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Abstract. Fruit development and abscission in ‘Mauritius’ lychee (Litchi chinensis Sonn.) were studied over three
consecutive seasons. Each season, two distinct abscission periods were observed. The first started at the end of full female
bloom and continued for  ≈ ≈ 4 weeks. Of the initial number of female flowers, 85 % to 90 % abscised during this period. The
second period began after a lag period of ≈ ≈ 1 week and lasted ≈ ≈ 2 weeks. About half of the remaining fruitlets abscised during
this wave. AU of these fruitlets contained an embryo. The second wave coincided with a period of rapid embryo growth
and endosperm loss. Tipimon (a commercial product containing the triethanolamine salt of the synthetic auxin 2,4,5-TP)
consistently and significantly increased marketable fruit yield when applied between the two abscission periods. Chemical
name used: 2,4,5 -trichlorophenoxy propionic acid (2,4,5 -TP).
Lychee produces many inflorescences with three flower types:
male, female, and pseudohermaphrodite (Joubert, 1986; Stem et
al., 1993b). Under normal conditions, each inflorescence bears
 ≈100 to 250 female flowers. Only a small percentage of these
develop into mature fruit after massive flower and fruitlet abscis-
sion. Most of the flowers and fruitlets abscise during the first
month after pollination (Joubert, 1986; Mustard et al., 1953). It has
been suggested that most of the abscised flowers and fruitlets are
unfertilized due to failure of pollination or fertilization (Joubert,
1986; McConchie and Batten, 1989; Menzel, 1984). This abscis-
sion may be responsible for the generally low productivity of
lychee trees (Galan-Sauco and Menini, 1989; Kadman and Slor,
1982; Shoan and Dhillon, 1981; Singh and Lal, 1980; Yuan and
Huang, 1988).

Abscission of young fruit is a common phenomenon (Leopold
and Kriedeman, 1975; Addicott, 1982). In several species, this
abscission can be reduced or prevented by applying auxin (Leopold,
1958; Weaver, 1972). However, the specific relationship between
auxin production in developing fruit and the massive fruitlet
abscission in lychee has never been investigated (Menzel, 1984;
Yuan and Huang, 1988; Galan-Sauco and Menini, 1989). Liu
(1986) found that endogenous indoleacetic acid (IAA) content
increases steeply during the first 3 weeks of fruit development in
lychee, from 150 to 850 µg·g-l fresh weight, but decreases after the
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onset of rapid embryo development, 4 to 5 weeks after full flower
bloom (FFB), falling to 300 µg·g-1 fresh weight.

Many studies have intended to prevent fruit abscission in lychee
using synthetic auxins, mainly NAA    naphthaleneacetic acid),
2,4-D (2,4-dichlorophenoxy acetic acid), 2,4,5-T (2,4,5-
trichlorophenoxyacetic acid) and 2,4,5-TP. In several of these
studies, auxin reduced abscission (Khan et al., 1976; Prasad and
Jauhari, 1963; Yuan and Huang, 1991), whereas in others it either
had no effect (Hoda et al., 1973; Misra et al., 1973; Singh and Lal,
1980; Veera and Das, 1974; Verma et al., 1981) or increased
abscission (Shoan and Dhillon, 1981). To date, using auxin com-
mercially to reduce abscission and increase yield has not been
reported in lychee (Galan-Sauco and Menini, 1989; Joubert, 1986;
Menzel, 1984). In Israel, lychee fruitlet abscission was completely
inhibited after spraying with Tipimon (a commercial product
containing 2,4,5-TP) 1 to 3 weeks after FFB. However, most of the
retained mature fruit were seedless, very small, and had no market
value (Pivovaro, 1974). In another study, Tipimon failed to in-
crease yield when applied to fruitlets 7 to 8 weeks after FFB
(Shalem-Galon, 1980).

Lychee fruit and seed development has been described by
Mustard (1960), Joubert (1967), Huang and Xu, (1983), and
Chaitrakulsub et al. (1988), but the relationship between fruit and
seed development stage and fruitlet abscission time was not
determined, even in studies on applying synthetic auxins.

