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The longan or “Nhan™ (Dimocarpus longan Lour., Sapindaceac), a subtropical fruit tree
species native from Southern Asia is an important crop in Vietnam. There are several popular
types of longan jn Vietnam such as “Nhén long hung yén” in Hung Yen province which
produces one crop a year, “Nhin tiéu da bd” in Tien Giang province which produces three crops
in 2 years or “Nhain xudng com vang” in Yung Tau province which produces one crop a vear,
According to Vietnam Ministry of Agricuitural and Rural Development (MARD), in 2011 the
total of longan cultivation area is close to 100,000 hectares and the production of longan is
higher than 600,000 tons (Ministry of Industry and Trade of Vietnam, 2012). Most of the longan
cultivation area is concentrated in Cuu Long River Delta (Mekong River Delta} with more than
35,000 hectares (MARD, 2011), mainly in Vinh Long, Ben Tre, Tien Giang or Dong Thap
(MARD, 2011). In the north, provinces with large longan cultivation areas include Hung Yen,
Bac Giang, Ha Noi, Tuyen Quang, Yen Bai and Hai Duong.

Longar is the fifth fruit crop in impertance in Vietnam after cashew, coconut, banana,
lychee and rambutan (MARD, 2011). While the reproductive process plays a clear part on the,
subsequent fruit set, very little is known on longan reproductive biology. In this work we:
describe the basics of longan reproductive biology.

L. MATERIALS AND METHODS
1. Materials

Longan flowers were collected in orchards of Hai Duong provinces in Vietnam and in the
Instituto de Hortofruticultura Subtropical "La Mayora" in Spain during 2012 and 2013. Four longan
cultivars were studied in Vietnam (“Nhin léng hung yén”, “Nhin ¢i”, “Nhén nudc” and “Nhin
mudn ha tay™) and four in Spain (“Biew Khiew2, “Fuk How”, “Chom Peo2 and “Duan Yu”).

2. Methads

Time of flower opening was observed every two hours. Hand pollination was performed by
eross pollination. Female flowers were collected daily from one day a%er anthesis up to eleven
days after anthesis. The flowers were fixed by FAA (90% Alcohol 70" + 5% Formaldehyde +
5% Glacial acetic acid) and 2.5% Glutaraldehyde in 0.03M phosphate buffer (Sabatini et al,
1963). Pistils conserved in FAA samples were stained with 0.1% aniline blue in PO4K3
{Currier, 1957, Linskens & Esser, 1957) and observed under a fluorescence microscope. Pistils
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in Glutaraldehyde were infiltrated with plastic and were cut longitudinally by a
1 icrotome, into 2pm sections and then were stained with 0.07% Calcofluor in water

ﬁghes & MceCully, 1975), 0.1% aniline blue in 0.1N PO4K3, 0.2% toluidine blue in water
d periodic acid-Schiff (PAS) (Feder & O'Brien, 1968).

. RESULTS AND DISCUSSION

'1, Biology
"Normally in the North of Vietnam, flowering of longan takes place from the end of March
10 the beginning of April, but this can be variable depending on the weather. Harvesting is
ually performed from July to August. In the South of Vietnam, production is all year round. In
ituto de Hortofruticultura Subtropical "La Mayora" of Spain, flowering takes place from the
of May to the beginning of June, whereas harvesting is usually performed from November
anuary.

2. Flowering

The inflorescence and flowers: M, M2, F: The longan inflorescences are compound
Fichasia, terminal, usually leafless, ercct, with widely branched panicles 10-40cm long.
bFlowering in each panicie progresses as staminate flowers (M1), functionally female
ermaphrodite flowers (F), and finally, functionally male hemmaphrodite flowers (M2)

avenport and Stern, 2005) (Fig. 1). Flowers are about 7um size with five couple of hairy

Is and sepals. The M1 and M2 are yellow-light-brown and have eight long stamens in a
ingle circle on a disc. The stamens are dorsifixed anther with two-fobes. The F flowers are
llow-brown and have a bicarpellate or tricarpellary ovary on the disc with a two or three lobed
igma. Usually, one carpel grows and develops into a fruit. The eight stamens on the F flowers
‘undeveloped, with a short filament, about 1mm tall ({(Fig.1. F).). The M2 flowers have
eveloped ovary and stigma. The ovary is smaller and pistil is shorter than those of the F
3. Stamens are more or less erecter and longer than those of the M1 flowers (Fig.1. M2).

Fig. 1. Three types of Longan flowers: Staminuie flowers (M1), functionally male
hermaphrodite flowers (M2), and the functionally female hermaphrodite flawers (Fj.

