CHAPTER 5

RESULTS
Floral Development and Morphology, Flowering Phenology and Anthesis Process
1. Floral Morphology

Afgekia sericea Craib usually has long raceme inflorescence,
bearing a large number of flowers, up to i}i()}t 300 florets. Like the other fabaceous
species, the floral structure of 4. sericea :

5.38). The perianth (calyx and corolla) is,poveréc’fmhite, pubescent hairs. The calyx

is purplish red in color.ﬁ?&i‘ i
Wings are deep purple‘and jeée

) papilionoid flower (Figure 5.31-

greanish yellow with dark purple nectary guides.

S Whlte The calyx eomposed of 5 sepals, which are
basally fused along their m mmg a calyx tube, and the free upper part, calyx
lobes, which arranged i Or1ily i@ the two upper lobes and three lower lobes.
The corolla composed of 5 fre ﬁgtal;s ifb)pgpilionaceous form, i.e. one upper most
petal, the “standard” or the 1Ilum3‘ the”tﬂoﬁateral Eetals the “wings”, and the two
lower most petals. The last two peﬁls alw&more or less united, forming a robust,

boat-shape like structure, the ”k%el’— (Fi 2

: "21) which enclose androecium and
gynoecium. The two., .llateral peta‘ls are usuéﬂ‘y in some v&ay laterally connected with
the keels (Figure Sij e androecium comp s-:.a:-"-*' ifamens which is pseudo-
monadelphy (Figure 53 -5.25). The gynoecium earnposed of one simple pistil and is
embraced by united stamen filaments. The placentatlon 1s marginal with usually 1-2,

rarely 3 ovules;

2. Floral Development

The inflorescence” metistem of ‘the raceme’ of ‘4~ sericea Craib
produces bracts in helical sequence (Figure 5.2), each of which subtends a floral
primordium (Figure 5.3). During the development of the flower, the floral primordium
is gradually changed in shape from ellipsoid to globose and the area of apical
meristem gradually diminishes as the successive floral parts arise (Figures 5.4, 5.5).
The initiation of the floral organ is acropetal from sepals, petals, stamen and carpel

respectively (Figure 5.29).
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7). 2
Figure 5.1 Flower structurf oflyoung and mature flowers: B, bracts; S, sepal; C, calyx

tube; V, vexillum petal; W, wing petals: K:fkégl; NG, nectary guide; bar = 1 cm.

Figures 5.2-5.3 Floral organogenesis (SEM micrographs): 5.2 Inflorescence meristem
(IM) after bracts initiation (B), bar = 100 pm; 5.3 Each of bracts (B) subtends an
ellipsoid floral primordial (FP). Abaxial side is at base in figure 5.3, bar = 25 pm.
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In the calyx, the lower most sepal is primarily initiated, follow
immediately by the two lower lateral sepal primordia and the two upper sepal

primordia, either simultaneous or very close successive stage (Figure 5.4).

After the establishment of all sepals, the petal primordial is then formed
and alternate with sepal primordia. The lowermost petals (keels) primordia earlier
appear and are alternate with the three lower sepals, followed by the arising of two
primordia of lateral petal (wings) (E{ﬁ , )+ The vexillum primordium seems to be

the latest one to initiate but i in form differentiation (Figures.

5.6, 5.10, 5.11). Lamina fmeglm at aﬂgf 50 microns, and the vexillum

t Wt (Figure 5.16). As in other
adjacent 1 margins, in an imbricated

continues to be the wid
papilionoid flower, the

arrangement. All five

arching over the other ofgan is ﬁe vexillum has a short claw
with an oblong-elliptic b other four narrow petals (Figure
5.30).

After the establiShmi _ stal primordia, the stamen development is
clearly divided into 2 serlesﬂ(ﬁg{gfes (5’ 7,5.8,:5.9). Stamen primordia which are

sepalot )-are initiated before the ones
¢ 'etal (ante 1 S stz 1es'5.8, 5.9). The sequence of
‘ pment is start from the one whgeL stand directly to the lower

that are opposite to t
stamen primordia dev
most sepal an Ei % lateral sepals and then
the last two pﬁ ﬂ ﬂéﬁ ﬂlM mpﬁpjpf] 1gures 5.7, 5.9). After
that the series of stamen which is opposite to thepetals (antesepalous stamen) start to

mmate%dm :J aﬁf}l‘;tm u m ’]Qum H ’Lﬁ'l‘%.lilrectlon of the

development of antepetalous stamens is the same as the antesepalous stamens, i.e. the
two stamen primordia, which are opposite to the “keel”, then the two primordia, which

are opposite to the “wing”, and then the vexillary stamen primordium.



25

ii/g's sdzepﬂals initiated on floral apex (F), the first-
85), and 83 the two adaxial sepals, bar = 50 pm; 55

Petal initiation (P) around inifiated carpel {(€), bar = 50 pm.

iR ..-‘."-5,4 ;:“

Figures 5.6-5.7 Floral apex: 5.6 Petal primordium at top will become vexillum, bar =
50 um; 5.7 Initiation of first antesepalous stamen (S) and the other twos on abaxial

side of initiated carpel (C), bar = 50 pm.



26

Figures 5.8-5.9 The carp
stamen are at arrowhea

Figures 5.10-5.11 Carpellary cleft formed adaxially, vexillum primordium (V), is the
latest one to initiate but it is the first one to begin form differentiation, bar = 50 pm.
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Stamen primordia of both whorls remain cylindrical (Figure 5.13) until
gaining a height of 100 microns. At that stage the antesepalous stamen primordial
slightly arched inward and appressed against the carpel (Figure 5.13) the stamens,
thereafter develop a distal connective, elongate, introse anthers with thick filaments

(Figure 5.14).

