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EL VALOR NUTRICIONAL DEL ARROZ EN COMPARACION CON EL DE OTROS
CEREALES EN LA DIETA HUMANA DE AMERICA LATINA
Ricardo Bressani, Ph.D.
Jefe de la Divisifn de Ciencias
Agricolas y de Alimentos del
Institute de Nutricidn de
Centro América y Panam@ (INCAP)

INTRODUCCION

Entre los cultivos alimenticios, los cereales sme consideran
come los de mayor rendimiento, y por este motiveo han sido y segui-
rin siendo fuente primordial de alimento para la poblacidn mundial.
Los cereales constituyen la fuente principal de calorfas para una
gran mayoria, y suministran dos terceras partes y aln mas del con-
sumo total de proteinas, asi como cantidades significativas de vi-
taminas y otros nutrientes. A medida gue aumente la poblacifn del
mundo, la dependencia en los cereales para satisfacer las necesida-
des nutricionales del hombre también aumentarf, ya gue su capacidad
de rendimiento de calorias por unidad de &rea cultivada, es una de
las mis elevadas,

Los cereales generalmente tienen un bajo contenido de proteina,
y aun cuando ésta sea de mejor calidad, como es la del arroz, no
pueden por si solos suplir la protefna en la concentracibn y de la
calidad que requieren los ninos pequencs una vez dejan de recibir
cantidades adecuadas de leche.

En los paises en vias de desarrollo los atoles a base de cerea-
les se ofrecen casi universalmente a los ninos. Sin embargo, la i-

neficacia de &stos en suplir proteinas de alta calidad y en cantida



des adecuadas, explica de hecho la necesidad de suplemen-
tar con proteina las dietas a base de cereales, sobre todo
la destinada a nifics peguenos.

El contenido proteinico por si solo de ningun modo es
indicacién de su valor nutritiveo. El contenido de amino-
&cidos esenciales y la disponibilidad de estos amino&cides
son factores de gran importancia. En este sentido es un he-
cho reconccido que los cereales considerados como grupe,son
bajos en su contenido de lisina, y muchos son deficientes
en uno o més de los otros aminofcidos esenciales. FEl1 patrbn
de estos aminoicidos se aleja significativamente del patrén
ideal de aminoicidos. Finalmente, la proteina de los cerea~
les contiene menor cantidad de la mayoria de los amincfcidos
esenciales que las proteinas de origen animal, y afin que las
de origen vegetal. Por lo tanto, generalmente son mencs ade-
cuados comc fuentes proteicas, aln cuando se haya corregido
su principal deficiencia de aminodcidos.

En esta comunicacion se resehan parcialmente los trabajos
llevados a cabo en animales de experimentacién y en humanos,
sobre el valor nutricional de la proteina del arroz como fuen-
te finica de alimento o en combinacidn con otros alimentos. Se
compara también con ctros cereales de importancia en la dieta

latinocamericana.



CONSUMO DE ARROZ

En Centro América

La composicibén de ingredientes de la dieta humana varia
grandemente a través del mundo. Sin embargo, la mayor dife-

rencia estriba en lo que se refiere a la ingesta per capita

de granos, ya sea gue éstos se consuman directa ¢ indirecta-
mente. A pesar de gque el trigo, el arroz y el maiz son los
principales cereales consumidos por el hombre en el caso de
la poblacibn latinocamericana, éstos solo constituyen parte
de la dieta habitual. De los tres, el maliz es probablemen-
te el mis importante, por lo menos en la gran mayoria de los

paises.

Come sucede con otros alimentos, los hébitos y costum-—
bres, asi como las précticas culinarias, el trasfondo antro-
poldgico vy la disponibilidad, en gran medida influencian el
nivel especifico de consumo de estos cereales. Los resultados
pertinentes de una serie de encuestas nutricionales llevadas
a ¢abo en los seis paises del Istmo Centroamericano se resu-
men en el Cuadro No. 1 (1-6}, Los datos revelan el consunoc
de arroz en los sectores rural y urbano de cada uno de los

paises citados en el Cuadro. Para propésitos de comparacién



se exponen también los mismo datos para otros cereales. Con
la excepcidn de Costa Rica, la ingesta de arroz es significa-
tivamente mayor en el medio urbano gque en las 4reas rurales
de cada pais, diferencia ésta gque no ha podido esclarecerse

a ciencia cierta. Es muy probable que ello se deba a varias
razones ya citadas: baja produccibdn, disponibilidad y alto
costo, asi como a causa de que los centro de procesamiento
estin localizados en el sector urbano, lo que hace su distri-
bucidn en las zonas rurales mis costosa, Mis afin, el arroz
5€¢ COnSUmMO mMuy rara vez en preparaciones tales como del pan
de trigo o las tortillas de maiz, medida que contribuye al
consume de estos productos como acompafiantes de otros alimenw

s,

El trigo y el maiz se incluyen bajo el acépite "Otros
Cereales" del Cuadro No. 1, aGn cuando las cifras que alli
se citan corresponden principalmente a maiz, sobre todo en
los sectores rurales. En este caso, la ingesta rural es més
lata en todos los paises salvo en Costa Rica y Panamd, Estos
resultados han gido explicados en base de los antecedentes
étnicos y otras influencias, asi como a partir del estado

socicecondmico de la poblacidén. En Panand, la influencia



oriental es probablemente el factor responsable del alto
consumc de arroz por parte de la poblacidn panamefia, mien-
tras que el ancestro Maya ha hecho gque el maiz sea el ali-
mento més importante en los otros cinco paises. En el ca-
'so de Costa Rica es probable que el estado sociocecondmico
de sus habitantes sea el responsable de gque en ese pals la

ingesta de arroz sea similar a la de otros cereales,

En América del Sur v México

Estudios llevades a cabo en otros paises latinoamericanos
han revelado resultados similates. En el Cuadro No. 2 se
resumen los hallazgos en cuanto al consumo de arroz en América
del Sur y México, comparade con la ingesta de otros cereales
(7). Entre los paises que figuran en dicho Cuadro, Brasil
acusa el consumo mids alto, siendo éste similar a las inges-
tas determinadas en Costa Rica y Panamd, seg(m se indicd.

Argentina acusa la menor ingesta per capita - semejante a la

del medio rural de Guatemala - pero por razones del todo di-
ferentes. El consumo de otros cereales es tan alto o alin més
elevado que el del arroz:; en algunos paises predomina el de

trige, v en otros, el de maiz,

Para propdsitos de comparacidn, en el mismo Cuadro se



incluyen también datos sobre el consume de arroz en Formosa
y en las Islas Filipinas, respectivamente, pudiéndose obser-
var que con la posible excepcidn de Brasil, el consumo de
arroz es mucho més bajo en todos los paises latinoamericanos,
En el caso de este pais en particular el arroz vy los frijoles

constituyen en general el plato de consume diario.

El aporte del arroz al consumo diario total de proteinas
y calorias se resefia en el Cuadro No. 3 (7). Tal como lo
indican claramente las cifras, es obvio que si la ingesta de
arroz es relativamente baja en América Latina, la contribucién

de nutrientes de este cereal a la dieta también es muy baja.

Con base en la informacidn expuesta, puede concluirse
gque en la mayvoria de los paises latinoamericanos, el arroz
no es tan importante como otros cereales. Bin embargo, en
algunos de ellos la ingesta de este cereal es relativamente
alta, hecho sugerente de due el consumoc de arroz bien podria
incrementarse, siempre que los cobsticulos que por el momen—
to impiden su mayor disponibilidad, puedan subsanarse satis-
factoriamente. Mucho podria hacerse a este respecto si la
disponibilidad del frijol también se aumentara, puesto que

las leguminosas constituyen un alimento gue muy cominmente



se acostumbra consumir junto con el arroz en la mayoria

de los paises de Latino América.
FORMAS DE CONSUMO

Un aspecto importante que determina el grado de utiliza-
cién de un alimento es la forma en qQue éste se prepara pa=-
ra consumo. Asgi, si se desea incrementar su uso, el alimen-
to bajo consideracidn debe constituir parte importante de un
plato o comida tipica, o bien prepararse en las formas en
gue habitualmente se consume, es decir, en combinacidn con

otros alimentos.

En América Latina el arroz se consume principalmente
cocide, aungue también se come combinado con otros alimentos
como pollo, camardn y carne. 8Sin embargo, estos usos son
més comunes entre los grupos de poblacidn de alto nivel eco-
némico vy en los sectores urbanos, y no asi para la mayoria
de los pobladores de la Regién. EIl arrcz con leche también
gse sirve como postre, pero como en el casoc de otros productos
animales, su consumo se limita a la poblacidén de mayores ingre-
s0s. A pesar de ello, un plato gue se sirve en todo Latino

América con frecuencia variable, es el de arroz con frijoles.



Esta costumbre es responsable en gran parte de la mayor in-
gesta de arroz en Brasill v en Costa Rica, en contraste en
la gue acusan otros paises de América Latina. Por lo tanto,
seria lbgico gue en el planeamiento de programas de fomento
de arroz, se trate también de sentar pautas orientadas a

inorementar la disponibilidad de leguminosas en grano.

Existen otras formas de preparar el arroz para consumo
de la poblacidn humana en América lLatina, Entre estas for-
mas de usc popular cabe citar las "coladas", que consisten
en harina de arroz o arroz molido, el cual se cuece en agua
hasta lograr un atole ralec o potaje, y también como una be-
bhida sazonada que en algunos paises se llama "Horchata".

En Ecuador se consume un producto de arroz fermentado cuya
calidad nutricional fue evaluada por Van Vesn et al. (8}.
Dichos autores encontraron que este producto contenia una
proteina de calidad inferior a la del arroz sin fermentar y
de menor digestibilidad, si bien acusaba una concentracidn

de riboflavina significativamente mis alta.

El arroz también podria usarse en otras formas, y ya
se estin implementando algunas de ellas. Entre éstas puede

citarse su empleo como componente de alimentos de alto con-



tenido proteinico para la alimentacidn infantil (9-10). La
Incaparina Blanca vy la Colomkiaharina producidas en Cali,
Coclombia, constituyven eijemplos a este respecto. 8Sin enbar~

go, las cantidades utilizadas en estas preparaciones son bajas,
por lo gue de no considerarse nuevos usos gque impulsen el
consumo de arroz en Latino América, es dudoso que sus nive-

les de consumo aumenten ¢ superen los actuales,

Otro factor que probablemente ayudaria a incrementar
la ingesta también seria el uso de arroz precocido, ya que
con ello se reduciria su tiempo de preparacidén en el hogar.
No obstante, se estima que la accidn mé&s significativa para
promover el consumo de arroz seria aumentar la disponibilidad
de alimentos que lo accmpaifien, entre los cuales las legumi-

nosas serian las mas indicadas.

COMPARACION DE SU COMPOSICION QUIMICA Y DE AMINOACIDOS CON LA

DE QTROS PRODUCTOS

Composicidén Quimica

Desde el punto de vista de su composicidn quimica, se
sabe que los cereales tienen un bajo contenido protelnico y

son ricos en carbohidratos. Son, pues, alimentos caldricos.
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La composicidn guimico-proximal y el contenido vitaminico

del arroz, en comparacidn con el maiz, la harina de trigo,

la avena, y el sorgo, figuran en el Cuadro No. 4. Seglin se
observa, existen algunas diferencias entre ellos, aungue
también muestran ciertas similitudes. Las diferencias de
interés atafien a su contenido de proteina y grasa. De to-
dos los cereales, el arroz acusa la concentracidn proteinica
mds baja, mientras gque entre todos los demis cereales la ave-
na contiene el nivel mis alte. 8in embargo, los resultados
de estudios recientes notificados por el Instituto Internacio-
nal para la Investigacidn de Arroz (IRRI) indican gue por
seleccidn y cruzamiento genético es factible aumentar el
contenido total de proteina en los granos de arroz. Por

otra parte entre los cereales que se detallan en el Cuadro,
el arroz contiene los valores mis altos de carbohidratos.

El contenido vitaminicc de los cinco cereales se presenta en
la parte inferior del Cuadro, y las cifras demuestran due el
arroz contiene bajos niveles de tiamina vy riboflavina. A
pesar de que seria deseable desarrollar variedades de arroz
de mayor contenido vitaminico, esto no constituye ya un pro-
blema, puesto gque los avances en el campo de la tecnologia de

alimentos hoy dia permiten que l1a concentracidn de estos nu~
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trientes, no sblo en el arroz sino también en otros alimen—

tos, pueda incrementarse a través de la fortificacién.

Contenido de Amino&cidos Esenciales

El contenido proteinico de un alimento dado es de signi-
ficancia nutricional en términos de su contenido de aminol-
cidos esenciales. En el Cuadro No. 5 se da a conocer la con-
centracidn de aminofcidos esenciales de la proteina del arroz,
compar&ndola con la de otros cereales. Se muestra también
el patrdén de amincacides esenciales de la proteina de la le-

che, usada como proteina de referencia.

Comoc en el caso de la composicidén quimica, también exis-
ten diferencias y similitudes en cuanto al contenido de ami-
nodcidos esenciales del arroz y de otros cereales. Ia iso-
leucina, los aminofcidos azufrados y la fenilalanina presen-
tan valores similares; en cambic, hay una notoria diferencia

en el contenido de lisina y triptofano.

Al comparar el patrén de aminocdcidos de los cereales
con el patrdn de referencia, en este caso la pmteina de la
leche, se observa que la proteina del arroz tiene una menor

concentracidn en lisina asi como en otros aminofcidos, pero
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en todo caso, el patrbn del arroz se aproxima mis al de la

leche que el de los otros cereales,

Los valores mids altos de lisina, en el arroz, sugieren
gue de todos los cereales esta proteina es la de mayor valor

bicldgico.

Existen otras diferencias en cuanto al contenido de
aminodcidos en los cereales gue también deben sefialarse. La
calidad de la proteina depende principalmente de su contenido
de aminofcidos esenciales, Sin embarge, las proporciones en
gue se encuentran presentes estos nutrientes esenciales tam-
bién son de importancia. Por ejemplo, la proteina del maiz
no es sblo deficiente en lisina vy triptofanc sinc que ademés
acusa un balance desventajoso entre la isoleucina y la leu-
cina, relacidén ésta que es parcialmente responsable también
de la calidad inferior de la proteina del maiz. Esta situa-
cién no se presenta en la proteina del arroz., En la actuna-
lidad, el cereal gue contiene la proteina de mejor calidad
es la variedad de maiz conocida como opace-2 (11-12). FPor
considerarse de interés, en el Cuadro No. 6 se presenta el
contenido de aminofcidos esenciales del arroz comparado con

el del opaco-2. Segiin pueda apreciarse, el patrdn de estos
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nutrientes en ambas fuentes de alimento es esencialmente si-
milar. 8i el maiz opaco-2 = cuyo patrdén de aminodcidos esen-
ciales es tan bueno - tiene un valor bioldgicc alto, bien
podria anticiparse que también la proteina del arroz es de

alta calidad.

COMPARACION DEIL VALOR NUTRITIVO DEL ARROZ CON EL DFE OTROS

CEREALES

1a eficiencia de utilizacidn de los aminodcidos esen-
ciales por el crganismo animal, es el principal factor deter-
minante en la calidad de la proteina. Para obtener una ma-
vor eficiencia de utilizacidn, estos aminofcidos deben estar
presentes en las cantidades apropiadas y guardando la debida
proporeidn entre si. Por otra parte, el valor putritivo de
la proteina mide el grado de cobertura de los aminofcidos
esenciales requeridos, manteniéndose una ingesta proteinica
fija. En el primer caso, cuandc se hacen comparaciones de la
calidad proteinica entre varias fuentes de este nutriente, el
nivel de proteina en la dieta debe ser esencialmente el mis-
mo para todas las proteinas bajo estudic. En cambio en el
segundo caso, © sea para determinar el valor nutritivo de la

proteina, la comparacidn se hace cuando tcdos los alimentos
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se suministran en cantidades iguales en la dieta.

El Cuadro No. 7 da a conocer la calidad de la proteina
de cinco cereales incluidos en una dieta basal administrada
a ratas en cantidades equivalentes a 7.5% de proteina. En
la primera columna se indica el nivel a due se incluyeron
los cereales en la dieta basal; segln se observa, ésta
contenia la mayor cantidad de arroz, por ser este cereal
el de contenido proteinico més bajo. La segunda columna
muestra el peso due ganaron las ratas: el arroz indujo las
mayores tasas de crecimiento, siguiéndole la avena, el maiz
y el sorgo, cereales con los Que se obtuvo las respuestas
mas bajas. La eficiencia de utilizacidn de la proteina siguid
la misma tendencia v de nuevo el arroz demostrd ser el de
mejor valor.

El wvalor nutritivo de la proteina de estos mismos ali-
mentos se detalla en el Cuadro No. 8. En este caso todos los
cereales fuercn sometidos a pruebka al nivel de 90% de la dieta.
Como lo revelan los datos, la avena demostrd ser superior a
los otros cereales, seguida del trigo, arroz, sorgo y maiz
con respecto a ganancia ponderal. La eficiencia proteinica

fue mids o menos la misma para la avena y el arroz, una vez
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mas seguidos del trigo y maiz vy, por Gltimo, del sorgo con
el menor valor.

De nuevo, estos resultados demuestran gue la calidad de
la proteina del arroz es bastante buena, aungue su valor
nutritivo es bajo debido a la baja concentracidon proteinica
del grano. Esto se hace mas evidente al estudiar los valores
en la ultima columna del Cuadro No. 8, 10s cuales representan
la cantidad de proteina utilizable de los cereales. Se identi-
fica como proteina utilizable el producto de la calidad por la
cantidad de la proteina. A pesar de gue puede decirse que la calic
de la proteina del arroz es la mejor, su menor contenido proteini-
co lo sitha en clerta desventaja con respecto a los ceresales de
calidad proteinica inferior.

La misma conclusidén se obtiene usando diferentes animales
de experimentacion y distintos métodos. Los resultados
de estudios de balance de nitrdgeno practicados en perros se-~
miadultos alimentados con arroz, maiz, harina de trigo y ave-
na al nivel de 1.4 g de proteina/kg de peso corporal/dia
{Cuadro No.9), revelan gque el balance de nitrogeno fue posi-
tivo con arrcz y negativo con otros cereales, de los cuales

la avena rindié valores intermedios. Los cambios en peso ob-




le

servados durante el estudio de balance siguieron la misma
tendencia, logréndose pequefios aumentos con el arroz, y pér-

didas con los otros cereales sometidos a prueba.
VALOR HUTRITIVO DE COMBINACIONES DE ARR(OZ CON FRIJOL
Y DE MAIZ CON FRIJOL

Para la poblacidn latincamericana de bajos recursos
econbmicos, el frijol constituye la fuente de proteina més
importante después de los cereales. El frijol también re-
presenta un alimento integrante de la cultura de estos paises,
gue usualmente se consume junto con maiz o arroz. Por congi-
guiente, se ha tenido interés especial en conocer mis a fon-
do la calidad proteinica de la dieta combinada de cereal vy

frijol.

Sobre 1la base de peso secce, el nivel del frijol consu-
mido generalmente representa el 10% de las dietas., Por lo
tanto, en los resultados que se muestran en el Cuadro No. 10,
las dietas fueron preparadas con 90% de cereal y 10% de fri-
jol negro cocido. Estas fueron administradas a ratas durante
un periodo de 28 dias al final del cual se establecid que la

mayor gananecia ponderal la indujo la avena, seguida del trigo
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(bulgur), arroz, sorgo y maiz, en ese orden. La eficiencia
de utilizacidn de la proteina por otro lado, demostrd ser
méds alta para el arroz y la avena, obteniéndose valores
inferiores con los otros cereales estudiados. El cuadro

no difiere en mucho al comparar la proteina utilizable.

Con el fin de eliminar el efecto producido por el con-
tenido de proteina total, las ratas consumieron las mismas
dietas con iguales niveles de proteina, obteniéndose los re-
sultados que se presentan en el Cuadro No, 1l. En este
caso, la avena acusd los mejores resultados en términos de
ganancia de peso y eficiencia proteinica, seguida de los otros

rereales incluidos en el estudio.

Por estimarse de interés determinar hasta qué punto es
factible obtener mejoras cuando el cereal es consumide junta-
mente con frijel, en el Cuadro No. 12 se incluyen algunos re-
sultados representativos a ese particular, La adicidn de 10%
de frijol negro al mafz, indujo un 74% de aumento en la ganan-
cia ponderal; ese incremento fue de 68% al agregarse al tri-
go, v sclo de 30% en el caso del arroz, En lo referente a

la eficiencia proteinica, la adicidén de frijol aumentd ese

valor en 40% para el maiz, 28% para el trigo y 8% para el arroz.
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De nuevo, estos resultados confirman la calidad proteinica
superior del arroz, en comparacidn con la de los otros cerea-~
les, E1 mejoramiento obtenido guarda una relacidn directa
con el nivel de lisina en la proteina del cereal, gue es mis
baja en el maiz, intermedia en el trigo, vy mis alta en el
arroz. A pesar de gue estos conceptos ya han sido expresa-
dos antes, viene al caso subrayar que la calidad proteinica
del arroz podria mejorarse aln mds si contuviera mayores can-

tidades de proteina,

En el Cuadro No., 13 ze incluyen resultados de algunos
estudios en animales de experimentacidn, en los que la proteina
del arroz fue reemplazada por cantidades equivalentes de
proteina de frijol (14). Los hallazgos revelan gue el cre-
cimiento miximo y la mayor utilizacidn de la proteina se cb-
tienen cuando el arroz aporta de 80 a 50% de la proteina de
la dieta, v el frijol de 20 a 50%. Este hecho indic¢a que en-—
tre los rangos citados, los patrones de aminocfcidos de ambas
fuentes se complementan mutuamente hasta el punto permitido
por el aporte que de estos aminodcidos hace cada una de las
dos fuentes para satisfacer las deficiencias de la otra. ILa

mezcla de 80% de proteina de arroz y 20% de frijol, en can-
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tidades absolutas representa alrededor de 90 g de arroz y

10 g de frijol; sin embargo, su contenido proteinico re-
sulta ser bajo, del corden de 8.5 g por 100 gramos. Si las
ingestas fueran 50% de proteina de arroz y 50% de frijol,

lo gue en valores absolutos seria alrededor de 75 g de arroz
y 25 g de frijol para rendir 11% de proteina por 100 g de
dieta, ello se traduciria en un mayor valor nutritivo. 8i

el pequefic descenso cbservado en cuanto a calidad proteini-
ca fueze verdadero, éste se verfa compensado en gran medi-

da por el aumento en proteina, esto es, de 8.5 a 11,0, E1
11% de mezcla proteinica representaria un incremento de al-
rededor de 25% mis de proteina utilizable. Por consiguien-
te a menos dque logre desarrollar variedades de arroz c¢on un
mayor contenido de proteina, desde el &ngulo nutricional
seria recomendable fomentar el consumo de arroz combinado con
frijol. Seghn se indica en el Cuadro No. 14, la mezcla 50/50
de arroz y frijol, aunque nutricionalmente superior a cualquie-—
ra de los componentes suministrados por si solos, aln es
deficiente en ciertos aminocdcidos. En efecto, los datos
muestran que la adicidén de metionina, aminocfcido en el gue

el frijol es deficiente, indujo una respuesta, sin cbservar-

se mayor efecto cuando la treonina se agrega junto con metio-
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nina. 8in embargo, cuando también se agrega lisina en pre-
sencia de los otros dos aminodcidos, el efecto obtenido es

significativamente mayor.

Con propdsitos comparativos, se juzgd de interds estn-
diar la calidad nutricional de mezclas de malz y frijol en
ratas (15}, con los resultados gque se muestran en la Figura 1,
En este caso, con el nivel de combinacidn proteinica de 50/50,
hay un punto cunbre de desarrollo mdximo en el crecimiento de
los animales exXperimentales, en contraste con el obtenido con
las combinaciones de arroz y friijel, las cuales fueron esen-—
cialmente parecidas, esto es, del rango 30-3530 y 20-50, como
va se indicd. Otra diferencia es gue - a juzgar por los va-
lores del PER - en el caso de la c¢ombinacidn de maiz - frijol,
la utilizacidn de la proteina fue significativamente menor
de la que se cobtuvo con la combinacién de arroz -~ frijol. ILa
mezcla de 50/50 de maiz - frijol es alin deficiente en lisina,

metionina vy triptofano {(15}.

En consecuencia, esta informacidn indica gue si el ch~
jetivo final de un programa determinado es producir alimentos
que satisfagan los requerimientos nutricionales del hombre,

dadas las caracteristicas nutricionales de los cereales, es
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importante tomar en cuenta agquellos productos alimenticios
que los complementan nutricionalmente., Més alin, los alimen-
tos complementarios pueden tener un efecto definitivo en el

aumento de ingesta del alimentc bajo consideracidn.

MEJORAMIENTO DE LA CALIDAD PROTEINICA DEL ARROZ

Suplementacidn con Aminclcidos

La comparacidn del patrdn de aminofcidos esenciales de
la proteina del arroz con los patrones de aminclcidos de
referencia, sugiere gue la proteina del arroz es deficien-
te en varios de ellos., Sin embargo, 1los resultados obteni-
dos por varios investigadores (16-21}, indican claramente
gue la proteina del arroz es deficiente en lisina, vy dque su
calidad mejora ain mds con el agregado de treonina en presen=-
cia de lisina. En el Cuadro No. 15 pueden apreciarse en for-
ma resumida los resultados de un experimento llevado a cabo
en ratas, en el que la adicidn de una peguefia cantidad de
lisina indujo un aumento en la ganancia ponderal (16-20).

Sin embargo, el agregado de treonina a la proteina del arroz,
en presencia de lisina, provocd una mejoria en el desarrollo

del animal y en la calidad de la proteina. No se esperaban
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estos resultados en vista de que las proteinas del arroz con-
tienen suficiente treonina para satisfacer los requerimien-
tos de la rata en crecimiento. El efecto de la treonina ha
sido explicado de dos maneras diferentes seglin el punto de
vista del investigador. Una explicacidn se basa en el balan-
ce que debe prevalecer cuando la proteina es suplementada con
aminodcidos libres. La adicidn de una cantidad de lisina ma-
yor a la requerida hace que la treonina se convierta en el
primer aminofcido limitante; este efecto ha sido corrobora-

do al agregarse trecnina.

La segunda explicacidn sugiere que el efecto positive
resultante de la adicidén de treonina al arroz, en presencia
de lisina, no se debe necegariamente a un imbalance entire
estos dos amincdcidos, sinc mds bien a una limitacidn fisio-
légica en la disponibilidad de treonina para el organismo
animal. La verdad es que una explicacidn no excluye la otra,
dado gue la proteina del arroz contiene niveles de trecnina
mas altos due agquéllos determinados en otros cereales, y en
cantidades similares a las que se encuentran en proteinas de

origen animal tales como la leche.

La calidad de la proteina del arroz, por lo tanto, es
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susceptible de mejorar mediante la adicidn de lisina y
treonina. Sin embargo, la evidencia experimental que se
presenta més adelante, muestra que otra deficiencia impor-
tante del arroz es su bajo gontenido de nitrdgeno total. Es-
te hecho podria ser también el factor responsable de las di-

ferentes respuestas informadas por varios investigadores (16-21).

Suplementacién con Proteinas

Las deficiencias en nitrbgeno y aminoadcidos de que ado-
lecen las proteinas del arroz pueden corregirse por medio de
la suplementacidn proteinica, particularmente cuando se uti~
lizan proteinas que aportan cantidades apreciables de lisina

y de treonina (18, 21, 22).

Algunos resultados representativos a este respecto se
aprecian en el Cuadro No. 16. En este ejemplo se usaron
dietas basadas en 76.0% de harina de arroz, las cuales se
suplementaron con niveles de 2 a 14% de las proteinas que fi-
guran en el Cuadro. Con excepcidn del concentrado proteinico
de pescado, los niveles que se muestran suministraron un po-
co mis de 4% de proteina a la dieta basal de arroz; por lo

tanto, los resultados son comparables al mismo nivel proteinico
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en la dieta. A partir de estos hallazgos, es evidente gque
con la adicibén de més o menos la misma cantidad de proteina
proveniente de los diverscs suplementos usados, se logra

un aumento significativeo en la ganancia de peso y en la
utilizacidn de la proteina, tal como lo indica el PER. La
nejora observada es el resultado sinérgico de la proteina
adicional suministrada pcr el suplemento y del aporte que en
lisina v treonina hace el propio suplemento a la proteina del

AryrQZ,

El efecto de los suplementos proteinicos no es caracte-
ristica Gnica del arroz, ya que cuando los suplementos proteini-
cos se agregan a otros cereales también se obtiene el misno
efecto., ELl Cuadro No. 17 muestra los resultados de varios
experimentos en este sentido (22-24). Los valores gue cons-—
tan en dicho Cuadro indican gue, a juzgar tanto por el aumen-
to de peso de las ratas como por el PER, las proteinas del
arrcz son de mejor calidad que las de la harina de trigo o
del maiz, a pesar de gque de los tres cereales, el arroz es el
gque contiene menos proteina. El agregado de la misma canti-
dad de suplemento proteinicc a2 los tres cerxeales induce un mayor

auwsento ponderal en la mayoria de los casos; sin embargo, con
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el arroz se cobtiene un valor pr teinico mis alto {PER) que

con los otros dos cereales.

Es probable que esta respuesta se deba, por un lado,
al bajo contenido proteinico del arroz, vy por el otro, a
gue comparada con la de la harina de trigo y la de maiz, su

proteina es de mejor calidad.

Fortificacidbn de las Proteinas del ArroZ

En vista de los resultados de Que se informa asi como
desde el punto de vista nutricional, seria deseable fortifi-
car las proteinas del arroz para que - de lograrse que el con-
sumo de este cereal aumente - contribuya también con m&s
proteinas de mejor calidad. En los momentos actuales la tec-
nologia en materia de fortificacidén de alimentos avanza a
un ritmo rapido, y va se ha logrado desarrollar granos de
arroz simulados que contienen los amino&cidos limitantes, 1li-
sina y treonina, juntamente con vitaminas del complejo B,
vitamina A y minerales. En la Figura 2 puede apreciarse una
muestra de dichos granos sintéticos. Cuando éstos se agregan
al arroz natural a un nivel de 1-2% por peso, es factible

mejorar la calidad proteinica del arroz comiin, segin se in-
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dica en el Cuadro No. 18. Los estudies a gque se alude se
llevaron a cabo en ratas alimentadas con arroz pulido suple-
mentado con granos de arroz sintético (25). Los granos si-
mulados contenian L-lisina HCl, L-treonina, vitamina A,
tiamina y sulfato ferroso. Su adicidén incrementd la ganan-
cia ponderal asi como la razdn de eficiencia proteinica (PER),
tanto como al agregar aminodcidos sintéticos en forma cris-
talina.

También se han llevado a cabo estudios orientados a de-
terminar si estos granos conservan su forma y calidad al so-
meterse a coccidn. Los resultados obtenidos hasta la fecha
indican Que en comparacidn con el arroz crudo suplementado,
51 mantienen su forma, observandose tan solc pequefics cambios
en su calidad nutritiva.

Los granos simulados de arroz también pueden prepararse
a partir de proteina, siendo la de la harina de soya particu-
larmente buena en este respecto. A pesarx de Jue en este casc
seria necesario agregar al arroz natural, mayores niveles de
granos sintéticos elaborados con proteina de soya, este mé-
todo de fortificacién tendria la ventaja de aportar, tanto

amincicidos como proteina; ademé&s seria menos costoso.
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CALIDAD PROTEINICA DE LA PROTEINA DEL ARROZ EN HUMANOS

§stﬁﬁi¢s en Adultos

A causa de las dificultades inherentes a los estudios
de evaluacidn proteinica en seres humancs, la literatura cuen-
ta con muy pocas publicaciones al respecto, Uno de los pri-
meros estudios de esta indole fue el notificade por Hundley
et al., (26) en 1857. Estos autores utilizaron cuatro suje-
tos del sexo masculinc a quienes se les alimentd con 4,31
a 5.07 g de nitrdgeno de arroz, como parte de dietas que
aportaban de 2,800 a 3,500 calorias por dia. La ingesta de
arroz fue de 250 a 350 gramos diarios. En el Cuadro No. 19
se muestran (nicamente los resultados del balance de nitrégeno
correspondientes a dos de los individuos estudiados. El1 su-
jeto W.M. respondid favorablemente a la adicifn de lisina
y treonina al arroz, y mis afin cuando los aminodcidos lisina,
trecnina y metionina se agregaron juntos. Se obtuvo una me-
jor respuesta al suplementar el arroz con una mezcla de ami-~
nodcidos no esenciales., E1 aumento en la ingesta de proteina
hasta 85 g diarios, dio como resultado una alta retencidn de
nitrdgeno. Por su parte, el sujeto V.L. también respondid al

agregado de los mismos suplementos al arroz, a pesar de que
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nunca logrd estar en balance positivo de nitrdgeno.

En el caso de los otros dos sujetos, los resultados
fueron similares. Hundley et al. (26) interpretaron tales
resultados como indicativos de gue la deficiencia primordial- - -.
en las dietas de arroz usadas en el estudio fue la de nitro-
geno disponible, ya fuese éste nitrdgeno esencial o m esencial,
a pesar de gue sl se observd cierta respuesta al suplementar
el arroz con lisina, metionina y treonina. Por consiguiente, la
adecuacidén de la proteina de la dieta depende de la cantidad
total de nitrdgeno que ésta contiene, asi como de la cantidad
de aminoicidos esenciales.

El estudio de Chen et al. (27} demuestra el efecto del
nitrégeno total en la dieta para adultos humanos alimentados con
proteina de arrcz. En dicha investigacidn 6 sujetos fueron
alimentados con dietas gue suministraban 6 g de nitrdgeno de
arroz, va fuese solo © suplementado con: a) 2 g de nitrdgenc de
amincacidos; b) 2 g de nitrdgeno no especifico, v c) 6 g de
nitrbdgenc no especifico {Cuwadro Wo. 20). El balance promedio
de nitrogeno de los 6 suijetos fue negativo cuando éstos re-
cibieron 6 g de nitrdgeno de arroz solo, 6 2 ¢ de nitrdgeno
adicional proveniente de fuentes no especificas. Se obtuvo

un balance de nitrdgeno positiveo al suministrarles los 6 g
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de nitrdgeno de arroz juntamente con 2 g de N proveniente
de aminofcidos esenciales, o bien al suministrarles el N
del arroz con 6 g de nitrbdgeno de fuentes no esenciales, o no

especificas.

Los mismos autores estudiaron también el efecto del
agregado de aminodcidos especificos al arroz cuando éste
fue suministrado para que aportase 6 g de nitrbgeno propor-
cionande a los sujetos, al mismo tiempo, 6 g de nitrdgeno
de fuentes no especificas. Los resultados a este respecto
también constan en el Cuadro No, 20, El promedio de reten-
cidén de nitrdgeno obtenido con arroz solo, fue negativo, vy
mejord al agregar una mezcla de amincicidos esenciales al
arroz. La adicidn de solo lisina dio respuestas similares
a las obtenidas con todos los aminodcidos. Por otra parte,
la adicidn de treonina sola indujo un balance negativo de
nitrégenc. La meijor respuesta se obtuvo al suplementar la
dieta de arroz que contenia nitrégeno no especifico, con li-
sina y treonina. Los autores llegarcn a la conclusién de due
cuandec la dieta aporta un alto nivel de nitrdgenc total, la
lisina es el aminofcido que ocupa el primer lugar como limi-

tante en la proteina del arroz en lo que a mantener la reten-
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¢cién de nitrdgeno se refiere.

Como ya se indicd anteriormente, la principal desventa-
ja del arroz es su bajo contenido proteinico. 8in embargo,
a través de procedimiento de cruce y seleceidn, el IRRI lo-
grd desarrcllar una variedad de arroz de alto contenido pro-
teinico, que se conoce como BPI-76-1 y la cual contiene 14.,3%
de proteina. En un trabajc muy reciente, Clark et al. (28)
informan sobre los resultadcs comparatives gque obtuvieron en
pruebas de alimentacidn con humanos adultos, guienes consu-
mieron dietas a base de arroz de alto contenido proteinico y
de una variedad popular del mismo cereal, conocida como Blue
Bonnet. En dicho estudio, los sujetos fueron alimentados
con 480 g de BPI-76-1, cantidad que proporcionaba 12.06 g
de nitrdgenc. La respuesta obtenida con esta variedad de
arroz fue comparada luego con los otros tratamientos dieté-

ticos due se indican en el Cuadro No. 21.

Estos fueron: a} 480 g de arroz Blue Bonnet gque aporta-
ha 6.72 g de nitrdgeno; b) este mismo arroz con el agregado
de nitrdgenc no especifico a un nivel de ingesta nitrogenada
de 12.06 g, v ¢} 320 g de la variedad Blue Bonnet con nitrdgenc

adicionado a modo de suministrar 6.72 gramos. Como se indica
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en el Cuadro No. 21, se obtuvo un balance positivo de ni-
trbégeno mds alto con el arroz BPI. La misma cantidad de
arroz Blue Bonnet, con y sin el agregado de nitrdgeno,

dio una retencidn significativamente bhaja, v al reducirse

la ingesta de arroz a 320 g, el descenso en el halance de
nitrégeno de los individuos fue atGn mayor. Los autores con-
cluyeron que desde el punto de vista nutricional el arroz

BPI es mejor que la variedad Blue Bonnet, porgue suministra
mayores ingestas de lisina. 8i bien la conclusidn e inter-
pretacidn de losAresultaées son correctas, ellc no signifi-
ca que el arroz BPI contenga una proteina de mejor calidad
gue la variedad Blue Bonnet, va gque los estudios no se lleva-
ron a cabo con ingestas iguales de nitrbgeno proteinico. Es
un hecho reconocido que la ingesta de nitrbgeno guarda rela-
cién directa con el balance de nitrdgeno. Por lo tanto, una
prueba més efectiva habria sideo administrar el arroz BPI a
una ingesta proteinica igual a la del arroz Blue Bonnet, es
decir, a una ingesta de 480 g, gue #s la Qque corresponde a
esta Gltima variedad, comparéndola luego con 225 g correspon-

dientes al arroz BPI.

En el Cuadro No. 22, se resumen los resultades de un
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estudio de Bressani, Elias y Juliano {(29) los cuales indican
gque el arroz BPI tiene una proteina de calidad inferior a la

de otras variedades de ese cereal.

En ese estudio, varias muestras de arroz que contenian
diferentes niveles de proteina fueron administradas a ratas
jovenes, con el propdsito de suplir niveles crecientes de pro-
teina. Se calcularon :cuaciones de regresidn a partir de
la relacibdn ingesta proteinica~ganancia ponderal, la cgai
es linear a niveles bajos de ingesta de proteina. El coefi-
ciente de regresidn equivale a la calidad de la proteina, Se-
gln revelan los datos, la proteina de las variedades de arroz
de menor contenido proteinico es de mejor calidad que la de
agquellas variedades de mayor contenido proteinico. La varie-
dad BPI acusd el valor més bajo. 8i bien esto es cierto, las
variedades de arroz de mayor contenido de proteina poseen cier-
tas ventajas, como son el de reguerir una menor ingesta de
grano que aporta los niveles minimos de aminocAcidos esencia-

les, y un menor consume de alimentos suplementarios.

