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IXTRODUCTION

 Peppor (Piper nigrum L.) is the most populer
eguong the mpices, India’s share in world production
of pepper used to be substantial. Bubt when other
producing countries took up pepper cultlivation exten-
pively, with scientific management, thelr production
inereaged considerably and India's shere in export came
down draptically. The world trade in black pepper was
ocptimated t0 be cbout 125.34 thousand tonnes during
1977. During that year, India had 55.5 per cent of
the totsl world area under peppeér, which accounted for
20.5 per cont of the world production. On the other
hand Brazil end Malaysia vith 5.9 per cent and 5.2
poyr caent of the area sghared 23,6 and 22.4 por cent
production respactively. Indonesia with 27.5 per cent
of the arsa accounted for 24 per cent of the total

production.

During 1978-79, India produced 26.10 thousand
tonnes in an area of 111,97 thousand heotares. Pspper
is essentially an export orisnted erop in India,
accounting fr about 50 per cent of the total export
earnings from all spices. During the year 1978-79%,

*gource: Directorate of Cocoos., Arecanut & Spices
Devalopnent, Calicut.



the eiport earnings was to the tune of 5.280 wmillion.

Among the peppor producing states in India, -
¥arala ranks firet both in area and production.
During 197879, the area under pepper in Herala wag
108,26 thougand hectares and production wap 25,12

thougand tonnes.

Considering the lwmportance of thip spice in the
econony of India and Eexala, very little work has been
carried out during the past yeers. The production in a
peyennial cyrop depends upon the growth and fl owering
behaviour, which in turn 1s Influenced by the interaction
of genaotic and environmental factors, Pepprer im nrot an
exception to this. Hence, in order to exploit the full
potential of orop production in pepper, the detalled
undergtanding of the growth and flowasring pattern is
quite important. A knowledgs on the mode of pollination
and pollen viability are also important for successful
crop production, Though certain work on these aspects
_hava been carried out both in Indle and abroad, they
. are neither specifie nor exhaustive (iasan, Iljas, 19603
Martin and Gregory, 1962; De VWaard, 1967; Nambiapr
et al., 1978). Another important factor that hinders
the production of pepper 1s'spiks shedding, which im



found to vary from 14.5 to 65.2 per cent in dif fevent
cultivars (Pillai et al., 1977)« 7The factors respon-
alble for spike'shedding are yot to bs elearlﬁ under-
stood., An understanding of the pattern of spike shedding
wiil be of use to identify the fectors responéible for
the gams which.will in turn help %o arrive at effeotive

control measures.

In view of the above facts, the present studies
have been undertaken in pepper at the College of
Horticulture, with the following objectives. -

To ptudy (1) ¢he pattern of growth and flowering
(11) +tho floral biology

(41i) the pattern of spike gheddinz.
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REVIEW OF LITERATURE

Pipsr nigruml the black pepper of commerce 1s
systematically placed under the family Pipsraceas of
the order Piperales,

Engler and Prantle as quoted by Benson (1970)
rogarded the Piperaleg as repraesenting one of the most
prinitive type of dicotyledons. Rendle (1971) related
Piperalaeg to Polygonmnleg 1ﬁ the trimerous relation of
the flower and the orthotropous solitary ovule, Contrae-
Ty to the views of Rendle and Engler, it is now consi-
dered that the family Pipcraceae, though of undeter—
minate origin, is not ona of the most primitive dicots,
but an independent ond terminal offshoot of diresct
Ranalian ancestxy (Shuklia and Miswa, 1979).

1. GROYTH STUDIES

Growth studies are important for understanding
the cropping behaviour of a plant which is evident from
the works of Guatafson (1926), Reed (1929), Barnard
(1932) and Melfunn:. (1939),

In pepper, growth studies hmve not baen raported
s0 far. But the rslation between vegetative growth and



fruitfuinsss has been stuiied in warious other crops,
such as apple (Barnarﬁ and Reed, 1933), mango (ﬂaik
and Rao, 1942; SPBncer and Kennard, 1955;
Krighnamurthi et al., 1961; Teotia et al., 1970),
citrus (Reimund, 1949; Krishnemurthi gt al., 19603
Randhawsa and Sinha, 1963; Singh and Ghose, 13965t
Harienc and Marioko, 1975), sapota (Sundararajan, 1961)
and guava (Aravindakshan, 1964).

In mango, growth In a particular seapon influen-
cea greatly the capaclity for flower production in the
succeeding season. The nature of shoot growth in mango
is ¢yclic as described by Ralk and Rao (1942) and
Krighnamurthi et al., (1961). They obmserved that a period
of growth altornated with a period of quiescence. Turing
the course of ons yesar, five cycles 6!. grow:bh were re-
corded. Teotim et al. (1970) concluded that tree vigour

could be taken as 4 criterion for yleld in mango.

Halma and Compton (1936) estudied the importance
of growth flushes in cltrus. XKrighnamurthy et al. (1960)
distinguished five cycles of shoots growth for one year.
The maximum total growth was observed to be in the month
of Marc_h, followed by that in July, August and Septsmber



in the demcending order. Similar obaervations were
made by Randhawa and Sinbe (1963) and Singh and Ghose
(1965).,

In citrus, Saur (1951) claasified flowering
shoots as (1) shoots bearing flowers but no leaves
(14) shoots bearing rloweré and fow leavas (iil) shootn
with leaves and soiitary flowars (iv) shoots with
geveral flo;ere and peveral large loaves and (v) vegeta-
tive shoots with no flowers. In mango, Nalk and Rao
(1942) classified them as shoots with flowered leaders,
non~flowered ‘leaders and current yeert's leaders. In
guava Dasarathy (195%) distinguished the current secason
shoots as flowering and vegetatlive types. They ware
clasgified 1nfo three as sheots which produced flowers
and ceaged growth, shoots which continued growth proe
dueing flowers znd shoots purely vegetetive (Aravindakshan,
1964). | ‘

in peﬁper the inflorescence is produced on the
frulting branches alao known as the laterals. The
lateral branches are plaglotrople with a sympodial growth
habit and showing a periodical growth (De Weard end
Zeven, 1969).



_2+ BBX AND SEX RATIO

Koordera (1908) reported that most wild RPiper
species and some wild forts of Piper nigrum in the
wesfern Ghatm wers diocecious. Bub surveys conducted
in ths forests of the Western Ghats revealed the fre-
quent occursnce of hermaphroditism emong the wild types,

ap pointed out by Fambiar et al. (1978).

In pepper, majority of the cultivated varieties
ara reported to be hermaphrodite (Hascn Iljes, 1960;
Hambinr and Sayeed 1962; Martin and CGregory, 1962), but
there are fow exceptions like Uthirankottz, Karuvilanchi
and Fundi, which are predominantly plstillate.

Hasan Iljao (1960) observad that stamens may be
pregent in a rudimentary foevn embedded in the tiesues
below the surface, which provided on éxplanation for the
restricted hermaphrodltism in some of the femzle cultivara.
Male plants though rare could be easily recognised by
their vigorous vegetative growth (Kooxders, 1908:;

Marinet, 19535; Hagen Iljcs, 1960; Cobley and Steele,
1976).

Namblar et al. (1978) found wide variation among
the cultivars with respect to the proportion of male,



ferale and hermaphrodite flowers in a epike, The

male flowers in a apike varied from O to 19 par cent,
while bisexual flowers showed a wider variation of 2

t0 93 per cent. The proportion of feazle flowers has
been found to increage with an increase in the intensity
of shade, 3pikes produced during the off-peason were
also characterised by more number of female flowers then

in those produced during the normal flowering ssason.

Shanmugavelu and Rzo (1977) have also raported
the influence of scason on the sex of pepper vinea,
According to them, in the Travancore cultivars the heavy
rains during March to May provide a favourable atmogphers
for exhibiting hermaphroditism, On the other hand, lack
ol rain for six monthe from October have an unfavourzble

influence on the HMalabar cultivars.

Cramer (1907), Anandan (1924), Blackloek (1954)
and Nambier et al., (1978) stremeed that a high ratio of
hesrmaphrodite flewers was essential for increased

production.
5, VPLOWER PRODUQCTION AND BLOSSOM STUDIES

The inflorescence in pepper develops simultaneously

on the current season growth, opposite o a leai. Dw VWaax



and Zeven (1969) reported the presence of two succes-
sive primordiale of a raceme within a single bud giving
riae to abundant flowering.

The inflorescence of pepper hes been variously
deperibed as a catkin supporting 50 to 150 small sessile
flowers by De Waard and Zeven (1969), a long slender
pendulous spike by Cobloy and Steele (1976).

Do Waard end Zeven (1969) studied the development
of the inflorescence in detail., They observed that the
spike exhibited positive geotropism geveral days after
emergence. After about 15 days when the immature racems
hag increased in length, flowers appearceéd from the basal
portion. A protogynic stage developed and existed for
five days, subsequently followed by the appsarance 95
the gtemens from the base., TFour or five days later
each stigwe was accompanied by one or two stamens. The
developzent was fundamentally centripetal, but an irregular

appoeranea or dominancy was frequently observed.

Prom studies condgucted 2t the Fepper Research
Station, Panniyur,by Newbiar et al. (1978) the following
observations wers made. The spike emerged covered in a

aheath, the colour of which-varied from green to pinkish



. oy eveﬁ viclet. It took about 20 to 25 days for

the full emergence of the spike from the sheath.

The flowers oﬁenad 8 %0 14 doys after the emergence
pf the splke, starting frouw the base and progreselvely
advancing towazxds the tip. The couplete opening of
the flawers on & spike took zbout & to 9 days,

The period of existence of the protegynic stage
wes found to vary. Anandan (1924) and Cobley and
Steele (1976) reported that in India protogyny exten-
ded over a period of 7 1o @ days. In Muerto Rico 3 to
8 dayas pzssed tefore anther dehiscence wag observed
(Marti{n and Grogory, 1962), According 1o Lagpan Iljas
(1960) protogyny was a varletal character, which some
times did not exist. PFrom recent reports it is seen
that though protogyny is seen in wejority of the cames,
the simﬁltaneoua opening of the male and female {lowers
and protandry are found as axceptions (Famblar et al.,
1978).

In pepper, ths naked flowerg are more or less
sunk in the fleshy axis of the spike on whick they
clogely occur (Benson, 1970; %endle, 1971). They

deacribed the flowera as minuté. braotezate, usurlly
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bisexual, sometimes unlsexuel with no perianth.
Purseglove (1977) described the bracts as ovate
and fleshy.

According to Rendle (1971), ian Piperaccas,
the numbsr of stawens varied from 1 to 10, but most
of the flowers umay bs derived from a trimsrous type
with two whorls, cach of 3 stemens, as occurs in
Piper analage; Piper nigrum hag only two stamens
the pogterior one of the inner whorl having aborted.
Cobley and Steele (1976) end Purseglove {1977) reported
the number of stamens as 2 o 4, occuring on either
_gide of the ovaery in hermaphrodite fiowers. De Waard
(1967) observed that the gtamen pushed iz way through
the ecatkin tissue and appeared as a wkite sphorical
body on the top of a short thick filamont,

The ovary has been deserided as ovate, uni-
locular and éuparior (Cobley and Steele, 19763
Purseglove, 1977; GShukla ond Misra, 1979). The number
of carpels varled from 1 to 4 as reported by Benson
(1970) and 1 to 5 reported by Shukla and Misra (1979).
The ovule is single, solitary and orthotropous with two
or sometimes one integument (Bemson, 1970; Shukla and
Miora, 1979). Shukla and Misra (1979) also described
the placontation es baseal,
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Benson (1970) xoported the number of stigma
ag 2 to 5, vhile Ds Waaxd (1967) and Purseglove (1377)
found the number as 3 t0 5. Cobley and Steele (1976)
describad fhe stigra as star shaped and sessile, the
numbar corresponding to the number of carpels. Hartin
and Gregory (1962) reported that the succulent papillae
of 10} 1in dicmeter were extremsly sensiiive to mecha=-

nical damage,
3-1 Anthenis

Nambler gt al. (1978) reported that anthesle in
pepper commenced from 19.30 hours. Flower opening
- gterted from the base of the spike and continued towards

the tip.

3.2 Anther dehisoence

In sarawak, works by De Waard (1967) indicated
that dehiscénce of anther usually took place'batween
12,00 and 14.00 hours on days when & relative humidity
approximately 60 per cent was attained at é temperature
of 52°C and under condltions of bright sunshine. Theo
mass of pollen spilled freely over adjascent stigmas
and other parts of fhe spike. He also observed that
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dehiscence within peirs was not simultaneous ag &
rule, Naobiar gt al. (1973) suggested that in case

of protogyny the anthers dehisced at anytime, within
four days after ths stigma became receptive. It was
also reported that temperature and relative humidity
controlled partially the longitudinal dehlscence of
the pollen sac (Hasan Iljas, 1960; Martin and Gregory,
1962).

3e3 Receptivity of stipgma

De Weard (1967) aessociated a viscous condition
of the gtigma with receptivity. He also found that
inoreased relative humidity extended ths receptive
period, Rambiar gt al. (1978) observed that the period
of receptivity of stigma varied based on the position
of flowers on the spike. The flowers at the base of
the spike had a receptive period of 7 to 9 days, while
it was only 3 to 5 days for thoge towards the tip.

4, POLLIRATICH

4.1 HMode of peollination

In pepper several modes of pollination hava been -

suggasted,
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Hagan Iljas (1960) has pointed out that the
flower atructure of pepper does not facilitate inseoct
pollination. But Martin and Gregory (1962) had
viewed that wingless insectsloccaasionally ocouring on
the recemes may be potentlal pollinators, which was
gupported by De Waard (1967) from esimilar observatlons

in Sarawak,

¥ind pollination was congldered to be as in-
effective as insect pollination by Hasan Iljas (1960).
He found that pollen transportation by Wind was negli-
gible. Contrary to this, studies in Puerto Rico by
Martin and Gregory (1962) indicated that 32 té 64 per
cent of the pollen on the epike may be digpersed to the
alr within 24 hours of dehiscence and on release tius
gnall grains may be subject to wind~tranaporiti§n.
Insect and wind pollination can evidently be considered

t0 be accidental in majority of the cases.

Ceitonogamy has been suggosted ag an effective
mods of pollination by Haaanllljas (1960) and Da Yaard
(1967). This is a composite mode of self pollination
involving the combined ef!ects-of ralnwater alternating

with prolonged pericds of sun and wind. Dispersed




pollen grains wmove along the spike by gravity. TFree
hanging racemes inside polyethylene imolation bags
displayed an unrestricted fruitset lrrespective of
inscete or rainwater supporting the ococurance of
geitonoganmy. According to both the authors, the
factors gtimulating geitonoganmic fertilimation are
positive geotroplsum, opiral arrangement of the flowera,
sequentiel ripening of the stigme and non=chronological

‘dehigcence of anthors.

De Veard (1967) had also suggesied that trus
galf pollination or amtogamy could be effective in
hernaphrodite cultivars, wherein stigma branches curved
very closé to the fresh cluster of pollen during
dehigcence., Autogany wag favoursd partlcularly whon
environpental conditions promoted the extended perlod

of receptivity of the stigua.

Nambiar gt al. (1978), who could £ind lorge number
of pollen graing in dripping waber suggested that rain
water wae the chief pollinating agent in pepper. The
evidence for this was drawn from an observaticnal trial,
wherein a few wvines were protected from ralin, half of

which woere sproyed with water and the other half left



uneprayed. Normal setting was found in vines gprayed
with water, while the vines left unaprayed gave only
a very low fruilt set,

4.2 Artificial Pollinotion

Martin and Gregory (1962) described itwo diffe=-
rent methods of hand pollination in pepper. In one
method ripe anthors were opened by méans of a mealpsl
and the pollen rasgs séooped up, which was applled to
the appropriate stigma. The efficacy of this method
was low. The other method conasisted of brushing both
donor and receptive spikes using a camel hair brush

where fertilization was successful.

