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O n fac!orj influencing fruil-jet 

and jterl lt';f in arecanut * 
(Areca calec/'u ellnn.): 

1. Studies on P ollen grains. 

.-. 

INT RO D U C T IO . , . 

The arecanu t (Areca catechu Linn., Pal mae) which 

is o ne o f the mo st important o f tropical fru its as a 
masticatory is cultiva ted in the hot dam p regions of 
Asia and the Mal aya n Islands. In ind ia arecanuts are 
grown extensively in Assam, Bengal , Bomba y, Madras 
and the West Coast. Many differen t types o f arecanut 

palms have been distinguished on the basis of the size 
of the fruits, majority being included in the single spe­
cie s, A. catechu Lin n. H owever, no co mprehensive 

investigatio n on the different aspects of the life history 
of thi s plant has been made except by Beccari ( 19 19), 

Sands (19L6), Milsurn (1938 \ and Nambiar i 1949) on the 
morphology and fl o ra l structure. 

The plants are rnoncecio us, male and female flowers 
ccurring in the same spa d ix. A full gr own spadix of 

arecunut produces on a n average of about 2000 - 3000 
male flowers and 250 - 550 fema le flowers , th e former 
con stitu tin g the panicle of the spad ix and the latt er 
occu pying the basal region. It is ge nera lly observed 
th at <t il the female flowers that a rc bo rne on the spad i 
do no t set frui ts, a considerable majority of them fa lling 
off in the premature stages. The extent of sterility in 
ar ecanuts C3 used by such flower fall in t he different 
plant ations in Assam has been est imated to be between 

34'5 · 54'3%. As the exten t o f sterility is high, it has 
bee n con sidered necessary to inve st igate the causes of 
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ste rili ty a nd fruit format ion in the plant. Th e present 
investiga tion is based o n observa tions made d uring two 
consecu tive seasons in differen t pla nta tio ns. 

M A T E RIA L S AND METHODS . 

The differen t types of a recan uts occuring have been 

bro adl y separa ted into five gro ups based on the size of 
the fru its : (i ) Big Obl ong (ii ) Big Ro und ( iii) Small 
O hlon g (iv) Lo ng Fr uits and (v) Base Round fruits. 

T here a re ma ny varia tions in size in between the dif­

ferent types ; borderline types are a lso not unco rn­
mouly fou nd. Hence, th is delimita tion, tho ugh arbit rary, 
ha s been adopted as a working system fo r the fo llowing 
investigations, 

E X P E R IM E N T A L . 

Fruit-set and Sterili ty. Estimates were made on 
th e fru it- set an d sterility in the d ifferen t palms on the 

basis o f the type of fruit borne by them. The number 
f female flowers generally pro d uced on the spadix and 

the number of fruits us uall y borne in the bunch were 
counted to determine t he extent o f fruit-set and steri­
li ty in each instance (Ta ble I): figures fo r each type are 
ba sed on the averages of a t least 20 bunches. The 
t rees in th e plantations are marked. The period inter­
vening between flowers that have been observed and the 
fruits that ha ve been formed in 5-7 months, was Doted 
to ob serve the trees concerned. 
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ABLE I.
 

Extent of Fruit-set and Sterility in the
 
differen t types of Arecanut .
 

No. of 
Locality. T}pe. female 

flowers. 

Cherrapunji, Big Oblong 446 

Dawki. 

Gauhati, 

Jorhat, 

Small Ob lor s 503 
Big Ob long 460 
Big Round 452 
Small Ob long 419 
Big Oblong 502 
Big Round 422 
Small Oblong 488 
Big Ob long 394 
Base Round 469 
Long Fr uits 420 
Small Oblong 407 

Nowgo ng. Bie Oblong 350 
, Big Ro und 428 

Small Oblong 4 6 
PaIn bari. Big O blong 480 

Big Ro und 468 
Small Ob long 492 

• Sibs gar. Big Oblong 522 

xtent 
of fr uit ­

set, 

220 49' % 
278 55 '2 

i n 5 1' 5 
228 50'4
252 tiD· , 
260 1:7 
227 53"7 
289 59'2 

192 41i '7 
282 fO' l 
252 0'4 
249 (,() ' I 

160 45' 
221 51' 6 
266 65'5 
245 5 1'0 
234 50'0 
270 54'1i 

287 54'9 

It vill be seen from Table I that: 
(i) frui t-s et varie fro m 45'7 to 65 '5 ~£ of If e total 

num ber of female fl ower produced ; 
(ii) flower fall appears to be related 10 the ize of 

the fr uit, the bigger sized fruits Showing a higher 
extent of sterility; 

(iii) in plants beari ng small types of fruits sterility 
was com paratively low. 

