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1. INTROPUCTION

Yor obtaining sustained higher yields in any pere-
anial crop, the various eultursal practices will have to
be timed in relation to the eyele of flower bud differem-
tiation. It is knowvn that flower buds may be differentiated
a fev days %o several menths prier to the bud burst. Wit
precise infermation on the site and time of flower bud
differentiation, the sppliocation of fertilisers oan be timed
%0 help in the bduild up of carbohydrate and nitrogen reserves
as vell as favourable C/N ratie. By withholding irrigation
at the sappropriate time, the physielogiosl maturity of
fruiting branches/shoots oan be hreught sbout. 7The nature
and quantity of vegetative pertien to de removed by way eof
pruning can be decided only with the understanding of the
eite and time of flower bud differentistion and on the basis
of an sastimate of the expeoted erop. In short, precise
information on the various aspects of flower bud differentia~
~tien will aid in the scientific mesnagement of any orop,
inoluding perennials.

Buech infermation has been put te effective use in
grapes., The time and extent of pruning; the frequency and
quantus of irrigation vater to be applied; the time, method
and quantity of fertilisers 4o be applied, and even the



plant protectien measures te be adopted have been standar-
dised in grapes taking inte consideration the site and time
of flover bud differentistion. Antieliff and Webster (1955)
devised a method of forecasting the potential arop in
Sultana grapes, based sn their studies on fruit bud differen-
tiation. Peseibility of refining the cultursl practices in
relation to flover bud differentiation exists in pepper alse,
vhich bears the orop in the leaf axils of the current
season's growth on the laterals. Chandy and Pillai (1979)
as well as Kurian (1982) have recorded evidenoces to indiecate
the ability of pepper to respend to pruning. Information on
the faotors influencing flevering/flower bud duformtilticn
and on the various aspects of the differentiation per ges, is
sssential before the resultis obtained in such studies oan be
exploited commereially.

Studies vere nndortskon at the College of Horuoulturo.
V.lhnikku'a during 1981-82 to collect infermation on the
factors influencing flowering/flewer bud differentiation in
pepper and on the chronoclegieal developaent of the nn;t-uvo
and floral buds. The study being the first of its kind in
pepper, there wvas need to standardise the ajicrotechnique
also.
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2. REVINW OF LITERATURE

Pepper bears at t_a. leaf axils of the current season's
grovih arising from the laterals. Chandy and Pillai (1979)
reported that the predustion eof laterals could be enscouraged
by judiecious pruning. DBefere standardising the pruning
schedule, it is essential to knev exaetly vhen and vhere the
flowver bud differentiatien takes place., In the absensce of
studies on flower bud differentiation in pepper, the litera-
ture available on the subject in ether perennial orops has
been revieved.

2.1. Facters influencing flewering/flower bud differentiation

2.1.1. Vegetative growvih in relation to flower dud
differentiation
The relationship between vegetative grovth and flewer
bud initiation have been studied in various orops. According
to Bernard and Thoass (1933), ncﬁtlon of shoot growih vas
an important factor that breught about flower bud initistien
in grapes. Shantha (1965) reperted that the rapidiy of
the rate of grovih of shoote discouraged initiation of flower
bude in grapes. Chadha and Cheems (1971) observed that the
mean shoot extension remsined suppressed during the pesk
period of differentiation.



In mango, Bingh sod Khan (1939), Sen and Hallik (1941),
Faik and Ree (1942) and Singh (1959) found thati early ini-
tiation and ouuuu‘a of grovih follewed by a definite dor-
mant period helped the shoots to attain proper physiolegioal
maturity, which vas essential for fruit bud initiation in

thea.

Blosson bud differentistion in Citrus spp. took place
at the initintion of grovih in spring or wpen the resumption
of growth. Prolonged moderately dry periods vhich csuse an
extended cheok in the grovih, favoured flower bud differen-
tiation (Abbot, 1935).

In the ocase of apple, Harley and Masure (1941) found
that the time of bud differentiation vas determined primsrily
by the smount of grovth msde ky the spur. In Jonathan variety
of apple, flever bud differentisation started about four to
five weeks after the teramination ef shoot grovth (Gyure, 19%9;
Raven, 1968). Flower bud differentistion in regular besring
apple varieties started immediately after the cessation of
shoot grovth snd in irregular bearing snd intermediate
varieties, three to five weeks after the cessation of shoet
grovth (Fulga, 1965).

In pesoh, Stadler and Strydea (1967) reported that

dirferentiation of floral parts started just before the ter-
aination of shoot extemsieon grovih, Huet (1973) reperied



that on the long sheets, the majer factor contributing to
floral initiation appesred to be the pattern of grovih and
the relative growth rate of shoots.

In blueberry, there vers no consistent relationship
betveen the vegetative grovih or the time of growth cessa-
tion and the time of flower bud initiation (Wilson and
Adan, 1966).

In rupbcréy, Williams (1954) reported that flower bud
initiation oceurred after the cessation of shoot elongation.

Bal and Gupta (1956) reperted vegetative growth to be
inversely prepertionsl to the prolicuoa of flower buds in
Jasmine. Muthusvamy et al. (1973) obtained higher produetion
of flower buds in the early pruned plants. This they atiri-
buted to the increased vegetative growth, folloving pruning,
potentially capable of forming flewer buds.

In pepper, Kurisn (1982) exsmined the relationship bet-
veen pruning of shoots and subsequent production of laterals.
He observed two growth flushes, eme in May and the other
during Octoder-November. The second flush was relatively
smaller. Pruning of hanging shoets significantly inereased
the mean extension of growvth, mdue}un of bearing shoots,
nuaber of spikes and yield in the ensuing season. His studies
indicated that pruning on May, gave higher yields.