De Vazra (1967) developsd a uethod of hand
pollination, in the oultivar Kuicking, making use of
the extended period of protogyny. PFrior to hand
pollination 21l spikes present on the receiving vine
weye removed o prevent gelitonogamy betwesn nelghbouring
. gpikes., 4t three or mora locetionsz branches which
exhibited actively growing aopicael buds wore seiacteﬂ
and isclated in a bag of echeese cloth streched around
a strong wire freme, No other spikes were allowed 0

develop. As soon ag the stigua appearsd on tha proximal



17

portion of the apike, a number of those, usually two
or three per splke were marked. From the donor vine
ripe anthers woere selected and placed at the end of

a long pin. Subsequently the entire pollen cluster
wvas genily brought into confact with the young stigma.
This method was found to be successful in 50 to 75

per cent of routine peollinations.

Rambiar ¢t al. .(1978) suggested that it was
convenient to reslbrict pollination to a few {lowers
in a spike which would open within the next one or
fwo deyas. In the method developed by them, anthexs
from the flowers of the selected portion of tha oplke,
were removed with a dissecting needle wlthout causing
injury to the ovary and the remaininz porticn of the
spike cut off with a pair of scissors. The emasculated
flowers were covered with a paper bag, preferably with
paraffin coated paper hag. Pollen graing from selected
epikes were collected by washing them with distilled
water and collecting the washinga or by extracting
mature anthers and crushing tlem in dietilled water.
The pollen guspension thus obitained was used to polli-
nate flowers using a fountein pen filler, which was
carried out at 20,00 houra. FPFor ensuring maximum set

the process wag repeated fLor 3 to 5 successive evenlngs.
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The pollinated spikes were kept covered +ill frulils

sterted developing.
5. POLLEN STUDIES

Study of pollen grains ig of great signiflcance
in floral biology and in interprsting taxoncmic relations
ships énd‘the origin of plents. The siorage and ger-~
mination of pollen grains play an important role in

assigied pollination and hybrldisation programmes.

5t Pollen production

Oberle and Geortzen {1952) and Rao and Khader
t1962) suggested the use 6f a hesmocytometer for esiti-
mating the pollen produced by a flower. In pepper, the
nunber of pollen per anthey is found %o vary with cultlvars.
In Indian cultivars, the pollen yield per spike was esti-
mated to bs 5,00,000 to 7,00,000 by Marinet (1955) and
1,00,000 to 3,00,000 by Martin and Gregory (1962).

The influence of atwoapheric conditlions on pollen
roduction has been reported by Brookes and Puri (1963),
which waz supported by resultis obialned by Sharma and
Singh (1970) in wango. Highor temperature and drier

climate appeared to be mgsoclated with increased pollen
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production per anther. According to Stanlay and
ILinskens (1974) it is possible to derive a regres-
sion coefficlsnt to predict the day of maximum
pollen shed for any one mpacies at a given location,
from the degrse hour heat sums if sufficient data is

available,

5.2 Pollen morphology

Pollen moxphology as an expreasion of ph&logany
and evolution of plants has been stressed by various
workers (Wodshouse, 1935; Rao, 1961; HNalr,1965).
According to them the form of pollen grains was as
useful as any other characteristic in the classifica-
tion of plants. Ao a general rule, they served best
in diotingulshing between higher groupa of plants such
as tribes, families, gensra and some speclea., This
view was supported by the works of Fogle (1977) and
Maag (1977) who have suggested pollen ultrastructurs
ag a neang to 1dentify the tree fruit specles and even
clones within apecles. Hair (1965) classed the pollen
graing of the family Piperaceae as monoeolpate. Several
investigators {Masan Iljas, 1960; Martin and Gregory, -
1962) reported thet pollen grains of pepper were small

with a mean diasmeter of 10 ¢ 1rrespective of cultivara.



20

5e3 Pollen viability

Stanley and Lingkens (1974) have classified the
methods for testing the wviability of pollen graine as
germination end non-gexymination agsays. In pepper,
pollen viability studies have not been reported mo far.
However, in many other crops this has been pursued in
detail.

5.%.1 Stain tests.

Zirkle (1937) suggested a method for teating the
viebility 6: pollen grains, by mounting them in aceto-
carmine. The grains which stained well, looked plumpy
and well shaped were taken by him as fertile and the
unstained shrivelled ones as nonviable or sterile. UThim
method have been adopted by Balasubramanyam (1959) in
guava, Wirmslendunath and Rendhewa (1959) in pomegranats,
Singh (1961) in mango, Singh (1962) in 1litchi, Nalawadl
et al. (1977) in sapota and Thankesmapillai et al. (1978)
in gingeijto find out the percentage of fertility.

The staining properties of various other compounds,
suggestive of pollen fertility have been reported. They
are lodine (Barnett and Carver, 1964; Brooks and Brooks,
1967), tetrapolium salts (Aslam gt al., 1964) and propino-
carmine (Deshuukh et al., 1978).
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The different stains possesa specific staining
properties as explained by Stenley and Linskens (1974).
Accorﬁing to them acetocarmine preferentially stained
chromosomes, iodine stained starch and tetrazolium
salte changed their colour in the presence of enzymes
occuring in the viable pollen, They further observed
that the use of ptaina was not sufficlently accurate
when compared to. germination teste becauge the ilmmature
and aborted pollen grains contained levels of constitu=-
tive cheulcals enough to yield positive resulis in the

pgtaln tests.

5.3.2 Tollen germination

Compared to stailn tests, in vitro germlnation
of pollen can give a more accurate index of pollen
viability. The level of germinobility determired in
vitro is oome wheit inacurate according to Haizr (1977),.
Addicott (1943) and Visser (1955) viewed pollen germina-
tion and pollen tube growth as two distinet physiological

procesces independent of each other,

5.5.2.1 Role of sucrose in pollen germination,

The role of sucroee in pollen germinetion and

tube growth have been much debated. lany workers believed
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that the externzlly supplied sugers had only an
osnotic role and'were not utilized by the tube for
any nutritional purpose (Jost, 1905; Martin, 19133
Anthony and Harlan, 1920; Visser, 1955). This view
was contradicted by others (Brink, 1924; O'Kelly, 1955;
Vapil, 1958), who pointed out that apart from having
an ogsmotic role the externally supplied sugars in the
medium or in the style definitely served ar a nutrient
caterial for the growing tuﬁea. However the work of
O'Kelly (1955) has shown that germinaiion was neither
an osmotic or turgor phenocmenon nor did sugars serve

mercly as & sgource of nutrition.

Adams (1916) obtained good pollsn germination
a% various concentrations of cane sugar for different
erops sueh ag 2.5 to 10 per cent for apple, 4 to 8
per cent for pear and B per cent for bleck currants.
Succossful pollen germination in wmany other crops have
been reported. This include 20 per cent suerose and
1.5 per cent agar for plum (Randhawa and Nair, 1960),
16 per cent sucrose and 0,7 per cent agar for sapota
(Rao and Khader, 1960), 25 per cent sucrose and 0,5
per cont agar for mango (Singh, 1961), 30 per cent
eucroge for cashew (Damodavan gt al., 1966) and 15 per

cent aucrose for cocoa (Ravindran, 1977).
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Brink (1924) observed that when pollen was
cultured in sugar or sugar agar medium the pollen
tubes were ag long or even longer than those formed

in natura,

5e3¢2.2 Effeot of borie acid in pollen germination.

Schunucker (1935) discovered the stimulative
role of boric acid in pollen germination and tube
growth, In Nymphaea and in wany otherspecies studled
by 'him, the elemont was found to oceur in the platil-
late tispuems. Since then the role of boxie acid in
germination and tube growth had been studied by various
workerg in many plants. Thompacn and Batjer (1950) in
thelr gtudies on the pollen of different speciaes of
fruit trees, found that boron or boric acid in low -
concentratione of 25 to 40 ppm stimuloted both germinae
tion and tube growth. Resnik {1956) observed that the
addition of borioc acid at concentrations ranging from
10 to 100 ppn improved germination by 10 to 15 per cent
in 'Mayer' lemon. He obtained similer results with many

other varleties and species of citrus.

Studies by Munzer (1960) revealed that 1 to 10
per cent boric acid stimulated pollen germination and

tube growth in more than 60 speoies of anglosperus.
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Singh (1961) obtained increased pollen gormination

and tubs elongation in mango with 20 ppn boron or
barie acid. 'Rao tnd ¥hader (1960) found thet zemina-
tion of sapofa pollen could be enhanced gppreciably by
the addition o2 100 ppm boric acid to the sucrosme-ager
medium, Jose and Magoon (1972) could improve germina~
tion and tube growth with 200 ppm boric acid added to
5 per cen®t sucrose medium. Ravindran (1977) also
emphesised the need of boric acid (100 ppm) for proper
germination and tube growth of cocoa pollen,

5e3¢2.3 Lffect of calciua nitrate in pollen germination.

The influence of calelum nitrate on pollen ger=
minztion and tubs growth, thouzh not as effective as |
boric acid, is reported by various workerse. It has been
found that the addition of electrolytes to pollen culbure
hinder growth or inhibits it entirely. Iidforass (16836
and Brink (1924) observed that calecium nitrato even in
small amounts were toxic to pollen. Gontrary to this,
works by Brewbaker and Twack (1963), Kwack and 3rewbaker
(1963), Kwack (1955), Jose and Nagoon (1972) and Ravindran
(1977) have revealed the essentlal role of calcium in

pollen germination and tube groﬁth. The aétion of calcium



appearad to0 bs based on the non-metabolic incorporation
of caleium into peotic substances of the pollen wall.
It has also baen suggested that the presence of celcium
regsulted in increaged resistance against the bursting

of pollen tubea.

5.4 Pollen storage

Pollen being a very delicate material, ita
handling requires great care. Various workers have
degoribed the methods off colleeting pollern in detail
(Fletcher, 1906; Darrett and Arisumi, 1952; Stanley
and Linskens, 1974).

The term ¥pollinicuration® has been proposed
by King (1962) to refer to procsdures as colleation,
drying, testing viability, storage and shipzent, parti-
cularly asg thosge ineclusivo in the techniques of plant
breeding, —

A proper combination of factors such as low
temperature, relation humidity and light have zreat
bearing on pollen storage, as is evident from various
reviewas made by Pfundt (1910), Knowlton (1522),
Doroshenko (1928), Nebel and Ruttle (4937), Moheshwari
(1944), Viesser (1955) and Singh et al, (1961).
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5:441 Storage by controlling temperature and humidity.

King end Heame (1938) siudied the pollen storage
requirements of 16 declduous fruite and found the optimum
temperature for storing pollen %o be about 30°F., Nebel
(1939) oould successfully stors the pollen of apple,
 pear, plum, peach and apricot for 2 to 5% years in
deaicecator over sulphuric acid with 50 per cent. R.iH.
at 28°C, Gollmick (1942) was able to extend the via- |
bility of grape pollen for a year at 1°C and 40 to 50
per cent R.H. Similarp succégeful pollen storage studies
by controlling temperature and humidity were conducted
in papaya (Traub and O'Rork, 1936), coconut palm
(Liyanage, 1949), olive (Nicolaissen, 1953), stone fruits
(Remy, 1953), grapes (Magarajan et al., 1965) jack
(Sinha, 1972) and lime (Shukla and Misra, 1975).

54402 Storase by freezing,

Grigge gt 2. (1953) were able to store {he
pollen of plum, peach,almond, apple, pear, cherzy and
olive for 1 to 3 years in a home freeser at - 18°C,
They observed that thexrs was no difference in the germing=
tion psrcentage of pollen at the time of collection and

almost after ons year of storage. Singh (1962 a) reported
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the yﬁability of mango pollen to be 14 monthe, when
stored in deep freeze condition in a desiccator. In
citrus, 50 per cent vlability after 90 days storage

in deep freeze was recorded by Sachan and Patro (1970).
In Kagzi lime, Shukla and Migra (1975) reported 40 1o
64 per cent fruit set with pollen stored in deep
fresze for 15 days, ILyophilization or frseze drying
of poilen han been reported to be one‘of the efficlent
msthod of pollen etorage (Stanley and Linskens, 1974;
Fair, 1977).

5.4.3 Storaze by drying and dehydration.

Sedov (1955) made a comparative study of the
‘ghade arisd and gpun dried apple pollen and found that
shade drled pollen gave batter germination. Pollen
dried in shade and stored in a deslccater: over calecium
chloride in darkness was found to be most viable. Good
a£Orage life over ealelum chloride had been reported in
various fra1£ crops by Tatarincev and Ostrowhova (1950,
1956), Soost and Cameroon (1954), Singh (1960, 1961, |
1962) and Satjan and Kleeva (1964). In apple Satjan
and Kleeva (1964) ohserved that pollen storsd in desic-
cator for one year failed t0 germinate in artificial

medim, but showed germination on the stiguatic surface.
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6. FRUIT DROP

‘Fruit drop is e universl phenomenon exhibited
by a wide vapriety of crops. Thie problem which is
severe in many fruit crops has been muoh investigated
and roviewed &s by Coit and Hodgson (1916, 1918},
HMurneek (1933), Marrold (1935), Srivestava (1938),
Naurial (1955), Korrigs and Kester (1959), Singh (1960,
1961), Chadha and Singh (1963, 1364), Singh (1965),
Palmsy et al. (1968), Pollard and Biggs (1969), Wilson
(1969), Rogers (1971), Jawanda et al. (1972) and Hariom
et al. (1975). | |

In pepper, spike shedding has so far besen
considerad as a natural phenomenon. Recently Pillal
et al, (1977) have reported that loss of crop dus to
ospike ghedding may be as high as 40 per cent, éspaoially

durling unfavourable years.

6e1 Fagtors influencing fruiy drop

Several theories have been put forward in an
attenpt to explain the mechaniam of fruit drop. ILevis
(1946) had ﬁostulated that the relative post fertiliza-
tion production of hormonse by the developing embryo
determined the further retalmment. If embryo failed to
develop, the ovulary tlssues absciged. If they developed,




the ovulary tissuep romained attmched until maturity.
In mango degensration and abortion of ovule as agrly
as at the four nuclsats stage of embryo sac was reg-
ponsitle for the drop of 40 to 50 per cent of fruits
(singh, 1965).

 hddicott and Tynch (1955) explained the possi=-
ble influence of an abscission ﬁeehaniam, which was
pupported by the works of Chadha and Singh (1963) and
Randhava (1971). A relation betwsen endosperm and
embryo development has been suggested by Leuty and
Bukovac (1968). They observed that fruits about to
absclge and those consldercd as potential drops were
charaoterised by a swaller paricarp Or no embrys or an

aborting embryo or more than ons of these factora.

Hormones ars important In thet they have a
decisive rols in bringing about sbpelsion of flowers
and frults. Auxin-abscission relationship has been
supporteﬁ by aseveral workexrg (Addico%dt and Lynch, 1955;
Coyne and Al-Yasuri, 1964; 32ardwa]j, 1975; Haviom el al.,
19755 Varma 1976; Addicott end Wiater, 1977). The
infhence of gibbersllins, abacisin, cyiokinin and
ethylene on abscission had also been explained by various
workers (Gustafson, 1960; Cooper and Henry, 19713
Varma,1976; Addicott end Wiater, 1977).
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According to Bardwaj (1975), the interaction
batween various growth regulators determine the
wltimate abscission. The auxin and glbvberellins pro-
duced in the seed anil the absclslon in the psricarp
uay be transported to and interact at the abscizaion
zone located at the base of the pedicel. I£ auxin and
gibberallin were not avallable in sufficient amounts so
ag to neubtralize the effect of abscisin, the flowser or
fruit would be shed. Thus ultimately, the relative
balénbe betwoen varicus plant growth reguiators deter-

mines the rotention and'absciaéion.