In this work, we first studied fruit development in ‘Mauritius’
lychee in relation to flower and fruitlet abscission. We identified
the critical stage during fruitlet development at which applying
synthetic auxins to the in florescence reduced abscission and en-
abled those with a developing seed to mature into normal, full-size
fruit. Subsequently, we conducted a series of experiments in which
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.1.L.‘Mauritius’lychee fruitlets at three stages of development: (A) 4 week
1 g). (B) 5 weeks old (≈ 2 g), and (C) 6 weeks old (≈ 4 g). Bar= 1 cm.

Fig. 3. Patterns of ‘Mauritius’ lychee fruitlet abscission and seed growth. Initial
number of female flowers per inflorescence was -160. Each value is an average
of 12 replicates obtained in 1988, 1989, and 1990. Arrows indicate synthetic
auxin application times in 1988.
Fruit development and abscission time was determined during
3 consecutive years (1988, 1989, and 1990) by weekly observation
of 12 inflorescences (two in each of six trees) on mature, 10- to 12-
year- old ‘Mauritius’ trees in lychee orchards in Ness-Ziona and
Bet Dagan in the coastal plain of Israel. Fruit were sampled weekly
(30/sample), weighed, then dissected. The pericarp, aril (the edible
part), and seed were weighed separately.

Treating inflorescences with synthetic auxin. In 1988, lychee
inflorescences on mature trees in Ness-Ziona were immersed for
10 sec in 5-liter plastic buckets containing solutions of different
synthetic auxins. Treatments were applied at three fruit develop-
ment stages:

1) One week after FFB (May 1); inflorescences contained  ≈160
female flowers.

2) Five weeks after FFB (June 1), at the end of the first abscission
period; inflorescences consisted of 10 to 17 (average 13)
fruitlets (≈2 g each), containing embryos that had reached the
heart stage (Fig. lB).

3) Seven weeks after FFB (14 June), at the end of the second
abscission period; inflorescences consisted of 6 to 14 (average
10) fruitlets (≈ 7 g each), containing nearly full-size embryos.

The following concentrations of synthetic auxins were used:

a) NAA (Sigma Chemical Co., St. Louis) at 20 ppm (Menzel,
1984; Pivovaro, 1974).

b) 2,4-D (Sigma) at 20 ppm (Menzel, 1984; Pivovaro, 1974).
c) [(3,5,6 trichloro-2-pyridinyl)oxy]acetic acid (TR) (Tapazol,

Rishon Lezion, Israel) liquid solution containing 48% triclopyr,
5,50, and 100 ppm a.i. (Tworkoski and Young, 1990).

d) Tipimon liquid solution containing 6.8% 2,4,5-TP, formulated
as triethanolamine salt, 100, 400, and 600 ppm a.i. (Pivovaro,
1974).

The surfactant Triton X-100 was added to all solutions at
0.05%. The control inflorescences were immersed in water con-
taining the surfactant.

The experimental design consisted of ten randomized blocks
66 J. AMER. SOC. HORT. SCI. 120(1):65-70. 1995.



Table 1. Effect of synthetic auxins on fruit retention and fruit weight of ‘Mauritius’ lychee. Inflourescences with fruitlets 1,5, and 7 weeks after full
female bloom (FFB) were immersed for 10 sec in the auxin solutions. Values were determined at harvest.

Weeks after FFB

yThirteen fruitlets per inflorescence.
xTen fruitlets per inflourescence.
w3,5,6-TR = [(3,5,6- trichloro-2-pyridinyl) oxy] acetic acid; 2-4-D = 2,4-dichlorophenoxy acetic acid; NAA =  naphthaleneacetic acid.
‘Mean separation in columns by Duncan’s multiple range test, P = 0.05.
(one tree per block, one inflorescence per treatment). Data were
subjected to analyses of variance (ANOVA) and means were
compared by Duncan’s multiple range test. Percentage data was
subjected to arcsin transformation before analysis to provide a
normal distribution.