1n order to investigate the causes for loss in fruit­
set in relation to the number of female flowers present, 
the polle n gra ins of the d ifferent type were examine d 
to determine if ster ility i. associa ted with the pre. ence 
and behavio ur of the male fl owers. Wodehousc (1935), 
Erdtman (1954 a, b) and others have stressed the impo r­
tnnee of the rnorph logicaI charactcrs of the pollen 

grain in taxonomy, while Maheswari (1950) ha refer ­
red to the literature 0 the pollen in relation to frui t 
set in pla nts. 

Inflore cences with the male flowers of the differ ent 

types were collected from arious loca litie at Gauhati­
Fresh pan icles were brought to the laboratory in the 
mornings and pollen preparations were made in methyl­
green glycerine jelly according to Wodehouse (19351. 
Prep rat ions of II two types from Jorhut were made 
in the field itself and the slide were sub equcntly ext ­
mined in the laboratory. Pollen grain of the live types 
were investigated ; I . pe were collected from different 
planta tions for compari on of variation in size . The 
measurement were made by an ocular micrometer and 
the results were recorded . 

The mature pollen grain in all type h w a 

. imilar morphology in having a closely pilied reticulate 
exine a thin hyaline imine and a sharply defined oval 
furrow oriented parallel to the polar a. i containing a 
small germ pore in the centre. The grains conform to 
the mo nocolpa te type of Wodehou e or mono ulcate of 
Erd tman. The fertile grains were more or Ie s pheri ­
cal , bu t the sterile grain varied between ellipsoid to 
sharply defined oval struct res. The frequency of 
occurrence of giant grain was practically nil The 
ter ile, crum bled or empty grains were of the ame .ize 

as I he fertile ones, bu t they could easil be d tingui­
shed by staining reaction with methylgreen glycerine 
jell y. There were some variations in size between the 
grains of the different types and of the amc type colle­
ted from different localities, hut the range was not 

appreciable. 1 he var iations in ize of ihe fertile and 
ste rile grams and the extent of sterile grain in the type 

mumined are given in Table I£. 

T /\BLE II. 

Variation in size of the fertile and sterile gra ins and the percentage of the 
ierile grains in the different types. 

rum '. Types. 

24'5-43'75 u 26 uBig Ob long. 23 2'',\ 
24'5- 33'25, 29 DO.Big Oblong. 2'+'7 
17'5- 49'0 30-11Sma ll ObI nc. 0'4 
21'0 2'0 31 '5Big Round 100'0
 

mall Oblong. 5'4 2.' '(>25- 35 0 30 23 26'0-35'0 31'5
 
31'5Big Oblong. 9'9 24'5 - 3X'5 29'57 24'5-350 
2\1'.3 Big Oblong. 61 - 28'0 - 4. '0 32'53 15'0 - 73'5
 

Big Round. 4 I 24'5 - 35'0 29-4 2fr25-42 0 30'7
 
Big Oblong. 3'0 24·5 - 36'75 29'5 28'0- 33·25
 31'65 
Base Round. 24'9 24'5 -35 0 30 I 27'2-33'0 30'1
 
Long Fruit . 22'8 24'0 37'2 29'8 26'8-39'0
 29·6 

(the first nine types are collected locally : la t two are from Jorhat).-_-:...._--- ---- - - ­
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It i~ seen that the anthers of the male flowers pro­

duce fertile pollen grains in associat ion with varying 

proportions of sterile o r imperfect grains. T he exten t 

of sterile grains is considerably high, varying from 

~ 'O-IO:J ' O% in the different types exa mined. The exa­

minati on of the individu al male flowers in some of the 

spad ices also showed tha t the extent of steri le grai 

decrea ses in the anthers of the flowers from the prox i­

mal to the distal port ion of the panicle . 

