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Observations on Pollination,
Fecundity/Siring Ability and 

Seed Germination in Hevea brasiliensis

T.R. CHANDRASEKHAR*#,  J. ALICE*,  T. GIREESH*, 
G. PRABHAKARA RAO* AND C.K. SARASWATHYAMMA*

The major objective of this paper is to discuss the far higher hand-pollination success noted in
some of the crosses of the hand pollination programme of the Rubber Research Institute of India
conducted during 2002. As part of the ongoing activity, selected wild accessions (A) of Hevea
brasiliensis were crossed with cultivated clones (W) for widening the genetic base of the breeding
population. Hand pollinations were carried out following the conventional method for eight days
between 9.30 a.m. and 1.30 p.m. on each day.  Pollination success rate in W � A crosses ranged
from nil to 14.2% while in W � W crosses it was 0.8% to 19%.  Among the female parents, clone
PB 330 gave an average success rate of 16.7% with more than 50% success in many of the groups
of pollinations.  Wild accession MT 2226 produced the best pollination success as male parent
(12.1%). Between first fruit count and their maturity nearly 100% fruit retention was observed 
indicating negligible fruit loss in later stages of fruit development. Seed germination percentage in
WA crosses ranged from 37.5% to 83.3% with an average of 65% while in the WW crosses it 
was 50% to 100% with a mean of 82.6%.  Seeds sired by MT 2226 geminated within a few days 
of putting them for germination appeared to possess an inherent capacity for forcing early 
germination of seeds. The pollination results indicated that cultivated clone PB 330 as having high
fecundity and germplasm accession MT 2226 as high siring ability parents.

Key words: Hevea brasiliensis; Wickham clones; pollination; fecundity; siring ability; wild
germplasm; seed germinationer; graft copolymer; methyl methacrylate; latex foam rubber,
FTIR

Ever since the introduction of Hevea brasiliensis
into the South East Asia in 1876 by Sir Henry
Wickham1, different breeding and selection
methods have resulted in the development of
many improved clones.  Like in other crops,
production of Hevea hybrids of desired 
genetic constitution through breeding involves

controlled artificial cross-pollination (hand
pollination), which is labour intensive.
Generally, success rate from hand pollination is
poor ranging from 2% to 5%.  In the literature,
a good amount of information is available on
these aspects2–14.  In contrast, information on
germination of hand pollinated hybrid seeds is
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very little in spite of the availability of vast 
literature on various aspects of the crop2,15–20.
However, good information on germination of
assorted seeds is available21–24.  As far as Indian
experience is concerned even though many
hand pollination programmes have been 
implemented, published information from such
programmes is very meagre.  The objectives of
this paper are to discuss the far higher hand
pollination successes noted in some the crosses
along with the general observations noted on
pollination, fecundity/siring ability and seed
germination from the hand pollination 
programme of the Rubber Research Institute of
India conducted during 2002. 

MATERIALS AND METHODS

Study Site and Plant Material

This study was conducted at the Rubber
Research Institute of India’s Central Experiment
Station at Chethackal (9º 22’ N, 76º 50’ E, 100
m asl).  As part of the ongoing activity of
involving wild (Amazonian origin) germplasm
in Hevea breeding for widening its genetic
base, seven wild accessions were crossed with
four clones of Wickham origin (cultivated
clones).  Crosses were attempted between
Wickham and Wild accessions (WA crosses)
and among Wickham clones (WW crosses).
Reciprocal crosses of the wild accessions with
Wickham clones were not attempted as it was
not part of the objective of the programme but
was done in WW crosses.  Details of the
Wickham clones and the wild accessions used in
the pollination programme are given in Table 1. 