The antepetalous stamens have distinctly shorter filaments since the

beginning of the development until a ays before anthesis (Figure 5.14), than
these short filaments are very rapldl»)x e ore the day of anthesis, until they
are equal in length to the an____ us on e filament and anther regions

appear, the fusion of filam

d elo@al growth, forming a short

9/s mens ‘(PMS.M, 5.15) while the tenth

dlade ous stage. Later on the nine-

incomplete stamen tube, i

(vexillary stamen) is fr

stamen tube has fused wi to form a continuous tube, which is

then turn into the pseudo- ous St 2

A

The inception I*TBI&J 1y ésta ished soon after the initiation of
stamen primordium (Figures S. 5%6, 5 ooks like a mound at the centre of

developing flower and later on:'&:om% radial hemispherical primordium
(Figure 5.7). When tge carpel primordium is af a w

gradually changes ""” —: S
(Figures 5.8, 5.9). Thé margin of ventral s
depressmn on the medlgn ventral side of carpel prlmordlum (Figure 5.10). This

toin o 4 TP Y e o

its height of about 100 microns, w1th the development and growth of the flower

b NI Wiy WS ——

carpel and large stigmatic area formation (Figures 5.16-5.20). The style and ovary are

of about 60 microns, it then

and round dorsal side

folded forming a shallow

later elongate (Figures 5.17, 5.19, 5.26, 5.27). Stigma before-, on-, and after anthesis
day were observed. In immature stigma, papillae were turgid (Figure 5.28a), although
some secretions were already visible between papillae and the other cell of receptive
surface. In mature stigma, papillae had a shrunken appearance (Figure 5.28b). While
degenerated stigma papillae have collapsed (Figure 5.28¢).
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Ay
N

g 5.13 ,
: w4 \\.\Q—"‘ ; “ ) i

s
- -

argin of ventral side is folded, forming a depression on the
y/ dgepens anh more discernible as a cleft (5.12). This
ape (5:13), Bnr =50 pm.

Figures 5.12-5.13 The s
carpel primordium, grad
i

-

.
=

BTV - .  ul

NN

Figures 5.14-5.15 The antepetalous stamens (SS) have shorter filaments (5.14). The
fusion of filaments has developed, forming a short incomplete stamen tube, including
9 stamens (5.15) while the tenth (vexillary stamen, VS) is free, bar = 500 pm.
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Figures 5.16-5.17 The vexill ’the wldeé( petal throughout development (5.16). The
lowermost petals (keels)and o of latei‘a,l petal (wings) (5.16-5.17), bar = 500 pm.

Figures 5.18-5.19 Keels are fused (5.18) and vexillum encloses the adjacent petal
margins, in an imbricate arrangement. All five petals grow marginally as flatten
structures arching over the other organs (5.19), bar = 500 pm.
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Figures 5.20-5.21 Keel st fuse at the distal end (5.20, 5.21). The vexillum start to
encloses the adjacent pet gl ng,f‘ili an imbricated arrangement, bar = 500 um in

Figures 5.22-5.23 The fusion of filaments has developed, forming a short incomplete
stamen tube, while the tenth (vexillary stamen, VS) is free (5.22), bar = 500 pm. Later
on the nine-stamen tube has fused with the vexillary stamen to form a continuous tube

gpd the nectar gates (NG) (5.23), bar = 500 pm.
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Figures 5.24-5.25 The ning-stamen tube has fused with the vexillary stamen to form a
continuous tube at pseudé—monadelphous stage; 5.24, one day before anthesis, and
5.25, on the anthesis day, bar =500 pm. = &

F.
)

Figures 5.26-5.27 The antepetalous stamens have shorter filaments until one day
before anthesis (5.26), they are equal in length to the antesepalous ones on the anthesis
day (5.27), bar = 500 pm.
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Figure 5.28 Stigma maturation: a, immature stigma; b, mature stigma; c, degenerated
stigma, bar = bar = 100 pm.
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Upper sepal

‘Wing
Lower
lateral sepal
Antesepalous
stamen
Antepetalous
stamen

[ . 'Y
Figure 5.9 The intation of |l pimbriny 1 | bava i acropeal. saring

e
from sepals, pe“ls, stamen and caogpel, respectively; dark color shade represented

TR I AR INYINY
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Figure 5.30 Before anthesis all five petals are arching over the other organs (al). At
anthesis the vexillum is shortly clawed with an oblong-elliptic blade (a2). All five
petals of one-day flowers arching over the other organs again after blooming day (a3),
bar =2 cm.; b and ¢ inflorescences top view.
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Figures 5.31-5.32 Wing remoyed flowers (5.31); wing (5.32), 531=1X;532=2
X). /A

Figures 5.33-5.34 Vexillum and wings removed flowers (5.33); vexillum (5.34),
(5.33=1X;5.34=2X).

121165530
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Figures 5.35-5.36 Vexillum, wing, and keel (K) removed flowers; (5.35=1X;5.36=
2 X). :

Figures 5.37-5.38 Vexillum, wing, keel and staminal tube removed flower (5.37);
5.38 Staminal tube (5.37 =2 X; 5.38 = 20 X).
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3. Flowering Phenology and Anthesis Process
3.1 Events in the single inflorescence studies

3.1.1 One full opening cycle from the first day to the last day
of anthesis takes 68.60 + 8.74 days (mean + SD, n = 5) that is ca. 2 months.
3.1.2 Average inflorescence length of 15 inflorescences from

5 plants was 49.24 + 9.46 cm, and the mean of the floret numbers were 228.93 +

68.93. \ !
3.1.3 In the ﬂb&rel% studies, it was found that bract of

all florets that going to an&%fell Bef a@ght all anther dehiscence was
f OWer . Wartmg form 04:00 hour until

between 01:00-02:00 ho HMINg
full blooming of all fl ' 100 /hqur, ﬂower “opened acropetally (Figure 5.39,

5.40).

