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Abstract – Introduction. A short harvest window is common in litchi production worldwide, leading to imbalance
between supply and demand for fresh fruit. This problem can be mitigated with early-maturing cultivars, such as ‘Early
Big’, released in 2010 in Taiwan. Our goal was to characterize the generative development in this novel litchi cultivar.
Materials and methods. The patterns of female flowering and fruit development, and fruit abscission were investi-
gated in ‘Early Big’ litchi in 2013 and 2014. The relationship between the second round (2ndR) blooming and the
first round (1stR) fruit was studied. The ambient temperature in both years was recorded. Results and discussion.
2–3 weeks after full female bloom (AFFB) the 2ndR flowering occurred, followed by fruit abscission with loss of 95%
fruit within 4 weeks AFFB in ‘Early Big’ litchi, resulting in low yield at harvest. The 2ndR blooming was negatively
correlated with the 1stR fruit retention rate from week 4 AFFB in 2013. Overall, the period of low temperature from
November through to the following March was longer in 2013/2014 than in 2012/2013. The trait of early maturing in
‘Early Big’ is mainly due to early flowering. Temperature may be related to the generative development in ‘Early Big’.
The accumulation of low temperature in early spring may be related to poor initial fruit set. Conclusion. The presence
of 2ndR flowering also potentially reduced the 1stR fruit set and retention. These issues must be addressed to develop
field strategies to improve yield in ‘Early Big’ litchi.

Keywords: Taiwan / Litchi chinensis / earliness / fruit set / genetic improvement

Résumé – Caractérisation du développement floral du litchi précoce ‘Early Big’, un nouveau cultivar à
Taïwan. Introduction. Une courte période de récolte est le lot commun à la production de litchi dans le monde entier,
conduisant à un déséquilibre entre l’offre et la demande en fruits frais. Un tel problème pourrait être atténué avec des
variétés précoces, telle ‘Early Big’ introduite en 2010 à Taiwan. L’objectif de notre étude consiste à caractériser le
développement floral de ce nouveau cultivar de litchi. Matériel et méthodes. Les caractéristiques de floraison femelle
et du développement et de l’abscission des fruits du cultivar de litchi ‘Early Big’ ont été étudiées sur 2013 et 2014. La
relation entre la floraison en second cycle (2ndR) et la production fruitière du premier cycle (1stR) a été particulièrement
étudiée. La température ambiante au cours de ces deux années a été enregistrée. Résultats et discussion. Deux-trois
semaines après la pleine floraison femelle (AFFB), une floraison de second cycle 2ndR est survenue, suivie par l’abs-
cission de fruits causant une perte en fruits de 95 % dans les 4 semaines suivant l’AFFB, et un faible rendement à la
récolte des arbres ‘Early Big’. Nous avons corrélé négativement la floraison 2ndR avec le taux de rétention en fruits
1stR depuis la 4e semaine AFFB en 2013. Dans l’ensemble, la période de basses températures de Novembre à Mars
suivant était plus longue en 2013/2014 qu’en 2012/2013. Le critère de précocité chez ‘Early Big’ est principalement dû
à une floraison précoce. La température est sans doute responsable des perturbations du développement floral d‘Early
Big’. L’accumulation de basses températures au début du printemps peut être liée à la nouaison initiale. Conclusion. La
présence d’un second cycle de floraison 2ndR réduit potentiellement la nouaison et la charge en fruits du premier cycle
1stR. Ces problèmes doivent être étudiés pour élaborer des stratégies sur le terrain en vue d’améliorer les rendements
du litchi ‘Early Big’.
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1 Introduction