Pollinators and Pollination

Six workers — two experienced (P1 and P2)
and four first timers (P3 to P6) — were drafted

for hand pollination work.  The first timers
were trained by dummy pollination work on
detached flower branches and after satisfying
their competence, they were engaged for the 
regular work. Hand pollinations (HP) were done
following the conventional method8,30 on 
well-grown trees.  The trees selected were from
an ongoing clone evaluation trial where the plot
size is 16 trees planted in square planting.  Four
healthy trees each of clone RRII 414, RRII 105
and PB 330 and a single tree of clone RRII 429
were used for carrying out pollination.  For effi-
cient organisation of pollinations and manage-
ment of disease protection measures, selection
of trees was restricted to a single plot while the
plots had good spatial separation (because of the
RBD nature of the trial). Time of pollination on
each day was from 9.30 a.m. to 1.30 p.m.  The
controlled pollinations were done over a period
of eight days from 13th to 21st February 2002. 

Count of Fruit Set, Bagging and Mature
Fruit Harvesting 

In Hevea, fruits take 22 to 24 weeks to attain
maturity.   Extensive withering of pollinated
flowers and loss of developing fruits occur 
during the first 10 to 12 weeks4,8. Therefore,
first count of fruit set was enumerated after 11
weeks of pollination.  Number of successes for
each label and for each pollinator was noted
separately.  Labelwise enumeration, based on
the pollination record, was carried out.  Each
developing HP fruit was bagged using 5 mm
mesh nylon fish net bag.  Seed development
would be almost complete when fruits turn 
yellowish.  First harvesting of the fruits was
done in the second week of July and subsequent
harvests were made every week till its 
completion by the second week of August.
Apart from collecting hand-pollinated seeds,
half-sibs (HS = open pollinated seeds) were
also collected from all the female parents.  
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TABLE 1. WICKHAM CLONES AND WILD ACCESSIONS INVOLVED IN 
THE HAND POLLINATION PROGRAMME

Plant
Identitya Parentage Origin Characteristicsmaterial

Wickham RRII 105 Tjir 1 � Secondary clone  Mean yield is 1500 to  
Gl 1 of Indian origin. 2000 kg/ha and potential  

Resultant of is 2500 to 3000 kg/ha.  
1954 HP Most popular clone in 
programme India26,27

RRII 414 RRII 105 � Secondary clone Pipe line clone, tree   
RRIC 100 of Indian origin. mean yield is 40 % 

Resultant of higher than RRII 105 in  
1982 HP small-scale trials28

programme

RRII 429 RRII 105 � Secondary clone Pipe line clone,  tree   
RRIC 100 of Indian origin. mean yield is 30%  

Resultant of higher than RRII 105 in  
1982 HP small scale trials28

programme 

PB 330 PB 5/51 � Secondary  High yielding, high   
PB 32/36 clone of vigour and wind tolerant  

Malaysian origin clone in Malaysia29

Wild AC 2004 bProfuse branching, very  
(AC/S/10-37/336)

Acre province
close canopy, small leaves 

AC 2584 bGood test tap yield, 
(AC/B/19-56/239) high girth and bark thickness

MT 1021 bGood test tap yield  and 
(MT/C/1-18/91) girth 

MT 1057 bGood test tap yield,  
(MT/C/10-17/24) Matto grosso mature yield  comparable  

province to  RRII 105

MT 2226 bModerately tolerant to 
(MT/C/2-10/151) Phytophthora, and 

average girth

RO 1739 bGood test tap yield 
(RO/J/6-32/42)

Rondonia province 

RO 2629 bGood test tap yield
(RO/CM/10-44/24) and girth, moderately 

tolerant to Phytophthora

aInformation given inside the parentheses for the wild germplasm is their international accession numbers.
bUnpublished data; character classification is based on juvenile evaluation at 4 years of age.

}

}

}
Wild collections
from the centre
of origin
(primary centre
of diversity)
in the Amazonian
forests of Brazil25
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Germination of Seeds 

Seeds were germinated in sieved river sand
taken in aluminium trays. The trays were kept
watered once in two days.  After allowing 
sufficient time for germination, seeds in each
tray were examined for any late germination.
Wherever initiation of radicle was found, the
seeds were maintained for few more days and
the seeds that produced plumule were only
counted as successful germinations. 