Segin se menciond es costumbre muy difundida consumir
el arroz juntamente con otros alimentos, dentro de los cua-

les la carne de pollo parece ser la preferida. En diversas
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ocasiones (1l6~21) se ha podido comprobar, en animales de
experimentacidn, que el consumo de arroz y pollo aumenta la
utilizacién de la proteina ingerida. Recientemente, Lee

y colaboradores (30) dieron a conccer un estudic de balance
de nitrdgeno en 6 sujetos del sexo masculino, guienes en un
caso fueron alimentados con 6 g de nitrdgeno de arroz (446 g},
v en el otro con 8 g de nitrdgenoc de arroz (595 g), va fuese
solo ¢ reemplazado en parte por carne de pollo. Los resulta-
dos se aprecian en el Cuadro No., 23. Los tratamientos dieté-
ticos fueron: 100% de nitrdgeno de arroz en las combinaciones
siguientes: 85% de arroz y 15% de carne de pollo, y 70% de
arroz y 30 de carne de pclleo, respectivamente. A bajos ni-
veles de ingesta de nitrégeno, el promedic de balance nitroge-
nado aumentd cuando el 85% del nitrdgenc se derivaba del arroz,
y el 15% del pollo. 8Sin embargo, este incremento carecid de
significado estadistico. A niveles altos de ingesta de nitrd-
geno, el reemplazo parcial de nitrdgenc de arroz, por nitrdgenoc
de pollo no tuvo ningin efecto, aungque si se constatd un efec-
to significativo del nivel del N ingerido sobre el N retenido.
Los autores explican esa falta de significacién estadistica

en hbase a que 6 u 8 gy de nitrdgeno de arroz bastan para suplir

la lisina necesaria para satisfacer los reguerimientos de este
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aminodcido en adultos jdvenes. HEstos resultados concuerdan

con los informados por Chen et al. (27}.
COMPARACION ENTRE EIL. ARROVY ¥ EL MATZ

El arroz es una fuente proteinica mis adecuada que el
maiz segfin lo indica la comparacidén de balances promedio de
nitrdgenc de sujetos alimentados con 6 g de nitrbdgeno prove-
niente de cualquiera de las dos fuentes (Cuadro No. 24). De
acuerdo con Kies, Williams y Fox (31-33), 6 g de nitrdgenc de
maiz dan una retencidn nitrogenada de -0.50 g/dia, mientras
gue la misma cantidad de nitrdgenc de arroz da un balance de
nitrbgeno con un valor de ~0.01 g/dia, A este nivel de inges-
ta de nitrdgeno, el arroz contiene mavores cantidades de lisi-
na y triptofanc gue el maiz, aminoclcidos é&stos gue son los
limitantes en este cereal., <Con base en estos datoes, se ha
estimado que cerca de 7 g de nitrSgenc de maiz son necesarios
para cbtener una retencidn de nitrdgenc igual a la producida
por 6 g de nitrdgeno de arroz. A estos niveles de ingesta
de nitrégeno la ingesta de aminocfdcidos esenciales limitantes
es précticamente 1la misma. En base al contenido proteinico
de cada cereal, para lograr un eduilibrio de nitrégenc se ne-

cesitan 550 g de maiz v casi la misma cantidad de arroz, &
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causa del menor contenido de nitrdgeno gue el arroz tiene

en comparacidn con el maiz., Es importante pues, (ue estos
datos se tomen en consideracifn, sobre todo desde el &ngulc
econdmice. Por consiguiente, seria ventajoso seleccionar ge
néticamente variedades de arroz con un mayor contenido de

proteina.

Estudics en Niflos

Al igual gque en el caso de los adultos, el nGmero de
estudios llevados a cako en nifios para evaluar la calidad de
las proteinas del arroz, son muay limitadeos. En 1964
Parthasarathy et al. (34) publicaron los resultados de un es-
tudio de balance de nitrbgeno gue dichos investigadores lle-
varon & cabo en nifiag comprendidas entre los 8 y 9 afios de

edad, y cuyo pesc promedio era de 18 a 23 kg.

Se les proporeiond 1.3 g de proteina de arrcz libre de
suplemento, y de arroz enriguecido con varios suplementos
de aminodcidos, con los resultados que se muestran en el Cuadro
Nce 25. Seglin se observa, los valores indican gue no se obtuvo
ninguna mejorfa en la calidad de la proteina con la adicidn
individual de lisina o metionina, y gue cuando ambos aminoci—

cidos fueron agregados juntos si se logrd cierta mejoria,
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aungue pequefia. Por otro lado, la adicidn simulté@nea de

lisina y treonina mejord la calidad de la proteina del arroz,

y afin ms cuando a &stos se agregd meticnina. Los autores
llegaron a la conclusidén de que 1.3 g de proteina de arroz/
kg/dia satisfacen todos los reguerimientos de aminoc8cidos esen-
ciales de los nifics. Cuando también se toma en cuenta la
proteina digerible, ésta se torna limitante en lisina. ILa
proteina neta disponible, es decir, el producto resultante

de la utilizacidn neta de la proteina y de la ingesta proteini-
ca, dio un valor de 0.71 g/ky para el arroz solo, cifra que

es igual al requerimiento proteinico minimo gue establece

la proteina de referencia de la FAD, esto es, 0.6 gramos.

A partir de sus hallazgos Parthasarathy et al. de nuevo
concluyeron que la proteina del arroz es deficiente en lisi-
na, treonina y metionina, deficiencias que también lograron

establecerse a través de sus experimentos con animales,

Un estudio del INCAP (35), cuyos resultados se& exponen
en el Cuadro No. 26, reveld gue a niveles de una ingesta
de proteina de arroz de 2.0 & 1.6 g/kg/dia, la adicidn de
lisina induce una mayor mejoria en la calidad de la proteina

del arroz. FEl agregade de metionina y treonina al arroz ya
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suplementado con lisina, indujo {inicamente peguefios incre-
mentos por encima de los cbtenide mediante la suplementacidn
cori lisina, En general, estos resultados concuerdan con los

hallazgos de otros investigadores.

8i se da por sentado gue la metodologia empleada por
los diversos\invastigadores es adecuada, las diferencias
obtenidas en cuanto a respuesta a la suplementacibn con
aminofcidos podrian deberse a variaciones en los reguerimien—
tos de los propios sujetos. 8Sin enbargo, no debe descartarse
la posibilidad de posibles diferencias en el contenido de
aminodcidos de las muestras de arroz usadas en el curso de

los experimentos.

Comparacidn Entre el Arroz y Otros Cereales

La calidad proteinica de varios cereales libres de suple-
mentacidn, vy con el agregado de sus aminolcidos limitantes -
seglin pruebas efectuadas en nifios - se resume en la Figura 3
{36~41). Las barras muestran el nitrbgeno retenide a la in-
gesta de nitrdgeno gue se indieca en la parte inferior de la
Gréfica, Segfin se observa, la proteina del arroz por si sola
es tan buena como las derivadas de la avena y del maiz opaco-2,

mientras que las proteinas de la harina de trigo v del maiz
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com@in son de calidad inferior. ©La adicién de los aminodcidos
limitantes induce una mejora en la calidad proteinica, pero
ésta no llega a los valores obtenidos con las proteinas de
leche. La razon mis probable de esta cbservacién puede
atribuirse a la digestibilidad de la proteina, 1la cual es
inferior a la de la proteina de los cereales. Es de interés
sefialar gue los resultados expuestos corrcboran los hallaz-

gos en animales de experimentacidn.

La digestibilidad de la proteina del arroz, en compara-
cidn con la de otros cereales, amerita alguncs comentarios.
En el Cuadro No. 27 se dan a conocer los resultados cbtenidos
en nifics que recibieron dos o tres niveles de proteina pro-
veniente de cuatro cereales., Como los dates lo revelan, el
nitrdgeno fecal es mis alto cuando la ingesta de nitrdgenc
también es alta, incluso en el caso de las proteinas de la le-
che. Cuando el nitrbgeno fecal se expresa como por ciento de
la ingesta de nitrdgeno, el valor cbtenido es mayor en el
casc de todas las proteinas a medida gue la ingesta de nitrd-
geno aumenta, salvo en lo que respecta a la proteina de la
harina de trigo. El nitrbgenc absorbkido, esto es, la dife-
rencia entre el N ingerido y el N fecal - expresado como

porcentaje de la ingesta de nitrbgenc ~ muestra una relacidn
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inversa con la ingesta de nitrdgeno en el casc de todas

las proteinas, exceptuandc la harina de trigo.

Aln cuando es dificil explicar la forma diferente en
gue la harina de trigo se comporta frente a los otros ali-
mentos, la digestibilidad de la proteina del arroz es mis
baja gque la de harina de trigo y la de leche, y similar a
la del maiz y la avena. La relacidn negativa entre la in-
gesta de nitrégenc y el nitrégeno fecal expresado como ni-
trbgeno absorbido, era de esperar, Sin embarge, lo que no
se contemplaba es el hecho de que la digestibilidad de la
proteina del arroz fuese similar a la del maiz, va que el

arroz es de calidad proteinica superior al maiz,

La menor digestibilidad de la proteina del arroz fue
observada también en animales de experimentacidn (42), tal
como se indica en el Cuadro No. 28, C(Como en el caso de los
nifios, la digestibilidad del arroz fue similar a la del maiz,
e inferior a 13 determinada para la avena vy la harina de tri-
go. Evidentemente, todos estos resnltados son significativos
vy dignos de atencidn, ya que sefialan la necesidad de impul-~
sar el desarrollo de un arroz de mejor calidad proteinica pa-

ra consumo humano,
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CONCLUSION

La informacidn expuesta en este trabajo indica que con
1a excepcidn de unos cuantos paises, el consumoc de arroz
en Latino América no es tan elevado como el de maiz o trigo.
Ello sc debe a varias razones, algunas posiblemente de indole
cultural, peroc se tiene la impresién de que hay tanbién otros
motivos, por ejemplo, el costoc més alto del arrez vy la esca-
sa disponibilidad de alimentos gque cominmente se consumen
junto con el arroz. E1 frijel, por ejemplo, también ameri-

ta consideracidn.

Desde el puntoc de vista guimico y en comparacidn con
otros cereales, la principal desventaja del arroz radica en
su bajo contenido proteinico, el cunal fluctfia entre € y 8%.
Esta proteina es de mejor calidad que la del maiz, el sorgo,
vy la harina de trigo., Tanto en el caso de animales de ex-
perimentacidn como de seres humanos, los amincdcidos deficien-
tes son lisina, treonina y probablemente tambi&n, metionina.

No cobstante, el arroz contiene mayores niveles de lisina que

otros cergsiales,

Al igual de lo gue sucede con la proteina de otros
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cereales, la calidad de la proteina del arroz es susceptible
de mejorar mediante la adicibén de los aminodcidos en los
cuales es deficiente, o bien por el agregado de pequefias
cantidades de concentrados proteinicos. Estos hallazgos

han servido de base para la formulacibn de mezclas de for-
tificacibén de arroz en forma de granos sintéticos, gue si

se usan, pueden no sdlo mejorar la calidad de la proteina,

sino también aportar proteina adicional,

La aplicacidn de estas medidas permitiria corregir las
limitaciones nutricicnales inherentes a las proteinas del
arroz, es decir, sus deficiencias de aminofcidos y su con-

tenido proteinico total.

1a calidad de la proteina proveniente de mezclas de arroz

y de frijol, alimentos de uso muy comin en América lLatina,

es mis alta gue la de mezclas similares de otros cereales

con frijol. Se estima gue por su calidad nutricional, una
mayor disponibilidad, vy el consumo més frecuente de arroz

con frijol, podria ser un instrumento muy Gtil para combatir
la desnutricibn proteinico-caldrica, scbre todo si el arroz
tuviese un mayor contenido de proteina, y si este cereal se

consumiera conbinado con frijol. Esta medida podria traer
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consigo mayores beneficios para las poblaciones jbvenes,
puesto gue el arroz por si solo satisface las necesidades

de aminocfcidos de las poblaciones adultas.

Obviamente, esta afirmacidn no significa que para los
adultos el consumc de arroz con frijol no sea mejor que el
de solo arroz; todo lo contrario, el consumo de esta combi-
nacién debe estimularse & fin de lograr un mayor grado en

su eficiencia de utilizacibn.

La evidencia colectada indica, por lo tanto, que deben
hacerse esfuerzos por aumentar la disponibilidad del arroz
en América Latina, 8in embargo, también se cree que los
esfuerzog agrondmicos que se inicien en este sentido deben
tomar en cuenta las limitaciones nutricionales de ese cereal,
a fin de gue el arroz pueda transformarse en uno, no sdlo de
mejor balance, sino cuyoe consumo permita a nuestros poblado-

res tener un estdémago llenc y una mejor nutricidn.
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CUADRO No. 1

CONSUMO DE ARROZ Y OTROS CEREALES EN EL ISTMO

CENTROAMERICANC
Arroz Otros Cereales

Pais Ingesta/persona/dia |

Rural Urbana Rural Urba
Guatemala 16 27 547 306
Salvador 27 55 560 320
Honduras 29 50 365 293
Nicaragua 54 80 255 168
Cogta Rica 100 lo3 128 121

Panama 186 150 g2 87




CUADRO No. 2

CONSUMO DE CEREALES EN PAISES DE AMERICA DEL SUR Y MEXICO*

(expresado en g/persona/dia)

Pals Arroz Trigo Maiz Avena Todos los cereales
salvo arroz
Argentina 11.4 238.6 o e e 238.6
stlivia 20.6 104.2 119.1 1.4 246.,7
Brasil 120.9 74.9 100.2 0.9 177.9
Chile 21.7 300.4 1.0 3.5 306.6
Colombia 53.5 28.4 122.3 0.7 152.,9
Ecuador 55.8 50.3 65.0 1.8 133.,6
Paraguay 15.5 100.8 90.1 - 190.9
Perit 64.7 99.3 73.5 - 208.3
Urugquay 26.6 245.3 2.1 1.1 248.5
Venezuela 23.9 100.9 108.4 5.0 215.2
México 14.7 62.4 271.7 0.2 334.3
China ({(Taiwan) 371.4 64.0 3.0 e 68.3
Islas Filipinas 238.5 1.9 59.2 e e 85.8

*  FAO Food Balance Sheets,

1960-1962 (7).



CUADRC No, 3

CONSUMO DE ARROZ EN PAISES DE AMERICA DEI, SUR *

Pais Consumo per capita Ingesta total

g/dia Cal/dia Proteina/g/dia Cal/dia Proteina/qg,

Argentina 11.4 4 0.8 2820 8l.6
Bolivia 20.6 74 1.4 1840 47.9
Brasil 120.9 435 8.1 2780 66.3
Chile 21.7 78 1.5 2410 77.2
Colombia 53.5 193 3.6 2160 51.9
Ecuador 55.8 201 3.7 1890 48.4
Paraguay 15.5 526 1.0 2560 64.1
Peri 64 .7 233 4,3 2230 55.9
Uruguay 26.6 96 1.8 3220 104.3
Venezuela 23.9 86 1.6 2310 58.7
China (Taiwan)371.4 1336 25.3 2350 58.5

Islas Filipinas
238.5 876 17.5 1840 44 .3

* FAQ FOOD BALANCE SHEETS, 1960-1962 (7).



CUADRO No. 4
COMPOSICION QUIMICA Y CONTENIDO VITAMINICO DE CUATRO

CEREALES (%)

Componente Arroz Maiz Trigo Avena
tHumedad 12.0 10.6 12.0 8.3
.Proteiﬁa 7.2 9.4 11.8 14.2
Grasa 0.6 4.3 1.2 7.4
Ceniza 0.5 1.3 0.5 1.9
Fibra cruda 0.6 1.8 0.4 1.2
Carbohidratos sclubles 79.7 74 .4 74.5 68.2
Calorias 364 361 365 390
Tiamina, mg 0.08 0.43 0.12 0.60
Riboflavina, mg 0.03 0.10 0.07 0.14

Niacina, mg 1.6 1.9 1.4 1.0




CUADRO No. 5

CONTENIDO DE AMINOACIDOS ESENCIALES DE VARIOS CEREALES

{expresado en g/l6 g N)

Aminoacido Arroz Maiz Harina de trigo Avena Proteina
leche
Isoleucina 4.89 4.62 4.19 4.82 6.51
Leucina 7.84 12.96 7.02 6.99 10.02
Lisina 4.27 2.88 2.08 3.42 7.94
Aminoacidos
azufrados totales3.45 3.15 3.02 3.41 3.41
Fenilalanina 5.55 4.54 5.01 4.98 4,94
Treonina 4.10 3.98 2.62 3.09 4.70
Triptofano 1.35 0.61 1.12 1.20 1.44
Valina 6.24 5.10 3.94 5.55 7.01




CUADRO No. ©

CONTENIDO DE AMINCACIDOS ESENCIALES DEL ARROZ Y DEL MAIZ

OPACC~2

{expresado en u/16 g N}

Aminoacido Arroz Maiz Opaco-2
Isoleucina 4.89 3.10
Leucina 7.84 8.12
Lisina 4.27 4.10
Aminoacidos azufrados

totales 3.45 3.01
Fenilalanina 5.55 4,27
Treonina 4.10 3.18
Triptofano 1.35 1.26
Valina 6.24 4 .77




CUADRO No. 7
CALIDAD PROTEINICA DEL ARROZ Y OTROS CEREALES SEGUN FRUEBAS

EN RATAS RECIEN DESTETADAS

Cereal Nivel usado Promedio de PER
en la dieta ganancia
9/100 g ponderal, g
Arroz 90.0 43 2,15
Maiz 82.4 13 0.87
Trigo (Bulgur) 55.2 19 1.05
Avena 47.5 34 1.60
Sorge 78.6 12 0.88

Caseina 7.7 75 2.71




CUADRO No. 8

CALIDAD NUTRICIONAL DE LA PROTEINA DEL ARROZ Y DE OTROS CEREALES

Promedio de Valor Proteina

Cereales Proteina en la ganancia . nutritive PER utilizable
dieta, % ponderal, g relativo g %
%

Arroz 6.9 43 58,2 2.15 4.01
Maiz 8.5 19 28.4 1.05 2.41
Trigo (Bulgur) 11.0 50 38.7 1.43 4.26
Avena 13.8 125 59.6 2.20 8.22
Sorgo 7.7 21 29.0 1.07 2.23

Caseina 10.7 124 75.0 2.77 8.02




CUADRO Mo. 9
CALIDAD PROTEINICA DEL ARROZ ¥ DE OTROS CEREALES EN PERROS

SEMIADULTOS*

Cereal Nitrégeno
Ingerido Fecal Urinaric Absorbido Balance b

mg/kg/dia
Arroz 243 80 119 le3 + 44
Maiz 225 72 181 153 - 28
Harina de trigo 226 48 182 178 - 4
Avena 225 39 180 186 + 6

*  Promedic de tres perros semiadultos/cereal.



CUADRC No.

10

COMPARACION DEL VALOR NUTRITIVC DE VARIOS CEREALES CON 10% DE

FRILJOL NEGRO

Promedio Valor
Proteina de ganancia nutritive Proteina
a en la dieta ponderal, g* PER relativo utilizable
% % g %
z + f£rijoles 7.9 56 2.32 62.8 4.96
+ frijocles 10.3 33 1.47 39.8 4.10
» + frijoles 8.6 41 1.69 45.7 3.93
» + frijoles 12.0 84 1.83 49.5 5.94
1+ frijoles 14.6 121 2.21 59.8 B.73

:so promedioc inicial:

42 g.



CUADRO No. 11
CALIDAD ?ROTEINICA ﬁE UNA MEZCLA DE 90% DE CEREAL Y 10% DE

FRIJOL, ADMINISTRADA A UNA MISMA INGESTA DE

PROTEINA
Dieta Promedio de PER

ganancia ponderal,

g*

Arroz + frijoles 56 2.32
Maiz + frijoles 32 1.40
Sorgo + frijoles 30 1.39
Trigo + frijoles 41 1.73
Avena + frijoles ] 75 2.37

* Peso promedio inicial: 42 g.



CUADRC No. 12

EFECTO DE LA ADICION DE FRIJOL A DIETAS DE CEREALES SOBRE LA

GANANCIA PONDERAL Y EL. PER

Dieta Promedio de Cambio PER Cambio
ganancia
ponderal, g
Arroz 43 2.15
- +13 (30%) 0.17 {(8%)
Arroz + frijoles 56 232
" Malz 19 1.05
+14 {74%) 0.42 (40%)
Maiz + frijoles 33 1.47 »
Trigo 50 1.43
+34 (68%) 0.40 (28%)
Trigo + frijoles B84 1.83




CUADRO No., 13
VALOR NUTRITIVO DE COMBINACIONES DE ARROZ Y FRIJOL SEGUN PRUEBAS

EN ANIMALES DE EXPERIMENTACION

Distribucidn de la proteina Promedio

en la dieta de ganancia PER

Derivada Derivada . ponderal, g

del arroz de frijoles

100 0 39 2.25
80 20 53 2.62
70 30 51 2.53
§0 40 52 2.52
50 50 51 2.52
40 &0 46 2.27
20 80 18 1.19
0 100 -2 ——
Caseina - 79 3.40

Tomada de: Bressani, R, y T. Valiente (14).



CUADRO No.

14

SUPLEMERTACION CON AMINOACIDOS DE UNA DIETA DE ARROZ Y FRIJOL

CON LA MISMA DISTRIBUCION PRCTEINICA

Aminoacidos adiciconados

Promedio de

Eficiencia

a la dieta de arroz ¥y ganancia PER del alimento
frijol ponderal,

Ninguno 63 2.66 5.30
+ metionina (0.14%) 73 2.87 4.90
+ metionina (0.14%)

76 2.94 4.76
+ treonina (0.10%)
+ meticonina {0.14%)
+ treonina {0.10%) 97 3.32 3.82
4+ lisina (0.19%)
+ metionina (0.14%)
+ treonina (0.10%%) 105 3.48 3.82
+ lisina (0.19%)
+ leucina {(0.21%)

Tomado de:

Bressani, R. vy T. Valiente {14).



CUADRO No. 15

EFECTO DE DIETAS CON 90% DE ARROZ, SUPLEMENTADAS CON LISINA

¥ TREONINA, SOBRE EL CRECIMIENTO DE RATAS

L~-lisina HC1 DL-treonina Ganancia ponderal
% % g/5 semanas
- - 57

0.1 - 78
0.1 0.1 112
0.1 0.2 138
0.1 0.3 114
0.2 0.3 151
0.2 0.1 136
0.25 c.l 152
0.3 0.1 | 131
0.3 0.2 154

Tomado de: Rosenberg, H.R., H.R. Culik v R.E. Eckert (20)}.



CUADRO No. 16

EFECTO DE LA SUPLEMENTACION PROTEINICA DEL ARROZ

Suplemento Nivel adi- Promedio Indice de

cionado de ganancia eficiencia

% ponderal, g proteinica
Ninguno - 28 1.73
Harina de semilla de algoddn 8 93 2.29
Harina de soya 8 116 2.88
Levadura torula 8 108 3.29

Concentrado proteinico
de pescado 6 140 2.70

Caseina 4 151 3.35

Leche descremada en polvo 12 135 3.16




CUADRO No.

17

EFECTC DE LA SUPLEMENTACION PROTEINICA DEL ARROZ, HARINA

DE TRIGO Y MAIZ

Harina
Arroz de trigo Maiz
Suplemento Ganancia PER Ganancia PER Ganancia PER
ponderal ponderal ponderal
g g g
Ninguno 25 1.71 22 0.87 12 0.82
Harina de semilla
de algoddn, 8% 93 2.29 64 1.62 68 1.79
Harina de soya, 8% 116 2.88 95 1.75 96 2.23
Leche descremada en
polve, 8% 102 2.82 110 2.06 104 2,63
Leche descremada en
polvo, 10% 117 2.79 127 2.19 125 2.43




CUADRO No. 18

SUPLEMENTACION DEL ARROZ CON GRANOS SIMULADOS DE ARROZ*

Dieta Proteina en Promedioc de
la dieta ganancia PER
% ponderal, g¥*¥
ATrroz 7.2 45 1,94
+ 1% de arroz simulado 7.3 a6 3.04
+ 2% de arroz simulado 7.6 108 3,32
+ 3% de arroz simulado 7.7 103 3.29

* El arroz simulado contiene 75.59% de L-lisina HCl, 15.12% de
L-treonina y vitaminas.
*%* Peso promedio inicial: 45 g.



CUADRO No. 19

BALANCE PROMEDIQO DE NITROGENO DE DOS SUJETOS ALIMENTADOS CON

PROTEIRA DE ARROZ,

S0LO,

¥ SUPLEMENTADO CON AMINOACIDOS

Dieta sometida Sudeto
a prueba W.M. V.5L. Ambos
g N / dia
Dieta control +0.52 -1.14 -0.31
Arroz ~-1.16 -2.34 -1.75
Arroz 4+ lisina + treonina +0.07 -1.17 -0.55
Arroz + lisina + treonina
+ metionina +0.22 ~0.41 -0.10
Arroz +0.10 -0.64 -0.27
Arroz + aminoacidos
no esenciales +0.57 - +0.57
Dieta control
{95 g de proteina) +3.91 - +3.91
Tomado de: Hundley et al. (26).



CUADRO No. 20

BALANCE PROMEDIC DE NITROGENOC DE SUJETOS HUMANOS ALIMENTADOS

CON ARROZ, SOLO Y SUPLEMENTADO CON DIVERSOS COMPUESTOS

NITROGENADOS

Jieta Balance de nitrdgeno | Dieta . Balance de nitrédgeno
administrada g/dia adminis trada g/dia
5 g N de arroz -0.01 Arroz -0.38
> g N de arroz

~0.13 + aminoidcidos 0.15
2 g N (NNE)
5 g N de arroz + lisina 0.14

0.23
+ 2 g N de amino&cidos + treonina 0.32
5 g N de arroz + lisina

0.25 0.26
6 g N (NNE) + treonina

lomado de: Chen, S.C. y C. Kies (27).

IJNE = Nitrogeno no especifico.



CUADRC No. 21

BALANCE PROMEDIO DE NITROGENO DE SUJETOS ADULTOS ALIMENTADOS

CON DIETAS DE ARROZ DE NIVEL PROTEINICO ALTO Y BAJO

Dieta Nitrdgeno, g/dia
administrada Orina Heces Balance Digestibilidad
%

480 g de arroz BPI

12,06 g N 8.00 2.65 1.41 78.0
480 g de arroz BB

6.72 g N 4,92 1.55 0.24 76.9
480 g de arroz BB

+ nitrégeno 9.92 1.66 (.48 86.4
320 g de arroz EB

+ nitroégeno

6.72 g N 5.89 1.41 -0.58 79.1

Tomado de: Clark, H.E., J.M. Howe y Chung-Ja Lee {(28).
BPI = Arroz de alto contenido proteinico desarrollado por el Instituto
Internacional de Investigacidn de Arroz (IRRI).

BB = Arroz Blue Bonnet.



CUADRO No. 22

CALIDAD PROTEINICA DE VARIEDADES DE ARROZ DE CONTENIDO PROTEINICO

DIFERENTE

Variedad Contenido Regresion de la in- Calidad relativa de la

‘de arroz proteinico gesta proteinica proteina en relacién
% sobre la ganancia a la caseina, %

ponderal

ilﬁTAN 5.7 Y = -14,.05 + 3.49 x 11¢.4

IR B 7.3 Y = ~14.35 4 3.25 x 100.0

IR 8 9.7 ¥ = -15.46 + 3.04 x 91.4

Caseina 87.7 Y = ~14.44 + 3.23 X 100.0

BPI-76-1 14.3 ¥ = 11,1 + 2,78 x 72.4

Caseina 87.7 Y = «-10.7 + 3.63 x 100.0

Tomado de: Bressani, R., L.G. Elias y B.O. Juliano (29).



CUADRO No, 23

EFECTO DEL REEMPLAZO PARCIAL DE NITROGENO DE ARROZ POR NITROGERC

DE CARNE DE POLLO SOBRE EL BALANCE NITROGENADO DE SUJETOS ADULTOS

JOVENES
Distribucién de ingesta de N Nitrogeno, g / dia
Arroz Pollo Orina Heces Balance
g g
6 0 4.82 1.32 0.18
5.1 0.9 4.79 1.15 0.39
4.2 1.8 4.88 1.14 0.30
8 O 5‘78 3«&46 10{3?
6.8 1.2 6.01 1.42 ¢.89
5.6 2.4 5.98 1.31 1.04

Tomado de: Lee, Chun-Ja et al. (30).



CUADRO Ho. 24

BALANCE DE NITROGENO DE SUJETOS ADULTOS ALIMENTADCS CON MAIZ

O ARROZ COMO FUENTE UNICA DE PROTEINRA

Nivel de nitrdgenc Balance de Nivel de nitrdgeno Balance de
de maiz en la dieta* nitrdgeno de arroz en la dieta* nitrdgeno
g N/dia g/dia g N/dia g/dia
4 ~1.00 - -
6 -0.50 6 -0.01
8 +0.50 - -

* fTomado de: Kies, C. et al. (31-33).



CUADRO No. 25
BALANCE PROMEDIO DE NITROGENO, DIGESTIBILIDAD PROTEINICA REAL,
UTILIZACION PROTEINICA NETA Y PROTEINA NETA DISPONIBLE EN
Nifos ALIMENTADOS CON PROTEINA DE ARROZ, SOLO

O SUPLEMENTADO CON AMINOACIDOS

Nitrdgeno Digestibilidad Utilizacidn Proteina

ieta Inqesta Balance proteinica proteinica neta
g/kg real neta disponib
% % g/kg

ITOZ 4,11 0.39 g82.6 52.9 0.71
- metionina 4.08 0.4% 84.0 55.7 0.74
- lizina 4,22 0.53 .80.4 54 .8 .76
- lisina
- metionina 4.21 0.57 80.6 55.8 0.77
eche descremada 4.26 1.18 85.7 69.7 0.96
Yot 4,05 0.34 82.5 54 .9 0.71
- lisina
- metionina 4,22 0.80 82.0 63.4 .85
. lisina
- metionina
- treonina 4.26 .98 BL.7 67.1 0.91
eche descremada 4.28 1.20 85.9 71.8 0.98

‘omado de Parthasarathy, H.N. et al. (34).



CUADRC No. 26
BALANCE PROMEDIO DE NITROGENO DE NINOS ALIMENTADOS CON
PROTEINA DE ARROZ, SOLO Y CON EL AGREGADO DE VARIQS

SUPLEMENTOS DE AMINOACIDOS

Nitrogeno . Absorcion Retencidn
Dieta Ingesta Balance % de % de
mg/kg/dia ingestz de N ingesta de N
Leche 317 93 86.1 29,3
Arroz 320 60 79.1 18.7
+ lisina 320 BO 79.7 25,0
+ lisina
+ metionina 344 74 77.3 21.5
+ lisinza
+ metiocnina 349 81 78.8 23.2
+ treonina
+ lisina + metionina
+ treonina + tripto-
fano 309 g2 78.3 26.5
Leche 265 71 87.9 26.8
Arroz 235 40 83.8 17.4
+ lisina 249 42 72,9 17.7
+ lisina + metionina 260 68 82.3 22.7

+ lisina + metionina

+ treonina + tripto-
fano P 254 55 g4.2 21.6




CUADRO No. 27

ABSORCION DE NITROGENO Y NITROGENO FECAL EN RELACION A LA INGESTA

DE NITROGENO

Nitrogeno % NF » 100
Ingesta Fecal Absorbido IR
mg/kg/dia
Arroz 235 38 83.8 16.2
320 67 79.1 20.9
Maiz 238 58 75.6 24.4
338 75 77.8 22.2
469 128 72.7 27.3
Trigo 294 45 84.7 15.3
335 49 85.4 14,6
483 62 87.2 12.8
Avena 251 49 80.5 19.5
330 68 79.4 20.6
Leche 259 36 86.1 13.9
338 53 84.3 15.7

464 B8O 82.7 17.2




CUADRO No. 28
DIGESTIBILIDAD DE LA PROTEINA DEL ARROZ Y DE OTROS CEREALES *

Nitrogeno : NF o+ 100

Cereal Ingerido Fecal Absorbido IN

! ma/kg/dia % de ingesta

|
Arroz 243 80 67.1 32.9

H

| Malz 225 72 68.0 32.0
Harina de trigo 226 48 78.8 21.2
Avena 225 39 g2.7 17.3

* Promedic de tres perros semiadultos/cereal.
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THE NEW HIGH-YIELDING RICE VARIETIES FOR LATIN AI:/IE};CA

Peter R, Jennings
Rice Specialist and Coordinator
Rice Production Systems, CIAT

The Green Revolution in parts of rice-producing Asia had its genesis with the
establishing of the International Rice Research Institute (IRRI) in the Philippines in
1962. Research and training achievements by 1967 began to affect production in some
Asian nations by 1968 or 1969, The rapid adoption of new high-yielding varieties and
improved cultural practices provided large increases in production largely through
increased yields per hectare.

The adoption of these varieties and practices in Latin America has been slower.
This is because regional production and consumption have been nearly equal for many
years, and, in addition, the first of the new varieties did not have the grain quality
preferred by Latin American consumers or by poiential international markets.

Nevertheless, the area planted to the new high-yielding varieties has steadily
increased, and at present may be between 300, 000 to 400, 000 hectares. The variety
IR&, with smaller amounts of IR5 and [R22, is cultivated extensively in Mexico, Cuba,
Nicaragua, Costa Rica, Colombia, Venezuela, Ecuador, and Peru, The past harvest
of IR8 in Colombia probably kept the country from importing rice. Peru, with 23 per-
cent of ifs rice area in IRB and IR5, has reached self-sufficiency. 1If is reported that
Cuba has about 90 percent of its rice crop in high-yielding varieties, Despite large
price discounts because of inferior quality in some countries (reaching 40 percent in
Colombia in comparison with Bluebonnet 50), production of the new varieties is more
profitable than the traditional varieties.

Rice culture in Latin America, extending from western Mexico to northern Argen—
tina, is remarkably uniform. Older U.8.A. varieties and their derivatives predominate
in much of the area. Quality standards and preferences are generally consistent. Cultural
practices, excepting small areas where transplanting ispracticed, are similar. The
more important diseases and pests are common to most areas. A tropical to subtropical
environment prevails throughout, excepting portions of Brazil, Argentina, Uruguay and
Chile,



This uniformity in rice culture, coupled with a relative absence of language
barriers throughout the hemisphere, constitutes a significant advantage in developing
programs designed to increase total production and gaing in productivity per hectare.
It guarantees that a successful research program located in one specific area and
closely linked to national rice programs can produce a wide impact throughout Latin
America.

All rice-producing countries in Latin America presently conduct research on
rice. Some countries have breeding, agronomy, and plant protection programs.
Others lack breeding programs and emphasgize the testing of breeding lines and varie-
ties produced elsewhere,

The role and philoéophy of CL&T’S breediixg program

The CIAT rice-breeding program is directed toward the practical solution of
problems limiting yielding ability, The program is designed to serve Latin America,
especially those countries unable at present to conduct large, local programs.

The wide experience with IR8 in many areas of Latin America shows that the new
high-yielding varieties are as productive here a8 in Asia. Yields from hundreds of
trials on experiment stations and commercial farms normally range from 50 to 100
percent more than those of traditional varieties. This productivity is of paramount
interest to all rice workers because it permits Latin America to adopt the same guiding
philosophy that resulted in the Green Revolution in Asia. In brief it:

a} Shows rice researchers that immediate large gains in yielding ability are

easily achieved.

b)) Permits researchers to focus program objectives and activities toward

achievement of large increases in productivity.

¢) Ensures that farmers, normally suspicious of minor improvements in

farming practice, will readily adopt high-yielding varieties.

CIAT rice-breeding objectives and activities

From its inception the CIAT program, working closely with the rice program of the
Instituto Colombiano Agropecuario at Palmira, defined the varietal characteristics needed

for most of Latin America, This ideal varietal type includes:
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1. Dwarf stature, which confers resistance to lodging, gives greater production

of grain in relation to straw, and increases the responses to improved cultural
practices.

2. Moderately high tillering ability to reduce seed requirements and to provide

greater plasticity over a range of planting methods.

»

Erect leaves for greater use of solar radiation.

Responsiveness in grain yield to applied nitrogen fertilizer.

Strong seedling vigor.

(=22 B

Inseusitivity to photoperiod (daylength) ic permil two crops a year and to ensure

.

adapiability over a wide range of latitude.

7. Early maturity of 105 to 130 days in the field,

8, Tolerance to low temperatures for planting at high elevations and in sub-

temperate zones including Argentina, southern Bragzil, Chile, and Uruguay.

9. Acceptable milling and cooking quality: a clear, long grain with minimum

breakage in milling; endosperm low or intermediate in gelatinization temper-
ature and an amylose content of 21 to 27 percent; a dry, flufiy cooking behavior
without hardening upon cooling of the cooked rice. These quality traits are
preferred throughout most of Latin America.

10. Resistance to major diseases and pests including:

a) The hoja blanca virus.

53} Sogatodes oryzicola, the insect vector of hoja blanca and a serious direct

feeder on rice. This insect and the hoija blanca virus are major problems
in northern South America, Central America, and the Caribbean area.

o) Rice bhlast disesse caused by Pyricularia oryzae. This is the most im-

portant disease of rice from Mexico to Argentina.
Simultanecusly, it is important not to increase susceptibility to stem borers and
to such preseuntly minor diseases as stem rot, sheath blight, Cercospora leaf spot and

Rhyncosporium.

Since 1967, the program has made 550 crosses among a wide range of parents fo
achieve these objectives. Simultaneously. to gain time while these crosses are being
selected and stabilized, hundreds of more advanced selections from other countries have

been evaluated. The program has developed adequate facilities to determine milling and
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cooking quality and resistance to diseases and pests. FEach year several thousand indi-
vidual plants are evaluated for the characteristics listed.

An equally important program activity is the training of people in rice~breeding
and cultural practices. We have had 19 men in training from Argentina, Brazil, Co-
lombia, Costa Rica, Dominican Republic, Ecuador, Honduras, Peru, United States of
America, and Venezuela. These men usually remain at least 6 months at CIAT, handling
a complete crop from seeding to harvest, Training emphasizes evaluation and testing
of segregating and fixed material. With few exceptions, they are mt trained to become
rice breeders as several countries are not equipped to handle complete breeding programs.
When they return to their countries, they are urged to test locally the best material from
cur program and other sources. Periodically, we send them new rice selections, When
possible, CIAT staff visit the former frainees, observe the behavior of the.rice materigls
being tested, and discuss their future programs. .