Pollination and Flower Felli. In many plants pre­

mature flower fall is influenced to a grea t extent hy the 

fa ilure of pollin ulon besides certain physiological 

facto rs. F ruit - set is dependent upon the normal de\'e­

lopm ent of the male and female reproductive units and 

the successful polli nation of the stigmas , affecting fert i­

lization of the ovu le. The high proport ion of the 

presence of sterile grains in arcca nut has given some 

indication that one of the possible factors of sterility 

may be failure to pollinate. An attemp t was', therefore, 

made to see if the re is any defect in the normal course 

of events lead ing to fertilization and ultimate develop­

ment of the frui t. 

The mule phase in arccanu t palm begins immedia­

tely afte r the spadix frees itself from the spathe (Sands. 

1926). The flowers commence to open indiscriminately 

on the spadix and this phase is continued for 2-4 weeks' 

till a1l the male flowers are exhausted . At the close of 

the male phase, the green petals of the female flowers 

lengthen and change their colour to yellowish white 

Th e petals slightly ope n at the tips and soon after the 

receptive trifid stigmas arc expo sed for pollination. 

The female phase generally lasts 4- 5 days and dur ing 

this period the flowers remain open all through. expos­

ing their receptive stigmatic surfaces. The surface of 

the stigma is const ituted of a special kind of thick 

walled palisade cells which are closely packed in the 

young flowers, but becoming club shaped and elongated 

du ring maturity of the flower, leaving inte rspaces in 

between them for the reception of the polle n grains­

cra ppings taken from the stigmas on consecutive day 

after the opening of the female flowers showed thut 

o nly a sma ll percentage of them were pollinated. 

F lower fall generally extends fo r a perio d of 20-30 

days after the opening of the .spadix. A casu al exami­

na tion of rand om samples of fallen flowers for succes­

sive days from different planta tions gave the following 

da ra regarding the different types of fallen flower 

(Table 111) The nu mber of flowers in the particular 

groups was counted and the relati ve percentages were 

also worked O UI. 

It app ear ... tha t : ­

(i ) majority of the fallen fl owers in the II sam­

pies observed are fully open with receptive stiarnas, 

(ii) about 7% of them were consi dera bly old with 

the integumen t projecting outside the perianth lobe", 

which is probably due to the fl owers being po llinated. 

(iii) a sma ll percentage of the fallen flowers were 

young and closed and had abscis sed from the pedicel 

befo re there could be any chances of pollination. Some 

of the flowers, thoug h of a similar nature were with 

their perianth lobes slightly open. 

Th e flowers were further examined to find out 

whether tbey were polli nated and if pollinated, ferti­

lized. T he stigmas were examined by teasing and sta ining 

with methyl- green glycerine je lly a nd in some cases with 

lactic acid for clear ing an d then stain ing in acid fuchsin 

and light green. The results show tha t in the first and 

econd groups pollinat ion is not evident, whereas in 

the fully open flowers abou t 5't revealed the presen 

o f pollen gra ins on the stigmas, and in the old fl ower 

on ly about 4()<):' showed the presence of pollen gra in 

(Ta ble LV) However , the pollen lubes were observed 

on ly in a small percentage of the fl owers. It is possible 

that only shor t tubes were produced or the lubes might 

have distintegrated and died. It is thus clear that a 

large number of fl owers remain unpollina ted in nature 

and subsequently wither ; th is is further sup ported by 

the fact that the number of stigmatic surfaces with 

germinated pollen grains ill situ was somewhat low. 
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TABLE II I. 

Number an the relr tive percentages of the different grou ps of Fallen flower . 

No' of 

collectio ns. 

To tal No. 

exam ined. 

Closed 

flowers. 

Slightly open 

flowers. 

Fully open 

flowers. 
Old flower s. 

1 184 36 ( 19' 56%) 13 ( 7'06 %) 11 8 (64' 13%) 17 ( 9'23%) 
2 5 4 ( 4'7% ) 16 (l8 '82 '{,) 61 (71'76%) 4 ( 4'70 ) 
3 
4 

19 1 
128 

13 ( 6'8'10 ) 19 
10 

( 9·94'j:.) 
( 7'81%) 

152 (79'58%) 
117 (9 1'4')(, ) 

7 
I 

( 3·66'f.) 
( o ·n~ O!) 