Disease Management

The climatic conditions existing in the study
location are highly conducive to the develop-
ment of two serious diseases viz., powdery
mildew (Oidium heveae) and the abnormal leaf
fall (Phytophthora) that affect pollination and
fruit set, especially in the traditional rubber
growing zone in India31.  The flowers are 
seriously affected by Oidium while the fruits by
the Phytophthora.  Oidium was kept under check
by weekly dusting of sulphur powder from the
ground using a dust blower on all the selected
trees. Sulphur dusting was done right from the
initiation of flowering till the disease subsided
by the maturation of leaves. Phytophthora
control measures were initiated a week earlier
to the onset of pre-monsoon showers (usually
by April) by spraying Bordeaux mixture every
10 days till the fruit harvest. Bordeaux mixture
spraying was done climbing on the tree and
each HP fruit was identified and sprayed, while
HS fruits were not given much attention, other
than random spraying on completion of 
spraying on HP fruits. 

Statistical Analysis and Weather Data

Pollination and seed germination data were
first subjected to chi-square analysis to test

whether the results were homogeneous within
and between WA and WW group of crosses and
WA, WW and HS group of seeds.  In many
cases, the expected values were less than five.
Therefore, Fisher’s exact test was performed to
identify significantly different crosses.  The
cross-combinations where no seed could be
obtained were excluded from the analysis. The
analyses were performed using R-package32.
Percent standard error was worked out for 
each cross combination success rate as
{√[p(1–p)/n]}100 where, p = success divided
by total number33.  Weather data were collected
from the meteorological observatory main-
tained in the station where the pollination work
was carried out.  Daily pollination successes
were correlated with the corresponding, five
lag and succeeding days weather parameters to
understand their influence on the success rate.  

RESULTS

Pollination successes obtained at first count
ranged from 0.8% to 19% (Table 2).  In WA
crosses, accession MT 2226 gave the highest
average success rate of 12.1%, while cross
combinations RRII 429 � AC 2004 and RRII
414 � MT 1057 did not give any success at all.
On one of the pollination days, in the crosses of
MT 2226 with RRII 429 and RRII 414, success
was noted in all the groups of pollinations (178
pollinations in 13 labels) carried out by two
pollinators with a few groups of pollinations
recording 20% to 33% success. In WW crosses
success rate ranged from nil to 19% with PB
330 giving the best results.  Clone PB 330
recorded success in all 10 groups of pollina-
tions (90 pollinations) and in a label of eight
pollinations success rate was as high as 62.5%.
On the last day of pollination, when PB 330
was crossed with RRII 414, success was
observed in most groups of the pollinations
done by four pollinators (268 pollinations in 
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TABLE 2. HAND POLLINATION SUCCESSES IN WA AND WW GROUP OF CROSSES

No. of Fruit set at Fruits Fruit set based Fruit retention     
Cross combination pollinations first count harvested at on pollinations from first count to    

attempted (No.) maturity (No.) attempted (%)$ maturity (%)

Wickham � Wild
(WA group)

RRII 105 � RO 2629 78 0a 0 0.0 (0.0) –

RRII 414 � MT 1057 27 0a 0 0.0 (0.0) –

RRII 429 � AC 2004 89 0a 0 0.0 (0.0) –

RRII 414 � AC 2004 162 5a 3** 1.9 (1.4) 60

RRII 105 � AC 2004 106 1a 1 0.9 (0.9) 100

RRII 105 � AC 2584 56 1a 1 1.8 (1.8) 100

RRII 105 � RO 1739 112 1a 1 0.9 (0.9) 100

RRII 429 � RO 1739 50 1a 1 2.0 (2.0) 100

RRII 429 � MT 1021 67 3a 3 4.5 (2.5) 100

RRII 105 � MT 1057 43 2a 2 4.7 (3.2) 100

RRII 429 � MT 2226 90 10b 9@ 10.0 (3.3) 90

RRII 414 � MT 2226 127 18b 18 14.2 (3.1) 100

Sub-total 1007 42 39 3.9 (0.6) 93

Wickham � Wickham
(WW group)