-

32
inflorescences each wer ‘ 'r wa d ‘;hét\ﬂowering magnitude of 225
o?‘@ing takes 13 weeks. On the 4™

of the fifteen plants with 15

As compared W1th the weather ddta of 2000 and 2001 (Figure
5.42), the start o ith the beginning of the
rainy seasonm. @\@N ﬂl ?ﬁﬂmﬁcﬂﬁﬂﬁvﬁlﬁu@ plot. In 2000,
floweri f Kprll and endédwith the wiltifig' of the last flower
e AT AN O e o

number per time unit, occurred on the 5™ of August. On that day, 421 inflorescences
from 30 plants were in anthesis, and 26.67% (8/30) started fruit setting, fruit setting
commenced on 29 July, 20% (6/30) was found. In 2001, flowering commenced on the
9" of June and end on the 17" of November, ca 6 months later. Peak flowering
occurred on the 11™ of August. On that day, only 292 inflorescences from 30 plants

were in anthesis, and 36.67% (11/30) started fruit setting, fruit setting commenced on
the 7" of July, 3.33% (1/30) was found.
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07:00 08:00 09:00

Figure 5.39 Timing of flower opening is starting form 04:00 hour until full blooming
of all florets at 09:00 hour, flower opened acropetally.
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Figure 5.40 Percentage o \ opened flower (®) from mid
night to 9:00 hour at Research. Station on mid of August
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Figure 5.41 Dynamics of flowering of the fifteen plants with 15 inflorescences each
from early June 2000 to late September 2000 at Sakaerat Environmental Research
Station.
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Figure 5.42 a, average monthly temperature; b, average monthly total rainfall and c,
average monthly relative humidity of Sakaerat Environmental Research Station in the
year 2000 (m) and 2001 (®).
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The number of flowering inflorescences per day from 30 plants ranging
from O to 421 in 2000 and O to 292 in 2001, depending largely on the overall
phenological state of the plant and precipitation. In 2000 total annual precipitation was
1101.2 mm and the peak flowering is 421 inflorescences but in 2001, total annual
precipitation was only 484.7 mm and the peak flowering was only 292 inflorescences
(Figure 5.43).

—
::& * *"A ,
300

Inflosescence Numbers

8 DEC

ﬁzisa::h?;z?gfamﬁfmmmﬂ pLs e i ey
QW’]a\ﬂﬂimﬂm’]’mmaﬂ
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4. Nectar Studies
4.1 Studies on the floral nectary structure

The flower produces nectar by a nectary gland at gynoecium
base (Figure 5.44, 5.45). It is a concave ring between the stamens and the ovary base,
about 2 mm wide and 3 mm height. The gland is composed of small isodiametrical

cells with thin walls, relatively large i, intensely stained, with dense granular

volume+SDof211+O70ul
:'1 =

Ratchasima.

; 0 Y maverage of 65.68 + 2.80%,
ranging from 60.6% © 69 6% at Siri Ruckhachati Garden, and  63.02 + 2.44%,

ranging from Sﬁo/w gzﬁ%m Wal]Rszﬁeh Station

4 3 Determination of nectar sug

MDA

or sugar composition using thin-layer
or high-performance liquid chromatography (HPLC) (Stuessy, 1990), in this
investigation kinds of sugar were identified via HPLC, four samples were examined,
and the only sugars identified for all samples were the usual three, i.e. sucrose,
fructose, and glucose (Table 5.1). There was some variability in sugar ratios, however
all samples were sucrose dominant. The hexose ratios showed that in all samples
fructose pre dominates over glucose. There also was variability among the samples in

the hexose proportions.
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' 5.44 *a&’? i

Ry Yee SRty

e 5:44:Nectary SEM micrographs, bar = 500 um;
5.45 Nectary in longitudi
the gynoecium base.

Figure 5.46-5.47 5.46 Nectary in cross-section (100 X). 5.47 The gland is composed
of small isodiametrical cells with thin walls, relatively large nuclei, intensely stained,

(300 X).
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"
e

ary Jo

dinal section (100 X). 5.49 The gland in

Figure 5.50-5.51 5.50 Outer epidermis of the nectary, the epidermis does not bear
modified stomata. 5.51 Inner epidermis of the nectary, the epidermis also does not

bear modified stomata, bar = 1,500 pm.



45

Table 5.1 Nectar sugar composition and concentration in selected samples from Siri
Ruckhachati Garden, Mahidol University, Salaya campus Nakhon Pathom and Thai
Commemorative Garden Kasetsart University, Bangkok,

Nectar Sugar Sucrose Fructose Glucose
Snsple Conc. (%) (%) (%) (%)
Salaya 1 48.96 69.32 18.26 12.42
Salaya 2 55.34 19.64 14.37
Kasetsart 1 45.16 19.44 15.19
Kasetsart 2 16.16 11.44

PMIAIATUAMINYAE

U

AULINENINEINS
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Pollen Viability and Germination, Pollen-Stigma Interaction,

and Self-Incompatibility
1. Pollen Viability and Germination

1.1 Pollen viability, investigated during anthesis at 9.00 hour,

Tetrazolium test was used. Quantitative data concerning the viability (%) were

11 ins from 10 microscopic fields for each

treatment. %ﬁ]}s//
\'g‘! {{;‘Lﬁ.‘h Itetrazoli hlorid
wi .3.5-Triphenyltetrazolium chloride

¢ of pollens. The highest percentage viable

obtained, scoring of 200-300 po

gradually, dropping to 50% line.