Spraying mature trees with Tipimon. The significant increase in
marketable fruit retention after Tipimon treatment 5 weeks after
FFB encouraged us to conduct a series of orchard experiments to
determine the optimal parameters for a commercial procedure.

Six experiments were conducted on mature, 10-to-12-year-old
trees in four orchards. Three of them (Kfar Hitim, Almagor, and
Lavi) were commercial orchards located in the Lower Galilee
region. One orchard was located at the Besor Experimental Station
in western Negev. All orchards were regularly irrigated and
fertilized during the dry season (April to November). In 1990 and
1992, autumnal water stress was used to promote flowering (Stern
et al., 1993a). The vegetative condition of trees in the Lower
Galilee orchards was excellent, whereas the Besor Experimental
Station trees were weaker and somewhat chlorotic. Distances
between trees in all four orchards were 6 × 6 m ( ≈ 278 trees/ha).

2,4,5-TP was applied at 50 to 200 ppm a.i. The spraying
equipment consisted of a) a motorized air-blower back sprayer
(model DM9; Echo), which was used in Kfar Hitim (1989 and
1990), Besor (1991), and Lavi (1993); b) a regular back sprayer
(Flood Jet TK 2.5; Solo), which was used in Besor (1990 and
1991 ); and c) a big commercial motorized gun sprayer (Holder),
which was used at high pressure (20 atm) in Almagor ( 1990).

The experimental trees were harvested at the commercial
harvest time. As a rule, fruit smaller than 15 g were not harvested
or were discarded. Thus, yield data are only marketable fruit. One
hundred fruit were sampled from each tree after harvest and
weighed individually.

The experimental design was in randomized blocks. The num-
ber of blocks and the number of trees per block, respectively, were
as follows: Kfar Hitim 1989, five and one; Kfar Hitim 1990,
eighteen and one; Almagor 1990, four and five; Besor 1990, ten
and one; Besor 1991, eight and one; Lavi 1993, five and one.

Data were analyzed for statistical significance using the general
linear model (GLM) procedure. Duncan’s multiple range test was
J. AMER. SOC. HORT. SCI. 120(1):65-70. 1995.
used to compare treatments when ANOVA showed significant
differences among means.

Results

Fruit growth and development. Similar growth patterns of the
whole fruit and its tissues were observed in 1988, 1989, and 1990.
Only data collected in 1988 are presented (Fig. 2). Cumulative
growth patterns (pericarp, aril, and seed) were sigmoidal. Three
distinct phases were distinguished.

1) The first phase ended 5 weeks after FFB. During this period, the
main increment in fruit weight was due to pericarp growth. At
the end of this phase the fruitlet weighed  ≈ 2 g and the embryo
had two developed cotyledons that could be seen with the naked
eye when fruitlets were cut longitudinally (heart stage, Fig. lB).

2) The second phase occurred 5 to 7 weeks after FFB. Seed growth
was completed during this period, while the endosperm disap-
peared. At the end of this phase, the embryo filled the seed
cavity with well-developed cotyledons, the seed coat had hard-
ened, and the aril was just beginning rapid growth (Figs. 1C and
2). The fruitlet weighed ≈7 g.

3) The third phase occurred 7 to 13 weeks after FFB. It was
characterized by rapid aril growth (≈ 3 to 4 g/week from weeks
7 to 11 after FFB). The weight of the mature ‘Mauritius’ fruit
ranged from 20 to 25 g, of which the pericarp and seed each
comprised ≈10% and the aril  ≈80% of the total.

