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ABSTRACT

The demonstrate the effectiveness of gibberellic acid (GA;)
in delaying fruit senescence in ‘Ruby Red’ grapefruit
and ‘Valencia’ oranges under sub-optimal orchard
management conditions in tropical Veracruz, Mexico. For
grapefruit, one or two applications of three different GA;
doses (15, 20 and 40 mg L!) with or without surfactant
(Silwet®L77) at 0.035, 0.05 or 0.1%, were tested. For
oranges, one or two applications of three different GA;
doses (10, 15 and 20 mg L!) with or without surfactant
at 0.05%, were tested. Pre-color break application of
GA;, at 10 mg L' and 15 mg L' with surfactant (0.05%),
was sufficient to sustain peel firmness and delay colour
development in oranges and grapefruit, respectively. GA;
treatments with surfactant caused increased leaf drop
in both citrus cultivars, although this was only noticed
in trees treated with the highest surfactant dosages and
mainly involved photosynthetically inactive leaves. One
application of GAj; at 15 mg L' with surfactant (0.05%)
significantly increased orange and grapefruit weights,
resulting in yield increases of ca. 1.7 tha'! for oranges and
1.87 tha'! for grapefruit. A significant decrease in orange
drop during the late harvest season in GA; treated trees,
resulted in a harvest period that could be extended by up
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RESUMEN

Losdatos demuestran laefectividad del acido giberélico (AGs;)
para retrasar la senescencia del fruto en toronja ‘Ruby Red’
y naranja ‘Valencia’, ain bajo condiciones sub-6ptimas de
manejo en laregion tropical de Veracruz, México. Entoronja,
experimentamos con una o dos aplicaciones de tres dosis de
AG;(15,20y40mg L") con o sinsurfactante (Silwet*L77)a
0.035,0.05060.1%. Enel caso de lanaranja, experimentamos
con una o dos aplicaciones de tres dosis de AG; (10, 15 and
20 mg L") con y sin surfactante a 0.05%. La aplicacion de
AG; en etapa de pre-coloracion,a 10 mg L'y 15 mg L' con
surfactante (0.05%), fue suficiente para mantener la firmeza
del epicarpio (cascara) y retrasar el desarrollo del color en
naranjas y toronjas, respectivamente. El tratamiento de AG;
con surfactante provoco un incremento en la caida de las
hojas en ambos citricos, aun cuando esto fue especialmente
observado en arboles tratados con dosis elevadas de AG; y
surfactante, principalmente en el caso de hojas con inactividad
fotosintética. Una aplicacion de AG; a 15 mg L! con
surfactante (0.05%), increment6 significativamente el peso
delanaranjay latoronja, resultando a su vezenun incremento
en la cosecha alrededor de 1.7 tha! de naranjay 1.9 tha! de
toronja. Debido a la reduccion significativa en la caida de la
fruta de lanaranja durante la tltima temporada de cosecha en
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to six weeks. The market value of fruit harvested late in the
season is up to eight times the value of fruit harvested when
the market is saturated.

Keywords: Citrus, economic benefit, harvest delay,
increase of fruit weight.

INTRODUCTION

Citrus growers in Veracruz, Mexico, the largest citrus
producing region of the country and one of the largest in the
world, often attempt to keep their fruit on the tree as long
as possible to obtain better prices and avoid oversupplied
domestic markets. However, a large percentage of citrus
production in Veracruz (25%) is lost to premature fruit
drop caused in part by the attack of the Mexican fruit fly,
Anastrepha ludens (Loew) (Ortiz-Moreno, 2009). Thus,
products that can delay senescence, and at the same time
decrease the fruit's susceptibility to fruit fly attack, are
potentially important to growers (Aluja, 1994; 1999).

Plant growth regulators, including gibberellic acid (GA;)
and 2,4-dichlorophenoxyacetic acid (2,4-D), have been
widely used to maintain rind firmness and peel colour and
reduce fruit drop in California (Coggins, 1973), Florida
(Ali Dinar et al., 1976; Ferguson et al., 1982; McDonald
et al., 1987), and Australia (Considine and El-Zeftawi,
1971). These compounds have also been used to extend
postharvest shelf life (EI-Otmani and Coggins, 1991;
El-Otmani et al., 2000; Ritenour et al., 2005; Davies and
Zalman, 2007), due to reduced susceptibility to post-
harvest bacterial and fungal attack in treated fruits (Lewis
et al., 1967; Coggins and Hield, 1968; Coggins, 1973).
Importantly, while fruit senescence is delayed and citrus
peel remains firmer and greener for a longer period, the
internal fruit ripening process is not halted (Coggins and
Lewis, 1965; Lewis et al., 1967; Coggins, 1973; Ferguson
etal., 1982; Birke et al., 20006).

Previous studies have also shown that GA; canreduce citrus
fruit susceptibility to the Caribbean fruit fly, Anastrepha
suspensa (Loew) (Greany et al., 1987; 1991; 1994,
McDonald et al., 1988) and the Mediterranean fruit fly,
Ceratitis capitata (Wiedemann) (R6ssler and Greany, 1990).
A similar effect was recently observed in the case of the
Mexican fruit fly, 4. ludens but only when fly populations
were extremely low.
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los arboles tratados con AG;, la cosecha podria extenderse por
seis semanas adicionales. Los frutos cosechados tardiamente
podrian alcanzar un valor de ocho veces mayor que aquellos
cosechados cuando el mercado esta saturado de producto.

Palabras clave: Citrus, beneficio econémico, incremento
en peso del fruto, retraso en la cosecha..

INTRODUCCION

Los citricultores de Veracruz, México (laregion productora
de citricos mas grande del pais y una de las més grandes
del mundo), intentan con frecuencia retener la fruta en el
arbol el mayor tiempo posible para obtener mejores precios,
evitando con ello colocar la fruta en mercados locales
sobresaturados. Sin embargo, una gran proporcion de la
produccion de citricos en Veracruz (25%) se pierde por la
caida prematura ocasionada en parte al ataque de la mosca
mexicana de la fruta Anastrepha ludens (Loew) (Ortiz-
Moreno, 2009). Es por ello que, los productos agricolas que
retarden la senescencia del fruto y al mismo tiempo reduzcan
lasusceptibilidad de estos al ataque de moscas de la fruta, son
de enorme interés para los productores (Aluja, 1994; 1999).

Los reguladores de crecimiento vegetal, incluyendo el acido
gibérelico (AGs)y el acido 2,4-diclorofenoxiacético (2,4-D),
han sido utilizados en California (Coggins, 1973), Florida
(Ali Dinar et al., 1976; Ferguson et al., 1982; McDonald et
al., 1987) y Australia (Considine y El-Zeftawi, 1971), para
mantener la firmeza y el color verde del epicarpio de la fruta
y evitar la caida prematura de ésta. Estos compuestos se han
usado para extender la vida en anaquel después de la cosecha
(El-Otmaniy Coggins, 1991; El-Otmani ez a/.,2000; Ritenour
etal.,2005; Davies y Zalman, 2007), debido a una reducida
susceptibilidad de los frutos tratados, al ataque postcosecha
por bacterias y hongos (Lewis et al., 1967; Coggins y Hield,
1968; Coggins, 1973). Un efecto del AG; esta vinculado
al hecho que mientras la senescencia de frutos tratados es
retrasaday la cascarade citricos permanece mas firme y verde
por un periodo mas largo, el proceso interno de maduracion
no se detiene (Coggins y Lewis, 1965; Lewis et al., 1967,
Coggins, 1973; Ferguson et al., 1982; Birke et al., 2006).

