 
126.00 146.00 184.30 11\2.00 Zló.60 259.30 1863) 1ll.7O 43.10 2l.40 XlSl 0.00 0.3148 
124.40 14531 m.l0 239.00 274.00 259.10 177 .60 85.00 43.00 18.60 ZI.40 0.00 0.3333 
123.00 144.10 170.20 Zl6.40 :m.60 258.00 17ó.ro 83.00 42.70 17.00 ZI.10 0.00 0.3519 
m.::O 143.00 I.66m 234.70 2663) 251.30 175.JJ 82.ro 39.30 17.60 3'iSl 0.00 0.3704 

lI9.3) 141.40 1.66.10 Z!4m li4.70 11\9.::0 1723) 81.40 39.10 17.30 26.50 0.00 0..lB9 
118.30 139.40 163.ro 222.30 261.10 248.ro 170.70 00.30 1331 1ó.30 25.00 0.00 Olifl4 
117.30 139.30 160.00 219.00 254.30 248.00 169.ro n.oo 36.30 15.70 21+.40 0.00 0.4259 
lI6.ro 135.60 l5B.70 219.00 251.::0 244.70 167.00 76.00 36.10 15.00 24.10 0.00 0.4444 
rn.oo 135.10 158.60 217.70 250.40 244.60 164,70 7l.4O 34.60 13.70 2l.ro 0.00 0.4630 

O:nt. 



CuadrQ 2. Cont. 

SEr a::r NJl 1III: ENE FIlB M'IR ABR MIY .lN .n. K.D HOl 
,u"~"""'''''''''' ____ 

111.60 133.!Xl 156.00 215.40 2M.00 2'+2.10 163.ro 70.70 D.!ll 139> 20.40 0.00 0.4815 
110.10 132.70 155.ro 2l4.ro 216.3) :?Al.!ll l62.:!l 7O.al 29.al 13.3) 19.!ll 0.00 0$Xl 
lIX>.40 m.oo 1549> 2J.23) :?Al.6O 232.60 lS9.al oo.JJ 28.al 12.ro 19.70 0.00 0.5185 
laZ.!Xl !:?A.7O 152.70 2l0.'X.! 239.10 221.!ll l57.al 67.JJ 27.10 12.70 19.10 0.00 0.5370 
101.40 !:?A.OO 150.70 :m.00 Zl6.10 120m 155.40 66.60 26.'X.! 11.50 18,!{l 0.00 0.5556 

101.40 m.6O 150.10 :m.6O 232.70 2l2.10 155.20 66.20 26.:D 11.20 l8.!ll 0.00 0.5741 
98.00 m9> 148.!ll aJ2.40 231.40 aJ2.2O 152.70 64.00 25.'X.! 10.40 l8.:!l 0.00 0.:826 
SS.6O l22.!ll 148.60 lS8.7O ZJ.l.IO 202.20 146.!ll 61.!ll 25.30 9.70 15.00 0.00 0.6111 
97.30 l22.40 1489> 1979> 218.40 :.m.6O 144.10 61.70 23.ro 9.60 15.70 0.00 0.62:16 
97.:!l l2l.:D 148.10 195.!ll 216.al :.m.20 144.00 61.:D 19.60 99> 15.:!l 0.00 0.6481 

91.'X.! l2O.zl 142.!ll 195.60 2l2.6O 196.10 143.D 58.70 19.30 8.'X.! 14.70 0.00 0.6667 
91.70 118.10 141.10 193.20 a:r.¡.5O 192.00 136.20 57.20 18.'X.! 8.60 12.20 0.00 0.6852 

~ ss.ro 1179> m9> 1929l m.2O 1909> 132.00 57.10 18.70 6.'X.! 11.70 0.00 0.iIl37 
g; 85.60 116.40 129.60 191.70 202.60 188.70 129.!(l 56 • .1) 16.50 6.ro 7.!Xl 0.00 0.7222 

84.ro 114.40 127.70 191.40 m'X.! l87.ro 127.70 56.10 15.60 6.!(l 7.20 0.00 0.7407 

84.60 114.:!l 125.20 l82.5O lS8.10 179.:!l !:?A9> 55.40 15.JJ 6.40 6.'X.! 0.00 0.7593 
81.70 1OO.:!l 122.'X.! 176.70 m9> 1W.10 !:?A.:!l 54.ro 149> 6,.1) 6.10 0.00 o.ma 
81.20 100.00 120.60 165.00 177.00 166.'X.! 123.70 54.00 13.70 6.10 5.60 0.00 0./963 
79.:!l 107.10 120.40 159.00 175.70 l6O.:!l 114.10 52.10 13.3) 6.10 5.00 0.00 0.8148 
76.10 103.70 119.00 154.'X.! 173.00 156.D 110.40 49.50 11.70 4.00 4..1) 0.00 0.8333 

14.40 lO2.zl 119.10 152.ro 1739> 154.10 110.00 49.00 11.al 2.70 3.10 0.00 0.8519 
13.50 9J.5O 117.10 l:D.!ll 100.70 151.60 110.00 48.!ll 9.10 2..1) 3.00 0.00 0.8~ 
72.40 $6..1) 116.40 148.00 164.40 139.70 105.70 47.10 8.00 1.00 2.JJ 0.00 0.8889 
71.60 SS.:!l 112.:!l 144.:!l l52.70 138.20 10l.D 43.00 5.40 1.50 19> 0.00 0.!X)74 
65.00 'X.!9> 100.10 139.20 152.10 137.10 97.:D 42.40 5.10 l.:!l O.ro 0.00 0.9259 

65.00 83.00 107.00 137.20 151.10 131.00 96.50 42.40 4.10 1.00 0.00 0.00 0.0l44 
56.90 81.:!l lO7.al 129.:!l 144.70 128.00 92.70 42.10 3.!(l 0.00 0.00 0.00 0.9630 
52.00 n.oo 85.10 116.'X.! lJJ.OO UO.:!l SS.70 26.ro 2.30 0.00 0.00 0.00 0.$615 

--,-,--,----~.=--- ~-"" 



Figuras 

Fig.l. Distribución, probabilística de magnitudes de lluvia para 

precipitación total (PT) y precipitación crítica (pe) en Mantaro 

y Cajamarca, por cultivo y fecha de siembra. 

Fig.2. Efecto del uso de fertilizantes y cantidad de lluvia en los 

rendimientos de papa en el Mantaro. 
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Mantaro y Cajamarca, por cultivo y fecha de siembra. 
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HANAGEMENT OF DROUGHT TRIALS 

J. Castillo and J.W. White* 

Introduction 

Progress in drought research depends on obtaining data which reflect 

effects of appropriate levels of moisture deficit, and which contain 

acceptably low levels of unexplainable variation, usually referred to as 

"experimental error". Experience at CIAT has been that effective 

strategies for managing nurseries cannot be pulled out of textbooks or 

transferred b1indly from one site to another. Each nursery locatian 

presente particular problems depending on soi1 types, climatic conditions, 

and infrastructure. 

The discussion of mnnagement in this chapter is drawn primarily from 

experiences at CIAT. Where relevant, research from other institutes 

working with beans has been included. Observations tend to be aneedotal 

sinee most reeearchers polish their nurser)' management without resorting to 

designed experiments pNducing publishable data. Emphasis i8 given to 

yield trials because they are the baekbone of a sound drought program, and 

also since the principIes for management of yield trials apply directly to 

other drought research. 

For convenience, trial management is discussed in th ree seetions: 

basie agronomic management neeessary to minimizo experimental error; 

man2.gement of drought stress; and minimum data requirements. 

* Assistant Investigator and physiologist ,respectively. CIAT, A.A. 6713, 
Cali, Colombia. 
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Basic Management 

Although all trials should be managed to reduce experimental error, 

limitations of resources place many constraints on this goal. Plot sizes 

and number of replications are reduced; seed of dubious quality 19 used; 

weeds, diseased and pests are not .lways controlled as well as one might 

with access to more labour, machinery, or agrochemicals. However, in 

drought research, the amount of error which can be tolerated i8 reduced. 

The low yields sought in drought nurseries mean that genotype or treatment 

differences are reduced. One consequence i8 that greater precision (lower 

experimental error) is needed in order to detect significant differences. 

Furthermore, with suboptimal crop srowth, variation in field conditions, 

whether soil moisture, soil fertility or other factors, has a more 

pronounced effect on crop growth. 

Fortunately, many pract1.cal solution5 exist for reducing experimental 

error. Drought experiments should be located preferentially on sites with 

relatively uniform soil conditions. Additional sttention may be given to 

multiplication and selection of seed to assure a good stand, and plots may 

be "over sown" and later thinned to the desired stand. Extra attention may 

be given to routine practices for control of weeds, diseases, and pests. 

Since most of these solutions fall under the realm of basic agronomy, or 

have been discussed in relati.on to drought elsewhere (Loomis, 1983), there 

is no need to pursue them in detail. However, we will examinE' one point 

which has proven particularly important at CIAT. 

As mentioned earlier, effects of heterogeneity of field conditions are 

more pronounced under drought conditions. This problem becomes 

particularly severe in yield trials with large numbers of genotypes. 