5 89 80 (89'88%) 9 (10'1_%) 
6 66 2 ( 3'03%) 61 (92-42%) 3 l 4-54"£) 
7 r44 5 ( 3·47'X'.) 28 ( 19'44%) 102 (70' 83%) 9 ( 6'25 ~~) 

8 63 3 ( 4'76%) 9 ( 14-28%) 42 (66'66';{.) 9 (14'28 %) 
9 58 2 ( 3 ' 44?~ ) 9 (15'51%) 45 (77' 58%) 2 ( 3'44%) 

10 111 3 ( 2'7% ) 3 ( 2'7% ) 92 UU'88%) 13 (11'71 %) 
I I 88 3 ( 3 4' ~ ) 5 ( 5'68%) 7 1 (80'68%) 9 (10'22%) 

The pollinated flowers were sorted out, and examined 
to find out whet her they were fertilized. The ovules, after 
carefu lly removing the out r fi brous integument were 
fixed in Iormalinacctic- alcoh ol and embedded . Sections 
were cut 10/15 u thick and stained in iron haernntoxylin 
and safranin and liaht green. In the sections of the 
female garnetophytes examined, the egg apparatu was 
disintegrating and no trace of the pollen tube of tl e 
male nucleus could also be found . It is thus eviden t 
thai no fertil izations has occur red in the fallen flowers. 
It is po ible that failure of pollen grains to successfully 
germ inate on the stig ma and produce sufficiently long 
tu bes co uld be one of the reasons for the failure of 
fertili zat ion. 

T ABLE IV. 

Nu mber of Po llinated flowers in the different
 
Collect ions of fallen flower .
 

No . of 
col ­

lect ions, 

'la sed 
flowers, 

Slightl y 
pen 

flowers. 

Full y 
ope n 

nml ers, 

Old 
flowers. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

7 
5 
5 
5 
5 
3 
5 
4 
3 
3 
6 

6 
2 
2 

4 
1 
4 
5 

5 
4 

The c use for the failure of the germination of the 
pollen grai ns re ulting in lack of fertiliza tion has been 
studied in detail by determining the germin ation poten­
tial of the pollen gra ins extent of germinati on and the 
rate of elong at ion of the germ tube in the different 
media. 

sJ 

he ability of the grains to gerrninate in vitro in 
nu trient solutions was investigated ; concentrations of 
sucrose, sucro egelati n, glucose, laevulose, malt o e 
a nd sta rch var ing from 0'1 to IO · O~{, were tried. 
Th e water extracts of the cru shed st igma of the 
different types of arecanut were also u ed. Ger mi­
nation coun ts were made in duplicate by the hanging 
drop technique and in each case more than 100 
counts were made to determine the extent of gel mi­
nation. The average length of the tube produced was 
measured by a n ocular micrometer . The cu lture were 
kept at the room temperature for 3 days till the germ 
tubes began to die. The rate .of growth of the pollen 
tubes was tudied and certain peculiarit ies noted accor­
ding to the nature of the medium. The extent of 
germina tion and the average length of the germ tubes 
d uring the first 24 hours of germinat ion of the grains 
of Big Oblong, Big Round and Sma ll Oblong type are 
given in Ta ble V. 

The forma tion of germ tub e was sill qua 11011 fo r 
all the type investigated. The gra ins germinate readily 
in nutrien t media, the percentage of germina tion depen­
ding on the medium emp loyed , its concentrat ion and 
the t 'pe of the grain used. Th e highest rat of germi­
nation was found in a Rig Oblon g type. 