Estudios previos mostraron que la aplicacion de AG; reduce
la susceptibilidad de citricos al ataque de la mosca del Caribe,
Anastrepha suspensa (Loew) (Greany et al., 1987; 1991;
1994; McDonald et al., 1988) y a la mosca del Mediterraneo,
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In Mexico, no prior use of plant growth regulators to
reduce fruit drop, or delay the harvest period of oranges and
grapefruit, has been formally documented. Based on the
above, and given the demonstrated potential of GAs to delay
fruit senescence in other parts of the world, we decided to
determine the efficiency of this approach in citrus groves in
Veracruz, Mexico. Veracruz has the largest planted surface
of citrus in the entire country (200 000 ha) and is one of the
largest citrus growing regions in the world if one considers
lime, tangerine in addition to various cultivars of oranges
and grapefruit (SAGARPA, 2009).

Citrus production in Veracruz is concentrated over a short
time period during which, due to oversupply, prices are low.
But towards the end of the season, as prices increase, fruit
rind has become senescent, and ripening fruit becomes highly
susceptible to bacterial, fungal and fruit fly attack causing
dramatic increases in fruit drop. Rdssler and Greany (1990)
have shown that GA; can also enhance citrus natural resistance
(toxic citrus oils remain concentrated for several weeks) and
fruit senescence is delayed. If GA; in Mexico shows to be as
effectiveasinFlorida, growers couldbebenefited by anextended
harvest period, and concomitant access to higher prices.

Here, we report the results of a three-year study (1992-
1995), conducted to determine the effect of GA; on specific
physical characteristics of '/Ruby Red' grapefruit (Citrus
paradisiMacFadyen) and'Valencia' orange (Citrus sinensis
L. Osbeck)trees. For oranges, we also evaluated the optimal
dose rates for GA; and surfactant applications that could
reduce fruit drop and extend the harvest period.

MATERIALS AND METHODS

Inboth grapefruit and oranges we assessed the effect of GA;
on peel puncture resistance, coloration, leaf drop and fruit
weight. In the case of oranges, we also evaluated the effect
that GA; could have on reducing fruit drop and extending
the harvest period. This could not be evaluated in grapefruit
due to high fruit drop caused by increased fruit fly attack
towards the end of the season (Birke et al., 2006).

Study sites. Experiments were conducted in two commercial
citrus groves, Finca “Montecristo” (‘Valencia’ oranges),
and Finca “La Florida” (‘Ruby Red’ grapefruit), located in
Congregacion de Cafnadas, Martinez de la Torre, Veracruz,
Mexico (400 masl; 96° 47> West Longitude; 19° 58 North

Ceratitis capitata (Wiedemann) (Rossler y Greany, 1990).
Un efecto similar fue observado recientemente en el caso de
la mosca mexicana de la fruta, A. ludens pero sélo cuando
los niveles poblacionales fueron extremadamente bajos.

En México, no se ha documentado formalmente el uso de
reguladores de crecimiento para reducir la caida prematura
de frutos, o para prolongar la cosecha de naranjas y toronjas.
Basado en lo anterior, y considerando el uso potencial, ha
demostrado que AG; reduce lasenescenciadel fruto en otras
partes del mundo, por ello decidimos determinar la eficacia
de este producto en huertos citricolas de Veracruz, México.
Veracruz, cuenta con la mayor superficie sembrada de
citricos del pais (200 000 ha), y esuna de laregiones citricolas
mas grandes del mundo, si se considera la produccion de
limén y mandarina; ademas de los diversos cultivares de
naranjay toronja (SAGARPA, 2009).

Laproduccioncitricolaen Veracruz se concentra en un periodo
corto, durante el cual, debido a la sobreoferta, los precios son
bajos. A finales de la temporada, los precios se incrementan,
el epicarpio se torna senescente y la fruta en maduracion se
vuelve altamente susceptible al ataque de bacterias, hongos
y moscas de la fruta, provocando incrementos dramaticos
en la caida de éstos. Rossler y Greany (1990) demostraron
que el AG; también puede fortalecer la resistencia natural de
los citricos. Los aceites esenciales toxicos del epicarpio que
confieren resistencia, permanecen concentrados por varias
semanas. Aunado a lo anterior, la senescencia de los frutos
se retrasa. En el caso de demostrarse que el AG; en México
es tan efectivo como en Florida, los productores podrian
beneficiarse al extender por un periodo mas largo la época
de cosecha y por lo tanto, tendrian acceso a mejores precios.

Aqui, reportamos los resultados de un estudio realizado por
un periodo de tres afios (1992-1995), llevado a cabo para
determinar el efecto del AG; sobre caracteristicas especificas
de frutos en arboles de toronja 'Ruby Red' (Citrus paradisi
MacFadyen) ynaranja'Valencia' (Citrus sinensis L. Osbeck).
Paranaranjas, también evaluamos la aplicacion de distintas
dosis de AG, y surfactante, que pudiesen reducir la caida de
frutos y extender el periodo de cosecha.

MATERIALES Y METODOS

Evaluamos, tanto para toronjas como para naranjas el efecto
de AG; sobre laresistencia del epicarpio ala puncion de una
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Latitude). This area has a dry season that can last between
four and five months from the middle of March to themiddle
of July. The mean annual rainfall is 1 600 mm and the average
temperature is 22 °C (INEGI, 1984).

Application of GA; and surfactantin the grapefruit and
orange orchards. The gibberellic acid used was ProGibb®
Plus 2X wettable powder (Abbott Laboratories, North
Chicago, IL). The organosilicone surfactant used was
Silwet®L-77 (dimethyl polysiloxane modified with alkylene
oxide) (Osi Specialties, Inc., Danbury, CT).

‘Ruby Red’ grapefruit orchard. Experiments were carried
out from 1992 to 1995 using arandom block design. During
the 1992-1993 harvest seasons, 15 trees per treatment were
used comprising five replicates of three trees each. During
the following season (1993-1994), 162 trees per treatment
were used comprising nine replicates of 18 trees each. For
the 1994-1995 seasons, 30 trees per treatment were used
comprising five replicates of 6 trees each. In all cases,
approximately 30 litres of GA; solution were applied per
treatment tree using a manual sprayer (JACTO AteSa S.
A., Torredn, Mexico) (at 36 s L) attached to a 1 500 litres
tank pulled by a tractor. Control trees were sprayed with
water using the same equipment described above. Fruit
were always treated before colour break, on 03 August (first
application) and 03 September (second application)in 1992,
on 05 August in 1993, and on 09 August in 1994 (Table 1).
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aguja (firmeza de fruto), coloracion, caida de hojas y peso
de fruto. En el caso de las naranjas, también evaluamos el
efecto potencial del AG; en lareduccion de la caida de fruto
y la extension del periodo de cosecha. Lo anterior, no pudo
evaluarse en toronjas, debido a los altos niveles de caida de
fruto provocados por el ataque de moscas de la fruta a finales
de temporada (Birke et al., 2006).