Progress toward objectives

About 6 years are reguired in the tropics to develop and release a new variety.
The first crosses made in 1967 are entering the final stages of selection. Many segre-
gating lines supplied by IRRI were concurrently selected and evaluated. One, a gegre-
gating line from the cross IR8 x IR12, was particularly promising in preliminary tests
following selection and purification. Large scale evaluation in Colombia followed. In
about 20 tests on experiment stations and farmers® fields during 1969-70, this line
vielded about 70 percent more than Bluebonnet 50, a traditional variety in much of Latin
America, and yielded equal to IR8 (Table 1). These results prompted rapid international
testing. Results {(Tables 1 and 2) from Costa Rica, Panama, Ecuador, and Brazil and
more recent preliminary trials in Argentina, Dominican Republic, Honduras, and Peru
have duplicated the results obtained in Colombia.

These yields, coupled with the urgent need for an improved variety, led to a joint
ICA-CIAT decision in 1971 to name and distribute: thisselection as CICA 4. CICA 4 was
rapidly multiplied. About 400 heciares were grown in early 1971. At an average vield
of 5 tons, Colombia should have seed to plant more than 15, 000 hectares in the second

crop of 1971,
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CIAT, in an effort to help small marginal farmers, donated a large quantity of
CICA 4 for free distribution through ICA to farmers in isolated upland areas.

Seed was made available internationally. CIAT shipped small quantities of § kilo-
grams or less at no cost to all interested parties outside of Colombia. Larger quantities
were sent collect, the only charge being for the shipping costs., To date 2, 836 kilograms
of CICA 4 have gone to 29 nations including 21 in Latin America,

In Ecuador, yield results with CICA 4 were outstanding, and INIAP began distri~
buting seed in 1971, calling the variety INIAP 6. This change in name is completely
in accord with our policy with respect to the local naming of new materials released.

CICA 4 combines many of the objectives listed on pages 2 and 3. As IRS8, it is
a dwarf, erect-leaved, high-tillering plant having excellent resistance to lodging -
and good respongiveness to nifrogen. If is photoperiod insensitive and matures in 140
days at high elevations and in about 125 days in coastal lowlands. It has a long grain,
moderately clear endosperm, and mills satisfactorily. This constitutes its major
advantage over IR8. Itz cooking quality is good.

Both IR8 and CICA 4 have good resistance against Sogatodes oryzicola, and pre-

liminary observations indicate that spraying programs may be greatly reduced for control
of this insect. Busceptible varieties require repeated insecticide applicatiens. Its
resigtance to the vector protects it from severe hoja blanca damage.
Apart from its yielding ability and quality, CICA 4 has five distinct advantages:
1. High tillering and insect resistance permit savings in seed rates and insecti-
cide applications,
2, It yields well in areas of moderately low temperatures {Table 3).
3. It is adapted to a wide range of cultural conditions and will tolerate deficien-
cies in culture better than many other varieties,
4. Its erect flag leaves cover the panicles, This sppears to offer significant
protection against bird damage,
5. It appears to be adapted to upland rice culiure (Tables 1 and 2).
Under upland conditions, rice is never irrigated and depends on rainfall. This
ability to produce under such conditions may prove to be the outstanding virtue of
CICA 4.
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CICA 4 has some disadvantages. Its maturity is somewhat later than desired
forcertain areas where water is in short supply. Its milled grain appearance can be
improved, and a lower amylose content in the endosperm would be desirable for
rural areas. It tends to shatter slightly. This could lead to field losses if the crop
is allowed to become over-ripe before harvesting. The variety will likely become
susceptible to rice blast, thereby limiting its acceptance in areas of high disease
incidence.

We view CICA 4 as a temporary varicty of higher productivity than traditionally
grown and superior to IR8 in grain characteristics. The program is identifying many
lines superior to CICA 4. We expect one or more of these to be ready for release
within two years, Thus, CICA 4 is considered as the first in a continuing series of
lines offering different combinations of desired characteristics for different farm
situations.

The ICA-CIAT program in 1971 also recommended, produced, and distributed
internationally seed of the variety IR22 released by IRRI in 1969, This variety has
good yielding ability and excellent grain appearance. It is less widely adapted than
CICA 4 and is recommended only for the tropical lowlands, It is known as INIAP 2

in Ecuador.

Technological problems limiting rice production

1. Personnel and facilities for research, extension and seed production.

Although perhaps not a technological problem, inadequate personnel and facilities
directly affect progress in rice production. In Latin America, the numbers of
competent, dedicated people working in rice research and extension are too few for
the job ahead. Low salaries and poor facilities discourage young people, and turnover
in personnel is high. Practical, field-oriented workers in agronomy, soils, plant
pathology, and breeding are particularly needed.

Certainly seed production is the weakest link in the rice production chain.
Few nations have satisfactory seed production, inspection, and sales programs.
Even a superior-yielding variety becomes useless when mixed with red rice, weed

seed, or other varieties or when germination is not protected. Governments can
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take the lead in formulating and enforcing standards for field and laboratory certifi-
cation of seed fields. Where it has had the opportunity, private enterprise has
demonstrated that it, rather than government in most cases, can best handle seed
production and sales.

2. Resistance to the rice blast disease. Blast is the most important disease

of rice throughout the hemisphere. It is particularly severe on upland rice. Chemical
control does not appear practicable, and resistance is the ideal means of control.

The pathogen is so variable that varieties having a narrow base of resistance inevitably
become susceptible within a brief period following release. It probably is safe {0 say
that all varieties grown in Latin America are susceptible to blast,

Recent work indicates that certain non-commercial varieties possess a broad,
distinct type of resistance that is stable. 7The CIAT and IRRI programs are working
to transfer this stable resistance to high-yielding varieties. A network !of diseasge-
festing facilities is needed in Latin America in order to evaluate this resistance againgt
differing populations of the pathogen in distinct environments,

3. Upland rice. Upland {non-irrigated) rice probably represents about 70 per~
cent of the rice in Central and South America. Yields are deplorably low with national
averages ranging to 2 maximum of 1.5 ton/ha. Although upland rice will likely always
yield less than irrigated rice, the area involved is so large that a doubling of yield
would have a huge impact in total production.

At present no program, national or international, is grappling systematically
with the problems of upland rice. Resistance to rice blast in upland varieties would
be essential for increased yields. Certain varieties are better adapted to upland con~
ditions than others; the dwarf plant type should be as important to upland rice as it is
for irrigated varieties,

Latin America can benefit by emphasizing research on upland rice, particularly
with stress on large-scale mechanized upland rice culture rather than the small primi~
tive plots planted with a pointed stick. There is a critical need for breeders, patho-
logists, agronomists, and weed control specialists. A suitable area for such an

undertaking would be Brazil.



The potential for new varieties

The information available suggests that Latin America is on the verge of a
large increase in rice production. New high-yielding dwarf varieties are becoming
available in increasing numbers., The original quality limitations of IR8 have been
resolved with the development of CICA 4, Nylamp from Peru, IR20, IR22, IR24 and
other varieties. As these varieties will probably receive a market price equal to
that of traditional varietieg, farmers will have an economic incentive to plant the
improved dwarfs rather than IR8 and local varieties. Adoption of these new varieties
will move rapidly where irrigation is available and more slowly in upland areas. If
preliminary observations on the productivity of CICA 4 and other dwarfs under upland
culture are confirmed, the take-off for rice production in Latin America is near.

In summary, many of the obstacles to high-yielding ability have been elimi-
nated and others can be solved with additional research. Therefore, it appears that
economic policies more than technology will affect rates of increase in rice productivi-

ty and production.
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Table 1. Rice yields in ton/ha, during 1969-70

Testing Country
a/ T e/ 3/

Variety Colombia Ecuador Costa Rica ‘Panams
CICA &4 6.80 5.76 5.04 5.65
IR22 6.40 . 6,87 4,18 .. . .S.OQ
IR8 6.90 . 7.05 3.39 ... 4,08
Bluebonnet 50 - 4.00 4.45 - -

8/ ICA-CIAT average of 17 tests, irrigated, directed seeded

b/ INIAP: average of 5 tests, irrigated, Sour transp!anmed

¢/ Ministry of Agr: average of 3 tests, upland.

4/ University of Panama: one test, upland
Table 2, Rice vields in ton/ha. during 1971.
e e R S i X I SRR L]

Testing Area
Tocumen Tumaco Golas EL Triunfo
Variety af b,c/ da/ e/
Panama Colombia Brazil Ecuador
CICA &4 4,52 3.38 5.70 3.55 5,70
TR22 2,24% 3.57 - 3.18 4,91
IR8 3.65 4,08 - - 5.26
Bluebonnet 50 - 0,93% =~ - 3.45
Local 1 - - - 1.89 -
Loeal 2 - - - 1.59 -
&/ 1Irrigated, direct seeded; University of Paname

b/ Upland, replicated plets; ICA
¢/ Upland, multiplication on 2 farms; ICA
d/ 1Upnlapd: sementes agroceres. S.A.
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Table 3. Yields in ton/ha, from four locations in the Cauca Valley, Colombia
under relatively low temperatures., 1971, ICA.
s £ 5 o
Testing Area

Variety Buga Corinto La Virginia Jamund{ Average
CICA & 8.00 6,10 g.08 7.80 7.50

IR22 7.00 5,08 5,01 5.78 5.72

IRS 4,88 5.39 6,17 6,71 5.79
Bluebonnet 50 3.88 Z2.53 4,90 3.39 3.68




AGRONOMIC PRACTICES FOR OPTIMIZING THE YIELD POTENTIAL
OF SHORT-STATURED RICE VARIETIES IN LATIN AMERICA

Pedro A. Sanchez

Assistant Professor

Soil Science Department

North Carolina State University at Raleigh
and former Co-leader

Nationsal Rice Program of Peru

The drastic change in the architecture of the rice plant accomplished by the
International Rice Research Institute in 1966 revolutionized rice production all
over the world. In the Latin American tropics, several shori-statured rice varie-
ties are now extensively cultivated in several countries. The change from tall,
lodging susceptible, low grain:straw ratio varieties to short, lodging resistant, high
grain:straw ratio types such as IR8 has increased rice yvields substantially at the
farm level.

When farmers manage the new varieties the same as the old ones, sometimes
they get limited yield increases or none at all. In order to maximize yields and
profits of the new varisties, different cultural practices must be applied, some of
which require further investments and more precise timing, The purpose of this
paper is to illustrate the varietal response to specific cultural practices as ex-
amples of the kind of information needed for optimizing yields in each rice-growing
area.

In tropical Latin America, rice is the third food crop (after cassava and corn)
consumed inlarge quantities, according to calculations from an FAO report (FAO,
1865). Over 75 percent of Latin America's rice is produced under upland (secano)
conditions characterized by direct seeding and rainfall dependency (Brown, 1969,
About 21 percent of the total rice area is direct seeded and irrigated (Table 1),
Transplanting is practiced on the remaining 4 percent (about 225, 000 ha) including
over 60 percent of Peru, the Dominican Republic and Surinam, and significant pro-
portions of Ecuador and Venezuela, With over 5 million hectares in production,
Latin America's average rice yislds are 1.72 tons/ha or slightly below the world

average of 2 tons/ha. National average yields range from 1.1 to 4.1 tons/ha.



TIME OF PLANTING IN RELATION TO WEATHER PATTERNS

Rice is sensitive to moiature stress, solar radiation and low temperatures,
While there is little man can do to modify climate, he can subject his rice crop
to the best probable weather pattern by planting at the optimum time for a particu~
lar area.

Upland rice and rainfall distribution

Total rainfall and its distribution during crop growth is probably the most
important limiting factor affecting upland rice production. For reasons which
are not yet understood, it is known that rice plants suffer from moisture stress
at higher soil moisture contents than other crops (Jana and DeDatta, 1971),
Upland rice is grown in areas and during seasons of high rainfall since the crop
is completely rainfall dependent, These areas usually have at least 200 mm of
monthly rainfall during the growing season (Brown, 1968; Kawano, et al, 19871).
The performance of IR4~2, a short-statured variety, and Carolino, a tall, local
variety, are compared during a two-year period under upland conditions in
Yurimaguas, Peru (Fig., 1), This figure shows that when the monthly rainfall
distribution was adequate, such as in the September and November plantings,
IR4-2 produced between 4 and 6 tons/ha while Carolino produced between 2 and -
3 tons/ha. During periods of poor rainfall distribution (May and June plantings),
IR4~2 vielded about 1 ton/ha and Carolino about 0.5, This figure shows he%r
closely upland rice yields follow the rainfgll pattern and that in all cases the
yield of the improved plant type was about double that of the conventional variety.
Both varieties were grown under identical conditions but the short-statured plants
produced more tillers, more grain in relation to straw, and resisted lodging. It is
interesting to note that although the short-statured plant types were developed under
irrigated, transplanted conditions, they are glso superior under upland conditions
(Nurefia et al, 1970; DeDatta and Beachell, 1971). The new varieties, however,
must have at legst moderate tolerance fo the rice blast disease and other important

pests before they can successfully compete with the traditional plant types.



Irrigated rice and solar radiation

In hot, tropical areas the main climatic factor associated with flooded rice
performance is the amount of solar energy received during the reproductive phase
of rice growth (DeDatta and Zarate, 1970), Solar radiation levels approach their
maximum during clear cloudless days, and are directly related with photosynthetic
activity and nitrogen response, Figure 2 shows the performance of IR8 and H 4,

a tall, lodging-susceptible variety, at different planting dates and at two levels of
nitrogen application in an experiment conducted in the Philippines under constantly
flooded counditions, As in the previous case, the yields of the short-statured plant
type were substantially superior to that of H 4. Under these conditions, maximum
vields were obtained when solar radiation values during the reproductive period
were highest, which occurred when the crops flowered during the peak of the dry
season, At low levels of nitrogen fertilization 30 kg N/ha), H 4 produced higher
yields than at 120 kg N/ha, because this type of plant responds to added N by
increasing its foliar area, causing mutual shading of leaves, and everitual lodging and
subsequent yield losses, Lodging-resistant varieties such as IR8 can effectively
combine the added nitrogen with the increased photosynthates produced under high
solar radiation, resulting in tillering, more panicles and therefore higher yields.
This figure also indicated that in order to obtain maximum yields with the new
varieties, they should be fertilized at higher rates,

Growth duration and low ftemperatures

It has been recently recognized that low temperatures can be limiting to rice
growth in the tropics as this crop usually suffers when the mean monthly temper-
atures fall below 20-21°C, On the Coast of Peru, the near-by Humbolt Current
causes temperature decreases sufficient to produce spiklet sterility at the flowering
stage. The traditional tall-statured varieties such as Minabir and Mochica, although
higher yielding than other similar plant types, have the disadvantage: of being very
late maturing. A trial consisting of two planting dates was conducted for two years
at Lambayeque, Peru (Fig. 3). The 1966-67 growing season had a normal temper-
ature regime during which the Mochica variety produced 7.16 tons/ha when it flowered



in late April, but when flowering was delayed by about 3 weeks and the temperatures
dropped, the yield was reduced by 3.55 tons/ha. The following year, 1967-68,
temperatures hegan to drop earlier, Af thé first planting date Mochica flowered at
almost the same date as in the previcus year but produced 3. 50 tons/ha; the second
planting date flowered at extremely low temperatures and produced 0, 47 tons/ha. The
IR8 variety, introduced during that year, was planfed at the same time as Mochica.
Being earlier maturing, IR8 flowered 30 to 45 days before Mochica, avoiding the low
temperature periods and producing 5. 9 and 5. 4 tons/ha at the two planting dates,
The advantage of the new plant types in thig situation is earlier maturity in relation
to the conventional varieties, as IR8 is not resistant to low temperatures, The new
varieties are nof necesgsarily earlier mataring, but when they are they possess an
additional advantage which has proven to be crucial and partially responsible for
attaining rice self-sufficiency in the case of Peru.

The new short-statured plant types, just as the old ones, must be synchronized
as much as possible with the weather through proper planting dates, Unlike the tra-
ditional plant types, the new ones can maximize the climate advantages or reduce

risks of weather-induced production decreases,
PLANTING SYSTEMS, SEED DENSITY AND SPACING

Upland rice systems

In the most primitive upland rice aress, the crop is planted with a stick, dropping
several seeds in holes irregularly spaced at an average of 50 cms between holes. The
use of machinery is limited by the abundant tree stumps and fasllen branches, Experiment
have shown that closing the spacing between holes to 25 x 25 ems  increased yields sub-
stantially (Fig. 4). Although this effect was beneficial in both the short-statured
IR578~8 and the tall ~statured Caroline varieties, the combination of closer spacing and
a short-statured variety quadrupled yields obtained by the conventional variety and
cultural practice (Nurefia, 1971).
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In upland rice areas where mechanized planting is possible, most of the fields
observed by this writer are drilled in widely spaced rows (40-70 cms aparts), Figure
4 also shows that closing the spacing from 50 to 25 cms is highly beneficial for this
planting system. Closer spacing also decreases weed competition and increases harvest
uniformity. In some areas, however, it is believed that closer spacing increases the

incidence of the rice blast disease caused by Pyricularia orvzae, because of a more

humid microclimate. Two uniform seed density-spacing experiments conducted at
Yurimaguas in the presence and absence of blast disease attacks showed that these
factors had no effect on the intensity of aftack (Sanchez and Nurefia, 1970).

Several seeding-density experiments conducted on upland rice in Pern (Salhuana
and Sanchez, 1968; Sancherz and Nurefia, 1970; Velez, 1970; Nurefia, 1971; Zumaeta and
Barba, 1971) show little effects of seed density on yields within a range of 25 to 100
kg/ha. Local experience is usually the best guideline. Tillering ability tends to compen~
sate initial seed-density effects, Excessive amounts of seeds per hole in the primitive
upland areas definitely decrease vields; 5 fo 10 seeds per hole appear to be the optimum
for conditions at Yurimaguas, Peru (Nurefia, 1971).

Direct-seeded irrigated systems

Direct-seeded irrigated rice is planted in various ways in Latin America: it is
drilled in rows by hand or by tractor; dry seeds are broadeast incorporated in dry soil;
and pregerminated seeds are broadcast on flooded soils, usually by airplane. In all
cases, the objectives are the same: fo produce an optimum number of paniclesfmg and to
avoid mutual shading. The tillering ability of the variety, its height, nitrogen and solar
radiation levels are the main factors affecting this optimum.

Seed density experiments conducted in Brazil, Peru and Colombia have shown
little influence of this variable on yields within a wide range of 60 to 200 kg/ha, both
for tall varieties (Gomes and Miranda, 1963; Salhuana and Sanchez, 1969) and short varie-
ties (Caballero and Paredes, 1971; Cheaney, 1971; Sanchez and Larrea, 1971). Known
adverse conditions such as poor land leveling, seedbed preparation or germination per-

centage, or excessive soil salinity or acidity, usually require higher seeding rates,
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Under most circumstances, tillering ability can compensate for low initial stands,
especially with short-statured plant types.

As with upland rice, spacing is probably the dominant factor. Most direct~
seeded irrigated rice fields in Latin America show evidence of wasted space. An
experiment conducted in Lambaveque, Peru (Fig. 5) shows large vield increases
when spacing between rows was reduced from 33 to 17 ems in both the short, high
tillering IR8 variety and the tall, low tillering SML-Apura. Optimum spacing for
a given area is heavily influenced by solar radiation, nitrogen level and plant type.
High solar radiation, as in Lambayeque, decreases the height of all rice plants and
permits maximum utilization of light by closer spacing. High nitrogen rates increase
leaf area, and, in cases of tall-statured plant types, this results in mutual shading
and lodging. In general, tall leafy varieties require wider spacing than short ones
with erect leaves.

The differences between planting systems for direct-seeded rice are small
under controlled conditions. The choice usually depends on field and water manage-
ment characteristics and available equipment. Table 2 shows the performance of a
short and a tall variety subjected to seven different planting methods in Lambayeque,
Peru. No yield differences were observed between drilling in 17 cm rows and
broadeasting on dry or flooded scils, Yields of the short-stafured variely were re-
duced when spacing was increased to 25 cms between rows, while this practice defi-
nitely bensefited the tall variety.

Transplanted Systems

Table 2 also shows that properly managed direct-seeded systems can perform
as well as transplanted rice at comparable spacings. Similar evidence has been found
by Adair et al, 1943; IRRI, 1966; and Sanchez and Larrea, 1971. Nevertheless,
transplanting is practiced in over 67 percent of the world's rice area and in important
sections of Latin America. BSeveral factors traditionzlly favor transplanting in these
areas, such as a better synchronization between water supply and the growth of late

maturing varieties, the need to puddle the s0il, to control weeds and reduce water
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lesses, peor land leveling, salinity conditions, etc. Under such conditions, direct
seeding cannot outperform transplanting in spite of its lower labor costs until these
limitations are eliminated.

One of the most critical practices affecting the yields of transplanted rice is
the age of seedlings at the time they are transplanted. A review of the literature by
Larrea and Sanchez (1971a) indicated that rice farmers in the tropics transplant
traditional varieties between 25 and 120 days after seeding although experimeuntal
evidence indicates that optimum results were best obtained between 30 and 45 days.
The main reason for delaying transplanting is the erratic distribution of water supply
in over 75 percent of the world’s transplanted acreage. A series of studies conducted
in Peru showed sharp vield decreases with delays beyond 30 to 45 days irrespective
of seedbed management (Larrea and Sanchez, 1871a,b; Gavidia and Ventura, 1971;
Vergara, 1971). Figure 6 shows the average performance at four locations, IRS
yields decreased by an average of 92 kg/ha per day of transplanting delay while the
traditional. Minabir variety decreased at the rate of 52 kg/ha per day. It is signifi-
cant to note that although IR8 is more sensitive to these delays, its yields were
always higher than that of Minabir,

The differentisl response to transplanting densities in countragting plant types
is illustrated in Fig. 7, adapted from unpublished data of Gavidia and Saavedra (1971,
While the tall, heavy tillering Minabir variety performs hest at low transplanting
dengities, the short, high tillering IR8 performs best at higher densities., Of the
two density components, spacing between hills has greater influence than the number
of seedlings per hill, The interaction between transplanting spacing and nitrogen
fertilization is shown in Table 3. While little yield differences were observed at
low N levels and wide spacings, the effects of plant type are large at high N levels

and close spacing,
RICE FERTILIZATION

Nitrogen response and management

Probably no other cultural practice affects the performance of short-statured

rice varieties more decisively than nitrogen fertilization. Since this subject has been
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recently reviewed (Sanchez, 1971), only the highlights will be discussed in this section,
The average response in ten experiments conducted during three years under trans-
planted, intermittently flooded conditions at Lambayeque, Peru appear in Figure 8.
While both plant types yielded similarly at zero or low N levels, IR8 responded posi-
tively to increased applications, doubling the yields of the check plot at the highest
level, The tall~statured Minabir variety responded positively to about 150 kg N/ha
and negatively afterwards, bec{ause of lodging and increased incidence of the rice
blast disease.

The high yields and high nitrogen rates used in this particular location are due
to the high seolar radiation levels and high nitrogen losses caused by alternate flooding
and drying. In the Magdalena Valley of Colombia, Rosero and Moreno (1970) compared
the nitrogen response of IR8 with the tgll, low tillering Bluebonnet 50 variety under
direct-seeded irrigated conditions (Fig. 9). While Bluebonnet showed small responses,
IR8 responded economically to 50 and 100 kg N/ha applications. Under upland con-
ditions in Yurimaguas, Peru, Sanchez and Nurefia (1870) obtained positive nitrogen
responses with IR4-2 and IR8, while no responses were observed in the two tall
traditional varieties (Fig. 10). The wide differences in optimum rates between these
three examples are mainly due to differences in solar radiation, water management
and soil characteristics. Since there are no adequate soil tests for determining
optimum N rates for rice, it is recommended that these rates be established through
variety - nitrogen experiments on major soils and seasons in each rice-growing
region or valley (Sanchez, 1971).

Several factors affect the efficiency of nitrogen fertilizer utilization and thus
the economics of this crucial practice. In general, the rice plants recover from 40
to 60 percent of the applied nitrogen under constant flooding but only between 20 and
30 percent under alternate flooding and drying when management practices recommended
for constant flooding are applied. Ammoniacal sources such as urea or ammonium
sulfate are about equal in efficiency although urea is usually cheaper. Nitrate sources,
however, are extremely inefficient in rice because of large denitrification and leaching

losses under constantly or intermittently flooded conditions. Research conducted in
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Peru by Ramirez and Sanchez (1971) indicated that 35 to 40 percent of the applied N
as urea or ammonium sulfate was recovered while the figure for sodium nitrate was
7.8 percent (Fig. 11). Experiments are in progress to evaluate the potential of slow
release nitrogen fertilizers — primarily sulfur-coated ureas. Evidence to date indi-
cates that this source is no better than reguiar ammoniacal sources under constantly
flooded conditions, but it seems very promising for intermittently flooded or upland
conditions.

Another way of synchronizing the nitrogen needs of the plant with an available
supply in the soil in the presence of high leaching and denitrification losses is through
proper timing of N applications. Under theuncertain water management prevalent in
Latin America, applications at seeding or transplanting are inefficient (Sanchez and
Calderon, 1971; Cheaney, 1971). Figure 12 shows that in delaying single or split
applications of 1890 kg N/ha the yield response was almost doubled. Nitrogen recovery
and profits were also almost doubled. The effects of timing are extremely influenced
by local conditions, and only local research can provide practical answers to farmers.

Responses to other nutrients

With the exception of the acid, highly leached oxisols or ultisols and volcanic ash
soile, rice seldom responds to nutrients other than nitrogen. No responses to phos-
phorus and potassium were observed in 38 experiments conducted by Carmen (1568)
throughout Peru, in 11 experiments conducted throughout Colombia by the Programa
Nacional de Arroz (ICA, 1970, and in 13 experiments on alluviz’ soils of the Brazilian
northeast (Vasconcelos and Almeida, 1966}; Phosphorus respouses are oceasional in
Rio Grande do Sul, Brazil {Patella, 1962,

Phosphorus responses, however, are abundant on upland rice in the Campo Ce~
rrado of Brazil (Miranda and Freire, 1962; Oliveira et al, 1964, 1965, 1966) and the
Llanos Orientales of Colombia (Owen, 1470). Miranda and Freire further obgerved
that the response of upland rice to phosphorus was much smaller than that of corn and
cotton in the same localities. Lime applications are of dubious value in flooded rice
because the pH tends to increase and equilibrate between 6 and 7 due to reduction re-
actions. No lime responses were observed by Oliveira (1964) in acid soils of Rio
Grande do Sul. In the highly acid Llanos Orientales of Colombia, Spain (1971) reports

that upland rice responds to moderate lime applications while flooded rice does not.
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Becondary and micronutrient disturbances, particularly sulfur, zinc and iron,
are being increasingly recognized throughout Latin America, especially in the short-
statured plant types because of their yields and mutrient uptake,

WEED CONTROL

The high moisture environment of rice soils is excellent for weed development,
particularly in the absence of constant flooding, The short~-statured rice plant types
compete less successfully with weeds than the tall, traditional types. Weed compe~
tition is considered to reduce yields by 20 percent in rice fields under couventional
management (Cardenas, 1970), Table 4 shows some examples of the performance of
the main post- and pre-emergence herbicides presently utilized in Latin America.
When they are properly applied at the right times (ICA, 1971), weeds are satisfactorily
controlled. Optimum herbicide rates for irrigated rice are higher in Latin America
than in Asia, for reasons not yet understood, Table 4 also shows that weed control is
more difficglt in direct-seeded than in transplanted systems where rice seedlings have
a head start over the weeds, Significant information on weed control in upland rice is
lacking in Latin America Most of the research is limited to control of broad leaf weeds,
but no solution is available for controlling the more vigorous grassy weeds which tend

to dominate after the broadleaves disappesar.
HARVEST TIMING

In addition to time of planting, transplanting and nitrogen applications, optimum
harvest timing can have significant influence not ounly on yields but on milling quality.
Generally, an optimum harvest time, in which grain yields are highest and the percent
of broken grains lowest, exists for each variety under a specific environment. Prema-
ture harvests result in lower vields, poor milling recovery due to immature and
irregularly shaped grains and high breakage. Overmature harvests often result in
lower yields due to grain shattering and higher breakage due to cleavages formed in
the endosperm by changes iv relative humidity (Stouf, 1966), Varielies with chalky

endogperm areas such as IR8 or with very long, slender grains as the Surinam types
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are particularly susceptible to harvest timing (Ten Have, 1967y, Experiments in
several areas of Peru have quantified some of these differences. The tall, high
milling quality Minabir variety (Fig. 13) showed little grain yield response when
harvesied between 30 and 60 days after 50 percent flowering, The percent break-
age reached, however, was the Iowest point (8 percent) at 40 days.

In contrast, the short, chalky IR8 variety (Fig. 14) showed a well defined
yield peak at 45 days after flowering which coincided with the lowest breakage
percentage (22 percent). For reasons not yet understood, IR8 is more sensitive
to harvest timing than Minabir. Comparing the two figures, it is worthwhile to
note that the total production of head (whole, milled) rice in kg/ha was almost the
same when IR8 was harvested at the optimum timing. Larrea and Sanchez (1970
also reported that the short-statured variety IR4-93-2, with fewer chalky areas,
produced minimum grain breakage percentages identical to that of Minabir and
a significantly higher head rice yields/ha because of its superior grain yield.
Some of the new short-sigtured plant types,CICA 4, IR22 and Naylamp,currently
being introduced in Latin America should perform better than IR8 due to their
superior milling quality. The same investigators observed sharp yield declines
in a tall variety susceptible to grain shattering when harvest was delayed. Optimum
harvest time can be more accurately specified in terms of grain moisture content,
usually between 19 and 21 percent (Ten Have, 1967; Nangju énd DeDatta, 1970;
Larrea and Sanchez, 1970y, but this measurement is heyond the reach of most
rice farmers in the tropics. Enviroumental differences can change the optimum
harvest time for the same variety. Optimum timing for IR8 is about 45 days after
flowering in the cooler Lambayeque and Jequetepeque Valleys of the Peruvian coast
but drops to 25 or 30 days in the hotter Amazon jungle areas of Iquifos and Yuri-
maguas (Larrea and Sanchez, 1970; Vergara, 1971; Zumaeta and Barba, 1971;
Nurefia and Megia, 1971).

COMBINED EFFECTS AND ECONOMIC CONSIDERA TIONS

Examples of interactions of cultural practices

The eifects of individual cultural practices on varieties of contrasting plant types

have been illustrated in the previous sections. The interaction between different cultural
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practices, however, is not so evident, except for the combined effects of solar radi~
ation and nifrogen fertilization in Figure 2, transplanting spacing and nitrogen level
in Table 3 and weed control-planting systems in Table 4. In certain instances one
culturzl practice is more limiting than another. Fig. 15 compares the performance
of IR8 seeded at different dates and transplanted at different seedling ages. The
interaction is present, although the detrimental effects of delaying planting dates had
a more decisive influence on yields because of low temperature-induced sterility at
the flowering stage. Fig. 15 also shows that the cultural practices package developed
for IR8 and responsible for producing a yield of 11 tons/ha in the November planting
had 2 most detrimental effect when applied to the traditional Minabir variety. When
Minabir was grown with its traditional practices (early planting, late transplanting
age, wide spacing, 160 kg N/ha applied all at tillering and harvest date at 60 days
after flowering) it yielded 6. 90 ton/ha. When the recommended practices for IR8
{later planting, earlier transplanting age, close spacing, 300 kg N/ha in split appli-
cations and harvest date at 45 days after flowering) were applied on Minabir, it yielded
1.65 tons/ha.

i/

Total production costs and revemies —

Cost of production data from an average rice farm in the Lambayeque Valley
of Peru, growing the Minabir variety with traditional cultural practices, is compared
with the average costs of a 30 ha field of IR8 grown with the recommended cultural
practices on a commercial scale (Hernandez,1971), Table 5 illustrates the production
costs and revemies in the two packages. Total production costs per hectare, excluding
land rent and matching contributions to social security which could not be determined,
were 32 percent higher in the IR8 package because of additional land levelling, higher
labor cost of transplanting younger seedlings at closer spacing, and higher fertilizer
costs. Yields, however, doubled. The cost of production per kilo of rough rice was
reduced from 3. 94 to 2.60 soles (US$ 90.62 to $59. 80 per metric ton) with the IR8
package. When no price differential between varieties was_ applied, the price of

1/ The assistance of Mr. Carlos Pomareds, Graduate Student of the Economics
Department at North Carolina State University, in this section iz gratefully acknowledged
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4,70 soles/kg (U'S$ 108/ton} produced net revenues of 3,677 soles /ha for the traditional
package and 20, 270 goles/ha with the IR8 package.

This situation was applicable up to the 1970 harvest of IR8 in Peru and should
apply to the new, high-yielding high grain quality varieties like Naylamp, CICA 4
and IR22. For the 1971 harvest in Peru, recent rice markefing regulations with
deductions for grain breakage percentages have effectively reduced the price of IR8
to 3. 80 soles/kg (US$ 87/ton). At the yields and cost levels of Table 5, IR8 net reve~
nues were reduced from 20, 270 to 11, 576 soles/ha (US$486 to $266/ha) which still
compares favorably with the net revenue with traditional practices of 3,677 soles/ha
(US$84 /ton),

Table 6 {llustrates the total and relative proportions of the different production
cost components for the same comparison. Although all components but "labor for
other cultural practices" increased in absoluie amounts with the IR8 package, only
land preparation, fertilizer and harvest costs increased inrelative proportion. Harvest
costs (hand harvest, contract threshing and transportatiom per kg of rough rice was
reduced from 0. 74 soles paid for Minabir to 0. 56 soles for IR8 because of labor savings
when non~lodged rice is hand harvested. The total labor requirement increased from
128 to 161 man~days/ha with the IR8 package but the proportion of labor in total pro-
duction costs decreased from 57 to 51 percent.

Effects of nitrogen level on production costs and revenues

The average of two variety- rﬁtmgen experimgnts* eondcucted during 1971 in
Lambayeque was used to make the following comparison since rising labor czasts
and a cooler climate impeded the realistic application of 1971 cost to the three-year
average response curve of Fig. 8. Next, partial cost calculations included additional
fertilizer and harvest costs. This figure shows that maximum profits are reached
with about 160 kg N/ha for Minabir., Without a price differential, profits continue
to increase with N applications in IR8. With the price differential, the optimum level

for IR8 is between 240 and 320 kg N/ha.
*IR8 yielded 4,32, 6,44, 8,14, 9,21, 9,68, 9,98 and 10,68 ton/ha. and Minabir 3, 92,
4,93, 5,64, 4,97, 3,40 and 3,10 ten/ha frcm 0 to 480 kg N/ha at 80 kg intervals,
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The effects of these relationships on unitary production costs appear in Fig. 17,
The lowest cost obtained with Minabir was 3.5 soles/kg (US$80/ton) at the optimum
nitrogen rate of 160 kg N/ha. Lodging caused increased unitary costs at higher rafes.
With IR8, the minimum costs were about 2, 6 soles/kg (US$60/ton) reached at about
240 kg N/ha and beyond. The necessity of using high-yielding varieties to significantly

reduce unitary production cost is cbvious from this figure,
SUMMARY AND CONCLUSIONS

The varietal response fo a series of cultural practices was compared mostly
under Peruvian conditions. Proper date of planting under rainfall uncertainty, solar
radiation levels and minimum temperatures permitted the short-statured plant types
to optimize climatic advantages more than traditional varieties. Upland rice yields,
regardless of rainfall pattern, were doubled with a short-statured variety in the Selva.
Regardless of the planting system employed, short-statured varieties perform better
at closer spacings. Transplanting seedlings of sarly age countributed significantly to
high yields and profits of the IR8 variety in spite of a 32 percent increase in labor
costs of this operation.

Under conditions of good land leveling, lack of salinity and weed control, direct-
seeded systems utilizing properly spaced short-statured varieties can yield as much as
transplanting systems with considerable savings in produetion costs, No other cultural
practice widens the performance differences between plant types as nitrogen fertili-
zation, although proper rates and management practices vary substantially between
locality. Chemical weed control for irrigated rice is a successful practice, but lack
of clear results on upland rice in Latin America represents a major limiting factor.
Optimum time of harvest not only increases yields but improves milling quality of
varieties with chalky endosperm areas.

In actual practice, many of the specific cultural practices mentioned interact
with each other and more research on varietal-cultural practice interaction is needed.
The economics of an improved variety-cultural practice package was compared
with traditional practices using commercial data. Although total production costs
increased by 32 percent when the recommended practices were applied on IR8, the

yields of IR8 doubled those of the traditional package, and profits per hectare increased
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several times even when a 19, 1 percent price drop was charged against IR8 because
of quality limitations. Data from Peru suggest that some new high-yielding high
grain quality varieties have a similar agronomic potential to IR8. The possibilities
of increasing yields throughout the different cropping systems in Latin America
without sacrificing grain quality seems excellent if proper cultural practices are

adopted.
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rice producing countries or regions, (1960-64)

Country i % Upland % Direct seeded- % Transplanted Average yields
{Direct seeded- irrigated tons/ha
rainfall depend-
ent)

Brazil 77 22 1 1.7

GColombia 65 35 g 2.2

Guyana 33 40 5 2.1

Mexico 25 70 5 2.2

Panama 95 5 0 1.1

Ecuador 63 2 35 1.5

Peru 21 10 69 4.1

Central America %0 10 G 1.3

Venezuela 80 2 18 1.8

Total Latin America 75 21 4 1.7

1/

=~  Listed in order of area planted to rice

Table 2. Effects of planting systems on the performance of two rice
varieties of contrasting plant type in Lambayeque, Peru,
Mean of 4 seeding densitiss. N applied: 400 kg/ha. (Larrea and
Sanchez, 1971).

Planting System IR305-3~15 IRZ53~3=1~3
{short, high {tall, low
tillering) tillering)

Drilled in 25 cm. rows 10.75 8.75

Drilled in 17 cm, rows 11.30 1.17

Broadecast on dry soil and covered 11.64 7.38

Broadcast & on flooded, unpuddled soil  11.58 7.72

Broadcast Y on flooded, puddled soil 12.09 7.93

2/

Transplanted 25 x 25 cms = 160,52 7.82

LY Pregerminated seeds

25 . S -



Table 3. Effects of transplanting, spacing and nitrogen fertilization
on the yilelds of several rice varieties (ton/ha) at Lambayeque,
Peru. Source: Kawanc and Gonzalez (1971).

Plant type Nitrogen application (kg N/ha)
Variety Height Tillering 80 320
ability 25 ems 50 cms 25 ems 50 cms
I8 Short high 7.82 6.78 11,17 8.61
Naylamp </ Short  high 8.02 5.86 10.56  8.09
Minabir Tall high 8.22 7.37 8.40 7. 97
Chiclayo Tall low 7.53 5.23 7.74 6.76

l/ Newly teleased, high grain quality in Peru from the selection IR930-2-4

Table 4. Effects of twe principal herbicides on rice vields {ton/ha) in four locatio
in South America. Compiled from Lagos gt al, 1970 and Lucena, 1971.

Hexrbicide Active Colombia., direct seeded Lambayegque, Peru
ingredient Turipana Palmira Direct- Transplan
it/ha seeded

v

Propanil (Stam) 3.5 2.38 2.94% 2.79 B.78
Butachloy (Machete}gj 3.0 1.92 3.07 3.46 7.99
Hand weeding 2.27 3.01 3.14% 7.45
Ho weeding i.19 1,33 0.55 2.20

Yy Postemergence, when weeds had 2«5 leaves.

z/ Pre-emergence, 4=6 days after seeding or transplanting.