2.1.2. Carbohydrate and nitrogen reserves

The ocarbven/nitregen balance fasctor of Kraus and
Kraybill (1918) was conseived by many vorkers as a facter
governing the vital funstjons of fruit bud initistion. In
grapes, Shantha (1965) fewnd that those axillary buds sub-
tended by healthy, green and active leaves wvhen entered
into the phase of initimtion in the period between the 45th
and 60th day froa pruning differentiated into fruit buds and
this vas attributed to the existence of optimum oarben/nitrogen
ha‘haoc of tissue at the time of initistion. Chadha and
Cheens (1971) observed that starch ssoumulation favoured
fruit bud differentiation in the grape variety Perlette.
Both started in the basal portien of the shoot and continued
to the terminal portion. Reo snd Sathyanarayana (1978) also
reported increased C/N ratie betwveen 40 and 90 days after
pruning, which coinoided with the periocd of fruit bud diffe-
rentiation. However, they found that the high C/N ratio
reeoorded in the shoots on the 100th day after pruning vas
not associsted with fruit bud fermstien.

Evidences to the contrary are also on reocerd.
Winkler et al. (1962), Chitkara et sl. (1972) observed
that C/F ratio of shoot pertiens has no bearing on the
ditferentiation of buds loocated on thea in Anab-e-SBhehi.
Similar conclusions were alse drswn by Khajuria et al. (1970)
in Gulabi cultiver. |



In mango, Naik and Bhaw (1937), Sen (1946), Mallik
(1953), Singh (1960) and Ben. at al. (1963) reported that
in almost all varieties excoept Baramasia higher starach
reserve, total carbohydrate and C/N ratio in the shoote
favoured flower initiation. 8tudies on the nitrogenous
constituents in the mango stem and leaves by Chaoko (1968)
shoved that the total nitrogen content was higher in the stem
and leaves just before flower bud initiation. General levels
of carbehydrate and soluble nitrogen vere much higher in the
flovering shoots than in the nonflovering shoots (8ingh, 1959;
Sen ot al., 1965).

In oitrus, C/N ratio was highest in the Septeaber flush,
mmduu in the June«July flush and lowest in the March
flush. It incressed with the age of the shoots and the in-
crease vas more pronounced in the winter months. The carbe-
hydrate content of the nonbearing shoots was greater than
that of the bearing shoots (Kar and Randhawa, 1968),

In apple, high peroentage of starch alone was found to
be associated with the initiation of flower primeordia
(Harley and Masure, 1941). There was no obvious relation-
ship between nitrogen in the spure and the mt&nfu.on of
flover buds in them (Shahulka, 1962).

In Jeasainym grandifiorua, Subramanian and Shanaugavelu
(1981) obtained significant positive correlation bstween



carbohydrate level and flewver bud initiation, indicating
the importanse of carbdehydrates in flower bud initiation.

2.1.5, Climatic factors in relastion to flower bud
differentiation

Teaperature relations have been indicated as impertant
in determining the pattern of bud development. In grapes,
Perold (1927) reported that vara snd dry conditions in the
preceding season had greater influsnce on fruit bud initia~
tion. Koleanik (1953) reperted peor fruit bud initistien
under lov temperature econditions. Beldwin (1964) established
a positive correlation beween the intemsity of fruit bud
initistion and temperature conditions. Nikov (1964) suggested
that grape buds do not need lov temperature oconditione during
their active growth peried to trigger fruit initiatien, ‘
Buttrose (1969) reported that the nmmber of buds initiated
vas elosely related to the temperature conditions dwuring a
three-week period in vhich the nede subtending the bud ehanged
the pesition from the apex to ten nodes bdelev. Dimitrieva
(1969) found close relationships between the percentsge of
- fruiting shoots and temperature sua (r=0.84).

Marked drop in the night temperature and relative
hunidity appeared %o favour fruit dud differentiation in
nango (Ravishankar et sl., 1979).

Apple flever buds wvere formed more readily during vam



dry veather than durimg esol wveather (Gribanovskji, 1969).
Susuki and Tamno (1971) nmtod thﬁ the average minimum
temperature in early Mereh and the sverage aaximuam tempera-
ture in mid-April vere elesely correlated with the start of
the bud break.

In low bush blueberry, Hall et al. (1970) found that
the number of primordial meristems and the degree of deve-
lopaent of floret primerdia were enhanced by warmer conditions.

Nedursasn (1977) obssrved significant positive correls-
tion between heat unit requirement and foramation of flewer
buds in jammine,

In grapes, it wvas found that artificial shading depressed
the trutfulnui of the central buds, and yields vere reduced
due to retarded development 40! flover primordia (May and
Antieliff, 1964 and Diksn, 1976). Shsding greatly redused
the flover bud differsntiation in apple (Xraybill, 1923;
Auchter, 1926; Jackson and Palmer, 1977), apricet (Jasksen,
1969) and in pesch (Kraybill, 1923).