Sitios de estudio. Los experimentos se llevaron a cabo en
dos huertos comerciales de citricos, finca “Montecristo”
(naranjas ‘Valencia’), y finca “La Florida” (toronjas ‘Ruby
Red’),localizados enla Congregacion de Cafiadas, Martinez
de la Torre, Veracruz, México (400 msnm; 96° 47° W; 19°
58’ N). Esta area tiene una estacion seca que puede durar
de cuatro a cinco meses, desde mediados de marzo hasta
mediados dejulio. La precipitacion media anual es de 1 600
mm y la temperatura media de 22 °C (INEGI, 1984).

Aplicacion de AG; y surfactante en huertos de toronja
y naranja. El acido giberélico utilizado fue el polvo
humectable ProGibb® Plus 2X (Abbott Laboratories, North
Chicago, IL). El surfactante organosiliconado fue Silwet®
L-77 (dimetil polisiloxano modificado con 6xido alcaleno)
(Osi Specialties, Inc., Danbury, CT).

Huerto de toronja ‘Ruby Red’. Los experimentos se
llevaron acabode 1992 a 1995 usando un disefio en bloques
al azar. Durante la temporada 1992-1993, se trataron 15

Table 1. Gibberellic acid (GA;) and surfactant (Silwet L-77) concentrations used to treat ‘Ruby Red’ grapefruit and ‘Valencia’

oranges.
Cuadro 1. Concentraciones de acido gibérelico (AG;) y surfactante (Silwet L-77), para tratar toronja ‘Ruby Red’ y naranja
‘Valencia’.
Grapefruit Oranges
1992-1993 1992-1993
Absolute control (water) Absolute control (water)
20 mg L' GA; (2 applications)* 10mg L' GA;
20mg L' GA; 20 mg L' GA; (2 applications)*
20mg L' GA;+0.1% L-77 (2 applications)* 20mg L' GA;

20mg L' GA;+0.1% L-77
40mg L' GA,+0.1%L-77

1993-1994

Absolute control (water)
15mg L' GA;+0.05% L-77
1994-1995

Absolute control (water)
15mg L' GA;+0.035% L-77

15mg L' GA;+0.05% L-77

10 mg L' GA;+0.05% L-77
20mg L' GA;+0.05% L-77
1993-1994

Absolute control (water)
15mg L' GA;+0.05% L-77

*=treatment repeated one month later on grapefruit and 45 days later on orange trees.
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‘Valencia’ orange orchard. A random block design was
used in the experimental plot. Experiments were conducted
during two seasons. During the 1992-1993 seasons, 80 trees
per treatment were used comprising 5 replicates of 16 trees
each. For 1993-1994, a total of 440 trees were employed
per treatment comprising 4 replicates of 110 trees each.
GA; was applied during 1992-1993 with a manual sprayer
(JACTOAteSaS. A. Torreon, Mexico) (at 36 s L) attached
to a 1 500 liter tank pulled by a tractor. During 1993-1994,
a speed sprayer was used. Control trees were sprayed with
water using the same equipment described above. The first
year (1992), GA; was applied twice, on 15 October and 30
November, whereas in 1993, the compound it was applied
only once on 19 October (Table 1).

Evaluation of peel firmness and fruit colour. Grapefruits
were sampled monthly from November through February
for 1992-1993 (N= 75 per treatment). Five fruits were
sampled from each tree. For the 1993-1994 season, fruits
were sampled from October through January (N= 164
per treatment), four fruits were sampled from 41 trees
selected randomly. For the 1994-1995 season, fruits were
also sampled from October through January (N= 20 per
treatment); two fruits were sampled from 10 randomly
selected trees.

Oranges were sampled monthly from December to
March for 1992-93 (N= 80 per treatment); one fruit was
harvested from each tree. For the 1993-1994 seasons
(N= 144 per treatment) three fruit were harvested from
48 randomly sampled trees from December through
May. Fruit harvested from the experimental plots was
transported to the Instituto de Ecologia, A. C. laboratories
in Xalapa (3 h drive), to assess peel firmness and fruit
colour. All measurements were taken within a48 h period
post-harvest.

Rind firmness was determined using a 1 mm flat-tip, metal
probe (4 equatorial punctures per fruit) connected to a force
gauge (Accuforce gauge 111, model AF3010CE, Ametek,
Mansfield & Green Division, Largo, FL) on amotorized test
stand (model 4665, Ametek, Mansfield & Green Division,
Largo, FL).

Evaluation of leaf drop. For grapefruit trees, leaf drop
was assessed by placing two plastic baskets (1520 cm)
underneath tree canopies (N= 10 baskets per treatment)
and monthly counts the number of fallen leaves inside the
containers from October to December. For orange trees,

arboles, cinco réplicas cada una con tres arboles. Durante
la siguiente temporada (1993-94), se utilizaron 162 arboles
por tratamiento comprendiendo nueve réplicas de 18 arboles
cada una. Para la temporada 1994-95, se usaron 30 arboles
por tratamiento comprendiendo cinco réplicas de seis arboles
cada una. En todos los casos, se aplicaron aproximadamente
30 litros de solucion de AG; por arbol tratado. Durante
1992-93 se utiliz6 una bomba aspersora manual (JACTO
AteSa S. A., Torreon, México) y durante 1993-94 y 1994-
95 una bomba de aspersion (36 s L) fijada a un tanque de
1500 litrosjalado poruntractor. Los arboles control fueron
asperjados con agua utilizandose el equipo antes descrito.
La fruta fue tratada antes del proceso de maduracion
fisioldgico (antes que cambiara de color). Las aplicaciones
se realizaron en 1992, el 03 de agosto (primera aplicacion)
y el 03 de septiembre (segunda aplicacion), en 1993 el 05 de
agosto y en 1994 el 09 de agosto (Cuadro 1).

Huerto de naranja ‘Valencia’. Se utiliz6 un disefio de
bloques al azar. Los experimentos se llevaron a cabo durante
dos temporadas. Durante la temporada1992-93, se usaron 80
arboles por tratamiento que comprendian cinco réplicas de 16
arbolescadauna. Para 1993-94, seusaronuntotal de440arboles
portratamiento divididos en cuatroréplicasde 110 arboles cada
una. E1IAG; fueaplicado en 1992-93 conuna bomba aspersora
manual (JACTO AteSa S. A. Torredn, México). Durante
1993-94, se uso una bomba de aspersion (36 s L) fijada a
un tanque de 1500 litros jalado por un tractor. Los arboles
control fueron asperjados con agua usando el mismo equipo
descrito. El primerafio (1992), se aplicd AG; en dos ocasiones,
en octubre 15 y noviembre 30, mientras que en 1993, el
producto fue aplicadounasolavez, el 19 de octubre (Cuadro 1).