Various external factors ars also invblvéd in
flower and frult drop of which temperature (Yamagutehi,
1954) and moisture status of the soll (Carns, 1951) ars

most important,

6.2 Waves of drop

The abscission of flowers and partially developed
fruits is not ordinarily continuous but proceeds in more
or less definite waves. The waves of drop have been worke
out 1nidifﬁérentkoropq. The interval between and the
intensity of different waveo depend upon several factors

such ag gpecles, variety, eccurance of fertilization,
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posgition of flowers and prevalling weather cornditions
ag reported by Randhewa (1971).

)

In appler, Howlett (1927) recognised two periods
off abacisaion, The 'firat drop?! which wag heavy, began
shortly after petal fall and lasted for two to three
wveeks, while the po called June drop' which bogan a
Zew days after the completicn of the first drop conti-
mied for two to four wesks. This view was shered by

He Cown (1938), Vyvyan (1946) and Rendhawa (1971).

Chadha and Singh (1964) distinguished thiee
waveg of drop in mango as pinhead drop, post setting
or 'April drop' and unripe fﬁuiﬁ drop or 'May drop'.
In citrus Rendhawa (1971) recorded three waves of drop
which were durding the month following full bloom,

*June drop' and prsharvest drop.

In pepper, Pillay et ol. (1977) studied the
varioun agpscis of spilke shedding and made the follow-
ing observations., The egpikes dropped from the plant
at various stages of their maturlty beginning from the
.tima of emsrgence o0 the date of harvest. But the’
intensity of shedding was found to be high at two

deftnite atages of maturity of spilkes, that is, afier
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the fertilization of flowers and then In the advanced
gtages of fruit developmendt. Thaey found that the pere
centage of petting in spikes dropped et the early otages
o{ dovelopment was very low, varying from O to 25 per
cent. Hence they associated poor setting in the splkes
with the drop observed at this stage. Shedding in the
advanced astages of frult development wapn thought to be
due o physioldgical disturbances in the plant, which
wag caupsed by preclonged spells of drought or heavy raing
or the sharp and sudden alteration of the two. This
view was supported by the observation that Intensive

' ehéading ocoured durlng yeaws in which hsavy Horth-East
monsoon ghowers were obiained afier a gpell of dry period

following the South-Weet monsoon.

They concluded that, four major factors, that
is, genetic character of the plant, imbalanced nutrient
status 0f the soil, climatic fmetors and diseases or
peste were responsible for spike shedding. IThey fu;thar
obzerved that the influence of these factors were inter-
related and complimentary. in one seastn one oOr Nore
of these factors may have an upper hand, though the
effects of others cannot be ignorsd., ©The exitent of shedw
ding in differenf varleties studied by them varied from
14,02 per cent to 65,62 per cent. 1iIn ths variety Panniyurel
chodding was observed to be 26.24 peyr cent.



MATERIALS AND METHGDS
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MATPERIALS AND METHODS

Phe studies on the growth, flowering, fioral
blology and epike shedding were carried out at the
Pepper Reseapch Scheme, vellanikkara (attached to the
Golleze of Horticulture) for a pericd of 16 montha
fyou ¥ay, 1972 to August, 19680, The vines wers 4 years
0ld and were wnder uniform cultural and manurlal treat-
ments as per the package of practices of the Kerala
Agriculiural University.

The detells of the materials and mothods adopted

are ag given below:
1. SHOOT GROWTH

Bight standards of the cultivar Pamniyur-i were
pelected for studylng the growth of shoots. Twanty
lateral shoots were selected alt random on each standard,
The ghoots were iagged and numbered serially. The extén—
alon in shoot length wag measured in cm ab weekly
intervals commencing :rom EOth'Hay, 1979 to 30th Hay,
1980, -

2. FLOVER CHARACTERS

For studying flower characters, six vines of
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Panniyur-I were selected. The varlous aspects studied
wers the pattern of flowering, development of the apiks,
sex-ratio and floral biology which included anthesis,
anther dehiscence, stigmatic receptivity and mode of
pollination.

2.1 Tatitern of flowering_

Twenty lateral shoots of each standard ware
selected at random, tagged and numbsred serially.
Observationn were wmade for the number of shoots flowered

and number of spikees per shoot.

2,2 Spika develooment

. Pifty oplkes on each of the gix standards were
observed for studying the dééelOpmental atages oi
infloresscence. Measurements or_spiké length in cm vere
taken at an interval of 2 days Lfrom the dey of emergence
to the day af attaining full length., Number of days ’
required for the completion of anthegis and anther
debiscence in individual spikes were also recorded by
dailly opaervation of wature spikes. Similar observations

were taken {rom the cultivar Karimnda.

2.3 Sax ratio

A random selection of £ifty opikes on each of the



aix standards vere used 7or determining the sex=~ratio.
Prom the observation on the total number of flowera in
a epike and number of hermaphrodite, pilstillate and
atarminate flowey per spike; sex~ratioc was worked out.
The gex=ratio of Panniyur-I was compared with thot of

Earimunda,

2.4 Floral blolo

To study the floral biology, spikea were
colleoted and flowers were described. Drawlnges were

made of spikes, pistillaete and hermaphrodite flowers.
2.4.1 Anthesis..

To know fhe exact time of anthesis, 25 matura
spikes ware tagsed and observed itwice dally in tha
morning and evening. Preliminary obaservations lndicated
that antheais took place during the late evening, There-
after mature spikes along with the shoot wers pluciked
at- 18.00 hours and kept with their basal poriion immorsed
in water. The spikes were observed at bi=hourly intervals

to determine the actual time of anthcemim.

2.4.2 Anther dehiscence.

The apikes tagged for determining the time of



anthesis were used for acertaining the time of anther
dehiscsnce, The maturity of the anthers was evident
from their brownish white colour. From initial obser-
vations it was noted thet anthers dehisced during the
afternoon hours. To find out the actual time, spikes
with mature anthers were pluéked elong with the shoot
at 15,30 hours, kept with their basel portion immersed

in water and observed at hourly intervals,

2+4.3 Receptivity of stigma.

The receptivity of stigpa was judged by the
fregh, wgéte colour and the ghiny appearance. Ihe
confirmation of this was made by pollination studies.
Mature spikes were sgelected end bagged using polythene
baga. The spikes were observed daily and 15 to 20
flowers of oach spike that would open the next day
were emagculated using a nesdle, The remaining portion
of the spilke was cut off using a palr of sclssorz, after
which the bags were replaced carefully. 4 pollen sus-
pension prepared féom nature anthers (pollen suspension
wag prepared in water by gentle crushing of anthers) |
.vas uged to pollincte the flowers using & fountaln psen

filler. Follination wap done baiween 09,00 and 10.30
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hours on 25 spikes each at different stages starting
from one day prior to anthesis to elght days after |
anthesls., Twenty emasculated splkes were left bagged
without polliration to obeerve 1f frult set took
place in pepper. in the sbmence of pollination.

2.4.5 Hode of pollination.

To find out the role of ralnwater in po;lination,
the following method was adopted. Fifty spikes wers
gelected and lsbelled on each of the six standards used
for the study. Iwentyfive spikes of each siandard were
covered using polythene bage well in advance of anthesis.
The remaining twentyfive wers left open. After fruitset
the bage were removed. The number of flowers which had
set fruit were counted on covered as well as open splkes

and the percentage fruitset worked out,
3+ POLLEN STUDIES

The pollen grains of pepper being microscopic
cannot be collected as puoch., Therefore the method
adopted was to collect maturs whole anthers from splkes
plucked from individuel standards. The maturity of

anthers was Judged from ths change of colour f£rom white
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to brownish white bvefore dehiscence. A pollen pus-
pengion prepared-by gentle cxupshing of sﬁch anthers
wag used for studying the different aspects of pollen
such as morphology, fertility, number of pollen pey
flower, pollen germination and pollen wiability.

Bed Morphology and fertility

A drop of the pollen suspension prepared was
trangferred to acetocarmine and glycerine kept on a
clean glide using the bane of a dismection nsedle.
After covering with a clean covey glass, the slides
vere kaept Zor about 30 minutem to a’llow the pollen
geraing to take atain PYoperiy before exanining undexr a
microscope, The diemeter of polien grain was messured
uging an occular micrometer and thelr average was taken
as the dismeter of each pollen grain. The diameter of
50 normal, well shapéd and well stained pollen grains
at random were vecorded from each slide. From the
iotal number of well stained pollen graing fertility
wag calculated. he experivent was repeated using
iodine-potassium iodide (0.1% iodine in 2% potassium
lodide) as stain,

32 Egtimation of pollen production

A heemocytometer as adopted by Rao and Khader



(1962) Qas unpsed for estimating the nunber of pollen
grains pér flower. Spikes with mature anthers about
to dehlisce were collected. Hundeed anthers wers
- peperated with a dissection needle and taken in a
omall beecker., The anthers wers crushed gently and
2.5 ml of watoer containing 0,25 per cent Calgon
(Oberle and Geoxtmen, 1952) wag added and the contents
thoroughly stirred in order to obtain an even dlspersion
of the grains in the guspension. A drop of this suspen-
olon drawn in a fine pipstte was transferred to each of
the two counting chambers of = haemocyiometer. Each
chamber had an area of nine aquare miitimeter ruled
into square miliimeter areas. Hach of the four corner
square millimeter areas were ruled into 16 while other
five aquare mélkimeter areas were ruled into amaller
divisions. The counting chambers were 0.1 mm in depth
g0 that the volume of solution over 0.1 mn® was 0.1 mm°,
The number of pollen per flower was caleulated ag,

If N = average number of pollen counted per

corner Aquare.

- X = number of grains per anthor.

N: X= 0.1 : 25,

0.1 =25 K

X = 250 N
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The pollea grains in each of the four corner
squaregs of eanch counting chamber wers counted with
the help of & hand tolly counter and by using the low

pover objective of the microscops.

For each gtandavrd, ten such estimates were made
and the total flowersg examined per standard was 250

nunbers.

33 Effect of sucrose in polleb germinatibn

The experiment was conducted initially using
varying concentrations of sucrose (5, 10, 20, 25 and
30%) with 1 per cent agzar and incubating in a molst
chamber., There wag no germination even affer 48 hours.
Repsating the eéxperiment with lower concentrations did
not better the results. Thereafter the concentration
of agaf wag lowered %o 0.5 par cont and tho e¢experiment
carried out with 0, 2, 4, 6, 8 and 10 per cent sucrose

whera good germination was noticed.

5.4 Bffoct of boric ecid and calcium nitrate in
nollen mermination

Effects of boric acid and caleium nitrate were
determined at 0, 2, 4, 6, 8 and 10 per c¢cent sucrooe
wiﬁhic.S'per cent agar. After incubating in a moist
chamber for 4 houvs, the growth was arrested with




Carnoy's fluid and observations were made. The cone
centrations of boric acid and calclium nitrate tried
were 10, 20, 30 and 40 ppm. The independent as well

ag the combined effects were studied.

— s

For ectimating germination, on an average,
400 pollen grains were counted from twenty microscopic
fields and for tube length 100 pollen tubss were measured
using an oceular micrometer. Garminatlon was expressed
in percentage and tubas length in w . The averag&

value for the experiment ropscted thrice was taken,
39 Pollen storage

Mature anthers were extracted from spikes with
a2 digsection needle. The anthers were crushed gently
in distilled water and tep water so as to get a pollen

suspension. Both suspensions wers stored ag follows:
1. 1In a deciccator at room temperature,
2. At 4°C.

The viability of peollen under each treatuent was
determined at daily intervels by staining with acetoe

carmine and percentage fertility worlked out.
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4, OSPIKE SHEDDING

For studying tho pattern of splke drop, itwenty
gtendarda of the cultivar Panniyur-I were used. 7he
bags of these standards were kept clean and dally counts
wore made of the opikes shed by each till hervest. The
yield of sach standard at harvest wes determined. ZThe
total number of spikes shed by each standard was ssti-
mated. The percentage sh@&’during different nonths vwas

aleo worked out.

Another irial wap conducted ﬁn study the different
stages of aspike drop starting from emergence to harvest.
For this, twenty shoots were labellsd on each of the
siz standards. Ihe spikes produced on each shoot were .

observed at 3 day inteyvals from euergence.
De S?ATISEIG&L AYMATLYSIS

The data on the differsnt choaractere étudied
were pubjoected to staitistical anelysis, following the
methods suggested by Snedecor and Cochran (1867).
Iransfornations were dons wherever needed and the data
analysed by the analyeie of variance technique. Signie-
ficant results were compared after finding out the

critical differences.



- RESULTS
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RASULIS

_ The results of the study on growth, flowering,
floral biology and spiks sheddinz ays presented below,
The analysis of variance tables for the different

appeets are gilven in appendices II to IX,
1. 8HOOT? GROYWIH

The extension growth of pepper shoois at Qeakly
intervals from 20-5-1979 to 19-8-1979 is pregented in
Table 1a. ©The data showed that shoot growth started
at the end of May and continued upto the middle of
August., Statistical analysis phowed significant varia-
tion in the mean extension growth and the psreentags of

shoots showing growth between weeks at one per cent level.

The meximum mean growth was recorded during the
period between the third weeks of June and July (5.55 cm)
which accounted to 63.68 per cent of the total growth
for the year. The percentage of shoots that showed
growth was also maximun durlng this period, which ranged
from 71.25 per cent to 86.25 per cent, This was followed
by growth during the period between the third wesk of
May and second week of June (2.37 cm) whioh accounted
to 26.28 per cent of the total growth ond when 7.5 to
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Pable fa. Weekly growth of pepper shoota (c¢.ve. FPanniyur~I)
(Mean of 160 shootg)

Mean Moan growtih
Veek extens- expreased on  Percentage of
ion in  percentage of shoots showing
cr the total growth .
20=5«79 0.16 1.39 7.50 (15.89)*
2T=5=79 0,30 2,97 18.75 (25.70)
BT © O 0.50 5451 37.50 (37.76)
10=6~79 0.61 6.87 50,00 (45.00)
17=-6=T79 0.80 9.54 62,50 (52.24)
. 24=6=T9 T 1.01 L 11,70 71.25 (57.61)
{=T7=79 1.05 12,11 82.50 (65.27)
a7 141 43.19 85,00 (67.21)
15=7=79 1.25 . 1451 86.25 (68.28)
22=7=T9 1.11 12,17 78,75 (62.58)
29=7=T9 0,64 6483 56,25 (48.62)
5=8=~79 0.52 2.96 37.50 (37.76)
12-8=T9 0.06 0.51 12.50 (20.70)
19+8=79 0 0 0
P value 32,25%%# 35.00%
op (0.05) . ° 0.20 9.81

* Significant at one per cent level

*  Values in paronthesls indicate angular transformaed ones
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to 62,5 per cent of the shoots showed growth.

Minimum growth (1.02 em), accounting to 10.30 per

cent of the total was recorded for the period between
the fourth week of July to the soecond week of Auvgust.

During thig period growth was observed in 12.50 %o

56.25% per cent of the shoots. Thereafier no growth

wag eobserved. The total extension érowth for the

year was 10.27 om.

‘ conéidering the monthg, maximum growth occcured
in July (46.70%) followed by June (35.73%), May (4.35%)
and Auvgust (5.4T7#). The percentage of shoots that
shovwed growth followed the same trend with the maximum
in July (76.32%) and minimum in August (50.00%). Shoot
growth in relation to temperature rainfall and relative
humidity is illustrated in Fig.1.