RRII 105 � IRCA 130 77 2a 2 2.6 (1.8) 100

RRII 105 � PB 330 129 4a 4 3.1 (1.5) 100

RRII 429 � PB 330 123 3a 2@ 1.6 (1.4) 67

RRII 414 � RRIM 600 132 4a 1# 0.8 (1.5) 25

RRII 414 � PB 330 197 12b 11@ 5.6 (1.7) 92

PB 330 � RRII 429 186 27c 27 14.5 (2.6) 100

PB 330 � RRII 414 290 56c 55& 19.0 (2.3) 98

Sub-total 1134 108 102 9.0 (0.9) 94

Pooled 2141 150 141 6.6 (0.6) 94

*In each group, pollinations successes followed by similar letters are not significantly different from each
other according to Fisher's exact test and hence form a homogeneous group.

**One label was found missing while in another label the fruit was found detached from the branch when
it was nearing maturity.

$Figures in parentheses are standard errors in %.
@One label each was found missing
&One fruit withered away due to Phytophthora attack
#Three labels were found missing.
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23 labels) and in a few labels success rate was
more than 50%.  Four labels (40 pollinations) at
initial count and six labels (successes) at 
harvesting time were found missing.  On April 9,
2002 there was a gale resulting in a branch snap
in one of the PB 330 pollinated tree producing
a loss of seven successes out of 43 pollinations.
Fruit loss between first count and harvest time
was negligible giving nearly 100% success. 

Fisher’s exact test resulted in classification
of WA crosses into two and WW crosses 
into three sub-groups based on pollination 
successes (Table 2). The first group included
ten crosses, all of which had very low success
rates (1.7%).  The pooled values for the 
remaining two crosses gave an average success
rate of 12.1%.  Likewise, three sub-groups
were identified in the WW group of crosses.
Cross combination RRII 105 � IRCA 130,
RRII 105 � PB 330, RRII 429 � PB 330 and
RRII 414 � RRIM 600 formed the low success
rate sub-group (2.0%), PB 330 � RRII 429 and 
PB 330 � RRII 414, the high success rate 
sub-group (16.7%) and RRII 414 � PB 330
was intermediate with a success rate of 5.6%.
The two highly successful crosses in the WA
group were almost as successful as the two
most successful crosses in the WW group.
Similarly, the lowest success rates in the WW
group were not much different from the least
successful crosses in the WA group.

In the success rates obtained for different
pollinators, in one cross of WA group and in
two crosses of WW group, success rate was
more than 16% with a maximum of 26% 
(Table 4).  In the pollinations where good 
success was observed, two pollinators did not
produce much success.  On one of the days,
success was noticed in every group of 
pollinations done by the pollinators P1, P2 and
P3.  Success rate based on first count was 
about 95%.  Success rates noted for different 

pollination days varied from 1.7% to 18.7%
(Table 5). On day three, success was recorded
in all the seven pollination labels (102 
pollinations) of P1 and six labels out of seven
of P2 (78 pollinations).  On the same day out of
eight labels of P6 (37 pollinations) only one
success was noted.  On day seven, success was
recorded in all 10 pollination labels of P2 (90
pollinations) and in a label of eight pollinations
success rate was as high as 62.5%.  Similar 
success was also noted for P3 who was a first
timer. On the last day (day eight), success 
was observed in all seven labels of P1 (88 
pollinations) and all six labels of P4 (53 
pollinations).  The same day, in a few labels
success rate was more than 50%.  Most of the
successes survived until fruit harvest. 

The study location did not receive any rain
during the pollination period (Table 5).  All the
weather variables, except minimum temperature,
were practically uniform on all the days of 
pollination.  Minimum temperature varied from
18.6ºC to 21.7ºC.  January and February are 
normally dry months.  The hot season from
March to May is followed by the Southwest
Monsoon from June to September.  The
Northeast Monsoon occurs during October and
November.  The annual rainfall ranges from
2000 mm to 4500 mm.   June and July are the
wettest months.  The mean minimum and 
maximum temperatures are 21ºC and 36ºC,
respectively. Correlations of daily pollination
successes with lagged as well as succeeding
days weather variables indicated that the 
influence of maximum temperature was positive
while that of minimum temperature and relative
humidity was negative (Table 6).  Most of the
other coefficients were of lower magnitude.

