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Abstrak

Satu sir i  penyel idikan untuk mcnghuraikan biologi bunga bagi t iga klon

mangga dari segi kecekapan pendebungaan telah di jalankan.

Hasi l  daripada penyelidikan ini didapati  hampir 80% bunga bagi ketiga-

t iga klon mangga terbuka pada pukul 8.(X) pagi. Pada hari pertama antesis.

st igma berada dalam keadaan rescptivi t i  yang optimum. Pada waktu tcngah

hari yang sama. cepudebunga merekah dan mengeluarkan debunga yang

menun jukkan ber lakunya pcr t ind ihan fasa  s taminat  dan p is t i l l a t  bag i  k lon-

klon tersebut. Ketiga-t iga klon menunjukkan kebolehhidupan debunga yang

t ingg i  (81  87o/c ) .Pada sa tu  jambak bunga.  an tes is  bunga-bunga hermaf rod i t

tertumpu pada peringkat awal fasa pcmbungaan (minggu pertama). Bunga

jan tan  tc rus  te rbuka dcngan banvaknva hampi r  sepan jang tempoh

pembungaan mencadangkan bahawa sumbcr dcbunga adalah mencukr.rpi.

Walaupun bi langan bunga hermafrodit adalah lebih rcndah daripada bunga

jantan dalam satu jambak bunga tetapi kekurangan ini boleh diseimbangkan

oleh reseptivi t i  st igma vang berterusan sehingga 4 hari selepas antesis.

Abstract

A series of experiments was init iated to del incate aspects of f loral biology of

th ree  mango c lones  in  re la t ion  to  the i r  po l l ina t ion  e f f i c icncy .

Experimental results reveal that about 809i of f lowers in al l  clones

opened by 8.00 a.m. On thc f irst day of anthcsis. st igmas were at thcir peak

receptive condit ion. and at noon on the same day. thc anthers dehisced and

shed pol lcns; indicating an overlapping of staminatc and pist i l late phascs rn

these clones. Pol len obtained from al l  thc three clones were highly viabte

(81-87%). Anthesis of hermaphrodite f lowers was conccntrated at the

earl ier phasc (f irst week) of f lowering of the inf lorescence. Male f lowers

continued to open in large numbers almost throughout the f lowering period

suggesting that there is an abundant supply of pol len. The lower number of

hermaphrodite f lowers compared to the malcs in an inf lorescence could be

counteracted by the fact that st igma receptivi ty of the hermaphrodite f lowers

persist up to 4 days after anthesis.
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Introduction
Mangc' l  occupies a premier  p lace in  the
fru i t  growing industrv  in  the t ropics.  In
Malavsia.  i t  is  s t i l l  grown on a re lat ive ly
smal l  scale but  there is  considerablc
potcnt ia l  for  cxpansion cspecia l ly  in  the
northern states of  Peninsular  Malavsia.

The mango var iet ies in  Malavsia
general ly  exhib i t  two f lower ing peaks in  a
yea r  i . e .  i n  Janua rv  -  Feb rua ry  and  i n
July -  September.  However a lo t  of
i r regular i t ies in  the f lowcr ing habi t  o f
manl '  o f  our  local  mango var ic t ics have
been observed especia l ly  in  areas whe re
no d is t inct  drought  ex is ts  bel t r re and
dur ing the f lower ing season (Rukayah
1986).  Even when the t rees f lower
profuselv,  there is  a tendency for  our  local
var ic t ies to produce a l ight  crop;  e i ther
due to fa i lure to set  f ru i t  or  heavv post-
fcr t i l izat ion f ru i t  losses.  The most  popular
commercia l  mango var iety  (cv.
Harumanis)  a lso suf fers f rom th is
shor tcoming (Mokhtar  1986).  The
problem of  inconsistency in  the bear ing
behaviour  and f rcquent  low product ion in
mango are not  only  local ized in  Malaysia
but  is  a wor ld wide problem as i t  is  of
common  occu r rence  i n  mos l  mango
growing areas such as in  India (Singh
1948).  F lor ida (Lynch and Mustard 19-5,1) .
Phi l ipp ines (Galang and Lazo 1938) and
in Hawai i  (Nakasone et  a l .  l9-55) .