During the wmonths of June and July, whem shoot
growith was waximum, the average temperature was 28.55°C
and 26.05°C vespoctively. The total rainfall for these
periods ranged hetween 722.7 tm end 729.8 mm, while the
rolative humidity varied between 75.0 and 83.0 per cent
(Appendix I). During May oml Avgust, whem growth wes
low, the temperature waé 28.75°C and 26.5°C respectively.
The rainfell ranged frow 155.1 mm to 462.6 mm and the
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relative hunidity from 74.5 per cent to 81.0 per cent.
Thera was no growth from September t0 Novembar, when
rainfall varied between 127.3% mm and 317.4 mm. There
was not much variation in temperature (27.7 %0 27.55°C)
and rolative humidity (70.0 to 82.5%).

The mean growth of the individual standards is
presented in Table 1b. Statist;eal analysis showed
that the mean shoot extensgion end the mean persentagse
of shoots that showed growth in each atandard varled
signiflcantly at'oﬁq per cent level., The extension in
ahobt grovwth varied betwe@n 528 cm and 12.04 em and
the percentage of ahoote.in vhich growth was observed

varied@ from 65 per cent to 100 per cent.
2. FLOJER CHARACTERS

Thé regults of the studles on flower characters

are presented as followas.

2.1 Flowering pattern

The obsexvations on flowsring of pepper vines
during the different months are pregsnted In Table 2a.
The data indicated that in pepper, flowering was confined
to four monthsvoi the year, 1979, that is, May, Jﬁne,
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Table 1b. Mean extemslion growth of pepper ghoots
in differsnt gtandards (c.v. Panniyur-l)

Vines Mean extens- Percentage of sghoots

ion in em  showing grayth
84 5.28 : 70.00 (56,79)
Sq 8479 . 90.00 (71.56)
Sg 12,04 100.00 (90,00)
5y 12.00 90.00 (71.56)
Sg 7.80 : 75,00 (6@.00)
Sg 11.73 . 85.00 (67.21)
5o 7.09 © 70,00 (56.79)
Sg 658 65,00 (53.73)
P value | 13.75%% | 20,27%%
CD (0.05) 0.20 7.70

#*¥* Blgnificant at one per cent level

¥ Values in parenthesis indicate angular
transformed ohes
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Table 2, Pattern of monthly flowering in pepper
(¢.v. Panniyur=1)

: No. of DPercentagze of No. 0f mplltes papr shoot,
Months ghoots shoots

gtudied flowered Hean %ogélthe
May 120 35.00 (36.06)% 0,53 11.80
June 120 60.00 (50.83) 1633 29,62
July 120 79417 (63.13)  2.26 50,33
August 120 25,00 (30.39) 0.38 8446
+ P valug 31,934+ 95 .49 #a
cD (0.05)0.4.7 ' ' 4.56

** Significant at one per cent level

# Values in parenthesis indicate anguiar transformed onese.
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July and August,l Maximum percentage of shootn'Ilowered
in July (79.17%) followed by Junme (60.C03%), May (35.00%)
and August (25.00%). MNo off season flowering was
obgerved., Statistical analysis chowed significent
variation between wonths with respect to the percentage
of shoots flowered. The mecn number of spikes per ghoot
aléo'follcwea the same pattern with +the maximum In July
(50.33%) and minimum in Avgust (8.46%). There was signi~-
f£icant difforence in the mean number of spikes per shaot

among the wmonths frow May to Auguot.

The data on flowering eof individual stemdards
are presented in Table 2b. Statistlcal analyasis showed
that significant variation existed between gtandards
with respect to the percentage of flawering.\ 54 (95%)
recorded significantly higher flowering follcowed by
S5 (85%), 84 (85%), 84 (85%), 9, (85%) and 55 (80%).

No significant difference was noted for the mean number
of apilkss per shoot batwesn standards. The percentage
of aborted spikes varied from 40!1 to 26431 per cent in
different standarda.

2.2 Spike develonment

The extension growth of spikes f{rom emergence ig
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Table 2b. Pattern of Llowering in diffsrent pepper
gtandards (¢ ve Pammiyurel)

: ‘ | No. 0f TFercentz~ Mean Percentage
Detells of = phoots ge of numbey of aborted
gtandard studied ghoots of splkes gpikes per

flowered per shoot shoot

8y 120 85 3,65 13 .69
Sy 120 85 515 4085
85 120 80 2.85 26431
8, 120 95 4475 4e21
S5. 120 &5 4455 7469
Sg | 120 85 6.00 0.00
F value 5. 724 2,215

¢D (0.09) 5058

* Signi:tica.gm at one per cent level

N3  HNot significant
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presented in Table 3a, Pig.2 and Plates I and II,

. The gpikes of both cultivars showed a linear
growth pattern. The length of spike at emergence was
1.34 cm in Panniyur-I, which showed regular {Fcreaae
t111 the twenty-second day. At this stege the length
wag 10.2 cn, after which the growth decreased. The
apike attalned the maximum length of 12.5 em in 31.67

dﬂys-

The spike of Karimunda had a length of 0.9 cm
at the time of emsrgence, which increased steadily +till
the twenty-£ifth day., Thepeaftor the growth deoreased,
reaching the maximum length of 6.20 cm in 29.26 days.

The period of spike development, anthesis and
anther dehiscence of Panniyur-l end Karimunda are given
in Table 3D,

In Panniyur-I, the spike attained maximum length
in 31.67 days after its emergence. Anthesié started
from the bame of the spike and progressed towards the
tip. The anthegis of the first few flowers (3 to 12)
conenced 17.33 days after emergence. <Ihe anthesis of
2ll the flowers in a spike was completed in 25.44 days

after emergence. The interval between anthesis of the
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Tabls Ja. Extension growth of spikes fron emergénce in pepper

(oavs.Panniyur-I and Karinmunda) (Mean of 100 spikes)

Panniyur-T Karimunda
Extenmion Increaspe in Growth ex- Ixten~ Increa- Growith
(em) growth(cm) prassed as pilon se in  oxpressed
rexcentage ({cao) rowth as per-
of total %am) centage
of total
4 2.7 1.36 10,88 1,40 0.50  80.6
7 3.60 0.90 7+20 1.80 0,40 6.45
10 4+80 1,20 9.60 2,40  0.60 9,68
13 6430 1,50 12.00 3,00 0.60 9.68
16 7.60 1.30 10.40 3.70 0,70 11.90
19 8.90 1.30 10.40 4.30 0,60 9,68
22 10.20 1.30 10.40 4,90 0,60 9,68
25 11.00 0,80 G40 5,50 0,60 9.68
28 11.60 0.60 4,80 590 0.40 6,45
21 12,20 0.60 4,80 6420, 0,350 4.84
34 12.50 0.30 2440 0 0
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Plate I Stages of spike development in ev. Panaiyur-I

~

Plate II Stages of apike development in ¢v. Earimunda






Zable 3b., Pattern of. spilke dsvelopment, anthesis and anther dehiscence in peppsr
(¢; vs, Panniyur-1 and Xarimunda)

-

Cultivar __ Mesa number of days taken from emergence_to :
’ Attain Tirst Iast Pirat an~ Iast an- Interval between Interval between
2%, flower flower . ther de- ther de- firgt and last firgt and lagt
length opening opening hisconce hiscence flower opening anther dehiscence

Panniyur-1 31.67 17.33 25.44 23.85 31«57 8.12 (range 6 = 10} T.72 (range 4 - 9)
Xarimunda 29,26 19,01 28.22 24.23 29.28 9.21 (range 4 = 11) 5.0 (range 3 - 8)

€4
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firat and the last flower was 8.12 days. The immature
spike was green in colour, the colour heing retained

for the fivst 4 to 5 deys of anthesis. Thersafter a
greenlsh yellow colour developsd from the base and
continued towards the tip., The colour despened as the
days advaunced and the whole apike-attained a ysllow
colour by the timo all flowers were oOpen. The afigma

had a white, shiny appearance durlng the receptive
period. The flowers were protogynous and the protogynic
stage exlsted for 6.52 deoys. The anther dehiscence |
usually commenced from the base of the epike, progresaing
towards the tip. But a ron-chronological dezhlscence was
observed occassionally. The first anthers (1 to 6)
daehigced 23.85 days after oplke emergonce. Thae dehiscencs
wag 1ongitudinél, which within anther pairs was nof
eimulsaneons. The anthers whloh weze white in colouxr
inifially. turned brownish white hefore dehiscence.

The dehiscence of &1l the anthers in a spike wés comple=-
t6d in 31,57 deys and the period of dehiscence was 7.72
days.

The spike development pattern in Farimunda was
gimilar to that In Panniyur~I, differing in the moan-
nunber of days taken for attaining the various steges.

The apike attained maximum length in 29,26 deys. Anthesis
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started 19.01 days after emergence and was completed
in 28.22 days after emergence, the period being 9.21
days. Anther dehiscence commenced 24.28 days after
emprgence and lagted for a period of 5.00 days. The

protogynic cordition exziated for 5.27 daysas

2.3 Floral biology

The different aspects of floxcd biology of

pepper are described below.
2.3.1 Sex ratio,

The gex ratio pattern of Panniyur=I and EKarie
munda are giveﬁ in Table 4. In Panniyur-I, two Typss
of flowers thag ;s, hermaphradite and pistillate, wore
obsexrved. The total nurber of flowers per'spike ranged
between 99 and 116,85 with a mean of 107.74. Herma-
phrodite flowers.varied from 96.0 €0 112.6 with a waan
of 104,7 end accounted to 97,18 pexr cent of the total
flowers per spike. The rest which were pistillets
flowsrs ranged between 1 to 4 with a mean of J.13
(2.82%).

In Karimunde, the total number of flowers
observed per splke varied from 42.50 t0 48,61 with g
mean reaching 46.23, which were all hermaphrodite,



fable 4. Pattern of sex-ratic in pepper (cive. Panmiyur-I and Karimunde)

Mean Mean Mean Yean
nunher mumber of number of muber of
Variety of hermaphro= pistil- stani-
flowers/ alte Percen~ late Poxrcen~ nate Percon-
gpile flowers tege flovers tage fiowers tage
Pannlyur-1 107.74 104.7 97.18 Te13 2.82 0 0

Kapiminda 4623 46.23 160,00 0 o 0 0

9%
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2.3.2 Hermevhrodlie flower.

The flowers occured closely, more or lese sunk
in the fleshy axis of pendant spikes (Plate III & IV).
Individual flowere wore amall, msasuring aboui 2 um,
bracteate and without perianth. The bracts appaared,
ovate, flephy and sgheild like., The stamens, which
ware persistent varied from 1 to 2, each consisting
of two anthers, borne on-a very short I{ilament. The
anthers were spherical, white before and brownish black
after dehiscence. The stigra wap ssssile, atar ghaped
and deciduous with 3 to 4 lobsg. The stigea was shiny
white when: recepetive, turning black after fertiliza-
tion. The ovary_ﬁua globose dnilocular and superior,

with a single orthotropous ovuls.
2.3.3, Piatillate flower.

Plstillate floweras resembled hermaphrodite

flower except for the absence of stemens,
2+3.4 4ntheals.

The data in Table 5 give the anthesis tiwe of
pepper flowers. The anthesis started betwsen 18.00
and 18.30 hours and continued up to 02.30 hours of the
next day. HMeximum fiowers opened between 18.30 and
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PLATE-Ti | 5TRUCTURE OF SPIKE (CV. PANNIYUR-I)

T.S.0F THE SPIKE AT THE REGION OF A FLOWER $




" | PLATE-IV | STRUCTURE OF HERMAPHRODITE FLOWER
' (cV. PANNIYUR)
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Table 5. Period of anthesie In papper
(¢.v. Pamniyur-Y)

/
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i ] _
B S gE
18,00 e ,
R 12 14,28
20.30 y e
22,30 - e
20 11 13.10
02,30 . 633
04.30 , -
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2%.30 hours. Ths study showed that anthegis in pepper
wag for a period of 8,30 hours between 18,00 and 02.30

hours.
2+39 Anther dehiscence,

Obzervations on anther dehiscence at hourly
intervals starting from 15.30 hours are presented in
Table 6. The date indicated that dehiscence started -
by 14.30 hours and continued up to 16.30 hours.
Maximunm dehilscence (56%) occured between 14.30 and
15.350 hours, faollowed by 24 per cent between 15.30 and
16,30 hours.

2.3.6 Stigmatic receptivity.

The white, eniny stigmatic surface wag found to
be retained up to 5 to 8 days after anthesis., Pollination
studies presented in Table 7 ahowed fhat frult set oecure&
when pollinated from the day of anthesis up to.ssven days
after anthesis. Maximm fruit get was reacorded during
the firat three deys, where the get vanged from 77.25
to 85.00 per cent. The percemtage of wet on ths fourth
day wag 72.19. Thereafter the set decreaged progressively
t41ll the eight dey, when it was nil.
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Totnl

Table 6. Perlod of anther dehiscence in pepper
(c.v. Panniyur-I) -
oime humbgr of HNumbsr Percentage
(ﬁours) anthey dehis~ of %he
obsexved ced total
13.30 25 O
14,30 5 20,00
15.30 14 56,00
16,30 6 24.00
17.30 0 Q.00
25

100,00
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Table 7. Porcentage of frult set on hand pollimation at
difforent intervals in pepper (¢.v. Panniyur-I)

(Time 9 AM « 10,30 AM)

Kean

Xumber number Mern  Pargens
Poliinated of of flow~ number tage set
spikes eras pol=- get
linated

One dsy before anthesis 25 20 0 0
Pirot day of anthesis 25 20 15445  T77.25
Secand day of gnthasie 25 20.47 16,60 81.09
Third daf of antheais 25 20.00 17.00 83.00
Pourth déy of anthesis 25 20,10 i4.50 72.14
Fifth du# of anthesis 25 20,05 13.65 = 68,07
Sizth day of anthesis 25 20.10 8,00 38.20
seventh day of anthegis 25 _ ?2.00 2491 11440
Eighth day of antheals a5 20,00 0 0
Ho pollination 25 2Q.00 O 0
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3« MODE OF POLLINATION

The result of the study on the mode of polli-

nation in pepper is presented in Table 8,

The data reveaied that apikes protected from
rain registered a lower fruit set compared to spikes
that were left openr. Under bagged conditions, the zset
ranged from 61,42 per cent 4o 72.57 per cent with a
moan of 67.35 per cent in the different standards.

Under oper conditiona, the set recorded varied from
81.05 per cent to 86.50 per cent wiith & mean reaching
83442 per cent. GStatistleal analysis showed significant

difference botweon treatments at one per cent level.

The effects of different pollination treatments
(no pcllinatién, open pollination and hand pollination)
are presented in Table 8b. No set was recorded in the
abgence of pollination., Under open pollination, a mst
0f 83.44 per cent was noticed. When hand pollinated,
the se¥ obsérved wag only 80,00 psr cent. This indi-
cated that under bpon pollination, & higher parbentaga

of aset was posaible than under hand pollination.
4. POLLEN STUDIES

The resulta of the different aspscts of pollen
studleg are described below.