Germination percentage in seeds of WA
crosses ranged from 37.5% to 83% (Table 7)
with an average of 66% while in WW crosses it
ranged from 50% to 95% with a mean of
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TABLE 3. POLLINATOR-WISE POLLINATION SUCCESSES IN 
HIGHER PERCENTAGE OBSERVATIONS

Pollinator

RRII 414 � MT 2226 RRII 429 � MT 2226 PB 330 � RRII 429 PB 330 � RRII 414
No. No. No. No. 
done

Success
done

Success
done

Success
done

Success

No. Percent No. Percent No. Percent No. Percent

P1 102   18   17.6   – – – – – – 88  14   16.0   

P2 – – – 78    9   11.5   90   19   21.1   85  18   21.2   

P3 – – – – – – 47   8   17.0   42  11   26.2   

P4 – – – – – – – – – 53  12   22.6   

P5 – – – – – – 49   0   0.0   22  1   4.5   

P6 25   0   0.0 12    1   8.3   – – – – – –

P1 and P2 : Experienced pollinators
P3 to P6 : First timers
– : Pollination not attempted.

TABLE 4. POLLINATION SUCCESSES IN DIFFERENT DAYS

Pollination
No. of Success

day number
pollinations
attempted Number Percent

1 69         2    2.9      

2 218         6    2.8      

3 295         28    9.5      

4 355         6    1.7      

5 309         10    3.2      

6 277         14    5.1      

7 318         29    9.1      

8 300         56    18.7      

Total 2141         151    7.1 
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TABLE 5. WEATHER CHARACTERISTICS FROM WINTERING TO 
FRUIT HARVEST OF THE LOCATION WHERE POLLINATION WAS CARRIED OUT

Months
Rain SSD Evaporation Air Relative Wind  
fall (Hours) (mm) temperture (ºC) humidity (%) speed

(mm) Min. Max. 7.20 a.m. 2.20 p.m. (km/h)

Nov ‘01 291      5.6    2.4      21.8    32.4  94     65     0.8    

Dec ‘01 12      7.8    3.2      20.4    33.8  89     52     1.4    

Jan ‘02 29      7.4    4.2      20.9    35.1  85     42     1.9    

13 Feb ‘02 0      9.6    4.2      21.6    34.9  80     40     1.6    

14 Feb ‘02 0      9.6    5.0      21.7    35.0  79     38     2.5    

15 Feb ‘02 0      9.6    4.9      20.0    36.5  96     38     2.2    

16 Feb ‘02 0      9.8    5.8      18.6    37.2  93     39     1.3    

17 Feb ‘02 0      9.5    4.8      21.1    35.9  84     34     1.6    

18 Feb ‘02 0      9.6    4.8      19.6    36.8  91     30     1.6    

19 Feb ‘02 0      9.0    4.6      19.7    36.7  93     38     1.2    

20 Feb ‘02 0      9.5    4.3      20.5    36.5  93     42     1.0    

21 Feb ‘02 0      9.5    4.5      19.3    36.1  94     36     1.0    

Feb ‘02 55      9.0    4.4      20.3    35.3  91     42     1.5    

Mar ‘02 200      9.0    4.7      22.1    36.3  96     44     1.1    

Apr ‘02 354      8.0    3.9      23.1    34.4  95     58     1.0    

May ‘02 300      5.2    2.9      23.7    32.3  96     68     0.8    

Jun ‘02 366      4.0    2.7      23.1    30.4  96     73     1.2    

Jul ‘02 415      3.0    2.7      22.8    27.6  99     80     1.2    

Aug ‘02 400      4.5    2.5      21.3    29.4  96     77     1.6    

SSD = Sun shine duration; Min = Minimum temperature; Max = Maximum temperature
13th to 21st February : Pollination period, except on 17th which was a holiday (Sunday).