Experience at CIAT has been that an appropriate experimental design can do 

much to alleviate the problem. In using lattice design, where sub-blocks 

within replicates permit partial correction for heterogeneity, reductions 
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in experimental error as compared to randomized complete block designs have 

been as high as 50% (Table 1). 

A still unresolved problem for experimental designs i9 presented by 

nurseries which are too large to permlt full replication. When presented 

with the task of evaluating 500 genotypes of which only a small fraetion 

are expected to possess deslrable characteristics, the option of using a 

complete replication seems of dubious value, and indeed is often impossible 

without a seed multiplication. Many alternatives for correcting data from 

such trials have been suggested. These include: 

l. Intensive use of checks, and correction of yields using yield of 

nearest checks. 

2. To fit a response surface across a field, thus removing effects of 

strong gradients. 

3. Use of a correction factor based On means of adjacent plota 

(Yates, 1936; Knotl, 1972). 

4. Use of augmented designs where control lines are repeated several 

times in a standard design, and test lines are assigned to plots adjacent 

to control s (Federer, 1956; Lin and Poushinsky, 1983). 

Careful evaluation of these possibil1ties would be of great use for 

improving drought screening. 

Managing Levels of Drought 

Experience at CIAT has been that achieving the desired level of stress 

ia one of the most important yet dlfficult facets of managing drought 

trials. Extreme drought can so reduce yields that genotype differences 

disappear, while insufficient stress will result in selectton of 

non-tolerant genotypes. Very few regtons with major drought problems are 

dependent on irrigation, so most strategies have to focus on alternatives 

under rainfed conditions, with the possibility of supplemental irrigations. 
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Selection of sn appropriate planting date ia often the first problem 

encountered. A study of probability of drought stress based on 50 years 

rainfa11 data proved useful at CIAT Palmira. lt clearly identified the two 

periods with greatest probahility of obta1ning drought (Fig. 1) • The 

possibi11ty of resorting to tvo planting dates in a single season was also 

considered. Even a shift in planting dates as short as 14 day can result 

in totally different patterns oi rainfall distribution relative to the 

planting date (Fig. 2), thus generating tvo patterns of cultivar response 

in one season (Fig. 3). 

The main problem with manipulating planting dates to obtain greater 

stress is that this may result in severe departures from practices of 

farmers. For example. researchers in Honduras are faced with the 

poss1bility of using two drought periods, one colder than the normal 

seaaon, and one warmer (S. Zu1uaga, personal communicstion). On1y 

experience in a specific locstion csn determine the best solution. 

Meny other strategies have been suggested for managing stress within a 

site. Crop rotation involving a crop with high water consumption can be 

used to deplete soi1 moisture prior to planting. The maln drought plot st 

CIAT Pa1mira ",as recently equipped with underground drains and was 

subsoiled to reduce effects of a soll layer with a very 10w soil 

permeability. 

Portable shelters have a role for experiments with small plot sizes, 

but seem of limited use for evaluations of large numbers of genotypes. 

Experience ln Durango, Mexico has been that a low cost metal frame covered 

with polyethylene sheeting kept the rain out, but exacerbated disease 

problema due te ehe microclimate of the shelter (F. 1barra and A. Pajarito, 

personal communication). 

Researchers initiating drought research often ask for guidance on the 

exact level of stress needed for an effective trial, lIsually teferring to 
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the quantity of water which should be administered. Our experience has 

been that there is no way of predetermining the amount of water a drought 

trial should receive. The preference at CIAT has been to manage stress 

empirically based on the level of stress developing in the crop. 

Generally, trials are established with the minimum amount of water needed 

to assure a uniform, vigorous stand of seedlings, and then irrigations are 

withheld until stress becomes so severe that there is danger of losing the 

trial. Where possible, initial screening nurseries are given more water 

than advanced trials since they contain fewer tolerant genotypes. 

One problem we have not resolved to our satisfaction is whether there 

is an advantage in establishing a very vigorous vegetative crop by being 

more generous with water in the first 4 weeks of crop growth. Presumably, 

once water was withdrawn, the crop would develop more severe symptoms than 

those obtained when the crop develops under drought from the earliest 

stages. 

A specialized system for producing a range of levels of stress in a 

small plot is that offered by line source sprinkler systems. By c10sely 

spacing sprinklers along a single line, and planting genotypes in strips 

perpendicular to the line, water is applied in a gradient. The obvious 

advantage of such a system lies in the economies provided by obtaining a 

large variation in stress levels within a small area. A possible drawback 

to line source systems, besides those of costs of the installation, lays 

in the question of whether the patterns of stress are representative of as 

wide a range drought stress as might be obtained with other approaches such 

as multiple planting dates. 

To evaluate this problem under CIAT conditions, 23 cultivars were 

classified using cluster analysis (Williams, 1976) based on yields from 

conventional drought trials and from a line source where six levels of 

stress were obtained. The results suggested that yields from the line 

source tended to produce a less reasonable classification of genotypes than 
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did the other aystems since closely related cultivars such as BAT 85 and 

BAT477 were not grouped together. nor were materials such as the large 

seeded type I's, BAT 1393 and A 195 (Table 2). These results are not se en 

as a conclusive argument against use of line so urce sprlnklerll. but do 

suggest that their use should be evaluated carefully. 

A final issue which has caused considerable discussion in drought 

research is whether there la value in grouping matariaIs by flowering or 

maturity characteriatlcs to allow stress to be appIied at a specific 

deveIopmental stage. Thus. at CIAT the first drought trials vere planted 

vith genotypes bIocked by expected time to flower. In Mexico, a similar 

approach vas attempted, but based on installation of rain shelters at 

appropriate stages (F. rbarra and A. Pajarito, personal communication). 

This approach would be valid if there vas a demonstrated need ta Bcreen far 

a particular response during onset of flovering. 

As an alternative, for regtons with very diverse gratn types, it might 

be more efficient to manage separate trials for different groups of 

materials. Thus at CIA!, ve have considered the possibility of grouping 

materials by grain size and growth habit, so that larga seeded type l's are 

managed separately from small seeded indeterminste materiaIs. 

Data Analys1s 

lrrespective of the breeding strategy adoptad, one eventually confronts 

the problem of analysing data from drought yield trisls. Although this 

sounds like a simple task, our experience has been that mueh useful 

information is often lost, and what ia worse, materiaIs are misclsssified, 

thus reducing the efficiency and effectivity of the selection process. 

A very common error lB to equste low yields with drougnt 

susceptibility. Considering data for 15 lines from a screening trial at 

CIAT using both stress snd irrigated control plota, this problem i8 readiIy 
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illustrated (TabIe 3). V 7918 and San Cristobal 83 presented cIear 

examples of tolerant lines combining the highest yields under drought 

conditlons with excellent yieIds in control plots. BA! 51 and A 170 al so 

seemed to merit distinction. At the other extreme, BAT 1554 appeared truly 

susceptible, having a very low yield under drought conditions, but high 

yield in the control. BA! 1282 would probably also qualify as susceptible. 

However, materials such as G 12865 and BAT 1198 did not show drought 

susceptibility, but poor overall performance, presumably due to lacK of 

climatic adaptation or susceptibility to diseases or pests. 

As discussed below, evaluations of tolerance are easily made if 

irrigated control plots are used, but where controls are not possible, the 

investígator has to accept the possibllity of confounding adaptation or 

other problems with lacK of drought tolerance. Data from additional trials 

or information on flowering and maturity dates or disease incidence may be 

of use. Fortunately, lines which yield poorly are usually of little 

interest except in studies of tolerance mechanisms where confusing drought 

susceptible materiaIs with other poor yielding lines may result in 

misleading results. 

Where data from control and stress plots or two or more sites are 

ava ilab le , some criterion is usually sought for ordering overall 

performance of different materials. This may range from arithmetlc means 

to more complex "stress indices". Ideally such indices should provide a 

single value for each material, be statisticaIly tractable. and permit 

comparisons across trials. Rase of calculation i5 not a serious 

limitation. An index would be particularly use fuI lf it can be extended to 

sets of triala lacking non-stress plots. 

Five indices which are frequently referred to are presented in Table 4. 

Data illustrating their use for 15 lines froro a drought trial at 

CIAT-Palmira are given in Table 3. The geometric means are similar to the 

arithmetic means, except that varieties having high arithmetic means 
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through a combination of very hlgh control yields, but moderate drought 

yields, have lower geometric means. Thus, ii a 2500 kg/ha limit for mean 

yield was used as a selection criterion, A 70 and BAr 477 would be accepted 

using the arithmetic mean, hut rejected using the geometrlc mean. Percent 

yield reductlon snd the Fisher-Mauer Stress Index (Fisher and Mauer, 1978), 

place 4 lines ss superior to V 7916, but of these BAT 1198 and G 4830 are 

poor msterials ss judged by mean yieIds for below V 7916. This is an 

inherent defect of parameters based on yieId reduction. Tha only remedy 19 

to use this parameter in eonjunction with yield data, but this violate the 

original goal of obtaining a statistie which permita selection based on a 

single variate. The same arguments apply for the response indel< except 

that the situation is more extreme. Preference at CIAT has been to use the 

geometric mean. It is easily extended to additional trials (the geometric 

mean of 3 variables is calculated as the cube-root of their product; higher 

numbers of trials simply require higher order roots), penalizes materials 

with large dlfference~ between control and stress yield, and may be 

stsndsrdized for comparison smong trials by dividing through the overall 

mean of the geometric means. Similar conclu5ions were reaehed by Samper 

and Adams (1985). 