Pable 8a. Frult get in pepper (e.v. Panniyur-l)

under bagged and open condltiong
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b
Ho. of number

. Porcen=

: opikes of flo- HNumber
Ireaiments obser- vwers/ 86t :2%6
ved spike=
Spikes bagged @ 150 100,07  67.13  67.35
Spikes open 150 © 106470 83,02 83.42
t = 2.228**

#% Significent at one per cont level




Table 8b. Fruit set in Pepper (e.v. Pannjyur-I)
under different pollination treatmente
Humbezr
of Wumber  Percentage
Treatments flowers set set
observed
o pollination 250 0 0
Open poliination 640 534 83.44
Hand pollination 150

120 80,00




4.1 Morphology and fertility

Pollen graine of pepper wers not visible to the
naked oye. Hicroscopic examination showed that the
pollen graings were iight browa spherical structurecs with
a well demzrcated exine and a single nucleus.- A single
pollen grain measured 9.52 to 10,20 l.» in diameter with
a mean reaching 9.86 P « The fertil%ty recorded by the
etain test was 98.47 per cent in acetocarmine and 57.61
per cent in iodine %ith a mean of 98.04 per cent (Table 9).

4.2  Pollen preduciion

The recorded number of pollen pser flower ranged
from 7000 to 13000 (Pable 10), with a mean of 9%42.
Statistical analysis showsd significant variation
between standards at 1 per cent level in the number of

pollen grains per flower.

4.3 Role of sucrosme in pollen germination

Results of pollen germination in differant
sucrose concentrations are given in Table 11. Maximum
germlnation was observed in four per cent sucrose followéd
by elx, two, eight, ton and zero. There was no gexuination
in twelve per cent sucrose medis. Statistical anelysis

ghowed gignificant differcnce botween treatmente at one
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Table 9. Pollen morphology and fertility in pepper
{c.v. Panniyurel

Numbor Yumber  Percen~  Average
of Mumber of non~ tage pize
gtain used pollen of viable of ot
obgexr= viable pole forti- ollen
ved pollen len lity P)
Acetocarmine 655 645 10 08447 10,20
Iodine .
(0.1%) 630 615 15 97,61 Fe52
Total 1285 1260 25 196,08 19.72

Hean ' 630 12,50 98.04 9.86
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Table 10. FPollen production in differcnt standards Iin

pepper (¢’ V. Panniyur-%)

Number of Bumber of pollen/flover

Stgndardu flovwers obaerved
Yean Range

Sq ' ‘ 250 9020 7000 = 12000
5o 250 9589 7300 « 11000
S5 25¢ 10148 7200 = 13000
Total 750 28627
Mean 259 9542.33
7 valus 5.93%»
D 1709.34

#% Significant ot one per cent level
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Table 11. Peollen germination in pepper (o.v. Panniyur-I)

in sucroge agar media

Sueroge . Interval betwsen Percentage Iean tube
OB ITON servation fws. tem . ()

0 18 320 18,70

2 18 53455 80.86

4 | 18 8729 99,82

) 18 73.10 90,50

8 ' 18 45.13 59.67

10 18 20.28 40,21

12 18 0 0

F value 2007.40%%

D 1.53

#* Significant at one per cent level
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per cemt level. The date in Table 12 showed that the
percentage germination in four per cont sucross-ager
media reaghed the meximum of 87.29 per cent in four
hours at room temperature in humid chember. Therse was

no increase in tubs growth after four hours.

4.4 Effeot of boric ocid and caleiuvm nitrate in
pollen germinaticn

The affects of boric zcid and calcium nitrate
at different gucroge concentrations with (.5 per cent

agar are presented in Table 13 and Pable 14 respeotively.

Table 13 revealed that boric acid at 10, 20 and
30 ppm increased pollen germination ab all levels of
sucroee. The maximum germination percentoge (94.68%)
was recorded in four per ceni gucrose with 20 ppm

borie acid.

Data in Table 14 sho&ad that at all levels of
sucrose, caloiuwm nitrate at 10 end 20 ppm increased
germination percentage. But the percentage germination
waa raduced in the presence ofu30 and 40 ppm calcium
nitrate. HMoximum germination (B2.97%) was noted at four

per cent sucroze with 20 ppm caloium nitrate.

However, the maximum percentage of pollen



Table 12, Duration of optimum incubation for maximum
germination in four per cent aucrosge agar

madla
B fmmee  nope o e
planting
1 1 .62 28,11
é 2 59 .83 44,00
3 3 75055 69400
4 4 87.29 99.82
5 5 87.25 | 99;00
6 6 87.26 99.32

7 7 87.11 . 99.51
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Table 13. Effect of boric acid on pollen germination
percentage at different sucrose concentrations
in pepper (¢.v. Pamniyur~I)

Concentrations of boric acid

Sugross . B e

| 0 10 20 70 40
0 3.20 344 4.31 0 0
2 69.55  TT.37T  £5.52  7T7.64  58.58
4 87.20 90,38 94,68  89.20  71.52
6 75,10  T6.47  80e22  T6.69 62,00
8 45,13  52.15  58.79  54.67 38,10
10 20,28 26421  33.49  27.67  14.60

I valus 643.0*** 3304 .42%%

oD 0,74 0.70

#® Significant at one per cent level



fable 14. Effact of calciun nitrate on pollen
germination percentage at differsn?

suerose concentrations in pepper

(¢.v. Panniyux=%)

Concentrations of calecium nitrate (ppm)

Sﬂ?gﬂﬂa - -
(7) 0 10 20 30 40
0 5,20 1,37 0 0 0
2 69,55  TH.80  T3.92 69.00 4936
4 67.29 8915 l89.97 854,57 61415
6 73,10 '75.29 77.66  64.58  44.18
8 45.13  47.13 .49.43 4178 25,31
10 20,28 22,12 -23.85 14.29 4,53
F value 11%3.58** 5278,17%#
cD 0.92 0,82

#% Significant at one per cent level
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gernination (95.77%) was chmerved for 20 ppm boric
acid and 10 ppm caleijum nitrate in four per cent

pucrose and 0.5 per cent agar media (Table 15).

statistical analysis of the date for pollen
goermination showed that the treatments varied signi-
ficantly. The individual effects and the comblned
affects of all treatments wera found to be signiiiﬁant
at one per cent level, NHoxmal pollsn graihs and tube
growth in sucrose agor wedias are 1llustrateﬁ in Plates

V and VI reapectively.

4.5 Pollen atorane

The percentage viability of pollen graine in
agetocarmine under differant treatments, recorded ab
daily intervals are presented in Table 16. The data
indiceted that pollen graing of pepper could be storad

for 1 to 4 days in water at room temperature and at 4°C.

Pollen suspension in dlstilled water stored at
4°C remained vlable for four deys. The viability rangec
from 86,83 per cent on the firat day to 12.10 per cent
on the fourth doy after collesetion, with a mazimum of
86.88 per cent on the first day. At room temperatura

and kept in a deeiccator, pollen in distilled water loai



Plate V %br?g%)pollan grains of pepper, CV. Panniyur~I
X .

Plate VI ?g}%gg)garminated in suerone ager medla
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Table 15. Effect of boric acid and ecalcium nitrate on
polien germination percentage at 4 per cent
sucroge in pepper (c:v. Panniyur-I) ,

74

Concentration of boric acid (ppm)

Concentrge _
tion of
caleium 0 10 20 %0 40
nitrate ]
{ppm)
0 87.29 90,38 94,68 83,20 T1.52
10 89,15 93.19 5. 77 93.48 T1.94
.20 89,97 85.95 90.27 88439 68442
30 84.57 86,30 88,35 79.63 60470
40 61.15 62,35 60,33 50.44 45.53

? value 301, 36%% 609,68%%

## gignificant at one por cent level



Table 16. Percentage pollen fertility in acetocarmine
under different storage treatuments Iin pepper
(c.v. Panniyursl)

Days after collection

1 2 3 4

1. Pollen sugpenglion in
digtilled water

a. Kept in decdetator | :
at room temperabture = 65.50 27,17 0 0

b. Kept at 4°C 86:88 69.23 33.00 12.10

2. Pollen guspension in
ordinapry (tap) water

a, FKept in decicdator-
at room temperature  21.96 0 0 0

b. XKept at 4°C 79.26 48:67 17.38 0
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viabilitylon the thirxd day. Hers the pereantiags
vdaﬁility'was 65.50 and 27.17 per cent on the first

and second day after collectlon respectively.

In tap water, pollen lost viability on the
fourth day when kept at 4°C and on the gecond day at
roon: temparature. At 4°G, the viabllity ranged from
79.26 per cent to 17.38 per cent 6n the f£irst and third
day after collection respectively. At zoom temperature,
the viahilitf:waa only 21.96 por gent efter storing for
one day. |

5. SPIKE SHEDDING

The observations on spike shedding during the
differant months are presented 1n Table 17 and in rig.3.
Shedding was observed in almost all the months gtarting
from flowering till harvest. Haximum shed was noticed
in June (51.31%) followad by July (23.00:%), November
(15.94%), Decenber (4.81%), August (2.69%) and October
(2.65%), Shedding was uinimum in ¥ay (1.69%), while
in September it wes nil. Statlstical analysis showed
that months differed significantly for the perceniage
of ppikes shed. '

The extent of shedding shown by the dlfferent
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Table 17. Spike shedding during different monthks in
peppexr (c. ve Panniyur-l)

Mongggg | .ggagﬁ?ggger ggggentage of the total
shad _

Hay 1.69 T 1,68 ( 7.49)%
June 51.31 5131 (45.75)
July _ 23,00 23,00 (28.66)
Auguat 2.59 2.69 ( 9.46)
September 0400 0.00  ( 0,00)
0etoba§ 2.63 2.63 { 9.28)
November 13.94 13.94 l(21.89)
ﬁécamber 4481 4,81 . (12.66) N
F value 45, 1T
0D 6.53

#% gignificant at one por cent level

* Valuee in paronthesis indicate angnlar transformed ones
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standards is presented in Table 8. Thé nunbar of
spikes shsd by a standard veried from 66 to 168 with
a mean of 100,06 spilkes per standard. This accounted
to a mean shed of 23.82 per cent of the totel spikes
produced per standard. There wap 1o significant ‘

difference botween standards at 1 poer cent level.

The data on the percentage of eplkes dropped
during the wvorious stages of developuent is given in
Pable 19. The date indicajed that spikes were shed at
all gtagee of developnment starting frou euwergence till
harvest. It was pogsible %o recognise eizht stages of
ghedding. Meximum porcentege of shedding (33.15%) was
notioed during the first month of frult get. This _
was followed by shodding befors antheels (24.86%) and
that during enthesie (16.57). The shed showed a decline
during the gecond (5.52%), third (2.76%) and fourth
(1.66%) months of frult set which imereased to 5.52 per
cent and 9.94 per cent during the fifth and sixth month
of Zrult set.



fable 18, Extent of shedding in different standards
in pepper (e .v. Panqiynr.?)

Eumber of Fumber of Shed exprepsed as

B o naed  ohon D ilag oo of totet
8, 278 158 56 4.3
5o 508 168 35,07
S 234 144 | 62,34
8 350 120 “ 34,29
S 614 81 ' 13.19
Sg 462 102 . 22,08
8, 383 101 26.03
5g 371 . 66 17.79
Sq 624 113 | 1811
S40 347 42 1210
844 556 45 : 8,03
S5 463 49 10.58
843 797 | 91 11.42
Se4 883 76 8.61
45 362 92 25.41
S 825 153 21,10
Total 8059 1601 581,04
§e§21u9553.€9 108:22N8 03482

N3 Hot Significant




Table 19. Shedding of apilkes at different stages

of development in pepper (e.v. Panniyur.l)

g Stages pozcentacs
1 .Befora anthesis 24,86
2 During anthesis 16.57
3 Pirst montﬁ of frult set 35.15
4 ‘Second month of frult set 5452
5 Third month of 2Zruit aset 2476
6 Fourth montp of frult set 1.66
7  Tifth qonths of £ruit seb 5,52

8 5ixth month of frult set 9.94




DISCUSSION
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DISQUSSION

The results of the various siudise gonﬂucted
with respect to growth, flowering, floral biology
and sgpike sheddlng are dlscussed below.

1. SHOOT? GROJIH

The maximum exicnsion growth of shoota (82.43%)
and the percentage of shoote that showed growth (71.25%
to 86.25%) In the cultivar Panniyur-i corresponded o
the months of June and July. G4rowth ceased by the
middle of Auguat and no furthsr cxtension was observed.
The extension growth in the different stendarde varied
betwoen 5.28 cm and 12.04 cm, thle the perceniage of
shoots showing growth varied betwsen 65 per cent and

100 per cent.

The maximum growth observed during the months
of June and July 1is natural in popper considering the
high soil moigture level consequent to rain in June
(722,7 mm) and July (729.8 mn). The maximum and
minimum temperature during that period was 35.7°C and
22°C respectively with & mean of 28.5°C. The rslative
humidit; during the above two months ranged betwssn

53 per cent and 98 per cent with a mean of 85 per cent.
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The optimum tempsrature and rain may be responsible
for the higher growth during these months and the
lower rainfall during May (155.1 mm) and Auguat
(462.6 wm) for the poor growth durdng that period.

In addition to the main growth, an offazeason
growth is 2lso noticed in pepper during certain years
when & drj spell is followed by high rainfall. Iui
this was not observed in Panniyur-l during the year
éf atudy. The abgence of growth during September
and October may be attributed to the coniinuous raing
exparienced during Augﬁst (462@6 mm) and September
(208,7 mm). 7This indicates that continuous rain is
not conducive for a mecond flush, but more detailed

atudles are required to confirm the above indications.
2s TPLOVER CHARACTERS
2.1 Flowering pattern

The mazimum flowering with respect to
the percentage of shoots splked and the mean number
of spikes per shoots was observed during the months
of June and July. The standards differed significantly

for the number of shoots spiked and the mean number of
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spikes per shoot. The data clearly folleows the
pattefn of shoot growth which ls quite natural
because of the fact that spikes are produced on

the current season's growth opposite to a leai.

The parcentage of aborted spikes varied from
0 to 26.31 per cent. The reason for the ocourance
0f spike abortion are not clear. It can be partly
explained ag due to,physiologicel and genetic causes,.

More deteiled studies ars required in this line.

2.2 gSpike develonenant

e growin of apikes in both the cultivars
followed a linear pattern. In Panniyur-2, the spike
attained the maximnm length of 12.5 cm in 31.67 days
after emergence, In Xarimunda it tock 29.26 days for
attaining the maximum length (6.2 cu). The period
of anthesls ranged hetween 6 to 10 days (Msan 8.12)
and 4 to 11 days (Mean 9.21) in Pamniyur-I and
Karimunda respectively. The period of anther dshiscence
vag 4 to 9 days (Mean 7.72) in Panniyur~T and 3 to 8 -
deys (Mean 5.00) in Karimunda. These obmervations are
in agreewont with the findings of Nembiar et al. (1978)
except in the number of days taken for attaining maximum

length, which according to them was 20 to 25 days.
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fhe flowera were protogynous and the proto=-
gynic condition existed for 5 to 8 days (lean 6.52)
in Panniyur-% and 3 to 7 days (Mean 5.27) in
Xariounda. Anandan (1924) and Cebley and Steele
(1976) observed thot protogyny exisied for 7 to 8
deys under Indian conditions., HMaritin and Gregory
(1962) observed protogyny for 5 to 8 days in Puerto
Rico. Nombiar gt gi. (1978) found the protogynic
stage to last foxr 2 to 10 daye 1n different cul tivars
gtudied. ZTherefore the reesults of the present studies
are in confirmity with the findings of the sbove

authors.

Protandry and the simultaneous occurence of
anthesis and dehimcence wore not observed during

this study as was reported by Nambilar st al. (1978).

The dehiscence of anthers was longitudinal,
which ugually commenced frow the bage of the spike,
though ocoaasiqnally a non=-chronological dehisconce
wag noticed. Similar observations were nade by

Da Waazd (1967).