Evaluacion de la firmeza y coloracion del epicarpio. Las
toronjas fueron muestreadas mensualmente durante los tres
afios. Durante 1992-1993 de noviembre a febrero (N= 75 por
tratamiento) y se muestrearon cinco frutos por arbol. Para la
temporada 1993-1994 de octubre a enero, se muestrearon cuatro
frutos de 41 arboles (N= 164 por tratamiento) seleccionados
al azar. Para la temporada 1994-1995 de frutos también se
colectaron de octubre a enero (N= 20 por tratamiento) y se
muestrearon dos frutos de 10 arboles seleccionados al azar.

Lasnaranjas fueron muestreadas mensualmente de diciembre
a marzo 1992-1993 (N= 80 por tratamiento); se selecciond
un fruto por arbol. Para la temporada 1993-94 (N= 144
por tratamiento) tres frutos fueron cortados de 48 arboles
muestreados al azar de diciembre a mayo. La frutamuestreada
de las parcelas experimentales fue transportada a los
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leaf drop was assessed during the 1992-1993 season, one
month after the final GA; application. Two wooden squares
(50 cm?) were randomly thrown underneath the canopy of
20 orange trees per treatment and the total number of fallen
leaves inside the squares was counted.

Determination of fruit weight. To determine whether
GA;had an effect on fruit weight, groups of 14 grapefruit
from 41 trees per treatment (N= 41 groups of fruit per
treatment), and groups of three oranges per tree from 48
randomly selected trees per treatment (N= 48 groups of
fruit per treatment) were sampled from the experimental
orchard during the 1993-1994 season and were transported
to the laboratories in Xalapa. Fruit were weighed using an
electronic digital precision balance (OHAUS® Precision
plus TP4KD, OHAUS Corporation, Florham Park, N. J.
USA).

Quantification of fruit drop. Orange drop was quantified
by counting and removing fallen fruits beneath tree canopies
each month. During 1992-1993, we assessed fruit drop
regularly from December through March. After March,
fruit drop was counted daily until a 13 fruit per tree “harvest
threshold” was reached. Grapefruit drop was not assessed
because late in the season, the few remaining fruit on the
tree were heavily infested by A. ludens larvae and therefore
tended to drop prematurely. The fruit fly population was
extremely high during this season (Birke et al., 2006).

Determination of optimal orange harvest period. The
effect that GA; had on the length of the orange harvest
period was assessed during the 1992-1993 season in an
experimental plot in which fruit was not harvested to
determine whether GA; treatments would allow trees to
retain fruit past the conventional harvest period in the
region. The harvest threshold was set by local growers
at 13 fallen fruits per tree after 31 March which is when
the harvest season normally ends (i.e., all ripe fruit still
on the tree are usually harvested by this date). Growers
considered that more than 13 fallen fruit per tree resulted
in an economic loss (Bigurra, 1995).

Statistical analysis. All results were rank-transformed to
ranks (Zar, 1999) and were subjected to two-way analyses
of variance (ANOVA) (SAS, 1998), with the exception of
leaf drop and fruit drop that were not transformed prior
to ANOVA. Posthoc comparisons were performed using
Scheffe tests (p< 0.05).
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laboratorios del Instituto de Ecologia, A. C. en Xalapa (3
h de distancia), donde se midio la firmeza del epicarpio y
coloracion del fruto. Todas las medidas fueron tomadas
dentro un periodo no mayor a 48 h posterior al corte.

La firmeza del epicarpio fue determinada usando un
penetrometro que presentaba una aguja metalica plana de 1
mm de diametro conectada aun medidor de fuerza (Accuforce
gauge III, model AF3010CE, Ametek, Mansfield & Green
Division, Largo, FL) sobre un soporte motorizado (model
4665, Ametek, Mansfield & Green Division, Largo, FL). En
cada fruto se realizaron cuatro perforaciones ecuatoriales.

Evaluacion de la caida de hojas. Para arboles de toronja,
la caida de hojas fue medida mediante el conteo mensual de
hojas en dos canastas plasticas (15%20 cm) que previamente
se colocaron bajo la copa de los arboles (N= 10 canastas
por tratamiento). El conteo de hojas se realiz6 de octubre a
diciembre. Para los arboles de naranja, la caida de hojas se
determind durante latemporada 1992-93, un mes después de
la Gltima aplicacion de AG;. Para ello, se lanzo al azar bajo
la copa de los arboles dos bastidores de madera (50 cm?), se
utilizaron 20 arboles de naranja por tratamiento y se registro
el nimero total de hojas dentro del bastidor.

Determinacion de peso del fruto. Para determinarsiel AG;
tuvo efecto en el incremento en peso del fruto, se muestrearon
grupos de 14 toronjas de 41 arboles por tratamiento (N=41
grupos de fruta por tratamiento), y grupos de tres naranjas
porarbol de 48 arboles seleccionados al azar por tratamiento
(N=48 grupos de fruta por tratamiento) durante latemporada
1993-1994. Estos frutos se transportaron a los laboratorios
de Xalapa. La fruta se pes6 usando una balanza electronica
digital de precision (OHAUS® Precision plus TP4KD,
OHAUS Corporation, Florham Park, N. J. USA).

Cuantificacion de la caida de frutos. La caida de naranjas
fue cuantificada mensualmente, para ello se contd y retird
la fruta bajo la copa de los arboles. Durante 1992-1993,
evaluamos la caida de frutos de diciembre a marzo. Después
de marzo la fruta caida fue contada diariamente hasta
alcanzar el “umbral de cosecha” de 13 frutos por arbol. En
el caso de toronja, la caida de frutos no fue evaluada ya que
a finales de la temporada los pocos frutos que quedaban en
elarbol estaban altamente infestados con larvas de 4. ludens
y por lo tanto tendian a caer prematuramente. Los niveles
poblacionales de moscas de la fruta fueron muy altos durante
ese afo (Birke et al., 2006).
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RESULTS

Various GA; and surfactant doses proved to be effective in
maintaining fruit firmness and delaying fruit color change in
both “Valencia’oranges and ‘Ruby Red’ grapefruit. However,
GAstreatments with surfactantalso increased leaf drop within
weeks of application. Importantly,adose of 15mg L' GA;and
surfactantsignificantly increased fruit weight in both oranges
and grapefruit. Finally, and in the case of oranges, GA; in
combination with a surfactant significantly diminished fruit
drop late in the harvest season for a period of up to six weeks.