Floral development: Flowering phenology of longan is very different from lychee. In lychee,
there are three distinct waves of flowering inflorescences. The first wave consists of M1 flowers,
th_= second of F flowers, and the third of M2 flowers (Sten and Gazit, 2003). But observations in

Nis work show that in longan, there are three indistinct waves of flowering inflorescences. The
wave consists of F flowers, the second of M2 flowers, and the third of M1 flowers. Usually,
gn the first wave few M2 flowers are also present, whereas in the second wave a lot of M1 flowers
present and in the third wave few F flowers are present. In Vietnam, female flowers start
20pening from afiernoon (around 18: 00h), fully open at midnight, mostly from 23: 00h to 1: 00h,
i appears and flower is ready for pollination around 2: 00h in the middle of the night. Also,
¥mle flowers start opening at the same time and fully open at midnight. Nectar appears and anther
b
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dehiscence starts at around 2: 00h. The eight anthers will dehisce sequentiality up to 12: 00h. After
that time, when the dehiscence has finished, the anthers become dry and the male flowers start
dropping at about 16: 00h up to next few days. In Spain, the female flowers start opening at night,
fully open at mid-day (around 13: 00h) then nectar appears and flower is ready for pollination &t
this time. Also, male flowers start and fully open at the same time. The nectar appears and the
anther dehiscence starts at around 13: 00h. The anthers will dehisce sequentiality up to evening,
The longan flowering season in the same individual tree and orchard can last from 30 days to 40
days. These differences in phenology time between Vietnam and Spain could be related 1o
temperature or to differences in the duration of the day/night time. In Vietnam, the time on
day/night is 12h/12h, while in Spain it is 14h/10h.

Fig. 2. The reproductive strictures

o,

a. Pistil with two united carpels, each one with an ovule, and a papillated bilobed stigma; b. Anatropous
ovule showing the funiculus and facing the obturator; c. Integuments closing the micropyle; d. Detail 91
an ovule showing the embryo sac; e. Pollen tubes growing in the style eleven days after anthesis; f. Poll
grains growing in surface of papillated tigma one day after anthesis;g. Detail of a pollen tube growing
the style ten days after anthesis showing callose plugs; h. seme pollen tube growing in the style one
after anthesis (g, c, d-Steaned with PAS; b-Steaned with PAS + toluidine blue; ¢, f, g, h-Steaned will
aniline blue; Pa-Papila, St-Stigma, Ow-Ovary wall, Ov-Ovulus, Fu-Funiculus, Ob-Obturator) i

B85S

The female reproducrive organ: The pistil has a stigma with two or three lobes. When 'ﬂﬂ
stigma lobes starts to separate the cpening of the female flowers starts. The stigma is receptivit
at this stage and retains full receptivity for few days. The surface of the receptive stigma ¥
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covered with long papillae (Fig. 2a). With age, the stigma becomes dty and the ¢olor turns from
white-yellow to green-brown. The pistil is composed by two or three united carpels. Each carpel
has an anatropous ovule that hosts the embryo sac, and the exostome of the micropyle faces an
obturator, close to the funiculus (Fig. 2b). The female flower persists on inflorescence up to ten
days, then drop in case of unsuccessful pollination.

* The male reproductive organs and pollen tube growth: All three flower types (Fig. 1) have
stamens and anthers. The stamens of the two male flower types (M1, M2) are more or less erect
and have a long filament with a yellow anther. Dehiscence of the anther takes place
Yongitudinally. In the female type flower (F), the stamen is curved and close covering the ovary
Fig. 1). 1t has a short filament with an indehiscent anther. The pollen grain is orbicular-ovate
(Fig. 2f). When the pollen grains are carried by a pollinator from an M1 or M2 flower to an F
flower, it is captured by the long papillae of the stigma. In this situation, the pollen grain will
grow within one days after anthesis (Fig. 2fh). In our observations, very few pollen grains
genminated and grew. Pollen tubes were clearly observed two days after anthesis at the
imicroscope and long pollen tubes with callose plugs can be observed in the style eleven days
after anthesis (Fig. 2e,8).

B
3. Pollination

Longan flowers are very fragrant so they are visited by many insects. Most pollinators are
honeybees, flies, and different species of mosquytoes. At night, many insect species have been
found in Hai Duong orchards during flowering time and some of them can easily be mistaken
for pollinaters: Popillia flavosellata, Adoretus simicus, A. cambodjensis, Petrophora chlorosata,
Spodoptera litura, Blattella germanica.