2.3 Floral blology

. In Penniyur-l, the mean number of flowers
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in a gpike was 107.74, of which 104.7 were herma-
phrodite (97.18%) and 3.13 were pistillate (2.82%).
In Earinmunda, a spilke had a mean of 46.23 flowers,
w%ich were all hermaphrodite. The preponderance of
hermaphrodite flowers in these cultivars is respon-

gible for the high percentage of berry selb.

The flowers were bracteate without perianth
as recordedrby Bengon (1970) and Rendle (1971}. The
bract appeared fleshly and shield like as described
by Purseglove (1977). In hermaphrodite flowers, the
ptamens vere found on either side of the ovary and
the number veried from 1 $o 2, Rendle (1971) found
the stamen number as 2, whila Cobley and Steele (1976)
and Furseglove (1977) cbserved the number as ranging
from 2 0 4. The number of stigmatic lobes vere
observed to vary from 3 to 4. Benaon (1970) réeorded
the number of stigmatic lobom ag 2 t0 5, while De Waard
(1967) and Purseglove (1977) reported the nuaber ag
varying from 3 to 5., The slight variation in the
number of stamens and stigmatio lobes in Panniyure]
is a varietal attribute. The climate and physiological
conidition of the wvine are aleo likely to contribute +o
such variation. The stigna wan sepsile and star shaped

as observed by Coblay and Steele (1976), The ovary
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appeared ovate, unilocular and superior with a
gingle oxthotropous ovule, Similar observations
were uade by Benson (1970), Purseglove (1977) and
Shukla and Misra (1979).

2.3-1 Anthomis

In pepper flowers, anthesis was
observed for a period of 8.30 hours hetween 18.00
hours and 02.30 hours on the next day, with a maximum
betwaen 18,30 hours and 24.30 hours. Thase observations
are In confirmity with the findings of Hambiar et al.
(1978) who found the anthesis to commence from 19.30

hours under Panniyur conditions.
2e3.2 Anther dehlscence

Anther dehiacence started by 14.30 hours
and continued upto 16.30 hours with the maximum between
14.30 and 15.30 hours. The mean temperature during the
period of study was 31.1°C and relative humidity ranged
between 68.0 and 98,0 per cent.,

De Vaard (1967) reported that anther dehiscence
took plaoe between 12,00 and 14.00 hours at Sarawak,
when 60 per cent RH and 32°C temperaturs prevailed and
undexr conditions of bright sunghine, Hasan Iljas (1960)
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and Martin and Gregory (1962) have slse roported
the influence of relative humidity and temporatuxe
on anther dehiscence. Slight variation in the time
of dehiscence observed during the present studles
mey be attributed to variation in temperatuve,

humidity snd sunshine,

2.3.3 Stigmatic receptivity

Stigmetio receptivity commencsd from
the day of anthesie and lasted upto seven days after
anthepis. Receptivity was not observed during the
nreanthesis stage. The results are in agreement with
those obtained by Nambier gt gl. (1978), who observed
that flowers at the base of the gpike had a receptive
period of .7 to 9 days. De Waard (1967) found the
peak period of receptivity to be three to five days
aftor anthesis, while in the present studies the péak
receptive period was observed %o be on the firast three
days. The difference observed may be due to climatic

varigtions.
2.3+4 Pollen Btud;es

Pollen grains of peppor were microscopic.
Pollen grains wers spherical, measuring within & range
0f 9452 to 10.2 v 1in diameter with a mecan of 9.86 p .
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Stain teets recorded 98.04 per cent fertility. Pollen
number per flower (in four enthers) ranged from 7000

to 13000 with a mean of 9542,

Hegan Iljas (1960) and Martin and Gregory (1952)
found the mean dimmeter of pollen graing as 10
irrespective of cultlivars which is almost in agreement

with the present observations.

The pollen yield per spike hag been estimated
to be 5 to 7 lakhs by Marinet (1955) and 1 to 3 lakhs
by Martin and Grezory (1962) in Indian cultivara,
According to the present findings, the mean number of
floverps poer splke im 107 in Pamniyur-1 with 97.18 per
cent hormapbrodite flowers. Therefore in the case of
this cultivar under Kerala conditions 7 t0 15 lakhs
pollen graing are estimated per spike which is higher
than the eastimation of the ahbove authors. Even among
their findings there is wide difference. Therefore
the higher pollen production may be a varietal character
which in turn is affected by climatic varintions,

Pollen germination studies showed that suecrose,
boric acid and caleium nitrate influenced germination
of pepper pollen. Gerxmination was observed in zero to

ten per cent sucrose with 0.5 popy cent agar with a
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weximum (87.29%) in four per éent sUCT08E fgar.
Optimm time for incubation was found to be four
houra. In the presence of sucroge and boric acid,
maximum germination (94.68%) was recorded in four

per cent sucrose with 20 ppm boric acid. With calcium
nitrate, maximum (82.97%#) was rocorded for 20 ppm
calcivm nitrate in four per cent suorose agar media,
With regard to the combined effects of the three,
maxioun wag observed for 20 ppm borﬁc acid and 10 ppm
calgium nitrate in four per cent suercse and 0.5 per

cent agar (95.774).

Pollen germinntion in suerose agar media hag
been reported in several crops, with varied concentra=
tions such ag 25 per cent sucrose and 0.5 per cent
agar for mango (Singh, 1961), 16 per cent sucrose and
0.7 per cont agar for sapota (Reo and Ehader, 1962)
and 15 per cen} sucrose for cocoa (Ravindran, 1977).
‘Tﬁe effect of sucrose in pollen germination may elither
bs nutritive or due to the osmotic or turgor phenomena

of sugar es posiulated by O'Kelly (1955).

The stimulative influence of boric acid on
pollen germination has been reported by various workers

which include 25 to 40 ppm in various fruit crops
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(Thompson and Batjer, 1950}, 10 to 100 ppm in

citrus (Resnik, 1956), 20 ppm in mange (Singh,.1961),
200 ppm in papota (Joge and Magoon, 1972) and 100 ppm
in cceoa (Ravindran, 1977). The reoults of the

present siudies are in agreoment with the abo?e

workexs; excaps in the concentration. The beneficilal
effect of boron is dus to ths fact that it is found to
ocour in the stigmatic fluids and the pistillate tissuen
as suggested by Schumucker (1935).

Calecium nitrate has been reported to inhibit
(hidforss, 18963 DBrink, 1924) ag well ag promote
(Kwack and Brewhaker 1965; Jose and Magoon, 1972;
Ravindran, 1977) pollen germination. %he promotive
action of caledum nitrate in the preseni studissg ﬁay
be attribubted to the ron-metabolic incorporation of
caleiun with pectic substances of the pollen wall
and the increased resistance of the pollen tubes
againaf bursting in the presence of calcium as ex-
plained by Jose and Magoon (1972).

Pollen storzge studies revealed the possibility
of storing pollon grains of peppar a8 & buspeneion in
water. Distilled water proved to be a better storage

mediun than ftap water. In distilled water at 4°Q,
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the pollen had a storage life upto 4 days, while
in tap water it was 3 days. The shorter storage
life in tap water can be dus to tho possible

impurities present in it. The fact that pollen
retaing its viability in water also suggests the

role of rain water for proper pollination in pepper.

3.MODE QF POLLIMATION

Pollination studies showed that under protected
conditions in polythene bags, splkes registered a
lower fruilt set (67.35%) than under open condiiions.
Haend pollination of gpikes showed o lower frult set
(80.00%) than open pollination (83.44%).

Nambiar gt gl. (1978) observed a very low fruit
get in vines protsoted from rains. They considered
rain water ag the chief pollinating agent. During the
present atudies, though the gpilos were protected with
polythene bags it was not pomsible to exclude water
droplets completely. ‘iater droplets resulting from
high humid conditions within the bag and also due to
transpiration of the spike were retained inspite of the
-holea provided at the hotiom, fheﬂa droplets way have



aaglsted the movement of polien grains down the
spike, thus effecting pollination. & The pendu=
lous nature of the spike and the dehimcence of anther
fprom the base: of the spike would have helped the
trangport of pollen by gravity. The result of the
pregent study confirmed the vliew of De Uaard (1967)
who found geltonoganmy under the influence of gravity
and dew drops to be effective in hermaphrodite

cultivarz.

Sreekumary Amma and Vijayagopal (1977)
reported that rain water Aid not have any role in
pollination of pepper, ag they d4id not f£ind any
dl{ference in fruit-get between protected and un-
protected apikes. DBubt they did not consider the
posgible effect of water dropswithin the bhagsg on -~
pollination. The slgnificantly lower fruit set
observed 1n bagged spikes during the preeent gtudy
indicates the role of Eain water in the natural
pollination of pepper.

For the present it is reasgonable to agsume
that rain water in combination with other factors
such as gravity does have a role in the natural

pollination of papper.

32
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The lower fruilt set under hand pollination
may have been due to ths injury caused to thé ovary
during emasculation. De Waard (1967) obtained a
get of 50 to 75 psr cent with hand pollination which
is lowar than that recorded during the presgent study.
The variation in the resulis may be dua to differences
in the method adopted.

4 SPINS SHEDDING

Spike shedding was observed in almopt all the
months atarting from fiowering +ill harvest. The
maxiuum shed wes noticed in June (51,315) and minioum
in Ney (1.69%}. In Septeuber the shedding was nil.
Spike shedding was cbserved to the tune of 23.82 per
cent of the spikes produced per standard. Splke '
shedding occured durinz tis verioug stages of develop-
ment In varying lntensitles. The ghed which occured
during the period botween spike emergence and fiﬁst
month of fruit set =mcccuntsd to 74.58 per cent. Shad
during the second, third and fourth months worked out
to 9,94 per cent. Dﬁring the f£ifth and sixth month of

frult set a shod of 15.45 per cent was notilced.

to waves of spike shedding were observed in

ths cultiver Panniyur-J. The first wave started from
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the splke emergence to the firat month of fruit set,
~ which corresponded to the period from lMey to Augusﬁ.
Zhe mecond wave, which can be congldered as pre-
harvest drop corressponded to the months of Hovember
and December. Pillai e% al. (1977) could identify
two peaks of spilke shedding, that is, In ths post
fertilizetion period and 4in the advanced stages of
spike development. Dropping of frults in waveg have
been reported in different crops such as apple

(Me Cown, 1938; Randhawa, 1971} and mengo (Singh,
1960; Singh, 1963).

The shod noticed during the period betwsen
emergence end anthepis may be due to an absciasasion
mechanism as reported by Addicott and Iynch (1955),
Chadha and Singh (1963) and Randhaws (1971) in
different crops. The drop during anthesis can be
attributed to lack of pollination., Poor bexry setting
can be considered as é factor responsible for the
shedding noticed during the first wonth of frult sot.
Pillei et al. (1977) found very low percentage of
getting ( 0 to 25%) in the spikes dropped during the
post fertilization period. The drop at this stage )
may also bs related to the relative production of




hormonss by the developlng embryo as explained by
Lewim (1946).

The drop observed from the second month of
fruit set till harveat can be explained as due o
yutritional or hormonal imbalance. Bardwaj (1975)
" have suggested that the interaction of the vardous
plant growih rsgulators determinss the ultiﬁate
abseisaion. Pillai et al. (1977) attributed moisturs
ptresn as one of tvhe faoctors for spike ghedding in
the advanced stages of fruilt developasnt. 3Bul during
the year of study, meisture cannot be teken as a
limiting factor during the pre-harvest shedding,
becanme there was rain during October (127.3 mm) an&
Hovember (317.4 mm). The fact that fungus abhteck

(Colletotrichums) was noticed during the mecond wave

of phedding Indicates the poasible association of
pathogens.

During the year of stndy, sheddling observed in
Panniyur-1 was 23.82 per cent Pillai 2t al. (1977)
obsorved a shedding of 26.24 per cent in this cultiver.
The variation observed clearly indicates that environe
mental conditions nutritional ractors, and physiological
condition of the vine also play a role in spike shedding.



SUMMARY



SUMMARY

The preacnt studies wers carried out at the
Pepper Research Scheme attachedi%he Coliege of
liorticulture during a period of 16 months fron May,
1979 to August, 1980, with the following objsatives,

To study (i) the pattern of growth and flowering
(4i) the floral biology and (ii1i) the pattern of spike
shadding.

The following conclusions were made based on

the present studies.

1. Shoot growth in pepper (¢.v. Panniyur-1)
vag observed for a period of four months from May to
Avgust,.

2., The maxicum growth oceurred during July
(46.T0%) folliowed by that in June (35.73%), May
(4.36%) and Auvgust (3.47%). The percentage of shoot
that showed gruw¥h also followed the same trend.
Signiticant variation was observed for the mean
extension growth and the percenteage of shootas showing
growth in the different months.

3. The extension of shoots varied between 5,28

and 12.04 cm with a mean of 10.27 c@. Significant
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difference was noted for the wean growth in the
differsnt standards. No off season growth was noticed

during the yewar of study.

4., TFlowering followed a patiern similar to
growth with maximum in July (50.33%) followed by that
in June (29,62%), May (11.80%) and August (8.46%).
Significant variation existed betwsen standards with
regpect to the parcentage of flowering. The percentage
of aborted gplkes varied from 4 g'! to 26.31 per eent in
the different standards.

5. The spike development followed a lincaxr
pattern, In Panniyur-I the maximum length (12.5 cm)
was attained in 31.67 days, while in Kerimunda (6.20 cm)
it took 29.26 days.

6. Ths period of anthesis in a spike varied
from 6 to 10 days (ﬁean 8.12) in Panni&ug—l,and 4 %o
11 days (Mean 9.21) in Karimunda, The anthesis of thse
Lirat few flowers commenced 17.33 days after emeigence
of spike in Panniyur-1. The anthegis of all the flowers
in a spilke waé completad in 25.44 days. In Karimunda,
anthesls started 19.01 days after emergence and was

complated in 28,22 days.
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7. tThe flowers were protogynous. The proto-
gynic stages existed for 5 to 8 duys (lisan 6,52) in
Panniyur=-1 and 3 to 7 (Mean 5.27) in Karimunda.

fi. Anther dehiscence which commenced 23.85 days
after splke emergence, extended for a period of 4 to
9 daye (Mean 7.72) in Fanniyur-T. In Karimnda it
started 19,01 days after emerzence and lasted for e
period of 3 to 8 days (Mean 5.00). The dehiscence
which was longitudinal, usually commenced from the base
of the spike and progressed towards the tip. 4 non-

chronological dshizmcence was obzerved occasionally.

9. The mean number of flowers per spike in
Panniyur-1 was 107.74, with 97,18 per cent hermaphrodlte
and 2,82 per cent pistillate flowers. In Kerimunda,
the gpike had a mean of 46.23 flowers, which were all
hermaphrodlte.

10, " Anthesis started between 18.00 and 18,30
hours and continued upto 02.30 hours of the next day.

The peak was recordsd between 18,30 and 24.30 hours.

11. Anther dehiscence which started from 14.30
hours continued upto 16.30 hours, with the maximum

between 14.30 and 15.30 hours.
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12, The flowers were found to be receptive
from the day of anthesim upto seven days after anthseis
with the maximun set (77.25 to 85.00%) for the first
thres deys. Recepiivity decreaped thereafter to 11.40
per cent on the 7th day. The flowers ware not recoptive

during the pre-anthesic period.