In mango, Chacko and Randhawa (1971) reported that
high rainfall had depressing effeet on the flower bud diffe-
rentiation. Heavy rains during the oritioal peried eof flower
bud initiation, stimulated vegetative growth at the expense
of fruit production.
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2.1.4. Physiologionl fastors in relation to flowver bud
differentiation

2.1.4.1. Nutrition

Judicieus and timely fertilisation has been reported
%0 promote flover bud differentistion in several oreps.
Koleanik (1953) stated that the application of phosphatio
fertilisers in ihe preceding season increased the fruitful-
ness of the doramant buds of grapes. He also obtained more
fruitful shoots by the appliocation of an aqueous solution of
nitrogen, phosphorus and potassium. Arutjunan (1964) and
Isoda (1964) recorded increases in fruitfulness dus to the
spplication of phosphatio fertilisers., Havelka (1964)
recorded an ingresse in fruitfulness by the long tera appli
oation of phosphatic fertilisers, May and Antieliff (1964)
and Alleveldt (1964) observed more differentiation of fruit
bude vhen nitrogen spplication wvas timed just after the
ceasation of shoot growth. Brinivasan and Muthukrishnen (1970)
reported that early application of potassium (20 days after
pruning) sdvanced the bud development and correspondingly
inoreased the fertility of the basal buds,

Nitrogen application stimnlated flower preductien in
apple (Delap, 1967; Hill-Cottingham snd Willisms, 1967),
cherry (White, 1968), apricot (Jaskeon, 1970) and sweet lime
(Singh snd Bakshi, 1964). In strawberry, phospherwus.
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stimulated flowver bud &ifferentiation vhen applied at the
time of bud initiation (Hedsaeva, 1962).

Alexander and VWoodham (1964) and Coombe (1964) noted
increased fruitfulness in ‘Sultana’ by the application of
sinc sulphate, |

2,1.4.2. Crop load

Fruiting intensity in the preceding season is known to
influense the vigour and preductivity of the perenmmnial plants
during thi sucoesding season. In grapes, Themas and
Bernard (1938) reported that a nermal orop vas alwvays asse-
clated with greater fruit bud initiation in the seasen during
vhich maturity of ocurrent erop and formation of fruit buds
for the subsequent crop teok place eoncurrently. On the
contrary, Antieliff (196%) ebserved that erop load of the
preceding season had enh minor effest on the fruit dbad
initiation,

Investigations earried out by Thimmaraju (1966) in
some of the mango varieties shoved that fruit load on the
tree appeared to be the main facter governing fruit dbud
differentiation in the succeeding year, |

2.1.4.3. Growvth r.“l‘m. .

- Exogenous application of gibberellic agcid reduces the
flower bud initiation in a vide renge of fruit erops such as
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grapes (Allewveldt, 19643 Weaver, 1960), mango (Kachru et al.,
1971), citrus (Monselise and Halevy, 1964; Hirose, 1968;

Nir et al., 1972), apple (Gutiridge, 1962; Dennis and
Bdgerton, 1966) as well as pear, peach, cherry and aprioet‘
(Hull and lewis, 1959; lrum and Crane, 1960). Application
of B9, CCC and TIDA prometed flower bud formation in a number
of crops. Tuckey et al. (1966), Hull (1966) and Coombe (1967)
obtained inereased flower bud formatien in grapes vith By.
Similar results were obtained vith OCC by Sugirs e% al. (1976)
and Oksmoto et al. (1977). Cessation of shoot growth and
rapid incresse in flover bud differentistion were obtained in
apple with Alar (Batjer et al., 1964; Greenbalgh and Edgerten,
19663 Gols, 19673 Looney et al., 1967; Vanbelle, 1967;
Vinbrants, 1967; Dalbro, 1970; Dimitroveki, 1976), CCC
(Luokwill, 19663 Luckwill and Child, 1966; Marcelle and
Raskin, 1967; 2ika, 1977) and TIBA (Bukevac, 1968).

In mango during the peried of flower bud differentiation,
high smounte of auxin like grovth prometing substances
(Chacko, 1968) and certain inhibiters similar to sbseisic
acid (Chmcko, 19683 Dutt and Dhillien, 1981) were ebserved,
The amount of aytokinin vas alse found to be higher during
the period of fruit bud differentistion in mange (Agarwal e% a}.,
19803 Dutt and Ihillion, 19681), Nigh level of eytekinin vas
considered helpful for fleral imitiation in apple aleo
(luekwill and White, 1968).
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2,2, Bite and time of flewer bud differentiation

Flover bud differentiation in grapes has been reported
to take place during the peried preseding the fruiting season
(Bernard, 1932; Rajarsm g% 81., 1964 and Chadha and Cheems,
1971). Wide varistiens have been reported on the time of
fruit bud differentiatien, depending upon the variety, the
loeation and the enviremmental fasctors (Bernard, 1932; Bermsrd
and Thomas, 1933; Winkler and Shemsettiin, 1937). Histolegical
studies on grape buds by Geff (1899) revealed that the ini-
tiation process of cluster primerdis took plsce during
Ooctober, in California. In Thempson seedless grapes growva
in Cslifornis, Perold (1927) observed a gradusl irend of
fruit bud initiation from the aiddle of June to the deginming
of July. Similar observations vere asde by Patridge (1929) in
the variety Concord. In the Btate Michigan, Snyder (1933)
observed fruit bud differentiation in June, in the varieiy
Consord., JFruit bud injitiation in Bultana vas observed by
November in Australis (Bernard 1952 Bernard and Thomas, 193%),
by June in California (Winkler snd Shemsettin, 1957) and from
middle of May to end of July in U.8.8.R. (Titeva-Nolgamova,
1951). Bhoemaker (1955) stated that fruit bud initiatien in
grapes occurred during mid-summer and continued in the newly
forming buds throughout the growing sesson. Hughin (1958)
reported that in the variety Alsatian, cluster primordis
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initiated during aid June in the primary latent buds. The

process was found to be completed by August. Constantine
(1958) reported that flewer bud initiation in grape began

soon after the appearance of the 17th or 20th leaf and this
characoter was reckoned as & bioclogiocal method for deterain-
ing the time of fruit bud initiation. Khalil (1961) observed
the initiation of fruit bud by the end of May in the variety
Merlot and by the begimning of June in the variety Barbers,
under the conditions prevailing in Italy. Under South