Litchi (Litchi chinensis, Sapindaceae) is one of the most
popular subtropical fruits in the world, especially in its na-
tive regions, Eastern and Southern Asia. In Taiwan, the history
of litchi cultivation can be traced back more than 300 years.
There were about 12,000 ha litchi orchards until the 1980s.
‘Hak Ip’ became the most cultivated litchi cultivar in Taiwan
because of its high yield, ideal fruit quality and low produc-
tion cost. Currently, more than 70% of the litchi-growing area
in Taiwan has been cultivated with ‘Hak Ip’ [1]. This dom-
inance of a single cultivar has confined the litchi harvest to
June, leading to imbalance between the supply and demand
of fresh fruit. Flowering and fruit development of litchi are
strongly influenced by environmental factors, internal con-
ditions of trees, pests and pathogens [2–5]. In general, an
adequately cool temperature and flush maturity are essential
for litchi flowering [6–8]. Subsequently, successful pollina-
tion and fertilization require functional ovules, pollen donors
and pollinators under ideal environmental conditions [9–11].
Sufficient assimilate supplies and management of pests and
diseases are critical for the following fruit set and develop-
ment [12–14]. Since most litchi fruit are highly perishable, the
shelf life of fresh litchi fruit is generally less than 30 days un-
der 2 to 5 ◦C storage temperature [15]. The extended produc-
tion season was therefore expected to mitigate the marketing
issues.

The harvest time of litchi fruit can be adjusted among re-
gions by their latitudinal and/or altitudinal differences, and
the shelf life can be extended by postharvest approaches
or processing. It is difficult, however, to achieve the early-
maturing trait in most fruit crops, including litchi, by cul-
tural practices. On the other hand, genetic improvement was
a promising method to obtain divergent lines [16]. In Taiwan,
the Taiwan Agricultural Research Institute started the litchi
breeding program in 1982 [17], and 7 novel litchi cultivars,
named the ‘Tainung series’, have been released up to now [1].
The ‘Tainung No.7’ or ‘Early Big’ cultivar selected from
‘Sah Keng’ open-pollinated offspring is known for its early-
maturing trait and large fruit size compared with other com-
mercial cultivars [18]. The harvest season of ‘Early Big’ is
about 10 days earlier than the early-season cultivar ‘Yu Her
Pau’ (named ‘Feizixiao’ or ‘Fay Zee Siu’ in other countries)
and 17 to 21 days earlier than ‘Hak Ip’ grown in the same re-
gion; in addition, the average fruit weight is generally more
than 30 g [18]. ‘Early Big’ has a better fruit appearance (with
large size and red color) and quality compared with other mi-
nor but marketable early-maturing cultivars, such as ‘Nansi
Early’ or ‘Sanyuehong’. Therefore, ‘Early Big’ litchi has be-
come a popular cultivar for orchard renewal among growers
since its release in 2010. The phenology of ‘Early Big’ is
about half a month earlier than its parent ‘Sah Keng’ during
the generative stages [18]. However, its reproductive devel-
opment, including flowering, fruit set and fruit growth, has
remained unclear until now. This study focused on the gen-
erative growth of ‘Early Big’, since the patterns of flower-
ing and fruit bearing in this early-maturing variety can be
used as indicators for growers to develop strategies for field
management.

2 Materials and methods

2.1 Fruit growth and quality traits

Seventeen-year-old ‘Early Big’ litchi trees grown in
Chiayi Agricultural Experiment Branch (Lat. 23◦29’ N, Long.
120◦28’ E, Alt. 70 m asl) were used to study the growth pat-
tern of fruit in 2013. Fruits with normal seed produced by the
first round (1stR) female flowers were collected weekly after
bloom from labeled panicles that did not generate the second
round (2ndR) female flowers later on. Fresh and dry (incubated
at 65 ◦C in an oven for 7 days) masses of the pericarp, aril
and seed of 21 fruits were measured individually. The edible
ratio in this study was defined as the percentage of aril fresh
weight within a single fruit. Total soluble solids (TSS) content
was determined in the juice of 12 fruits collected weekly from
week 7 after full female bloom (AFFB), with one fruit repre-
senting one replicate, using a hand-held refractometer (Atago,
Japan). Titratable acidity (TA, titrated to pH 8.3), represented
by the content of malic acid, the most abundant organic acid
component in litchi arils [19], was quantified with the 848
Titrino Plus (Metrohm, USA). Juice samples extracted from
the pulp of 3 fruits represented one replicate and 4 replications
were used for TA measurement, and assessed weekly from
week 6 AFFB.