Therefore.  research emphasis on
mango has a lways been d i rected towards
areas re lat ing to the reproduct ive
physio logy.  Researchers overseas have
out l ined a number of  factors contr ibut ing
to the low reproduct ive success in  mango.
These inc ludc lack of  pol l inat ion and
fa i lure of  fer t i l izat ion (Singh 1954).  ovule
abort ion,  and embrycl  degenerat ion
(Young 19212),  inadequate soi l  moisture
(Haycs 19521).  pest  and d isease (Wagle
1928) and low auxin content  dur ing f ru i t
c levelopment  (Singh and Arora 1957).
However,  not  much emphasis has been
paid to the ef f ic iencl '  o f  the breeding
svstem of  mango.  Some studics on thc
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f lora l  b io logy of  mango has bccn carr ied
out  ovcrseas by Naik and Rao (1913),
Singh (19,5,1)  and Randhawa and
Damodaran (1961) but  not  much at tenrpt
has beerr  made to re late the brecding
sy-stem of  mangcl  to  i ts  pol l inat ion
ef i ic icncy.

The ro le of  the breeding svstcnr  in
determin ing the reproduct ive success of  a
plant  was emphasized by Bert in  and
Sul l ivan (1988).  

' l 'hey 
showed that

l imi tat ions in  the breeding svstem of  a
plant  can constra in reproduct ion
considerably and evcn af fect  the fecundi ty
of  the p lant .  This  hypothesis  was a lso
supported by works carr ied out  by
Franke I  and Galun (1917) and Bawa
(1980) whcrc the importance of
synchronizat ion and co-c l rd inat ion of
eve nts such as anthcsis ,  s t igma
recept iv i ty .  anther  dehiscence and pol len
vcctor  act iv i ty '  in  achiev ing succcssfu l
pol l inat ion was st ressed.  Knclwledge on
these aspects o l  the brccding system are
considerably lack ing in  our  local  mango
var iet ies.  Therefore,  in  th is  papcr .  a ser ies
of  exper iments wns designed to del ineate
aspects of  pol len v iabi l i ty .  anthesis ,
anther  dehiscence and st igma recept iv i tv
of  three mango c lones.  ,An at tempt is  a lso
made to ident i fv  and indicate any ex is t ing
l imi tat ion in  the breeding system of  thesc
clones which might  constra in product ion.

Materials and methods
-I-he 

trial was carried out over t$'o
f lower ing seasons in 1986 and 1987 at  the
MARDI Research Stat ion in  Kuala
Kangsar,  us ing 8 to 1O-vear o ld mangcr
t rees.  The cxper iments were conductcd
r rn  I  h rec  mango  c lones .  r  i z .  .
Kar thakalumban,  Simpang Empat and
Nang Klang Wan.  The exper intenta l
design used was the complete randomised
design and the data were analvsed using
Duncan's neu'  mul t ip le range tcst .

Pollen viability
As soon as the anthers dehisced.  ool len



was collected and brought back to the
laboratory for viabil ity studies. The
viabi l i ty  of  pol len was assessed by
germinat ing pol len in  an ar t i f ic ia l  media

and then determin ing the percentage of

germination. Pollen was considered
germinated when the length of the pollen

tube was twice the diameter of the pollen

grain.  This t r ia l  was conducted in  two

stages. The first stage was concerned with

determin ing the most  su i table
germinat ion medium for  mango pol len,
while in stage two. this medium was used

to determine the pol len v iabi l i ty  of  the

three c lones.

Stage I - Standardization of germination

medium The germination medium
used in this trial is sucrose solution. To

standardize the level  of  sucrose solut ion
needed for testing pollen germination,
preliminary trials were conducted with

Karthakalumban pol len gra ins.  Sucrose
solut ion of  concentrat ions 0,  10.  20,  25

and 30% were prepared and Pol len
was germinated us ing the Hanging Drop

Method (Reyes 1934).  For  each s l ide.
germination counts were made in five

different microscopic fields, and at each

sucrose level. 30 such estimations were
made. The concentration of sucrose that
gave the h ighest  percentage o[
germination was used as the standard
germination medium fclr mango pollen.

Stage II - Comparative pollen viability
study The same technique of Pollen
germination (Stage I) was adopted here.

The viabil ity of three mango clones were

tested by determining the percentage of
pollen germination after 24 h of
incubation. Fifty estimations were made
for each clone.