A

,..u'ﬂ.-f_-: . .
all samples, viability elapsed at the ﬁorn{ng C

ﬁrmination%sts were conducted in 7 media of

Po
different sugaﬂou&ati ' &l) 10 %Jth day. The media which

composed of 50% sucrose gave theshighest percentage germinatign. In contrast, the

i YT LGB BARY PYI A Bhves e v

percentag% germination of pollen on the anthesis day in all samples of either from

Sakaerat or from Salaya. The results of both samples are showed in Figures 5.54, 5.55.
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Figureaﬁﬁ(ﬂer@iﬂimy quAiH tiﬂsrl’gnm:la@bﬂ and it 1, 2

and 3 days after anthesis, respectively. The differences in the tonal quality of the
pollen grains indicated the gradation in formazan color development from deep red to

light red.
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10 a

% Viable Pollen

1,2, and 3 days after anih | ; sample from Sakaerat and e pollens sample
from Salaya). AT )

% Germination

0 WA adhs S Tingy ™

Figure 5.54 Comparison of percentage pollen germination indicated by in vitro
germination in 7 types of sucrose concentration at 9:00 hour on anthesis day (m
pollens sample from Sakaerat and @ pollens sample from Salaya).
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Figure 5.55 Pollen germination tests in 7 sucrose formulas, in a-f the result form
sucrose concentration of 20%-70% are shown, respectively.
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2. Pollen-Stigma Interaction

2.1 Sample of 5 flowers each was taken 16 time intervals on the day
before anthesis to the day after anthesis. Cytochemical localization of esterases on

stigma surface was used to determine stigma receptivity.

From the investigation it was revealed that, the white and

smooth stigma becomes wet and receptive before the day of anthesis. The receptivity
lasted until ca. 12:00 hour on an ay (Figure 5.56). From then onwards,
receptivity diminished slowly thes1s During that time, most

m white to brown.

stigmas showed signs of w1 changl

22 M ‘ -’Wlophme membrane method
. len .

contrast, pollen on the day b&?;;e- a t anthesis day, showed the lowest

percentage germmatlg of poll’en:"ﬁ-ﬁfs d that pollen begin to germinate at 21:00
hour on the day be ,‘P__:_;.-;.:.:..:,_:.:.:_:.a:.»‘T'.-:..:.'.’.T‘T"‘ day after anthesis. The

results are showed in Fﬁue-

l\ﬁ\ﬁe for loc¢alizing pollen in the pistil was used to
localize pollenﬂ u‘l ﬁhm ﬁ [}]

WIAaNT T@W f.;l g
pollen tul|e growth in vivo was used. It showed the bagged flowers and selfing flowers

with a large amount of ungerminated pollen grains on the globose stigma. Pollen

-ﬂ

counting on stigmas yielded germination, if occurred, with short pollen tube in
artificial crossed. Figure 5.59 depicts stigma from an unbagged or open flower at
Sakaerat, open to pollination by flower visitors. The germination pollen grains with
the pollen tubes indicated successful pollination. Only a small amount of pollen grains

are on the stigma surface.
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00 hour on anthesis day,
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)

Figure 5.57 Pollen germination tests from
interval

three hours
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Figure 5.58 Comparison of pereeiitage pollen igdonnmation, the results from 9:00 h on

the day before anthesis toj;_i)_,b.-e 5,,{1 the day after.anth Eﬂi’

Figure 5.59 Pollen germinated on stigma in bagged (a), selfed (b), crossed (¢) and

open (d) flowers.
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Table 5.2 The percentages of pollen germination on stigma in open and bagged
flowers in September, October and November 2001.

With With
Study Month Manipulations Out With Germinating
Site Pollens Pollens Pollens
Sakaerat | September 11.59 N1l
3333 0.00
Sakaerat | October 51.13 11.28
13.33 0.00
Sakaerat | Novembei 64.05 112
\ 38.38 0.00

Table 5.3 The results of p
crossed flowers; the per

a in open, bagged, selfed, and
ipulations in September and

October 2001.
With
Study Mont@ With Germinating

Site N Pollens Pollens
Salaya September 83.33 0.00
63.33 0.00
ﬁ—ﬁﬁ ﬁ).OO 0.00

—% 2O.OQJ 80.00

'7}@ i 23.33

30.56

0.00

76.19

19.05
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3. Method for Self-Incompatibility Studies
3.1 Bagging experiment

In this study (Figure 5.60), it was found that none of 30-
bagged inflorescences (Table 5.4) from 3 plants, 10 inflorescences each, did set pod.

These results rule out the possibility of autogamy, because self-pollen, which is

invariability deposited via automatically; !t[e receptive area of the stigma, did not
give fertilization to produce pods. * ‘T / gamy, i.e., the pollination and
fertilization of flowers from d&ﬁlan& th ode of reproduction in this

jon i enj flow nt also found (Table 5.4,
/A\ \

X ;‘.t.@& vith a single inflorescence from

species. In this study fruit
Figure 5.61).

time to time in the earli s of these experiments: no

flower did set pods, even tl | the stigma for the entire

duration of anthesis, i.e., 1- | that at all times the entire

E3IONE N i ig Vo
study pollen tub%r' in Wi ed a y rﬁence microscopy
technique. The analysis of several hand cross-pollinated flowers.sshowed high

perentage O thl sy i genvafin pdfen. il ot ot b and ovary

always abor?lon. This percentage was also high in open pollination. In open

pollination analysis showed that high percentage of pistil had been penetrated by the

pollen tubes.
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Figure 5.60 Bagging experiment: a, Bagging at the study site in natural habitat; b,
Inflorescences were isolated by covering before anthesis with fine mesh net.
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Table 5.4 Bagging experiments in a period 7 weeks (W1-W?7) at Sakaerat in the year
2001.