13. Pollen wag gpherical with 2 moon dlameter
of 9.86 )~ . Stain test racorded 98,04 per cent fertl-
lity. Pollen production per riower {7000 to 13000)

showed pignificant varistion among the siandards,

14. Suerose, boric acid and calcium nitrate

‘wera found to influence pollen geruination at specific.
concentrationa. Vithout boric acid and caleium nitrate,
four pé; cent pucrose gave maximum germination (87.29%).
A germination of 94.68 per cent was recorded in four
per cent sucroge with 20 ppm boric acid. Vith calecium
nitrate, maximum germination (89.97%) was obtained at
20 ppm in four per cent sucrose. However, a combination
of the thrse was found to bo the bost, wherein maximum
gexaination of 95.77 per cent was racorded in the media

containing four per cent sucross, 20 ppm boric acid and

10 ppm caloiun nitrate,

15. The pollen was found to be viable for 71 to 4
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days in water. Maximum viability in acetocarmine
(86.8855) was recorded on the first day after collection
when stored in disitllled water at 4°C, The viability

decreased to 12,10 per cent on the fourth day.

16, Significantly higher percentage of set
(83.42%) was obtained under open conditions than in
bagged conditions (67.35%). The result favoured the
view that rain water played a major role in the natural

pollination of papper.

17. Under open pollination, a higher set (83.44%)
wag pogsible than under hand pollinution (80.00%). No

set wag reoorded in the abmentce of pollination,

8. ©OSpike shedding was obsar%ed in almogt all
the months starﬁinglfrom spike emergence till harvest.
Yaximum (51.31%) was noticed in June and minimum in
Hay (1,69%). Shedding was nil in September. There was
slgnificant difference in the percentage of shedding
between montha,

19. Shedding in ths different standardes accoun=
tod for a mean ol 23.82 per cent of the spikes produced
per standard. There was significant variation betwasen

standards for the percentaze of spikes shed,.




20, Spilkes were phed at various stages of
development, starting from emergsnce to harvest.
It was poasible to recognize eight stages. Haxirum
ghedding (33.15%) was noticed during the first wonth
of berny set, followsd by that which occurred befors
antheals (24.86%) and that during anthosin (16.57%%.
Minimum ghed (1.66%) was obgerved in the fourth

nonth of sat.

101



REFERENCES



REFERENCES

Adena, J. (1916).’ On the germination of pollen of
apple and other frult trees. Bot., Gaz. 63:
131-147-

Adddcott, ¥.0. (1943). Pollen germination and pollen
| tube growth ap influcnced by plant growth
substances. Flant Physiol. 18: 270=279,

_Addicott, F.T., and ILynch, R.S. (1955). CPhysiology
of abscission, Ann. Rev. PLl. Physiol. §: 70-82.

Addicott, F.T., and Wiater. (1977). Hormenial control
of absoeission. XPlant growth and regulzition.
Spring Verlag, New ?brﬁs 22=30,

Anandan, M. (1924). Observations on the habit of ths
pepper vine with speclal reference of the re=-

prgguctive phasg. Medras Agric. Dept. Yeaxrbool:
49-09,

Anthony and Harlan (1920). FPhysiology of pollien.
the Bot. Rev. 27(3): 325-381.

Aravindakshan, ¥. (1964). Studles on certain aspects
of growth and flowering in some vavieties of
guava with special referonce to influence of
pruning on flowering and fruit set. Madras agric.
Jg. 51(11): 482,

Aglam, M,, Brown, M.S8., and Kohel, R,J. (1964). Ivalua=
tion of sevaen tetrasolium salts as vital pollen
s?g%nasin cotton, Gogsypium hirmutum. Crop Sei.
& ¢ 508, :

Balasubramanyam, V.R. (1959). Studies on the blossom
biology of guava (Psidum guajeva L.). (The Indian
J. Hort. 361 69=75, ~

Bardwa}, S.H. (1975), Doll shedding in cotton, JIndian
d» Plant Zhysiol. 18(2): 9-13,



i1

* Barnard, C. (1932). Studies on growth and fruit bud
formation. 1. A year's observation on
Victoria apples. J. ,D_g%. Agric. Victoria
(Augtralin). 20: 349-3571.

*Barnard, C.,and Roed, F.M. (1933). Studies on growth
and fruit bud formation. J. Dep. Agric, Victoris
(Auﬂtmlia)o 21! 37"‘290

Barneth, L.F.L.,and Carver, R.7. (1967), Moioéis and
pollen stainabllity in Switchegrass, Panicum
virgatum. Orop. Sel. J(4): S01=313. =

Barratt, H.0., and Arisumi, T, (1952). Methoda of pollen
collection, emasculation and pollimation in
fmitebreeaing. Prog. Amer. Sce. Hort. Sgi. 588
259=263, '

Benson, L. (1370). Plent claseification., Oxford and
188 Publishing Co., Dombay: 1B89=190,

Blacklock, J.5. (1954). A short history of pepper culture
with special refersnce t0 Sarawak. Dron. Agrle
Trin. 33: 40-56. ,

Browbaler, J.L., and Kwack, B.H. (1963), The epsential
role of Ca in pollsn germination and pollen tube
growth. A,mer. in Bﬂto 223 859"65.

Brink, J. (1924). Germination of pollen graing of epple
and other frult trees. Bot. Gaz. 6: 131-147.

Brooks, J;é., a.nd' Puri, Y.P. (1963). Atmospheric
oonditions influencing pollen ghedding in hops,
Hummivs lupvlug. Crop. Sci. 3(6): 56-57.

Brooks, J.S., and Brooks, N.H. (1967). Pollen abortion
in relation to cytoplasmic male atorility in
sorghun, . &rop. Sod. J(1)s 4749,

Carns (1951). Some effecta of water and oxygen in
absicission in vitro. Plant Physiol. 26: 212-214.



ii1

Chadha, K.L., and Singh, K.K. (1963). Studies on fruit
drop in Mango 1. IThe Indian J. Hort. 20t 17=-85.

Chadha, K.L., and Singh, K.KE. (1964). Fruit drop and
ite relation to fruit growth, IThe Indian J. Hort.
21(3 & 4)1 197-201, '

Oobley, L.S5., aud Steele, W.M., (1976). 4An introduction
to the botany of troplesl crops. 4he ELDC and
Longzman, london: 23b=233,

*Coit, J.B., and Hodgson, R.¥W. (1916). The cauvses of
June drop of Naval oranges. Calif. Univ. J. agric.
4(8-10): 27-29.

*Goit, J.E., and Hodgmon, R.¥W. (1918). The June drop of
Waghington Naval orangea., Coliegs of Acrd. Expt.
Sta., Berkley Bull: 290.

*Gooper, W.C., and Henry, W.H. (1971). Abslssion chemiculs
in relation to citrus fruit harvest. J. Agric,
Pd. Chem. 19: 555-563.

Coyne, D.,P,, end Al=Yasuri, S. (1964). Effect of growth
regulatorn in delaying pod abecission and embryo
abortion in the interspecific cross. Cron. Sei.
4(4): 435, ‘

*Cramer, P,J.S5. (1907)., The yielding capacity of pepper
vines. Tammannia\. A8: 343,

Damodaran, V.K., Abraham, J., end Alexander, K.Ji., (1966).
The morphology and bilology of cashecw flower.
é«g_- RGB. _J.. Kemlau é(2)2 78"85.

Dagarathy, T.B. (1951). The guave (Psidium guajava, L.).
Hadras agric. J. 38: 521=527.

Deshmukh, J.N., Reautt, R.S., and Manekar, A.G. (1978).
Studies on pollen viability in diploid and
colchicine induced tetrzploid aponge gourd.
Sci. and Cult. 44(5): 126-129,



iv

- *Da Weard, P.W.F. (1967). A method of artificial pollina-
tion in pepper ¢v. Kuching. Unpublished.

De Haard, P.W.7., and Zeven, £.Ce (1969). Pepper
(Pepper nigrum Ire). QOutlines of Perennial cro
breeding in the tropigs. veenman, ageningen:403-423.

*Doroshenko, A.V. (1928). Phyalology of pollen, 3ull,
Anpl. Bot. Pl. Breed. 18: 217-344.

Fletcher, S.W. (1906). HMethods of crossing fruits.
. Proc. Amer. Soc. Hort. Sci. gg: 29«40,

Fogle, H.¥W. (1977). Identification of clones within tree
fruit speolics by pollen exine pattern. J. Jmer.
Soc. Hort. Sci. 1gg(5)= 552=560.

*Gollmick, ¥, (1942}. The lonzivity of grape pollen.
A;K_ne\ﬂh BO'ﬁ. g&: 221""232.

Griggs, W.H., Vansell, G.H., and Iwakiri, B.%. (1853).
The storage of hand collected mnd bee collected
pollen in a home freeger. Proc. Amer. Soc. lHort.
_S‘_Qj._o gé: 204=305, '

Gustafson, P.G. (1926), Growth studies on fruitm.
Plant Phyeiol. i: 265-272. - '

Gustafson, TF.0. (1960}. Influence of Gibverelliec acid
on getting ond development of fruits in tomato,
Plant Phyeiol. 253 116-120.

Halma, PeF., and Compton, C. (19356), Growth of citrus
trees. Prog. Amer. 500, Hort., Sci. 34: 80-83.

Hariano, S., and Marioko, S. (1975)., Influence of fruit
icad on the growth and frult yield in citrue trees.
d. Jdap. Soc. Hort. Soi. 44(2): 99-106.

flarion, Srivastava, R.D,, !Misra, R.5., and Bana, D.S.
(1975). Effect of growth substances on drop,
further retention and quality of apple. 2roge.
Hort. 2(1): S7-60.



Harrold, J.J. (1935). Comparative study of the develop-
ing and aborting fruits of Prunus npsrsica. Bot.
Gag. 263 505-520.

*Hagan Iljas, B. (1960). Some notes on the floral blology
of black pepper {Piper nigrum L.,). Pemb. Balai
Besar Penj. Pert. Bogoxr. (157): 1=22,

Howlett, F.S. (1927). Some factors of importance in
frult setting etudiss with apple varicties.
Proc. Awer. Sog. Hort. Soi. 235: 307~315.

Jawanda, J.5., Sinha, M.E., and Hippal, D.K. (1972).
Studiea on nature and periodicity of frait drep
in sweet oxange. 29(3 & 4): 269-277.

Jome, J.5., and Magoon, M.L. (1972). Studies on pollen
germination in diogcorea. IThe Indian J. Hort,
gg(i): £5+93.

Jost, B.A. (1905). Physiology of pollen, The Rot. Rev.

Eing, J.R. (1962). Pollinicuration = A propossd new
term. South Indien Hort. 10: 164,

King, J.R., ard Hease, C.0. {1938). Pollen longivity
gtudies with deciduous fruits. Proc. Amer. Soc.
Hort. Sei. 36: 310-313.

*Knowlton, H.B. {1922). Studiss in pollen with special
roforonce Lo longivity. Mem, Cornell. Agric.
Ixp. Sta. p2: 751-793.

*Koorders, S.H. (1908). Die Pipsraceas Von Java,
Verhandellngen Kon, Akad. Wetenscha I,
Ansterdan 2 Sectia 35(4): T=T5

Koxrrigs, W.H., and Kestor, D.U. (1959)., PFruit setting
in almond. The pattern of flower and fruit drop.
_EI‘OG. Amor. Soc. Hort. Sci. gé: 214.




vi

Krishnamurthi, S., Randhawa, G.S., and Fair, P.C.S.
(1960). Growth studies in some citrus species
under subtrepicel conditions, The Indian J.
Hoxrt., 17(3 & 4): 171-184.

Kriahna?urghg, Sey Rgﬂ@hawa, Ge8s, amd N%ir. fic.S. 1oa)

1961). Growth studies in mango (Mangifera indica

?ngef1nalhi.oonditions. The Indien J. Hort.i8(2j:
0- 80

Ewack, B.H. (1965). The effect of Ca on pollen germina=
tion. Proc. Amer. Sog. Hort. Sci.86: 818-823.

Ewack, B.H., and Browbaker, J.Le. (1965). The protestive
aetigﬁ gghggigium in ra%gtion to surviva% and
810w on of pollen. Plant Physiol.
zg(za)z B2m34

Leuty, S.J., and Bukovac, H.J. (1968). A comparison
of the growth and anatomical development of
naturally abscising, non absoieing and naphthalene
aoetic aocld treated peach frults. ZFhytomorpholozy.
182 372=579.

lewls, D. (1946). Chemical conirol of fruit formation,
Jde Pomol. Hort., Sei. 22: 175-183.

Iidforss, B. (1896). Zur Biologic des pollens. Jahvb,
Wiss, Bot. 29: 1-38.

Diyanage, D.V. (1949). Preliminary studies on the floral
: sgolggy of the coconut palm. ZIrop. Agric. 171!
=83, .

Moag, J.L. (1977). Pollen ultra structure of gitraw berry
and other small fruit crops. J. Amsn. Soc. Hort.
Sei. 102(5): 560=571. o

Maheshuard, P, (1944). On the longivity of pollen.
Indian .t_]-_. Hﬂrto al 82"87-



vii

Marinet, J. (1953). La culture du poivre dans 1'Inde,
Rapport de miasion (14 Janvier an 7 fevrier, 1953).

Harinet, J. (1955). ‘Htude! economigue et culturale due
poivra du Cambodge. Agron, Trop. j0: 279~360,

Martin, O, (1913). Physiclogy of pollen. The Dot. Rev.
27(3)s 325-387.

Martin, F.W., ani Gregory, L.E. (1962). FKode of pollina-
tion and factors affecting fruit set in Piper
nigrum L. Crop Sci. 2: 295-299,

MeCown, M.(1938). Abscission of flowers and fruits
of the apple. ZProc. Amer, S00. Iort. Sel. 36:
320"’321 ]

MeMunn, R.L. (1939). Growth inerement in apples. Froc.
Awen, Sog. Hort. Soi. 36: 379-385.

¥unger, R. (1960). Investigations on the phyaiology
of pollen germination with special reference to
theeeffact of boric acid. Riol. Series. J3:
59«84, _

‘Murneek, A.B. (1933). The nature of ghedding immature
apples. Mo. Agric. IZxp. Stn. Res. Bull. 201, -

Nagarajan, CeRe, Krishanamurthy, S., and Rao, V.HN.M.
.(1965). Storage studies with grape pollen.
Soizth Indjan Hort. 32(1 &2): 1 = 14, .

Naik, K.C., and Reo, N.M. (1942). Sons factors govern=

ing fruilt bud formation in mango (liangifera
indica L.) II., Relation between growih and

tlowering. Madrag agric. J. 2g(11§3 365=374. .

HHadr, P.K.K. (1965). TPollen grains in soms femilies
of112d1an Honoohlemydeae. Bot. Notiser. Jig8s
281-263, =

Hair, P.X.K. (1977). Advances in pollen spore msaarch.
Today and Tomarrows printers gnﬁ publIaEerB,

New Delhi.



viil

Nalawadi, V.G., Dasappa, and Sulikeri, G.S. (1977).
. Ploral biology ol msonz varieties of papota.
Prog. Hort. 9(1): 17-21.

Nambiar, P.K.V., and Sayeed P.M. (1962). Progress
raport for the ysar 1961-1952. Penpsxr Res.
Scheme, Pepper Res. Sta., Panniyur, Taliparamba.

Yamblar, P.K.V., Pillai, V.S., Sagikumaran, S., and
Chandy, K.S5« (1978). Pepper research at Panniyur,
X rosume. J. Pln. Srops 6(1): 4=-11,

Hauriyel, J.P. (1955). A study of premature frult drop
in citrus. The Indian J. Hort. 18(2): 39-52.

Hebel, B.R. (1999). Longevity of pollen in apple, pear,
plum, peach, apricot and sour cherry. ZIrog.
Aner, Soce. Hort, Sele 373 130=-132.

Nebel, B.R., and Ruttle, M.L. (1937). Storage expari-
ments with pollen of cultivated frult treea,.
Jo Pomol. 14: 347-359.