Abscission pattern. Similar patterns of female flower and
fruitlet abscission were observed in 1988,1989, and 1990 (Fig. 3).
Two distinct abscission periods were observed. The first one lasted
for ≈ 4 weeks. At the end of this period, 5% to 10% of the initial
number of female flowers had survived and these developed into
small fruitlets. One week later, a second abscission period began.
Abscission rate was very high for 1 week in 1989 and for 2 weeks
in 1988 and 1990, then decreased gradually and stopped almost
entirely in the eighth to ninth week after FFB (Fig. 3). All fruitlets
that abscised at this stage contained a well developed seed coat and
an embryo (normal or defective) and weighed from 2 to 6 g. During
67



Fig. 4. Pattern of ‘Mauritius’ lychee fruitlet abscission in control inflourescences
and after immersion in 2,4,5-TP at 100 or 400 ppm 5 weeks after full female
bloom. Mean separation in each week by Duncan’s multiple range test, P = 0.05.
the second abscission period, about half of the remaining fruitlets
abscised. Thus, only 3% to 59% of the initial number of female
flowers developed into mature fruit.

Rapid embryo growth coincided with the second abscission
period (Fig. 3). This relationship between seed growth and abscis-
sion was observed during each season. At the end of the second
abscission period, a flush of vegetative sprouting occurred.

Effect of synthetic auxins on fruit abscission and fruit growth in
inflorescences. 2,4-D, NAA, TR, or 2,4,5-TP was applied in 1988
at three fruit development stages (Fig. 3): a) 1 week after FFB, b) 5
weeks after FFB, before the second abscission period, and c) 7
weeks after FFB.

Only 2,4,5-TP consistently decreased fruitlet abscission sig-
nificantly (Table 1). When applied 1 week after FFB, 2,4,5-TP
treatments resulted in 78% to 97% retention of the female flowers
compared to 4% in the control inflorescences. However, all fruit
were small, seedless, and of no commercial value. 2,4,5-TP
applied 5 weeks after FFB almost completely prevented further
fruitlet abscission (Table 1, Fig. 4); fruitlet survival increased
 ≈70%, from 54% to 84% to 92%. Fruit weight was not affected by
100 or 400 ppm (a.i.) 2,4,5-TP. Thus, these two treatments doubled
the marketable fruit yield (Table 1, Fig. 4). When applied 7 weeks
after FFB, 2, 4, 5-TP increased fruitlet survival to ≈96% to 97%,
but this increase was statistically insignificant due to high fruitlet
retention in the control inflorescences (87%). The highest 2,4,5-TP
concentration (600 ppm, a.i.) resulted in leaf scorching in the first
and second experiments, and this treatment was therefore not
applied in the third experiment.

None of the other three synthetic auxins reduced fruitlet abscis-
sion consistently (Table 1). In fact, 20 ppm NAA increased fruitlet
abscission significantly in all three experiments, whereas at the
same concentration, 2,4-D-treated inflorescences did not differ
significantly from the controls. The results obtained after applying
TR were more complex: 100 ppm TR decreased fruitlet abscission
significantly (albeit much less than 2,4,5 -TP), when applied 1
week after FFB, but caused severe foliage scorching and inhibited
vegetative sprouting.

Effect of 2,4,5-TP spray on whole trees. The effect of 2,4,5-TP
on yield and marketable fruit weight in six experiments is pre-
sented in Table 2. In all experiments, one or more of the 2,4,5-TP
treatments significantly increased marketable fruit yield. None of
the treatments had a significant effect on marketable fruit weight.
The factors studied in the experiments (concentration of 2,4,5-TP,
68
volume per tree, and fruitlet weight at spraying) influenced the
commercial effectiveness of the spraying.

Concentration and volume (Table 2). To avoid potential dam-
age, we sprayed the trees in the first experiment (Kfar Hitim, 1989)
with only 1 liter/tree; this small volume barely wet the foliage. The
200 ppm a.i. treatment was much more effective than 100 ppm a.i.,
whereas 50 ppm a.i. gave results very similar to those of the
controls. Despite the small volume, the highest concentration
caused some leaf scorching. Volume was subsequently increased
to 2 liters/tree for the motorized sprayer, 2.5 liters/tree for the big
gun sprayer, and 5 liters/tree for the regular back sprayer. The
amounts of 2 and 2.5 liters/tree did not wet the foliage to runoff,
whereas 5 liters did. In 1990, 150 ppm a.i. increased marketable
yield at Kfar Hitim and Almagor while causing only slight leaf
scorching. In the same year, we used 200 ppm a.i. at the Besor
Experimental Station. This treatment was as effective as 100 ppm
a.i. in increasing yield but caused severe foliage scorching’ and
even branch dieback. Even 100 ppm a.i. caused some foliage
damage. In 1991 we compared the effect of the motorized sprayer
and the regular sprayer using 50 and 100 ppm a.i. No significant
difference between sprayers and volumes was found. The smaller
volume (2 liters/tree) caused a similar significant increase in
marketable fruit with both sprayers. Some foliage and fruit scorch-
ing occurred, but there was no significant effect of sprayer type or
volume. Using 50 ppm a.i. was less effective than 100 ppm a.i. In
1993 in Lavi, there was a significantly higher increase in market-
able fruit using 50 compared to 100 ppm a.i.