GA,; effect on peel firmness and peel coloration. GA;
significantly delayed peel fruit softness and skin coloration
(Figure 1). During the 1992-1993 season, grapefruit peel
was firmer (two-way ANOVA, F; ¢5=213.18, p<0.0001
months; Fs 165=127.39, p<0.0001 treatment; F 5 155=2.26,
p= 0.0038 monthstreatment). Fruit treated with GA, plus
surfactant was firmer than those treated only with GA,,
while control fruit was the least hard. Peel coloration was
also dose-dependent, (two-way ANOVA, F; 14,=618.73, p<
0.0001 months; Fs 14,;=99.23, p<0.0001 treatment; F 5 ;5=
14.67, p<0.0001 months*treatment), fruit treated with two
applications of20 mg L' +0.1% L77 maintained greenness
for a longer period than fruit treated with other doses.
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Determinacion del periodo éptimo de cosecha de naranja.
El efecto del AG; sobre la extension de la cosecha de naranja
fue evaluado durante la temporada 1992-1993, en una parcela
experimental cuya fruta no fue cosechada, con el fin de
determinar si el tratamiento con AG; permitiria retener la fruta
enlosarbolesmasalladel periodo convencional decosechaenla
region. Elumbral de cosecha fue fijado porproductoreslocales,
en 13 frutos caidos por arbol, a partir del 31 de marzo (i.e., toda
la fruta que queda en el arbol es usualmente cosechada en esa
fecha). Los productores consideraban quemasde 13 frutoscaidos
por arbol resultaba en pérdidas economicas (Bigurra, 1995).

Analisis estadistico. Con excepcion de los datos de hojas
y frutos caidos, todos los resultados fueron convertidos a
rangos (Zar, 1999)y sometidos a analisis de varianza de dos
vias (ANDEVA) (SAS, 1998). Las comparaciones posthoc
se hicieron mediante pruebas de Scheffe (p<0.05).

RESULTADOS

El AG, con surfactante probo ser altamente efectivo para
mantener la firmeza del fruto y retrasar el cambio de color del
epicarpio, tanto paranaranjas ‘ Valencia’ como para toronjas
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Figure 1. Doses of GA; and surfactant applications on ‘Ruby Red’ grapefruit peel firmness (A) and coloration (B)
during the 1992-1993 and 1994-1995. 1x or 2x= 1 or 2 applications of the substances.
Figura 1. Dosis de aplicacion de AG;y surfactante sobre la firmeza del epicarpio (A) y la coloracion (B) de toronja ‘Ruby Red’
durante 1992-93 y 1994-95. 1x 0 2x=1 6 2 aplicaciones de productos.
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Control fruitsenesced faster than GAs-treated fruit. Inthe 1994-
1995 season, peel firmness also differed significantly (two-
way ANOVA, F; ,s=124.33,p<0.0001 months; F, ,,;=26.16,
p<0.0001 treatment; Fy ;7,=1.58, p<0.154 months*treatment).
Fruit coloration during this year was also significantly
different between months and treatments (two-way ANOVA,
F, 505= 82.82, p< 0.0001 months; F, 5= 34.12, p< 0.0001
treatment; Fs 22s=2.43, p=0.027 months=*treatment); all treated
fruit was greener than control fruit.

In 1992-1993 season, oranges were firmer when treated with
GA; (two-way ANOVA, F; 596= 121.11, p< 0.0001 months;
Fs. 150= 25.65, p< 0.0001 treatment; Fis, 1506= 1.19, p= 0.27
months*treatment) (Figure 2). Fruit coloration also showed
significant differences between treatments (two-way ANOVA,
F3, 150~ 286.87, p<0.0001 months; Fs ;30,=206.21, p<0.0001
treatment; F s 0= 9.44, p< 0.0001 months*treatment). In
1993-1994 season, a similar effect was observed in both peel
firmness (two-way ANOVA, F; 17,,=70.91,p<0.0001 months;
F1.176=250.31, p<0.0001 treatment; Fs ,7,,= 9.44, p<0.0067
months*treatment) and peel coloration (two-way ANOVA,
Fs,1715= 287.66, p< 0.0001 months; F; ,7;5= 801.6, p< 0.0001
treatment; Fs ;5= 801.6, p< 0.000007 months*treatment)
(Figure 2). Dependent effects on peel firmness and color were
detected in relation to GA;, surfactant concentrations.
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‘RubyRed’. Sin embargo, la aplicacion conjuntade AG; con
surfactante caus6 un incremento significativo en lacaidade
hojas pocas semanas después delaaplicacion. Ladosisde 15
mg L' AG; y surfactante incremento significativamente el
pesodel fruto, esto se observo tanta para toronjas como para
naranjas. Finalmente, en el caso de las naranjas, el AG; en
combinacion con surfactante disminuyo6 significativamente
la caida de frutos al final de la temporada, la extension de la
cosecha se prolongo por un periodo de hasta seis semanas.

Efecto del AG; en la firmeza y coloracion del epicarpio.
El AG; retras6 significativamente el reblandecimiento y
la coloracion del epicarpio de la fruta (Figura 1). Durante
la temporada 1992-93, el epicarpio de toronjas tratadas
fue mas firme (ANDEVA, de dos vias, F; 6= 213.18,
p<0.0001 mes; Fs 55= 127.39, p< 0.0001 tratamiento;
Fis5.168:=2.26, p=0.0038 mes*tratamiento). La fruta tratada
con AG, y surfactante fue mas firme que aquella tratada
solamente con AG;, mientras que la fruta control fue lamenos
firme. El efecto sobre la coloracion del epicarpio dependio de
la dosis (ANDEVA, de dos vias, F; ;65,=618.73, p<0.0001
mes; Fs 165= 99.23, p< 0.0001 tratamiento; F5 1¢5,= 14.67,
< 0.0001 mes=*tratamiento), la fruta tratada con dos
aplicaciones de 20 mg L' +0.1% L77 mantuvo su verdor por
unperiodo mas prolongado que aquella tratada con otras dosis.
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Figure 2. Doses of GA; and surfactant applications on ‘Valencia’ orange peel firmness (A) and coloration (B) during 1992-1993
and 1993-1994. 1x or 2x= 1 or 2 applications of the substances.

Figura2.Dosis de plicacion de AG;y surfactante sobrela firmeza del epicarpio (A) y coloracion (B) de naranja ‘Valencia’ durante
1992-1993 y 1993-1994. 1x 0 2x=1 6 2 aplicaciones de los productos.
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GA; effect on leaf drop. During our three-year study,
treatments with GA; plus surfactant caused significant
increases in leaf drop shortly after application in grapefruit
(Figure 3A) (two-way ANOVA, F, 3= 108.92, p< 0.0001
months; F,5=19.42, p< 0.0001 treatment; F, 5= 24.19,
p< 0.0001 months treatment). In the case of grapefruit,
GA;-treatments caused an increase in leaf drop compared to
control trees. For oranges (Figure 3B) leaf drop also increased
in trees treated with GA; and surfactant (two-way ANOVA,
F1,28= 113.48, p< 0.0001 months; Fs ys=22.98, p<0.0001
treatment; Fs 5= 35.65, p<0.0001 months*treatment).