Time and pattern of flower anthesis
Counts of f lowers were made on
inflorescences obtained from a sample of

four plants in each of the three clones
studied. Three young inflorescences
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(before anthesis) per tree were selected
and labelled. The number of f lowers that
opened was recorded daily at two-hourly
i n te rva l  f r om 8  a .m .  t o  4  p .m . ,  un t i l
f lowering was complete. After everv
count, the flowers were gently removed
by using forceps to avoid recounting.

A separate set of data was collected

to observe the daily opening pattern of
male and female flowers in the
Karthakalumban inflorescence.

Anther dehiscence
Dehiscence of the mango anther lobes
takes p lace longi tudinal ly .  Just  af ter

dehiscence.  the anthers changed f rom
bright red to blackish, exposing the white

pollen grains. This change in colour of the

anther Iobes was used as an indicator for

determin ing anther  dehiscence.
To study the time of anther

dehiscence. four inflorescence in each
clone were selected and label led.  About
50 freshly opened flowers (irrespective of

sex) within each inflorescence were
marked early in the morning before the

anthers dehisced.  The number of  marked
flowers with dehisced anthers was
recorded at  hour ly  in tervals  f rom 9 a.m.

to 4 p.m. These observations were carried
out over four consecutive days.

Effe ctive pollination periodl stigma
receptivity
The effective poll ination period (EPP) is
the period during which the stigmas are
receptive, that is, capable of holding
pol len and st imulat ing germinat ion
(Wi l l iam and Wi lson 1970).  EPP was

measured by carrying out poll ination at
four different t ime intervals after f lower
openin$.

Prior to anther dehiscence, freshly
opened hermaphrodite flowers were
emasculated and the remaining flowers
removed. The panicles were then bagged.
At the time of anther dehiscence, the bags
were removed and the flowers were hand-
poll inated. Similar poll ination treatments

u
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were carr ied out  on the sect tnd.  th i rd and
fourth ciay al'ter f lower opening. After 2.1 h.
sty les f rom the hand-pct l l inated f lowers
wcre removed.  f ixed in  ethy l -acetate
alcohol  and sta ined in safranin-anal ine
bluc (Dionne and Spicer  19-57) .  1-he sty ' les
werc then assessed by l ight microscopy for
pol len germinat ion on the st igmat ic
surface. Stigma receptivity was based on
the success of  pol len germinat ion on the
st igmat ic  sur face.

Results
Pollen viability
Stage I 

-I-he 
sucrose solution at 25%,

concentrat icrn gave the h ighest  percentage
of  pol len germinat ion (Table 1)  showing
i ts  sui tabi l i ty  as a standard germinat ion
medium. Higher concentrat ions than th is
had a retarding effect on pollen germination.

Tablc l .  Percentage pol lcn gcrminat ion i i t
va r i ous  \ uc rose  c t l ncen t ra l i t l n s

Sucrose conccntrat ion
(.,4i )

lV{can perccntagc rrf
pol len germinat ion

At ()ctt sucrose no germination ctccurredi
af ter  2-3 h of  incubat ion,  burst ing o l
mango pol len was observcd.

Stage l l  A l l  thc three ckrnes exhib i ted
high pol len v iabi l i ty '  o f  80?1 to 8JCi t .
(Table 2/ .  Pol len v iabi l i ty  in  Nang Klang
Wan (84.-59i )  and Karthakalumban
(87 .4Vr, )  were s igni f icant ly  h igher  than
that  of  Simpang Empat (80.1%).

Anthesis
Time of anthesis Fkrwer opening l 'ront
6  a .m .  t o  8  a .m .  was  h igh  and  cons i s ten t  i n
a l l  the three c lones.  Howevcr .  af ter  8
a .m. .  f l ower  open ing  became ve rv
inconsistent  and indef in i te  wi th h igh
var iat ion between samples (Table 3) .

Pattern of f lower opening The daily
pat tern of  f lower opening i r r  the
in l ' lorescences of  the three mango c lones

Tablc 2.  Pe rccntagc of  pol lcn gcrminat ion in
l h r cc  mangr r  c l onc :

Clone
Mean percentagc ot
pol len gcrminat ionI 0

20
25
30

0 c
16.7  d

8 3 . 7  a
76.0  b

80.7  b
1i.1.5 a
87..1 a

Simpang Empat
Nang Klang Wan
Karthakalumban

c.v .  ( . r ) l .+ .8
Means wi th the same Ict tcrs arc not  s igni f icant ly

differcnt from onc anothcr at p <(-).0-5

c .v .  ( f ;  )
Mcans  * i t h  t hc  san rc
di f fcrcnt  at  p <0. [ )5

lJ :+

lct t rs arc not  s igni f icant l l

No.  opened f lorvers/ inf l .  (MS root)