Table 5. Comparative production costs and returns per hectars between traditional
varieties and cultural practices, and short-statured varieties with recom-
mended cultural practices in Lambayeque, Peru. Source: Hernandez 1971.
(1 sol = US § 0.,023)

Unit Minabir variety and Short variety and recom-

Cost Components costs traditional cultural mended cultural practices
(soles) practices
Units Cost Units Cost
{goles/ha) {soles/ha)

Certified seed 8.7/kg 70 609 70 809
Tractor - land leveling 250/hr 6 0 4 1060
Tractor - plow and harrow 240/hr 1/ 5 1200 5 1200
Dike and canal repair 60/md— 12 720 12 720
Seedbed and pulling 90/ md 20 1800 30 2700
Transplanting 90/md as 3240 44 3960
Irrigation, fertilizer applic,

weed and bird control 80/ md 35 2800 35 2800
Fertilizer {(urea) 9.33/kg N 140 1306 275 2565
Herbicide (Stam) 500/gal. 3 1500 1500
Harvest by hand 90/ md 25 2250 30 2700
Contract threshing 0.21/kg 4830 1050 9660 2100
Trangportation 0.07/kg 4830 370 9660 700
Interests and administrative 7% + 1000 - 2179 - 2578
Total costs/ ba—zj 19, 024 25, 132
Total cost/kg rice 3.94 2.80
Grain Yields kg/ha 4.70/ 4830 22,701 9666 45, 402
Price/kg rice
Net revenue/ ha—z-/ 3677 20, 270
Net revenue/kg rice 0.76 2.10

1/ md= man-days (tarea), averaging 7 hours.

2/ Excluding land rent and maj;chuzg contributions to labores, both of which are

highly variable,

3/ Assumes no price differential between varieties,



Table 6. Comparative abgolute and relafive production cost components hetween
commercial production of traditional and improved variety-cultural
practices packages in Lambayegue, Peru, 1971

Traditional variety and Short-variety and im-~

Cost components cultural practices proved cultural practices
Soles/ha % Soles/ha A
Mechanized land preparation 1200 6.3 2200 8.8
Labor for seedbed and transplanting 5040 26.5 6660 26.5
Labor for other practices 3520 18.5 3520 14.0
Fertilizer material 1308 6.9 2565 10,2
Seed, herbicides 2109 11.90 2109 8.4
Harvest labor, threshing, transport. 3670 19.3 5500 21.8
Interests and administrative 2179 11.4 2578 10.3
Total Production Cost 19,024 106.0 25,132 1006.0

Total labor (man-days) 128 56,8 161 51.2










THE ASIAN EXPERIENCE WITH HIGH-YIELDING RICE
VARIETIES - PROBLEMS AND BENEFITS
Randolph Barker
Agricultural Economist
The International Rice Research Institute
Los Baffos, Philippines

The objective of this paper is to discuss the Asian experience with the
high-yielding varieties of rice. Although my knowledge of rice-growing in
Latin America is unfortunstely limited, I am aware that there are major dif-
ferences in the rice economies of the two reglons. For this reszson, I have
chosen in the first two sectiomsof the paper to describe the role of rice
in the Asian economy and the production of rice on Asian farms, Those of
you reading this paper, who ars more familiar with Latin America than Asia,
will thus have some basis on which to judge the relevance of the Agian ex-
perience with high-yielding varieties for your situation.

The third section of the paper deals with the spread of the high-yielding
varietiss and the impact on production. The final section discusses some of
the problems and benefits of the mew technology. I should say at the outset
that the key problem in Asia is still one of removing the consatraints to
growth in production, and that the introduction of the high-yielding varieties
has been only a first step, although admittedly a rather large step, in this

direction.
Rice in the Asfan Economy

Rice is the staple food throughout moat of tropical Asia, and am such
has a dominant role both ss an item of production and consumption. The
arable land in rice i{s as high sz 80 percent in some countries, and, for most,
Asian rice is the source of more tﬁtn half of the calorie and protein intake.
Perhaps the best way to demonstrate the significance of this in terms of the
economy is to consider how the impact of an increase in the rice price is

felt throughout the economy:
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1. Rice producers. For the rice producer, & higher rice price means more

income and greater incentive to grow rice, He may decide to increase the hec-
tarage planted to rice or the production per hectare,

2, Agricultural sectors competing with rice. If farmers decide to

shift hectarage to rice, production and income from other crops will decline,

3. Consumers. A higher rice price means a higher cost of living and
thus a lower standard of living, If consumers must spend more of their income
for rice, there will be leas money available for the other needs, They may
choose to eat less rice and more of other foods,

4, The economy. A higher rice price may force labor to demand higher
wages, Higher wagee mean a higher cost of preduction. A high cost of pro-
duction for exzport goods negatively influences the competitive position of
these goods on the world market., At the same fime the hipgh price puts infla-
tionary pressure on the economy.

In summary, 2 chsange in the price of rice, whether due to changes in
production or consumption patterns, may benefit some segments of the economy
at the expense of others, and as a consequence the role of government policy
{8 at times very critical. One example concerns the role of government po-
licy relating to rice self-sufficiency.

Nearly all Asian governments have been committed for years to a policy
of national self-sufficiency. The goal reflects both political and economic
considerations, However, at the recent Rice Policy Conference held at IRRI,
participants pointed to several seeming inconsistencies in the self-sufficien-
cy policies being pursued:

"In the Philippines self-sufficiency in rice apparently has
great political significance although the growing imports of wheat
cause little apparent concern. In Malaysia, the high prices de-
signed to encourage self-gsufficiency in rice production impose
higher labor costs on the nation's major export commodities. Inm
India and Indonesia, and in some other countries, the goal of self-
sufficiency has in the past been pursued at the regional level at
the expense, in the view of some participants, of national economic
integration, These apparent contradictiona led some participants to
view self-sufficiency primarily in a political rather than an eco-
nomic context," 1/

In spite of a commitment to selfwsufficiency, few countries in Asia until
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recently had been able to make major strides toward this goal. In fact, the
rising price of rice relative to wheat in internaticnal and domestic markets
after World War 11 sharply worsened the terms on which the consumers in the
rice-producting countries of the trepics had access to food grains.2/ By the
mid-~1960's, the rising level of food imports in Asis had led to a considerable
pessimism in some circles.3/

Producing Rice on Asian Farms

The environmental conditions under which rice is grown in Asia vary
widely, Water control is a major factor, Figure 1 represents our best es~
timate of the area and production of rice in South and Southeast Asia under
four water environments: irrigated lowland, deep water, rainfed lowland, and
upland,

Even in the so-called irrigated areas, the water control is highly vari-
able. Most irrigation 1s of the gravity type, Dams are constructed to dis
vert water from major rivers. There is normally no storage capacity., The
principal function of the irrigation systems i{s to provide supplemental wa-
ter during the rainy or monsoon season, Only a small portion of the area
can be irrigated in the dry season. Water flows from the laterals over the
rice paddies passing from one field to the next, The farmers farthest from
the latersls are dependent on their more favorably situated neighbors for
water,

In the major river basins on the continent of Asia (e.g., the Chao
Phraya in Central Thailand, the Mekong in Vietnam, the Irrawaddy in Burma,
and the Brahmaputra in East Pakistan) there are flood conditions, Rice is
planted before the floods and harvested when the waters recede,

The largest area of Asian rice 18 grown under rainfed conditions, The
monsoon rains are empounded by the use of bunds or dykes in level paddy
fields., Frequently, the rainfall is speradic resulting in alternate flooding
and drying which encourages weed growth, soil cracking, and poor plant growth.
The level of input use on these lands is understandably low,

In contrast with Latin America, upland rice grown on rolling land does
not account for a major portion of the land area in production. Many of the
upland and rainfed rice farmers use little, if any, commercial inputs such

ag fertilizer or insecticide.
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Rice farms are in general small, At least two thirds of the operating
units are less than three hectares in size. However, the term "small" is rela-
tive, as can be seen by examining Figure 2, There has been a tendency for
countries with very small farms and high population pressure to intensify and
increase the productivity of land, For example, iﬁ the early 1960's, Taiwan
farmers produced 4 metric tons of rice per crop by obtaining & high yield on
a gmall farm (about 1 hectare). Philippine farmers, on the other hand, pro-
duced an equal amount of rice for one crop by cobtaining a low vield on a re-
latively large farm (about 3 hectares),

Table 1 shows in more detail the difference in degree of intensity of
rice production {n East Asiaz as compared with South and Southeast Asia., No«
tice that farms in East Asia are very small, are well irrigated, use a high
level of fertilizer input, and obtain a high yvield per hectare, The growing
population pressure on a limited land area will over time force the other
countries in Asia to move in a similar direction, increasing land productivity
and labor productivity in order to increase output.

Finally, a word should be said sbout the labor force and the ownership
of land., There are three major categories of farm workers-~cwner-operators,
tenants, and landless laborers. A problem facing much of Asia concerns the
rights of these farm workers with respect to land ownership, land use, and
employment, The high degree of Instability in the existing ownership and
tenure patterns is a major obstacle to investment in land development in many
areas. In a recent article, Gaitskell states that:

"If we are right in making improved incomes of small farmers
a major objective of our development purpose just now, disciplinary
action may have to be taken to insure that they in fact become the
beneficiaries. The first process in this respect may be a cadastral
survey to ascertain who owns what land and the issue of a regular
title to the actual farmer."4/

Hired farm labor is currently paid about $0.50 to $0.60 per day in much
of the rice-growing area of South and Southeast Asfa and rice is produced at
a cost of $50 to 560 per ton. At this wage level there is scarcely a need
for labor-substituting machinery. At the same time the relatively large farm
size and low yield level does suggest that the improvement in the performance

of some tasks (e.g., weeding) through mechanization or through the use of
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chemicals could increase land productivity without decreasing the demand for
labor. Many countries do have subsidized eredit programs to sncourage mecha-
nization, but have not given serious considerstions as to the nature and form
of mechanization that should be encouraged.

There is a feeling om the part of many Asians that large scale mechani-
zed rice farming would lead to greater efficiency. In an economic sense, we
can only interpret greater efficiency as meaning lower unit coat of production,
There is no evidence to suggest that large mechanized farms in Asia are lowe
cost producers, Furthermore, the United States with perhaps the most highly
mechanized production in the world is one of the highest cost producers of
rice, relying on a government subsidy to maintain its position in the world
market,

In summary, it must be acknowledged that in much of Asia today the phy-
sical and institutional environment is hardly conducive to the attainment of
a high level of land productivity. At the same time, it ig clear that these
conditions are not likely to change overnight., For example, no matter how
fast irrigation development proceeds, the bulk of rice will coatinue to be
produced under unfavorable water control for the forseeable future. Those
that undertake regearch to increase rice production in Asia should not ignore
this facc,

The Introduction of the High~Yielding Varieties
and the Growth in Rice Production

The story of the development of the short, stiff-strawed, fertilizer-
responsive varieties is well kmow,., 1In the context of our earlier discussian,
the objective of this research in varietal improvement was to increase the
production per hectare of rice in Asia and hence lower the unit cost of pro-
duction. As Hayami states; the long-run significance of the "green revolution®
in rice production in Asia is that, if its momentum can be maintained, food
grains may again bgccme available to the underdeveloped countries of tropical
Asia on terms that are as favorable as in the developed ccuntries of the tem-
perate region. The rationale for self-sufficiency becomes more app#rent when
it is put in the context of removing the food-production constraint on eco~
nomic growth rather then when it is cast in terms of self-sufficiency at any
cost.3/
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The argument is that the availability of an inexpensive food gupply would
allow rescurces to be diverted to other productive uses, At the same time wage
rates and production costs of goods in the developing countries could be kept
low to maintain a strong competitive position in world trade,

To what degree do the new rice varieties appear to be contributing to the
goal of more rice production at a lower cost? The new varieties spread rapid-
ly throughout many parts of Asia, but as can be discerned from our earlier
discussion, acceptance was more rapid in the irrigated than in the non-irri-
gated areas,6/ and, particularly in India, more rapid on large farms than on
small farms.

Table 2 showe where the new varieties have been adopted., The initial
beneficiaries were the Philippines, Pakistan, and India. In a recent study
in India, Mukerjee and Lockwood?7/ observe that the adoption rate of the high-
yielding varieties has been more rapid on large farms in the period 1967 to
1970 for both the wet season (kharif) and dry season (rabi) crops. They con-
clude, however, that participation has not been limited to the medium and
large farms. Table 3 shows percentage acceptance of high-yielding varieties
on irrigated and rainfed land in the Philippines,

The degree to which high-yielding varieties have led to a higher yileld
per hectare depends upon the degree of acceptance of a package of cowplemen-
tary inputs such as fertilizer and insecticides, F. 8. Liu recently surveyed
513 farmers in the municipality of Gapan in Central Luzon, the major rice~
growing area in the Philippines. Some results of his study of the adoption
of inputs are shown in Figures 3 to 8. On the double~cropped {irrigated areas,
where inputs have increased sharply, the yield response has been good. On
the rainfed areas where inputs remain low, there is essentially no difference
in the performance of the high-yielding vs. the local varieties.

The growth in yield per hectare in Gapan (Figure 4) suggests that des-
pite the rapid acceptance of the varieties, the sustained growth in produc-
tion resulting from the new technology has not been as gteat as might have
been anticipated, These results are further supported by the national figures
for the Philippines which indicate a growth in rice production of 2.4 percent
in the period 1957/59 to 1963/65 and of 4,1 percent in the period 1963/65 to



-?-

1969/71l. The annual rate of growth in demand for rice may be as high as 3.7
percent combining the effects of population growth and higher per capita in-
comes, For three consecutive years during the period from 1967 to 1970, the
real price of rice fell in the Philippines. Philippine rice self-sufficiency
appears to have been short lived, however, as the sharp rise in 1971 prices
resulting from a rice shortage following a relatively poor crop year has again
necegsitated importations,

For Asia as a whole, the introduction of the high-yieidiag varieties
coupled with favorable weather has led to a steady increase in production of
rice over the past few yvears, The growth in Asian production from 1963-65 to
1968-70 has been about 3.2 percemt,

Only a small fraction of the world rice production enters into interna-
tional trade {less than 3 percent) and as 2 result world rice prices are very
gensitive to small changes in supply and demand, Figure 9 shows that the Bang-
kok export price rose sharply in 1967 as a result of shortages brought about
by drought in India and Pakistan, by lower Burmese exports, and by the Viet-
nam war., Expanded production in the United States and surpluses of rice in
Japan were in part responsible for the gharp drop in 1968. The impact of
the high~yielding varieties on world price was probably not felt until the
latter part of 1969. The continued decline of prices until 1971 has caused
major concern among the leading exporters, particularly Thailand, which has
had to revise its export policies. Just as the high prices in 1967 were ace
companied by a wave of pessimism regarding aggregate production potential, so
now the low rice prices in 1971 are likely to lead a wave of optimism concern-
ing future growth in rice production. Although it may be somewhat early to
judge the sustained growth potential of the high-yielding varieties, the ex-
perience of the Philippines suggests that Asia is still walking a very thin
line between surplus and deficit.

Problems and Benefits of the
New Technology

A recent correspondent to the International Rice Research Institute, seek-
ing information for an article on the "green revolution", writes as follows:

"Oour article will show the obvious benefits of these new strains of wheat
and rice (such as larger, better crops, i.e., more food for everyone), How-
ever, we will also stress the problems brought about by these new agricultu-
ral developments. For example, since these new types need more water, ferti-

1izer, and specizl equipment, onlv the wealthvy farmers can afford to grow them.
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Meanwhile, the poorer farmers are becoming even poorer in relation to the rich,
and in many cases are leaving the rural areas, Therefore, the cities are be-
coming overcrowded due to the influx of these jobless peasants."

The author of this letter expresses a very common L{f simplistic view of
the problems assoclated with the introduction of the high-~yielding varieties.
I would like to discuss the problems and benefits of the new rice technology
under three headings: (1) maintaining the momentum of the current growth in
production, (2) the effect on average income and income distribution, and (3)
the implications for employment,
Maintaining Momehtum

The agricultural problem that is still uppermost in the minds of most
Asian policy makers today is how to maintain the growth in rice productionm,
Some countries have as yet to feel the impact of the new rice technology.

The crop year 1970/71 is reported to be the firat year, for example, that In-
dian production had shown a significant rise as a result of the high-yielding
varieties.8/ West Pakistan is the only major area that has had to deal with
the problem of large surpluses and falling rice prices. The issues of diver-
sification, income distribution, and employment, which are of major concern
in academic circles, are not yet a paramount concern to many policy makers.

Shortly after the release of the first of the high~ylelding varieties,
several problems became obvious:

(a) In terms of milling and eating quality, the new varieties were con-
sidered to be inferior in many domestic Asian markets and in the intermational
export market. P

{b} There are many parts of Asia where the varieties performed poorly
because of their susceptibility to local insects and diseases.

{(¢) The varieties were rapidly accepted in many of the well irrigated
areas, but made no significant impact on production on the poorly irrigated,
rainfed, and upland areas,

{d) Acceptance in some areas was restricted by poorly developed markets
to channel rice to consumers and inputs to farmera.

The first three of these constraints to growth concern the need for fur-
ther research at the experiment station, and I would like to describe briefly
the steps that have been taken in this direction,

Improving Quality
As the technological base in agriculture grows, there is a tendency for
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be developed which are suited to local tastes and local envirommental condi-
tions, Consumer preference for rice in Asia varies widely and is based upon
a mmber of factors such as appearsmce,, taste, texture, and aroma, IR8 and
IR5 rank poorly in both appearance and eating guality, Poor appearance was
due to the chalkiness or "white belly" found in a portion of the kernel, This
chalkiness also increases the percentage of broken grains in milling, A ma-
jor factor affecting eating quality is the amylose content of the rice which
influences the resulting degree of stickiness when cooked, 1IR8 and IR5 are
high in amylose and as a result the cooked rice is dry and flaky, but tends
to become hard when allowed to cool.

Whether due to appearance or cocking quality, IR8 and IR5 sell at prices
from 10 to 20 percent below the better varieties and grades of rice through-
out most of Asia. For example, in India they are classed as coarse rices,
and in the Philippines they normally receive Class II milling (i.e., they are
undermilled in comparison with the best quality rices), Appearance and per-
centage brokens are the major factors determining price in the export market.
Hence, in Thailand, where rice is a major export, it was decided not to grow
these varieties.

The experience of Thailand offers one of the best examples of the adop~
tion of the new rice technology to local conditions. In 1970 the Rice Depart-
ment released three new varieties, RDl, RD2, and RD3,10/ The odd-numbered
varieties are the selections of a cross between the local Thal variety Leuang
Tawng and IR8. The even-numbered variety is a glutinous rice suited to the
local neede of Notrtheast Thailand, It is one of the IR253 lines bred at IRRI,
a cross between the Thai variety Gan Pahi 15/2 and Taichung (Native) 1,

The new varieties embodying high quality and high yield potential have
been developed in a number of other country programs: C4-63 (BPFI-76 x Peta)
in the Philippines; Pelita @ and 2 (Syntha x IR5) in Indonesia; Jaya, Padma,
Pankaj, Jagannath, Krishna, Ratna, Vijaya, and others in India,ll/ 1n spite
of this progress, there are still many parts of Asia where farmers are looking
for & high-yielding variety well suited to local conditions. In some countries
where these varieties have already been developed, inadequate methods of seed
multiplication and distribution appear to be bottleneck.

While the latest IRRI releases (IR20, IR22, and IR24) represent a consi=-
derable improvement in quality over IR8 and IR5, the work of improving seed
quality should continue to be an important part of the various country research
programs, Meanwhile, research workers at IRRY have begun to examine another
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dimension of the quality problem, protein content,
Improving Resistance to Disease and Insects
Athwal noted recently that:

"The increased productivity per unit area has also begun to .
create problems for plant breeders. The modern production practices
used for the new strains provide environments which not only are
good for plant growth but also provide ideal conditions for the devel-
opment of diseases and harmful insects. The shift in varieties and
plant environment is, no doubt, favoring the appearance of pesats
which were previously unknown or unimportant. To exploeit fully the
potential offered by the semi-dwarf plant type, 2 high degree of re-
sistance to different plant parasites must be incorporated in the
new varieties. Any complacency or inadequate investment in research
could keep the new productive potential unreaslized and precipitate
renewed food crises,"12/

Blast (a fungus) and bacterial leaf blight are widespread and deatructive
digeases in rice. Plant pathologists are working with rice breeders at the
Institute and elsewhere to develop varieties with ''generalized" or "horizon~-
tal' genetic resistance that is not specific to a particular race of the rice
blast,13/

The most widespread and destructive pest is the stem borer. The princi-
pal method of control has been through the application of insecticides, Se~-
lecting and breeding for insect resistance had been tried in other crops, but
not in rice before 1962, Over a period of four years, from 1962 to 1965, the
world collection of varieties was screened for resistance to stem borer,
Twenty varieties were identified as highly resistant by Pathal and his co~
workers in entomology.l4/ 1In 1965 several resistant varieties were crossed
to combine stem borer resistance with improved plant type and other desirable
characteristics, and in 1969, one of these selections (IR532-E-576) was named
IR20 by the Institute and thus became the third variety to be released, IRZ22
was released on the same day. Both of these varieties have a quality accepted
by international trade standards,

Research also was undertaken to identify varieties resistant to the green
leafhepper which transmits tungro virus and the brown plasnthopper which trans-
mits grassy stunt,.l3/ Viruses have been a particularly difficult problem in
some areas of Asia, Ome cobjective i8 to combine in a single variety resig-
tance to the virus with resistance to the insect transmitting the virus, It
has also been discovered through genetic studies that in some varieties the
location of insect resistance on the chromosome is distinctly different than

in others. Im such cases, it may be possible by breeding to combine in a



- 11 -

single variety the two sources of resistance to an insect.

This work initiated“by the entomologists in breeding for resistance to
insects marked the beginning of what has now become a ﬁajar objective of the
rice-breeding program. Breeding for resistance would be the best long-run
solution to many of the insect and disease problems. In the meantime, how~
ever, there will be a continuing need to explore economical ways of control-
ling pests through traditional methods such as the use of insecticides, or
through less conventional methods such as biological control, Problems of pest
managemént require a thorough understanding of the insect ecology, and in 1970
the Institute added a second entomologist to the senior staff to give particu-
lar attention td these probiems.iﬁ/

Improving Yields in the Areas of Poor Water Control

Tn both Japan and Taiwan, population pressure and topography dictated
the rapid expansion of irrigation facilities even before the introduction of
the high~yielding rice varieties, Thug, there has historically been little
need in these countries to devote a major research effort to the problems
associated with growing rice under poorly irrigated, rainfed, and upland con-
ditions.

The situation facing South and Southeast Asia today is far different. Im-
proved irrigation and water control offer one avenue for increasing rice
production in Asia, But regardless of how rapidly irrigation development pro-
ceeds, much of the rice in Asia will continue to be grown under rainfed, up»
land, and deep water conditions for the foreseeable future: Thus, there is
need for a broad program of research focused on the problems of water manage~
ment, On fhe one hand, attention must be given to the ﬁrcbiema aspoclated with
the development and expansion of irrigation, whether by pumps or through gra-
vity systems, At the same time, the problems of improving production on the
non~irrigated areas must receive more attenticn than they have in the past.

In October 1969 a conference was held at IRRI to discuss the direction
of rice research in the 1970%s.17/ There was considerable discussion relating
to rainfed and upland rice, In 1970 the Institute added a soil physicist to
the staff to devote special attention to the problems of plant-water relations
and water management, Several departments have undertaken research to find
out what happens to the rice.planﬁ in situations of less than adequate water
supply. We have also mentioned previously the fact that research was under~

taken in Thailand to examine the other end of the spectrum -~ deep water rices,
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The objective of this research is to develop a set of inputs tailored
specifically to these unfavorable environmental conditions, An important
element of this input package would be a fertilizer~-responsive variety that
can withstand drought or deep water as the case may be., 1In addition, by the
use of resistant varieties and low cost herbjcides we should be able to sub-
stantially reduce the cost of the input package -~ fertilizer representing
the major item of expense, A low cost herbicide is important, because in
many of the rainfed areas farmers using fertilizer camnot contend with the
weed problem, the lack of water cover being a major stimulant to weed growth,
Naturally, the level of fertilizer input and yield gain will be below that
in the well irrigated areas., But we feel that there are potential benefits
in this program through increased production and income on farms that have
not yet been touched by the green revolution,

Product and Input Markets

We have previously mentioned the problem of surplus production in West
Pakistan which led to a considerable disruption of the local rice market.
However, the West Pakistan case in Asia has been the exception rather than
the rule, largely due to the magnitude of the initial production gains result-
ing from very favorable environmental circumxtances.lgf In general, rice
marketing in Asia is highly developed, although the quality of the product
seldom meets export standards, The marketing system has been capable of
handling the increased production.

The situation with input markets has not been as favorable, Participants
at the IRRI Rice Poliecy Conference emphasized the constraints to producer re- -
sponte imposed by the lack of development of factor markets (for seed, ferti-
lizer, pesticides, and credit) as opposed to product markets.l?/ As mentioned
previously, unavailability of seed has in some cases been the major stumbling
block, In spite of the expansion of institutional credit sources, farmers
are for the most part dependent on private sources of credit with highly vari.
able but invariably high interest rates.

Effeet of -the New Technology on Average Income and Income Distribution

The average income of farmers appears to have increased in the short ruan
as a regult of the new rice technology because average yields and gross returns
have increased faster than the cost of factor inputs. The cost per unit of
production appears to have been lowered, but the degree to which the benefits

have been divided between producers and consumers varlies throughout the region



depending upon government policies. 1In most countries, however, the direct
benefits of the new agricultural technology to society have been less than to
the food grain sector because the Bubsidies provided to the farmers (in the
form of credit, research, extension, infrastructure, irrigation water, price
supports, trade controls, etc.) have outweighed the taxes, At the same time,
it would be difficult to weigh the direct benefits of establishing a wore
prosperous rice-farming sector against the indirect benefits of reducing the
food grain price,

A weak agricultural tax system coupled with subgidized credit and low
interest rates makes it difficulf to capture profits resulting from the new
technology for public investment in economic development. There is, I think,
legitimate concern that benefits are instead being capitalized inte rising land
values or dissipated &n imported counsumption goods, However, the low rate of
taxation may have provided a stimulus to private capital formation,

The impact of the new technolegy on the distribution of income 18 a fre-
queat topic in the literature of the '"Green Revolution', 1 don't believe
that this issue can be analyzed independently of the rural farming structure,
For example, in India, where tenancy is comparatively low, and farm size
varies widely, the question can be properly viewed in terms of big farmer vs.
small farmer, or landowner vs. landless laborer. In the Philippines, with
a high rate of tenancy and relatively small coperating units, it i{s more appro-
priate to compare landowner wvs, tenant vs., landless laborer, Central Java, with
a large number of very small ownerw~operators, presents yet another situation,

In India, large landowners who grow rice have clearly benefited more
then small landowners, In fact, the Indian govermment has created the Small
Farmers Development Agency to deal with this problem. Despite stories of
labor unrest and of repressive measures being taken by landowners against
laborers, the evidence on the effect of new technology on landless laborers
seems much less clear=-cut than for landowners,

In a recent study in the Philippines, we examined how the benefits of
the new technology are being shared.20/ After cash operating expenses
were subtracted from gross returns, the remaining net was divided -- 43 per-
cent to the landowners for the provision of land; 32 percent to the tenant
for the provision of carabaoc, tools, and equipment, family labor, supervision
and management; and 25 percent to hired labor. In 1966, prior to the in-

troduction of the new rice varieties, the shares of the net were 43, 37, and

w
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20 percant, respectively. In this particular study area, because of the sharp
increase in the demand for labor, the share of the "pie" going to hired labor
has increased. The landowners have the additional long-term benefits of rising
land values, as mentioned previously., Thus, the distribution of benefits
presents a mixed picture, and it is very difficult to say how the new techno-
logy has influenced the power relationship between these groups. Nevertheless,
where the rights of land ownership and employment are uncertain, as they are

in much of Asia, there is the threat of open conflict among the claimants to
the new profits,

Employment Opportunities
The issue here might be stated as follows: Doeg the new technology re-

quire more labor for more intensive crop practices? Or is the introduction
of these improved practices accompanied by labor-saving devices such as trac-
tors, threshers, and the like? A further question relates to the impact of
the new technology on diversification of resources and upon non-farm employ-
ment,

Again, as in the case of income distribution, the answer to these ques-
tions must be related to local farming conditiona and institutions., It can
be said in general, however, that throughout South and Southeast Asia factor
and product prices tend to he distorted by subsidization programs, minioum
wage policies, and overvalued exchange rates. The distortions have lowered
the cost of capital relative to labor. In this situation, as we have argued
elgewhere2l/, unemployment and underemployment is potentially more of a pro-
blem,

Although there is much conjecture about the employment problem, there
is little ewmpirical data available to clarify this issue. Consider the rice
sector. Our studies in the more progressive areas of Luzon suggest that
more labor is being used for weeding but less for land preparation as a re-
sult of increased mechanization. On balance per hectare, preharvest labor
has changed little but the demand for harvest and threshing labor has in-
creagsed as a result of higher yields. The most striking change has been the
increase in demand for hired labor in the form of contract labor for land
preparation, weeding, and harvesting-threshing.

The new rice technology requires somewhat more labor per hectare, Parti-
cularly in countries moving toward self-sufficiency, the rice sector will tend
initially to sbsorb labor., But, the new technology also reduces the labor
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requirement per unit of production, Thus over the long run and beyond self-
sufficiency, relatively less labor (and more capital) should be required to
meet a nation's rice requirements, To take advantage of this increasie in labor
productivity, opportunities must be developed for the use of labor elsewhere.
This brings us back again to the gquestion of diversification and multiple crop-
ping. Undoubtedly, multiple cropping of rice in combination with other crops
has the potential to absorb more labor., Farm surveys in the Philippines and
elsewhere confirm this fact. The problem is how to bring about its spread

and development.

Finally, there is the matter of off-farm employment., The quantitative
impact of the new technology on off-farm employment is simply not known. I
am aware of only one study in the Philippines that is addressed to this pro-
blem, and this has just been initiated., We know that the new technology has
increased the demand for fertilizer, chemicals, tractors, pumps, transistor
radios, most of which ave imported. We know that demand for domestically
produced items such as lumber and cement blocks for improved housing has also
increased,

Coneclusions

The development of the high-ylelding varieties removed a major constraint
to the growth in rice production in Asia, Initial progress has been made in
ralsing yield per hectare on irrigated lands. However, in contrast to East
Asia, the irrigation in South and Southeast Asia is still poorly developed.
Both productivity and equity comsiderations demand that more attention be
gilven to increase the rice yields in the unfavorable watar environments which
characterize most of the rice-growing area of Asis. We do not know as vet
the potential for yield improvement in these areas.

Other problems have also been encountered in the dissemination of the
high~yielding varieties, Developing appropriate institutions foruéissaminan
tion of inputs is a more critical issue than the improvement of rice marketing.
The effect of the new technology on income and employment is difficulc to
asgess, It seems clear, however, that in some areas of Asia tension is likely
to arise over the struggle for control of new profits, A society that achieves
viable economic, social, and political development must institutionalize trans-
fer mechanisms and redistribute the income streams in a manner that will reduce

the social and political stress resulting from development,22/



fable 1, Selected factors relating to rice production in the major rice-producing
countries of Asia {excluding communist block countries), mid-1960's. g/

 Percent Rice Percent Percent
Percent world yield size riceland ricefield NPK per
arable production per of irri- area ha ara-
land in  {mported or ha farm gated double~ ble
rice exportedb/ (mt) {ha) cropped land (kg)
1) (2) (3 (4)  (5) (6} (7)
South Azia
1. Ceylon 28 14 1.93 - 60 43 36
2, India 21 18 1.58 2.2 37 - 4
3. Pakistan 38 3 1.67 1.7 14 - 4
Southeagt Agis
4, Burma 32 24 1.63 3.0 12 e/ 2
5. Cambodia 79 7 1.81 2.2 18 e/ 2
6. Indonesia 57 20 1.82 1.3 54 31 7
7. lLaos 73 ] 1.14 3.3 - - -
8. Malaysia 14 1o 2.09 1.6 44 19 20
9, Philippines 29 10 1.27 3.0 29 15 8
10. Thailand 60 28 1.60 2.6 28 7 3
11. Vieinam {South) 83 2 1.99 1.7 11 10 15
fast Asia
12, China (Taiwan) 87 3 3.87 1.2 98 63 237
13, Japan 54 14 4,83 0.8 97 </ 304
14, Korea {(South) 56 1] 3.14 0,9 79 &/ 168

a/ Although the figures in this table are for the most part from official
documents, they should be regarded as orders of magnitude rather than ag exact estimates,

b/ Underlined figures represent imports.
¢/ Less than 2 percent double-cropped,

Source of date: Number refers te column number,

(1) Demographic Yearbook of UN, 1963 and FAQ Production Yearbook, 1965 growth
computed for period 196264, and FAQ Production Yearbook, 1965. Figures for the ecrop
yvear 1964/65, except Laos, 1963/64.

{(2) FAD Rice-Reports - 1963, 1964, 1965, and 1966, Percent based on average
for years 1963-63,

{3} UBDA, FAS, Werld Agricultural Producticn and Trade, June and Nov. 1966,
Average of years 1963/64 ~ 1965-66.

(&Y USDA, ERS, An Economic Analysis of Far Eastern Agriculture, Foreign Agr.
Econ. Report No, 2, Nov. 1961. p, 11 - Figures for 1959.

(5) Based on International Rice Yearbook, 1961 Edition, and Asian Agricultural
Survey, Asian Development Bank, . Manila, 1968.

(6} Asian Agricultural Survey, Asian Development Bank, Manila, 1968,

{7) FAQ Production Yearbook, 1965 and Fertilizers, Annual Review of
d#orld Production, Consumption and Trade, FAO 1966, Figures for crop year 1964/65,



Table 2. Estimated hectarage of new varleties of rice by country,

1969770,

Total ‘ Hectares - Percent rice-

rice a, Planted n land new

hccturagg—f varietiesk! varieties

{1000) (1000)
South Asia
ceylon® 671 26 3.9
Tndiad/ 38,001 4,371 11.5
Nepal 1,174 50 4.2
East Pakistan 10,265 264 2.6
West Pakistan 1,811 501 27.17
Southeast Asia
Burma . 5,018 144 2.9
£/
.Indonesia 7,972 749 9.4
Laos 769 2 0.3
e

Malaysia (West) . 526 128 24.3
Philippines 3,100 1,239 40,0
Vietnam {(South) 2,519 202 8.0

a/ U.8. Dept, of Agriculture, World Agricultursl Production and Trade,
Dec. 1970,

b/ D. G. Dalrymple, Imports and Plantings of High-Yielding Varieties
of Wheat and Rice in the Less Developed Nations, U.S. Dept. of Agriculture
Foreign Economic Development Report NWo. 8.

¢/ Excludes H; and Hg.
d/ Includes ADT-27 and Taichung (Native) 1.
e/ Includes Mahsuri and Malinja,

£/ There is particular uncertainty concerning this figure,
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Table 3. Percent of lowland rice planted to high-vielding varieties o? irrigated
and rainfed lands in the Philippines 1967/68 to 1969/70, ¥

% of area in HYVs 1967/68 1968/69 1969/70
Lowland irrigated 25 46 60
Lowland rainfed 7 15 32
Total lowland 15 31 , 46

a / Includes IRRI and UPCA varieties, principally IR5, IR8, and IR20, and C4-63.
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05 25
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Cali

Three “concepts aré central to f:hé i}roeéas by \;vhich 8 countfy determines
and reaches the objectives it sets for its rice actxon program. _

First whlle ’i;he groblems and the issues ussually are technical and eeonomzc
they musﬁ: be resolved by, for and in terms of peo;:le. Technical change is mextm,-

t g:ai;?ﬁy linked wzth mfluencing and changing lmman behavior — what pecpie know
what they understand, how they feel and what they are ab}e and wﬂling te do.

s Second an actien progra,m mvclves a csmplex system cf c{)mponents These
include institutions (research educaiienal ecoraomlc poht:.cal}, :ﬁarms, zzxputs,
markets, mfrastmcttxres, and relati&nshxps among all of these, To the extent
that plannmg énables us to 1dentify the relevant components w}uch we must take
info account we thus identify the people upoz:; whose presen:t anfi future behavior
depends largely the success or failure of the program. .

 Third, an eluswe but indisperzsab}e ingrech,ent is l:;asic in pianning, in making
dec;smns in coordmatmg pr&grams and in cha:ngmg i}eha\nor ’i“ms vital input is
relevant mfc}maf:mn--— about the mdest p{:aslble range of topics a total systems
perspective introduces. ‘

Before exploring each of theﬁe concepts, let us review the inputs and strate~
g;es associated with rice action programs in two coun’tmes Psk:igtan and the
Philippines. These brief reviews will imlp us to realize that it is possi'ble to achieve
pmductmn goals rather qulckly, that wzth even the most detalled and careful planning

‘Bemething may be Qverlookefi and that unexpe&%:ed conseguences can be significant.

"Lessons” from Pakistan ) ‘. . 9

‘ _Fageg with the prospects of serious food shortages,.the Government of Paki-
stan, with the coopgratiqn cgf the Ford Foundation.and other interests, embarked

%



in 1965 on a program to achieve food grain self-sufficiency in whéat;and rice; this
objective receiving priority second only to national defense. It launched an
Accelerated Crop Improvement Program to achieve the dual goals of self-sufficien-
cy and the establishing of local agricultural research competence to support con-
tinsed growth,

The first of the new high-yielding wheats and rices had been developed at
CIMMYT and IRRI, respectively, and within five years total wheat production
increased in West Pakistan by more than 60 percent and rice production by nearly
70 percent,

Among the factors contributing to the rapid and succeasful spread of these
new varieties were:

1. The establishing of province-wide, multi-disciplinary, crop-oriented

research programs and practical training for extension workeras.

2,  The new varieties, when accompanied by inputs and improved prac-
tices, gave spectacular results,

3. West Pakistan already had extensive areas under irrigation, and many
farmers who wanted even better water control installed private tubewells.

4, Fertilizere already had been introduced at subsidized prices.

5. Sapporte were set for wheat and rice which offered farmers a minimum
price for their products and the government guaranteed a market.

6. Where farmers had access to markets, they responded "as economic
beings."

7. Extensive use of radio created an awarepess among farmers and moti-
vated them to seek more information and to participate in the production
program.

Other factors facilitating the adoption were contimial involvement of policy~
makers and administrators, use of expert short-term consultants, travel and atudy
awards for decision-makers and scientists, additional training for some nationals,
and the importing of critically needed equipment and supplies.
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By 1968, other problems emerged in West Pakistan. Transportation facili-
ties were inadequate to cope with market gluts; when railroads were unable fo
move expanding supplies, rice prices dropped40 percent. Rice processing facili-
ties were antique, inadequate and, where parboiling was not practiced, the quality
fell below that for which supports were provided, Prices fell drastically.

