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Abstract. The butylglycol ester of 2,4-DP increased final fruit size in ‘Owari Satsuma’
mandarin (Citrus unshiu Marc.). The response magnitude depended on the concentration
applied and treatment date. When applied at the end of physiological drop, 50 mg·liter -1

was the most effective treatment for increasing fruit size. Peel density and firmness also
were improved. Because no fruit thinning occurred, this auxin seemed to stimulate fruit
growth. Chemical name used: 2,4-dichlorophenoxypropionic acid (2,4-DP).
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Applying butylglycol ester of 2,4-DP just
after physiological fruit drop increased sig-
nificantly the final fruit size of ‘Clementine’
(Citrus reticulata Blanco) (Agustí et al., 1991a;
Vanniere and Arcuset, 1989) and other man-
darins (Almela et al., 1991) and sweet oranges
[Citrus sinensis (L.) Osbeck] (Agustí et al.,
1991b). The response increased linearly with
increased concentration until an apparent op-
timum was reached at ≈75 mg·liter-1 for
‘Clementine Fina’ (Agustí et al., 1991a) and
‘Fortune’ mandarin (Almela et al., 1991).

In comparison with the majority of syn-
thetic auxins (Agustí and Almela, 1984; El-
Zeftawi, 1976; Guardiola et al., 1988; Suzuki
and Hirose, 1977), 2,4-DP does not thin fruit
as effectively (Agustí and Almela, 1991). This
effect is most marked when 2,4-DP is applied
shortly after physiological drop ( Agustí et al.,
1991a; Almela et al., 1991; Vanniere and
Arcuset, 1989). Currently, 2,4-DP can en-
hance mandarin and sweet orange fruit size
better than naphthalene acetic acid (NAA) and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T)
(Agustí and Almela, 1991).

Although manual and chemical fruit thin-
ning have a stimulator effect on fruit size in
a Mediterranean climate, thinning is not eco-
nomical unless it is done early in fruit develop-
ment (Zaragoza et al., 1990) and is sufficient
to reduce yield (Guardiola et al., 1982; Morioka
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and Yahata, 1989). This is generally not ac-
ceptable in industries requiring high yields
and large fruit.

In contrast to other mandarin cultivars such
as ‘Clementine, ‘Owari Satsuma’ sets fruit
well but produces small fruit (Hirose, 1981).
Attempts with fruit-thinning agents have im-
proved fruit size in ‘Satsuma’. In Japan, ethyl
5-chloro-1 H- 3 indazolylacetate is used to thin
this cultivar (Hirose, 1981; Kamuro and Hirai,
1981); however, this growth regulator is not
registered in Europe. The effectiveness of NAA
(Ortolá et al., 1991) is inconsistent (Hirose,
1981) and lower than that of other synthetic
auxins (Agustí and Almela, 1984; Guardiola
et al., 1988). It seems that 2,4-DP has potential
for increasing fruit size without thinning. Our
objective was to evaluate its effect on fruit
size, quality, and yield of ‘Owari Satsuma’
mandarin.

Materials and Methods

Our experiments were performed in com-
mercial orchards with 20- to 25-year-old
‘Owari Satsuma’ mandarin trees on sour or-
ange (Citrus aurantium L.) rootstock, grow-
ing in a medium-heavy soil with furrow irriga-
tion. The butylglycol ester of 2,4-DP
(Clementgros; Especialidades Técnico
Industrials, Barcelona, Spain) was sprayed
Table 1. Effect of 2,4-DP at 50 mg·liter-1 on fruit weig
1990.

ZAverage fruit diameter at treatment.
*,**Significant at P ≤ 0.05 or 0.01, respectively.
by handgun at 6 liters/tree on whole trees after
physiological drop. The concentrations used
were 0, 25, 50, 75, and 100 mg·liter-1 on Date
1 (15 July 1988) and 0, 25, and 50 mg·liter-1 on
Date 2 (1 Aug. 1988). A nonionic wetting
agent (nonylphenyl-polyethylene glycol ether)
at 0.01% was included in all treatments. We
used a randomized complete-block design with
two-tree plots of five replications each. Ex-
periments were run for 3 years (1988–90).

Fruit size was evaluated at spray applica-
tion and harvest by measuring the equatorial
diameter of 30 randomly selected fruit from
each tree. Their average and standard error
were also determined.

Before harvest, 20-fruit samples were
picked from each replication at 1.5- to 2.0-m
heights within all tree quadrants. Juice vol-
ume, peel weight, and the proportion of each
relative to the whole fruit were determined.
We used a rotary extractor (Nytor, Barcelona,
Spain) to obtain juice. Juice total soluble sol-
ids concentration (SSC; °Brix) was measured
by a digital refractometer (ATAGO, Tokyo),
and acid (A) concentration was determined by
titration with 0.1 N NaOH. Peel firmness was
determined by a Chatillon penetrometer using
a 5-mm-diameter flat cylinder.

Fruit puffiness was evaluated by 1) pack-
inghouse personnel who normally sort out
puffy fruit by externally examining fruit and
by 2) research staff who examined fruit inter-
nally for rind separation from the endocarp
using a 50-fruit sample from each replication.
Incidence of puffiness was calculated as puffy
fruit counts/total fruit examined.

Average fruit weight was determined by
weighing and counting the number of fruit per
tree. Fruit size distribution was determined by
commercial grading. Analysis of variance and
regression were performed on the data.

Results

Date of application and concentration. The
2,4-DP application significantly increased fruit
size. This effect was consistent from year to
year (Table 1) and increased with increasing
2,4-DP concentration. Our maximum was 75
mg·liter-1 on Date 1 (Fig. 1). An increment of
≈4 mm in diameter per fruit was obtained with
trees treated on Date 1 (i.e., when fruit diam-
eter was ≈25 mm).