Month | Manipulations | W1 | W2 | W3 | W4 | W5 | W6 | W7
August Bagging 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Open 0.00 .| 0.80 | 20:.00 | 30.00 | 23.33 | 23.33 | 23.33

September | Bagging 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Open 0.00 | 0.00 | 30.00 | 30.00 | 36.67 | 53.33 | 46.67

W
The _inefficicncy 3f bofﬁ'{ba’gged- and self-pollination
treatments, indicates that, there"is n If-fertilization im.this species. It showed the
bagged flowers and selﬁngﬂo/w with large amount of ungerminating pollen

ig. 5;62 and Table 5.5 depicts stigma from an

grains on the globose sti
unbagged or open pollinate rjat akaer J, open to pollination by flower visitors.
The germination pollen grai e pplle;i tubes indicated successful pollination.
As no fruit was obtained from ial, crossed,goumatlon so pollen germination and
pollen tube growth in pistil were used. o Estuﬁrafg self—mcompatlbﬂlty rate, the index
to measure self-incompatibility (IS’I-j_Was used':tﬁecause there is no pollen tube
occurred in artificial self:-'polhnatten -(."-Eable_ 5,5)“,.‘*5&-1-81 = 0, it is indicated that this

species is a completely s;lé‘-incomnatible =
ol )

3.3 Estimation of the out crossing level, the relation between the

number of the pollen grains and-gvule (P:O ratie) was observed to reflect the breeding
system. The pollen-ovule ratio was determined by ‘calculating theé mean number of
pollen grains produced per flower and dividing this by the mean number of ovules per

flower.

The P:O ratios in this species were 1,5940, 16040 and 16130
in specimens from Chulalongkorn University, Kasetsart University and Mahidol

University respectively, which points out to the obligate xenogamy.
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Figure 5.61 Fruit abortion; A on the first observation, B 2 weeks later, and C also 2
weeks after B.



59

Table 5.5 Pistil with germinating pollen from many manipulations in 3 study sites

found that none of bagged and selfed inflorescences gave germination, pollen

germinating only in open and crossed inflorescences.

w

With With
Study sites Month | Manipulations | out | With | Germinating
N\ ‘ en | Pollen Pollen
Sakaerat July 24 40
42 0
August s 16 36
43 0
Salaya July 32 0
TAA 3 57
Phanom Rung | August" : 2;“-}: 80 16
XN 82 18
X 87 8
September _Ef« 34 53
| 7 24
i b 4

Note: MU = Siri Ruckhachati-Garden, Mahidel University, Salaya, Nakhon Pathom

PNR thmﬁrmm,ﬂ‘ﬁm Uierit

NBN = Nong Bun Nak District, Ngkhon Ratcha31ma Province

ARIANN I URNINYA Y
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Figure 5.62 Microphotograph of stigma and uppermost part of the style. Note that no
pollen tubes emerge form the pollen grains in a, bagged flower, and b, selfed flower.
In hand crossed- ¢, and un-bagged flowers d, there are the numerous pollen tubes. In
hand cross-pollinated flowers showed germinated pollen with short pollen tube. e,
Pollen tubes in the style. f, Tube nucleus, the lowest one, and 2 sperm cells.
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Behavioral Features of the Visitor and Pollinator-Plant Interaction
1. Visitor and Pollinator

Twenty animal species are found to be visitors of Afgekia sericea Craib in
5 study sites (Table 5.6) (Figure 5.63, 5.64). The majority of them are bees of the
order Hymenoptera. The minority of these visitors are beetle of the genus Mylabris

(M. phalerata), butterfly of the genus Chilades (C. pandava) and sunbird (Nectarinia

sperata). \\ ' /
Among these H &ﬂer bee (Megachile spp.) is the

largest group, composesomwn t@onjuncm, M. disjuncta, M.

monticola, M. umbripenni.
spp. 1, 2 and 3). The othe;

genus Nomia (N. iridesce

Anthophora (A. croce
dissimilis), one specie

unidentified stingless bee

?.l_;u- ‘
These visitors can
il .r I o+

pollinator, according :ti) thelr“ﬁeﬁ;ivior at’ me ‘take part in the pollination of 4.

sericea Craib or noﬂ' ‘f--v——-——--—---,----}_-,-,-—:--' ------ +and Pithitis are found to be

potential pollinators wlﬂea“ the a s shown in Table 5.6.

!

”ﬁﬁﬂawﬂwiwa1ﬂi

fCutter bees get theg name form the habit of some species that of
cutting a %ﬁaﬁ} Mof Ie&je‘g BI lﬁ %I" W @f ?B’m are solitary
bees (McGavin, 2000). Many species have stout, dark brown to black bodies and may
have yellow, white or pale marking. Pollen collecting species carry their loads in a

brush of hair found underneath their abdomen (Deyrup, 2000).

Among the identified Megachile, M. monticola (Figure 5.66) is an only
one large bee. It has wide-set and large mandibles, large and square head, and stout
body. Its thorax and part of abdomen covered with dense orange hairs. M velutina

(Figure 5.65) is a medium-sized bee with brown body. The other three species, M.
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conjuncta (Figure 5.67), M disjuncta (Figure 5.68a) and M. umbripennis (Figure
5.68b) are small-sized bees. The first one has brown body whereas the latter two have

black with white marking bodies.