Where data froro more than 3 or 4 trials w1th the same entries are 

available, various alternatives for data analysis may be considered. 

Simple meana are of little use sinee much information 1s lost. One 

alternative 1s to use various types of stability snalysis (Lin ~ !l., 
1986), For diverse environments snd materials, clusterlng techniques such 

as used to compare the data from line source and conventional trisls are 

particularly helpful in detect1ng patteros. altbough select10n of 

techniques containa a large subjective elemento For a discussion of basie 

technique8 aud application to agricultural problema see Wil1iams (1976). 

In a1most a11 tria1s. additional data i8 recorded bes idas yields. For 

drought trials. reeording days to f10wer aud maturity is useful both for 

interpreting the specif~c response of individual geuotypes, and as s way of 
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evaluating the relative importance of escape as tolerance mechanism. 

A particularly neglected area of data taking ls that oí the clima tic 

and so11 moisture conditions of the trial. However, in the past thia 

negligence has perhaps been justified by the diffieulty in using such data 

to characterize levels of stress obtained. With the availability of models 

for estimating water regimes, such as WATBAL (Reddy, 1979) and BEANGRO 

(Hoogenboom et al., 1988), it la possible to eharaeterize drought stress 

developed in a erop based on estimares of potential and actual 

evapotranspiration. However, su eh models require more data than total 

water applied. WATBAL is a simple model which estimates water balance 

assuming complete canopy cover of a generic erop. Minimum inputs are 

potential evapotranapiration, rainfall, and initial and maximum 80il 

moiature storage. BEANGRO is a process oriented crop simulation model 

which predicts parameters oí crop water balance along with a great many 

other parameters. Data requirements for BEANGRO are more extenslve. The 

reader 16 refened to the paper by Hoogenboom et al. (this book) for 

further information on applicatlon of the model to drought research. 

Conclusion 

As with any agronomic research, management of drought triala requires a 

great de al of on loeation judgments. Experience at CIAT has been that eaeh 

site wi11 require a apecific strategy, and thus we would argue against 

attempts to prescribe uniform practices for managlng drought. Researehers 

should keep an open mind concerning possible strategies to assure suceesa 

in their drought nurseries (Table S). If we were to cite the factor a whieh 

have most eontributed to progresa at CIAT, they would be use of the lattiee 

design to reduce error due to variation in field eonditions, and the 

emphasls placed on achieving a unlform stand of seedlings. 
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Table l. Comparison of the efficiency of randomized complete block (RCB) and lattice designs in 
drought nurseries. Data are presented for drought and control treatments plus their 
geometric means, all analysed independently. The relative efficiency ls indicated by 
the reduetion in Error Mean Square. For Trial Palmira,8449, a line source sprinkler 
was used to apply the water iu amounts from 104 mm to 261 mm during the crop cyele. 

Trial 

Palmira. 8223 

Palmira, 8427 

Palmira, 8446 

Quilichao, 8447 

Palmira, 8448 

Palmira, 8449 

-~_ ..... _""---~ 

No. of 
eutries 

72 

72 

72 

72 

25 

25 

Treatment 

Drought 
Control 
Geom. Mean 

Drought 
Control 
Geom. Mean 

Drought 
Control 
Geom. Mean 

Drought 

Drought 

261 mm 
233 mm 
193 mm 
153 mm 
105 mm 
104 mm 

Yield 
(kg/ha) 

259 
1711 
532 

1645 
2656 
2067 

1079 
2550 
1624 

815 

1591 

2632 
2340 
2160 
1544 

941 
730 

Error mean squere 
RCB Lattiee 

35194 28977 
72068 67417 
99715 77053 

97107 69935 
128759 U9534 
76291 60156 

97071 39217 
91032 78125 
97395 40374 

36591 253779 

72458 64240 

67247 57251 
82357 73185 
73870 62536 
95554 70290 
89582 58574 
69941 38082 

Reduction 
in EMS 

18% 
6% 

237. 

28% 
7% 

21% 

60% 
14% 
56r. 

31% 

11% 

15r. 
11% 
15% 
26% 
35% 
54% 



Table 2. Comparisons of classifications af 25 lines according ta cluster analyses using sets of 
data from conventional drought trials and a line aource trial with 6 moisture levels 
and 2 planting dates. The conventional trisls were eonducted in Palmira, Quilichao 
and Popayan, snd the line source in Palmira. 

Line source Line souree 
11 Drv snd humid trisls Mean oí 2 dates - 12 values 

Litié ileld GtówEn 5éed 7 D:sr: trials 2 dates Lirié iteld 
(kg/ha) habit size L~ne I:InE! (kg/ha) 

A 54 1415 2 S A 54 A 54 A 54 1887 
A 59 1394 2 S A 97 BAT 477 A 195 1726 
A 97 1462 2 S BAT 868 G 4830 BAT 477 1881 
A 195 1361 1 L G 4454 G 5059 BAT 1298 1940 
BAT 125 1387 2 S G 5201 G 4523 1730 
BAT 1298 1621 3 S A 195 G 4830 1904 
BAT 1393 1411 1 L BAT 1393 A 97 G 5059 1987 
EMP 105 1386 2 S G 4494 A 195 G 5201 1959 
G 4454 1403 2 S G 4523 BA! 85 
G 4494 1403 1 L BA! 125 A 97 1537 
G 4495 1779 2 S BA! 85 BA! 336 BA! 125 1682 

"" G 4523 1399 1 L BAT 336 BAT 798 BAT 336 1682 
(J1 BAT 477 BA! 868 BA! 798 1662 w BA! 85 1554 2 S BA! 1289 BA! 1289 BAT 868 1541 

BAT 336 1588 2 S G 4830 BAT 1298 BA! 1289 1718 
BAT 477 1641 3 S G 5201 BAr 1393 BA! 1393 1648 
BAr 1289 1773 3 S V 8025 G 4454 EMP 105 1649 
V 8025 1814 4 S G 4523 G 4454 1545 

A 170 V 8025 G 4495 1526 
A 170 1693 2 S BAT 125 V 8025 1568 
BA! 798 1577 3 S BAT 798 G 4446 
G 4446 1487 3 S BA! 1298 G 4494 A 59 1333 
G 17722 1671 3 S EMP 105 G 4495 

G 4446 EMP 105 A 170 2158 
G 4830 1714 2 S G 4454 
G 5059 1486 2 S G 17722 A 59 BA! 85 1836 
G 5201 1587 2 S 

G 5059 A 170 G 4454 1544 
BAT 868 1488 3 S 

A 59 G 17722 G 4494 1383 
G 17722 2263 



Table 3. Comparison of different indices of drought tolerance defined in 
Table 4. Base data are from a nursery of 72 lines grown at 

CLAT-Palmira with stress and irrigated control plots. 

Line 

v 7918 
S. Cristo 83 
A 170 
BAT 51 
BAT 477 
G 5070 
G 4830 
G 4977 
A 70 
G 5435 
BAT 1282 
BAT 1198 
G 5059 
G 12865 
BAT 1554 

Yield of 
treatments 

Drought Control 
(kg/ha) (kg/ha) 

2300 3361 
2149 2934 
2002 3386 
1904 3555 
1871 3197 
1807 2423 
1775 2404 
1687 3041 
1674 3356 
1596 2942 
1459 3090 
1406 1886 
1185 2368 
936 1703 
641 3373 

Mean yield 
oi treatments 
Arth. i Geom. 

(kg/ha) (kg/ha) 

2831 2780 
2542 2511 
2694 2604 
2730 2602 
2534 2446 
2115 2092 
2090 2066 
2364 2265 
2515 2370 
2269 2167 
2275 2123 
1646 1628 
1777 1675 
1320 1263 
2007 1470 

1 Arith = Arithmetic mean. Geom ~ Geometric mean. 
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Res­
ponse 

(kg/ha) 

1061 
785 

1384 
1651 
1326 
616 
629 

1354 
1682 
1346 
1631 
480 

1183 
767 

2732 

Yield Yield 
reduc. index 

(%) 

31.6 0.73 
26.8 0.62 
40.9 0.94 
46.4 1.07 
41.5 0.96 
25.4 0.59 
26.2 0.60 
44.5 1.03 
50.1 1.16 
45.8 1.06 
52.8 1.22 
25.5 0.59 
50.0 1.15 
45.0 1.04 
81.0 1.87 



Table 4. Stress indices C and D are control and drought yields of 
individual lines respectively,C and D are means across all 
lines, and W is the difference ~n wate~ applied to control and 
stress plots. 

Index Formula Extendable to multiple trials? 