K.  KALUMBAN

\

N,  K.  WAN

0  2  4  6  f r  1 0  1 2  l . +  1 6  1 8  2 0  ) 2 2 1

I)als from f irst f lower opening

Figtrrc L Pottern of llower opening in three mango clones

t 2
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Table 3. Mean percentage ol f lower anthesis at two'hour intervals in threc

mango clones

Mean percentagc of  f lowers opcned at
Clone

6 - 8
a . m .

8 -  1 0
a . m .

1 0 - 1 2
a . m .

12-2
p . m .

a 1

p . m .

Simpang Empat 34.1 + -s.3
Nang Klang Wan U8.-5 + 5.r l
Karthakalumban 80.3 + 5.6

7 . 5  +  1 . 9  1 . 3  +  0 . 8
1 . - 5  +  0 . 7  1 . 7  +  1 . 9
4 . 9  +  ) . 6  4 . 2  +  2 . 7

1 1 +

8 . 7  +
-5 .5  +

a ( ) + f <

2 . 6  +  L 4
,1 .8  +  l . - 5

L . O

2 . 9
2 . 7

is shown in Figttre 1. The flowering

behaviour of the clones was compared

using the Kolmogorov-Smirnov two-

sample test. Results indicate significant

differences between the flowering
patterns of Karthakalumban and Simpang

Empat and between Karthakalumban and

Nang Klang Wan (both significant at

p <0.05) (Figure 1). A more symmetrical

curve was obtained for f lower opening in

Karthakalumban infl orescences compared
to those of Simpang EmPat and Nang

Klang Wan.  In addi t ion to th is ,
Karthakalumban inflorescences were

longer l ived and opened flowers reached

their peak abundance 4-5 days later than

the other two clones.
The opening pattern of male and

hermaphrodite flowers in inflorescences
of Karthakalumban is shown in Figure 2 (a

and b). The flowering curves of the two

flower types were found to be significantly

d i f ferent  f rom each other  in  both years
(Kolmogorov-Smirnov two-sample test,
p <0.05) .  The male f lowers reached thei r

peak abundance later than the
hermaphrodite flowers and were present

in the inflorescence for a longer period of

time. At the earlier phase of f lowering, a

relatively greater number of
hermaphrodite fl owers (42.BVc)

appeared. However, towards the end of

the flowering period, many more male

f lowers were observed (88.9%).

Anther dehiscence
The pattern of anther dehiscence at
hourly interval after 9 a.m. is presented in

Table 4. The experirnent showed that

anthers start dehiscing at 9 a.m. and

continued to do so unti l 3 p.m. Maximum

dehiscence took p lace between 11 a.m.

and 12 noon. By 12 noon, 70Vo of the

anthers had already dehisced. Similar
patterns of dehiscence were observed in

all three clones. This was confirmed by

carrying out analysis of variance of the

data which showed that there were no

significant differences among the means

of  the three c lones.  However,  there were

significant differences (p : 0.05) among

the time intervals as discussed above.

Effe c tiv e pollinatio n pe io d I s tigma
receptivity
Results (Table,5) indicate that f lowers
were most receptive on the first day of

anthesis (81.3o/o). Receptivity decreased
as the flower aged. This trend was

mainta ined in a l l  three c lones as no

significant differences were obtained
among them. However,  means between

different days of anthesis were highly

s igni f icant  (p <0.05) .  Consistency in

results was only detected on the first and

second day of anthesis (Table 5/ indicating
that it is only possible to generalize on

receptivity during this particular period.