Fruitlet weight (Table 2). As a rule, we sprayed the trees when
fruitlets weighed ≈2 g and the embryo could be seen when fruitlets
were cut longitudinally (Fig. 1 B). In two experiments, we also
sprayed ≈ l week earlier, when fruitlet weight was ≈ 1 g and no
embryo could be seen in the seed cavity (Fig 1A). In both cases, the
earlier spraying was less effective in increasing marketable fruit
yield. Spraying when fruitlet weight was only 1 g produced a lot of
small unmarketable fruit. In 1990 we harvested all fruit in Kfar
Hitim and found that the yield per tree of small fruit was 20.9 kg
when sprayed at 1 g, 1.8 kg when sprayed at 2 g, and 1.2 kg in the
control trees. The difference between the first treatment and the
last two treatments was significant. All fruit were also harvested in
Besor’s two experiments (spraying performed when fruitlet weight
was 2 g). In 1990, the yield of small fruit per tree was 1.3 kg in
control trees and 3.9 to 5.0 kg in the treated trees. Small fruit yield
in 1991 was 3.5 kg in control trees and 11.7 kg and 13.8 kg in the
two treatments that increased yield significantly. All of the above
differences were significant.

Discussion

The notable effectiveness of 2,4,5-TP in preventing fruitlet
abscission in lychee has been known since 1974. However, its use
did not increase marketable fruit yield (Pivovaro, 1974; Shalem-
Galon, 1980). Our consistent success in increasing marketable
fruit yield in ‘Mauritius’ can be attributed to fruitlet developmental
stage at the time of the 2,4,5-TP treatment. In all experiments, we
obtained the best results when 2,4,5-TP was applied ≈5 weeks after
FFB, when fruitlet weight averaged 2g and the embryo was
emerging. When applied even 1 week earlier to 1-g fruitlets (Figs.
1A and 2, Table 2), there was either no increase in marketable fruit
(Kfar Hitim, 1990) or only a partial increase (Lavi, 1993), com-
pared to the significant increase after application to 2-g fruitlets.
When 2,4,5-TP was applied to inflorescences 2 weeks later (7
weeks after FFB), the yield increase was insignificant. At 7 weeks
it was too late to save most of the fruitlets abscised during the
J. AMER. SOC. HORT. SCI. 120(1):65-70. 1995.



Table 2. Effect of 2,4,5-TP spraying mature ‘Mauritius’ lychee trees on marketable fruit on yield and weight.

Fruitlet Treatment data Marketable fruit yield Marketable

wt 2,4,5 TP Sprayer Increase fruit wt

(g) ppm liters/tree type z kg/tree (%) (g)
Kfar Mitim, 1989

2 0 1 M 11.4b y

2 50 1 M 10.7 b
2 100 1 M 17.2 ab
2 200 1 M 27.8 a

Kfar Hitim, 1990

1 0 2 M 33.3 b
1 150 2 M 36.5 b
2 150 2 M 57.1 a

Almagor, 1990

2 0 2.5 C 14.2 b
2 150 2.5 C 19.5 a

Besor, 1990

2 0 5 R 33.5 b
2 100 5 R 49.5 a
2 200 5 R 48.5 a

Besor, 1991

2 0 5 R 25.1 b
2 100 2 R 53.1 a
2 100 5 R 40.1 ab
2 50 2 M 43.4 ab
2 100 2 M 51.4a

Lavi, 1993

1 0 2 M 31.4C
1 100 2 M 44.6 bc
2 50 2 M 69.6 a
2 100 2 M 51.6b

zM= motorized; C = commercial; R = regular.
yMean separation in columns by Duncan’s multiple range test, P = 0.05.