A)  Grapefruit
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La fruta control senescio mas rapido que la tratada con
AG;. En la temporada 1994-95, la firmeza del epicarpio
también difirié significativamente entre tratamientos
(ANDEVA, de dos vias, F; 5= 124.33, p< 0.0001 mes;
F,25=26.16,p<0.0001 tratamiento; F; ;= 1.58, p<0.154
mes*tratamiento). La coloracion del fruto ese afio también
fue diferente entre meses y tratamientos (ANDEVA, de dos
vias, F3 5,5=82.82, p<0.0001 mes; F, 5,5=34.12, p<0.0001
tratamiento; Fy 2,5= 2.43, p= 0.027 mes*tratamiento); en
todos los casos la fruta tratada se mantuvo mas verde que
el control.
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Figure 3. GA; and surfactant doses on ‘Ruby Red’ grapefruit (A) and ‘Valencia’ orange (B) leaf drop one month after
applications, during the 1994-1995 and 1992-1993. 1x or 2x= 1 or 2 applications. Columns bearing same letter are not
statisticall y different (Scheffe posthoc comparison test, &> 0.05).
Figura 3. Dosis de AG; y surfactante sobre la caida de hojas en toronjos ‘Ruby Red’ (A) y naranjos ‘Valencia’ (B), un mes después
de las aplicaciones durante 1994-1995 y 1992-1993. 1x o 2x= 1 6 2 aplicaciones. Columnas con la misma letra no
son estadisticamente diferentes (comparaciones posthoc con pruebas de Scheffe, o> 0.05).

GA; effect on fruit weight. From a grower’s perspective, a
highly positive effect of GA; and surfactant applications was
asignificantincrease in grapefruit weight during the 1993-94
seasons (two-way ANOVA, F; 3,0=50.4,p<0.0001 months;
Fi 30=31.376,p<0.0001 treatment; F5 3,0=2.263, p<0.081
months*treatment) (Figure 4A). On average, grapefruit
weight increased 53 g per fruit, equivalent approximately
1.87tha!. Treated orange (same dose as above) also weighed
significantly more than untreated ones (two-way ANOVA,
Fs s6s= 1.178, p< 0.015 months; F, ss,= 4.636, p< 0.0001
treatment; Fs so,= 2.439, p< 0.0001 months*treatment)
(Figure. 4B). On average, orange weight increased 34 g per
fruit, equivalent approximately 1.7 thal.

GA; effect on fruit drop. Throughout the orange harvest
period, from December through March, fruit drop was
reduced intreated trees at the end of the harvest season, when

En la temporada 1992-1993, las naranjas fueron mas firmes
cuando fueron tratadas con AG; (ANDEVA, de dos vias,
F;, 1506= 121.11, p< 0.0001 mes; Fs, 1g06= 25.65, p< 0.0001
tratamiento; F s 150= 1.19, p= 0.27 mes=*tratamiento) (Figura
2). La coloracion del fruto también mostro diferencias
significativas entre tratamientos (ANDEVA, de dos vias,
F3, 150~ 286.87, p< 0.0001 mes; Fs_ 150,= 206.21, p< 0.0001
tratamiento; Fs 150,= 9.44, p< 0.0001 mes*tratamiento). En
la temporada 1993-1994, se observo un efecto similar para
firmeza del epicarpio (ANDEVA, de dos vias, Fs 1,,,= 70.91,
p<0.0001 mes; F, ;,,=250.31, p<0.0001 tratamiento; Fs 7,6~
9.44, p<0.0067 mes*tratamiento) como para la coloracion del
epicarpio (ANDEVA, de dos vias Fs ;5= 287.66, p<0.0001
mes; F, 1;15= 801.6, p<0.0001 tratamiento; Fs ;5= 801.6, p<
0.000007 mes*tratamiento) (Figura 2). Se detectaron efectos
dependientes sobre firmezadel epicarpioy colorenrelacionala
concentracion de AG; con surfactante y aplicaciones repetidas.
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control trees did not retain fruit (two-way ANOVA, F; ;39—
39.6, p<0.0001 months; Fs 159=11.13,p<0.0001 treatment;
Fis,130¢= 1.63, p=0.06 months*treatment) (Figure 5A).
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Efectode AG;sobrela caidade hojas. Durante los tres afios
de estudio, todos los tratamientos con AG; en combinacion
con surfactante causaron en toronja, poco después de
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Figure 4. Effectof 15mg L' GA;and 0.05% Silwet L-77 on ‘Ruby Red’(A) and ‘Valencia’orange (B) weight during the 1993-1994.
Columns headed by the same letter are not statistically different (scheffe posthoc test, a > 0.05).

Figura4.Efectode 15mgL"'de AG;y 0.05% Silwet L-77 sobre el peso de toronja ‘Ruby Red’ (A) y naranja ‘Valencia’ (B) durante
1993-1994. Las columnas con la misma letra no son significativamente distintas (pruebas de Scheffe, a > 0.05).
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Figure5. A)Five GA;doses and surfactant applications on ‘Valencia’ orange fruit drop in 1992-1993. B) effect of same five different
GA; and surfactant doses in an experimental plot in which fruit were not harvested to determine if GA; treatments
would allow trees to retain fruit past the conventional harvest period in the region. 1x or 2x= 1 or 2 applications.

Figura5. A)Cinco dosis deAG;y surfactantesobrela caida de frutos de naranjas ‘Valencia’en 1992-1993. B) efecto de tratamiento
con las mismas cinco dosis de AG; y surfactante en una parcela experimental, donde no se coseché la fruta
para determinar si los tratamientos con AG; permitian retener la fruta mas alla del periodo convencional de

cosecha en la region. 1x 0 2x=1 6 2 aplicaciones.

GA;effect on orange harvest delay. Results obtained during
the 1992-1993 season, indicated that GA; significantly
delayed the time at which the predetermined harvest
threshold was reached i. e., 13 fallen fruit under the canopy
of a tree after 31 March. Treatments that combined GA,

suaplicacion, unincremento significativo en la caidade hojas
(Figura3A) (ANDEVA, de dos vias F, 5= 108.92, p<0.0001
mes; F, = 19.42, p< 0.0001 tratamiento; F, s,= 24.19, p<
0.0001 mes*tratamiento). Para naranjas (Figura 3B) la caida
de hojas se incrementd unicamente en arboles tratados con
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with a surfactant allowed the grower to harvest fruit up to
six weeks later than control trees and 15 days later than trees
treated with GA; alone (without surfactant). Treatments that
retained fruit on the tree for the longest time were 10 mg L'
GA;plus0.05%L-77 (1 application) and 20 mg L' GA; plus
0.05% L-77 (1 application) (Figure 5B).

DISCUSSION

An economic perspective on the results of the application
of AG; in citric orchards in the State of Veracruz.
Believe that results have important practical implications
in terms of orchard management and economics. First, GA;
applications significantly increased the average weight of
fruit. On average, weight increased 34 g and 29 g per fruit,
fororanges and grapefruit, respectively. We highlight the fact
thatthe weight increase alone can be potentially importantin
terms of economic gains. Considering amean average yield
of 50 000 oranges ha™' for a small producer with a limited
amount of capital (Aluja et al., 1996), 34 g per fruit would
entail an increase in total yield of approximately 1.7 t ha..
Considering a mean size of 50 ha per citrus grove, there is a
potential 85 tons yield increase, which represents thousands
of US dollars at current prices. We note further, that the
significant increase in fruit weight, could be achieved with
arelatively low GA; dose of 15 mg L' +0.05% L-77.