Because some areas without irrigation were not able to grow the new rices,
some farms boomed while others remained stagnant, A few large land-owners
returned to their farms with tractors and combines, thus displacing tenants,

Only the coutinued need for food imports in Kast Pakistan saved West Paki-
stan from the financially difficult position of dumping a half million tons of low
quality, low value wheat and rice into highly competitive world markets.

Climatic conditions, insect and disease problems, lack of irrigation and
other factors created barriers to the acceptance and spread of the first new rice
variety, IR8, in East Pakistan.

When a more suitable variety, IR20, became available, the government in
1970 launched an Accelerated Rice Production Program to increase rice production
through the growing of IR20,

Some of the special inputs and strategies included:

1, Appointment of a special director with rank equivalent to Departmental

Secretary.

2. Importation of seed from the Philippines.

3. Selection of 175, 000 acres for the traunsplanted crop in relatively flood-

free zones,

4, Setting up blocks of 400 acres each in selected areas of 12 districts,

5. Providing credit to cover the total cost of inputs including labor,

6, Assuring a timely supply of chemicals, technical assistance, aund other

inputs.

7. Reorientation of extension organizations in function and organization;

hiring of extra personnel for some areas.

8. Expansion of infrastructure, including markets and credit sources.
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This pilot introduction program was carefully studied because of the exciting
prospect that if farmers would accept and could successfully grow the new variety
and manage the inputs, more than five million acres of relatively flood-free land
could be brought into production to meet expanding food needs.

Although the devastating flood and cyclone of November 1970 disrupted govern-
ment activity, the program was carried out and farmer experiences documented.
Generally, the variety was well accepted, and most farmers said they would plant it
again, In the areas achieving high yields and even where IR20 did not yield as well
as local varieties, the input program was judged a success: — Seed was widely
distributed; growers received fertilizer and some plant protection; most growers
acquired loans; and many extension personnel as well as farmers received training.

Unfortunately, the civil strife which has shaken East Pakistan this past year
has made it difficult to continue the program or to determine the fate of rice pro-

duction.

"Lessons" from the Philippines

Release of the first new high-yielding rice variety IR8 by the International Rice
Research Institute provided the Philippines with the first tangible hope of reversing
the 50~year record of low rice productivity and importation of rice.

In 1966, production of rice was at least 100, 000 metric tons less than the
country's needs, and the average amount imported for the previous four years
was more than 300, 000 metric tons. The National Economic Council mobilized for
action,

After experimental yield trials in two pilot provinces in late 1965, the govern-
ment sponsored a seed multiplication program, beginning with the purchase of 50
tons of seed from IRRI.

Simultaneously, the government activated the Rice and Corn Production Co-
ordination Council which became the driving, integrating force for a nation-wide
rice production campaign. President Marcos, to accelerate the program, assigned

his special assistant, Executive Secretary Rafael M. Salas, to serve as action officer
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of the RCPCC, and under his dynamic leadership the program moved. One year
after its introduction, IR8 was growing on nearly 8 percent of the most productive
rice lands in the Philippines,

The RCPCC firstconcentrated on raising rice yields in the "'rice band," the 12
provinces with the most irrigated land. Credit was liberalized so that farmers could
borrow up to 800 pesos* per hectare without real estate collateral. These loans
were made possible by the establishing, with the help of USAID, an Agricultural
Guarantee Loan Fund administered by the Central Bank and loaned by the rural banks.
Trained agricultural credit teams froﬁ the Central Bank were assigned to each bank
so that prospective farmer-borrowers could get sound advice.

| With the cooperation of IRRI, special training programs were designed to upgrade
the rice production knowledge and technology of hundreds of extension workers for the
various rural agencies. Other groups, such as the Peace Corps, missionary bodies,
and even the wives of owners of large rice land holdings, enrolled in special pro-
duction courses.

Through these trained people, IRRI and the national agencies mounted a country-
wide applied research program to test the adaptability and suitability of the new varie-
ty and associated cultural practices in local environments. This involved farmers
first-hand in the final stages of the research process.

Concurrently, the ESSO company brought into operation a large urea fertilizer
plant near Manila and began developing a network of some 500 agro-service centers
throughout the Philippines. These centers placed fertilizers and other inputs close
to the farmer. One obstacle arose when the governxﬁent refused to let the ESSO
stores obtain supplies of the new seeds with the rationale thai this was too valuable
a commodity to let private enterprise control,

Private enterprise got info the act in other ways, however. First, with the
assistance of the National Economic Council and USAID, -"Do It Yourself IR8 Rice
Kits'" were assembled. The;se contained sufficent IR8 seed to plant 2, 000 square

* At that time, the value of the peso was approximately 25 cents U. S.
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meters, along with sufficient fertilizer, insecticides, and rat poison. The determining
factor here was the 44 kilogram bag of ESS0 fertilizer, sufficient for 2, 000 square
meters of rice,

Interest in the kits, which sold for 70 pesos, mounted rapidly, and eveantually
industry assembled and sold thousands. Not to be eutdone, Atlas, a manufacturer of
ammonium sulfate - fertilizer, assembled a kit based on one bag of its product, and
with sufficient seed and chemicals to plant 600 square meters. This kit, costing 37
pesos, made the new variety and technology available even to the smallest farmer.

The kit technique probably was as responsible as any other single factor for
the rapid adoption and even movre rapid spread of the new variety in the Philippines.
With the harvest from a 2, 000 square meter plot, a farmer could plant two hectares
the following season,

Several private firms came into being to manage rice lands for landlords and
fenanis with the objective of madmizing the benefits to be derived from the new
technology., These firms provided technical services, guidance, and supervision for
all farm and off-farm operations, and, when necessary, became involved in financing
plans and control systems covering all phases of farm operations and marketing.
When growing rice became profitable, owners and farmers were willing to pay for
competent advisory and management services.

Rice makes news in the Philippines, and when the press labeled IR8 "Miracle
Rice, ' for many farmers obtaining some of the new rice to plant became a goal in
itself. Simultaneously, through the RCPCC, the University of the Philippines, IRRI
and various national agencies produced a comprehensive rice production manual which
became the "bible' for the Philippines and many other countries in Asia. The goveru-
ment, in addition, printed a number of well-illustrated pamphlets and comic book
stvle leaflets to reach those with little education. Agricultural industry, in cooperation
with the RCPCC agencies, financed the production of comprehensive sets of photo-
graphic slides on rice practices, diseases, and insects.

With so many persons and agencies in the act, close coordinagtion freguently

was impossible, and sometimes it was difficult to subordinate infer-agency compe~
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tition. But as we have heard from Dr. Barker today, IR8 spread rapidly as did the
new varieties that followed.

By mid-1967, the unprecedented vields became evident in the piles of rice on
farms, along the roads, and in the villages. The Filipino farmer, with the new rice
and ready inputs and credit, had created an instant surplus— more rice than the
transportation, drying, procesaing and storage industries could handle. Experts
were rushed in from abroad; dryers, rusty and out-of-repair from years of non-use,
were pressed into use, and the government, buying rice as promised at the support
price, had to export some of if because it had no place to store it,

As with the Pakistan experience, the Philippines success story contains a lesson
for economic planners and agriculturists. This item from The Economist puts it
succinetly:

"Two miracles in four years have been achieved by the administration of
President Marcos. The Philippines, an importer of rice until 1967,
recorded an exportable surplus in 1968, Since then the administration
has been preoccupied with the problems of plenty caused by the grain
revolution,

"Now, four years later, the second miracle has occurred: The Philip-
pines . have once again hecome a rice importer, The government has
decided to buy 300, 000 tons of the 7 million ton surplus of 'political
rice! that President Sato's government in Japan piled up last year to
keep its farmer supporters happy. President Marcos wants the Japa-
nese rice to depress local rice prices which have doubled in the past
three years."

While officially the shortage of rice in the Philippines is blamed oun the typhoon,
others claim that there is sufficient rice in the country but that it is being hoarded in
warehouses by dealers licensed to hold buffer stocks on behalf of the Rice and Corn
Administraiion for controlling price fluctuations.

The Economist report continnes:

"Three years ago the country had a skilful adrinigtrator, Mr. Rafael Salas,

who managed the application of the rice miracle to the Philippine fields and
gave it a marketing system which has been widely admired and imitated.

But he has now gone to the United Nations to head the new department of popu-
lation, trying to reduce the mumber of rice-eating mouths rather than increasing
the amount of rice they can eat.”
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When asked to analyze the Philippine experience, Mr.Salas replied:

"There are three very important lessons in the Philippines experience

in rice production. The first, is that after the initial quantitative success
the government has been unable to sustain the inputs in the agricultural
sector to maintain the production at a level adequate to meet the increase
of the population; second, the importance of sustained managerial super-
vision at the highest levels to coordinate the various government agencies
in mobilizing the farmers; and third, is that an adequate marketing system
must be established before one can expect production to be maintained.

"The Philippines is today importing rice from three countries in Asia
because of the typhoons which damaged the buffer stock last year. I
believe, however, that it was not just the typhoons that caused the shortage
but the lack of attention to these three factors that caused this regressive
development., "

Concept One: Human Behavior

Human behavior and how to change it fascinates scientists and practitioners in
many fields, With appropriate apologies to our psychologist friends, we can strip
human behavior to the essential elements of knowledge, understanding, attitude, and
action. This will serve our purposes here, as will the following simplification of
the process of influencing behavior.

We can say that humans, in addition to acting and reacting to satisfy their
personal needs (hunger, thirst, comfort, sex, etc.), can be changed through exposure
to information, instruction, or the pressures or presence (actual or implied) of other
persons,

The importance of a human behavior approach in development is emphasized
by Farmer as follows:

"... this sort of management activity is assumed away in most growth models,

perhaps because model builders rarely are practicing managers.

"What is missing in growth models is the notion that the behavioral and education-
al factors in a country are so important as to swamp the economic facts of life
---yet we ignore them because they are difficult to handle and potentially danger-

ous as political tools."

Because information and instruction are important in dealing with adults in

action programs, we can sharpen our focus and congider the role of information and
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instruction in the development process. In so doing, we set aside a host of other
aspects associated with behavior change less central to our present concerns.

Generally, an action program includes one or more of the following activities:
Education, advertising, training, promotion, public relations, propaganda, and ex-
tension. I we were to ask you to indicate the differences among each of these activi-
ties the discussion would eventually lead us to advance the idea that what the individuals
engaged in each of these activities are doing could be described as follows:

""The production of messages or the manipulation of the environment so

as to influence the behavior (or performance) of specified audiences (or

individuals) in specified ways."

While there are subtle differences among these informational activities, the
greatest is that of infent. The good teacher tries to help the student expand his range
of alternatives for action and to assist him to develop criteria for making choices -
among these, The effective propagandist or advertiser systematically reduces the
individual's alternatives for action until, in the end, the individual has one course of
action—that which the advertiser desires him to do.

Initially, most people find it difficult to translate their goals into behavioral

objectives. Yet, all we need to ask is: What must this person do if our objectives

are to be realized? To what extent, and in what way, must his behavior be different

than it is now if he is to do this?

Success in informational or instructional tasks depends upon being able (a) to
state the behavior we wish the learner (or receiver) to be able to demonstrate at the
time our influence over him ends, and (b) to plan and carry out the informational or
instructional tasks that achieve this objective.

Action programs usually involve two classes of objectives: General and Specific.
General objectives include these four broad categories: To create awareness or to
arouse interest; to modify attitudes; to obtain commitments to action, and to sustain
behaviors already present. Such goals might best be described as being to influence

or persuade and to reinforce rather than inform or teach.
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Specific objectives include these: To be able to identify things; to be able to follow
procedures; to be able to state principles and concepts; to be able {o apply principles and
concepts in decision making and problem solving, and to be able to perform specific
skills.

Each objective requires different informational or instructional approaches, but
we shall leave this concern for your specialists in such matters. It is important that
the administrator be able to define clearly the general and specific objectives for the
persons in the relevant audiences. A national program implies many audiences.
Changing the behavior of the farmer necessitates influencing the performance of many
individuals and orgauizations — these are identified as various components in the total
systems.

Before leaving the issue of human behavior, we must introduce a concept to which
Dr. Andersen will speak . more specifically tomorrow. This is how expectations govern
people's behaviors.

Psychologists and communication specialists view a human decision to act as a

function of the fraction of expected reward over expected effort:

Expected Reward . praction of Decision

Expected Effort

Reward, interms of the receiver, ranges from monetary return to such less
tangible aspects as increase in prestige and reduction in tension. Similarly, effort
is not only the energy or cost involved, but the possible loss of face or increase in
risk or uncertainty.

In advance of an experience, the decision of people is conditioned by the expec-
tations that they have about reward in relation to those about effort. Also, rewards
can be immediate or delayed, and the same is true for efforts. Part of the change
strategy is to communicate and work with pecple so that their expectations approach
reality, the rewards are more immediately visible and credible, and the efforts
postponed and reduced. Those who advertise "Fly now, pay later” employ the immedi-

ate reward, delayed effort notion.
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But let me insert a note of caution. In the enthusiasm of a production campaign,
it is easy to go too far — fo oversell, to promise more than can be practically realized.
When individuals, institutions, and governmeuts do this, they lose the cooperation and
confidence of their clientele.

Wheén communication breaks down, this may be the reason. The receivers no
longer Tregard the source as reliable or credible. They no longer accept or believe
what is said.

Another communication breakdown, and usually the one which happens first, is
the failure fo get the attention of the desired audience. The second failure is one of
not being understood or, even worse, of being misunderstood. The techuiques of
getting attention, understanding and acceptance are well documented and can be supplied
by your communication specialists.

But we all know of situgtions where people gave attention, understood and ac-
cepted, yvet no action took place.

Analysis of such situations might reveal one or more of the following reasons as
to why persons failed to act: They did not know how to do it, the instructional ingredi-
ent had been overlooked.

They did not know when to act, or where to go, or why; these data had not been

made clear.

More frequently, the analysig will reveal that there was a failure to communicate

effectively with other audiences upon whose performance satisfactory action on the part

of the first audience depended. Awareness of the components of the total system help

ug to avoid such a breakdown,
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Concept Two: Total Systems Approach
The examples from the Philippines and Pakistan illusirate the lengths to which

countries must go to engineer success. Yet, in each case, the programs were less
than totally and permanently successful because of inadequate consideration of
certain components, and perhaps failure to consider others. Results of program
planning and evaluation depend, in large part, upon who does it and the criteria they
use, These experiences clearly indicate that it is not sufficient just to be concerned
with increasing production,

Basic to the issue of defining the total system involved is to state the objectives
of the action program and to analyze critically the underlying social philosophies
associated with such objectives. K is possible for a country to manage a program so
as to maximize the resulting benefits for a limited number of producers, processors
and consumers. Qr, a program can be mounted with the goal of sharing the abundance
and benefits of increased productivity and production as broadly as possible in the
total society.

Where the "concept of the limited good" prevails, there will be pressures on
decision makers to choose the first slternative. Some people are just plain greedy,
but even more have never experienced the range of benefits to be derived, individually
and collectively, where the greatest mumber of people share in the consequences of a
greatly increased agricultural productivity.

("The concept of the limited good", as used by Foster and others, relates to
the perception or belief of non-sophisticated (and sometimes sophisticated) peoples
that there is an absolute limit to all things which people value., Consequently, as
they believe there rarely is enpugh of the total "good" for everyone, to the extent

that one person shar s in the "good"” there is less available for other persons.)

Initially, an action program designed to distribute broadly the benefits of new
and improved technology will be more difficult to plan, will take longer to launch,
and will require more management and supervision throughout. But it is. an effective
way to link technological and social change to accelerate the total development of a

country. The resulting dividends justify the increased investment in human and
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physical resources as well as the courage and patience the management of such a
program reguires.

Most of the things we find emumerated on various check lists of factors
to congider are necessary but not sufficient conditions for success. Moreover,
given all of the necessary components, there is the issue of strategies — there
are many ways to put the pieces together.

It is not our intention here to attempt the impossible — to deseribe the total
system which must be mobilized and energized if action is {o result. This is a job
for specialisis, and it is best done on the scene. The total system in Country A does
not necessarily resemble, have the same components, or behave as the system in
Country B.

Moreover, there are undoubtedly many differences between Asig and Latin
America. These may make some difference in the kind of inpuis and strategies
needed for successful programs. Some of these differences are evident in the
preceding papers.

While production problems may be fewer here, the marketing issues may be
greater. Latin America has relatively more upland rice area, bigger rice farms,
more mechanization, a fairly well developed technology, and fewer pressures on the
land leading to intensification in land use. The agricultural economy does not revolve
around rice, and while there is considerable uniformity in consumer rice tastes,
there is limited diversity in the ways rice is prepared and consumed.

What we have elected to do, therefore, iz to reorganize the many possible
factors to be considered in an action program. While this in itgelf produces another
check list, it may help to sort the issues into three categories: Physical inputs, poli-
cies and finances, and management. Let us analyze eachof these in terms of an
action program associated with a new rice variety.

Physical Inputs. A decision to launch an action program based on a new rice

variety implies that the variety exists, but not necessarily that it is suitable for all
of the areas where it is to be promoted. This requires a local testing program.
Moreover, who will multiply the seed and certify, process, and distribute it?

This one issue identifies the questions which we must face with respect to

physical inputs. To be effective, inputs must exist, be readily accessible to the farmer
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at the time he needs them, be in a form or size he canuse, and be adapted or tested
for his environment.

New varieties and new technology frequently do not respond as expected because
fertilizers, insecticides or other industrial products were not available when and where
needed.

Similarly, the planner may appropriately consider irrigation, machinery and
labor requirements. But if he focuses only on the farmer and his operation, he may
overiook transportation, marketing, processing and storage. These,too, represent
major physical inputs.

Policies and Finances. Among the policies and procedures which a country can

establish to stimulate agricultural production, the provision of adequate, timely, low-
cost eredit probably is most universally important. The lack of credit limits the
access of the farmer, whether he be big or small, to the inputs necessary to take
advantage of new technology. Frequently, it i8 not more money needed in credit
channels but more liberal or creative ways of making the money readily available to
farmers and others, Development planners here today may wish to explore this
matter further.

Other policy iseues intimately associated with agrieuliural production campaigns
include production incentives, price supports and ceilings, marketing quotas, land
tenure and ownership regulations, taxation, tariffs on imports of agricultural machinery,
protective tariffs on agricultural commodities, consumer welfare programs, laws
governing labor in agriculture and related industries, water rights agreements, both
internal and international, and international agreements for trade and technical as-
sistance. ‘

What these policies are and how they are managed defermine, in large part,
not only the success of programs to increase production but the nature and severity
of the so-called second generation problems. The role of the policy and decision
maker is difficult but responsible.

Management. Too often we take management for granted. We do not have new

varieties and improved agricultural technology unless we provide for and support ade-
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quate, continuing programs in agricultural research, education, and extension. Such
institutions require capital and operating funds, competent people, and a coniinuity of
professional leadership.

Interaction between agricultural scientists and national planners helps assure
that science is seeking answers to present and anticipated problems and that the de-
cisions planners make are based on the practical realities of agriculture. How can
we strengthen these lines of communication and keep them open?

Direction and coordingtion of national campaigns call for high quality adminis-
trafive input — men with ability, experience, access to policy makers, drive, and
courage. In Rafael Salas, the Philippines had such an individual. In Pakistan, Former
President Ayub, as chairman of the Planning Commission, served as chief of both the
administration and economic planning, and as Havener describes:

"Having almost absolute power, Ayub pursued food self-suificiency with
great single-mindedness of purpose and personally intervened when bottle-
necks developed."

Leadership is needed not only for the campaign itself, buf to anticipate and cope
with problems that arise later. Havener refers to this as the second generation prob-
lem rarely considered:

"This problem is best defined as a lack of administrative imagination and

decisiveness when faced with problem-sets for which there is no precedent.

Mobilizing a food grain revolution was just more and better of what they had

been doing for years. But handling an ongoing revelution with its rapid dislo-

cations and radically different set of priorities requires totally different con-
ceptions and administrative modus operandi. ™

But even the most competent administrators flouriderwhen they lack information
or the information they have is out-of-date, distorted, or incomplete. This input is
so important that we elect to treat it as the third concept, and at this point turn our

concerns from inputs to strategies.

Strategy Decisions. Essentially, the administrator manages resources so as

to accomplish the objectives efficiently, economically, and within the deadlines estab~

lished. The administrator makes countless decisions and the criteria he uses in making
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these decisions are, in a sense, his strategy. But the difficulties lie in the fact that
the criteria which he uses consist of at least technological, economic, political, and
social components.

But the issue of when, if at all, to launch an action program already is academic
in some countries. The new varieties exist, farmers know about them, and in less
than a year the small amount of seed available will be increased, in two plantings,
many times,

This creates a dynamic situation — the phenomenon of trying to push something
that is moving faster than you are. In such cases, as with a rocket inadvertently
launched in space, one can hope that appropriate policy and price mechanisms exist
or can be quickly instituted to assure success and prevent disaster.

Aside from the urgency which the existence of the varieties creates, the issues
of program strategies can be expressed most clearly as questions:

Locating — Where will the program start ? Inhow many places ?

Scope — Is this a national program from the beginning, or do we take an experi-

mental approach ?

Participation — To what extent do we encourage or permit what organizations

and people to help decide on program mattiers ?

Resources — How do we recruit and allocate physical, human, and financial

resources to the program ?

Organization — Do we establish a new organization to carry out this program ?

Do we assign the responsibilities to an existing organization?
It is possible to focus and coordinate the work of many organi-
zations ? Should we form a consortium of organizations ?

Continuity — Once the program is underway, what do we do for followup and

evaluation?

Concentration — How do we take into account the possible effects of other

national programs? Some may compete for resources or

in terms of objectives, while others may be complementary.
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Concept Three: Information, the Indispensable Ingredient

Implicit in the foregoing is the need for information and information systems at
every step of planning, executing and evalnating action programs. First, we shall
consider the kind of basic data needed in planning and some of the ways these may be
attained. Second., we shall consider the role and flow of information in program
implementation.

Data for Planning. Organizations charged with the responsibility for planning

a rice action grégra,m will need, as a minimum, information on production and market,
domestic and world. X will be important to know who the rice producers are, where
they are, how they now grow rice, and with what problems. Yield information is
important, not only averages, but the range and the mode.

How much of the area is in irrigated rice and how much in upland rice? What
other crops do these farmers grow? What is their income, their ability to take risks,
and their aceess fo credit, inputs and markets?

What agricultural areas are best suited for rice production? What are the present
and projected availabi"ﬁties of fertilizer, ag}ricuitural chemicals, and irrigation systems ?

More questions arise in the area of domestic and international markets. Who
presently buys and consumes rice, and at what price? If the price of riée would drop,
who would consume more rice and what new consumers might this attract ?

How adequaté are present faéilitiea for drving, transporting, storing and milling
rice? Would g price support program in which the government buys rice tax these
facilities ?

What is the comparative advantage of this country as a rice producer and exporter
in relation to other countries in the region, or in other parts of the world?

What is the present size of the population, the gromh rates, and where is the
population growing most rapidly? What is the rice consumption pattern?  Who needs
more rice, and what are the possible ways of making it available to them?

One of the characteristics of a developing country is that frequently the data
needed for good planning either do not exist or are difficult to get. The probléms that
Dr. Trant and his staff have had in bringing together the masé of data for your use in
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this seminar indicate that the data situation in Latin America is no better and we
trust no worse than in many other parts of the world.

Faced with the necessity of making decisions, the planner needs to identify such
data as do exist in provincial, regional, and national offices, and in the files and
publications of international organizations, Frequently, he will find two or more
sources for the same data; if they agree, he has one problem, and if they do not, he
has another, In fact, both reports may be right, if one can determine how the data
had been collected and analyzed.

Consequently, it is good practice to check the sources, determine how the data
was collected, and by whom and for what purpose. Next, one can check parts of the
data for face validity and, overall, for internal consistency,

If time permits, a sample study may be carried out to ascertain the reliability
and validity of the data at hand.

When new data are needed, short of undertaking special studies to acquire these,
it frequently is possible to insert questions in other studies about to be launched or
already in the field, Another technique is the sample or pilot study as a prelude to
more exhaustive studies later. The sample results give you something to work with
right away.

As programs are developed and implemented, it ig important to build data
collection into regular operations. This will provide feedback information for
program changes as well as data for later evaluative comparisons.

The absence of data or the lack of complete data about situations argues
strongly for an experimental approach when introducing a new action program: To
begin on a small scale in areas where you are most likely to succeed and about which
vou have the most data: or conversely, {o begin on a small seale in an area that is
most typical of the rice land fo be changed eventually. Variations of these location «
strategies were evident in the Pakistan and Philippines cases.

Information for Implementation., Basically, everyone who has responsgibility

for any aspect of the action program needs to know what the program is about and
what his particular duties and responsihilities are. This necessitates information

systems within organizations, among organizations, and between the action agencies
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and the public generally and the farmer and other elements specifically. At all
levels, there are needs for communicgtions that are informational and in many
cases instructional as well.

Leaflets, bulleting, sets of slides, motion pictures, demonstrations, field days
and related events helped tremendously to arouse the interest of Filipino farmers and
extension workers and to upgrade their knowledge and abilities. Inter-agency bhulle-
tins, some of these circulating down to workers at the village level, promoted co-
operation and coordination. Public participation of national leaders, including the
First Lady, in rice training and demonstration programs stlmulated public interest,
as did some unplanned raging controversies in the press triggered by zealous nation- .
alists,

While I personally feel that greafer attention needs to be given fo the instruction~-
al and informational types of material, there is no denying that intelligent use of the
mass media is positively linked with development.

When we consider the use of mass media in action programs of developing
countries, it is well to remember that, in comparison with the developed world:

(2) the mass media reach smaller audiences, (b) the audiences for radio and film
are greater than for printed materials, (c¢) typically, messages tend to be of low
interest and relevancy to rural people because of the strong urban orientation of
the media, and (d) there is more government control, especially over radio and
television,

Schramm suggests that results in the development process mayproceed less
from individual messages or media then from"a succesgian ofimpacts of related
messages and reinforcing channels,™ both mass and interpersonal. He observes
that planners of development campaigns find themselves thinking about systems of
communication rather than about media alone;

"What combination of messages and channels, in what order, will be of most
help in bringing about the changes that need to occur ?"

Given this point of view, we can ignore the arguments as to whether mass media

are more effective than interpersonal communication, or training people is more im~
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portant than disseminating information. I action is to occur Schramm states that
people must have information about the need fo change, the opportunities, and the
methods and means. Secondly, they must have opportunity to participate intelligently
in the decision-making process, and finally, the needed skills mu& be taught.

It is important, in final analysis, to assess what the various communication
media can do to make information available fo the public as contrasted with how they
can help the instructor in the classroom. Educafion and training involve more than
transmitting information and ideas. The desired changes in behavior or performance
usually require a teacher to correct or reinforce, a discussion group, with which to
interact, a situation in which to react, or & machine to be operated. Two-way com-
munication and opportunity for feacher-, group~ and self-evaluation of progress are

both necessary.

In Conclusion

Given the importance of communication and information as both inputs and
strategies in national action programs, I wish to comment briefly on how these can
be employed most effectively to improve the informational and instructional inputs
to action programs.
1.  If we examine typical extension/community development materials, we
find many of these to be promotional — they advocate the doing of things
with little or no emphasis on how., We can increase the informational and
instructional content of such materials.
2. We can make greater uae of applied research or local {rials and, subse-
quently, demonstrations. What a man sees he i8 more apt to believe.
Moreover, he gains some knowledge about the practice or variety over
the growing season. He learns what to expect. Research on the diffusion
of innovation shows clearly that the most effective communication channels
leading to adoption are those in which friends and neighbors are the infor-
mation sources, #Field trials and demonstration plofts serve as information
sources for these friends and neighbors.
3. We can develop our interpersonal communication gkills, We can learn how

to listen and observe carefully in interactions with individuals and in small
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groups. We can learn how to ask questions that stimulate honest, informative
responses. We can develop the ability to organize and monitor small discussion
-grcups 8o that participants may learn from each other while at the same time
we gain ingight on the knowledge, attitudes, and thinking processes of the
participants,

4, We can become more effective by developing more social science research
skills. This includes the ability to ask questions and listen, as well as how
to gather data about the people and area in which we work. Ideally, we can
cultivate working relations with social scientists in our countries, and en-

‘ courage and facilitate them to work on our problems.

5. Although some theme usually becomes a rallying ery, some of these themes
can he dysfinctional for many of the people they are intended to inspire. A
well-selected theme helps focus efforts and build national enthusiasm. But
to be truly successful, it must be meaningful in a personal sense to each of
the persons whose performance must be influenced if the goal is to be

medt.

The theme "To make the nation self-sufficient" will probably strike a responsive

chord in rather narrow political and financial circles, but at most it will generate a

"50 what" response among farmers., While 'To provide consumers in the city with

cheaper food" will appeal {o the urban dweller, it will have little impact on the many

who grow the food. Conversely, "To increase profits" will appeal to the farmer, but

will confirm the city man's belief that the farmer is getting rich at his expense.

When we speak to one audience, it is important to be aware that other audiences
are also listening to or reading what we say. We do not communicate in a vacuum, nor
does our action program operate in a vacuum. When it comes to evaluation, it may be
well to collect data and evaluate so it is possible to assessthe changes, positive and
negative, which result, directly or indirectly, in the society.

Here again, we return to the matter of social philosophies involved in the decision
about program objectives with respect to the persons in the society who are to share in

the benefits of the new technology.



- 292 -

One of the consequences of an action program may well be new problems, but the
man who has experienced a2 bumper rice crop for the first time in his life will never be
the same. He now has new hopes, new expectations — and these are contagious.

It takes courageous and inspired leadership to manage this contagion so that the
enthusiagm generalizes and moves from seli-centered to societal-centered interest,
Rather than struggling with each other for what they perceive as the limited good,
through our policies and communication programs we can stimulate people to work
together for an abundance in which all may share.

When people learn that science and fechnology, intelligently applied and managed,
can change and benefit their lives, there is hope for mankind and the world, The output
is worthy of the input, for a man's mind stretched to the limit of a new idea will never re-

trn - to its original dimension.
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INTRODUCTION

The systems of rice production, handling, processing, and marketing of rice
are almost infinite in number. Consequently, all systems cannot be considered in
depth in a discussion sach as this.

Basically, we may consider the typical systems of production and handling as
follows.

1. Traditional — Defieit

This system may be one in which production is essentially by hand methods
with harvest by hand labor, transport by farm vehicles, and milling either by hand or
in basic systems such as village huller mills. This system most probably will not in-
volve sophisticated marketing, transport or processing facilities, and i8 considered to
exist in a national net rice deficit situation.

1. Modified Traditional -— Self-Sufficient

This system may be comprised of components of modern technology such
as some mechanized production implements, limited motorized transport, and some
modern elements of processing and marketing. This system ig the most complex in
its operation, due to the difficulty of integrating flow of grain between a portion - say,

slow harvest or drying — to a rapid transport and processing system,



This system is considered to be one that operates in a self-sufficient
national rice sifuation. If is also the system that undergoes the most drastic
changes, as it evolves from traditional methods, and involves changes in basic
production, handling, and marketing concepts.

OI. Surplus System

This system almost invariably involves components of modern technolo-
gy and may be completely mechanized, or will certzinly be partially mechanized.
The producer may use traditional production methods and sell at 2 modern drying
facility where his grain may be mechanically handled, processed and marketed.

Or he may use traditional production 2nd drying techniques and sell his marketable
surplus into a modern marketing stream; or he may produce, using mechanized
methods, and mechanically dry and sell into a modern marketing stream. The
possible combinations in 2 system such as this gre unlimited. However, the

central concept in this system is that the grain must he handled properly and usually
quickly in order to maintain quality if it i8 to retain value and profit for the producer
and processor.

This discussion will deal with physical problems and to some extent costs in
rapidly progressing from a rice deficit situation to one of self-sufficiency and
surplus.

Traditiongl System ({(Definition)

The traditional system, as defined here, is one in which production is done by
hand methods., Land preparation will be done either by hand or animal-drawn imple-
ments. Planting is done by direct hand seeding or transplanting. Harvest generally
is done by hand cutting, then removing the straw and panicle to some remote place
for threshing by any number of means, but primarily flailing and/or trampling.
Drying is done by spreading the grain in the open and hopefully reducing the moisture
to a level sufficienﬂy low enough to avoid spoiling until it is consumed,

In this system the farmer will commonly reta&n enough grain to assure a food
supply forhis family and possibly the families of his laborers. He may sell his
marketable surplus over a long period of time, and will commonly sell only enough

to buy products not readily available in the village or on his farm. This system,



even though apparently erratic to an outsider, is one in which the sale, by farmers,
of small quantities of one or two bags at a time, tends to keep a fairly steady supply
to local and distant markets.

Product movement from the farm in this system usually involves the farmers'
own or village transport vehicles. In many cases a local trader will periodically
vigit the village and buy and transport by motorized vehicle; but most commonly the
farmer will move his rice directly to 3 market and sell in a ‘marketing-processing
center,

Processing for this system usually involves only the most basic machines.
Rice processing for the farmers' use may be done in the family compound by hand
pounding or in the village on a custom basis. Fither case can be costly from the
standpoint of product efficiency. Hand pounding may yield 50 percent, more or less,
of rice from paddy and the village mill may be no better. The most commeon rice
mill in the world is the "huller" mill. It consists of one or two machines, the huller
itself, and a machine to aspirate and sieve bran, broken rice, and larger rice. This
machine, the huller, was designed to hull wheat and was adapted to both hull and
polish rice.

The operator of the huller mill will most probably mill the farmers' rice for
the by-products of bran, hulls, and small broken rice. Even though the huller mill -
operator gets a large share, the arrangement is agreeable to all concerned.

Much of the rice that moves from production areas to cities or deficit areas
is processed in huller mills or in the limited unit mill that processes superior
guality rice. Operation of the huller mills involves multiple passes of the palddy
through the hiller until sufficient hulle and bran are removed te satisfy the consumer.
Needless to say, the final produet i= of low quality and contains large quantities of
brokens. As long as the market demands for food will allow this kind of product to
be sold, little may be done to improve the processing system.

Almost invariably, the capacity for processing rice production in rice deficit
areas exceeds the amount to be processed. Traders and processors depend more on
market variability than on plant efficiency and stable markets to make a profit. The
trader buye when there is a surplus of paddy and prices are low, and holds the product
until rice prices are high enocugh to make a profit. Consequently, little concern is

shown for improved plants and processing systems.
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Transport of rice in & deficit area is done largely hy.public carriers such as
trains and/or trucks and other modes of transportation. Normally, the marketing
agency does not supply the transport vehicles, except possibly those required for
local sales.
Self-Sufficient and Surplus Systems (Defined)

As an ares progresses from deficif to surplus in rice, new and unfamiliar gener-
ation of problems begins to occur. These problems generally occur where no éxperience
or tradition can be called upon for solution. Where the farmer has traditionally held
his paddy until he is assured of his own supply, he is now faced with moving paddy direct-
ly info markets to take advantage of high market prices or to simply move an excess
product from his farm, one which he is unable to adequately handie.

The first problem he faces is possibly threshing his grain the first year he plants
an improved variety, uses fertilizer, or improved practices that lead to drastic increases
in production. He will most certainly be faced with moving the freshly harvested paddy
to a market center more rapidly than ever before. The farmer very seldom has suffi-
cient {ransport himself or in the village to move the grain into the processing chain
before damage occurs in the grain, He has fraditionally waited until the grain is fairly
dry prior to harvest and has had enough time to sun dry before storage. In this situation,

“which is new to him, he will tend to harvest and thresh the rice as early as possible,and
at a high moisture level unsafe for storage. Since the grain cannot move rapidly from
the farm to a market center where drying and processing may take place, the grain may
be in a state of deterioration when it is finally marketed. My experience has been that
it is almost impossible to impress the farmer with the need to dry rice soon after harvest,
or move it to a drier soon enough to avoid spoilage,

The second set of problems to be faced with the rapidly expanded rice production
following inadequate drying and’ transport problems, involves storage. Where marketing
of paddy has been fairly orderly, with a surge at harvest, then leveling off to a reasonably
steady flow from farm to market, there tend to be large amounts of grain arriving in
‘markets at harvest. The trader and processor have traditionally found themselves in

the position of dealing with fairly low percentages of the crop but are now faced with
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larger amounts of grain than ever before. Storage in warehouses of bagged grain is
normally adequate if properly dried and protected; however, in this new situation it
probably will not be adequate. Since there is a tendency, by farmers, to underdry
the grain, the trader or processor either cannot store or dry the grain to assure
storage quality. This then sets the circumstances for someone to receive far less
for rice than normal, and also to create situations where well developed production
planning may be offset by poor drying and storage considerations.

The next set of problems centers around the procesgor or rice mill, The
processor has traditionally operated his plant to a limited extent, and may have
depended on price variations to assure a profit. He may have operated his plant at
a level of only 10 percent rated capacity, and is suddenly faced with operating at far
greater capsacity to move the produce. As stated earlier, milling capacity tends to
exceed production in deficit regions, and the processor will be reluctant to exceed his
previous plant output. In addition, he will probably not be in the position to take
advantage of price variation for profit. If he iz operating the traditional huller mill,
his losses and low product efficiency in the mill may reduce margins to the extent
that he cannot make a profit.

Once the rice is processed, market demands in self-sufficient countries or
surplus countries may be fairly stable and the miller may plan on processing enough
to meet these demands. However, he must provide encugh rice to assure his share
of this market and also enough to meet sudden demands and market fluctuations. In
order to do this he must have ready rice storage and transport facilities — neither
of which the processor will have at the time a rapid increase in rice production
occurs. The overall situation then becomes one where:

(1)  The producer will tend to harvest earlier and market grain at moisture
levels unsafe for sturage. He will sell large quantities into a system
that is unprepared to handle or process the grain,

(2} Insufficient driers or no driers exist, and much of the grain may be lost
due to spoilage. »

(3)  Little or no bulk storage exists and flat storage is inadeguate to handle

the rapid increase in production,
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{4} Rice mills may have enough capacity to process the increase, but have
no tradition in operating near rated capacity.
{5y  Markets may be available for the product, but will tend fo be more
discriminating, and product efficiency may be so low from the plants.
that it may not be profitable to process and sell into the marketing
system.
(6) Inadequate rice storage will make rice processing and marketing erratic.
{7}  Transport facilities may be limited and not allow the processor to meet
sudden market demands.
PLANNING A HANDLING SYSTEM FOR INCREASED RICE PRODUCTION
Often the decisions are made to increase rice production by introduction of the
necesary inputs to allow farmers to do so in a relatively short time. All too often
these decisions are made with no planning regarding disposgition and handling once the
crop is produced. Policy makers, in many instances, may decide to allot money or
other inputs to a system to handle increased production at the same time the decisions
are made that will lead to the increase. When this oceurs if is almost impossible to
establish requirements, components, engineering criteria, and set the system in
operation in time to meet the demands of large, sudden increases in production,
It is impossible to say how much lead time is necessary to meet the demands
of increased production. Most generally, the decisions to change the handling system
are made after production has already increased.
The System
Physical issues in a handling system must be established in order to design and
implement plans for the system. Quantities and time available for handling is the first
order of priority.
Table 1 shows a typical harvest, drying, storage, milling, and marketing schedule.
This schedule is for commercially produced rice going into markets, and does not include
local consumption, which will be processed either on the farm or loeally.
The analysis in Table 1 shows the following:
(1)  Total product to be handled is over 92,000 metric tons of rough rice (paddy}.