Discussion
From recent studies carried out bY
Bierzychudek (1981) and Rathcke (1983)

it was concluded that poll ination
limitation of f lowering plants mediated
through the availabil ity of compatible and
viable pollen are more frequent than has

been generally assumed. However, a high

pollen viabil ity of 80-877c, displayed by

the mango clones studied seem to rule out
pollen viabil ity as a contributing factor in

13
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No. of opened fl owers/inflorescence

0  2  4  6  8  I 0  t 2

Dals f rom f i r r t  f l r rwer opcning

No. of opened flowers/inflorescence

160

1.{0

1 2 0

100

80

60

40

20

0
0  2  4  6  8  1 0  t 2  1 4  1 6  1 l J  2 0

Days from first flower opening

Figure 2. Pattern ol male and hermaphrodite.fktwer opening in Karthakalumban inflorescence

Table 4. Mean anthcr dchiscence at hourlv intcrval in threc mango clones

Time
Pcrcentage of  anthers dchisccs in

1986  (Aug -Sep t )

Hermaphrodi te

1987  (Feb -Mar )

Hermaphrodi te

Simpang Empat Nang Klang Wan Karthakalumban Ovcral l  rnean

9  a . m .  3 . ' {
l 0  a . m .  6 . 3
I  I  a .m.  2U. t i
12  p .m.  35 .1
I  p . - .  9 . 2
2  p . m .  1 5 . 7
3  p . m .  1 . 0
'1  p .m.  0 .0

0 . 0
1 . 9

37.7
37.0

1 . t t
1 8 . 2
3 . 3
0 . 0

0 . 5
1 8 . 7
26.6
-1+. /

7 . 7
I  1 . 8
0 . 0
( ) .0

1 . 3  c d
9.0  bc

3 1 . 0  a
3 5 . 8  a
6 .2  cd

r_5 .2  b
l . :1  cd
0 . 0  d

Overal l  means fo l lowed bv thc same let ter  are not  s igni f icant lv  d i f ferent  f rom one anothcr at
p <0.05 according to Duncan's new mult ip le range tcst

I 4
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Table 5. Percentagc st igma rcceptivi ty at dai l f  intcrvals in three mango clones

Percentage st igma recept iv i ty  in
Day of
an th esis Simpang Empat Nang Klang Wan Karthakalumban Me an c .v .  ( f i  )

I
l
3
4

19.5
56.5
2 3 . 3

t . 7

n4.7
-50.3
20.0
3 l

79 .7
.1rJ. +
16.7
.s .0

81. .1  a  -5 .6
5 l . u  b  f J . : l
20.0 c 10..1
3 . 3  d  6 5 . 7

Means wi th thc same lct te rs arc not  s igni f icant lv  d i f fercnt  f rom one anothcr at  p <0.05

l imi t ing reproduct ion.  
' fh is  

f ind ing a lso
conformed to that of Spencer and Kennard
(1955) where a h igh percentage of  pol len

germination ranging from 72-947r' was
obta ined f rom germinat ing l5  var iet ies of
mango pol lens in  20% sucrose wi th 1%

agar solut ion.  A h igh in i t ia l  pol len
viabi l i ty  is  d isp layed in most  mango
varieties, but according to the work of
Spencer and Kennard (19-55)  and Young
(1955) mango pol len tend to be
susceptible to changes in the
envi ronmental  condi t ions which can
reduce its effectiveness drasticall i ,. This
feature is  a lso ev ident  in  the present  s tudy
where the pollens tend to burst after 3 h in
water .  Thus,  imply ing that  cont inuous
rain for 3 h or more in late mornings
(when the anthers shed pollens) can
permanently destroy mango pollen and
thus l imi t  i ts  pol l inat ion process.

Resul ts  on anther  dehiscence and
st igma recept iv i ty  reveal  that  there is  a
dis t inct  over lap in  the staminate and the
pisti l late phases of the mango clones
studied.  In  a l l  the three mango c lones.  the
anthers dehisced at about noon on the
first day of anthesis when the stigmas were

in the most  recept ive condi t ion.  Simi lar
results were obtained by Wagle (1929) in

cv. Alphonso mango and Singh (1952) on
cv. Dasheri and Langra. This overlap of
sexual phases in mango has an important
implication on its breeding system as it
indicates a strong tendency of selfing
occurring in mangoes. However, the
success of poll ination by selfing wil l
great ly  depend on the ex is t ing
compatibil i ty mechanism in the plant

which unfortunately was not investigated
in th is  present  s tudy.