Pollination is considered to be carried out mostly by honeybees such as Apis dorsata, which
“was observed in Hai Duong, and the European honeybee, which was observed in Hung Yen and
La Mayora orchards. In addition, Apis cerana and A. mellifera were found in other orchards
with enumeration more than 90% {Pham, 2012). In Thailand, the species Apis mellifera is the
*most important pollinator (Davenport and Stern 2005). The European honeybee is the most
_important pollinator in lychee in Florida, South Africa, Israel, and Australia (Stern and Gazit,
2003) and it was imporicd to Vietnam by bee keepers. Although results of this work showing
1 the flower behaviour opening at night, both in male and female flowers, suggests that nocturnal
insects surely do play a clear part in pollination.

In Vietnam, pollination occurs from early moming (6: 00h) to mid-afternoon (16: 00k),
concentrate at {0: 00h. In evercast days, pollination can be extended to the end of afternoon
although this weather is not the most appropriate for honeybee activity. In addition, western
winds are very dry and hot, resulting in rapid drying of the stigma and, consequently, affecting

- pallination success.

1L CONCLUSION

There are three types of flower in longan: Staminate flowers (MI), functionally female
hermaphrodite flowers (F), and functionally male hermaphrodite flowers (M2). In Vietnam,
+ flowers start opening in the afternoon, fully open at midnight and they are ready for pollination
around 2: 00k at night. The eight anthers will dehisce sequentially up to 12: 00h; Male flowers
 Start dropping at 16: 00h up to next few days. In Spain, flowers start opening at night, fully open
. # mid-day (around 13: 00h) and flower is ready for pollination at this time. The anthers will
i dehisce dsequentiality up to evening. Longan flowers do not open at the same time in individual
and orchard,

. The F flowers have 3 bicarpellate or tricarpellary ovary with a two or three lobed stigma. The

" ¢ight stamens on the F flowers are undeveloped, with a short filament and an indehiscent anther.
The surface of the receptive stigma is covered with long papillae. The ovule is composed of two or
Tee united carpels; each carpel includes an anatropous ovule. The evule hosts the embryo sac, is

d 1o the placenta by the funiculus, and the micropylar exostome faces an obturator. The M1
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and M2 flowers have eight long developed stamens. The M2 flowers have a short and small
undeveloped ovary and stigma. Pollen grains will grow within one day after anthesis.

Pollination cccurs from early moming to mid-afternoon in Vietnam. It was carried out
mostly by honeybee Apis cerana and European honeybees Apis melifera, although seeing the
flower behaviour the relevance of other insects in pollination is worth to investigate.
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SINH HQC SINH SAN & NHAN

PHAM VAN THE, TRAN MINH HQL,
MARIA HERRERO, INAKI HORMAZA

TOM TAT

Nhan (Dimocarpus fongan Lour., Sapindaceae) ta mdt trong nam loai cay &n qua quan trong clia Vigt
Nam. Co quan sinh sdn cla nhan gém hoa dirc {M1), hoa fdng tinh cd chirc nang cai (F) va hoa luom
tinh ¢ chizc nang dyc (M2). & Viet Nam, hoa bat dau nd vao budi chidy, nd hoan toan vaa nira dém v
s4n sang cho thy phin it khadng 2 gier séng. Céc bac phén sé nixt lign tye cho dén 12 gid trra. Hea dye
bt du'ryng tir 4 gitr chidu cung ngdy cho dén mot vai ngay tiép theo, O Tay Ban Nha, hoa bét ddu né
va0 ban 16, né hoan toan va sin sang cho viée thy phén vao khoang 13 gier. Cac bao phin nirt lién tyctir
khoding thei gian d6 cho dén t6i. Hoa khong né cling mdt ltic gilva cac cly trong vuren cling ahir gifra cic
cym hoa trong ting c4 thé.

Hoa F ¢4 mt bhu véi hai hosic ba 14 no#n va mét nhuy xé hai hodc ba thuy. Tam nhj ciia hoa F
khéng phat trién, céc chi nhj ngén va bao phan khang bac gi¢r nirt, Tran b& mét clia nim nhuy dirge bad
phi boi cac nhi dai. Noan g8m hai hoac ba |4 noan hop lai, mdi 14 nodn gbm cb mdt non dao. Nodn
chira i phoi, dwge gidi han véi gia nodn bdi can nodn va 16 nodn mat ngoai dwgc che béi mit nﬁp bit
Hoa M1 va M2 9m cb 8 nhi hiru thy dai. Hoa M2 c6 mat biu va nhuy khong phét trién. Hat phan ndy
mam trang khodng thoi gian mt ngay sau khi thy phén.

Q Viét Nam, sy thy phén disn ra vao budi sang som cho dén gire budi chiéu. Ching dwoc thy phln
ch yéu b&i Ong mét ndi dia Apis serana va Ong ¥ rhép ni Apis melifera.
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