2.2 Female blooming and fruit abscission patterns

The patterns of female blooming and fruit abscission were
studied using four 6-year-old ‘Early Big’ litchi trees (height:
ca. 3.5 m, diameter: ca. 4.5 m; grown on loams and set up
in 5.7 × 5.7 m square planting) in 2013 and six 7-year-old
trees in 2014 in the same orchard as above. The drip irriga-
tion system was applied during the fruit development season
after the end of April. The number of female flowers [10] on
12 panicles in each tree was recorded 3 times a week. The
number of retained fruit per tree was quantified weekly from
full female bloom through to harvest for 11 weeks. The yield
of each tree was also recorded respectively. The relative fruit
abscission rate (rFAR) in 1stR bearing between two subsequent
weeks was calculated using the following formula:

rFAR =

(
1 − Ni+1

Ni

)
× 100%

where N is the number of fruit retained on the labeled panicles
in each tree, and i (i = 1 to 10) is the number of weeks AFFB.

The fruit retention rate (FRR) in the 1stR bearing each
week was calculated using the following formula:

FRR =
Nk

N1
× 100%

where N is the number of fruit retained on the labeled panicles
in each tree, and k (k = 2 to 11) is the number of weeks AFFB.

The number of the female flowers per panicle, the ratio
of panicles producing female flowers, and the rFAR and FRR
(adjusted by the arctangent function) were plotted over time in
this study.
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2.3 Second flowering sequence

The degree of 2ndR female flowers was evaluated by the
following formula:

2ndR♀ =
(

N2nd F

N1st F

)
× 100%

where N1st F and N2ndF are the total number of the 1stR and 2ndR
female flowers in 12 labeled panicles, respectively.

The relationships between N1stF and N2ndF , as well as the
2ndR♀ and FRR per week, in 2013 to 2014 were compared.
At harvest, fruits produced by the 1stR flowers were separated
from those developed by the 2ndR flowers, which were tagged
with clips during fruit set. The fresh weight of seeds was mea-
sured in the 1stR fruits in both years and in the 2ndR fruits in
2014.

2.4 Data collection and analysis

Climate data including temperature, relative humidity and
precipitation were recorded in Chiayi Agricultural Experi-
ment Branch from November to April in both 2012/2013 and
2013/2014. The sunshine duration data in Chiayi City during
the periods was extracted from the official website of the Cen-
tral Weather Bureau (http://www.cwb.gov.tw). The numbers of
days with a mean temperature below 20 ◦C, below 15 ◦C,
and with daily precipitation of more than 0.1 mm during
November-April in 2012/13 and 2013/14 were recorded, re-
spectively. Regression analysis (α = 0.05) and all the charts in
the study were plotted with Microsoft Excel 2013 (Microsoft,
USA).

3 Results and discussion

3.1 Growth and maturation of ‘Early Big’ litchi fruit

‘Early Big’ litchi fruit showed a sigmoid growth pattern
based on fresh and dry weight (figure 1). Development of
seed started about week 5 AFFB when the embryo was vis-
ible (figure 2). During week 7 AFFB, the liquid endosperm
was exhausted, and the seed coat turned brown in the follow-
ing week (figure 2). The aril started to grow rapidly at the
same time (figure 1). The increase in seed dry mass slowed
in week 9 AFFB (figure 1). The fruit pericarp turned yellow-
red at the same time, and became red in week 12 AFFB (fig-
ure 2). The single fruit weight and aril weight of ‘Early Big’
reached 36.5 g and 26.1 g, respectively, on average in week 12
AFFB (figure 1). Titratable acidity decreased as the fruit de-
veloped, whereas the TSS contents increased up to 16◦ Brix in
week 10 AFFB (figure 3).

Maturity of litchi fruit can be evaluated by parameters such
as the color of the pericarp, single fruit weight, edible ratio,
titratable acidity content, and sugar/acid ratio (represented as
TSS/TA) [20–22]. ‘Early Big’ fruit at 12 weeks AFFB seemed
to have the most desirable qualities, including the conspicu-
ous fruit size, 36.5 g per fruit on average, and red peel (fig-
ures 1, 2). When fruit attained the equal edible ratio at 70% in

Figure 1. Cumulative growth of fruit, aril, pericarp, and seed in (A):
fresh weight, and (B): dry weight, in ‘Early Big’ litchi in 2013. Data
are mean values ± standard deviation (n = 21).