Within unidentified Megachile (Figure 5.69-5.71), Megachile species-1
and species-3 are similar to M. velutina (Figure 5.69, 5.71) in its general morphology
and color but differs in its smaller size and more dense, orange or yellow hairs

covered on the thorax and part of abdomen. Megachile species-1 is then very closed to

M. species-3, but having yellow ‘ ’7 ide abdomen in place of usually black
other species. \Sﬁ /

M. velutina a ] : antly found in the studied sites.
However, the previous Seents ' n as it has been found in all

‘Bangkhen. M. conjuncta and

every studied sites but th
F i ol
M disjuncta were scarcgl 1/af both %onmental Research Station

[pennis was even more rare.

Nomia elliotii and"i\F t&fzs R, ore or less similar to each other but
the latter is slightlylaigesand-also-has-a longer probo di (Figure 5.73-a, d). The
unidentified Nomia differs from those “having yellow bands on the

abdomen instead of green

v Bhild TEpUITTCIEC [Tt - A

Station and also found at Phanom Rung Historical Park whereas, V. iridescens was

oot QA VNIV LIRNRHIE A B e e o

Phanom ﬁung Historical Park.
Pithitis sp.

Pithitis smaragdula (Figure 5. 74) is only one species of Pithitis found in
this present investigation. It can be easily recognized by its small-sized and brilliant
metallic green body. This potential pollinator was found in three studied sites, i.e.

Sakaerat Environmental Research Station, Salaya and Phanom Rung Historical Park.
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Xylocopa spp.
Ten species of Xylocopa were recorded in Thailand (Hutacharern and
Tubtim, 1995). Only two species, i.e. Xylocopa aestuans and X. dissimilis (Figure
5.76) were found to be visitors of A. sericea in this study. The first species was found
in all five observed sites but the latter species was found only at Sakaerat
Environmental Research Station. Xylocopa aestuans has medium-sized, black body
with bright yellow hairs whereas X. dissimilis has larger size and black body without

M

any mark.

Trigona sp.

Stingless bee
In this species, pollen lo
in groups (Figure 5.77).

S w
E‘-.
L

commonly found than A. croc = found in Sakaerat Environmental

Hlstoriea\l m but 4. crocea has never

' '“I.ll'

Research Station, Phﬁom Rung

Chilades sp.

At ﬁeu%ﬁf% E| %W ﬂ9‘;§.s only one butterfly

species which is‘a visitor of 4. serzcea and found at Sakaerat Env1ronmental Research

Station alwq @Scﬂm an'ly]bﬂ Efl ﬂTﬁ ﬁ C. pandava

has browq wing, wi

Mylabris sp.

M. phalerata or oil beetle (Figure 5.81) is a large beetle. It has a long and
broad body (ca. 25 x 9 mm.), black wings cases with three broad, wavy, orange to
yellow bands. It also has unique disagreeable odor. It has been found to be the pest of
A. sericea in this present study and found just only at Sakaerat Environmental

Research Station.
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Table 5.6 Plant visitors at 5 study sites: 1. Sakaerat 2. Salaya 3. Bangkhen 4. Phanom
Rung 5. Phatthalung. (Reward: P = pollen, N = Nectar)

Study Sites 12|13 (4|5 Reward Type of Visitor
Megachildae
Megachile velutina Smith * * o x P,N Pollinator
Megachile monticola Smith % % P,N Pollinator
Megachile conjuncta Smith 3 PN Pollinator
Megachile disjuncta Fabricius | * | * \ ‘ ' P, N, Leaf Pollinator
Megachile umbripennis Smith o P,N Pollinator
Megachile sp. 1 e Pollinator
Megachile sp. 2 x Pollinator
Megachile sp. 3 Pollinator
Halictidae
Nomia elliotii Smith Pollinator
Nomia iridescens Smith Pollinator
Nomia sp. 1 Pollinator
Anthophoridae
Pithitis smaragdula Fabricius Pollinator
Xylocopidae
Xylocopa aestuans Linn.. n | ) Non-Pollinator
Xylocopa dissimilis Lep. § A Non-Pollinator
Apidea U = — |
Trigona sp. : s A ] P 'y, P Non-Pollinator
Podaliriiﬁe | '] H "] p
Anthophora zonata Binn. * e ¢ » " N ﬁt"‘Non-Pollinator
Anthophora c in .Q ~ e W}%%n "1la a chx-Pollinator
Laaﬁdai%li N[0 bk on | O J
Chilades pc?ndava Horsfield * N Non-Pollinator
Nectariniidae
Nectarinia sperata * N Non-Pollinator
Meloidae
Mylabris phalerata Pallas ¥ Petal Flower Eating
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Figure 5,63 Frequency and ant visitors at Sakaerat Environmental
Research Station on 3 rainy days m Mylabris phalerata, m Megachile velutina,
Megachile spp., m Nomia elliotii, m Xylocopa aestuans, m Pithitis smaragdula, =
Nectarinia sperata.
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Nectarinia sp.

N. sperata or purple-throated sunbird was found only at Sakaerat
Environmental Research Station. Size is about 10 cm in length both sex are markedly
different from each other (Lekagul and Round, 1999; Robson, 2000) (Figure 5.80).

2. Foraging Behavior of Pollinator and Non-pollinator

2.1 Pollinator behavior

Megachile spp. -:‘._S'\}% \ ,,//Z/_.-

According to e spent approximately 10-15
seconds to cut and collec it visited flower of 4. sericea
for 60 to 120 seconds to visiting bee usually lands and
clings to the wings of the \bbqas into the path between the

vexillum and the upp Jes e Keel) slid g it ¢ \:%1 to reach the nectar at the
base of the staminal tube’ : er body part presses against
the wings and the keel. wards so that the pistil and

stamens somehow exposed he stigma and anthers then come

into contact with the underside _,off)}ﬁ:b Figure 5.72). The bee rakes pollen
from the anther and stuffs it among dense rows of long! stiff hairs (scopa) on the

antil it is enti en: At the same time, the bee

—

rubs its belly across anthér and stlgma

underside of abdome
inally the pollmdd)n is successful. As the bee
left the flower, the wi ij’ and keel gfrmg back to its initial ﬁosmon The exposed

stamens and sti u % i w EJ f]
R W”m "fjﬁ“ﬁ? 7]*21”1 g
as of A. gericea’s, in a acters, ornamentation pattern, shape and size

(Figure 5.75).