Indisn conditions, Rajarsa ¢t al. (1964) found that in
Anab-e-~8hahi, flower bud differentiation took place in November,
that is around the 60th day after first pruning. Nanaya et al.
(1968) reported that in Pashadraksha, Black Prince and
Kishaish, cluster primordis were evident 35 to 40 days after
the bud burst, while they were evident after 25 days in
Bangaleore Blue. Chadha and Cheema (1971) reported that

flower bud differentiation in grapes started by April 20th

in North India and peak differentiation was reached by the
first veek of June., However, the development of the diffe~
rentiated buds continued upto the end of Septeaber, Rao amnd
Sathyanarayans (1978) observed that flower bud differentiation
in Ansb~-e-8hahi ocourred from the 40th day to 70th day after
pruning. Bindra (1981) reported that Beauty Seedless diffe-

rentiated floral primordia as uriy as 11th April, vhereas
in Banquabed differentiation ocourred about a week later,
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He observed that Perletite shoved differentiation of floral
primordia in the samples taken on 3rd April, while in
Anab-e~Shahi it oocurred in the ssaples taken on 9th iay.

Bernard (1932) established that the cluster primerdiua
vas terminal in originj but appeared lateral to the apex
during the -ubliqmt develepasntal stages of the priamordial
shoots. Sohrader (1923) mentioned that the optimum yields
for a 12-bud cane appeared at the fourth bud in the variey
Concord. Colhy and Vogele (1924) reported that the buds
close to the base were dermant or produced fruitlees canes,
Patridge (1929) reported that the buds in the middle portion
of the canes were more produciive than thoss at the tip or
base. Aocording to Clark (192%), fewer bunch primordia were
found in the basal portiion of the canes than farther out.
Sohrader (1928) also reperted that the basal portion of the
canes wax?o least fruitful. Im Comeord grapes, Manney and
Plagge (1934) observed that the basal buds were unpreductive
because of their position and hy their ocompetition for food
reserves. MNaik (1949) held the viev that the bassl buds or
nodes were usually sterile or preduced only vegestative grovth,
Aocording to Venkataratnsm et al. (1952), in Anab-e-Shahi,
the ocluster primordia appeared in the fourth and fifth nodes

only. Antiocliff and Webster (1955) stated that fruitfulness
wvas alvays lov at the base of the Bultana canes. Rao (1953)
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reported that the basal duds as well as those beyond a eer-
tain number in a cane of yinifera grapes generally reamsined
unproductive. Gourley and Howlett (1957) reported that in
Michigan, the buds near the tip and base of the ocanes verse
less fruitful then those in an intermediste position. Rao
and Muthusvamy (1957) found that the bassl buds on the past
season's canes (of the variely Ansb-e-Shahi) were fruitful.
According to Khalil (1961), the most fertile portion of the
shoot of the variely Barbera vas from the seventh to the
thirteenth node. In Merlot, the fertility inocreased from
the base to the sixth or seventh node, then decreased upto
the eleventh node and inereased again towards the tip.
Subbiah (1969) observed that the terminal buds of Anab-e-Shahi
canes vere more fruitful. XKhajuria et al. (1970) as well as
Daulta and Bakshi (1971) reperted that the basal buds of the
vines vere unproductive and there vas no sign of flower bud
differentiation in thea.

In citrus, differentiation ecours at the initiation
of grovth in the spring or upon the resumption of growth at
any other season of the year subsequent to a perioed of envi-
roomental conditions favewrable for the accumulation of food
reserves (Abbot, 1935; Randhave and Dinsa, 1947; Ahamad and
Khan, 1951; Ayalon and lomselise, 1960; Randhawva and Chopra,
1963; Misara and Yamdagni, 1968).
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Acoording to Abdet (1935), blossom bud differentiation

~ in the sveeti orange varieiy Pineapple was observed from
January 20th, in Flerida, The terminal buds differentiated

earlier than the lateral buds, West and Bernard (1935)
found that in Australia, flever bud differentiation occurred
in the early spring in Washington Navel and Valencis. A%
lyallpur, Randhawa and Dinsa (1947) observed that more flower
buds were differentiated onn the early flushes than on the
late cnes. Pugitha and Yagi (1956) reported that in Japan,
blosson bud differentiation Omrﬁd by the middle of
December in Washington Havel, by late January in Valenois
and Fakuhara and by early February in Nev Summer, They found
that blossom bud differentiation continued for about four
months in Vashington Navel., In Nerth India, the itime of
flover bud differentiation has besn reported to be the begi-
nning of January in Blood Red and the end of January in
Jagfa (Babu and Kaul, 1972). |

Aoccording to Abbot (1935), blessom bud differentiation
in Deccan grape fruit was observed by February 135th im Flerida.
Ahamad and Khan (1951) reperted that in Punjab, flower bud
differentiation in grape fruit toek place along with the grovth
in the latter half of February. The terminsl primerdia aiffe-
rentiated vhen the shoot was about to emerge, waile axillary

flowvers differentiated vhen the sheot vas abeut one~feurth
of an inch long. The aetive peried of differentiation extended
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over & fortnight., Mishrs and Yamdagni (1968) observed

flower bud Aaifferentistion in grape fruit by the end of

January.

| Milelia (1960) fewnd that in mandarin, anatomical
pre~differentiation of flover buds ocourred towards the end

of January and the ‘truo norpholegical differentiation during
the first week of Mareh,