Arithmetic Mean 1 = (D + C)/2 Yes 

Geometric Mean 1 = V D * C Yes 

Response 1 = (e - D)/W Yes 

Percent Reduction 1 = 100* (1-(D/C) ) No 

Fisher & Mauer a 

Stress Index 1 = (l-(D/C» I (l-(D Ic » Yes m m 

a Fisher and Mauar (1978). 
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rabIe 5. Summary of factors which might be considered in the p1anning af 
draught nurseries. 

l. Location 

A. Soi1 characteriatics 
B. Re1iabi1ity of stress 

11. Experimental deaign 

A. Replicated tria1a 
B, Unrep1icated nurserles 

111. P1anting Date 

A. In relation to periade of maximum stress 
snd practicea of farmera 

B, Mu1tip1e dates 

IV, Physica1 distribution of trial 

V. Management of levela of stress 

A. Agronomic practices 
l. Pattern and density of planring 
2. Previone crops to mine the soi1 water profile 
3. Deep plowing or extra cultivation to dry the soi1 

B. Management of water 
1, Sprink1er ~ gravity irrigation 
2. Irrigation pattern 

a) Dates 
b) Line source 

3. Drainage systems and rain shelters 

VI, Data to record 

A. For entire trial 
B. For individual plots 

VII. Data analysis 
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Figures 

Fig. l. Probability of encountering a 20 day drought stress for a period 

starting 30 days following a given date. ICA Palmira, 

1930-1980. 

Fig. 2. Rainfall distribution for two trials planted with a 13 day 

difference. Palmira, 1985 A. 

Fig. 3. Yields of 25 lines in two drought trisIs pIanted in contiguous 

lots, but with 13 days difference in planting dates. Palmira, 

1985 A. 
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BREEDING COMMON BEANS FOR ADAPTATION TO DROUGHT CONDITIONS 

S. Singh and J. White* 

Introduction 

Soi1 fertl1ity and drought are the most important physio1ogica1 

problema limiting bean (Phaseo1us vulgaria L.) production. Approximately 

60% of bean production regions suffer serious drought stress. With 

irrigation conditions, drought may be predictahle both in timing and 

intensity, but under rainfed conditions unpredictability is the rule. In 

areas sueh as Central America, where beans are often planted toward the end 

of the rainy season, iniUal 5011 moisture ia usually adequate, and the 

stress period depends on when, and how abruptly, raina cease. Bean crops 

fn north-central Mexico and north-east Brazil are planted at the onset of 

short, unreliable rainy seasons. In southern Brazil, total rafnfall 

usual1y f8 adequate, but a two week dry period often occurs during 

pod-fill, causing marked yield reductions. 

Given the variability in drought situations. breeders must plan 

strategies more carefully than for better defined problema such as disease 

or insect resiatance. Drought conditions at experimental sites must 

resemble those encountered by farmers. Bigh levela of drought tolerance 

must be combined with other desirable characteristics. 

"Drought tolerance" ia used herein in a broad sense, encompassing a11 

mechanisms which permit greater yields under soi1 moisture deficits. 

"Tolerance mechanisms" thus include characteristics such as earliness and 

* Plant Breeder and Physiologist, respectively. ClAT. A.A. 6713, Cali, 
Colombia. 

261 



deep roota which, under a broader ecological classification, would be 

considered "escape" or "avoidance" mechanisms. 

Emphasis is given to management of drought problema through 

development of tolerant cultivara, but the importance of agronomic 

management in reducing stress should not be underestimated. Pests and 

diseaaes, particularly nematodes snd pathogenic root fungi, may increase 

water loss or reduce the efficiency of the root system in extracting 50il 

moisture, thU5 exacerbating stress. In addition to breeding for drought 

tolerance, the researcher should consider alternative strategies for 

alleviating drought streas or otherwise increasing yields. 

The results of the Bean lnternational Drought Yield Triala (BlDYT) 

presented elsewhere in these proceedings suggest that either different 

tolerance mechanisms are needed for different environments, or that 

adaptations to non-drought {actors (photoperiod, temperature, diaeases or 

othera) have an overriding effect on yield, thus masking potentially 

superior drought tolerance of the BIDYT entries. 

The most important questions then are what level of tolerance can be 

achieved in a given environment, and how to reach this level efficiently. 

Identifying appropriate parental materiaIs ia one step. Utilizing 

seIection criteria besides yieId will help if such criteria truIy reflect 

drought tolerance. And finally, yieId testing should be done in such a way 

that truly tolerant materials are seIected. The rest of this paper 

discusses these subjects in further detail, starting with seIection 

criteria based on tolerance mechanisms, then considering genetics of 

tolerance and drought breeding strategies. 

Tolerance Mechanisms and SeIection Criteria 

One of the most frustrating aspects oí drought breeding ls the Iack of 

practical selection criteria besides yield. Studies of mechanism of 
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drought tolerance have suggested a wide range of selection criteria. but 

the sad reality is that none of tbese have unequivocably been demonstrated 

to have practical application to beans. 

Before testing a proposed selection criterion, two questions sbould be 

asked: 

l. Was the technique developed using a representative set of cultivars? 

2. Were the drought conditions used relevant to the production region? 

All too often, one f1nds tolerance studies based on 2 or 3 variet1es 

apparently selected at random, w1th results coming from potted plants 

grown 1n a greenhouse. 

Problema in interpreting mechanism studies are also encountered when 

cause and effect are confused. When 1t was found that drougbt stress 

causes accumulation of the amino ac1d proline in plant tissues, 

considerable enthusiasm was caused by the prospect of assaying tolerance 

s1mply by measuring tissue proline levela (Stewart, 1972; 5ingh et aL, 

1972) • However, several yean later it became clear that while proline 

accumulation 1s a result of drought stress, it i8 neither a cause nor a 

correlated measure of tolerance (Stewart and Hanson, 1980). A more 

complicated situation is tbat of root growth. Wh11e there i8 good evidence 

rhat deep roots are related to drought tolerance, it 15 not clear whether 

deep rooting is a result of specific genes for deep roots (perhaps aeting 

in a way similar to those controlling growth habit), or whether deep roots 

are simply a result of greater overa11 plant vigor. Such vigor presumably 

would result from more subtle tolerance mechanisms such as osmotic 

adjustment or cell desiccation tolerance. If the formar case 15 true, then 

there is hope for simple screening techniques using container grown plants. 

If the latter holds, then screening would be more effic:l.ent if performed on 

the underlying mechanisms which ultimately perm!t greater root growtb. 
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Another eaution tbat breeders should eonsider is whetber a meehanism 

i8 sensitive to effeets of adaptation to non-drougbt faetors. Simple 

morpbologieal eharaeteristics 8uch as leaf size and amount of leaf 

pubescence might be expressed in a broad range of environments, but 

characteristics involving more complex proeesses may preve so sensitive to 

local conditions that it may be difficult to transfer them from parental 

materials adapted to other regions. 

Finally, there should be no expectatien of finding a single tolerance 

mechaniam, and thus a single selection criterion wbicb will aasure 

identification of the best materiaIs. Most contemporary drougbt research 

assumes that tolerance results from interactions of a series of mecbanisms, 

some of which may operate in opposition to one another. Tbis implies tbe 

need to rely eitber on multiple seleetion eriteria, or on criteria sueh as 

canopy temperature or carbon-isotope discrimination ratio wbich integrate 

effeets of multiple mechanisms. 

Tolerance mechanisms are discussed elsewhere in these proceedings, so 

tbis subject will not be discussed further other than to present a summary 

of possible mechanisms in Table l. While we remain optimistie tbat 

physiological studies will some day identify improved selection eriteria 

for drought toleranee, we conclude that seed yield i8 the only charaeter of 

unequivocable use for drought toleranee breeding st the present time. 

Investigators are eneouraged to seek improved criteria, but their efforts 

should be balanced with needs for immediate results whieh will most likely 

come through judicious use of yield as the primary criterion. 

Generies of Drought Toleranee 

Literature on inheritance of drought toleranee in beans is very scant. 

Tbis probably reflects tbe lack of reliable screening criteria and sourees 

of drought toleranee. and/or laek of interest on the part of researchers. 

As diseussed previously, various morphological, physiological, and chemical 
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traits have been reported to be associated with drought tolerance. 

However, the range of available variation for these characteristics. their 

inheritance, and the practical benefits from use of them as selection 

criteria are only beginning to be researehed. 

}lenosso et !!.. (l97B) studied the inheritance of free prol1ne 

accumulation in both turgid and dehydrated leaves of common bean utilizing 

parental. F l' F 2' and backcross progenies. Lo", content of free proline 

both in turgid and dehydrated leaves was partiaIly dominant and 

approximately 4 genes were involved in its inheritance. Broad and narrow 

aense heritabtIity estimates in turgid Ieaves "'ere 65.9% and 51.7%, 

respectively. Broad senae heritability vaIue for dehydrated 1eaves was 

84.5%. However, Hanson ~ al., (1979), concluded that proline accumuIation 

was only a symptom of severe internal water stress, and apparentIy had no 

survival value during drought. Therefore proline accumuIation ia now 

considered of no practical vaIue for breeding for drought tolerance 

(Stewart and Hanson, 1980). 

In snap bean (Phaseolus vulgaris L.), Bouwkamp and Surnmers (1982) 

identified two accessions. PI 297079 and PI 151062 which poasessed 

heat-drought tolerance as measured by number of pods formed on plants in 

controlled environment. This combined resistance to heat and drought was a 

controlled by a single dominant gene in PI 297079 and by two epistatic 

genes in PI 151062. 