Compared with other Megachile species, M. velutina seems to be the early
bee to arrive on the flower, except for an occasional Mylabris phalerata. 1t is often
found abundantly at approximately 10:00 hour and again at 14:00 hour, especially on

sunny days. It is also restless and rather timid. It may nevertheless be the most
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Figure 5.65 Megachile velutina, a main pollinator, foraging on 4. sericea, the bee has
approached the flower slightly from one side, and always moves from floret to floret
in the same florescence (b, ¢). The visiting bee clings to the wings, forces its way into
the flower, wings and keel are pressed down, uncovering the stamens and style which
come into contact with the underside of the bee’s abdomen (b, ¢, e, f), bar = 5 mm.
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F —
s aeih .

Figure 5.66 Megachile monticola the largest species found from this study (a), bee

clings to the wings (b), forces its and pressed down, uncovering the stamens and style.

¢, d), bar =9 mm.

L

-

A
‘.:"'“ S

Figure 5.67 Megachile conjuncta General behavior was similar to that of M. velutina,
but less daring in pollen collecting. Most specimens in this species found sucking
nectar (B) rather than collected pollen, bar = 5 mm.
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eg'eral m is similar to that of M

’ nis (b), 2 s;nallest of Megachile spec1es an active

bee which quickly movi Spe fme found Probably it is an efficient
pollinator but too scarc

F.gure'élsﬁl’lﬁvﬂ bl v mma i mm A o e

foraging behavior (b) but slightly smaller in size, having thorax and part of abdomen
covered with more dense orange hair (a), bar = 5 mm.
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-
Figure 5.70 Megachile IM/ tly larger in size than M. umbripennis, but smaller
than M. velutina, similar t ripepnis in general morphology (a), and to M.
velutina in foraging behavio 5 d ep | black thorax and upper side of abdomen

covered with dense yello
station, bar = 5 mm.

‘found" only at Sakaerat Environmental research

F.gure&ﬁma@&ﬂ‘immﬁ el %Jél@n&lmg Hisorca

Park, similar to M. velutina in general morphology (a) to M. sp.2 in deep black thorax
and upper side of abdomen covered with dense yellow hair (A), slightly differ in
yellow color of lower side of abdomen (b) in place of usually black in other species,
bar = 5 mm.
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efficient pollinator because of its relatively high rate of re-visiting and consistency to

the flower of 4. sericea.

M. monticola is the second most common pollinator. However, it is less
restless and may less daring in collecting pollen of A. sericea than M. velutina since it
has lower frequency of returness. Eventhough M. conjuncta, M. disjuncta and M.
umbripennis had been found to carry pollen of A. sericea and have similar pattern of

foraging behavior like M. velutina and M. monticola, but their appearance were so

scarce. According to the present o s“’ 7&, they had been found only 8, 5 and 1
. . . ™ \ | v
times respectively, during 2 ye AN //

P
Nomia spp. """ =
According 0/ e whr, %ms to be interested only in
collecting pollen as it : ( e tow. the base of the vexillum,

where the nectar can b 8Kt'h@wing and presses its head

towards the tip of the wi
up and then forcibly presse

collects pollen in the pollen

has its daily emergence peak bet@i :00 and 13:00 hours.
S .
Pithitis s‘i_.‘._l, ; i {j

Like Megadtile, P. smaragdula bofh nectar and pollen but in

different pattern of visitatig,n. When this bee gl.I}dS for the nectar, it lands on the wings
-

and move direcﬁ tﬂﬂat?:lﬁﬂ%ﬁ. WW chile, when it sucks

the nectar, its head points ou s to the tip of the wings and keel, then its lower

ool 413N 1 6N ) 1130531
opens the E: reibly e he keel to col olle s. It collects

pollen in the pollen baskets or corbicular on hind legs like honeybee.
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Figure 5.72 Stigia of Afgekia sericea; a artificial pollination, b and ¢ pollination by
Megachile sp., d pollination by Nomia elliotii, spécimens were from Phanom Rung
Historical Patk. Allhate differénce in abundance of pollén graimiand also in stigma
morphology.
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2.2 Non-pollinator behavior
Xylocopa spp.

The carpenter bees find only for the nectar from A. sericea. They show the
same foraging behavior in visiting the flowers of this species. In stead of landing and
facing directly on and the wings, the carpenter bees always cling on the side of the

wings and keel and penetrate their pr is down to reach the nectar which deposit
underneath the base of the vexiilur \ : @ e, they fly and land on the abaxial
side of the vexillum of the ‘which si e lower position in the raceme

(or the flower that open in the-pr ViO'J sucks the nectar from the newly
-
opened flower. They nev d the\\keel and wings. These bees

can found all daytime.

Stingless bees yisitiflowe f ice group all daytime. They spent

1-6 minutes per each flo

&6t1d not open them. This may be because these bees

——

keel and just move around but
are rather clumsy, often loosﬁé&%ﬁ?ﬁf" y ahd-fa ing off from flower. They collect
only pollen grains on --:-a.:-;. the flo '

also collect pollen otly f anthe: @ flower that keel is biting

opened by other inse combined working of the

forelegs and ﬁﬁ rEl ef ird-fflﬁe forelegs to the mid
legs and then t ind’le IJ ?ai d insi e pollen basket. This
bee almost never contact sti%a of’the flower sé»should not béd pollinator in A.

e WIANTTIEUHATIVIE TR

Anthophora spp.