Nicolaissen, M. (1953). Pollen - the praservation of
its viability by cold storage. Industr. Refrig.
(Oot ): 24"'27.

Hirmalen%un:fh and Randhawa, G.S. (1959). Studios‘on
floral blology in pomegranate, Punice granatum.
Tha JAndien J. Hort. 16%r)x 12%- 147,

Oberle, G.D., and Ggortzen, K.L. (1952). A method for
evaluating pollen production of frult varietiea.
Proc. Amer. Soc. llort. Sei. 53: 263-266,

0'k911y (1955). . Physiolegy of pollen. The Bot. Dlsv.

Palmez. Relie, Hield, H.Z., ond Tewis, L.W. (1968).
Citrus leaf and frult sbscission. Prog. 1st
Int. Citrus. Symp. 3: 1135~1143.



ix

*pfundt, M. (1910). Einfluss der Luflfewcht = igkelt
and die Iebsnedausy des Dlutlenstaubas. Jher.
1’1188. BO‘J. ﬂ‘ 1‘401

#241lal, V.S, ’ saﬂikumﬁm. S., and Hambiar. P.E.V.
f1977 ) A note on preliminary obzervation of
spike shedding in popper. (Piper nigrum L.).

Arscanut and Spices Bullstin. 3 ) SELSIH

Pollard, J.B., and Biggs, R.H. (19G9). Relation of
cellu%oag to abgeisnlon of citrus. Flant Physiol.
&g’ 3 "3 ']

Purasglove, J.YW. (1977). 2ropical crops dicotyledons,
Vol. I & II. The ZIBS and Longman, London: 443.

Raimund, H.H. (1949). Citrus growth studies. J. Hort,
§_Q_j;o 223 50""590

Rendhawa, G.S5. (1971)« Use of plant growth resulatora
and bberellins in rticulture. oCeAeHos »
Now Delhi.

Randhawa, G.5., and Fair, P.K.K. (1960). Studies on

floral biclogy of plum grown under sub tropical
conditions, II. ZThe Indien. J. Hort. 171 8333,

Randhawa, G.S., and Sinha, R.B. (1963). Pruiting in
relation to growth in citrus. ZThe Indian J.
Hort. 20(1): 1-12.

Rao, C.V. (1961). Dollen types in Epacridaceae. J,
Indian M. ég-‘?_l ég: 409"423.

Rao, V.N.M., and Khoder, J.B.. (1960). Pollination
and pollen germination studles in some fruit
crope. Xaper pregented at the Acadeuny of Agri.
Soiencen, Coimbatcre.

Rao, V.N.M., and Khader, J.B.M. (1962). IEstimation of
pollen production in frult crops. lHadras agric.
de 40(5): 152-155.




Ravindran, P.N. (1977). In vitro germination and
%rgwi:i‘:"of cocoa pollen. J. Pin, Cropa, 5(2):
0 i @

Reed, H.5. (1929). Correlation bheiween growth and
frult production of apricot. Proc. Amer. Soc.
Hort. _S_gé-_n égz 247=249,

#*Remy, P. (1953). A contribution to the study of
© pollen of stone frult trees. Ann. Amol.plantos.
Eg 351"'3880

Rendle, A.B. (1971). The olesgification of flovwering
the Universiity Press:

plants. 1lI. Cambridge
8"‘9. .

*Resnik, M.B. (1956), Effesct of growth substancea on
. the germination of citrus pollen. 3Buli. Res.
Gonao, Igrael Boi. gz 223m224.4

*Rogares, BeJ. (1971). Scanning electron microscopy of
abaciasion zone surfaces of Valencia orange frult.
Planta 97: 558. ' :

Sachan, B.P., and Patro, K.D. (1970). Studies onr pollen
g;oigge of some citrus epeciecs. Froz. Hort. 1(4):

*Setjan, I.M., and Kleeva, R.F.(1964). The viability of
pollsn of gome frult crops (Russian). Bjull.
gloro, Bot. Sada. (55): 3841,

*Saur, H.R. (1951), Growth of orange shoots., Austs J.
of Agric. Reg. 2: 105-117. }

®Sohumucker (1935), Uber dem Binfluss von Borsaure any
Pflanzon insbesondere Keimole pollen Korner.
Flanta, 23: 264=»283,

*Sedov, E.M. (1955). The viability of the apple pollen
ag affected by methode after ripening and storage.
Agrobiologia, 3: 134=136.

Shanmugavelu, E.G., and Rao, ViW.M. (1977). Spices and
plantation érogs. Papuiar Look Dapot, Hadras,




xi

sharma, D.K., and Singh, R.N. (1370). Studies in some
pollination problems in mango. Ths Indian J.
Hort. gzg 1-15.

Shukle, E.S., and Hiara, R.H. (1975). Studies on the
effeotiveness ol stored pollen and fresh pollen
grains in the frult set of Kagei lime C. gurantifolia.

Shukla, ?., and@ Misra, P.3. (1979). An introduction to
taxonomy of angiosperms, Vikas Publishing Houge
Pvt. Ltd. s N@W Delhi, 392"394-

Singh, S.H. (1961). Studies on the morphology and via-
' . bility of the pollen grains of mango. Hort. Adv.
E: 121=124.

Singh, S.N, (1962). Storage of litchi pollen. Hort.
ﬁg_!.' L;: T8=50,

Singh, S.N. (1962a). OStudlies on the pollen storags of
nango, Ihe Indien J, Hort. ;2?5.& 4)3 92«103,

Singh, R.N., Randhava, G.S., and Sharoa, D.K. (1961).
Pollen storage and pollen germination in frult
crops. A review. IThe Indian J. Hort. 18(1):

Singh, g;n. 51960). Stu%iealonmtha fruit drop of mangoit
fanglfera indica). II. Nature and extent of fiu
drop. Hort._2dv. Vs 143,

Singh, V.R. (1961). Studies on the fruit drop of mango.
IV, Embryo development, lte degeneration and
studles of fruit pedicel and abacission zone.
Hort. _A-d_il I: 218"2240 ;

Singh, J.P., and Ghoge, S.F. (1965), Studies on the
growth tehaviour of different ceitrus, s8pp. and
ggété;%rs in nursery., The Indian J. Hort. 22(3):

Singh, L.B. (196%). l2ngo in India. Problems and
achievemenis. Advances in agricultural sciences

p——

and thelr applicetions. Agricultural College aml
Hegearch institute, coimbatore: 312«314,




xii

Sinha, N.M. (1972). Pollen viability and pollen storage
atudies in jack fruit (irtocarpus hetorophylla).
Prog. loxt. 4 (3 & 4)1 45=b3,

Snedscor, G.¥., and Cochran, Y.G. (1967). Statistical
methods. OCxford and IBH Publishing Co., Now D&lhi,

So008t, KeK.,and Cameron, J.W. (1954). Production of
hybrids by the use of stored trifelliata orange
pollen. Proc. Amexr. Sgg. Hort. Sei. §J: 234-238.

Spencer and Kennard, W.l. (1955). Studies on mango
frult set in Puerto Rico. TIrop. Agric. 32t 323.

Sroekusary Amma and Vijayagopal, P.D. (1977). The role
of rain water in the pollination of pepper
sPipgrénigrum Le)o Agri. Ros. J. Korala. 35(2):

BG=189,

Srivastava, D.H, (1938). Studies on the non setting of
pears. 1. dJ. Pom, and Hort. Sed. 16: 39-62.

Stanley, R.G., and Linskens, M.F. (1974). Pollen biolozy,
biochemistry and management. Springer verlag
Budin Hiedelburg, Hew York.

Sundaxrarajan, S. (1961). Studies on certain aspects of
growth, flowerding ond fruiting in some varisties
of sapota (Achras mopota). Madras agric. Je
21(11 : 483-488,

*Tatarineov, A.8., and Ostrowhova, K.V. (1950). Storing
pollen of tree and bush fruits. 3addl ogorod.
3: 23-28, BN

*Tatarincev, A.S., and Ostrowhove, N.V. (19956). Prolonged

gol%gg $t2rage of fruit trees. Priroda. Leningrad.
H -1.

Teotiﬂ, SoS., Bhati, D.R.' aﬂd Phogﬂt. K.PIS. (1970).
Use of trea vigour as a criteria for yield in
mango var. Dashehri. 2Prog. Hort, 2(1): 5-13.




xiii

Thankamma Pillai, 2.¥X., Vijayakunmar, G., and Hamblor,M.C.
(1978), TFlowering behaviour, oytology and pollen

gernination in ginger (Zingiber offiecinals).
_J_o mo Cragso §(1 : 12=13, )

Thompson, A.l., and Batjer, DL.P.(1950). The effect of
boron in the germinating medium on pollen germinae
tion and tube growth for several deciducus tree
fruite. Proc. Amer. Soc. Hort. Sci. 26: 227-305,

Praub, H.P,, ard O'Roxi, C.7. Jr. (1936). Papaya pollen
germination and storage. Proc. Amegr. Soo. Hort.
Secl. 253 18,

Varna, S.K. (1976). Role of GA in the phenomenon of
absciscion in flower buds and bolls of cotion.
. Indisn J. Plang. Phyglol. XIX(1): 12-16.

Vagil, J.K. (1958). Storage experiments with pollen of
cultivated frult trces and vegetebles, Sci. Cult.
24(5)s 253-236.

“Vigaer, 2. (1955). Cermination and storage of pollen,
. Meded. Land Hogerasch. Vageningen, §§(1)= 1=68,

#Tyvyan, M.C. (1946). Prult £all and its control b
aynthetic growth substances. JTech. Comme.(18).
Imp. Bur. Hozt. & Plentalion Cropge 62=10.

*Wilson, .0, (1969). Four years of absciscion studies
on oranges. Proc. Flo. St. Hort. Soge 82t 75-81,

Hodshouse, X.Pe (1535), - Pollen grains. llc. Craw Hill
Book Co., Eew York.

*Yamagutchi, S« (1954). Soxe inter~velations of oxygen,
carbondioxide,sucrose and ethylens in sbacispion.
Doctorate Theals, Univ. Calif.

*Zirkle, C. (1937). . Acetocarmine mounting media. Solencs
85: 528,

*Originals not seen



APPENDICES



APPERDIX - I

Weathepr data (monthly average) for. the period from

January 1979 to Joanmary 1980.

Relge Total

Honth Tempo= bty foll padny
ratuye % i1 days
January 26,35 67.0 Hil Nil
February 28.20 66,5 22,0 4
March 29.50 €7.0 3e2
April 50.70 6440 4645 -4
May 28,75 7445 155.1 10
June 28,55 5.0  722,7 22
July 26,05 83,0 729.8 28
August 26.50 81.0 462,6 19
September 27.70 82.5 208.7 18
October 27,70 70.0 12743 16
November 27.55 78.5 317.4 i8
December 25,80 0.0 N Hil
1980 .
Jennary , 25,70 61,5 Hil Hil

Source: 'B! clase Observatory, Hanmuthy.



APPENDIX - II

Analysis of variance for weekly growth of differant

standards
Msan squares
Source az ,  Percentage of
Mean shoots showing
growth grovth
Total 103
Weoks 12 1.25 3406.95
Standsrdg 7 0,55 ‘ 1972.42
Error 84 0.04 97-33




APPERDIX - IIX

Analysis of variance for spiking of pepper standards

Mean squares

Soupce ag Percentage of’ fumbar of
pshoots spikes per
spikad gshoot

TPotal 23

Honths ) 1311.98 4.47
Standards 5 78.57 0.31
Error 15 13.74 0.14




APPENDIX - IV

Analysis of variance for pollen number per flower

Source at Mean squares
Total 29
Standards 2 10278500,00

Error 27 1734750.00




APPENDIX - V

Analyois of variance for pollen gerﬁination in
guerope agar medium

Source ' as Mean mquarss
Total 17
Suerose 5 1465.18

Bryor 12 0.73




APPENDIX - VI

Analysiae of variance for pollien germination in agar
mediun with varied concentrations of suerose and
boric acid

Source ar Mean pquares
Total 89
Sucrose (S) 4 643.01
"Borie acid (B) 5 8894442

Error 60 1.08




APPENDIX - VII

Analyals of variance for pollen germination in
sgar medium with varled concentrations of sucrose
and celcium nitrate

Source df Mean sguares
Total 898
Sucrose {8) 4 1830.79
Caleium nitrate {(C) 5 8233.94
SxC 20 91.69

Error 60 1.56




APPENDIX - VIII

Analysis of variance for polien germination in four
per cent sucrose -~ agar wedlum with varied concenihraw-
tiong of borie ecid and calcium nitrate

Source daf Mean gquares
Potald. , T4
Boric acid (B) 4 6355.87
Caleium nitrate (C) 4 1286,43
Bx ¢ 16 . 18.94

Brror 50 211
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APPENDIX - IX

Analysis of variance for wonthly shedding of spikes

Source , ag Mean sqﬁarea
Total 111
Honths 6 395817
Ztandards 15 22423

Bpror S0 86,72
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ABSTRACT

The present antudies were carried out in the
College of Horticulsure, Kerala Agricultural University,
during ithe year 1979«806. The objeot was to study tha.
pattern of growth and flowering, floral biology and eplke ‘
shedding in peppor (Piper nizrum L.). The studies yere
conducted on four year old pépper vines (c.v. Panniyur-1
and Xarimunda) recelving uniform cultural end manurial
practices as per the package of practices of the® Kerala
Agricultural Univeraity.

Shoo% growth in pepper was observaed during'!our
months of the year, from May to August, with maximum in
July and minieum in August. The mean growth and the
percentage of shoots that‘showea growth varied significantly
from month to month end standard to standard, The flowelw
ing followed a pattern similar to growth, The percentage
of aborted spikes ranged from 401 t0 26,31 per cent,

The oplke devalopment followed a linear pattern,
The spike attained maximum length in 31.67 and 29,26
days in Panniyar-1 and EKarimunda, respectively. the
period of anthegis (from the firat to the last flowex
in a gpike) was for 6 to 10 days (Mean 8,12) in Panniyur-1
and 4 to 11 days (Mean 9.21) in Karimunda., Anther dehis-
cence extended for a period of 4 to 9 (Mean 7.72) and



3 t0 8 daya (Mean 5.00). The protogynic stege existed
for 5 $0 8 and 3 to 7 days (Mean 6.52 and 5.27) in the

two cultivars.

In Panniyur-1, the spike had hermaphrodite
(97.18%) and pistillate flowers (2.82%), whils in:
EKarimunda all the flowers were hermaphrodite (100%).

Anthesis started between 18.00 and 18.30 hours
and attained a peak between 18,30 and 24.30 hours,
Anther dehiscence which commenced from 14.30 hours
was meximum between 14.20 and 15.30 hours. Stigmatic
raceptivity lasted for savan‘days after anthesia, with
the maximum for the first three days. Rainwater was

found to be a major factor in pollination.

Pollen grains had a mean diameter of 9.86 .
Pollen production per flower (7000 to 13000) varied
fron standard to standard. Sucrose at concsntrations
of 2, 4, 6, 8 and 10 per cent, boric acid and calcium
nitrate at concentrations of 10, 20, 30 and 40 ppu each
promoted pollen germination. A combination of the {hrse
(4% aucrose, 20 ppm boric acid and 10 ppm calcium nitrate)
gave maximum germiration (95.77%). DPollen remained viable

for 1 to 3 daym in water under the different treatmenta.



Spike shedding which occurred during almost
all the months from splke emergenca to haﬁast. was
maximum in June and minimum in May. HNo ghedding vwasg
obgerved in Ssptember, Eight stages of shedding could
be observed, with ths maximum shed during the first
ruonth of set. The percentags of shedding varied
plgnificantly between months and between standanrds.