Difference in seed yield is utilized as the eventual measure of level 

of tolerance oi bean cultivars to drought. Inheritance of yield under 

drought stress in beans has not been reported yet. Under irrigatíon 

couditions, heritability was lo", (lesa than 0.40) for seed yield and 
2 

pods/m, intermediate (0.57) tor seeds/pod aud high (O.88)for 100-seed 

weight (Nienhuis and Singh, 1988). It is likely that under moisture 

deficient conditions genet!c variance and heritability vaIues for yield 

wilI be different. 
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Breeding for Drought Tolerance 

Results from directed breeding experiments for drought tolerance ~ 

se in beans have not been reported to the best of our knowledge. Even 

research programa located in endemic bean production areas have on1y 

recently undertaken such activities. This probably reflecta the lack of 

dependable screening techniques, especially for hybrid segregating 

populations. Most evaluarian and selection has been indirect, and has been 

limited to advanced homozygous 1ines or cultivara grown under drought in 

yield trials. Since 1981, a modest effort for breeding for drought 

tolerance in dry beans has been underway at CIAT. In brief, breeding for 

any eharacter involves: 1) determining objectives and priorit1es, 2) 

collection of sources of deslrable germplasm, 3) choice of breeding methods 

and strategies (1.e. hybridization, inbreeding, evaluation and select10n in 

hybrid generations, 4) evaluation of advanced lines, and 5) identification, 

seed incraase and release of new cultivara. The first cyele of selection 

has not been completed, so the following diseussion of relevant points is 

based on only very limited experience. 

Determining priorities: 

While breeding beans for water stress environments, the primary 

interest often lies not so much in maximizing yield, but assuring a minimum 

yield which eovers the cost of produetion and provides some additional 

returns to the growers. Farmers would obviously desire this year after 

year, but complete erop los ses are a common oeeurrenee. Parsons (1979), 

sharing this opinion, noted that harvestable yield and its reIiability from 

year to year, rather than mere pIant survival, were important to growers. 

The minimum yield level would vary from region to regian depending upan the 

drought pressure, cropping system, retums from other alternative crops, 

and bean priees. Under these cireumstances minimizing losses from othar 

production eonstraints are essential objectives of a breeding programo 
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Heichel (1983) suggested that before initiating a selection program 

for drought tolerance, the climatic and soi1 characteristics of the 

production region need to be we11 understood since the seasona1 progression 

of temperature, the amount and distribution of rainfal1, and the 

availability of soi1 moisture wil1 determine which p1ant characteristics 

should be modified to improve water use efficiency. Specht and Williams 

(1984) described four prerequisites for breeding soybean for drought and 

heat to1erance: 1) characterization of stress, 2) development of 

appropriate selection criteria, 3) deve10pment of suitable screening 

technique, and 4) assemb1age of appropriate germp1asm. 

A breeding strategy for unpredictab1e drought areas can differ from 

that of predictab1e drought regions. In an unpredictab1e drought region, 

such as the high1ands of Mexico or north-east Brazil, the stages of crop 

growth at which drought stress occur, the rate of stress development, 

frequency of stress, and stress severity vary great1y from year to year, 

and in sorne years no drought conditions occur, al10wing good crop harvest. 

Under such conditions improved cu1tivars shou1d combine characters 

permitting acceptab1e yie1ds both under drought and mesic conditions. 

Rosie11e and Hamb1in (1981) provided theoretica1 arguments suggesting 

that se1ection for to1erance to stress conditions a10ne wil1 increase 

stability of performance, but it will result in reduced mean yield in a 

non-stress environment and a decrease in mean productivity. This is 

because genetic variances in stress environments are genera11y lower than 

in non-stress environments, and to1erance and mean productivity show 

negative genetic corre1ations. Landraces grown in drought endemic areas of 

the highlands of Mexico already possess a high degree of plasticity or 

homeostasis such that in dry years a low, but assured yie1d is obtained. 

However, when conditions are favorable, high yie1ds are obtained from the 

same cultivars. Improving such cultivars while maintaining this desirable 

trait presents a major cha11enge. 
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Sources oí drought tolerance: 

Germplasm found to 

widely known landraees 

be drought-tolerant at CIAr-Palmira, and some 

from drought regions (presumably with drought 

tolerance, but whieh eould not be evaluated at CIAr-Palmira due to poor 

adaptation) are given in TabIe 2. Attempta should be continued to search 

for new and better sources of reslstanee to drought both froro germplasm 

bank aceessions and improved experimental lines of eommon beans. The value 

of wild or non-cultlvated accessions of eommon bean, f.. vulgaris, from 

drier regions of central and northern Mexieo and south-western United 

Sta tes as sourees of drought tolerance has not been explored yet. The use 

of other species of Phaseolus as sourees of tolerance 16 discussed in a 

subsequent aection. 

Breeding methods and strategies for germplasm development:: 

In discussing breeding strategies, it must be aeknowledged that little 

or nO breeding has been done for drought tolerance in beane. Sourees of 

tolerance from different drought endemic areas vary in seed size, maturity 

and growth habit snd possess speeifie adaptation (espeeial1y sensitivity to 

photoperiod), and all these traits are assoeiated with yield potential. In 

addition to drought, other factora sueh as diseases and insect pests are 

prevalent in drought areas, and due to absenee of constitutive traits and 

selection eriter1a (Specht and Williams, 1984), selection for drought 

toleranee would largely be based on yield performance. 

Three strategies are discussed: 1) improvement 2!!. .!!.!. of each 

parental souree of drought toleranee, 2) breeding for drought tolerance per 

.!!.!.' and 3) breeding drought toleranee in eoromereial cultivars. 

Improvement per se of parental sourees of drousht toleranee. As a 

first priority, emphasis should be placad on improvement of each parental 

souree ol drought tolerance. This requires a critical and thorough 
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evaluation of parental sources for their response to photoperiod, 

temperature extremes, and reaction to principal diaeases and insect pests. 

For example, sourcas of drought tolerance from the highlands of Maxico 

(e.g. Durango 222. Bayo Criollo del Llano, Bayo Rio Grande and Apetito; 

Table 3) are all susceptible to BCMV and highly sensitive to photoperiod.· 

At higher latitudes (e.g. Davis, California, U.S.A.), none of theaa flower 

within 90 days when planted in mid June. Desirable genes for each of such 

major constraints should subsequently be sought and incorporated in the 

drought tolerant parents while maintaining most of their othar traits. An 
inbred-backcross (Wehrhahn and Allard. 1965) program or its modifications 

could be utilized for rapid incorporation and improvellent of individual 

traits. Around 100 hybrid plants should be used as male parents from the 

first (F1RC
1

) and subsequent backcrosses. Two backcrosses with recurrent 

psrent followed by two generations of inbraeding are often adequate before 

beginning single plant selection and progeny test (A. Bliss. personal 

communicat ion) • 

Miranda (personal communication) used the backcross method to transfer 

resistance to bean common mosaic virus controlled by a single dominant gene 

from a black seeded introduction, cv. Costa Rica, into local landraces of 

"mulatinho" seed type grown extensively in the north-east of Brazi!. 

In addition to the backcross me thod , three-way, top-croases, and 

modified double crosses may be used (Singh, 1982) to rapidly increase the 

frequency of desirable genes. In this system, different but simpatric 

landraces or cultivara from a given geographical area (e.g. semi-arid 

highland of Mexico), similar· in growth habit, maturity and eeed 

characteristics (size and shape) are used jointly in crosses as an 

alternative to conventional backcross programo 

Breeding for drought tolerance per se. For programe with long range 

goal a of increasing drought toIerancs, or a need to develop parents with 

outstanding levele of drought tolerance, a breeding program dedicated 
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specifical1y to drought tolerance may be justifiable. Tbis approach calls 

tor intercrosses among different Bources of drougbt tolerance snd implies 

relaxing selection tor disease resistance, grain types or otber features 

sought in more integrated approacbes such as discussed latero 

As a first goal, crosses should assure maximum recomb1nstion of 

different traits, mechanisms, sources, snd genes sssociated witb drought 

tolerance. Parents carrying genes ior larger root volume and deeper root 

growth, early or late maturity, tolerance to heat or low temperature, poor 

so11 fertility, small foliage, low canopy temperature, and otber traits 

assoeiated with drought tolerance should also be intercrossed w1th the 

drought tolerant parents. When differences among parents are extremely 

large for aeed aize, maturity, growth habit and adaptation strategies su eh 

as reeurrent selection, backcrosses, three-way croases, or modified double 

croases, should be used to increase frequency of desirable genes. 

Otherwise a large proportion of such croases or reeombinant plants within 

populations may lack desirable traits. 

Rurd (1969, 1971, 1976), when b'reeding for drougbt tolerance in wheat, 

argued for working with a few carefully planned crosses in wbeat, but with 

very large population size (20.000 to 50.000 plants) for each cross. Re 

recornmended "heavy discards", reducing populations to 1000 plants per 

cross to be advanced for yield testing. 