---

---

144

. . .

10
71

---

37

---

48
45

---

112
60
73

105

---

42
122
64

25.1 a
24.5 a
23.9 a
24.7 a

21.9 a
21.5 a
21.8 a

19.0 a
20.0 a

23.8 a
24.0 a
23.7 a

22.8 a
22.5 a

23.1 a
23.3 a

22.3 a
22.8 a
22.1 a
22.4 a
second abscission period, thus there was no substantial yield
increase. To be fully effective, 2,4,5-TP had to be applied before
the beginning of the second abscission period. Thus, application
time is crucial. 2,4,5-TP should be applied during the 1 week lull
between the first and second abscission periods. Pivovaro ( 1974)
and Shalem-Galon (1980) failed to increase marketable fruit
production because they did not apply 2,4,5-TP at this critical
time.

The second abscission period occurred during rapid embryo
growth and subsided when the embryo reached full size. A pro-
nounced decrease in IAA content has been found in lychee during this
period (Liu, 1986). The substantial increase in fruit retention after
applying an effective synthetic auxin (2,4,5-TP) during this period
may be the result of increased auxin in the fruitlet, but we cannot be
sure that this is the case. The fact that 2,4,5-TP effectively prevented
abscission in lychee at all fruit development stages (Pivovaro, 1974)
may point to another general effect such as the inhibition of the
abscission process (Addicott, 1982).

2,4,5-TP spray at the 2-g fruitlet weight prevented ≈ 80% of further
fruit drop. However, good flowering, pollination, and fertilization,
culminating in adequate initial fruit set, are prerequisites for a high
final yield. In 1988 and 1990, fruit retention after the end of the first
abscission period was ≈ 10%, whereas in 1989 it was only ≈ 4%. No
2,4,5-TP treatment could fully correct the low initial set in 1989.
Thus, though optimal 2,4,5-TP sprayings resulted in a significant
increase in commercial yield, final yields fluctuated from 19.5 to 69.6
kg/tree (5.5 to 19.3 t·ha-1).
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Based on six spraying experiments, we arrived at the following
conclusions regarding optimal 2,4,5-TP treatment.

a) The right time for an effective treatment is when fruitlets weigh  ≈ 2 
g and the embryo is emerging and can be seen with the naked eye.
These parameters may be different in other cultivars.

b) A 2,4,5-TP concentration of 200 ppm caused severe damage to
foliage and branches in Besor (1990). We believe that the poor
condition of the trees made them more susceptible. However, to
be safe,100 ppm a.i. should not be exceeded. The success of 50
ppm a.i. in Lavi (1993) suggests further studies using sprays <100
ppm.

c) No pronounced differences were noted between 2 and 5 liters/tree.
The minimal volume needed to wet the inflorescences seems to be
sufficient. For the small Israeli trees, 2 liters/tree seems to be
enough.

d) All three sprayers were effective.

That 2,4,5-TP decreases abscission of developing lychee fruit
while NAA and 2,4-D do not agrees with prior reports from Israel
(Pivovaro, 1974; Shalem-Galon, 1980) but contradicts reports
from China and India (Prasad and Jauhari, 1963; Misra, 1973;
Hoda, 1973; Veera and Das, 1974; Kahn, 1976; Singh and Lal,
1980; Singh and Phoght, 1984; Yuan and Huang, 1991). The
differences in the effectiveness of these synthetic auxins in the
various reports may be due to genetic differences between the
lychee cultivars used, environmental conditions, or auxin appli-
69



cation time. It is also possible that the commercial formulation
used in Tipimon improved the effectiveness of 2,4,5-TP com-
pared to the formulations used in other countries.
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