The extent of germination increa ed up to a cer tain 
concentration of the medium, after which it decreased. 
The concentra tions of sucrose- gelatin , gluco e. laevu­
lose, maltose and tarch in which the highest percen tage 
of germina tion record ed are : 0'75 - 1'0%. 0'75 - 1'0%, 
Q.5 - 0 · 7 5 '~~ . 0'1 - \ '0'7,;, 025 - 0 5% and 0'5 - 1'0% res­
pectively. Long germ tubes were produced in rn t 
cases, the length of the tubes vary ing from IS - 600 u. 
T he tube length, howeve r, varied with the co ncent rari n 

ARECANUT 

,
 



-- - - --

'-­
0 
c 
~ 

Z TABLE V. 
~ 
r- I 

Extent of G er mina tion of the Po llen G ra ins an d Leng th of Pollen tubes o f the differen t types in ._, , 
24 hours in d ifferent media . 

-
- - - --_. _­

Type : / Big Oblong. .j Big Ro und . 7- I .I Sma ll O blong. j
Med ia : S SG G L M St. S SG G L M si , · S SG G L M St. - ----- - _ .- - - - ----

Amo unts ill
 
G rns. pe r 100 c.c .
 Percntage of Germi nat io n. 
o f t he medium .
 

(in .
 .1 , OJ 20'X, 22% 25 ~(, 20% 20 ~{J 5°' 25% 20% 50% 25'X, 30' 501 J'> /0 15 ~<o 15% /0 10% 25% 12% 
0.25 13 30 75 - .2Q. 35 7 35 23 20 32 8 22 20 40 15 28 18 
0.5 30 45 92 - 20 8" IS 45 3S 18 40 23 28 22 42- ~ 25 28 36 
0.75 40 48 72 15 17 4S 15 15 40 28 48 50- ~ 55 25 - 39 
1.0 85 50 - 8 72 12 30 12 3 20 26 42 22 30 50 ~ - 29 
2.0 . -35 80 30 - 5 50 5 12 2 3 20 20 20 20 30 25 -~ 9 
5.0 25 50 20 - 5 25 5 I 2 3 IS S 12 20 15 25 - 3
 

10 0 22 25 18 - 5 25 5 - - - 10 2 5 20 5 20 3
~ 

Length o f Pollen tubes. 

0.1 S iu 35u 150u 120u 601l 150u** 20u 60u*" 20u 20u 25u I 5u IOO u 120u 20u 60u 100u 9uu 
0.25 60 42 400 75 172 25 60 300 60 200 23 150 300 - 20 120 60 120* 
0.5 210 100 600 - 90 600 25 90 600 60 350 250 200 500 200 400** 60 SOO*'" 
0.75 210 180"'* 120 - ,~ 120 ~ OO "" 36 90 100 120 500 390" soon 355 200 500** - 520*· 
1.0 2 10 500** 120 '- *25 05 00 36** 60 100 15 J20 402 450" 350 100 500** 530 -
2.0 60 450 50 - "'25 40 ,,~"- 30 IS 15'" 120 120· 200 * 36* 100 60'" - 30* . 
5.0 SOil' 200 30 - *IS 35 15* 30* IS 15* 50* 60'" ~50* :'0* 100 60· 30* 

10.0 40* 45 · 20 - *15 *35 15'" - - - 40* 15* 50* 30* 60* 60* - J5· 

:!t Grains germinati ng into big vesicles. 

** Tip o f germ tubes en larging into ves icles during or after the first 24 hours of germination . 

S - Sucrose; SG- Sucro se 1%gelatin ; G - G lucosc ; L - Laevulose ; M - Maltose; St - St arch . 

VI 
N 

I 



--- --- - ---

of the media. P lien grains in very high and low 
concentrations of solut i n di rectly germin ated into big 
vesicles. The percentages of germin ation in cru hed 
stigma extracts showed no ap preciubl variation. hilt 
the po llen tu bes did not exceed 320 u in lengt h 
(Table VI) . 

TABLE VI. 

Extent of Germination of the pollen grains and rate of 
elongation of the po llen tubes in crushed . 

stigma extract . 

Type. 

Big Oblong. 

Big Round. 
mall Oblong. 

Percentage of
 
Germinat ion.
 

60'Y, 

4 6 · ~ /. 

Length of
 
pollen tu bes .
 