(2) Maximum rough rice storage capacity must be 31,004 tons in December.



Table 1.

Minimum milling and storage scheduled for commercigily produced rice in Nicaragua.

Area Rice movement April Muy Jene Juiy Ang, Sept. Oct,  Nov. Dec, Jan. Fab.
I Harvested __1_«‘,! 2100 2100 - - - - - 2624 2624 - -
Milled or moved B3 871 873 871 871 871 871 571 871 87 871 2
Rough rice in storage 2122 3351 2450 1509 738 {Add, 108y 1753 3506 25335 1764 !
Mi[ledﬂ?j {Store-Market; Bie 810 616 810 £10 810 GO 810 610 618 610 1
It Harvested 926 926 - - - - - 1158 1158 - -
Milled or moved BER! 384 3R4 384 384 A84 3384 344 484 384 384
Rough rice in storage 938 1480 1086 712 328 {Add, 10%) 714 1548 1640 780
Milied Store-Market) 269 269 269 260 269 264 269 269 258 269 269
1 Harvested 4500 4300 - - - - - 5624 5524 - -
Milled gr moved 1867 1867 1867 1867 1867 1887 1867 1857 1867 1867 1867
Rough rice in storage 4546 7179 5312 3445 1578 {Add, 1o%y 3757 7514 5647 3780
Mlled {Btore-Market) 1307 1347 1307 1307 1307 1307 1307 1307 1307 1307 1307
v Harvested 2103 2103 - - - - - 2829 2829 - -
Milled or moved 873 873 873 872 873 873 873 B3 873 873 873
Rough sice in storage 2123 3853 2180 L6067 HE {Add, 10%) L7568 3512 2634 1768
M Ued (Store~Market) 611 611 611 61l 611 611 611 611 811 B11 611
v Harvesied 5480 SOR0 - - - .- - 6350 6350 - -
Milled or moved 2108 2108 2108 2108 2108 2108 2108 2108 2108 2108 2108
Rough rice in storage 5132 #3104 5496 3888 1780 Add, 109 4242 8484 8376 4268
Milled {Store-Market) 1478 1476 14786 1478 1476 1476 3476 1476 1476 1476 1476
VI Harvested 3856 3858 - - - - - 4820 4820 - -
Miled or moved 1600 16860 1600 1660 1600 1606 1860 16406 1604 1840 1600
Rough rice in storage 3898 6152 4552 2852 1352 {Add, 10%y 3220 6440 4840 3240
Milled (Store-~Market) 1120 1120 1120 1120 1120 1120 1124 1126 1129 1120 1120
Total  Harvested 18565 18565 - - - {9278 10%y 23203 23205 - -
all Milled or moved 7703 7708 70l TV TR 7743 TTO3 TYel 703 T703 TT04
areas  Rough rice in storage IT3T EBGIO 21818 14213 6510 (Add. 109y 16502 31064 23777 15598
Milled Store-darket) 5352 3502 sRag 5o 5382 5302 5352 5352 5392 53452 5392
i/ Considering commuercial 'prﬁi{rtlti(}ﬁ anly: -8 percent harvested In April and May, 54 pm*ﬁént harvested In November and December; the addif
10 per cent harvested vutside these months, Al figares in metric tons,
2./ 70 percent mill yields — maximum milled rice storage 30 day s,



{3)  Milling capacity must be at least 7703 tons per month.

(#  Minimum milled rice storage must be 53382 tons.

(5)  That drying and transport reé;uiremam:s can be established.
(6) Threshing capacity required, of course, is evident,

Equipment for the System

Taken in order from the farm, threshing must be considered first, The only
decisions that can be made on types of threshers is either self-propelled combines,
stationary threshers, or hand threshing. Large stationary threshers are no longer
common, but can be purchased. However, due to their limited supply, it is usually
more reasonahle to use small threshers, band threshing, or combines,

If band threshing in an area of rapid increase of rice production is common, it
may be advisable to continue as long as the farmer can harvest in this manner. Sudden
introduction of power equipment usually results in under-tuilization and inefficiency.
Lack of parts, mechanics, and supplies may make the equipment less than effective.
Where power equipment is tradifional, desirable, or necessary, then the decision
must be made on type of threshing equipment to use.

Where farms are concentrated and fairly large, combines may be used success-
fully; otherwise, stationary threshers may be more efficienf. The author considers
10 acre farms usually suffictent to use self-propelled combines. However, the combines
used for rice need fo harvest about 250 acres per year to be justified, but should harvest
about 500 acres or 1000 tons t(; be most practical. Either stationary threshers or self-
propelled combines will cost approximately $15 per fon harvested annually or per crop.
From Table 1 the capital cogt for combines or threshers would be approximately
$696,000 (46,400 tons in November-December x $15/ton),

Transport for the System

Transport fromthe farm to market or to a threshing facility may be done by

animal~drawn or motorized vehicles. However, the product must be moved quickly.
Consequently, motorized vehicles may be indicated if spoilage is to be avoided.
Trucks or tractor-drawn frailers are commonly used for this purpose. Tractors and
trailers are used guite commonly to transport rough rice to market or driers. The

tractors have the advantage of being able to operate in some fields and on roads



where trucks cannot go. Also, tractors have the added advantage of being used
for production purposes, and since the farmer is generally responsible for the
product up to market, tractors may be in order. One estimate by the author indi-
cates that the capital cost for transport vehicles is on the order of approximately
88, 50 per ton-mile per crop. Using Table 1, then, for November-December,
43,410 tons must be moved; and for purposes of example, cousider a travel of five
miles. Total cost would be about $1.8 million. Using tractors and trailers will
allow much of this cost {o be assigned to production.

Drying for the BSystem

The most frequent problem conceraing drying is what techniques to use and

type drier to select, Systems that require capacities over 1000 tons drying per
season can normally justify continuous flow driers; lower amounts normally lend
better to batch driers. Figures 1 and 2 show typical arrangements for both
systems.

Batch driers are normally cheaper to operate, but dry slower than continuous
flow driers. Conircls and operation are fairly intricate for continmuous flow driers
and create problems that lead to damaged rice. Rice temperatures should not
exceed about 105°F in drying. Most commonly, the air temperature in batch
driers will not exceed 110°F and little chance for damage exists., Continous flow
driers may use air temperatures over 200°F and the operator must use techniques
that will not allow grain temperature to go over 105°F. These decisions then lead
to problems of operation and damage to the product,

Continuous flow driers, operated properly on a2 multi-pass system, will dry
approximately one~half their holding capacity per hour. This means that if the drier
holds six tons, its hourly drying capacity will be on the order of three tons. This
rule applies in humid regions when the moisture to be removed is on the order of
19 percent. A fair estimate of harvest moisture is around 22 percent and the
grain should be dried to 12 percent for safe storage. The common problem and
tendency in drying is: (1) to underdry usually to around 14 percent and, (2) operate
improperly. The operator in an atiempt to reduce weight loss underdries then

loses in storage. He will almost always want to use the continuous flow drier as a
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12,
circulating batch drier instead of a2 multi~pass drier with tempering between passes.
This kind of operation reduces capacity by as much as 75 percent and will damage the
grain by breaking it.

Fuel is always a problem in rice drying. Approximately 2000 to 2400 BTU/1b
of water removed is required in rice drying, using continuous flow driers. Batch
driers in most cases will require less fuel than continuous flow driers, due to the
ability to utilize energy contaived in natural air. However, if we consider fuel costs
on the basis of 2400 BTU/Ib water removed, it will require approximately 30 pounds
of diesel or squivalent to dry each ton of rice. Operators and managers always feel
this is an excessive amount and will tend fo try and reduce it, usually resulting again
in damaged grain,

Using Table 1 again, the maximum drying to be accomplished per month is
23,205 tons. Consider 20 days of 24 hours each, or 480 operating hours per month.
Then hourly capacity should be 48 tons per hour net. In order to accommodate uneven
receipts, 50 percent is normally added, then 72 tons per hour capacity would be required.
A fair estimate of cost of continuous flow driers may be on the order of $2,500 per fon
of hourly capacity. The system would require about $180,000 worth of driers, In
addition, it would require at least $1.5 million for storage with the driers (31,000
tons}. The total cost then would be around $1.75 million.

These figures are minimum and can vary several times over, depending on
location of equipment, number of installations, efc.

* Batch or bin type driers have certain advantages over continuous flow driers in
that they will dry small lots and normally require less fuel for heating the drying air
gtream. They also have the advantage of requiring lower levels of technical competence
to operate. Costs for batch driers in most cases will be lower than continuous flow
systems, since they combine drying and storage in the same facility. They dry much
slower than do continuous flow driers, but at less cost. Figures 1 and 2 show typical
batch and continuous flow systems,

Milling for the Svstem

Milling equipment capacity normally exceeds production. This situation creates

the greatest single problem for operators and policy makers. If is hard to convince



Tahble 2. Typical rice mill evaluation (India)

Mill . . . . Mois-: : : ‘ . Mill - Poten-; Mill . Broker
Des- . : : . ture : Weight : Paddy in rice :_ Net weight of rice ' out- : tial . out- % of
igha- . Varietys Rep.f con- of : : : : : . turn . out- - turn rice
tion : : ttent ! paddy . (g} . % rice. Head : Broken: Total . of ¢ oturn (% of : total
X - : P kg : - kg . (kg) 1 (kg) : rice : of . poten- :
. s . . . . - . . < % ; 'rice - tialy -
. ’ : : paddy) . (%)
A C0O-25 I 11.6 4005.3 0 Q 2323.8 597.6 2921,4 72,9 73.6 98,0 20.5
A CcO-25 I 1t.4  4005.6 0 0 2228.0 7TT3.7 300L,.7 74.9 74.3 100.8 25.8
A C0-25 1 11.5 -4005.6 0 0 . 2147,2 781.4 2928,6 73,1 @ T4.4 98.3 26,7
Mean " 11.5 2233.0 717.6 .2950.6 73.7 “74.1 99,4 24.3
B CO-25 I 11.5 995, 4 8.3 1.2 293.7 395..7 689.4 69.3 73.4 94.4 57.4
B CO-25 IT 11.4 996. 5 12,4 1.8 217.6 473.3 690.9 69.3 .74.0 93.8 68.5
B CO-25 Ir 11.6 994,6 12.4 1.8 199.8 188.6 688.2 63,2 74.2 93.3 71,0
Mean 11.5 11.0 16 237.0 - 452.5 689,50 69.3 “73.9 93.8 65.0
C . CO-25 I 11,9 999.5 2,8 0.4 222, 1 472.1 694.2 69.5 73.3 94. 8 68,0
C CO-25 Im 11,4 998, 0 8.4 1.2 146.0 549.3 695.3 69.7 73.6 94,7 79.0
C . ' CO-25 I 11.4 995.9 3.5 0.5 154. 4 547.6 702.0¢ 70.5 74,0 95.3 78.0
Mean 11.6 4.9 0.7 174.2 523.0 697.2 69,9 73.6 94.9 75,0
D CO-25 I 10,9 2997.8 12.5 0.6 720.5 1367.9 2088.4 69,7 74.3 93.8 65.5
D CO-25 II I11.1 2997.8 17.1 0.8 747.8 1388,7 2136.5 71.3 74.2 96,1 65.0
D CO-25 I 11.3  2997.8 17. 4 0.8 1042, 0 1128.9 2170.9 72,4 74,1 97.7 52.0
Mean 11.1 15.7 0.7 836.8 1295,2 2131,9 71.1 74,2 95.9 60,8

A - Complete modern rice mill,
B -~ Huller mill.

C - Huller mill.

D - Sheller-Huller mill.

07



14,
anyone to invest in equipment where adequate capacity already exists. However,
as much as 5 percent increase in total rice is common in modern mills, compared
to huller mills. In addition, there may be considerably more broken grain content
in the huller mills compared to complete modern mills, This may be particularly
important as buyers become more discriminating in markets with sufficient rice to
meet consumer demands. Table 2 shows a typieal rice mill evaluation where
various mills are compared, and indicates both increase in total yields and value,
as gauged by broken rice.

Figure 3 shows a complete modern mill with the components required jlfo produce
a good quality rice with a minimum of broken grain. This mill contains rubber roll
shellers, accurate steel hullers, and separation equipment.

Once the decision is made to install a modern mill, the capacity must be
determined. A rice mill operating at capacity should run 300 - 20 hour days per
year. This schedule allows 4 hours per day maintenance and 85 days each year for
repair and holidays. Some modern mills introduced in areas for the first time have
operated longer and some for shorter periods each year. Consequently, this figure
may be used as an average. Hourly capacity can be rated as multiples of 6000 per
year. Each one ton per hour of capacity of the mill will process 6000 tons per year.
From-Table 1, there ate 92,000 tons to be processed each year; consequently, the
hourly capacity must be 15.33 tons (92, 000 .. 86000},

One principle issue in modern mills is replacement parts and operating techniques.
Rubber rolls for the shellers must be procured and in place when needed. If they are
not in the mill when old ones are worn out, the mill will have to cease operation.
Technical competence is also an issue in modern mills. If no experience is available
when the mill is installed, it is advisable to include staff {raining along with the mill
purchase agreement.

A reasonable figure to use as the cost of modern rice mills ig $20,000 per ton
of hourly capacify. The mill then required to process the 92,000 {ons shown in Table 1
would be $306,000 ($20, 000 x 15.33 tons per hour).

Returns for modern rice milling can be computed by estimating increases in

outturn of rice from paddy. As an example, consider a one ton per hour mill processing
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6000 tons per year. For each one percent increase in mill yield, the increase
in the product would be 60 tons, worth about $9, 060 (60 tons x $150/ton). Where
huller mills are replaced with complete modern mills, the increase in product
will be on the order of 5 percent, with higher value per ton than from the huller
mill.

Rice Storage for the System

Storage of rice in bags can be in any dry, well ventilated, insect-free warehouse.
Fifty percent total warehouse volume can be used for bag storage. However, the grain
must be protected from insect infestation and should be well ventilated.

Arbitrarily, milled rice is usually not generally considered to store well for
long periods, One common figure used for time of storage is 30 days for milled rice.
However, if the grain is protected, it can be stored af least up to 90 days with no

significant loss in quality,
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The world rice siwalion changes 8o rapidly that the ass;g;gnent of preparing
an accurate paper on the mhject in miﬂ~August for delivery in mid-QOcteber is dif-
ficult, if not 1mp<_>ssxhle. In atomic energy terms, the half-life of existing facts on
the world rice market situation as of any given date is only one month. This means
the facts of mid-August are only 50 per cent correct in mid-September and only 25
per cent relisble in mid-October. Thus, this paper is presented with the under-
staadiag‘ that the author reserves the right to present a concluding section which

cannot be written until the day before the paper is presented.

World Rice Production

From 1965 to 1970, the total world production of rice increased from slightly
more than 240 million tons of paddy fo the current level of nearly 290 million tons
(Table 1). Asia normally produces about 90 per cent of the world's rice crop; the
overall increase in world production from 1965 to 1970 was caused primarily bjr the
expansion of production in Asiz. In this region, about one~fourth of the expanded
volume of rice was caused by a gradual increase in the aﬁreage planted and three-
fourths by increased yields per acre. In most of the other rice regions of the world,
acreage remained raistiveif constant and the x#edest incx:easés were fhe ﬁwlt of
higher yields. ‘ ' : .

Causes of the Production Expansion

As indicated in Table 1, a large part of the total increase in produetion from
1965 to 1870 occurred during a one-year span between 1966 and 1967, In this period,
production increased about 15 per cent. This was the result of unusually unfavorable
weather conditions in Asia in 1965 and 1966 followed by umusually favorable weather
conditions in 1967. From 1967 to 1968, there was little change in total production.



. Table 1. Paddy Rice: Production by Major Producers, and World Total, 1964-69

Year Beginning August 1

Country 1964 1965 1966 1967 1968 1969 L/
Million Metric Tons
Mainland China ' '85.0° 87.0° 82.2 86.4 88.6 92.5
India 58.6° 46,0 45.7 °© 56.4  59.7  60.6"
Pakistan 17.8  17.7 * 16.4 19.0 20.1  21.3
Japan - 15.7 15,5 15.9  18.1 18.1  17.5
Indonesia 13.0  13.6  14.1  14.3 16.2  17.5
Thailand 11.1 10,8 13,5 11.2 11.2  13.4
Burma 8.2 8.1 6.6 7.7 8.0 8.0
Brazil 7.6 5.8 6.8 7.0 6.4  ----
Philippines 4.0 4.1 4.1 4.4 4.4 5.2
United States 3.3 3.5 3.9 4.1 4.7 4.1
South Vietnam 5.2 4.8 '4.'3 4.7 4.4 5.1
South Korea 5.4 4.8 5.3 4.9 4.4 5.6
Total - Major Producers 235 222 219 238 246 251
World Total =/ 257 245 243 - 269 273 286

Source: Rice Situation, U.S.D.A., March, 1961

1/ Preliminary : BT

2/ Excludes North Korea and North Vietnam



From 1968 to 1969 world rice production increased 5 per cent. In the most recent
period, 1969 to 1970, the preliminary estimates indicate that total production in-

creased only 2., 4 per cent. 1

Some observers have attributed most of the increase in rice production
during the last five years to the introduction of the new improved varieties along
with the additional inputs supplied with these varieties. A closer look at the
timing of the increases, however, and of the areas where they occurred, leads
to the conclusion that much of the increased production was due to factors other
than the new varieties and the additional inputs. Table 2 presenis a summary
of the area planted to the high-vielding rice varieties, by year, from 1965-66 to
1969-70, in most of the major rice-growing countries of Asia. It should be
noted that the most substantial increase in production, from 1966 fo 1967, occurred
before the high~yielding varieties were planted in large volume, Between 1869
and 1970, when the high-yielding types were greatly expanded, total production in-
creased only slightly.

Most of the rice produced in the world depends upon natural rainfall for
moisture and for weed control, In much of Asia, this rainfall is the product of
the monsoon season between May and Ociober. If the monscon rains are on time,
are of the right amount, and the storms not too severe, the crops are good: if not,
yields are low. In general, of the rice production increase that has occurred in
the last five years, it appears that gbout one-half of this expansion should be
credited to improved weather during the latter years of the period and the remaining
50 per cent to a combination of factors including the contribution of the newly-de-
veloped, high-yielding varieties, the additional volumes of fertilizer, pesticides,

and other inputs used, and the development of new and improved irrigation systems,

1

World Agricultural Production and Trade, Foreign Agricultural Service,
United States Department of Agriculture, June, 1971,




Table 2. Ares Planted to High-Yielding Varieties of Rice in Less Developed Countries

1965~66 196667 1967-68 196889 1969-70 .--1-/
' Acres
South Asia
Ceylon 2/ -- -- -- 17,200 65,100
India 3/ 17,650 2,195, 000 4,408, 000 6, 625, 000 10, 800, 000
Nepal - - -— 105, 000 123, 000
East Pakistan e 500 166, 000 381,500 851,700
West Pakistan ~— 200 10, 000 761, 000 1,239, 000
East Asia
Burma - - 8,500 412, 400 355, 560
Indonesia - -~ - 485, 100 ., 850,400 4/
Laos - 500 3, 000 5, 000 4, 800
West Malaysia -- 104, 500 157, 000 224,700 316, 000
Philippines 3 / - 204, 100 1,733,400 2,500,000 4/ 3,345,600
South Vietnam - -— 1,200 100, 000 498, 000
Total 17,6580 2,505,200 5,487,100 11,820,200 19, 249, 600

Source: Indexes of Agricuitural Development, Less Developed Countries, 1970

U. 5. Department of Agriculture, May, 1971,

1/ Preliminary

2 /  Excludes improved local varieties
3/ Includes improved local varieties
4/ Unofficial

To make sound policy decisions affecting future programs, it ig important in
couniries where rice is a significant crop that future world rice production trends be
evaluated. The headlines and the thirst for spectacular journalism in recent years

appear to have over-emphasized the contributions of the new varieties of rice to the



production increase and, as a result, may lead some policy makers to erroneous
conclusions, The new improvedvarieties along with additional inputs and better
farm practices have played a large role and have also served as a catalyst to stimu~
late major changes in other areas such as transportation, storage, and the like.
These contributions will be important in the future. However, as spelled out by
Staub and Blase in their recent paper on genetic technology and agricultural de-
velopment, 2 genetic technologies provide necessary but not sufficient conditions

for agricultural development, and other factors must be considered.

In Asia, variable weather conditions are likely to continue to be the most im-
portant factor affecting the production of rice. Low-production years can and most
likely will occur oceasionally just as they have in the past. It also follows that in
any given rice area in monsoon Asié, the maximum impact of the improved vax;ieties,
added inputs, and new methods can be obtained only when more and more of the region

ig provided with effective irrigation and water control. This will take time.

World Rice Trade

Most of the rice produced in the world is consumed in the countries where it is
grown. Traditionally, only 4 to 5 per cent of total milled rice production moves into
internationgl trade. This proportion has held relatively constant in recent vears. Asp
indicated in Table 3, total world rice exports amounted to zbout 6.5 million tons in
1968; 6.3 million tons in 1969; and 6.5 million tons in 1970, For 1970, this amounted
to about 4 per cent of total world production.

In this recent period, the United States has been the leading exporter, shipping
1.7 to 1.8 million tons yearly. Thailand was second with about 1 million tons a year,
mainland Ching third with from 0. 8 millicn to 1. 0 million tons, and Burma fourth with
about 0.4 to 0.6 million tons annually. In 1969 and 1970, Japan became an important
exporter. In the three-year period, 1968 to 1970, UAR, Italy, and Australia had
small but significant percentage increases in exports.

2
""(enetic Technology and Agricultural Development,” Science, Veol. 173, No. 3992,
American Association for the Advancement of Science, July 9, 1871,



Of the annual volume exported from surplus-rice countries, about one-half
of the total exports moved to deficit~food countries in Asia. These included Indo-
nesia, East Pakistan, Ceylon, South Korea, Malaysia, South Vietnam, ﬁeng Kong,
Singapore, and in some years the Philippines. An additional 15 per cent of total
world exports moved to high-quality specialty rice markets mostly in Europe and
the Near East. The remaining 35 per cent moved to scattered markets mostly in

Africa and Latin America.

Table 3. World Rice Exports by Major Exporters, Calendar Years 1988, 1969

and Preliminary 1970

Country 1968 1969 1970

1, 800 Metric Tons — Milled Basis

United States 1,847 1,850 1,695
Thailand 1,068 1,023 1,024
Mainland Ching- 1,025 900 800
Japan 2/ 341 700
UAR 497 489 575
Burma as2 549 6190
Iialy 186 179 250
Cambodia 191 85 180
Australia 97 121 150

Total Major Exporters 5,263 5, 547 5, 984

World Total 6,469 6, 255 6,500

Major Exporters

Per cent of Total 819, 89% 929

Source: U.8.D.A., Grain and Feed Division, FAS, March, 1971,

1/  Preliminary Estimates
2/ Less than 500 metric tons



After averaging about 7 million fons annually in the early 1860's,world rice
exports dropped to 6.5 million tons in the late 1960's and in 1970. Current indica-
tions are that the 1971 level will be about €. 5 million tons.

World Rice Prices

Long-time trends in the export prices for 5 per cent broken-grain, medium
quality milled rice, f. 0.b. Bangkok, and the index of rice prices for exporting
nations from 1960 fo 1870 are presented in Figures 1 and 2.

From 1960 to 1965, world rice prices were relatively stable at around $160
per metric ton at f.o.b. exporting ports for high-quality, long-grain, well-milled
rice with less than 5 per cent broken grains; $140 per ton for medium-quality,
medium-grain or long-grain rice, reasonably well-milled with 5 to 10 per cent
broken grains; and $110 to $120 per ton for undermilled, low-quality short, medium,
or long~grain rice with around 25 per cent broken grains or for the usual parboiled
10 per cent broken-grain-off-color types. Good quality broken rice sold for around
$90 per ton.

From 1966 to 1968, world rice prices increased substantially to a level of
around $230 per ton for high-quality types, $200 per ton for rice of medium quality
by export standards, and $170 per ton for low-~qualify grades. This price increase
was due {o increased demand from major consuming countries due to shortages
caused by unfavorable weather vears in Asia, along with an increased demand from

the continual population increase.

World rice prices began to decline in mid-1969 as supplies became more
abundant in both importing and exporting countries. As indicated in Table 4, the
price of high-quality, long-grain types declined from around $215 per ton f.o.b.
Bangkok in mid-1969 to about $140 per ton in early 1971, For medium quality 5
per cent broken grain types, the decline was from around $200 per ton in mid-1969
to $125 per ton in early 1971, During this period low~quality 25 per cent broken
grain types or parboiled qualities declined from $160 to $100 per ton.
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Table 4. Export Prices at Thailand for Milled Rice, by Months, White Rice f.0.b. Pangkok, 1969—~71—1-f

Month
Year Jan, Feb, Mar. Apr, May June July Aug, Sept. Qct, Nov, Dec,
Dollars per Metric Ton

100% lst Grade

1968 192,60 192.60 199,68 188,90 205,80 212.16 213,00 205,05 201.12 199.80 200,40 192,96
1970 166.20 164.40 156,24 152,40 152.40 159,60 160,80 163,68 160,20 160,50 159,60 156,00
1971 2/ 157,20 142.20

100% 2nd Grade

1969 187,50 186,00 192.48 191,70 198.60 204.96 205,80 195.60 193.92 192.60 193.20 185,84
1970 161.40 159.60 151,44 147,60 147,60 150,00 151,20 154,08 150.60 150,90 150,00 146,40
1971 2/ 147.60 132,60

5% Brokens
1969 181,20 178,80 185,28 183,60 190,80 197.76 198,60 188.40 186.68 185,40 186,00 178,56
1970 154.20 151,20 143,04 139,20 139.20 141.60 142,80 145.68 142,20 142.50 141,60 138,00
1971 2/ 139,20 125,10

Source: U.8.D.A., C & MS, Grain Division, from weekly bulletins of San Francisco Market News,
1/ Milled rice, includes export premium, export tax and cost of bags, Packed in bags of 100 kgs. net.
2/ Preliminary.
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Since the low point of the current marketing season was reached in February
1971, export rice prices have stabilized and strengthened somewhat., According to
reports from Bangkok, 3 high~quality, long-grain types were selling at around $145
per ton and medium»quality 5 per cent brokens at about $130 per ton. Low-quality,
high-percentage broken grains fypes, however, were lower, selling for $80 to $90
per ton. At this time, the standard quality 100 per cent broken grains type, C-1
Special, was being exported at around $60 per metric ton f.o.b. Bangkok.

As an indication of current world export prices for rice, several recent sales
are of interest. According to a report from Karachi, 4 Pakistan, the Pakistan Trading
Corporation, which is the sole exporter of rice for this country, closed a contract with
a Kuwait rice importer to supply 150, 000 tons of Basmati rice over an 18-month period
at a price of $201 per metric ton f.0.b. Karachi. Basmati is the special-quality scented
rice produced in West Pakistan {and in the Punjab of Northern India} which usually sells
in the Near East for about $30 per ton more than non-scented high-quality types.

On the low side, Thailand completed a contract to sell the Philippines 50, 000
tons of ""white rice Philippines Special" at a price of U. 8. $73. 20 per metric ton, packed
in 100-kilogram single gunnybags f.0.b. Bangkok in early June, 1971. 5 This was a
15~year credit sale at 7.5 per cent per annum, with a first 3-year grace period. If was
to be delivered from June through August, 1971. The special Philippine grade contracted
for was a mixture of one-half 15 per cent broken grains rice and one-half A-1 Special
100 per cent broken grains. The mixture results in a milled rice of approximately 42
per cent whole~grain rice and 58 per cent brokens, Although such a mixture would
not be acceptable in many markets, the Philippine consumer has traditionally accepted

2 large proportion of broken grains and, in some cases, mixtures of large-grain corn
grits with broken rice,

3 Rice Prices, report of the Foreign Agricultural Service, U.8.D. A., from Bangkok,
Thailand, as of July 22, 1971,

*Private communication from Mr. James Wimberly, The Ford Foundation, Karachi,
Pakistan, as of July 30, 1971,

5Rictz* Prices, report of the Foreign Agricultural Service, U.S.D. A., from Bangkok,
Thailand, as of June 23, 1971,
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Of special interest to Latin America is the fact that Thailand sold 8, 600 tons of
white rice 15 per cent brokens {the medium-~quality, slightly undermilled, somewhat
mixed variety with soeme foreign materials type) to Costa Riea in late June, 1971,
for U.S. $92.50 per metric ton f. 0.b. Bangkok. 6 Assuming transportation and
handling costs of $20 to $30 per ton to deliver this product to Costa Rica, this means
that the competitive price for nearby surplus producers in Latin Amer'ica would have

been around $120 per metric ton or slightly less than six cents per pound.

Japan - A Special Problem

The most dominant influence on world rice markets at the present time is the
situation in Japan, The situation in this country is a classic illustration of the impact

of specific policies regarding rice on national and international production and trade.

Japan's most important food produced and consumed is rice. In the pre~World
War II period, the per capita consumption was more than 300 pounds yearly. Currently,
consumption is about 225 pounds. Japan traditionally has produced most of its rice
needs, about 11 million tons of milled rice, but has not been self-sufficient and has
imported some of the total needs. Imports in the 1960-64 period averaged about
225, 000 metric tons annually. In 1866, total imports were about 800, 000 tons and in
1967, 500, 000 tons. The imports usually were brought in from Taiwan, with smaller
amounts from the United States and other exporters where the round-grain, semi-

sticky Japonica varieties preferred by the Japanese population are produced.

Because of food shortage periqu in the 1930's and 1940's, rice has been an
important element in the political history of Japan,and Japanese rice policy in recent
years has been aimed at self-sufficiency. The government has been very active in
all phases of rice production and marketing. Beginning in 1960, for 10 consecutive

years the government each year increased the support price for rice, By 1969,this

6. . . .
Rice Prices, report of :the Foreign Agricultural Service, U.8.D.A., from Bangkok,
Thailand, as of July 2, 1971.



i2.

price support level was gbout $395 per ton, brown rice basis, which amounts to
about $380 per ton of milled rice. This price support level is currently about three

times the world export price of equivalent round-grain rice.

With this incentive, Japanese farmers responded, as do farmers throughout the
world, by greatly intensifying their production and gradually in the late 1960's large
surpluses began to develop. These surplus supplies were intensified by Japanese
barter purchases of rice from mainland China in 1967 gnd 1968 in return for sales of
Japanese machinery to China. By October, 1968, the Japanese rice carry-over or
surplus prior fo the beginning of the harvest season reached 2, 7 million tons. In 1969,
the carry-over was 5. 6 million tons, By 1970, it had reached 7.3 million tons, or

more than enough rice to supply the entire import needs of the remainder of the world.

The political situation in Japan is suclll that they have not considered it wise to
reduce support prices or io introduce direct production controls. They are attempting
to cut back production by indirect subsidies encouraging land use shifts out of rice, by
planning to use up to 1. 5 million tons annually for feed, by expanding industrial uses,
and by exports on a long-term, low interest rate basis. So far, they have been only
partially successful.

The impact of the Japanese rice situation on overall world rice stocks and exports
is shown in Figure 3. In 1965, world stocks and exports were in reasonable balance. In
1870, world stocks were about double world exports. The primary difference was the

increased surplus stocks in Japan.

Although the surplus rice sgituation in Japan i8 serious and is likely to have a major
impact on world rice trade for several years, it is not as serious as has been indicated
by some observers. Even with a one-year total world export supply on hand in Japan,

other surplus-producing nations still have export markets for rice.

Japan produces exclusively the short-grain or round-grain, semi-sticky or low~
amylose grain types. The round-grain, low-amylose rices are greatly preferred by

consumers in Japan, Taiwan, and in South Xorea. In most of the remainder of the rice
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Dr. Trant. Let us illustrate these relationships by a hypothetical
exampié'(Tabie &4). o 7
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The distribution of benefits

Who will benefiglf{gp";he,igttgdug;@qn_ofﬂnqghriceiyarieties?
Initially, early adoptgfglggl{:pb;g&g“;grggge;onoqiclgg;ns. The early
adopters are likely to be found amo;g large commercial farmers with
access to if?igiiidﬁ:"éé&ﬁihg of noﬁ;ifrféiféd riée: partihuiafii in
regions with large variatidﬁ;lin-kh; pékterJ:SEAfiinfhllj'igrasuailj ’
associated with highei{;i;ks ;na a largé n;mﬁeruofdééfli_;dopiéra are
not likely to be found under thése;condiiléﬁsij Uﬁless speciallatten-
cioﬁ is paid‘tolsﬁall.faf;e;h, Eheyla¥; not liigly to get the infor-
mation on the new varieties at:-an early stage.,. Furthermore, the small
farmers are likely to avoid the risk associated with early adoption, as
pointed out previously.

Since all the producers are faced with essentially the same price,
those who reduce costs by adopting the new varieties will benefit more
than those who do not. As prices begin to fall, the non-adopters will
begin to experience a reduction in net revenues as compared to those
obtained before the intreduction of the new varieties, As the price
falls below the cost of producing traditional varieties, the farmers
who did not change to the new varieties will experience economic losses,
If the price is permitted to drop even further, those farmers who grow
the new varieties may find that their production costs are not being

met, If prices fall by about one-third, the total benefit from the

cost reductions obtained by means of adopting the new varieties will



base: the large commercial farmers will be the early adopters, and
only after being reassured that the risk is low will the smsll farmers

join,

What will be the consequences of the
adoption of the new rice varieties?

The snalysis of the economic consequences of the adoption of the
new rice varieties is divided into three parts:
1. The impact on production, prices and net returns,
2, The distribution of benefits,

3, The resulting adjustments within the agricultural sector,

Impact on production, prices and net returns

It 1is reasonable to believe that the adoption of the new rice
varjeties will be gradual, beginning with & relatively small number of
farmers, While many of these farmers will obtain considerable yield
increases, the national production expansion will be small, and under a
well-functioning market system national prices are not likely to be
affected significantly, ©Net returns to these early adopters will in-
crease sharply except for those encountering crop failures, As more
farmers become aware of the potential gains obtainable from the new
varieties, the rate of adoption will increase and the production ex~-
pansions will be sufficiently large to create a downward pressure on
ricexpticas. As production increases still furtcher, severe price drops
may be expected in the absence of govermment intervention, export or

import substitution., This point will be further elaborated upon by
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irfluencing his decision-making., Hence, 28 pointed out by Dr. Byrnes,

he must be made aware of where and how to obtain it.

Expected net economic gains

For the well-informed farmer who does not expect to influence prices
by increasing his production, in most cases a correct expectation, the
potential net economic gains are quite obvious,

By adopting the new rice varieties, costs per ton of rice produced
are reduced by one«third; the reduction is added to the farmer's net
return, As a large number of farmers take advantage of this opportunity,
the aggregate production expansion will reduce prices and the cost reduc-
tion may be partislly or c&mpletely offset by decreasing prices, as

digcussed later,

The risk factor

The commercial farmer with a considerable resource base is likely
to change from the rice variety he presently grows to & new one if he
expects to be able to increase net returns by doing se., The farmer with
8 very limited resource base, including maybe a very uncertain land tenure
arrangement , is likely to place the goal of risk minimizarion before that
of increasing net returns, Te him & crop failure would have severe cone
sequences. The degree of risk is heavily i{nfluenced by the quantity and
quality of information availsble to the decisfion-maker. Here again, the
small farmer is usually disadvantaged because of his low level of education
and lack of communication with the varicus agencies distributing the in-
formation, Therefore, it may be expected that the rate of adoption of the

new rice varietiss msy be closely correlated with the farmer’s resource



the latter case, the individual farmer usually does not expect that his
own production expansion will influence product prices.

Hence, while industrial firms with a large market share of a par-
ticular product may adjust their production according to the expected
infiluence on its price, the individual farmer usually makes his pro-
duction decisions on the assumption that prices will not be affected,
However, #& will be discussed later, when a large nusber of farmers
expand or reduce production, prices will be affected, Hence, the
farmer's expectations may not materialize,

In so far as the new variety IRB {s concerned, it should be men-
tioned that in some countries this variety can be sold only at a price
considerably below that of traditional varieties, This is because of
ite poor milling quality and/or low consumer acceptance, CICA 4 does
not have these handicaps in Latin America. Hence, considering that all
other {mportant characteristics are the same for CICA 4 and IR8, it
appears that the well-informed farmer would not be interested in growing

IRS {if seed of CICA 4 were available,

Availability of inputs

It £s ebvieus that unless the new seed i3 made avaii#hlﬁ to the
farmer, he will not be able to adopt 1it, Availability of other related
foputs such as fertilizers, i{rrigation water and labor, parti¢uiariy
during pesk seasons, is also likely to influence the rate of adoption.
While the physical availability of the inputs is easential for adoption,
it iz not sufficient, The farmer's perception as to the availsbility

and the degree of difffculty of obtaining it {8 the impértant vatlable
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wargiﬁal cost i of great importance if # two-price scheme for rice is
considered, Y{ the fermer can sell an amount of rice equal to that
trzditiconaelly rroduced, ac unchanged prices, the additional production
c4n be zold at s vrice 2s low as ocne--zventh of the current price and
the farmer would still make the same net return per ton of the addi-
tiornal production &#s he would per ton of the present production. The
racidly ircreasing sroduction of IRB in Colombia and certain other
countries despite very low prices for this rice may be partly explained
by there relationships,

Tatimgred costs ¢t producing present and new varieties in certain

Larin Americzn countries are shown in Yable 3 and Figure 1,

ke structure of the local rice marker and rice prices

The farmex's perception of the structure of the local rice market

grd his axpectations concerning future prices of rice are likely to
iriluence nis decision as to the adoption of a new rice varietv,

in remote regions with little cutflow of ﬁgriculturai products,
the farmer way be faced with 8 rigid market structure for his products,
rereasing produvcticn way result in sharp decreases in local prices and/
or problem:s of scruxlly tinding & buyver for the additional production.

local marketing facilities may be unzable to handle large increases
in the zusntity of vice brought to market, Lack of drying, storage and
trangserration facilities may result in considerable grain losses,

Te the exrent that the farmer is aware of these potential marketing
sreblems , he may decide to aweid adopting production-expanding technolegy.
wwever , mest rice producers are faced with 2 somewhat more flexible
aemand situszior, with access to markets ocutside the regilon and where

lecsl prices at ledst to some degreeé are related to national prices, In



»d hsrvesting costs to aboet 20 per cent, Assuming a 70 pe&r cent increase
in yields, the cost tér hectire of pr&&ucing the neir v;riétiéa will then be _
aporsximately i per cent sbove that for traditional varietleg 2f.