82.6%.  In seed germination also, success rate
was better in WW crosses than in WA crosses.
In the HS group, lowest germination percent-
age (68%) was observed in RRII 414 while
maximum  (83%) was observed in clone PB
330.  Mean percentage germination in the HS
was 76%.  In some crosses bursting of seed
coat was noted due to excess growth of the
endosperm.  This was more prominent in the

seeds of clone RRII 429.  Apart from these,
underdeveloped seeds and seeds that appeared
to be fully developed but with little or no
endosperm was also observed.  All the seeds
resultant of combination where MT 2226 was
the male parent germinated early (within a
week of sowing) while the seeds from PB 330
female parent germinated late and took more
than two weeks.  Seeds from other combina-
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TABLE 7. GERMINATION SUCCESS IN SEEDS OF WA AND 
WW GROUP OF CROSSES AND HALF-SIBS (HS GROUP)

Cross combination

Final Number Number Percentage
success of  seeds of seeds germination 
(Fruits put for germinated* (± s.e., %)

harvested) germination

Wickham � Wild
(WA group)

RRII 105 � RO 2629 0         0 0 0.0
RRII 414 � MT 1057 0         0 0 0.0
RRII 429 � AC 2004 0         0 0 0.0
RRII 414 � AC 2004 3         8** 3a 37.5 (17.1)
RRII 105 � AC 2004 1         3 2a 66.7 (27.2)
RRII 105 � AC 2584 1         3 2a 66.7 (27.2)
RRII 105 � MT 1057 2         6 5a 83.3 (15.2)
RRII 105 � RO 1739 1         3 2a 66.7 (27.2)
RRII 429 � RO 1739 1         3 2a 66.7 (27.2)
RRII 429 � MT 1021 3         9 5a 55.6 (16.6)
RRII 414 � MT 2226 18         54 35a 64.8 (6.5)
RRII 429 � MT 2226 9         26$ 20b 76.9 (8.3)

Sub-total 39         115 76 66.1 (4.4)
Wickham � Wickham
(WW group)

RRII 105 � IRCA 130 2         6 3a 50.0 (20.4)
RRII 105 � PB 330 4         12 10a 83.3 (10.8)
RRII 429 � PB 330 2         6 6a 100.0 (0.0)
RRII 414 � RRIM 600 1         3 2a 66.7 (27.2)
RRII 414 � PB 330 11         36# 21a 58.3 (8.2)
PB 330 � RRII 414 55         160@ 132a 82.5 (3.0)
PB 330 � RRII 429 27         81 77b 95.1 (2.4)

Sub-total 102         304 251 82.6 (2.2)
Half sibs (open pollinated)&

(HS group)
RRII 414 � ? 72         211 143a 67.8 (3.2)
RRII 429 � ? 60         172 129a 75.0 (3.3)
RRII 105 � ? 115         335 261b 77.9 (2.3)
PB 330 � ? 61         179 148b 82.7 (2.8)

Sub-total 308         897 681 75.9 (1.4)
Pooled 449 1316 1008 76.6 (1.2)

*In each group, number of seeds germinated followed by similar letters are not significantly different
from each other according to Fisher’s exact test and hence form a homogeneous group. **One seed had
suppressed growth. $One seed appeared normal but with shrunken endosperm and embryo. #Three
fruits were four seeded ones.  @Five seeds were not well developed. &Discrepancies in the number of
seeds compared to fruits harvested was due to unviable, not fully developed and aborted seeds.
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tions took one to two weeks to complete their
germination.  In many of the crosses a few 
precocious germination of seeds was observed.
In a fruit of the cross between RRII 105 � MT
1057, due to delay in harvesting all the three
seeds had fully germinated and the seedlings
survived until planting in the seedling nursery.
In the germination trays, few seeds produced
only the roots and no plumule emerged even
after allowing them to grow for more than a
week and in a few cases the other way round
was also noticed.  In some seeds the plumule
got jammed in between two cotyledon stalks
and failed in further development.  Some
seeds failed to germinate even though they
appeared to be healthy on examination by
breaking them open.  In this study, measure-
ment on radicle, tap root and number of 
feeder roots was not measured as the seeds
were hybrids and needed to be established in
the observation nurseries without much delay.
However, wide variability in these characters
was observed. 