A high pollen viabil ity and high
stigma receptivitv are not sufficient in
at ta in ing successfu l  pol l inat ion;  there
must also exist some kind of co-ordination
and synchronization of events l ike
anthesis .  pol len shedding and st igma
receptivity together with pollen vector
activity to ensure successful poll ination.
Results from the present study and those
carr ied out  by Poon.  et  a l .
(1982) on insect  pol l inat ion t t f  mango in
Malaysia revealed that  co-ord inat ions of
these events are qui te d is t inct ly  present  in
mango. Mango flowers tend to open early
in the morning (8 a.m.)  before the anthers
dehisce. As soon as the flower opens,
nectar is secreted (Poon et al. 1982) and
the stigmas become receptive. The
anthers dehisce and shed pol len only 2-3
h af ter  anthesis .  At  the t ime of  nectar
secret ion and anther  dehiscence i .e .  f rom
8 a.m. to before 12 noon the pol len nectar
ac t i v i t v  i s  a t  i t s  max imum.  t hus  p rov ing
that synchronization and co-ordination of
events do ex is t  in  mango.

Results summarised in Figure 2 (a

and b)  show that  there is  a marked
difference in the number and phenology

of male and hermaphrodite tlowers. The
males are produced in large numbers and
last longer on the inflorescence compared
to the hermaphrodite flowers. Generally,
a greater number of male flowers in any
inflorescence is necessary to add to the
conspicuous floral display in attracting
poll inators (Primack and Lloyd 1960).
Another advantage of having a greater

t - )
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number of male t-lowers is that it increases
the chance of pollen removal from flowers
by pol l inators,  thus increasing the
efficiency of poll ination.

However. there seems to be a
l imi tat ion in  the number of  ovules/
hermaphrodite flowers present IFigure 2
(a and b)/. This low number of
hermaphrodite flowers compared to males
were also found to occur in a number clf
other mango varieties found overseas
namely cv.  Dasher i ,  Neelum, Bombay
.and Faigr i  (Naik and Rao 1943 and Mal l ik
1957).  In  the present  s tudy the l imi ted
number of hermaphrodite flowers on an
inl ' lorescence become increasingly
prominent after a penod of one week

fFigure 2 (a and b)l and this tends to
implv that  the abundant  product ion of
malc f lowers af ter  th is  one week per iod
seem to have l i t t le  contr ibut ion in
assis t ing pol l inat ion especia l ly  i f  se l f ing is
the main mclde of reproduction. In
addi t ion.  the abundant  male f lowers
present  af ter  th is  one week per iod wi l l
tend to use up valuable energy resources
which could have been diverted to the
development  of  the f ru i t le ts .

According to Frankel and Galun
(1977) low number of  hermaphrodi te or
female flowers can be counteracted by the
pe rs i s tance  o f  s t i gma  reccp t i v i t y  ove r  a
longer durat ion of  t ime.  This feature is
ev ident  in  a l l  the 3 mango c lones as the
st igma recept iv i ty  in  these c lones were
found to persist up to four days. l 'his is in
conformity with the findings of Singh
(1954) who worked on cv.  Dasher i  and
Langra.  This tendency to pers is t  increases
the probabil ity of pollen grains
encountering receptive stigmas. thus
increasing the efficiency of poll ination in
mango.

Generally in the theory of sexual
selection a positively skewed flowering
pattern is favoured where a higher
number of f lowers open earlier in the
flowering period to increase the
attractiveness of the inflorescence to
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poll inatclrs. Since flowers that open
earlier are necessary for poll inator
at t ract ion but  are unl ike ly  to be v is i ted,  i t
is more economical for male flowers tcr
open ear l ier .  The resul ts  obta ined f rom
the present studv /Flgure 2 (a and b)l
however does not comply with the above
argument. The hermaphrodite flowers
reach their peak abundance much earlier
than the males [Figure 2 (a and b)|.
S imi lar  f ind ings were a lso obta ined bv
Jawanda and Singh (1960) who worked on
5 var iet ies of  mango.  These resul ts  reveal
that  there mav be an in i t ia l  wastage of
female funct ion in  mango.

The present  f ind ings are a lso of
pract ica l  re levance especia l lv  in  the
breeding of new cultivars and proper
pol l inat ion for  mango where seed set  is
requi red.  The t ime of  anther /s t igma
maturat ic ln is  important  in  determin ine
the ef fcct ive per iod dur ing which hand or
assis ted pol l inat ion mav be carr ied out .  In
m i tngo .  necessa r \  n r i r n i pu l l r t i o r r s  i r r r
crossing work should be carr ied out  car lv
in the morning and on f reshly opened
f lowers when recept iv i t f  is  at  i ts  h ighest .
Also.  ass is ted pol l inat ion should be
carried out in the earlier part of the
flowering period of an inflorescence as
th is  is  when most  of  the hermaohrodi te
flowers clpen.
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