Anthophora collect only the nectar from the flower of A. sericea.
Eventhough their foraging behavior is more or less similar to those of Megachile, but
the keel has never pressed downwards and uncovered the stigma and anthers during

their visits. Moreover, they often suck the nectar from the lateral side of the flower by
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cling on the vexillum rather on the wings. This genus can be found from around 10:00

hour -15:00 hour on sunny day.
Mpylabris sp.

From the present investigation, it seems that the oil beetles feed on the
flower. They usually bites and cuts the wings, keel, anther and may eat pollen grains
to. Many pollen grains can be found sticking on hairs on their heads and bodies. This

species always found in the morning.

Chilades sp.

wing and move directl ihe néctdry g ide and insert their proboscis down into
the path at the base ; tar. Like Anthophora, they
never make the stamen an wsedfrom the keel., Thus, no parts of anther or
stigma can touch their bo

Nectarinia s

This sunbird is usu and in rainy days, in the morning or in the
evening. They perch on tk is of th 25 vject their beaks directly to
the base of the vexilluri anc % contact to the wings and keel.

] §
AULINENINYINS
RINNIUUNININY
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Figure 5.73 Nomia elliotii; a bar = 3 mm, b the bee with pollen loads forcing an entry
into a flower and ¢ leaving the flower, d Nomia iridescens, bar = 4 mm, e the bee also
forcing into a flower, f Nomia sp. with pollen grains on both hind legs, bar = 4 mm.
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Figure 5 1ge:]ogs; ﬂlgm}!sencea I]oeﬂ gﬁo @/Iegachzle velutina,

¢ bee load from Nomia elllotu, d bee load from Pithitis smaragdula, only bee load
from Nomia elliotii pollen from the other species can be found (c).
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Figure 5.76 Xylocopa aestuans fa),bar = l—ﬁ_‘mm: and Xylocopa dissimilis (¢), bar =
11 mm, both bees colléct only nectar from the flower (b, d;f y

w |

w A e

Figure 5.77 Trigona sp. visiting the flower, this bee can collect pollen only from a
flower biting opened by the others, bar = 2 mm.
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Figure 5.78 Anthophora zonatd ,‘(a_);-;bar = Gjiiix'x,-'A. crocea (¢), bar = 8 mm, both are
similar in color and fotaging behavior. They only sucked,thé Pectar (b, d).

S 7

]

Figure 5.79 Chilades pandava (a), this butterfly also only sucked the nectar (b), bar =
6 mm.
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4900 &
s . pon-pollinator, the female purple-throated sunbird,
day/in'the mo;@ng or in the evening, fond of nectar in the

flower of A. sericea. It is@lways/seen busily feeding on nectar.

[
P o L

i |

Figure 5.81 Mylabris phalerata, oil beetles, a serious plant pest of A. sericea, feed on

the flower. It was found only at Sakaerat Environmental Research Station, bar = 7
mm.
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Fruit Setting Studies
1. Pollinator-Exclusion Experiment

Pod set was not performed when insect pollinators were excluded
from inflorescences at Sakaerat Environmental Research Station as it was mentioned
before in topic 5.2.3.1 (Table 5.4). Insects capable of tripping the floral mechanism

were presence at all study sites. It can be concluded that pollinators conducted an

In thi

which has the nearest othé:

ences with pod in 3 plants
! i s was 65.92% and average
- 1.06. ﬁ )ﬁ\ her 3 plants, which the

CES, Pere g@ﬂorescence with pods was

pod numbers in infloze

nearest others was approxima

From random. ‘%;t d= ‘ lants at Sakaerat Environmental
Research Station in ElOO 42f mﬂforeséw‘ . 78 il escences with a total of 92

orﬂin florescence was 228.93,

therefore percentage of po settmg was 0 The percentage of seed set was

determined in tﬁ% Htﬂ%&ﬁ ﬁ %?f% wm 'ﬂ (ajal ovules number and

total seed numbét!were used in calc%latlon the average ovule number in this species

W””‘ETW"TW?T‘?WW NYIRE

In 2001, 292 inflorescences, 71 infructescences with a total of 83

it was mentioned befor‘gin%. vir

pods and 165 seeds were found, percentage of infructescence was 24.32, percentage of

pod setting was 0.12, percentage of seed set was 0.12.
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Table 5.7 Percentage of infructescence and average of pod production per plant in ex
situ study site in Pharphayom District, Phatthalung Province in 2002.

Distance from Mean percentage Mean pod number
nearest plant (m) | of infructescence Sig. in infructescence Sig.
20 65.92 0.001 1.06 0.001
300 32.25 0.49

Comparing with the data fii lants in ex situ study site in Pharphayom
District, Phatthalung Provin ""a-&\ %wdy 565 inflorescences, 283
; s were found. Hence percentage
- —

infructescences with a tota

of infructescence was 5 was 0.35 and percentage of

seed set was also 0.35.

plant. Plants in natur

L 1101 14U

%
Table 5.8 ANW ﬂdl?ﬂ Wﬁwmﬂpﬁﬂ samples.
VAL Kb  DPT TR RTAE L]

E

Sig.
Between Groups | 1.23E-02 2 6.17E-03 0.44 0.65
Within Groups 87 1.41E-02
Total 89
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Figure 5.82 Pod setting in a cluster of 20 meters plants (a, b) and in a 300 meters far
plant (¢) in the study sites in Pharphayom District Phatthalung Province in 2002.
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