For germination successes, Fisher’s exact
test produced two sub-groups in each of the
WA, WW and HS group seeds (Table 7).  The
first sub-group in WA group included nine
crosses with a mean germination of 63% while
a cross RRII 429 � MT 2226 formed a single
member group with 77% germination.
Similarly, seven crosses of WW group formed
a sub-group with a mean germination of 78%
and the cross PB 330 � RRII 429 formed the
single member second sub-group with a 
germination success of 95%.  In the HS group,
RRII 414 and RRII 429 formed the first 
sub-group with a mean of 71% germination
success while the second sub-group included
RRII 105 and PB 330 with a mean of 79.6%
germination success.  Both in WW and HS
groups, germination success in seeds of female
parent PB 330, came out as significantly 
different.  

DISCUSSION

There was wide variability in success rates
among different cross combinations. In general
success rate was better in WW crosses than in
WA crosses.  Even though overall pollination
successes observed were similar to those
reported already3,4,6–14,34, in some of the crosses
the magnitude of success was far greater.  This
was especially so in the crosses with PB 330 �
RRII 414, PB 330 � RRII 429, RRII 414 �
MT 2226 and RRII 414 � MT 2226.  During
the study period, weather conditions were 
typical of the location.  The study site has a
tropical humid climate, with an aggressive
summer and plentiful rainfall35.  There were no
any extraordinary weather events other than the
gale storm on 9 April 2002, which did not 
produce any major loss in HP trees other than a
branch snap in one of the pollinated trees.  The
real loss due to the gale could not be 
ascertained as the first census of the pollination
success was taken on 9 May, a month after its
occurrence.

Among the male parents, wild accession MT
2226 gave the best results.  This accession was
crossed with only two of the four pistil parents
used in this study and unfortunately it was not
crossed with the clone PB 330 that gave the
best results as female parent. It is reported 
that wide genetic crosses between cultivated
varieties and new germplasm from diverse
provenances had not given higher rates of 
fruiting success and the cause of successful
fruit set was mainly due to the fecundity 
ability of the female flower rather than the
pollen parents siring ability34. This notion
appears to be flawed because in the present
study siring ability of the wild accession MT
2226 was as good as the fecundity ability of the
female parent PB 330.  Differences in siring
success among the wild genotypes could be
due to corresponding differences in pollen 
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performance (germination and growth rate),
donor-by-recipient interaction and the frequency
of abortion of seeds sired by those donors.
Although this was not specifically examined in
this study, such differences are common in many
angiosperms36–39.

Clone PB 330 as pistil parent produced the
best results.  In many of the groups of pollina-
tions done on PB 330, clusters of fruits were
observed. These successes were identified by
their fruit bunches.  This type of bunching was
not observed in other female parents used in
this study.  Similar results have also been
reported40.  Fruit clusters noticed in PB 330
suggest no maternal resource constraint for the
developing fruits.  It should be noted here that
the fruits of this clone were comparatively
smaller than in the other clones.  Though this
clone, as seed parent gave a higher success in
pollination, fruit-set and seed germination, but
it was not so when used as a pollen parent.
Similar results for clone PB 5/51 and a 
maximum of 13% success as female parent in
some combinations only with substantially
lower success in reciprocal crosses has been
reported34.  In this study the results obtained for
PB 330 as pistil parent were twice that of 
PB 5/51 and in a few cases it was more than
50%.  In fact this clone is a progeny of PB 5/51
and its inherent capacity for high fecundity
appears to have been inherited from both of its
parents.  Similar results were also noticed for
PB 5/51 in the earlier pollination programme
(unpublished, 1993). In general, the fecundity
ability of the female parents can be ranked thus:
PB 330 > RRII 429 > RRII 414 > RRII 105. 