In mango, vide varistions have been reported on the
tine of fruit bud dutercntmu.ep from year to year, plsce
t0o place and variety to variety (Singh, 1958). The time of
differentiation of the flower bud of mango is reported to be
the month of Ootober in FPlorida (Sturrock, 1954; Mustard and
Lynch, 1946). Ilate season varieties showed differentiation
until the first week of November (8turrock, 1934). Reece et al.
(1946) stated that the differentiation began within a very
short period before the expansion of the terminsl buds in
December to Pebruary in ﬂullitdm variety of mango, in Flerida,
They further atated that the proeess continued througheut the
period of bud expansion. In India, October and first half of
November have been reported to be the time of flowerbud
differentiation in mango under Bihar oconditions (Semn and
Mallik, 1941). In Punjab, this period has been found to be

from the middle of August o the end of October (Musahib-ud~-din,
1946). Under Saharanpur ¢onditiens, fruit dbud differemtiation
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vas observed in December (Bingh, 1960). Bawvant (1969)
observed that fruit dud differentiation at Vengurla started
during the first fortnight of August) but under Poona eondi~
tions the oononimt vas delayed upto Septeaber,

Petrucci snd Crene (1950) and Rane and Bingh (1965)
found that initiation and differentiation of flower bude
in £ig ococurred througheut the grewing season, vhich is froa
the begimning of April te the 15%h of July. Breba figs were
produesed from the buds differentiated in the year previous
%0 fruit maturity. Eeeend erep rigs, on the other hand, vere
produced either from the buds differentiated during the pre-
vious year or from the buds differentiated during the season
in vhich the fruits mature. The duds at the extremities vere
least fruitful. The sesend o fourtih nodal regions were the
most fruitful area,

Acoording to Shukla and Bajpai (1974), the oritical
period of fruit bud Aifferentistion in litehi was December,

In Jaman, the thu'l veek of January weas taken as the
oritioal period of fruit bud differentiation (Mishra and
Bajpai, 1973).

In Avooado, the time of flower bud differentiation vas
in late October or November., Differentiation started with
the developaent of second proximal axes, Developasnt inte
bloom was net interrupted by a dermant pericd (Reece, 1942).



In temperate fruite, flover bud d4ifferentiation hss
been studied by a number of workers. In apple flover bud
differentiation began at the end of June and ty lmh‘r the
carpels and the stamens vere formed (Gyuro, 1959; Marrow,
1962; Neusann, 19623 Merrew amd Ricci, 19633 Bubem, 1967;
Deidde and Pissnn, 1968; Reven, 19683 Golikova, 1969). The
period of floral ’mduotion in apple appeared to last froa
Noveaber to late December snd the stages of floral differen-
tiation froa late December to mid-Marech in Chili (Feueht
and Arsnoibis, 13970).

In pear, the period of fruit dud differentiation wvas
observed to be from aid~July to mid-Ootober (Huet, 1973;
“’mﬂ. 1977).

Ullah (1954) reported that in the C.0. Smith peaoch
at Palampur, differentiation took place during the first
three weeks of July, whlle in double flowvering peaches at
Igsllpur it occourred throughout August and Beptember,
Yoshimurs (1962) observed the time of differentiation of peach
flover buds to be September im Japan. Hassan (1968) reported
that in Havel fruit growing regioen, the time of 4ifferentia~
tion was from 29th June to 23rd August.

Browvn (1952), Molnar (1960), Basso (1962), Kovacev (1966),
Anikeev (1969) and Fedchenkova (1973) observed that flower bud

differentiation in spricot started in July and completed Ly
the end of Septeabder.
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In oase of cherry, the time of flower bud differen-
tiation vas found to be frem the end of July to the begi-
nning of August (Reiehel, 1965).

In plum, flower dud differentiztion started by about
mid=July and fimished Wy early 1o mid-September (Velkova,
19703 Mostolovista, 1972, 1977; Beech and Reeves, 1978).

In stravberry, Robertason (1955) reported that tae
flowers appearing frem late April %o about sarly June were
derived from primordis formed during late summer or early
" autuan of the previous year., He found that the early strav-
berry varieties grown near Dundee began to fora flower pri-
mordia in August, In Indis, third veek of November vas
observed to be the eritical peried of differentiation
(Pathak and Singh, 1977 and Sharas and Singh, 1980) and the
wvhole process of differentiation was completed within 25 to
SO days. Guttridge (1952) reperted wide variations in the
time of differentiation in different localities. Capellini
and Rosati (1970) observed that in Cslifornisn varieties
flower bud differentiation eoscurred for a long time; but in
Souvenir, differentiation eccurred for only a short time and
in an irregular aanner.

In blueberry, Aslders snd Hall (1964) reported that
the reproductive itissues wvere differentisted around the
ajddle of August. Georgiev and Topehiski (1972) reperted
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that flovwer dud injitiatien started in late July and con-
tinued upto late hm.' The aale and female gametophytes
developed by April.

waldo (1933) stated that the red raspberry varieties
Oregon, Culthapert and Llayd George had all differentisted
fruit buds by November. In Scotland, Mathers (1952) found
that in the varieties Malling landaark and Lloyd George, the
flover buds were differentiated by the middle of September,
Robertson (1957) and Wood and Rebertson (1957) also reeorded
similar finding with respect to the varieties lMalling lasndmerk
and Lleyd Geerge.

In blasck currant, August was cbserved to be the time
of flower bud differentiation (Nasr and Wareing, 1961). They
found that flover primordia were laid down in the axillary
buds of the ourrent year's shoot. Elerk (1968) reported
that flower buds of the variety Bilver Geiter differentiated
from the end of June to the begimming of July and that the
petals were formed only after desep doraancy.