320 u
 

250 1I
 

2 0 II
 

The grow th in I ngth or the tube s wa d irectly 
related to the con entratlon of the medi um up to a 
certain limit , afte r which it decreased. Long germ 
tubes and higher extent of germ in tion were invariably 
found in the arne concentration of the media . The 
act ivity of the germ tub s extended for a maximum 
period of 72 hour . beyond which they gradu ally 
became inactive and died. In orne cases, where long 
tubes were prod uced, grow th of the tubes dur ing o r 

T ABLE 

after the first 24 hours of germination wa a socia ted 
with the for mation of vesicles at the tip s arre ting 
further activity . A. a ru'e, grow th f the tube was 
highest within the first 2 hour: further growth wa 
irregular . 

The effect of maturity on the rat e of germina tion 
of the pollen grains of th different types wa also 
studied. Mat r poll n gra in. were collected in watch 
glassc and slides from freshly op ened flowers and 
stored fur further experiments in the laborato ry. 
Hanging d rop cu lture s were made from the pollen 
grains after every one hour a nd the percentage of ger­
ruination a nd growth in I ngth of the tubes wa 
me sured after' 4 110 Irs: result are given in Table VIr. 

It vill be seen that 

8- 9 
(i) the longevity o f I he pollen grains 
hour after maturity. 

\V ,IS from 

for 
(ii) maximum 
ation of long 

germination 3 socia ted 
tubes was ob served in 

with the 
the gra in 

germ inat ing during the fir. t 2- 4 hour a fter rnatu ri y. 

(i ii ) the extent o f germination of the frc h gram s 
was from 25'5-48'8)0 of the to ta l germins tion and on l 
sho rt LUbe were produced . 

I I. 

LONG I:.VITY OF TH E POLLEN.
 

Percentage f' germ ination an length of Pollen tub es aft r hou r .
 

Type. Co ntrol' I hr . 2 hr . 3 Ius. 

Big Oblong.",h 20~ 50 '~~ 70 '!~ 72 

Length . 2 u 20u 22l)u 550u 

Big Round . n:. JO ',\~ 22;,; 30".{, 40nJ, 

Length. _5u IOJu 210u 420u 

3gnlSmall 0 long.% I t ''I, 23~ 29';,; /0 

Leng th . lO U 66u llOu n ou 

4. hr . 5 i rs. 6 hr s. 7 hrs. 8 hr . 9 hTS. 

60% 
250u 

4 0 .'~ 

420u 

43°/, 

510u 

2W,\'. 
20u 

J ) ol 
. ' - , 0 

200u 

4')"1 _ ,\ t 

510u 

14'y> 
20u 

100/. 
100u 

3')'" - , ) 

266u 

6'v ;0 

20u 

8'" I,} 

82u 

1 8 ' ~ 

20Uu 

3 ~.. 

IO u 

6°1 ., 

20u 

T he effect of temp erature on the rat of gerrnina­

tion of the pollen grain s '''''IS tud ied by u ing hang ing 
drop culture of 1·0 ~', sucre e, 1'0% sucro e-gelatin , 
0 '5% gluco e, 0 '1% lacvulo, 0'25% mal tose and 0'5% 
si: rch at 35 + I'OC for different period . The slive' 
were incubated for 2-3 days: percentage of germination 

and the average length o f' the tu bes were meas ured. T he 
results showed that the grains failed to ger minate in all 
cases irr pective of the dura tion of treatmen t. In one 
case, however when malt ose was used a ' th e mediu m, 
2- 3% of the grains produced hort tubes afte r I hou r 
treatment; 0 furth r germ ination was c ident . 
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I n another set of experiments the slides were 
expo sed to trea tment of 20 + I"C in an incubator. The 
observations recorded during the first 24 hou rs of ger­
minat ion are given in Ta ble VIII 

T he result s show tha t temperatures of 20 + 1°C and 
35 + (C do not favour successful germina tion of the 
poll-en grain s. Wh ile there was practically no germina­
tion at .~ 5+ I"C, the number of ger mina ted grains at 

20 + 1°C decreased stead ily with increased duration of 

treatrnent. the decrease in the percentage of germination 
being associated with the prod uction of short germ 
tub es. 

T A BLE V I I I. 

Percentage of germination and le ngth of the pollen tubes 

at 20 + 1° c. 

Tr eat ment. so- Sucrose 
erose. Gel at in. 
-

G lu­
case. 

Lea vu-
lose. 