‘Early Big’ (at 11 weeks AFFB) like its maternal parent ‘Sah
Keng’ [23], the TSS/TA ratio in the juice of ‘Early Big’ fruit
had already reached 28 (figure 3), which meets the requirement
for trade, as suggested by Underhill and Wong [21] (figure 3).
For other litchi cultivars, such as ‘Brewster’ [24], ‘Hong Huey’
and ‘Chacapat’ [25], different values of the sugar/acid ratio
in juice, ranging from 15 to 30, were recommended for fruit
maturity evaluation due to different analysis methods used in
the studies [25]. Early-season cultivars generally bloom ear-
lier [26]. At least 11 weeks are required for fruit to develop to
achieve commercial value in ‘Early Big’, ‘Yu Her Pau’ [27],
and ‘Hak Ip’ [28]. This indicates that the trait of early matur-
ing in ‘Early Big’ litchi compared with other major cultivars
in Taiwan is mainly due to early flowering.

3.2 Female blooming and fruit abscission patterns

The 2ndR female flowering occurred 2–3 weeks after the
1stR female blooming (figure 4). There was no obvious rela-
tionship between the amounts of the 1stR and the 2ndR female
flowers in both years (figure 5). Unsynchronized maturation of
fruits, produced respectively by the 1stR and 2ndR female flow-
ers, may result in various fruit sizes among the fruits. A high
seed abortion rate (23.6 to 38.6%) was observed in the 1stR
fruit with the middle 50% fresh weight (FW) of seeds ranging
from 1.9–4.6 g and 0.7–3.2 g in 2013 and 2014, respectively
(figure 6). About 12.6% seeds in the 2ndR fruits in 2014 were

http://www.cwb.gov.tw
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Figure 2. Fruit development of ‘Early Big’ litchi. Number under the fruit represents the number of weeks after female flowering. Bar = 1 cm.

Figure 3. Changes in total soluble solid contents (TSS) and in titrat-
able acidity (TA, represented by malic acid) of the juice during aril
development in ‘Early Big’ litchi. Data are mean values ± s.d. (n = 12
and n = 4 for TSS and TA, respectively).

shriveled, and the middle 50% mass varied from 1.8 g to 3.1 g
FW (figure 6).

There were two rFAR waves during the first round of
‘Early Big’ fruit development (figure 7). The first wave of
fruit abscission occurred within week 5 AFFB, in which more
than 95% of fruit were lost. A sharp decrease in fruit num-
bers was observed in the first month AFFB, especially in 2014
(figure 7). The second wave of fruit abscission occurred be-
tween week 6 and week 8 AFFB, with the loss of 15 to 20%
fruit. When the fruit reached commercial maturity in week 11
AFFB, 3% fruit were harvested in 2013, yet only 0.4% in
2014. Higher yield was also recorded in 2013 (23.4 kg tree−1)
compared with 2014 (10.8 kg tree−1). Although there was no
obvious relationship between the second round female ratio
(2ndR♀) and fruit retention rate (FRR) in 2014, the FRR was
negatively correlated with the 2ndR♀ from week 4 AFFB in
2013 (figure 8).

Assimilate supply and carbon reserve availability are im-
portant to litchi fruit set [14, 29]. Yuan et al. [30] revealed
that early fruit retention within 3 weeks after blooming was
positively correlated with starch content in small shoots with
diameter of 2 cm in ‘Nuomici’ litchi. In the case of ‘Yu Her
Pau’ production in Taiwan, inflorescence thinning at the be-
ginning of anthesis effectively improves yield [31], suggesting
an inverse relationship between the numbers of flowers and
fruits due to competition for limited resources. This might be
the scenario underlying our observation in ‘Early Big’ that the
2ndR♀ was negatively correlated with the retention rate of the
1stR fruit after week 4 AFFB in 2013 (figure 8), since the 2ndR
female flowers and subsequent 2ndR fruit were produced in the
presence of the 1stR fruit on the same pedicles. However, the
correlation did not exist in 2014 that massive fruit drop hap-
pened. In addition, based on the results of the regression anal-
ysis, the number of the 2ndR female flowers was independent
of the number of 1stR female flowers and initial fruit set in
‘Early Big’ (figure 5, figure 8). Although the presence of the
2ndR female seems to be genetically inherited, the mechanism
is not fully understood [32, 33]. To some degree, 2ndR female
flowering may be linked to certain internal and/or external con-
ditions. When maturation of vegetative flushes was delayed,
a high number of 2ndR flowers was produced in ‘Rose Red’
litchi [8].