Subramsnisn and Shanmugavelu (1981) reported that
flover bud differentistion in Jasminum grandiflorum took
place during the second veek of February, that is, 55 days
after pruning. Flover buds were initiated 45 days after
pruning.
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2.5. Btages of flower dud 4ifferentiation

In Concord variely of grapes, Patridge (1923) found
that the primerdial meristematic apex of the primsry bud
comnenced its process ef grevih characteristically by pre~
duoing many peinted oufgrevihs of different sises at defi-
nite intervals, differeatiating into well defined organs of
primordial trait such as protestive scales and stipular
scales before producsing the primordis of generatiive organs,
Bernard (1932) in his studies with Sultana grapes in
Australis observed two buds developing in the axil of eash
leaf in & young shoot. But as they wvere enclosed in a comamon
protective soale, they appeared to the eye as one bud. Upon
grovth extension, they separaisd and one gave rise io a short
shoot. The other bud nomuit had developed two acoessory
buds, one on esch eide, VWinkler end Shemeettin (1937) observed
the formation of braet primerdium as the first indieation of
the formation of the eluster primerdium, Chadha and Cheema
(1971) deseribed the proeess of initiation and development
of infloresesnce primerdia in the varietiy Perlette. They
found the formation of six lateral outgrowths of the apieal
meristen identified as primerdial mn-. These primerdial
1un’o developed alternatively on the sides of the axis of
the developing duds. Axis further elongated snd additienmal
primerdia appeared towvards the distal @. Axillary wuds
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also appeared in the axils of basal primordial leaves, The
distal primerdia sosn ssquired different shapes aiding die-
tingtion between leaf and eluster :ruor;n'. 'f‘ho leaf pri-
mordis vere pointed, vhere as sluster primcrdia vere blunt
and broad. The clusiery nature of the latter primordia
wvae evident after this stage. Appearance of a bract sub~
tending each oluster primordium vas the furiser indiestion
of development of the cluster primordis. The cluster pri-
aordium produced numereus ﬁwm peints. Chadha and
Cheens (1971) further found tnat the cluster primerdium ocon-
sisted of a complex bhranshing sysiem and the elengation of
cluster branches ccourred gradually with continued rapid
division. VWith the advanecsasnt of the season, the cluster -
primordin inoreased in sise with numerous growing pointe,

Broadening and flattaning of the apioal meristem with
tvo lateral protuberances en either side of the bud wvas taken
as the indioation of blossem dwd dufom‘huen in all
species of Citrus (Abbot, 1935; Randhave and Dinsa, 1947;
Mishrs and Yamadagni, 1968; Babu snd nul,1972).

In mango, four stages in the development of the fruit
bud have been identified (Sen, 1943; Mustard and Iynoh, 1946;
Khap, 1960; Gunjate g% al., 19773 Ravishankar et al., 1979).
High meristematic sctivity marked by the production of hread
coniesl protuberances in the axils of seales has been peinted
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- out as the first sign of fruit bud differentistion in mango.
In the second stage, the buds decame plump and coniocally
protruded out of the ssales, The main axis elongated and
besoame multilobed due io the developaent of primary branches
of the flever panicle, Beme of the side protuberances

also becsme multilobed due to the presence of the primerdis
of the secondary btranches. In the third stage, the flover
buds became conieal, plump and emerged out of the seales.
During the fourth stage, the seales started loosening indi-
cating the bud break. |

Work done by Mustard and Iynoh (1946), Musshib-ud-din
(1946), Bingn (1958), Karandhikar (1960) and Sawant (1969)
in different varieties of mango, in India and Florida,
pointed out that there was ne peried of dormaney between
floral differentiation and inflorescence expansion. The
floral organs developed in suscession ~ calyx, eorolls,
stanens and carpel. As against the above observation,
8ingh (1958) reported that the primordia of petals, stamens
and staminodes appeared altermating with one another and
vith the sepals almost simultenmecusly. Karandhikar (1960)
and Gunjate et al, (1977) reported that the whole process
of differentiation vas completed within two to two and half

months.

In fig, Rane and Singh (1965) identified five siages
in the differentiation of flower buds. During the first



stage, the bud primerdiwm sppeared to be roundish, eonvex
and vas composed of meristematio seale primerdia, The bud
primerdiun initinted onme mere seale in the second atage.
By the third stage, the bwd primerdium had produced many
scales, snd had also brendened and elongated. During the
fourth stage, the spical surfaee sterted turning concave,
In the fifth stage, the apex turmed eempletely conscave and
vas lined with the fleral primerdia,
) \

In litehi, Shukls and NN (1974) ‘reperm that the
apex of vegetative shoot m dome shaped with s uniform
ourve, htcr; flatiening and bdroadening of the apex was
observed with a rapid elevation en beth sides of the groving
point. They observed that blossea bud differentiation vas
a oontinuous proeess and panieles appesred in the ssme mammar

as in mango.

In teaperate fruits sueh u‘ apple, pear, pesch, aprieot
apd cherry, the initial stages in the formation of the flower
primordia vere found to be similar; dbut the later -fnsu
differed betveen the species depending upon vhether they
formed & superior overy or an inferior one (Vitkovskji, 1969).
In the case of vegetative buds of apple, the surface of the
groving point had greater breadth with less degree of oon~-
vexity. First evidense of fw bud differentiation wvas
the rapid elevation of the surface of the growing peint inte
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& narrov oomiesl :m'mm. 1959; Marrow, 1962; Marrow
and Rioci, 1963).

In strawberry, flattening and Wrosdening of the apex

vith an irregular outlime of the grewing point was observed
pricr to fleral iniMaMen. Differentistien of florsl parte
vas found in aeropsisl suecessien (Pathak aid Binga, 1977).
Sharma and Bingh (1M)M four sitages in the develoep-
aent of flover prm in Pusa Early Dwerf strawberries,
Agoording to them, the wndj ' u-m primerdium in stage I
vas oonioal and had a uahr sutliine. The initiation o~
cess vas found to be ssssmpanied by breadening and flattening
of the grovimg peint at the apex. In stage II, elongation
" of the primerdium ceourred and nev groving peints appeared
at the base. In stage il primordia of sseondary and ter-
- tiary flowers appeared at ﬁ'hﬁn. Just belov that of the
primary flowers. Sepals msd petals developed in the primary
flovers st this stage. In stage IV, rudimentary stemens snd
pistils appeared in the m flovers.,

In blueberry, appearsnse of flattened apieal meristen
vith numerous protuberansts vas "m %0 be the first sign
of flower bud differentiatien (Aslders and Hall, 1964).