Another positive effect of GA; and surfactant treatment
was that it reduced orange drop, particularly at the end of
the harvest season (Figure 5A). This effect, plus the fact
that significantly more GA;-treated fruit maintained market
quality (i. e., heavier, tougher skin and better coloration) after
the peak harvesting period was over, opens up a possibility
for the Veracruz orange growers to extend the harvest season
into the month of May. The most effective doses were 10
mg L1 GA;+0.05%L77 (1 application) and 20 mg L' GA;
+ 0.05% L-77 (1 application). In both of these cases, the
surfactant Silwet L-77 appeared to enhance the effectiveness
of GA; treatments (Figure 5B).

According to an economic study conducted by us (Aluja
et al., 1996), delaying the harvest could help growers
substantially raise their profits. In Mexico, prices increase
up to eight-fold late in the season (May through August).
For example, an extra gain of $190 US dollars ha! could be
obtained if fruit were offered to the national market in May.
This, added to the fact that yield increases of up to 8.5 t ha'!

AG; en combinacion con surfactante (ANDEVA, de dos
ViaS, Fl’zzgz 1 1348,p< 0.0001 mes; F5,228: 2298,p< 0.0001
tratamiento; Fs 25=35.65, p<0.0001 mes*tratamiento).

Efecto de AG;sobreelincremento en peso del fruto. Desde
la perspectiva del productor un efecto altamente benéfico
de las aplicaciones de AG; y surfactante fue el incremento
significativo en el peso de las toronjas durante la temporada
1993-94 (ANDEVA, dedos vias, F; 3,7=50.4,p<0.0001 mes;
F1.320=31.376,p<0.0001 tratamiento; F5 3,7=2.263, p<0.081
mes#*tratamiento) (Figura 4A). En promedio, el peso de las
toronjas se incrementd en 53 g por fruto, cuyo equivalente
aproximado fue de 1.9 t ha'l. El peso de la naranja tratada
(misma dosis) también mostr6 un incremento significativo
en comparacion con la frutasin tratar (ANDEVA, de dos vias,
Fs se.= 1.178, p< 0.015 mes; F, ss= 4.636, p< 0.0001
tratamiento; Fs se,= 2.439, p< 0.0001 mes*tratamiento)
(Figura4B). Enpromedio, el peso de lanaranja se increment6
en 34 g por fruta, equivalente aproximado 1.7 tha™'.

Efecto de AG; en la caida de fruta. Durante el periodo
de cosecha de naranja (diciembre a marzo), la caida de
fruta se redujo principalmente en arboles tratados al final
de latemporada; los arboles control no retuvieron la fruta
(ANDEVA, de dos vias, F; 3= 39.6, p< 0.0001 mes;
Fs 1596= 11.13, p< 0.0001 tratamiento; F,5 1506= 1.63,
p=10.06 mes*tratamiento) (Fig. SA).

Efecto de AG; sobre la extension de la cosecha de naranja.
Los resultados obtenidos durante la temporada 1992-1993,
indicaron que el AG; retraso significativamente el tiempo
preestablecido para alcanzar el umbral de cosecha (i. e., 13
frutos caidos bajo lacopade arboles después demarzo31). Los
tratamientos de AG; en combinacion consurfactante permitieron
al productor extender la cosecha hasta por seis semanas en
comparacion con el control y 15 dias mas en comparacion con
los arboles unicamente tratados con AG; (sin surfactante). Los
tratamientos que retuvieron la fruta en el arbol por mas tiempo
fueron 10mg L' AG;+0.05% L-77 (1 aplicacion) y 20 mg L!
AG; mas 0.05% L-77 (1 aplicacion) (Figura 5B).

DISCUSION

Una perspectiva econémica sobre los resultados de la
aplicacion de AG; en huertos citricos en el estado de
Veracruz. Creemos que los resultados tienen implicaciones
practicas en términos economicos y de manejo de huertos.



52 Rev. Mex. Cienc. Agric. Vol.2 Num.1 1 de enero - 28 de febrero, 2011

can be obtained by the increase in treated fruit weight when
compared with untreated plots (7 tha) represents an average
increase of 1 7% in overall yield. In our opinion, such ascenario
would render the GA; applications highly profitable.

In addition to the above, GA; (applied with or without a
surfactant) is not toxic and does not harm beneficial insects
(Greany et al., 1994). Furthermore, GA; has been proven to
be an effective means of control against 4. suspensa when
fly populations are very low (Greany et al., 1994). In the
case of the Mexican fly of the fruit, 4. ludens, the effect of
the GA;is much less effective, had that the females manage
to evade the toxic barrier of the fruit being deposited their
less egg far from the same (Birke et al., 2006).

Effect of GA; on fruit characteristics and leaf drop. This
study confirms the usefulness of GA; in helping sustain
early season properties (e. g., peel firmness) of both ‘Ruby
Red’ grapefruitand ‘Valencia’oranges. The effect of GA; on
peel firmness and peel coloration was most apparent when
GA; was applied in conjunction with a surfactant. Treating
grapefruit with two applications of 20 mg L' GA;and 0.1%
Silwet L-77 yielded the hardest and greenest fruit, while
treating oranges with a single application of 20 mg L' GA,;
and 0.05% Silwet L-77 yielded the hardest and greenest
oranges (Figures 1 and 2). The observed dose-dependent
effect found is also consistent with other reports of GA;
combined with different concentrations of Silwet L-77 in
delaying ‘Marsh’ grapefruit peel softening and colour change
(Greany et al., 1987; McDonald et al., 1987).

Although GA; delayed senescence, it also increased
leaf drop. Similarly, Coggins et al. (1965) working with
various citrus cultivars in California, USA; observed
an increase in leaf drop when GA; was applied at high
dosages in combination with a surfactant. In the case this
study, leaf drop in grapefruit was highest one month after
the final application and then levelled off (Figure 3A); it
is possible that trees become stressed shortly after GA;
applications.

Fororanges, leaf drop accelerated one month after treatments
inboth control and trees treated with20mg L' GA;+0.05%
L-77 and 10 mg L' GA; + 0.05% L-77 (Figure 3B). Higher
doses of GA; with surfactant enhanced leaf drop compared
to control trees for the month of November (Figure 3B). In
the case of grapefruit, treatments of 15 mg L' GA;+0.035%
L-77and 15 mg L' GA;+0.05%L-77 presented the highest
leaf drop compared to control trees.

Martin Aluja et al.

En primer lugar, las aplicaciones de AG; incrementaron
significativamente el peso promedio del fruto. En promedio
el peso aument6 34 gy 29 g por fruta paranaranjas y toronjas,
respectivamente. Subrayamos el hecho que el incremento
de peso, por si solo, puede ser potencialmente importante
en términos de ganancia econodmica; si consideramos un
rendimiento promedio de 50 000 naranjas ha! paraun pequefio
productor con capital limitado (Aluja ef al., 1996), 34 g
por fruta implicaria un incremento total aproximadamente
1.7tha!, 1o cual representaun beneficio potencial que no debe
soslayarse. Considerando un tamafio promedio de 50 ha por
huerto de citricos, existe el potencial para un incremento en
rendimiento de 85 toneladas, que representa miles de dolares
deacuerdoalosprecios vigentes. Esimportante subrayar que
elincremento significativo en peso puede lograrse con la dosis
baja(15mgL"'+0.05%L-77 de AGs).