3.3 Influence of climatic factors on fruit
abscission

Since environmental factors may play a role in regulating
floral development in litchi, the climate information includ-
ing ambient temperature, sunshine duration, relative humid-
ity and precipitation during the trials was recorded (table I).
Overall, the duration of low temperature was longer and cooler
in 2013/2014 compared with the first year, especially during
February-March. The mean daily temperature from Novem-
ber to March dropped below 20 ◦C for 83 days in 2012/2013
versus 106 days in 2013/2014, and below 15 ◦C for 10 days
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Figure 4. Patterns of female blooming in ‘Early Big’ litchi in (A): 2013 and (B): 2014. Vertical bars indicate the number of female flowers
per panicle ± s.d. (n = 48 and n = 72 in 2013 and 2014, respectively). The ratio of bloomed female flowers per panicle along the period is
represented in broken lines.

in 2012/2013 versus 29 days in 2013/2014 (table I). Sunshine
duration in January and April 2014 was greater compared with
the previous crop year. Lower sun exposure with higher rela-
tive humidity was recorded in February-March 2014 compared
with 2013. In 2014, there was frequent precipitation in Febru-
ary, while the precipitation was similar in the blooming season
in both years.

Full female blooming in ‘Early Big’ was delayed in 2014
for 2 weeks, compared with the previous year (figure 4), along
with poor fruit retention due to fruit drop (figure 7). Late
flowering can be explained as the result of low temperature.
Although a cool environment is required for litchi flower-
ing [6, 7], panicle emergence and anthesis can be delayed in
trees grown under low temperature conditions [34–36]. There

were two waves of fruit abscission within two months follow-
ing full female bloom (figure 7). In fact, massive fruit drop
is common in litchi cultivars. ‘Mauritius’, that shares a simi-
larity in the pattern of fruit abscission with ‘Early Big’, suf-
fered the loss of 90 to 95% fruit in the first month AFFB [37].
A high rate of fruit abscission was also reported in ‘Yu Her
Pau’, ‘Floridian’ and ‘Kaimana’ at this stage [27, 32, 38]. Our
data indicated that the level of fruit drop during the first month
AFFB critically contributes to the loss in total yield of ‘Early
Big’ litchi.

It has been proposed that failure in pollination and/or fer-
tilization causes the first wave of fruit abscission [32, 33]. En-
vironmental factors, such as low temperature, low humidity
and rain may enhance fruit drop [39]. These external factors
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Table I. Monthly climatic information at Chiayi Agricultural Experiment Branch from November to April in 2012/13 and 2013/14.

Temperature (◦C) Cool days

Minimum (date) Maximum (date) Mean
Number of daily Number of daily

temperature < 20 ◦C temperature < 15 ◦C
Month 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14
November 14.2 (27) 8.5 (30) 32.2 (10) 30.7 (1) 21.9 21.4 3 9 0 2
December 7.7 (31) 6.3 (28) 28.9 (16) 27.5 (7) 18.3 16.5 22 25 3 8
January 8.5 (19) 6.0 (25) 26.4 (21) 26.8 (2) 16.3 15.8 31 31 6 9
February 12.4 (1) 5.3 (21) 28.8 (18) 28.5 (5) 19.1 16.7 19 22 0 9
March 12.1 (3) 12.3 (15) 31.1 (23) 32.0 (29) 20.9 19.7 8 19 1 1
April 14.7 (7) 16.1 (5) 31.5 (30) 30.9 (27) 22.3 23.4 2 0 0 0

Sunshine duration* (h) Relative humidity (%) Precipitation (mm)

Monthly total Mean Monthly total
Number of daily

precipitation > 0.1 mm

Month 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14 2012/13 2013/14

November 124.5 116.4 69 70 94.0 10.0 10 2
December 121.1 139.3 69 70 38.0 48.0 6 6
January 155.1 236.7 68 64 14.5 0 4 0
February 157.9 136.5 67 73 5.0 34.0 2 11
March 181.3 131.0 64 70 38.0 47.5 5 5
April 89.9 138.4 72 71 142.5 19.5 15 7

*Sunshine duration data were extracted from the official website of Central Weather Bureau (http://www.cwb.gov.tw).