In Jassipum gradiflexys, Subremsnian snd Shanmugsvelwm

(1981) reperisd that the organc-gunssis took place in asrepetal -
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succession in the seguwanse of sepals, petals, stamens and
ovary; but the cerclls tube formation was sompleted only
afier the differentistisn of the ovary. 7They observed that
the vegetative bud vas cheracterised by a pointed, elevated
and elongated meristamatis apex in the oentre cmlaﬁd by

We lateral leaves. During the transitien phase, the oentrsl
dome enclosed by the latersl pretuberances wvas very much
reduced and appeared censeve with bulges.

2.4. Mioroteshnique

Different acthods of killing snd fixing, dehydratien
and infiltratien have beem suggested for processing plant
materials for ajeroteme seetisning. Accerding te Jehansen
(1940), Pormslin-icete~Alechel (FAA) was the most widely used
fixative. He stated that FAL eould be used with almost all
plant materisls intended fer anatemiceal or merphologiecal
studies, le also found thut the plant materials ocould be
left in FAA almost indefimitely without sppreciable damsge.
Begides, therse vas ns neeessilyy of vashing out the killing
fluid, 1f the Tertiary Buyyd Aleshol (TBA) method of dehydra-
tion vas employed. Jm (1940) and Bass (1951) reported
that Chrgme-Acetic formulas were uasatisfactory for ihe bulky
and wvoedy subdjects because of peer pemetirating abilily.

Bernard (1932), Sayder (1933) wsed FAA for killing



graps buds, The sine was nol by Haltvick and Struckmeyer
(1947) in red respherry, Randhawvs and Dinsa (1947) in oitrus,
Nasr and Wareing (1961) in M,Mt. Mishra snd

Yendagni (1968) in eitrus, Mishra snd Bajpai (1973) in

Jaman, Gunjate ¢% al. (19T7) in mango, Pathak and Singh (1977)
and Sharas sand Bingh (1980) in stiravberry and Subremsnisn

and Shanmugavelu (1981) in jammine,.

Chadhas and Cheema (1971) maed Carnoy's fluid féllowed
by FAA for killing snd fixing grape buds.

Aalders and Hall (1964) snd Hall et al. (1970) suggested
Craf III killing fluid for blusherry.

Among the dehydrsting metheds, the TBA method was found
to be the most sstisfaotery ens (Jehamsen, 1935). Unlike the
other twe butiyl alcohols, the odeur of TBA was agressbdle
(Bass, 1951). Formerly, ethyl sleshol wes used widely for
dehydration; but it wvas found to have shrinking and hardening
aotion on the tissues (Johsnsen, 1940).

Aslders and Hall (1964) used TBA for dehydratien of
blueberry stea sectiens. The same was used by Gunjate st a).
(1977) in mango, Pathak and Singh (1977) and Sharms and
8ingh (1980) in strawberry.

Johsnsen (1940) snd Sass (1951) reported that Saffranin
and Saffranin-cembinations were the most impertant and
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suitable stains for mewphelegissl and eytelogiosl studies.
They also found that ihe sbeve siained the lignified,
cutinised, suberised snd -u.mmd structures as well as
the chremoscmes, nucleell amd esnirosomes. Johansen (1940)
reported that Hematoxylinm wae seleetive for cellulosse,
pectin and fungus w&l&um that this had no effect en
the oell valls and pw;

Saffranin and Yast Grean~eeabination gave best results
in red raspherry (lsliviek snd Strukmeyer, 1947), citrus
(Randhavae and :D'in'n, 1947), nengo (Gunjate i 2l., 1977)
snd strayberry (Pathak and Singh, 1977; Sharma and Bingh,1980).

Bernard (1932) used & €ilute solution of Aeid Fuschin
in 70% aloshol for grape material, Sayder (1933) used Fast
Green diesolved in 956 aleshel while Winkler and Shemsettin
(1957) used Delafield's Hematoxylin, vith Saffranin as s
sounter stain.

Mishrs and Yamdagni (1968) used Delafield's Hematoxylin
for oitrus smd Hall et a). (1970) for blusberry. Subrsmanisn
and Shazmugavelu (1961) used Hematoxylin end Eosin stains
for Jammins, |
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S. NATERIANS AND MBIHODS
4

. The m-mm & the flower bud differentistien
in pepper vere carried eud at the College of Horuoﬁnan,
Vellsnikkars during the 12-menih peried from July, 1981 %
July, 1962, %he Pamniywur-! vimes used in the study were
six years ¢ld and vere under unifera eultural treataents
(as per the package of prastiee recemmendations of the Kerala
Agrioulturel Waiversity). |

3.1. FACTORS INFLUENCING FLOWERING/FLOWER BUD DIFFPERENTIATION

501010\ Extension grovih

Tvenly, six year old staniards of tae suliivar
Panniyur~1 vere utilised for Mtu the relationship bet~
veen grovih of the laterals snd flever bud differentistion,
Tventyfive laterals of twe Yypes (these that bore the orep
during the past sesson and Whese that 444 not) frem the
wenty standards vere marked 8% randon snd tagged. The
length of the laterals vas messured in oentimeters st fort-
nightly intervals starting frem 1st December, 1981 141l 15t
July, 1982, Frem the figures se ebtained, the fertnightly
extension grovih of the o iypes of laterals vas vorked eut.
The data on extension M m m« for the poasidle
‘rele in flewer dud differemtiatisn.
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3.1.2, Carbehydrate and aitregen reserves

For studying the earbehydrate and nitrogen reserves
in relation to flover. bad differentistion, the nev shoots
vere utilised in additien to the twe types of laterals men-
tioned in ssction 3.1.1, JFour standards vers marked at
randoa for this purpeoss. Irea ko«h standard, six each of the
three types of laterals wers collested for chemical analyeis
at fortnightly intervals from 1st Oetober, 1981 to 15th July,
1982, The ssaples were labelled, dried in an oven at 80°C
for 48 hours and povdered using a grinder (Multiplex) to &
fineness 14 mesh. The total soluble carbohydrates and
nitrogen levels in the powédered material vere estimated and
correlated vith flover bud differemtiation.