Application date significantly affected the
response. Mature fruit on trees treated with 25
or 50 mg·liter-1 on Date 1 were significantly
larger than those from trees treated with the
same concentrations 15 days later (F = 37.4; P
0.01). The concentration × date interaction
ht of ‘Owari Satsuma’ mandarin trees from 1988 to
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Fig. 1. Influence of 2,4-DP concentration and treatment date on fruit size of ‘Owari Satsuma’ mandarin at
maturity in 1988. Fruit diameter at treatment on Date 1 was 25.1 ± 0.4 mm, and on Date 2 it was 30.7
± 0.3 mm, Standard errors are given as vertical bars.

Fig. 2. Influence of 2,4-DP on frequency distribution of ‘Owari Satsuma’ mandarin fruit diameters at harvest.
Average values of treated fruit correspond to 2,4-DP at 0 and 50 mg·liter-1 on Date 1 (1988).

Table 2. Regression analysis of the response of several variables to 2,4-DP concentration (X).Z
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was statistically significant (F = 14.9; P ≤
0.01). A 2,4-DP application at 50 mg·liter-1 on
Date 2 affected fruit growth about the same as
25 mg·liter-1 applied immediately after physi-
ological drop (Fig. 1). Influence of concentra-
tion and relationship between auxin concen-
tration and treatment date is obvious; how-
ever, date was the most important factor.

Yield. Our treatments did not thin the fruit;
therefore, the number of fruit per tree was not
reduced by 2,4-DP (data not shown). Because
of increased fruit weight, there was a slight
increase in crop load on treated trees. Effects
of 2,4-DP on fruit count and yield were consis-
tent from year to year (data not shown).

The fruit-size response to 2,4-DP implies
that the effect obtained did not depend on the
number of fruit per tree. This conclusion be-
comes evident by comparing the regression
lines between the number of fruit per tree and
their average weight on the control trees and
trees treated with 50 mg·liter-1 on the first
treatment date. The equations represent paral-
lel lines (data not shown). The treatment’s
effect on fruit diameter distribution is more
important than its effect on average fruit size.
Fruit diameters for treated trees were larger
(Fig. 2), indicating all fruit were affected by
auxin.

Characteristics of treated fruit. The effect
of 2,4-DP on the endocarp was significant.
Increasing the auxin concentration increased
the juice percentage and decreased the peel
percentage. Correlations between these vari-
ables and 2,4-DP concentration were signifi-
cant (Table 2).

Because total acid concentration per fruit
was not significantly altered by our treat-
ments, we concluded that the reduction in free
acid concentration was a dilution effect from
the increase in juice content of treated fruit.
The SSCs were not affected by 2,4-DP; there-
fore, variations in the SSC : acid ratio appear
to be due to those observed on free acid con-
centration.

The auxin also affected peel development.
The 2,4-DP treatment increased peel weight
per fruit (Table 2) without simultaneously
increasing peel thickness (Table 3), thus pro-
ducing a denser and firmer peel. As a conse-
quence, puffiness, as determined externally,
was reduced. This does not mean the puffing
process was controlled; examining the fruit
internally showed that the incidence of puffi-
ness was not altered by the treatments (Table
3). Using 2,4-DP, however, presents a treat-
ment that reduces the fruit’s puffy external
appearance.

Discussion

Treatment of ‘Owari Satsuma’ mandarin
trees with the butylglycol ester of 2,4-DP at
the end of physiological drop significantly
increased final fruit size without altering the
number of fruit per tree. This result indicates a
direct stimulation of fruit growth. The tempo-
rary depressive effect on fruit growth, a phe-
nomenon that occurs after the application of
many synthetic auxins (Guardiola et al., 1988,
1993; Lewin and Monselise, 1976), was ab-
280 HORTSCIENCE, VOL. 29(4), APRIL 1994



Table 3. Effect of 2,4-DP concentration on peel characteristics and puffiness of ‘Owari Satsuma’ mandarin
fruit at harvest.Z
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sent with 2,4-DP because of the time of appli-
cation. In contrast to results reported for other
synthetic auxins such as 2,4,5-T (Guardiola et
al., 1993), the 2,4-DP application appears to
have an immediate effect on fruitlet growth
(Agustí et al., 1994). The determinant of the
final effect is the balance between the early
depressive and the subsequent stimulator ef-
fects elicited by most auxins (Guardiola et al.,
1988). Fruit treated with 2,4-DP grew larger
than those treated with other synthetic auxins
(Agustí and Almela, 1991; Agustí et al., 1991b).
Because 2,4-DP did not affect fruit count but
increased fruit diameter, the effects of fruit
competition and fruit growth were separate.

This direct fruit growth stimulation was
primarily manifested as an increase in fruit
segments, and in turn, it produced an increase
in juice percentage and a decrease in peel
percentage. Furthermore, the decreased peel
percentage was accompanied by improved ex-
ternal fruit quality, i.e., firmer peel and re-
duced puffy appearance.

Auxin-stimulated pulp growth demon-
strated how treatment date affects its efficacy.
After physiological drop, fruit development is
characterized by an almost complete cessation
of cell division, continuing cell enlargement,
and juice accumulation (Bain, 1958). At this
stage, applying auxin on ‘Nova’ mandarin
stimulated cell expansion, especially of juice
vesicles (Agustít al., 1994). Cell expansion is
HORTSCIENCE, VOL. 29(4), APRIL 1994
the major contributor to mature fruit size
(Guardiola et al., 1993). This growth increased
vesicle capacity for juice accumulation; there-
fore, fruit grew faster. Delaying treatment
until cell expansion diminished or ceased made
treatment less effective (Agustí and Almela,
1991; Guardiola and Lázaro, 1987).
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