In contrast, at eIAT emphasis has been placed on performing a 

relatively large number of croases (with average of about 2000 F2 plants 

per cross) among carefully selected parents in the hopes of identifying 

populations of particular promise. If needed, additional aeed of promising 

crosses can be produced subsequently. In the absence of a quick and 

reliable selection eriterion for segregating mater1als, hybrid populations 

are yield teated at commercial cropping densities in replicated trials from 

the F 2 to F 4 generations (Fig. 1). The distinction should be made here 

that for breeding for drought tolerance per se, nureeries irom F2 until 

270 



termination of final selection in Fe or "'9 are kept free from diseases and 

insect pests. Optimum growing conditions are provided for the F 2 yield 

test, in order to identify crosses with the highest yield potential. 

Drought stress is gradually increased in the F 3' F 4' F 5' and subsequent 

generations. lt is intended that the highest level of moisture stress 

applied during screening and selection should represent a comprom~se among 

drought stress occurring in farmers' fieIds of the region, the yield level 

desired, and the tolerance levels available among segregating populations 

and parents. 

The F
2 

to F
S 

populations are managed through single pod bulks. 

Individual plant selections commence from "'5 onwards, followed by seed 

increase (F
6
), and yield trials of bulk families or lines in subsequent 

generations (F
7

, Fe and F
9

) in representative drought environments. For 

yield testing of all advanced lines, materials are grouped according to 

maturity, seed size and grot,th habit. 

under drought and non-stress conditions. 

Final evaluations are done both 

In the future, if any of characters associated with drought tolerance 

prove highly heritable, and large genetic variation can be detected in F2 , 

single plant selection could commence immediately, being followed by seed 

increase and progeny test in replicated trials in subsequent generations. 

Thus, further single plant selection would be restricted only to promising 

FS or F6 families. 

Incorporation of drought tolerance in commercial cultivars. Breeding 

for drought tolerance in commercial cultivars differs from breeding for 

drought tolerance ~ se due to the fact that, in addition to drought 

tolerance, other production limiting factors, such as diseases and insect 

resistance, must .simultaneously be bred into commercial bean types 

prevalent in a given production region. Representative production regions 

and their main bean production problems are given in Table 3. 
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Using the program at CIAT to illul'ltrate II pOBsible aystem, aeparate 

breeding projects have been initiated for three major dry bean types: 

medium aeeded indeterminate type III for Hexican highlands; amall aeeded 

indeterminate bush beans for north ealltern Brllzil; and medium and large 

seeded bush beans for Turkish Anatolian highlands and similar areas. Donor 

parents are selected for other production problema and utilized in crosses. 

An example of parents to be utilized for improvement of drought tolerant 

bean cultivars for sem:l.-arid highlandii of Hexico ls given in Table 4. 

Since the desírab1e traite 90ught in a new cultivar are often 

numeroue, and each character le controlled by different genes and types of 

gene actions, the number of crosses and population sizes needed are much 

larger (over 3000 F2 seeda per cross) than those for breedlng exc1usively 

for drought tolerance. While ehe mass selections involving early 

generation yield tests outlined in Figure 1 could be used effective1y, 

nursery management in each generation should be varied to permit exposure 

to different problema of production region in order to simultaneously 

select for two or more desirable traits. 

Continuing w1th the example oí work lit CIAT, the F 2 yield trial 15 

conducted under optimum management at the Palmira atation to identify high 

yielding croases. The best populations, maintained as single pod bulks, 

are yield tested in F 3 under moderate pressure of drought, low soil 

ferti1ity, common bacterial blight and angular leaí spot at the Santander 

de Quilichao station. Again using single pod bulks, seIected F4 
populations sre grown in replicated yield trials st the Popayan station 

undar the pressure of anthracnose in eatIier growth stages followed by 

moderare stress for drought durlng post flowerlng and pod deveIopment. The 

F
S 

bulks are screened in epaced-plsntinge under drought preseure at 

Palmira, and single plsnt selections are made. Thus, by the time the 

single plsnt selection commences in FS' early sagregating generatlons have 

been exposed to climatlc, so11 and blotic stresses occurring st three 

contrssting sites, s1lowlng only survivsl snd identification of genotypes 
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which combine desirable traits in successive generations. When the number 

of traite deeired in cultivare ie numeroue, extreme preesure for any single 

trait, especially quantltatively inherlted ones in early segregating 

generations, ls avolded. 

The bulk famUies or lines froro F7 onwards are yield tested under 

drought and non-stress environments, and evaluated in separate 

complementary nurseries for anthracnose, common bacteria! blight, angular 

leaf spot, halo blight, BCMV, rust, and leafhopper resistance. At this 

stage other selection criteria suc!! as canopy temperature, root 
13 characteristics, Carbon discrimination ratio, or leaf thickness, could 

also be employed. 

Transfer of drought tolerance from other Phaseolus specles 

Many researchers feel that genetic variability for drought tolerallce 

is 10'" in comman beana, snd they have suggested utilizing genes for 

tolersnce from other species. Tepary bean Q~ .• aeutifolius) is the most 

cammonly suggested source, although other Phaseolus species, e.g. P. 

retensis and P. coccineus (possesses a deep and tuberous primsry root 

system) merit consideration. 

Freeman (1912) and Currence (1928) found that while Pinto beans (f.. 
vulgaris) ",ere drought tolerant. tepary beans pos ses sed higher drought 

tolerance. Coyne and Serrano (1963) found that tepary beans hsd higher 

pereentage of soluble solids in the young leaves aud s higher respirstion 

rate when grown at either high or low levels of svailable soil moisture 

than moderately drought tolerant dry pinto snd susceptible anap bean 

cultivara. They suggested that drought tolerance in tepary was due to its 

ability to maintain photosynthesis and normal respiration rates. 

Interspecific eros ses between f.. vulgaris and f.. acutifolius are made 

utilizing embryo reseue techniques. Although, teparies are ofeen cited for 
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their high level of drought tolerance. the only trait of major eeonomic 

importance that has successfully bean transferred from teparles to corumon 

besn cultivara 15 tolerance to common bacterial blight (Xanthomonss 

esmpestris pv phsseoli E.F. Sm. Dows). Ruel snd Scoles (1985) noted that 

resistanee to COmmon bacterial blight in Grear Northern white bean 

cultivars from Nebraska e.g. Great Northern Nebraska 111, Jules, Tara, 

Star, Valley and Emerson, were derived from t. acutifolius erosses 

reported by Ronma (1956), Similarly, lines XAN 159, XAN 160 and XAN 161, 

highly tolerant to common bacteria! blight, were selected st CIAT from 

segregating populations of t. vulgaris x t. acutifolius made by Thomas snd 

Waines (1982, 1984). Drought tolerant 1 tnes of common bean from croases 

involving teparies have yet to be developed. 

As all accessions of teparies may not carry the same level of drought 

tolerance and some variation in crossahility mav exist among accessions of 

the two species, more objective and thorough evaluation of the species 

should be made prior to undertaking inter-specific hybridization. Since 

sorne sources of drought tolerance in common hean have already been 

identified (Table 2), these would be promising parents for use in crosses 

w1th teparies. 

Progresa in Breeding for Drought Toleranee 

Although bean breeders have studied drought tolerance sinee at least 

the 1930's (Bahb ~ ~., 1941), no known sueeessful releases of cultivars 

have involved materials deliberately selected for drought tolerance. 

However, progress from selection under stress conditiona has r.esulted in 

improved performance. In a comparison of two aets of experimental hean 

lines, one set having recetved a previous selection for yield under drought 

but the other not, the previously screened lines were vastIy sup~rior to 

the unseIected materials (Figure 2). Similarly, evaluatlons of materials 

selected v1sually for yield under dr.ought have resulted in lines of equal 

or hetter performance than known tolerant lines (Table 5). In a report on 
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bean breeding in Kenya, Muigai (1983) reported that lines GLP 1004 and 

GLP-X 92 had tolerance to drought and GLP 806 was tolerant to both heat 

.. nd drought. Popa .. nd Dinca (1985). discussing problems of dry bean 

production in Rumania, noted that the two most productive lines, F 77-1765 

snd F 77-1345, which yielded over 4 t/ha, were relatively early maturing, 

and pos ses sed good levels of drought tolerance. 
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rabIe l. Classification of drought screening strateg1es based on 
measurement of possible toleranee mechanisms. 

l. Measurements of individual mechanisms 

A. Drought escape 
l. Earliness 
2. Recuperation 

B. Drought tolerance with high plant water potential 
l. Maintenance oí uptake 

a) Graatar root growth - lateral or vertical 
b) Increasad hydraulic conductance 

2. Reduetion of water loss 
a} Redueed area of transpirat10n 
b} Greater res1stance 
c) Redueed gradient - lower leaf temperature 

C. Drought tolerance w1th low water potential 
l. Maintenance of turgor 

a) Osmotic adjustment 
b} Increased cell elasticity 

2. Desiceat10n tolerance 
a) Membrane stab1l1ty under desiccation 
b} Protein function 

D. Drought tolerance through adaptation to indirect effects of drought 
1. Hest tolerance 
2. Tolerance to nutrient defic1t 