I\lal­
lose. 

Star-
ch . 

Control ~(, 

Len gth. 

20 +1°c. 

61 % 
421u 

63o,b 
392u 

7"'>1... ,(! 

576u 

21n l 
- ft ' 

223u 
16% 

13Su 
65% 

56Su 

I hr. daily . % 
Leng th . 

2 hrs dai ly ',1. 
Len gth. 

50% 53'/.', 
2 15u SOu 
40/:' 4O;'; 
175u 15u" 

6 3 ~:, 

220u 
6 0 ';~ 

zoou 

I 7 ~ ;', 

40u 
l O ' )~ 

19u" 

15% 
100u 
10% 
60u 

6 3 "~ 

42Su 

4 2 ~~ 

200u 

4 hrs, daiIy "" 
Leng th. 

33% 3S% 
6011 J5u· 

13% 
150u 

15% 
15u* 

-
-

10":' 
6011 

X Ius. daily 'X, 
Length . 

30% :n x, 
60u'" 15u* 

10% 
20u 

* Pollen grains germina ting into big vesicles, 

A co mpara tive study of the ger mination of the 

pollen grains in rela tion to the viability of the stigmas 
of the fresh and fa llen fl owers with increasing maturity 
was also made. This may be impor tant in view of the 
fac t that cha nces for a qu ick pollina tion of the flower" 
as soon as they open are found to he rare. An exami­
nat ion of the scrappings of the st igma s, subseq uent to 
o pening of the flower. showed that on ly a sma ll per­
centage of the fl owers have been pollina ted. Under 
natural conditio ns. it is also not uncommon to see ope n 
flowers remain ing sti ll unpo llinat cd for 4- 5 days afte r 
opening and ultimately a bscissing. Hence, an a ttempt 
vas made to determine the perce ntage of germ ina tion 
of the pollen grains on the stigm atic surfaces of various 
stages of development in fresh flowers as well as in the 
fallen flowers. Cru shed stigma extract s of the different 
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groups of fresh and fallen flowers collected at random 
fro m two different plantat ion s were made and the pollen 
grai ns cultured in them by the hanging drop technique. 
The extent of germination record ed after the first 24 
hours is given in Table IX. 

T A BLE IX. 

Viabili ty of the stigmatic surfaces of the fl ower 
of different degrees of maturity. 

Percentage of germination of the polle n grai ns 
tigma extracts of 

Fres h flowers. Fa llen flowers. 

Clo sed 
Ii -

ght ly 
open. 

r I 
' ul Y 

ope n. 
Old. Clo sed 

Sl i­
ghr ly 
o pen. 

II 
F u. Y 
open. 

OIl!. 

I. - 38'}:', 30% I O ~~; - 32'X, 1n:, 10 J' 

2. IO'X, 5 3 ~{, 52'X, J O'X. 6% 42% 40<Y,; 18 ~!, 

It will be seen that : 

(i ) stigmatic sur frccs lose their viability under 
nat ural cond itions with increasing matu rity of the fl ower. 

( ii) in closed flowers stigmas are the least viab le. 

(i ii ) stigmas exhibit thei r ma ximum viability when 
the flowers slightly open the ir perianth lobes and expose 
the st igmas. 

( iv) with the a bsc iss io n of the flowers. stigmas lose 
their apparent viability co nsidera bly. However, they 
retain their receptivity to so me exten t even aft er they 
have abscissed from the inflo resence. 

DISCUSS ION AND CO NCLUS IONS. 

Some of the mai n conclusions reached above are 
as follows . ­

It has been genera lly observed that in arecanut 
pa lms the re has been a considerable extent of sterility 
resulting in low yield of fru its. An estimate is here 
given of the extent or sterility o f rhe var ious types of 
Ar eca catechu gro wn in Assam, as well as of the factors 
which influence pollina tion. It has beco me apparent 
that sterility is possibly d ue to : ( i) no n -uniformity in 
the lime of maturity of the male and female parent. 
with considerable lag in between the phases (ii) dilferen­
es in the exte nt of sterility in the male fl owers (iii) 
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failure of pollen gra in. to g rrninate (iv) low growth of 
th pollen tub e and their subsequent death in the stylar 
canal resulting in failur of fertilizat ion and (v) short 
longevity of the pollen grain and the stigma. 