In all the published reports, including this
study, massive pollination failures were the
order.  The causes could be fecundity and 
siring ability variations, pre and post-zygotic
mechanisms, genetic load and maternal
resource constraints and other intrinsic factors.

No thorough investigation has taken place on
the causes for such failures. The existence of
‘receptive’ and ‘non-receptive’ flowers has
been proposed for the failures34. The proposi-
tion is difficult to accept because in this study
apart from recording higher average fruit set
than the earlier reports and even higher success
rate in some cases.  Further, the female flower
parts that guide the pollen tube up to the
embryo sac is the genetically identical diploid
tissue in every flower given a female parent.  In
this study even though the effect of the time of
pollination on success rate was not studied,
examination of the pollination log book point
that stigma was receptive for a limited time in
the afternoon hours as the successes noted
appear to be skewed towards the end of the 
pollination period.  This observation along with
the significant correlations observed for the 4th

day lag maximum temperature and evaporation
indicated that receptivity of the stigma appeared
to be dependent on maximum temperature. 

In seed germination percentages, better
results than in the literature were noted. An
average germination of 52.5% with a range of
29% to 70% in a study on OP seeds of 20
clones has been reported23.  But this study
recorded a better pooled average germination
in WW, WA and half-sibs seeds which stood at
76.6%.  Like in hand pollination successes,
seeds of WW crosses showed the highest 
average germination that included the highest
germination in a particular cross.  The male
parent MT 2226, appeared to force all its seeds
to geminate within a few days indicating 
to carry an inherent capacity for the early 
germination of seeds. In the literature, available
information on germination, emerging tap 
root and feeder root characteristics of the 
germinating seed is very sparse. These aspects
need to be studied both for clonal variations
and as well as the effect of maternal and 
paternal parents.
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It is reported that in Hevea fruit develop-
ment, embryo was the last to develop and 
was visible only after fourteen weeks from 
pollination41. Nearly 100% success observed
between initial count and final harvest induces
us to assume that failures due to post-zygotic
problems could be very minimal even though
initial census on pollination success was 
done at 11 weeks after pollination. Similar 
conclusions have been drawn based on pollen
tube penetrations into the ovary of the hand-
pollinated flowers34.  However, post-zygotic
effects also cannot be ruled out at least in the
initial stages of the development of the fruit
after fertilisation, because in this study census
of fruit abscission from the pollination day 
to the initial count was not done.  Substantial
fruit loss between initial count and harvest time
due to premature fruit drop ranging from 10%
to 97% have been reported3,4,7–9,12–14.  Heavy
fruit fall during the first half of the period
between pollination and maturity has been
reported by Ross4.  This study recorded nearly
100 percent success between first count and 
harvesting of fruits, indicating that in 
general fruit drop in the later stages of 
fruit development will be almost nil if the 
fruits escape Phytophthora related problems.
Few failures recorded in this study could be
either due to attack of Oidium/Phytophthora
diseases.   It was difficult to attribute the high
success rate obtained in some crosses, either 
to the weather conditions or to the skill of 
the pollinators.  The weather was typical of 
the location and four pollinators did the job 
for the first time in their life.  High success 
rate could be mainly due to high fecundity of
the female parent and the positive interaction 
of the cross combinations.  Substantial fruit
losses noted by the published reports could
have been mainly due to the diseases, but was
difficult to confirm because the publications
have not reported the disease management
practices adopted.  

The main focus of this paper was to discuss
the far higher hand-pollination success noted 
in some of the hand-cross pollinations 
hitherto unreported.  The results indicated that 
cultivated clone PB 330 as having high 
fecundity and germplasm accession MT 2226
as high siring ability parents.  This conclusion
should be treated as indicative only because
MT 2226 was crossed with only two of 
the four pistil parents used in this study 
and unfortunately it was not crossed with the
clone PB 330 that gave the best results as
female parent.  Likewise PB 330 could 
not be involved in as many crosses as possible.
However, the results seem to indicate a 
possible significant benefit in both the 
cases.  More research is needed for further
confirmation.  
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