Otro efecto positivo del tratamiento con AG; y surfactante fue
lareduccion enlacaidadenaranjas, particularmente al final de
laépocade cosecha(Figura5A). Esteefecto,ademas delhecho
de que significativamente mas fruta tratada con AG; mantuvo
la calidad exigida por el mercado (i. €., mayor peso, fruto mas
firme y mejor coloracion) después del pico de latemporada de
cosecha, permitiria que los productores de naranja ‘Valencia’
del estado de Veracruz extiendan la cosecha hasta el mes de
mayo. Las dosis mas efectivas fueron 10 mg L' AG; +0.05%
L77(1aplicacion)y20mg L' AG;+0.05%L-77 (1 aplicacion).
En ambos casos, el surfactante Silwet L-77 increment6 la
efectividad de los tratamientos con AG; (Figura 5B).

De acuerdo con un estudio econdmico realizado por nuestro
grupo de trabajo (Aluja et al., 1996), retrasar el periodo de
cosecha podria incrementar sustancialmente las ganancias
economicas de los productores. En México los precios se
incrementan hastaen ocho veces al final de latemporada (mayo
aagosto). Porejemplo, una gananciaadicional de $190 dolares
ha!, podria obtenerse si la fruta fuese ofertada al mercado
nacional enmayo. Esto,aunadoal hecho de que losrendimientos
seincrementan hastaen 8.5 tha! para fruta tratada comparada
con bloques sin tratar (7 t ha'), representa un incremento
promedio del 17%. En nuestra opinion, este escenario
convertiria las aplicaciones de AG; en altamente redituables.

Aunado aloanterior, el AG; (aplicado con o sin surfactante)
no es toxico y no dafia a insectos benéficos (Greany et al.,
1994) e incluso, el AG; ha probado ser un método efectivo
para controlar moscas de la fruta (4. suspensa) cuando las
poblaciones son muy bajas (Greany et al., 1994). En el caso
delamoscamexicanadelafruta, 4. ludens, el efecto del AG;
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A delicate balance needs to be established for surfactant
use. In both grapefruit and oranges, a high surfactant
dose increased leaf drop. Total defoliation of the tree is
obviously undesirable. However in this case, the leaves
that fell from both citrus cultivars were for the most part,
old and photosynthetically inactive. This can generate a
rapid defoliation of the tree with a concomitant positive
effect on future yields. Nevertheless, the question is
whether a tree would be able to sustain such stress over
consecutive seasons and whether this would eventually
reduce the productive life of the tree? Further, it needs to
be determined if other surfactant can act more efficiently
or if local weather and orchard microclimatic conditions
also play arole in the leaf-drop phenomenon observed in
this study.

Based on all the above, there is a lesson to be learned
when attempts are made at transferring and applying novel
technologies in orchards that are sub-optimally managed.
There are potential dangers that can result in costs to the
grower. Citrus trees in Veracruz are, for the most part, under
severenutrient, water balance and climatic stress. Applying a
plant growth regulator to these types of trees with the goal of
maximizing productivity, could backfire in the long run, such
as the question of long-term effects of severe defoliation,
previously mentioned. We therefore caution that GA; and
surfactant should be applied at the lowest possible doses to
minimize collateral effects.

Theresults are encouraging as they open up the possibility of
combining GA; treatments with applications of the synthetic
host marking pheromone of Anastrepha ludens (Alujaetal.,
2009). The synergy of these two biorational management
mechanisms will undoubtedly foster the development
of more environmentally-friendly fruit fly management
schemes, particularly for economically important fruit flies
(Aluja and Mangan, 2008).

CONCLUSIONS

The GA; application in conjunction with a surfactant
delayed citrus senescence, increased fruit weight and
extended the harvest period, all of which are likely to result
in economic benefits for citrus growers. Further studies
testing other surfactants are necessary to reduce secondary
effects such as defoliation.

es mucho menos efectivo, debido que las hembras logran
evadirlabarrera toxicadel fruto depositando sus huevecillos
lejos de la misma (Birke et al., 20006).

Efecto de AG; sobre caracteristicas del fruto y caida de la
hoja. Este estudio confirma la utilidad del AG; en mantener
la resistencia temprana (e. g., firmeza del epicarpio) tanto
para toronjas ‘Ruby Red’ como para naranjas ‘Valencia’. El
efecto del AG; en la firmeza y coloracion del epicarpio fue
mas aparente cuando el AG; se aplico en combinacion con
el surfactante. Dos aplicaciones de 20 mg L' de AG;y 0.1%
Silwet L-77 produjeron latoronjamas firme y verde, mientras
queunasolaaplicacionde20mg L' AG;y0.05% SilwetL-77
produjo las naranjas mas firmes y verdes (Figura 1 y 2). El
efecto observado dependiente de la dosis, coincide con otros
reportes que indican que el AG; en combinacion con diferentes
concentraciones de Silwet L-77 retrasa el reblandecimiento
del epicarpioy el cambio de color de toronjas ‘Marsh’ (Greany
etal.,1987; McDonald et al., 1987).

Aunque el AG; retraso la senescencia, también incremento
la caida de hojas. Coggins et al. (1965) quienes evaluaron
varios cultivares de citricos en California, EUA; observaron
un incremento en la caida de hojas cuando el AG; fue
aplicado a altas dosis en combinacion con surfactante. En
este estudio, la caida de hojas en toronja fue mayor un mes
después de la aplicacion y se estabilizo posteriormente
(Figura 3A); Consideramos que posiblemente los arboles
se estresen poco después de la aplicacion de AGs.

Para naranjas la caida de hojas se aceleré un mes después
delos tratamientos tanto en arboles control como en arboles
tratados con 20 mg L' AG; +0.05% L-77 y 10 mg L' AG;
+0.05% L-77 (Figura 3B). Las dosis mas altas de AG; con
surfactante provocaron mayor caidade hojas, en comparacion
con arboles control durante el mes denoviembre (Figura3B).
Enelcasodelatoronjalostratamientoscon 15 mgL"'de AG;
+0.035%L-77y 15mgL'de AG;+0.05% L-77 presenté la
mayor caida de hojas en comparacién con el control.

Conbase en los resultados obtenidos, queda claro que atin es
necesario establecer qué dosis de surfactante es laadecuada.
Tanto para toronjas, como para naranjas, una dosis alta
de surfactante increment6 significativamente la caida de
hojas. Aunque la defoliacion es en principio indeseable, las
hojas que cayeron de ambos cultivares de citricos eran en su
mayoria viejas y fotosintéticamente inactivas. Esto puede
generarunadefoliacionrapidadel arbol con los consiguientes
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