11. Measurements whlch integrate effects of several meehanisms of 
tolerance 

A. Integration for less than a few minutes 
l. Stomatal conduetance 
2. Leaf photosynthetic rate 
3. Canopy temperature 

B. Integrat10n for less than s few hours 
1. Lea! water potential 

C. Integration over long periods 
1. Water use efficiency 
2. Biomass and harvest index 
3. Yield 
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Table 2. Some sources of tolerance to water stress 
in besns, and associated characterj.stics. 
1 - intermediate, snd S - sensitive. 

utilizad in breeding for drought tolerance 
For photoperiod response, N a day neutral, 

-----'- ~,-,,,, 

Gra;d¡ Seai Seai lb'iqErlnl Qna 
~ Odgin* IrMJ lxbit s1m a:üor tes¡xme ¡ml _'_e _____ e 

A54 CfAT R 2 Smll frlmt N 2 
Al~ CfAT R 2 Smll a:ean 1 2 
A 195 CrAT R 1 laI¡/i! CtEmt S 7 
BA:r ni CfAT R 3 Smll CtEmt 1 3 
BA:r !i17 CfAT R 3 Smll Ctmn N 3 
00 1200 erro: R 3 Smll P1ri<. 1 3 
Payo Cdalln ~l j:',n, ,~~ S 3 M:ilil.m ~!g¡2 S S 
r,"'Y' Rlo Gi::rd! M?xfm S J ¡.irlJrn¡ 1'R.ifF S 5 
~5 M!ldro S ~ ¡.H!iun Ctmn S j 

!l,~m ~ S 3 ~ Qmn 5 
Qúa¡:as 7 M?xfm S 3 laI¡/i! Ctmn 5 
Apet::iJ:o !ZdcD S 3 Smll fur.p1e S 5 
Gl5J2 ltaly S 2 Mrlbn Ctmn nr.tt1e:l N 8 
Rio TI!:ag:. (la:n 10) llmz1l R 2 Sml1 lUad< N 2 
fJ::Jrcb ll!:!r2:il S 1 Mrl!tm I!ejge S 7 
liil.at:!ri:n Vag¡am F<m Bmz:Il S 3 Smll Cl:aIn 3 
Rlm <h Po!ro llmz1l S 3 3!till CtEmt 3 
F.aviIi'a llmz1l S 3 ~ CtEmt 3 
Sr Cd..';tc/:J31 ro IXmí1ric:-, ::'-0ÍJl:L:: R 3 M?&.u ?al1lDtt1e! T 5 J. 

IGI. L:Irm 17 Ollrnirla S 
, 

I.at:¡)a ?al !JIlttlm S 7 J. 

V 8lZ5 CrAT R 3 Smll Bla::k N 3 
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Table 3. Examples of bean production regions with drought problems. 

ProirHm regim 

R!@üal:ls of 
Mzld.co 
- 1.2 mlUfm ha 
- 350 I<g/ha mm. 

y:1el.d 

lii:II:f:h.east of 
Bmz::!l 
- 1.6 mIl1fm. ha 
- 3D I<g/ha mm 

y:1el.d 

l'ést Mia & N:r!:h-
Aft:1ca & gm, 

fu:t1 1m 1 a:wtries 
~with 
Jirnitai :l:!:rigadm 
- 0.6 mlllim ha 
- 1llll l!gt\B llHl!1 

y.ield 

O:sstal Pet.u 
- z:ax> la 

7:0 l<gtba 
llB3I1 y:1el.d 

~systBn& 
llEm types grtHl 

~&intl!r-

a:tWing 
Typa 3, 
Mm.m l:e.ige, ctt'J'Ill, 

p:ittn. ctmn strt¡p:d, 
p:irk ~. b1a::k 

Intapwig¡ 
Typa 3, 1 
amIlcmm 
Mm.mc:ram 
mttlelmi~ 

~ 
Typa 3, 1 
Mm.max!~ 
...trlJ:e an:I etmn 
nTY't'lPil 

lb:D:u1.t:ure 
Typa 3, 1 
Iar¡;¡o be:ígra, 
}"lb mi .mt.e, 
S!Bl.l ...trlJ:e 

.. ----_. __ . __ . - , ..... ------_._ .. 

]¡p:n:ta:Jt culJ::ivam 

~R!oGm:rE. 
~ Cd!:il1o <El LlaD, 
I'iD!D Nirlcml, Qlo lE 
Qi¡¡;¡¡ l{JJ, E1ar t2 M3:\'O 
~ 7,""""""" 

Ml1atírtD ~ lb<a. 
Rlm t2 lb!:co. l'il:II:iJ:ta, 
l':!nro, Gmb, !I3gpm 

IPlI' .... II. l'mhnya. 
Ck:unB. IkrlcJt:a¡. 

Hxt:s 

Cnn::fD, bEr¡o. 
B1aDJ ClJllJn, 

CltaJlerca, 
RunIit:o 

~ 
pmirtim prcb.l.ens 

lb::t: :roes, ¡xxr s::dl 
fert:l1:1ty, a111!! a ,. ~, 
= Jw:rmisl !JUW¡!:, 
Ir{iIilar lalf r:p:lt, halo 
b:l:fg:rt:, twI:, mld, l-bdan 
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= 1lm'lic, a:Ud 



... ce -

Table 4. 1 Plan for single crosses for varietal improvement Qf bean for semi-arid highlands of 
MexicQ. 

Faso 
c.ili:ivars 
(famles) 

~Mmo 

Bayo CI:::I.ollD 
delIJan 

Bayo ltlo Gm:rh 

Pfuto Nazicml 

QIo cE ama 4(l) 
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A2S2 A74 

Gzm G~ 
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bJ:4!Jtt: 
resfflllrQ> 

DI 159 

PI Il7262 

A8!(l 

G 17341 

XItl 112 

A 193 

as: 
resistare 

MX76 

A2l5 

llIII' :lB 

lM.>81 

J.!ail:,ni 

P1meer 

OrlJ'P' 71. 

1 
S:!x bil:!2 c.ili:ivars alE 0
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1 ID pmi .... 36 ~ C!ttl!BES ft:l:m W:údt :In .. tm,Yrt ~ 18 <r JlDre <bble eji • bsd" " • 
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TabIe 5. Yield of selected dry bean lines bred for drought tolerance. ClA!-PaImira. 1985A. 

Identification 

SX 2232-9 
SX 2232-10 
SX 2232-24 
SX 2232-28 
SX 1984-6 
SX 1984-4 
SX 2069-23 
SX 2069-22 
SX 1506-8 
SX 2187-14 
SX 2187-15 
HZ 142.8-2 
BZ 1428-4 
SX 1998-3 
SX 1998-6 
A 170* 
BAT 85* 
BAT 477* 

Genealogy 

A 176 x (BA! 336 x (A 147 x BAT 198)F1)F1 A 176 x (BA! 336 x (A 141 x BAT 798)F )F 
A 116 x (BA! 336 x (A 147 x BA! 798)Fi)Fi 
A 176 x (BAT 336 x (A 147 x BAT 798)F1)F1 A S4 x (Seaway x BAT 137)F1 A 54 x (Seaway x BAT 137)F

1 
BA! 336 x (A 97 x BAT 240)F 
BAT 336 x (A 97 x BAT 240)Fi 
BAT 477 x Toche 400 
A 97 x (BAT 483 x (G 3719 x Apet1to)F

1
)F1 A 97 x (BAT 483 x (G 3719 x Apet1to)F1)F1 A 97 x XAN 75 

A 97 x XAN 75 
A 147 x (A 54 x BAT 271)F1 A 147 x (A 54 x BA! 271)F1 

BAT 477* (irrigated control) 
Mean 

* Tolerant checks 

Yield 
kg/ha 

1583 
1569 
1672 
1107 
1421 
1413 
1412 
1227 
1687 
1272 
1178 
1317 
1447 
1311 
1306 
1398 
1396 
1548 
2383 
1455 ± 63.0 

100 seed 
weight 

22.2 
20.7 
21.7 
17 .2 
19.3 
19.0 
20.0 
22.2 
20.9 
17.7 
21.3 
18.9 
18.4 
20.1 
19.5 
17 .6 
15.1 
18.0 
21.1 
20.0 !. 2.1 



Figures 

Fig. l. Mass selection method involving early generation yield test used 

at CIAT for breeding for drought tolerance in besns. 
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CONCLUSIONS 

In the fInal 8e8810n of the work8hop, the partlcipants prepared a list 

of subjects which were thought to merit further attention, and these were 

discussed as far as time permitted. Although the diseussions drifted over 

a "ide range oC topies, the workshop coordinator has tried to summarize 

them systematieally in the next seetion. 

Deflning "Drought To1erance" 

Mosr partlcipants appeared to use "hat might be terme,d an agronomic 

definition of "drought to1erance" by simp1y stating that a genotype ls 

drought tolerant if it yields relatively we1l under drought stress. 

Possible meehanisms of drought to1erance are: 

1) Drought escape 

2) Drought avoidance 

3) Desiccation tolerance. 

However, in the discussions, it beearoe clear that physiological 

ecologista prefer an alterna te terminology. For them, drought tolerance 

refers to tolerance to drought at the tissue level, this being equivalent 

to the desiccation tolerance of agronomiats. Ab~lity to yield we11 under 

drought is simply adaptation to drought. Thus an ecologica1 classification 

oC mechanisms of drought adaptation-wou1d be: 

1) Drought escape 

2) Drought avoldance 

3) Drought tolerance. 