However, the costs of production per ton of rice decrease. Again
assuming a 70 per cent yield increase and a 10 per cent increase in produc~
tion costs per hectate; the costs éé? ton decrease by ‘about one-third 3/.
The marginal cost, i.e., the costs of produding the addifional quantity of
rice, 15 much lower. If the cost:pe%"héctareaiﬁéreaéés Ej 10 perpéent, the
cost per ton of the added pré&uctiéﬁ is one-seventh of the cost of;§rodu£tion

pér ton using ctraditional seed 4f/. This difference between average and

»

2/ Expected change in total coet pét ha.:

a) due to chaﬁge in harvesting costas 20 x 70 + 14%
100 "
b) due to change in seed costs: 4 x (-30) = - 1.22
100
¢) due to change in insecticide costs: 1 x (-50) . . 3,57
- 9( 3%
3/ Let
.TC = total cost of production per unit of land
Q = vyield per unit of land
AC = average cost. of production per unit of output
% & = percentage change
thEIl H .

¢ = .Q x AC
%ATC = LAGL D ACH (LAQx% AAC)/100

%A AC = (LATC - 2AD/Q + %AQ}iGO)
if LAIC = 10
and 7. AQ = 708
, -then - - L
s AAC = 10270 35 292
1+07 T

4/ Let MC = the cost of production per ton of the additional output {.e.
the marginal cost assuming constant cost per unit of additional cutput,

Then MC = %—ﬁ-%c-~ 18 = 0.14 or 147 of -
initial average costs (AC).



exchange rates may not correspond with relative domestic purchasing power
within the various countries, hence a direct comparison of dollar costs
may be biased,

It appears that, while the cost of producing rice is low in Ecuador,
it is high in Peru. Since the costs are estimated on the same yield base,
the cost per hectare shows the same tendencies as those per ton of rice
produced, A relatively large propertion of the cost of producing rice
under ‘irrigation and high level of technology is associated with purchased
inputs such &8 fertilizers and insecticides while the large proportion of
the costs of producing non-mechanized upland rice is assoclated with labor
wvhich to & large extent is supplied by the farmer snd his family, A more
detailed discussion of the cost of producing rice in Latin America may be
found in "Background Information No. 3", which has been distributed for
this Seminar,

The new varieties require leas seed per hectare and are resistant
to direct damage caused by Sogarodes. Hence, the costs of seed and insec-
ticide are likely to be reduced. However, because of the higher yields,
harvesting costs will increase., It is expected that the quantity of seed
can be reduced by about 3C per cent and the cost of insecticides by about
530 per cent,

The relative importance of each cost item in total costs of production
depends on the quantity used of the various inputs and their relative prices.
However, for most reglons it may be assumed thet the coat of seed amounts to
about &4 per cent of the total cost of producing traditional rice varieties

under high levels of technology, the cost of insecticides to sbout 7 per cent
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under experimental conditions. It appears that the yiélé capacity of
CICA 4 and that of IR8 are essentially the same, It is expected that,
under high levels of technology, these two varieties will yleld about
70 per cent more than the previous improved varieties such as Blue-
bonnet 50. This appears to hold true both under irrigated and non-
irrigated conditions, The increases in yields obtalnable from changing
from a non-improved variety to GCICA 4 or IRE may be considerably higher
and would depend on the yleld capacity of each particular non-improved
variaty.

Potential yield increases obtainable from introducing the new
varieties under low levels of technology are likely to be smaller, This
is because of the responsiveness of the new varieties to fertilizers and
improved cultural praéticéa. If the Iintroduction of the new varieties is
associated with improvements in other technmology, such as better land
preparation and application of fertiligers, the yield increases may be

considerably more than the previously mentioned 70 per cent.

Relative costs

Estimated costs of producing traditional'rice varieties under irri-
gation and non-irrigation in Colombia, Ecuador and Peru are shown in
Tables 1 and 2, The estimated costs of production xeported in the tables
should be interpreted as rough guidelines rather than exact figures, The
cost of production tends to vary among regionms within any one country and
even among farmers within a region., The cost data for each one of the
three countries are expressed in a common currency (U.5.8) to be able to

make direct comparisona. It should be kept in mind that the official



&nd the willingness to assume the risk 1/ that the expectations may not
materialize, The expectations are subjective and the degree to which
they are realized depends on the quantity, timeliness, relevance and
accuracy of the information available to the decision-maker and his per-
ception of the information, Hence, as pointed out by Dr. Byrnes is his
paper vesterday, the approach and capability of the change agent to make
factual information available to the farmer that he can understand and
heileve {3 extremely important for a successful introduction of new farm
technelogy.

The basis for deciéing‘whéther to change from traditional to new
rice varieties may be translated into economic terms as (1) the expected
net economic geins obtainable from the change, and (Z) the williugness
to assume the risk that thasemaxpacted net economic gains may not be
forthcoming, The potentisl net economic gains obtainable from the change
would depend on such factors as relative yields, prices and costs of
production, availability and prices of inputs such as fertilizers, irri-
gation water and the improved seed itself, and the local marker structure
for rice, The willingness to assume risk, in turn, may depend on a large
number of factors such as land tenure, the resource base controlled by the

farmer, and his attitudes towards change,

gelative vields

Yield data on the new rice variety CICA 4 are extremely scarce at

the time of this analysis and essentially limited to yields ebtain&é

z

i/ The term "risk™, as used in this paper, covers both actual risk and
uncertainty,



ECONCMIC IMPLICATIONS OF PRODUCING NEW

RICE VARIETIES IN LATIN AMERICA
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Per Pinstrup-Andersen
Agricultural Economist
Centro Internacional de
Agricultura Tropical

An analysis of the economic implications of producing new rice
varieties may conveniently be divided into two parts: (1) The impli~
cations at the producer level, and (2) those at the national level,

This paper is an attempt to analyze some of the most important economic
implications at the producer 1e§e1 while those at the national level
will be treated by Dr. Trant,

In this discussion, the term “new rice varieties” refers primarily
to the twe varileties, CICA 4 and IR8, although the analysis may apply to
other similar varieties as well,

The analysis is divided into two parts:

i1, The economic factors influencing the farmer's decision
about adopting a new rice variety,

2, The economic consequences to the individual farmer aund
the farm sector of the adoption of neé varieties,

Why does the farmer adopt

a new rice variety?

Rational decision-making is based on the expected benefits of

the decision, the expected efforts needed te carry out the decision












3. Countries that establish support pricesfor rice higher than the equivalent
of the above-listed export prices, are likely to be left with supplies which cannot be

sold without a loss,

4, In the long run, 5 to 15 years hence, the demand for rice iz likely {o
exceed potential production, because breakthroughs such as the improved varieties
occur infrequently. Thus, a soundly-based rice industry, based on economic produc~
tion and efficient management, is likely to produce a foreign exchange winner as well

as a domestic contribution to improved standards of living.

5. In the short run, the next 3 to 5 vears, expanded rice industries in
countries without a firm export base should be limited to the volume needed for
domestic needs, If the crop can be produced to sell at the above-listed export prices,
then the development of an export market is justified, In this connection, however,
it should be kept in mind that export quality rice is generally much higher in quality
than that produced for domestic sale in many countries of Latin America. The
lowest export quality normally moving in international trade has a maximum of 25
per cenf broken grains, is well-milled, and contains very little foreign materials.
Thus, any nation planning to develop a rice export industry must first provide a
modern, efficient rice-milling industry and establish rigid quality standards.

de e ok o o ok ok ke



There will be special needs in some countries which are likely to be filled
by various international or other organizations. In early August, 1971, the
U, 8. Department of Agriculture announced the issuance of a Public Law 480 Pur-
chase Authorization for 350, 000 metric tons of rice for Indonesia to he delivered
between September, 1971 and June, 1972. At the same time, it was announced
that a Public Law 480 Purchase Authorization for 50, 000 metric tons be made for
Pakistan to be delivered on an emergency basis hetween August and September 1971.
This initial shipment to East Pakistan is likely to be the first of several as East
Pakistan is a food deficit area this year to the extent of about 2 million tons due to
the severe storms in late 1970 and the internal disturbances of recent months.
Although from 300, 000 to 500, 000 tons of these needs can be supplied from the ex-
panding rice-growing area of West Pakistan, the remaining 1.5 million tons will
have to come from other areas. There is little chance that this deficit food situation
will be changed in the next five years.

As to prices, on the low side as a rough guess export prices f.0.b. exporting
ports should be from $90 to $110 per ton for low-quality, 25-per cent broken grains
undermilled raw white rice or off-color parboiled milled rice, $110 to $130 per ton
for medium-quality types such as Thailand 5 per cent brokens or U. 5. #3 medium-
grain, and $130 to $150 per ton for high~quality compleiely whole grain long-grain
milled rice, These are the low-side prices; with temporary shortage periods, the
export prices could be 20 to 40 per cent higher than the indicated levels., There is
a 50-50 chance that such shortage periods may oceur,

The implications of these potential developments to policy makers involved in

rice production in Latin America are as follows:

1, The world rice situation for the next few years is likely to be a buyers'

market rather than a sellers’ market and export markets will be difficult to establish.

2. Export rice prices, f.o.b. exporting ports, are likely to be around $100
per ton for low-quality types, $120 per ton for medium-quality, medium-grain and
long-grain types, and $140 per ton for high-quality long-grain types. These prices
are about 40 per cent below 1966-69 price levels,

240.
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If weather conditions deteriorate and/or the overall rate of the production in-
crease in Asia is reduced by other reasons to 2 per cent or less, as was the case
between 1969 and 1970, the supply-demand situation will reverse itself to the 1966-67
gituation; the demand for rice will greatly exceed the available supply, and prices

will increase to the 1968 levels.

The chances are that the 1972-76 situation will be somewhere between these
two extremes, The continued impact of the new varieties and added inputs will result
in smaller percentage increases than in the 1968-70 period as the mass of producers
react more slowly than the early achievers, and weather conditions are likely to rever
to normal rather than relatively favorable. Also, the continued availability of the adde
inputs needed in terms of fertilizer and pesticides will be dependent on continued and
expanded assistance and subsidized programs for these needed supplies. However,
the impact of the improved varieties and new methods will prevail to some extent
regardless of the availability of inputs and the educational activities associated with

their development.

The "miracle rices" will not fulfill the expectations of the headline promoters
(these were never the forecasts or expectations of the developers of these varieties).
The breakthrough resuliing from the development of nitrogen-responsive, lodging-
resistant rice varieties will result in production increases larger than the normally
expected increases without the new varieties, regardless of prevailing weather condi-
tions, or input availabilities. With these assumptions, rough guesses can be made as

to rice trade and rice prices in the next five years.

With these assumptions, the increased population growth, variations in produc-
tion due to weather conditions, the comparative-advantage costs of producing rice
versus other products in some countries, the increased demands for rice in some
areas along with decreased needs in others, and other similar factors, all point
toward a coutinued world rice trade of from 8 million to 7 million tons a year. There
will be changes from counfry o country but international rice trade will nof dry up

and blow away.
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In Japan,the per capita consumption of rice has been decreasing at the rate of
about 2 per cent annually as their industrial prosperity provides the opportunity for
more diversified foods. In South Korea, where rice supplies have been short, pro-
duction increases have been accompanied by substantial per capita increases in rice
consumption. A recent study in South Korea on food consumption patterns indicates
that the per capita consumption of rice will increase at a faster rate than domestic
production with the availability of greater supplies at a reasonable cost; this country
imported more than 500, 000 tons annually in 1969 and 1970, Similar trends are

likely in other countries of the region.

Finally, the population Aincrease in the developing nations of Asia, Latin America,
and Africa where rice is an important food continues to move at the rate of around 3
per cent annually. This means an increased demand for rice, even assuming no per

capita consumption advance, of 30 per cent every 10 years.

Prospective Rice Trade and Prices in the Next Five Years

Rice trade and rice prices, f.o.b. exporting ports, in the next five years will
depend on the demand for rice from importing nations, the supplies produced by both
importing and exporting countries, and general business, economic, and political
conditions affecting trade between nations. Assuming that political conditions will not
deteriorate and that reasonable trade between nations will be no more difficult than in

1971, the following estimates can be made:

If Asian rice production continues to increase at the average rate of more than
4 per cent annually as was the case in the five-year period, 1966 to 1_9?6, the need
for rice imports by deficit nations will decline and available export markets for
surplus-producing countries will be severely reduced. In this case, rice prices inter-
nationally and nationally will decline as supply will outstrip demand. In this instance,
the lower level of export rice prices is likely to be the value of rice as a feed for
livestock, Although this will vary from country to country, depending on feed needs
and alternative carbohydrate feeds available, it should be in the neighborhood of $60
to $80 per ton,



These two potential adjustments combined with the gradual adjustment of the
Japan surplus situation because their costs are so high that the government will
have to reduce production or go bankrupt are likely to result in lower world rice

export supplies than is indicated by the current statistical position.

In addition, the rapidify and exient to which many of the deficit rice countries
will reach their planned goals of self-sufficiency should be examined, Malaysia
already has had second thoughts on this matter and now plans a level of 90 per cent
of self~sufficiency rather than eliminating exporis. in this case, the quality of
rice which can be purchased at a relatively low cost from nearby Thailand is such
that self-sufficiency is not economic, With the recent developments in East Pakistan,
the self-sufficiency goals in this area have been set back from 5 to 10 years. India
and Ceylon are not moving as fast in increased rice production as was once thought
possgible. The Philippines made detailed plans for becoming an exporter in 19689 but
after making an initial shipment or two, soon found that their increased production
was worth more at home than abroad and since then have had production difficulties
so that additional imports have been necessary. These examples all point toward
a supply-demand situation not as critical as the 1968-70 statistical picture would

indicate.

Self-sufficiency is a sliding target, not a rigid one. As production increases
in the developing countries where food supplies have been sufficient only for a minimun
diet, additional food will be consumed. In West Pakistan, where reasonably accurate
data are available, it was found that a substantial part of the increased wheat productio
résulting from the introduction of new varieties and additional inputs disappeared be-
tween the time it was produced and the time it wasinventoried by the government. The
answer proved to be a simple one; when the rural people were questioned, they univer-
sally answered that with the more abundant supplies they were now eating two or three
meals a day instead of the usual one meal a day common before the period of higher
vields. A similar situation is likely to develop in all the poor diet, deficit rice countri

in Asia as additional supplies become available.



their usual practice was to sell about 1 million tons of rice annually and with this

income buy more than 2 million tons of ‘wheat.

World rice prices have declined about 40 per cent from 1969 to 19‘?1. This
change has adjusted the relationship between rice prices and wheat prices. Under
declining world rice export prices and steady wheat prices, Mainland China has
fewer and fewer opportunities to convert 1 calorie of food to 2 calories of food by
exporting rice and importing wheat. As a result, Mainland China's exports of
rice have declined from about 1 million tons in 1968 to 0.8 million in 1971, If the
current relationship between wheat and rice prices continues to prevail, the export
supplies of rice from Mainland China are likely to decline to less than one-half or
even lower of the recent level. This will open up export markets for rice to other

producers for around 500, 000 tons of rice annually.

The second important development involves the largest rice exporter, the
United States. United States' rough rice has a price support amounting to about
$5. 00 per hundredweight. Converted to milled rice, this amounis fo about $160 (
per ton. This support price, however, is tied fo a very rigid enforced acreage
control program, established so that Government losses in low-price periods would
be small. In the 1966-68 period, world prices were above the support level, and
am;eage festriations were relaxed. With the increasing world surplus situation,
the restrictions were again tightened. Thus, a forced 10 per cent acreage reduction
was applied in 1969 and an additional 15 per cent reduction was established in 1970,
On August 6, 1971, the Secretary of Agriculture announced a further reduction of
10 per cent for 1972. Thus, in four years the United States' rice acreage has been
reduced 35 per cent. With a yield increase approximating 3 per cent annually, this
means that total rice production in the United States will be at least 25 per cent less
than in 1968, Since roughly one-half of United States' rice production is consumed
domestically, this means that United States' export supplies for 1972 and future
years are likely to be less than 1 million tons as compared to the recent level of 1.5
to 1.8 million tons. This reduced supply will also reduce pressures on world rice

markets,
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concludes that rice surpluses will grow substantially through the 1970's and that tra-
ditional trading patterns for rice will turn virtually upside down. Another study by

a Harvard Advisory Group8 concludes that when proper adjustments are made for
specialized, cé.ptive and government-to-government rice exports, the world market
for export rice in the early 1970's will amount fo only 1 to 2 million tons annually
and the expected f. 0.b. export price will be around $80 per ton. A recent U.S.D.A.
report9 points out that if rice production continues its upward trend, exporting
countries will suffer from reduced sales, depressed world markets, and lower

overall receipts.

These studies were made by competent people and have been carefully done.
These and similar works should receive the scrutiny of all individuals interested in
possible developments in the world rice industry. In general, they are accurate
as to indicating the direction of the trend. However, they all overstate the case.
Although their computers are efficient, the limited statistical data available are at
best far from complete or accurate. More important, they have not considered new

developments which cannnot be programmed into the computer.

One of the more important new developments concerns Mainland China. In
the last few years, Mainland China has exported from 800, 000 to 1 million tons
of rice annually., Mainland China is not a surplus food producer. The nation has a
food &eficit of 2 to 3 million tons of grain annually. The export of rice has been ac-
complished by forced movement of rice from production areas and then replacing
this rice with cheaper imported wheat. Under the price relationships between export
wheat and export rice which prevailed in the 1966-69 period, Mainland China could
buy 2 calories of food energy in terms of imported wheat for each one calorie of food

energy in terms of rice which was exported. Thus, under a rigidly-controlled econom

8The World Rice Market and Its Implications for Pakistan's Fourth Five Year Plan.,
Harvard Advisory Group to Pakistan, Working Paper #2, 1969,

9"Problerns of World Rice Trade, ' by James W. Willis. Foreign Agriculture, U.S. D.

June 28, 1971,
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world, the long-grain and medium-quality freely-separating, high-amylose Indica
types are preferred by consumers, This preference is so strong in some markets
that consumers will buy other grains rather than short-grain rice if long~grain rice
is not available, In other markets, they will pay up to twice as much per pound for
the long-grain as compared with the short-grain Japonica rice. In other markets

in Asia, parboiled, medium-grain and long-grain rice are preferred rather than
raw white milled rice, The Japanese rice-milling industry does not have parboiling

facilities,

The Japanese surplus rice supply will compete directly with the short-grain
rice production of Australia, Egypt, Italy, and U, S,, California-grown rice. It
will compete indirectly with the low~quality, medium-grain and long-grain rice
supplies of the surplus-producers in Asia and in the United States for markets such
as Indonesia, East Pakistan, and Ceylon, where the price factor is so important and
the need for food calories is so urgent that consumers will utilize any quality of rice
so long as it is inexpensive. It will not compete for the high-quality markets of
Europe and the Near East, or for scattered markets around the world where long-
grain, low amylose or parboiled quality is desired. Roughly, about one-half of
world export markets for rice will not be affected by the accumulating Japanese rice
surplus, one-fourth will be indirectly and partially affected, and the remaining one-

fourth will be seriously affected by these excess supplies.

Recent Developments in the World Rice Situation

Some observers of the developing world rice situation have concluded that
because of the impact of the new improved varieties and additional inputs, produc-
tion in both the importing and the surplus-producing nations will continue to increase,
They further conclude that world supplies will greatly exceed demand with a resulting
further substantial decline in rice prices to exporting nations and to growers in other

areas. A recent carefully documented statistical study by Canterberry and Bicke‘i?

7
"The Green Revolution and the World Rice Market, 1967-1976," by E. Ray Canterberry
and Hans Bickel, American Journal of Agricultural Economics, Vol. 53, No. 2, May, 1971.
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go to the conswmers and marketing agencies, such as wholesalers,
millers, etec,, leaving the farmg; who changed to the new varieties
with the zame net return &s heféie the' introduction of the new va-
rieties, Had the farmer not introduced the new varieties and prices
had fallen by one-third, hs would hzve been able to cover enly about
60 per cent of his total costs, Hence, the distribution of economic
gains among farmers will be determined primarily by‘the adoption
;&uterﬁa

T@g adoption rate may diff@; con;idet&?}y among regions, KRegions
witﬁ highly efficient rice prqductiqn are,iikg;y to,gbtain considgrable_
gains while the m@tginal,ihigh risk rige‘regions may experience economic
losses, The :egign&lvdistributiog;of bgpef{ts:m%y'be heavily 1qfiqegne¢
by the ca§a¢itg‘§f the local marketing facilities te handle increasing
quéntitges of rice,

Th& éiﬁtriburi@p of economic henefits between the agricultaral and
other gectors wiil be dewermined primarily by the price flexibility of
demand i@r rice &t nhe f&rm 1eve1 i &, , the reducziov in farm prices
asaecistﬂd with iacfé&sing mark&t aunply of rice$ and tha structure of
Bl igaut m&rka_g The degaﬁdAf@r rice increasgg by 2-5 per cant per
yaar ir mosc Latin ﬁggricaﬂ countries because of increasing consumer
incomes and go§u1atign_;xgénsicn, if the domestic supply of rice in-
creases more rhan domestic demands, srice will fsll, .

In yit;ua}}y %liﬂﬁi;iﬁ‘&ﬁgti?&t courtries the demand structura
for rice 1x suchk onat to sell wore rice on the domestic market, in che
gbgence ol goverrment intervection, the price musr be veduced relstively

more than the sdéiciorsl qusntity of rice to be 30ld, Hence, the total
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revenue to the rice-producing sector décreases as more rice is produced,
— Howsver, if expanded production of rice is associsted #ith'tad&:iﬁg -

rice imports of expanding exports, domestic suppliss may not {ncrease;
hence price decreases would not be expécted, - In this case the agriculs
tural sector will obtain large economic gains From adopting the new High
vielding variwvies,. -~

Aw mors rice’ flows through the marketing chammels, the various - °
marketing agencies are likely to obtaln considerable economic benefits,
Howsver, heavy investments in marketing facilities such as warehouses and
ransportation and drying facilities will be required to obtain these
benefits, The fertilizer findustry may gain considerably as fertilizer -
demands increase, The labor force will gain from expanded employment,

particularly in the marketing sector.

Apricultural adiustment

Given these genersl economic implications, what adjustments may be
expected to cccur within the agricultural sector? Initially, the farmers
who shif-ed to the new varieties will fiod the shift extremely profitable,
ag already pointed ouz, These farmers will find it profitable to allocate
more land to rice and expand the use of fertilizers and other inputs. Like-
wise, more farmers may come inte rice production, Land prices may increase
in the important rice-producing regions, resulting in higher production
costs, Land owners may try to obtain all or part of the additional net
revenues by increasing land renrs and conflicts may arise between land-
owners and tensnts, To the extent that rents are determined on the basis

of quantity produced; the distribution of gains among landowners and
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tenants may be determined more or less automatically., As land prices
increase, the cost of producing other crops competing with rice for land
will increase, Furthermore, increasing demands for fertilizers will
cause pressures on the fertilizer distribution system, and fertilizer
prices may increase, Additional domestic production or importation of
fertilizers will be required. In regions where water is in short supply,
water right conflicts may develop.

Likewise, it may be expected that more labor will be allocated to
rice production, although the extent to which this occurs will depend on
the availsble farm labor particularly during planting and harvesting and
the relative cost of labor vs. machinery., If, even during peak seasons,
sufficient labor is availsable, for which there is litrle or no alternative
employment, the govermment may find it desirable to control the fmportation
of labor-saving farm machinery in such a way as to promote employment.

The long run adjustments will depend on the extent to which the
price of rice falls. 1If the expanded production iz added to domestic
supplies and prices are allowed to decrease, a nmmber of farmers, parti-
cularly those who, for one reason or another, did not adopt the new va-
rieties, will not find it profitable to produce rice, These farmers will
attempt a reverse adjustment, Rice land will be used for other crops;
farmers with few resources may decide to leave farming and for the most
part join the large mmber of urban unemployed, The most efficient
farmers will probably continue to make a fair net revenue, at least in
the long run, while the less efficient ones may drop out, Some farmers
with small cash coste may continue to produce rice, absorbing the price

decreases by reducing the payment to family labor., A large number of
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Large scale adoption of the new varieties is likely to cause certain
adjustments 1in the agricultural and the marketing sectors, These adjust~
ments may be guided by government policles on issues such as domestic rice

prices, foreign trade, credit and agricultural input prices and availabi-

lity,
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TABLE 2, ESTIMATED COST OF PRODUCING RICE WITHOUT
IRRICATION AND UNDER LOW LEVELS OF TECH-
NOLOGY IN. COLOMBIA, ECUADOR AND PERU 1/

Colombia Ecuador » Peru

% of % of T %oof
Cost items ~ U,8.$/ha, total cost U.S.$/ha, total cost U.8.%/ha, total cost
Land preparation 2/ 8.82 10,7 o 9.50 “il.5 35,25 X I
Labor cost during “ h e )
growing season 2/ . 8.82 N . 26,13 - 31,7 vy 223,50 © 16,0
Seed and other inputs 11.12 1344 12,78 " 15,5 UT1.75 T
Harvesting and transg~ N A S o ’
portation 2/ 22,9 ..27.7 18,03 21,8 <. 616 40,8
Land rent 14,70 - - 17.7 7.92 . 49,6 o N
Estimated interest 5.42 - - 6.5 - 5,40 - 6.5 v 9.64 6.5
Other costs 11.02 13.3 2.77 3.4 6.99 4.7
Total costs per ha, 82,84 100,0 X 82.53 100,0 147,29 100,0
Total costs per ton 51.78 E« X 51.58 \ Vi h QE;OB -

W — se——— wewee— em———— ———————

e -'5

1/ The eatimates are based on a yield of 1,600 kg/ha, "Low levels of technology” refers to a system with
little use of purchased inputs and less than optimal cultural practices, as opposed to the so-called
"wechanized upland rice farming systems”, For a more detailed explanation, see "Background Iaformation
No., 3" of the Seminar.

2/ Primarily labor costs,



TABLE 3, ESTIMATED COST OF PRODUCING PRESENT AND NEW
VARIETIES IN CERTAIN LATIN AMERICAN COUNTRIES

(11.5.9)
Present variety New variety
Irrigation Non-irrigation Irrigation RNon-irrigation

Country CostETEE%__ﬁggtsitun< Costs/ha, Costs/ton Coats/ha, Costs/ton Costs/ha., Costs/ton
Argentins 170.71 34,14 - - 190.13 22,37 - .
Bragil 166.08 47.45 - - 189.48 31,84 - .-
Colombia 403.30 80.66 86.65 54.16 433,63 51,02 112,32 41.29
Costa Rica 1/ - - 295.34 84.38 - - 295.34 71 84,38
Ecuador 178.00 50.86 764,57 53,27 208,96 35.12 81,62 34,721
Guatemala - - 198,55 66,18 - - 211,59 41,49
Honduras . - 203,50 67.83 - - 217.70 " 42.69
Paraguay 164,08 65.63 110,48 55,24 179.14 42,15 120.74 35,51
Peru 461,36 83.57 183,55 91.77 520,14 55.43 260,05 70,60

1/ 1In Costa Rica, "present variety" refers to the new variety IRS,

ig'[
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FIGURE 1. ESTIMATED COST OF PRODUCING PRESENT

AND NEW RICE VARIETIES IN CERTAIN

LATIN AMERICAN COUNTRIES (U.S./ToN) L/
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1/ See "Background Information No, 3"

for dats sources,



TABLE A.

Traditional New Difference
varieties varieties Abgolute Percent
Stage 1: assuming no price decrease
Yields (kg/ha.) 4.000 6.800 + 2,800 + 70
Costs of production (US$/ha.) 400 440 + 40 + 10
Coats of production (US$/ton.) 100 65 - 3s - 35
Price of rice (US§/ton) 110 ’ 110 0 0
Gross return (US$/ha,) 440 748 + 308 + 70
Net return (US$/ha,) 40 308 + 268 + 670
Net return (USS/ton) 10 45 + 35 + 350
Cost of producing the added
output (USS/ton) - 14 - 86 - 86

EXPECTED CHANGE IN YIELDS, COSTS OF PRODUCTION

AND NET REVENUES ASSOCIATED WITH THE ADOPTION

OF THE NEW RICE VARIBTIES */

20,

Stape 11: assuming a 10 per cent price

decrease Change from the
original
Price of rice (U$$itou)‘ 99 99 - 11- - 10
Gross return {US$/ha.) 396 673 + 233 + 52
Net return (US$/ha.) - 4 233 + 193 + 483
Net return (US3/ton) - 1 34 P 24 + 240
Stage ITI: assuming 8 35 per cent price
decrease

Price of rice (US$/ton) 71 71 - 39 - 35
Gross return (US$/ha.) 284 483 + 43 + 5
Net return (USS$/ha.) ~116 43 + 3 + 8
Net return {(USS$/ton) - 29 6 - 4 - 40

*/ A hypothetical example of a farmer currently producing 4.0 tons/ha, under
irrigation and high levels of technology, aspuming that the cost of pro-

duction is U,S5,5400/ha, and that the price of rice is U,3,$110/ton.















THE ROLE OF PRICE POLICIES IN RELATION TO DOMESTIC RICE PRODUCTION
AND CONSUMPTION u
Gerald I. Trant o5yl
Agricultural Economist
Centroc Internacional de Agricultura
Tropical
Cali, Colombia

Efficient agricultural production is usually envisoned in terms of machinery,
equipment, chemicsals, plants and animals that go to make up a highly technical
modern agriculture, It is perhaps less well recognized that most countries of the
world that have achieved a technically efficient agriculture have done so in con-
junction with relatively stable and remunerative agricultural prices. Is is no exag-
geration to say that the technically efficient modern agriculture of the developed
nations owes ag much to favourable price relationships between agricultural prod-
ucts and agricultural inputs as it does to the new techniques, equipment, and
varieties themselves. These favoursble price relationghips have in general come

"gbout as a result of very definite price policy decisions.

At pregent, or within the next year or two, most of the rice -producing
countries of Central and South America are going to face significant rice price-
policy problems as a consequence of the new higher vielding varieties which have
been developed. Adequate supplies of seed will soon be available. Furthermore,
in the Latin American environment these new rice varieties do not require major
additional expenditureg beyond those already being made to grow existing varieties
such as Bluebonnet 50, In fact, experience to date indicates that per hectare costs
are in many cases the same ag, or only slightly higher than, those associated with
conventional varietieg of rice, implying a substantial reduction in costs per ton of
rice produced, particularly when yields can increase by nearly 70 per cent.

This situation is in marked contrast to that of many other kinds of improved
plants such as maize and wheat, which have typically required a considerable
increase in cash expenditures as well as changed techniques of production before
their yield potential can be realized.
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When Latin American rice growers obtain this new seed in quantity, it is going
to mean a dramatic increase in their yields and a consequent increase in the supplies
of rice available throughout the whole area, There is no reason for believing that this
increase in production will be evenly spread within or among countries. Some rice
growers and some ministries of agriculture are going to be much more active in
promoting the new varieties than others. K will be they, the first users, who will
receive the first and perhaps the largest economic benefits from the new wvarieties.
These benefits may be expected to be accompanied by problems which each country
and individual will have to deal with in their own way. Since there is such a great
diversity of conditions, not only among but also within Latin American countries,
it is impossible to make an adequate estimate of all the problems that will be
encountered. However, there are enough conditions common to all to permit a
foreward look at some of the possible problems that may arise.

This may best be achieved by briefly outlining the economic consequences
of the introduction of the new rice v;.rieﬁes in a hypothetical but typical Latin American
country where the policy is that of nogovernment intervention in price formation. It
ig assumed that the country is just on the border of self-sufficiency and that rice
growing is confined to a few regions which are not necessarily near centers of
population. Market, storage, and transportation facilities are no better than they
should be, ahd tend to be somewhat ‘overtaxed, particularly on a regional basis at .
harvesting time. Both upland and irrigated rice is grown, but upland-.is much more
important in terms of total ares than irrigated rice. There is a rice growers'
association and its members are the larger growers. Most of the smaller growers,
in fact the majority of growers, do not belong to the. association. Virtually none of
the smaller growers has irrigation facilities for rice.

The problem begins .when the rice growers' association distributes the new
varieties of seed. During the first growing season g gocod number of the larger
growers start using the new seed. Their profits per hectare increase, for some

growers, by 100 percent, Demand for the new seed increases among knowledgeable



growers and in many cases the early innovators are able to sell their rice for seed
at a consideiable premium. People who have not grown rice recently make plans to
grow it next season.

At the end of one or perhaps two growing seasons, production has increased
by as much as 20 or 30 percent in some regions. The regional marketing systems
are not able to handle the increased velume, and considerable logses are incurred
by some growers who are neither able to dry, nor store, nor sell the rice that they
have produced.

At the end of the next growing season, rice prices throughout the country have
dropped by 30 percent, but an estimate made later shows that rice production has
only inereased by about 8 percent above the previous crop level. Growers who have
not been able and/or willing to use the new seed, mostly small producers, find
their profits from rice strongly reduced; in some cases they have guffered congid-~
erable logsses, Growers who have managed to increase their yields by 50 percent
or more with the new varieties, mostly large growers who belong to the rice
growers' asgociation, still find their profits to be better than before the new vari-
eties were introduced.

In the next growing season, nearly all rice growers try to use the new rice
seed, although there are now fewer growers than before.

Once zagain production increases and prices decline by a futher 10 percentage
points or more. Many growers become discouraged and look for other crops to
produce. Some efforts are made to seek foreign markets for the increased pro-
duction, but the market system is not able to handie the problem; begides, world
prices are, if anything, still lower than internail domestic prices for rice.

Meanwhile, domestic consumption of rice has increased somewhat, but less
than had been expected because retail prices of rice have not decreased in the
game proporfion that the price to farmers has.

The final result of the introduction of the new rice varieties is that a new
equilibrium price has been achieved that is below previous levels: at the same

time a larger number of people have been forced out of rice growing as a result



of losses in several production seagons, Consumers are able to buy rice cheaper than
before, and, in some cases, limited amounts of rice are being used as livestock feed.
Export markets have not been penetrated for lack of an adequate rice-exporting orga-

nization.

The foregoing type of price policy may be adequate and perhaps appropriate for
some gounfrieg and some circumstances. If does have important disadvantages which
may well include a rapid outmigration from agriculture, considersble economic dam-~
agses to individual rice producers, and sn wnwillingness on the part of remaining pro-
ducers to make needed productive investments.

There are many other alternative price policies that can be considered, In
general terms they include not only some type of price stabilization or support
system, but also an overhauling and modification of the existing marketing systems
and communications, as mentioned by Byrnes in his paper,

Agricultural prices may be supported or stabilized at various levels; however,
very few Latin American countries are in a position to carry out a full-scale price
gtabilization or support system for more than one or perhaps at mogt two major
products at a time. In fact, many of the developed nations have had serious problems
with their agricultural price support or stabilization programs' costs, despite the
fact that agriculture is of relatively small importance in their overall economies.

There is no perfect price policy for any agricultural commodity and even the
best represents a compromige of conflicting inferests. Ideally, a price policy
would achieve at least some of the following goals:

1) provide a steady and adequate supply of rice to consumers at "fair'

prices

2) provide an "adequate” and stable level of income to rice growers that will

permit them fo produce rice efficiently

3y improve the distribution of real income

4} promote the export of rice, or reduce imports

5) avoid large, hard-to-manage surpluses of rice

6} be of moderate cost to society



It must be obvious that these goals are, to a considerable degree, arbitrary,
and that their importance and ordering will have a great deal to do with the unique
circumstances that face each individual country,

It is probably useful to distinguish betweeen two general types of price policies,
namely between price support policies and price stabilization policies. In the case
of a price support policy, the usual primary goal is to provide a certain minimum
level of income for the '"typical" rice grower. Usually the levels of prices that are
associated with price support programs are above the levels that would equate quan-
tity supplied and quantity demanded in a free market.

If the level of the prices is considerably above the free market equilibrium
price, the result of such policies may be expected to be a considerable increase
in production and a consequent build-up of a hard-to-manage surplus that cannot be
sold in the domestic or world market at the support price. These surpluses, when
they occur, have a considerable social cost in terms of the other commodities that
were not produced instead of rice. In many instances the social costs for a price
support program at incentive levels may be greater than for any other type of price
policy. Management of growing surpluses of agrieulturél commodities presents
serious administrative problems. On the supply side, there emerges the problem
of reducing production by means of marketing quotas, hectarage controls, or some
combination of both, Up to the present, no country has a good record of success
in the area of production control in the face of incentive levels of agricultural price
supports. It is also worth mentioning that for a price support program to be work-
able at all, high levels of tariffs or import restrictions must necessarily accompany
it. Such resirictions have special significance for the countries that are members
of the ALALC.

On the marketing side, equally serious problems are faced in terms of strong
pressures on existing drying, storage, and transportation facilities. For those
countries that have faced the second generation problems of the 'green revolution',
there is liitle doubt that crop production can increase much faster than physical or
other marketing facilities when new seeds are combined with incentive level price

supports,



One of the few advantages of a price support gystem for a commodity such as
rice, aside from the income benefits to producers, is that it does permit the build-up
of stocks that can be used as a basis for starting an export program, However, to
the extent that the support price is gbove the world price, exports can only be made
if some type of export subsidy is used. The same would be true for certain special
utilization programs, such as use of subsidized rice in livestock feed.

Few, if any, Latin American countries would find it desirable to carry out a
full-scale price-support program for rice. Consequently, it seems appropriate to
congider the possibility of aliematives such ag a price gtabilization program.

The goal of a price stabilization program is not to fix prices on a once and
for all basis, but rather to reduce the magnitude of price variations whether they
are decreases or increases. What is sought is a range of prices such that at their
upper limit consumers do not suffer unduly, and at their lower limit efficient pro-
ducers are protected. Price stability in this sense is an essential component in
the development of an efficient agricultural industry. In the absence of such
stability, producers will be unwilling to make needed productive investments and
consumers may suffer,

Basgically there are two essential components to a price stabilization program.
First, a floor or minimum price set and guaranteed by the government, and second,
controlled imports or sales out of stocks when prices rise beyond the maximum,

The minimum price must be set at a non~incentive level but at the same
time be high enough to encourage efficient producers to stay in production. Even
if the appropriate minimum price level has been gelected and funds are available,
the stabilization pregram will not be effective if producers have to be turned away
for the lack of physical drying, storage and transportation facilities. However,
probably the most critically important aspect of the program will be the selection
of the appropriate level for the minimum price. If the price is set too low, it

will not provide the requisite stability for producers to make needed productive
investments. If, on the other hand, it is set too high, it will be the same as a

production incentive, and unwanted surpluses will result.



A minimum price for rice may be put in effect by using a number of mecha-
nisms; however, two types are commonly used. One is fo make direct purchases
of the commodity at a previously agreed upon price; the other is to make loans on
the commodity when it ig stored in a suitable elevator or warehouse. In both cases,
the government must be willing to purchase or loan on the amount of the product that
is offered to it. Failure to do so will result in losa of faith in the program, witha
resultant decrease in its effectivenegs and a reduction in productive efficiency
combined with considerable hardship for producers.