Figure 5. Correlation between the total number of the 1stR and 2ndR
female flowers in labeled panicles (represented by N1stF and N2ndF,
respectively) in (A): 2013, and (B): 2014 (n = 12).

act directly on the plant itself or indirectly through the polli-
nation process. For example, the temperature in the blooming
season remarkably affects embryo sac development and pollen
germination, thereby influencing litchi fruit set [10, 11]. Ex-
treme environmental conditions such as adverse temperature,

Figure 6. Box plot of fresh seed weight of ‘Early Big’ litchi in the
1stR fruit in 2013, the 1stR fruit in 2014, and the 2ndR fruit in 2014.
Boxes represent 25% to 75% quartiles with the median (horizontal
lines), and the whiskers ended in the extreme values (n = 148, 70 and
175 in the respective order).

cloud cover, precipitation and wind reduce the forage activ-
ity of pollinators and thereby result in decrease in yield in
litchi production [40]. In our study, a smaller seed size and
higher seed abortion rate in the 1stR fruit was observed in
2014, compared with those produced in the 1stR, 2013 and the
2ndR, 2014 (figure 6). Shorter sunshine duration in the bloom-
ing season in 2014 may have diminished pollinator foraging,
whereas temperature is usually the key factor influencing litchi
fruit set. In Queensland, Australia, the rate of fruit set from

http://www.cwb.gov.tw
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Figure 7. Patterns of the relative fruit abscission rate (rFAR, squares)
and of the fruit retention rate (FRR, circles) in ‘Early Big’ litchi in
2013 (open symbols, n = 4) and 2014 (closed symbols, n = 6). rFAR
data are mean values ± s.d., FRR data (adjusted by arctangent trans-
formation) are expressed by mean values.

Figure 8. Correlation between the second round female ratio (2ndR♀)
and the fruit retention rate (relative to the fruit number in the first
week AFFB) after week-2, week-4, and week-6 after full female
bloom (AFFB) in (A): 2013, and (B) 2014. R2 and P values in the
regression analyses for each week per year were labeled in the block
with the respective colored symbols.

female flowers was increased by a higher maximum tempera-
ture during anthesis [41]. Chen et al. [31] showed that a cool
temperature just before flowering would negatively influence
the following fruit set of ‘Yu Her Pau’ litchi. Poor pollination
and/or fertilization in the 1stR flowers in ‘Early Big’ were pos-
sibly related to the cool temperature in the early spring of 2014
(table I). Other climate factors including relative humidity and

precipitation were similar in the 1stR blooming seasons of
2013 and 2014, suggesting that these two factors may not have
played a crucial role in inhibiting pollination and/or fertiliza-
tion in 2014.

4 Conclusion

Early blooming is an essential trait that makes the early-
maturing litchi cultivars such as ‘Early Big’ more profitable.
However, low ambient temperature before and/or during an-
thesis may potentially negatively influence flowering in these
early-blooming litchi cultivars. Ambient temperature is one of
the factors regulating the flowering time and the subsequent
fruit set. It is still unclear how a cool temperature just before
and/or during the blooming season affects early flowering and
fruit set in litchi. However, our study of the generative perfor-
mance in ‘Early Big’ showed that accumulation of low tem-
peratures in early spring may be related to poor initial fruit set.
Our results also indicated that young developing 1stR fruits
may be inhibited by the presence of 2ndR female flowers pro-
duced within 2 to 3 weeks after the 1stR, at which 1stR fruits
were still on the trees. The 2ndR litchi fruits have poor com-
mercial value, especially for ‘Early Big’, because its fruits are
harvested during the peak season of the litchi market. There-
fore, horticultural practices need to be developed in the future,
in order to mitigate the problems of poor fruit set of 1stR fruits
and 2ndR flowering in ‘Early Big’ litchi trees.
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