Also mentioned was the term "drought reslstance", used by Levitt 

(1980) within his extensive classificatlon of adaptations to stress. Ihere 

was general agreement that this term ls confusing in an agronomic context 
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because ltreeistance" ie usua11y app11ed on1y to situations wItere there 1a 

no y1e1d reduetion under stress (e.g. in the case óf virus res1stance). 

TIte consensus in discussing these differences in termino10gy was that whi1e 

either an agronomie or ecologiea1 classification is useable, one should be 

aware of possible misunderstandings which could arise. 

Characterizing Drought Stress 

Throughout the workshop, it was apparent that few bean researchers 

attempt to characteri:-:e the drought stress obtained in their triaIs. M. 

Paulet suggested that stress can be characterized through simple W'ater 

balance ca1culations based either on pan evaporation or an estimate of 

potential evapotranspiration from the Penman equation or similar 

approaches. lt was also mentioned that the BEANGRO model can provide 

estimations of various parameters of the crop water balance. 

Characterizing Genotype Response to Drought 

In analysing data from drought trials with irrigated checks, one 

frequent1y wants to classify genotypes by their apparent drought response. 

This is commonly done through indices such as percent yield reduction, 

yie1d response (such as ca1culated by G. Guimaraes for data from the 1ine 

souree "ystem at CNPAF). aud the Fisher drought indexo All of these 

indices were thought probleroatic since a genotype with a 10w yield under 

irrigation will often appear dro1.!ght tolerant. The geometric mean was 

mentioned as an alternative, although it was recognized that this parameter 

is best suited for identifying genotypes which combine drought tolerance 

with good yield potential. No specific recommendation was made on whether 

to use a specific indexo Examining data using graphs when comparing yields 

under different environments seemed preferable to trying to condense 

complex data into a single variable. 
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Equipment for Drought Research 

Several researchers indicated an interest in equipment suitab1e for 

drought research in developing countries, and they requested that special 

consideration be given to low cost, reliable products. The discussions 

centered around two broad areas: measurement of parameters for estimates of 

water balance and environmental conditions, and measurement oí 

physiologieal and plant parameters. 

In the discussions of methods for obtaining data on amount of 

írrigation water applied, so11 molsture content, and other parameters 

related to erop water balance, it was noted that there ls a large 

literature on techniques tor measurement of water use. The FAO 

publications in the series of FAO Irrigation and Drainage Management Papers 

are of particularle useful. This series ineludes discussions of estimating 

evapotranspiration in d1fferent crops, including beans (Doorenbos and 

Kassam, 1979), guidelines for design and management of weather stations 

(Doorenbos, 1976), and instructions for construction of devices for 

measuring surface irrigation (Kraatz and Mahajan, 1975). 

The discussions on equipment for measuring physiological parameters 

tended to focus on recommendations with respect to products from specific 

manufacturers, but in most cases these discu~sions reduced to basic 

differences in equipment designo 

There was a consensus for pressure chambers, that the two most widely 

used makes are acceptable, but that modela with digital displays of 

pressure should be avoided both because they are hard to read when the 

pressure ls fluctuating, and because service may prove problematie. 

Several examplea were cited where equipment could be manufactured for 

much lower priesa than equivalent commercial versions. Leaf temperature 

may be monitored through homemade thermocouples. A steady state porometer 
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can be built with a humidity sensor, 

ehamber. Pressure ehambera have 

sn air pump, a fIow meter, and pIaatie 

already been built in developing 

countries, the essential components bein¡ a steel cylinder capable of 

withstanding the pressures required, a manometer, snd valves permitting 

fine adjustments in flow rateo Light sensors can be produced using 

photodiodes or photocells. Unfortunately, most bean researehers lack the 

expertise needed to produce such equipment. J. Ehleringer referred 

interested researchers to a soon to be relea sed book on measurement of 

ecologieal parameters (Methods in Flant Physiological Ecology). AIso 

suggested was to seek support to organize an internstional workshop on 

techniques and equipment for studying plant water relations. 

For research on roots, the basle practice of analysing root samples 

with a line-intercept technique (Newman method) seems adequate, but 

improved equipment would help. Better root \o/ashers are available (e.g. 

Marchant et al., 1986), but computer aided length estimation was thought to 

require further refinement. 

Future Drought Nurseries 

The results of the Bean International Drought Yield Trials indicated 

that cont1nuing the nursery in its present form \%uld be of little use to 

bean researchers. Two needs were identifled for future nurseries. One 18 

a small yield trial (e.g. 16 entries by 3 replicates) which would permit 

people initiating work on drought. to evaluate s well charscterized set of 

germplasm in sn exploratory yield trial. The secend i8 to previde s 

nursery where the best drought materials froro different pr0!lrams may be 

interchanged among programs. Expecting that adaptation problema will limit 

the usefulness of many of the lines which "ould be included in such a 

nursery, it was thought better to distrtbute a relatively large number of 

material s (36 to 49), while only providing enough seed for two replicates 

plots. The optlon of an lrrigated check wae not considered necesssry for 

either nursery. 
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Recognizing that shipment of genotypes susceptible to bean common 

moeaic virus (BCMV) is hazardous, it was agreed that a11 entriee in 

nurseries shou1d be resistant to BCMV. The Sean Physlology program at CIAT 

will receive candidates for such nurearies, wi11 test them for resistance 

to BCMV, and do the subsequent seed multiplication. Researchers interested 

in receiving the nurseries may request them through CIAT Bean Program 

researchers, or write directly to the Bean Physio1ogy programo 

Communication oi Research Results 

To facilitate interchange of information on drought research, the 

possibility of preparing an informal newsletter was al so considered. J. 

White indicated that he could distribute such a newsletter on a 6 month 

basis if sufficient material were subllitted. lt was also noted that 

workers should publish in Hojas de Frijol or the Bean Improvement Coop 

Annual Report tf they have preliminary results of general interest. 

General Conclusions 

The discussions of specific pointil did not leave time for a general 

summary of concluslons from the Workshop. However, several points emerged 

repeatedly during the presentations, and these may be considered as general 

conclusions of the workshop. 

Foremost was the 

differences in response 

drought avoidance appear 

consensus that bean genotypes do show strong 

to drought. Furthermore, drought escape and 

to be more important tolerance mechanisms than 

desiccation tolerance. However, further researeh is needed on Phaseolus 

vulgaris and related species (especially !. acutifolius) to determine 

whether it would be possible to inerease levels of osmotic sdju8tment in 

besns. S imilarly , although svailable data on water use efficiency 

(estimated using carbon isotope discrimination ratios) indica tes that high 

water use effieieney i8 associated with poor growth and low yields under 
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drought, there ls a need to obtain informatlan on the genetic varlatian in 

water use efficiency in beans, snd to determine whether intennediate levels 

of water use efficiency can be sought as a way of assuring yield stsbility 

with an acceptable minimum yield. 

Two papera (Zuluaga et al., and White and Castillo) noted that part of 

the supposed drought tolerance of l. acutifolius ls attributable to its 

very early matur1ty. It was further suggested that a portion of the 

tolerance of l. acutifo1ius may somenow be re1ated to its sma!! seed size. 

It was expected that the utility of drought escap,e and drought 

avoidance wi11 vary great!y with local climatíc and edaphic conditions. 

Two strategies for dea1ing with such variation are to reIy on very 

extensive empirical testing (e.g. yieId trials conducted over many aitea 

and many seasona within a regíon) or to use water balance or simulation 

models ta estimate the expected variatían. 

The impartance attributed to root effects in determiníng drought 

response highlighted the need for greater emphasis on studies of root 

growth and function under different soi1 and moisture conditiona. Grafting 

atudies provide a useful first step towards determining the relative 

importance of root and shoot effecta, but much more attention is needed in 

the area of specific studies on root phys1010gy. 

Most of the discussions focused on arriving at a basic understanding 

of effects of drought on besos, and interpreting these effects in terms of 

tolerance mechanisms which might be selected far in a breeding programo 

Thus, specific strategies for breeding for draugbt per se were not examioed 

closely. Most partic1psnts seemed to acknowledge the need to emphasíze 

yield testing in early generations w1th use of replicated plots. Many 

participants have initiated breeding projects for drought tolerance in the 

past two or three years, and it ls anticipated that in future workshops, 

breeders will be able to report on the1r experiences in this area. 
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Regrettably, none oi the workshop participants discussed possible 

strategies for agronomic management to alleviate drought problems, 

particularly for small farmers. In Mexico. research is apparently being 

done on ways to improve water retent10n (e.g. through tillage patterns). 

Practices such as weed control and deep plowing a1so might be of interest. 

A future workshop should make a special effort to bring researchers with 

expertise in these areas. 

As a final conclusion it can be said that the workshop was 

characterized by a sense oi optimism and a belief that researchers are 

progressíng in theír understanding of drought problems in beans. Assuming 

adequate support for research, the next few years should see many questions 

resolved. Hopefully we w11l also see the release of the Urst potential 

cultivars bred specifically for drought tolerance. 
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