The other aspect of the price gtabilization program is that of controlling too
strong an upward increase in rice prices. These upward price fluctuations may
still occur in the presence of new varieties as a result of seasonality of production.
Again, several mechanisms are available. The government may, for instance,
simply attempt to set a2 maximum price by decree; this will tend to be effective only
for a very short time and will frequently be accompanied by the development of a
"black market" in which rice is traded above the legal maximum price. A more
effective way of controlling upward movements of rice prices is to permit the
importation of g certain amount of rice when prices tend to rise to the maximum
level. Provided, of course, that the world price is not above the desired level.

Another technique which may be used in stabilizing prices, but which requires
considerable storage facilities and very careful management, is that of buffer
stocks. The idea here i3 to purchase rice when prices are low and then sell it out
of storage when prices rise beyond some predetermined level. Such a program has
the advantage of being virtually self-financing, if the long term rice production is
in balance with domestic and foreign demand for the product.

The functioning of the system depends upon seasonal production associated
with an inverse movement in rice prices. The system is not adequate to handle
long term imbalances in supply and demand. Experience elsewhere suggests that
the buffer stock programs will result in building-up of stocks as production
outstrips demand, unless the buying and selling prices are extremely carefully
selected. Probably the most important role of a buffer stock system in Latin America

is that of reducing wide variations of price among regions and seasons.



Any overall price policy can, of course, be further modified o achieve subsid~
iary aimg. For example, a well thought out and organized price stabilization program
should: a) provide a reasonable gupply of rice with "fair" prices to consumers and
producers; by be of moderate cost; c) not result in large surpluses, and d be con-
gistent with increased production.

It does not, however, achieve much in the way of a better distribution of real
income among consumers in the sense that, even with a stabilization scheme, low
income consumers will most likely be unable to switch to rice from yuca or platano.
Consequently, it may be degirable to modify a rice price stabilization program to
reduce the cost of rice to low income consumers, One device that can be used, if
an increase in rice consumption by low income consumers is regarded as a desir-
able goal, is to charge a milling tax for rice and to use the proceeds to subsidize
the sale of rice to these consumers, Another device, which hag much to commend
it, would be to sell high quality rice on the world market, and with the proceeds buy
lower priced broken graln rice which is of equal nutritive value.

Before leaving the theme of price p{)lici&s and passing on to alternative uses
for rice, it is perhaps worth giving a brief outline of an alternative price policy which
appears to offer many of the advantages of both a price support program and a stabi-
lization scheme, while at the same time being consistent with improved income dis-
tribution and/or increased exports.

If was mentioned above, and was previously demonstrated by Andersen in his
presentation, that inereased rice production may be obtained at a very slight in- -
crease in cost totheproducer when he uses the new rice varieties in lieu of the
older standard varieties. This important relationship may be used in the develop-
ment of an alternative rice price policy which is outlined below,

The essentials of the program involve paying a relatively high price to pro-
ducers for basic production, and a lower one for increased production—the lower
cost production to be used to aid low income consumers, ov for export.

In general terms the plan is as follows: (1) Determine the present produc-

tion and/or seeded area of all existing rice producers in the country. As Byrnes



has mentioned in his presentation, this may be fairly difficult to do. (2) On the basis
of thege data, agsign to all rice producers who are interested in participating in the
scheme a marketing quota which may be between 70 and 100 percent of their present
year's production. (3) Set a price for this amount somewhat below present levels, but
also above the world market price for rice. Each producer would receive, for rice
produced umder his quota, the above mentioned price. (4) For rice produced in excess
of this quota, the producer would receive the world market price for that grade of rice,
less the transportation costs to the nearest ocean port. In some instances a price
even lower than the world price may be degirable.

All purchases would be made by a government marketing agency or its repre-
sentatives on the basis of regionally and individually assigned quotas. As population,
and hence domestic demand, increases, it would be possible to adjust individual
producer's quotas upward. An amount of rice corregponding to the quota plus annual
additions to domestic demand would be released for normal domestic consumption
which would result in retail prices somewhat below previously exigting levels., Ad-
ditional supplies of rice could be introduced to the market for low income consumers
at a retail price corresponding to world market prices. Even lower prices would be possi~
ble if for additional production, producers received less than the world price.

Although it may be argued that low income consumers will sell at Jeast part
of their low price rice to retailers or others, they may still benefit from the resul-
tant increase in their real incomes, which is of course the objective of this aspect
of the program. Alternatively, if it were thought to be desirable from a nutritional
point of view to increase the consumption of rice by low income consumers, it
would be possible to dye it prior to retail sale, which would tend to reduce its
regale value while leaving its nutritional quality the same as before.

The amount which would be introduced in this way would depend at least in
part upon the magnitude of increased supplies resulting from the use of the new
varieties. If stocks appeared to be building up to more than satisfactory levels,
rice could be used for export or as livestock feed, or as a wheat substitute.
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The advantages of the policy are:

1) Producers would receive a higher price than would result in-the sbsence of

the program, but with the rapid introduction of the new varieties.

2y Consumers in general would benefit from the new rice varieties in terms .

of lower prices, although not as low as prices under a free market. -

3} Program costs to the national government would tend to be low, relative

to other types of price policies.

4) Specific account is taken of the needs of low income consumers.

5} Exports could be stimulated.

The disadvantages of the policy are:

1) A large amount of detailed information is required about existing rice

producers,

2) The administration of the program would be relatively detailed and

complex,

Since the demand for rice as a human food has kept its price congiderably
above the price levels of feed grains and even wheat on world markets, it has sel-
dom received much attention as a substitute for either feed grains or wheat. How-
ever, available research suggests that if rice is of 2 sufficiently low price, it may
be used as a substitute for at 1east part of the wheat used for bread flour, or alter-
natively as an ingredient in pouliry or hog rations.

In the case of substitution for wheat in bread flour, it would appear that rice
flour can be substituted up to a maximum of 20 percent for wheat flour, provided
that the rice iz of a variety that ig relatively sticky. When non-sticky varieties
are used, only smaller amounts can be substituted for wheat in the production of
bread flour, Available evidence guggests that significant savings in foreign
exchange could be made by substituting rice for some of the wheat that is now
imported. The magnitude of thege savings would depend on present levels of
wheat imports, market acceptance of the modified bread flour, and the relative

magnitude of increases in rice production,



11.

There is no technical reason for not including rice in the diets of hogs; in fact,
it can be substituted for up to 100 percent of the grain component with only minor
increases in protein being required. Rice may also be substituted for grain in

poultry rations; however, the levels of this substitution are congiderably less than

thoge for hogs.
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INTRODUCTION

I embarked on my topic with a casual familiarity with recent
developments in rice production and minimal acquaintance with policies
affecting international trade of the commodity. After preliminary review
of litefature available to me, I concluded that a person with these cre-
dentials of innocence could be justifiably sccused of unnecessary heroism
were he to continue to write on the topic without first investing more
time than I had allocated to acguiring background data and other infor-
mation on a first-hand basis.

Rather than shirk the challenge of this certain conciusion,

I decided on an uncertain compromise: namely, 1o attempt ito provide
a framework for ordering current questions about changes in rice trade
policies and their possible effects on such key variables as world prices,
internal producer prices, utilization, supply, and exports and imports.
Such an effort recommended itself to me on i{wo counts, First, world
rice production and trade are passing through a period of rapid changé
which has sponsored a myriad of urgent questions. Given the time
constraint urgency implies, policy research over the near-term must
focus on questions of highest priority., Which ones are they? Second,
recent work in the U. S Department of Agriculture and elsewhere,
particularly on producer supply response, has provided data which can

be most useflully bent to the task of ordering quesiions and outlining






priorities for future research. While there may be the usual reser-
vations about the confidence attached to point estimates of these early
thrusts, good as I personally judge them to be, there would be few
qualms about using such estimates as ordinal indicators of which issues
are more or less important for future in-depth research. ‘ Thus, on
these two grounds, | saw an uncommon coincidence between needs, on
the ohe hand, and resources, or data availability, on the other, which

recommended the tack this paper takes.

THE MODEL

My first step “;as to develop a framework which could assess
the importance‘of individual questions in terms of their effects on world
price, iniernsl prices, supply utilization, and rice trade. For this pur-
pose I worked out an ostensibly simple, but fairly general, model of
three relations for each exporting and importing country, including an
internal utilization (or demand) function, an internal supply function, and
a trade relation, Demand is viewed in this model as being determined
by an internal rice price, a relevant world price, and independent vari-
ables like prices of competing and complementary products, per capita
real incomes, population, policies operating on internal consumption,
etc. Supply is a function of internal rice prices and factors shifting
"supply independentily of those prices, including such things as input prices
and "technolegy'., The trade relation is taken to depend on the difference

between the relevant external and internal price of rice and variables






embodying trade policies.

This "country model" was then solved for that level of total
utilization, or total supply, and internal price which would equate supplies
to consumption, given world prices, prices of competing and complementary
products, income, population, input prices, technology, trade policies, etc,
At a subsequent stage a world price {or linear combination of relevant world
prices) was found which would equate rice exports of all countries to world
imports, thereby assuring an equilibrium between, as well as within, countries.
Details of the model and its solutions are shown in the Appendix of this
paper,

Tables 1 through 3 summarize main results. The first table
demostrates the model's implications for the eflects of changes in indepen-
dent variables on exportis, impeorts, internal demand and supply, internal
) prices, and world prices. The last column of the table, for example,
shows that a change in trade policies of an exporting nation which leads
to {say) increased exports would, in the final analysis, rasise exports,
reduce consumption, increase internal supplies, and raise the internal
price of rice. Similarly, a change in trade policies of an Importing
nation, implying increased imports, would ultimately raise imports and
internal demand, but reduce supplies and interns! prices of rice, The
two signs in the last line of the same column simply indicate that a shift
in trade policies towards increased imports will increase the world price

and a shift towards increased exports will reduce the world price of rice,






Table 1 -- Changes in Basic Dependent Variables of the
Model Associated with Shifts in Principal
Independent Variables®

Independent Variables

Dependent : Change in Shift in +  Shift in :  Shift in
Variables : World FPrice : Internal Demand:Internal Supply:Trade Poli

Exporting Nations

(X3

Exports : + - + +
Demand : - + + -
Supply : + + + +
Internal Frice + + - +
Importing Nations
Imports : - + - +
Demand - - e + +
Supply : .+ + + -
Internal FPrice . + + - -
World Frice : * + - +

- e

a/ Signs shown follow directly from derivations presented in the
Appendix,
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Table 2 -- Rice Exporting Countries {Regions): Selected da
computation of World Price-Trade Policy Elast

: Country af:
: Exports Divided by : Price Elasticities
: : : Demand : Demand:Supply :¥

2 Country : World : World : Internal:Internal: ~
“ountry ¢ /(Region) ; Production:Exports: Price b/: FPrice bfPriceb/:F

-+

R aah Ratio-~~~~== temmmmmmoo Smrmmees Elasticity-

3. E. Asia 0.13 0, 42 -0.50  -0,50 0. 30
Jnited States 0. 60 0. 27 -0.20 -~0.20 0. 20
Communist Asia 0.01 0. 16 -0. 10 -0. 10 0. 20
sast So. America :  0.08  0.07 : -0.30 -0.30  0.40
North Africa 0. 26 0,086 -0.50  -0.50 0,30
‘ustralia,

N, Zealand : 0.52 0.01 : -0.30 -0, 30 0. 30
Argentina 0.21 0.01 -0. 30 -0. 30 0. 40

1/ These ratios represent averages for the 1964-66 period., Basic d
inpublished discussion paper by Rojko, A.S., Urban F.S., and Naiv
?rospects for Grain in 1980 with emphasis on trade of less developed
lesearch Service, U.5. Department of Agriculture, {(March, 1971), °

»/ Ibid., Tables 11 and 12. The demand-world price and demand-in
vere assumed equal. This implies an indifference, on the part of co
'national"” and "international” rice,

-/ Derived from elasticities of the three previous columns. See Ap
ised in this derivation.

1/ This computation is detailed in the Appendix. It corresponds to {
n world prices which would result from a 10 percent price-independ
ndividual country.

>/ The regionat groupings of countries is defined in Hutchison, Johr
ind Tsu, Sheldon K., "World Demand rospects for Wheat in 1980 v
by 1 ess Developed Countries,” FAER 62, Economic Research Servic
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Table 3 -- Rice Importing Countries (Regions): Selected data rel
computation of World Price-Trade Policy Elasticity

: Country a/ :
: Imports Divided by Price Elasticities

Demand ;Demar;d; Supply Imp
: Country . World ', World .Internal. Internal, Woz
‘ountry (Regionle/ . Consumption. Imports . Price b/,Priceb/. Price b/ Pri

¢ e ———— Ratio------ e Elasticity-----
.. Asia, Pacific 0.09 0.30 -0.30 ~-0.30 0,30 -
outh Asia 0.02 0. 19 -0.30 -0.30 0,30 - 2!
apan 0.086 0,12 -0.30 -0,30 0.40 -1
entral Am, 0,35 - 0,06 -0.50 - -0, 50 0. 40 -
Vest Africa 0. 25 0.07 -0.40 -0.,40 0,10 -
Jest Asia n, 28 0.08 -0.30 -0.30 0.30 -
.ast Europe 0.75 0.05 -0.30 -0.30 0.30 -
ISSR 0.42 ° 0.04 -0. 30 -0. 30 0. 30 -
. C. 0.30 0.03 -0.30 -0.30 0.30 -
ast Africa 0.15 0,03 -0. 30 -0, 30 0. 20 -
'anada 1,00 0.01 ~0. 30 -0, 30 - -
LK. . 1.00 0.02, -0.40 -0.40 - -
a. Africa 0.97 0.01 -0, 30 -0. 30 G. 10 -
/est So. Am, 0.08 0.01 -0, 30 -0, 30 0. 30 -
ther W, Europe 0.08 - -0, 30 -0.30 0,30 -

See footnotes Table 2.
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Table 2 and 3 attempt to quantify the effects of a change in trade
policies on the world price. (Note that only the direction of these effects ~
was indicated in the last line and column of Table 1). These tables are cen-
tral to the purpose of this paper. Knowing which countries, or regions, can
have largest impacts on world prices of rice through changes in export and
import policies, we can begin to sort out the more important from the less
important issues. Further, having some feel for the size of world price
changes resulting from trade policy changes, we will be in a position to
assess the strength of trade, demand, supply and internal price reactions
on the part of individual countries of particular concern,

The first six columns of Tables 2 and 3 give basic data used in
gquantifying what I have called the "world price-trade policy elasticity"
(column 7 of these tables), or the percentage change in world rice prices as-
sociated with a shift in trade policies of individual countries which change
the level of trade by one percent independently of world and internal rice
prices. Columns 1 and 2 were calculated directly from information made
available to me by the U. S, Department of Agriculture which related to aver-
age rice exports, imports, production, and consumption by country (region)
over the three year period, 1964-66, Estimated price elasticities, shown
in columns 3 through 5, come from the same source and represent a synthe-
sis, for the most part, of estimates made by a wide range of individual re-
searchers who have studied rice demand and supply price responses of the

countries and regions shown in the two tables. [ derived the elasticity of
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country exports (imports) of column 6 from the demand-world price, demand-~
internal price, and supply-internal price elasticities, being unable to find
direct estimates of this parameter for major exporting and importing coun-
tries. This derivation, detailed in the Appendix, essentially assumed that
the trade-price elasticity of a country was a weighted sum of its internal price
elasticities of supply and demand. This assumption had the effect of re-
inforcing a direct relationship which exists between céuntry shares of total
trade and the world price-trade policy elasticities. However, it did not %)rob~
ably alter the ordering of world price effects of exporting and importing na-
tions reflected in the world price-trade policy elasticities, since they are
insensitive to values used for elasticities of exports or imports‘ with respect
{o world prices. For example if the latter elasticities ranged from zero to
infinite values, the world price-trade policy elasticities would range from
zero to only 0. 83 {in absolute terms).

Resgults indicate that only six countries, or regions, could have
significant impacts on world prices of rice were they to shift their current
trade policies, Among rice exportors, Southeast Asia, the U.S., and Com-
munist Asia could depress (raise) world prices by from one to almost three
percent were they to raise (depress) their exports by 10 percent through
changes in trade policies., Among traditional rice importors, East Asia and

the Pacifie, South Asia, and Japanl/ could raise (depress) world prices

1/ By selecting 1964-66 as the "base period"” for this analysis, certain
couniries--notably Japan--are put in a net trade position which diverges
from their present ones. However, if we are concerned primarily with
"normal" rice trade patterns, the 1964-66 period is generally judged to
be the most suitable base, Using procedures shown in the Appendix, the
interested reader could, of course, change the "'base period' of analysis
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between about one and two percent by raising (depressing) their imports 10
percent via trade policy changes, Other exporting and importing countries
individually would have an almost imperceptible effect on world prices were
they to alter trade policies. Stated in another way, Canada, the U.S,, South
Africa, West South America, or "other” Western Europe would have to in-
crease its imports by about 150 percent to have the same effect on world
prices as a 10 percent upward shift in imports of East Asia and the Pacific.
Similarly, Australia, New Zealand or Argentina would ha.ve to increase its
exports by 260 percent through changes in trade policies to have the same
depressing effect on world prices as a 10 percent upward shift in exports
of Southeast Asia,

There are two important implications of these results, First,
since annual changes in world prices of the order of at least 10 and up to
20 percent have been ‘observed in recent years (1966-?0)“2“/, the generally
"small” world price-trade policy elasticities imply that changes on the part
of individual countries in trade policies have probably been a less important
factor in world price changes than have been shifts in country demand and
supply conditions. Second, because world price-trade policy elasticities
appear {o be individually small, we need be less concerned with policies pur-
sued independently than with policies shared by groups of countries, or re-
gions. A pervasive change in rice export policies of (say) Southeast Asia,

the 7. 8,, and Communist Asia could have a striking effect on weorld prices,.

2/ See, for example, "Rice Report, 1970", FAO, United Nations, Rome,
1970, page 12,
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Even the joining of Latin American nations in a commeon rice policy change
could have a substantial impact on world rice prices,

"Bhe balance of this paper briefly discusses these possibilities
for a common rice trade policy, summarizes current trade policies of
six countries with highest world price-trade policy elasticities, and indicates

implications of changes in their policies for world prices of rice.

TRADE POLICIES

The two major rice projections studies made in recent years
both assumed no significant change in rice trade policies of major ex-
porting and importing rnations during the decade of the Seventies. The

FAQ study appears to go even further with the statement:

National rice policies, affecting production, are assumed
to remain as they were in late 1970 andf/or early 1971. The
actual content of national policies, e.g., the level of price
supports, acreage allotments, aids to production etec,, are
assumed to remain unchanged until 1980 from their late 1970
and/or early 1971 levels, Policy objectives, ,.are asgumed
to remain unchanged, 1/

The USDA projections contain the following statements:

For all other major deveioped importors, it is assumed that
recent food and fiber policies will be continued [fo 198{3‘/. ..
Japan would be a major exception, since her self-sufficiency
... seems destined to decline, It is further assumed that the
major exportors will maintain a stock and production policy
to support relative [}&?orlgg price stability. 2/

1/ Committee on Commodity Problems, Study Group on Rice, "Projections
of Demand and Production of Rice, 1970 to 1980, Preliminary Results",
FAQ, United Nations, Rome, {March, 1871),

2/ Rojko, A.S,, Urban, F.S,, and Naive, J.J., op.cit., pages 141 and 1486.






Much of what follows in this section cm:;firms the appropriateness
of these assumptions. While major policy changes have been effected on the
production side which could bring substantial pressure to bear on world rice
prices --particularly in importing countries, information available to me
indicates that changes in trade policies will not be radical and their effects
on world prices will be correspondingly slight,

Before turning tz:; that evidence, I do wish to remark on the like-
lihood of the emergence of a common Fice trade policy among exporting and
importing nations., Asl mentioned in the previous section, such a policy
could alter the implication of estimated world price-trade policy elasticities
that independent trade policy changes might not have large effects on the
world price,

I have gleaned from the literature that the likelihood of agreement
on such a policy is extremely small, First, the International Grains Arran-
gement {IGA) has apparently had rough going. This arrangement became
effective in 1968 and prescribed a price range for international trade of wheat
and coarse grains. Ii also specified contributions by participating countries
of 4. 5 million tons of wheat and coarse grains or the cash equivalent, as aid
to less developed countries. "Rough going" is reflected in the fact that,
under current world supply and demand conditions, wheat prices are already
well below the established minimum.  Second, FAO formed a Working Party
which, during 1970, examined alternative proposals for cooperative action
in rice trade, including intra-regional trade arrangements, reductions in

trade barriers, stock policies, non-food use policies for rice, establishment
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of international buffer stocks, multilateral contracts, informal trade arrange-
ments, exporf subsidies and restitutions, The Working Party was unable
to agree on any one single proposal. Finally, there is the evidence later
in this section, supported in part by FAQ' s and USDA' 8 projection studies,
that radical changes in world prices are unlikely to result from foreseeable
changes in trade policies of rice exportors and importors. This has the
very simply implication that gains from a commaon trade policy in the case
of rice may be so small as to fail to induce a common agreement like the
IGA in the case of wheat and coarse grains, |

In what follows, [ discuss trade policies of the United States,
Communist China, Thailand, Japan, Indonesia, and the Republic of Korea,
Communist China is the principal exportor of the region, "Communist Asia",
referred to in earlier sections of thig paper; Thailand is the principal
"Southeast Asia" exportor and Indonesia and South Korea belong respectively
to the "South Asia'" and "East Asia and Pacific" regions. In 1870, these six
countries accounted for about two thirds of world exports and roughly 15
percent of world imports,

United States(Exportor)

1, Policy Objectives, Rice export policies of the U. 8., Govern-

ment are directed at facilitating export of supplies in excess of domestic
requirements, maintaining traditional U. 8. export markets, and increasing

exports on commercial terms,
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2. Policy Instruments.

a. Credit is provided to commercial traders for up to six
months through the Commodity Credit Corporation (CCC) to encourage rice
exports to markets unable to purchase on a cash basis.

. Barter agreements can be made to permit exports to
countries when the possibility of sales through regular commercial channels
is ¥imited. Very few barter agreements involving rice were made during
the 1860’ s,

c. Concessional exports can be made through P, L. 480, the
Agricultural Trade Development and Assistance Act of 1854, as amended,
Half of all U. S, exports during the 1960' s moved under P, L. 480 provisions;
most sales were made in exchange for foreign currencies, As a result of
an amendment to the Act in 1968, there is a movement towards sales for
dollars or dollar credits, The transition to dollar-based sales is expectied
to be completed by the end of 1871,

. d, Export subsidies are paid U, 5, exporiors when world
market prices fall below U, S, farm price supports plus marketing costs.
All U, 8, rice exports, made either oh concessional or commercial terms,
are subsidized when export payments are in force. Initiated on rice in 1959,
export subsidies remained in force until 1967 /68 and were then re-introduced
in March, 1969, The maximum subsidy paid on average during any year of
this period was US$64 per metric ton in 1860/61, representing about 40

percent of the prevailing world price for medium-quality, medium-grain or






long-grain rice, reasonably well milled. Subsidy payments currently aver-
age about US$25 per ton, representing 25 percent of the 1971/72 seasén
announced price support, about 10 percent of U, S. wholesale rice prices,
and almost 20 percent of a world price of US$140 per metric ton.

3. Policy Changes - Effects. As a foreign producer of rice,

I would be most concerned with changes in U, S, export subsidy payments,
Applying to almost all U. S. exports, they have general, world market
impacts; concessional U, S, exports are more selective in their effects,
being made primarily where they do not compete with normal commercial
transactions.

I think it would be reasonable to assume that export subsidies
could range to a high of 40 percent of world prices and to as low as zero
percent over the near-term future. I would not expect subsidies to rise
above their previous high of 40 percent in relation to world prices for the
simple reason that U, S, assistance to rice producers is the most costly
income support program the Government has in agriculture., Total assis-
tance per rice producer, including net realized loss on price support and
production programs and the cost to the CCC of the commodities exported
under P, L. 480, CCC Export Credit, and Barter Programs, ranged from
3 to 11 times that provided the crop with the next highest average over the
period 1960-70, In the 1969 crop year, these costs per participating farm

1/
equalled $16, 055.

1/ Task Force on Rice, '""Rice Report'', Economic Research Service, U.S.
Department of Agriculture, (June, 1971), Table 3, unpublished manuscript.
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If we assume that the subsidy on U, S, rice exports could range
between zero and 40 percent and that such a change could occur between |
any two years, then the maximum change in U. 5. exports resulting from
policy change would be of the order of 10 percentlgj Referring back to
Table 2, it can be seen that the maximum world price change, correspond-
ing to this 10 percent change in U. 8. exports, would be of the order of two

percent.

Thailand {(Southeast Asia, Exportor)

1. Policy Objectives. The Thailand Government seeks to main-

tain a minimum of 1. 5 million tons of milled rice for export annually,

2. Policy Instruments, To ensure enough rice for local con-

sumption, the Government introduced an export quota system in 1987, later
abolished in June, 1968,

Rice exportors are required to pay a premium to the Government
for their rice exports, This premium, or tax, is designed to keep domestic
supply of rice in line with domestic demand, With recent declines in the
world price of rice, the rate of the export premium hss been considerably
lowered. In 1971 it was reduced to zero on all rice containing more than
five percent broken grain,

3. Policy Changes - Effects., It would seem safe to assume that,

with reductions in world rice prices forecast, no changes over the near-term

%/ I have assumed in this estimate that the percentage change in exports
associated with a one percent change in the factor, 1.0 + subsidy/world
price, is the same as the percentage change in exports to be expected from
a one percent change in world prices.






will take place in Thailand' s current export t rade policy. Exports will
continue to be conditioned by interaction of normal forces, including internal
and world prices, and no specific policy instrument wiil be brought toc bear
on trade.

Mainland China (Communist Asia, Exportor)

In 1970 China exported 885, 000 tons of milled rice, maintaining
its position as the third largest exportor after the U, 5, and Thailand. During
the 1960' s, exports averaged about 800, 000 t‘ons. Most exports go currently
to Ceylon {310, 000 tons), Cuba (130, 000 tons), Pakistan (99, 000 tons)and
Hong Kong (93, 000 tons),

It is estimated that China harvested a record rice crop of 100
million tens in 1970, compared with 95 millicn in 1969, Larger areas have
been planted fo rice in recent years as a result of wasteland reclamation
and intiroduction of early maturing varieties which permiited expansion of
the doubled-cropped area.

As of mid-1971, the amount of rice available for export looked
to be larger than in 1970, Two rice export contracts have already been
made with Ceylon and Pakistan equal to 250, 000 tons.

As a centrally planned economy, China's rice exports could
go in most any direction, However, ‘there is a relation between Chinese rice
exports, world rice prices, and world wheat prices which permits some tenuou
predictions to be made. At previous world price ratios for wheat and rice,
China' s policy was to export rice, import cheaper wheat, and thereby obtain

a net gain in calories of food energy. However, over the 1970's, USDA
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predicts a decline in world rice prices from all causes of about 30 percent;
practically no change is foreseen in wheat prices.l/ This would have the
effect of reducing the ratio of world rice: wheat prices to levels of the
1960-84 period, at which time Mainland China exported on average 700, 000
tons of rice, or about 20 percent less than in 1870,

Hence, I would suggest that Chinese exports could drop by as
much as 20 percent over some unspecified period of time during the 1870' s,
This would translate into a maximum decline of 5 percent in world prices,

using data of Table 2,

Japan (Current Exportor, Traditional Importor)

Traditionally, Japan has been an importor of rice. With acreage

and yield fairly stagnate throughout the 1950' s and until the mid-1960's,
imports rose to a high of almost one million tons of milled rice in 1985,
However, after 19865, following an incentive program which led
Government price supports to producers to high levels, rice yields began
an upward trend from 3, 800 kilos per hectare (husked) to 4, 400 kilos,
Simultaneously, rice prices paid by consumers rose, reflecting a cost-plus
distribution program of the Government with a fixed subsidy slightly under
farm price support acquisition costs. Utilization for food, feed, and indus-
trial uses thus did not rise--in fact, total consumption may have declined
slightly from 1960-64 average levels of about 12 million tons, Per capita

consumption of rice did decline from 118 kilos in 1860-64 to about 95 kilos

1/ Rojko, A.S,, et. al., op.cit,, page 251.
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in 1970. Thus, after 1965, "surplus rice stocks' began to accumulate

at an average annual rate of slightly under one million tons. By mid-1971,
Government-held stocks had reached a level which approximated total world
exports for 1970,

In late 1968, the Japanese changed rice policies in production
with the objective of reducing area planted to rice from the 1868 level of 3. 2
million hectares to about 2, 2 million hectares by 1877, This policy has
been implemented via subsidy payments to rice growers to divert ricelands
to other crops or fallow, Also, direct acquisitions and subsequent diversion
of ricelands have been made by the Japanese Government. At yields slightly
below current levels, this diversion program would reduce production by
4 million tons, Two million of this would return production io pre- 1885
levels; the other 2 million would probably just cover reduction in consump-
tion, barring radical changes in rice prices paid by consumers. Thus,
supply and disposition would be brought more or less into equilibrium, Cur-
rent "surplus ;,;tacks" would have to be sold in the world market.

Japan is now holding stocks worth something over US$420 per
ton, including support price plus marketing and storage costs, Concessional
sales are currently being made by Japan at about US$140 per ton, Why
should the Japanese Government sell stocks valued at US$420 for US$140 in
international markets, when Japanese consurmers paid between $280 and
$420 per ton for rice in 1970 gj

I would argue that, if land diversion plans were not effective,

1/ The consumer price data come from the Committee on Commaodity Probler
Study Group on Rice, FAQO, United Nations, Rome, (March, 1971).
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"surplus stocks'' would be disposed of abroad. However, 'if land diversion
plans do evidence prospects of success-~--aad this should be known by, say,
1972, net trade will fall to zero, relative internal price will float downwards
as rice stocks are marketed nationaliy, and Japan will come to a self-suf-
ficient, no trade position well before 1977, Over the longer-term, I

would expect Japan to become an occasional or regular importor, simply
because it is a high~price rice producer., In fact, I would see no reason
why it should not attempt to return to something like its 1964-66 position

in world rice trade,

The implication of this argument is that Japan could exert some,
but short-term, downward pressures on world rice prices. This assumes
that Japan will react to the higher costs of disposing of its rice stocks in
world markets and that rice diversion prog;:'ams will be successful.

I might also mention the fact that Japan' s current concessional
exports are to be "made with consideration so as to avoid harmful inter-
ference with the usual rice exportation from developing countries'. Further,
there is the fact that Japanese short-grain,semi-sticky rice appeals to a
very limited set of the world' s consumers and thus does not compete directly
with the long-grain Indica type rice which dominates trade. Each of these
latter considerations would dampen "expected’’ world price effects of even
short~run exports from Japanese rice stocks,

Indonesia (South Asia, Importor)

Rice imports are now (1970) at the level of about 750, 000 tons.

e e e
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The policy objective in production is to increase supplies 50 percent (or
by about 5 million tons) between 1968 and 1974 by means of the introduction
of high-yielding varieties, increased use of fertilizers, pest and disease
control, improved water management, and better cultivation techniques.
Under this Rice Development Plan, a package of inputs is supplied a farmer
for the rough equivalent of US$50 to 60 per hectare, After harvest,payment
is made in rice which is valued at a fixed price equivalent of US§130 per
metric ton.

While I judge this program could have depressing effects on
world prices, if successful, I find no specific references to Indonesian
trade policies or instruments of policy with relevance to this paper.

Republic of Korea (East Asia and Pacific, Importor)

Korean imporis have risensharply in recent years, owing to
unfavorable weather, insect and disease damage. Imports were about
500, 000 metric tons in 1870,

From a long-run point of view, the Seccnd Five-Year Economic
Development Plan (1967-71) is attempting to move Korea towards self-
sufficiency with a 35 percent increase in production over the 1867 figure of
3. 8 million tons of milled rice ‘;:;eing expected in 1971 or 1972, Simulia-
neously, the Government has been moving ahead with a rice saving program
designed to reduce demand for rice gradually and improve national health
standards through correction of nuiritional handicaps resulting from an

unbalanced diet of rice only.
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As in the case of Indonesia, I see these production and demand
programs having strong downward effects on world rice prices, if they
succeed, However, I did not identify any policy with respect to trade which
would dampen or otherwise alter the effects onworld prices of the success

of supply and demand policies,

FOR FURTHER 5TUDY

This paper has led to a general conclusion that world prices
of rice will not be greatly affected by trade policies of exporting and import-
ing nations during the 1970' s. A corollary would be that more attention
should be given to predictions of supply and demand policy shifts than to
changes in trade policies.

There ig of course, uncertainty related to these conclusions,
stemming from assumptions used and unanswerable questions which arose
in the course of the analysis, [ list some of these below in the hope that
they might form a useful agenda for future research on rice in world trade,

1, What is the form of rice import and export functions and
the response of trade to price for countries with highest world price-trade
policy elasticities ?

2. What is the systematic relationship between U, 8, farm
price supports and export subsidies on rice ? It would be most useful to
have this relationship at hand to predict likely changes in U, S. exports

and world prices resulting from changes in the export subsidy policy.






3. Given the export potential and the central plans which charac-
terize China, could some greater certainly be attached to the effects of
the rice: wheat price ratio on rice exports ? What other variables might
be used to embody Chinese trade policies in rice ?

4, Attention should be given to developments in riceland diver-
sions in Japan and changes in consumer prices paid for rice,

5. What would be the likely gains enjoyed from a rice trade

arrangement similar to the IGA ?
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APPENDIX

I divide the rice-~producing world into one of exportors and
importors of rice and develop simple "internal" modelsfor a rirce
exportor and rice importor on the assumption that there exists a
world price, or a series of highly correlated "world prices"”, which
the individual country cannot influence, I tl';en "internalize" the world
price, i,e., make it subject to trade of exportors and importors, by
imposing the coadition that total world exports and imports mustbe

L4

equal.

Exgortor

I begin by dividing total supply, Ql’ of an exporting country
among its principal components: internal demand, D, and exports, E,
I take internal demand to be equal to a function of the world rice price,
pf, the country's internal rice price, or the price received by producers,
pf, and a vector of variables, ey, which ‘shift intern:al demand independently

of prices. Country supply, Q,, is a function of the internal price, pf, and

1’
variables, eq, which shift suppI.y independently of the producer price
received., Finally, exports, E, are written as a function of the difference
between world and couniry prices, pj: - pf; and a vector of variables, ej,
which shift exports independently of these prices. I further assume, for
simplicitly, that these three functions are linear such that they can be

specified, together with the trade identity, as follows:

1. D= Alpt* + Agpt + e}
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- e
- * - e
4. Ql = D+ E

Solutions of this system can be represented, in terms of

its independent variables, by:
*

5. Q =Th,py +TT,

6. pf = Tyypy +1iy

Further, assuming that, in general, Al < 0, Ag< 0, A >0,

3
and &4> 0,
- Ag {Al + A4)
O > 0,
11 A, - Ay - Ay
6. 11/21 . - (A‘Z + A4) oo
A2 - A, - A, ’

provided /A,/ > [A;/. Also,

> 10 A A A
2~ 3 T 4
16 1._11 _ 62 = el - 93
: 20
A, - A, - A
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Thus, for example, we see {from 7T) that an increase in the world
price will increase country production, an increase in world prices
will increase the prices paid producers (from 8}, and an improvement
in technology will increase country supply {from 9} and reduce country
price (from 10), independently of the world price existing.
Importor

Here I divide total utilization Qz, of an importing country
among its principal components: internal production, S, and imports,
I. I take total utilization to be a function of pj:, pi, and a vector of
variables, Iy, that shift demand independently of these prices. Country
output, S, is a function of internal price, pi, and variables, sz which

shift the supply relation, Finally, "I'' is written as a function of the

e
o~

t

A model for the importing country can then be written as:

difference in prices, p, - pi, and shift variables, 13,

1. Q = B ipf + Byl o+ 1
12. 8 = Bgpy  + I,
13, 1 = B 4p’: - B 4pi v
14, Q2 = S+ 1

Solutions of this system can be represented, in terms ol

its independent variables, by:

oy
o

15. © - "+
2 ﬁglpt 30
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. *
16. pi = 7r P,

T
4} 40

Further, assuming that, in general, Bl £ 0, B2< 0,

B >0, and B4<’. 0.

3
17, ?Tsl = BB, + ByB, - BB,
. <9

- 0

By + By- By

provided /B,/ > /B}/. Also,

19, ’{?‘39 = (By - Byl + B_ (I, + I
B, + B, - B,
= -+ -
20. ?7;0 I, +1, -1,
By - By -Bg

Thus, for example, an increase in the world price will decrease total
utilization (from 17) and improvement in technology will increase total

utilization and decrease the internal producer price,

The World Price

I now internalize the world price of rice, making it a function
of the behavior of individual countries, by setfing equal the sum of all

couniry experts to imports, The result is a world price which equilibrates
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exports and imports and is itself a function of parameters and price
independent variables of every exporting and importing nation,

First,

21, JE = 7,
¢ i
“implies that

s e ¥ i
22. p, A, - YAPE+ Ye, = B, - $B.p + XI_,
t £ 54% §3 pt}:é 4t ;Z.fi

18 3¢

where the subscripts, e and "i"

denote respectively that the sum is

*

being taken over exporting and importing nations. Rearranging terms

and substituting from 6 and 16, we have that

% 20 A

gA’* ) ?—B-@ 40 * Z13 - %es
23. p, =

) ,., -
%A«;{a 5y ,%34(} a1

Rewriting Fquation 23 explicitly:

. A B
o very RERCREILAE T ol A
. ekeig” ~ BotBy+Bg

24. pé
B

A
e A WA +A_F*A,) - 4 (B{+B,+B,)
)] FAgtAy 1*BytBg
( AZ-AS—A) szm 4 B3

Let me denote the reciprocal of the denominator of 24 as A . positive-

valued by hypotheses previously stated. Further, let us denote
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A
4 = a; <0,
AE-AS-A4
B
4 = by? 0,
By -By-By

such that 24 can be rewritten as:

25, pr = }{Zal(ez—elf-ea} - Xb1f12+13+11)+ ZIS ~ Ze}

The effect on the world price of a change in independent variables of a

given country is then:

#* *
6. 3p, = -Aa3 70 2. yp = Ab>o
O 91 5 Il
* by
2. 9P = Aa <o 30. Jpf = -Ab <0
1) ey k) I2
28. O pr "< - Afat1) <0 31. P} = A(1-b))>0
0 e, I

If, as in the text, ﬁl, Az, Aa, 54, Bl, Bg, B3, and B4 are

all expressed as elasticities, then prior to aggregation in 25, A; and A2

must be multiplied by (1-s;), A, by s, Bg by (1-59) and B, by S, where

s; and S, are a country's import/consumption and export/preoduction ratios
respectively. Further, each summation sign in 25 must be followed by Si
and S,, or the ratios respectively of each country's imports and exports to

total rice trade,
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With these transformations of parmeters, the derivatives
in 26-31 are in terms of the log values of the variables and the
parameters on the right of the equality signs in 26-31 can be inter-
preted as elasticities, Relations 28 and 31 are equivalent to the
"world price-trade policy' elasticities discussed in the text,

Finally, I note that the elasticities, A  and 384, were

4

derived in this paper on the assumption that:

1]

A

i

By Bj (1-8;) + ‘B s

41
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