It may be noted that the first de ribed above is a 
natura l adapt ati on to preve nt 'elf- pollination beca use 
of the time lag between open ing of the male fl owers and 
the female ones. Sand s (1926). however, indicates the 
possibility of po llination from the male flowers of the 
spadix succe sively opening in the sa me palm. 

The exte nt of . ter ility in the male tl wers f the 
d ifferent type is considerably high. Ster ility duri ng 
form ation of the microspores originates as a re ult of 
the failure of one division or the formation of 'res titu­
tion nucleus' after the fir t division or an irregula r wall 
formation giving rise to one binucleate and two uninu­
cleate spore (Mhe hwari 1950 ): sterile grain s may also 
be formed by the irregularit y in chromosome distri­
bution du ring meiosi leading to polyspory ( harp. 
]934). Other cyto logical data , ure however, at pre en t, 

lacking. High steri lity is generally characteristic or 
hybrids and the questi on whether the different type of 
arecanuts are really mo rph logically d ifferent or merely 
unstable hybrids req uires furt her inve rigation . 

Alth ough steri lity in the male fl owers influences 
fruit-set, the lodging of the pollen grains on the stigma 
under natural conditions and its subsequent g rrnina­
tio n leading to fertilizati n of the ovu le are also 
important factors in the formation or fruit . It i 
ob erved that not more than 75 ,0 of the fl owers actully 
receive poll n on thei r stigmatic su rfac . . Naik and 
Rao (1943) and Mukherj c (19 1) wor king on the 
blo sorn biology of mangces have made similar ob er­
various. The main problem, however, is n t in regard 
to the lodg ing of the pollen grains on the stigmas and 
their capacity to germinate , but the active growth of the 
pollen tubes inside the stylar canal leading to I' rtilization 
of the ovule . The failure of the pollen tunes to fertilize 
the ovu les may be due to : (i) maximum I ngth of the 

polle n tubes being inadequate to reach the ovule (ii) 

medium of the tylar canal favouring inhibition or 
growth (iii) bursting of the pollen tube in the st Jar 
'canal of formation of vesicles at the tip of the tub s, 
Evidence i already given of the frequent occurrence of 
such vc icles at the tip of the tubes in cultu res. Th e 
ephemeral natur of the pollen grain and the degree of 
receptivity of the st igmas ar also factors that determine 

successful: poll ination and fertiliza tion. In the ca e of 
arecanuts, pollen grains 10 e thei r viabil ity whit hin ] to 
9 hour. after maturit ; st igmas in mature flower al 0 

exhibit rapid loss of recepti vity. It has been furth er 
found that cert ain nutri nt solution fa vour produc tion 
of long tube and ucce sfuJ germination of the pollen 
grain s. This may serve as a basis for fur ther studies 
on pccific stimuli or a uxins that may be reoponsibJe 
for quicker ini ration of germination and more act ive 

growth of the pollen tube tha n hitherto obtained. T here 
is, however , evidence that even the styJar extracts do 
not increa e sufficiently the extent of germ ination of the 

pollen gra ins. 

It is evident. therefore. th at failure of poll ination 
and fert ilizati n primarily account ' for a con iderabl e 
proportion of the fallen fl owers in arcc anut palm . 
Ap proximately J5% of the fl owers wither and ab ci e 
in the you ng stages before the re could be any chances 
for poll ination. The factor vhich influence the a bscis­

' ion of th young flowers a rc till imperfectly under­
stood. 

S U M M A R Y . 

I. The fruit -. ct a nd . terility of the different types 
of arccanuts in Assam are studied; 40 - 65 ~;' o f the 
female flowers only set fruit and mature. 

2. Pollen grains of the different types are morpho­
logica lly simi lar , but the anthers e hibit var ying degrees 
of teri lity, grain s being sterile, imperfect o"r fertile. 

3. The fall of female flowers du ring premature 
stages i du to fail ure in pollina tion and fert ilization. 

4. The extent of germinat ion of the pollen grain s 
and the rate of growth of the pollen tubes a re studi ed 
unde r itferent conditions. 
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