Total soluble carbehydrates in the samples was deter-
mined colerimeterically as per the ni‘lhod suggested by
Deirss (1961). Nitrogem in the esmples vas eatimated by tae
ocolorimetric method as suggesied by BSnell and Snell (1967).

%e¢1:.3. Climatic factors

Fromn the data collected at the Metegrological observatery
in the campus, fortnightly averages e¢f mean temperature,
humidity, rainfall and sunshine hours were compuied., These
paraneters vere examined for their pessible role in flewer
bud differentiation.



33

3.1.4. Direct/indireet effeots of the tﬁmt on flover bud
differentiation

Apart froa total selmble oarbehydrates, nitrogen and
O/N ratio, the climatic faclors namely temperature, humidity,
rainfall and sunshine heur's are some of the faotors that
influence the differsntiation of flover buds. Path coeffi-
cient analysis vas done 4o uion the qut and mamn
effects of these factors en the differentiation of flower
buds in the nev shoot and in the e iypes of laterals.

3.2, HISTOIOGICAL STUDIEB

3.2.1. Selection of material

Yor studying the aite and stages of flover bul diffe-
rentistion, twenty standards of the eultivar Pamniyur-I vere
selected. A mumber of laterals (those thati bore the arep
during the past season and those that did not) were tagged
separately on each standard. JFrem the tagged laterals, tem
each per plant vere collected at randem at fortnighily inter-
vals stariing from 1st August, 1981 to 15th July, 1982. The
specimens vere oollected during the morning hours., Nedal
regions of these laterals vere then separated into 6.0 mm
leng pieces, labelled, killed and fixed as desoribed in the
following section for further processing. The nev buds
emerging out of the two irpes of laterals were slsc collested,
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along vith a pisce of stem pertion, labelled, killed and
fixed for further preesssuing.

For obtaining infermatien en the time taken for ini-
tiation to completien of the different :tuoy of flover bud
differentiation, ten buds were sollected daily starting
from 25.5.1982, Thess buis were proosssed and examined for
the different stages,

3.5.2. Processing of the spesimens

3.2.2.1, Killing and fixiag

In order to seleot an apprepriate killing and fixing
fluid the following vere trieds

Formalin-Aceto-Alcohel (PAA)

Evnyl aleochel -5 al
Glacial agetic aeid. - S al
Formaldshyde (37-408) - 10 al

Distilled water - 35 )
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Ylemaing type

ci!nngﬁuqotie trpe
B%ook solution T Iy Iv ¥ 1 11 I
al al =a} al al 2l a1l al
i Chromfomotd 30 50 S0 T0 97 25 50 75
1% Acetic scid 70 50 - - - 10 - -
108 Acetio asoid - - 10 20 - - 10 -
@Glacial aoetic - - - - 3 - - 5
acid ) ‘
2% Osmiec noid - - - - - 10 10 20

Distilled water - - o - 10 -

Navasohin and Beuin iypes

55 30 -

Steck Nava- sain Mrres

solution '°:1*“ 1T 11X IV

-

I v
Rl al mnl al al
50

1% Chremio | PO
aeid 15 20 20 % 40

1% Aocetie - - - - -
scid 75

108 Acetie - -

aeid 0o 20 3 35
Acetic mcid :

Ternaldehyde
(37-408) 20 5 5 w w0 15

Pierioc scid | :
saturated - - - - - -
aqueous

Distilled water -~ - 65 40 20 -

25 10 10 10

7% 20 35 2%
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Based on the rapidity of killing (to retain acre
features of the living eslls) and the absence of shrinkage
of oells (vhen the killing selution vill have the same
osmotic pressure as the living um), FAA was selected for
killing and fixing of the spesimens collected.

The plint spesinens were immersed in glass specimen
tubes (1.5 em x 7.0 em). The tudbes were then labelled,
closed with tight fitting oerks and stored under rooa tempe-
rature.

3.2.2.2. Wmtm

After one wveek of storing in FAA, the dehydration vas
started. 7Twveo methods of dehydration vere tried.

Details of the methods follewed are given below:
Dehydration by nen~solvents of paraffini~

A graded geries of ethyl alschel was used for dehydra-
tion. 7The materials vers passed thareugh the dehydrating
series for four-, six-, and omm durations, In all
the schedules, the duration preseribed for the 858 and 958
" aloohel treatments were double that of the first nﬁp-

(for example, under four-hour sehedule, eight hours were
given for 85% and 95 alechel ireawment). PFinslly based on



the resulis obtained, 'llc felloving series vas selected:

Spesimans in FAA

Decsnted and floeded vith 508
ethyl aloehol

_ (6 hrs)
" Decanted MV seded vith 60%
ethyl aloshel
{6 nrs)

I

flooded with 708
aleshel
" (6 hrs)

Decanted and
ethyl

Decanted taivtlnd“ with 854
ethyl sleshel
{12 hrs)

v

Decanted and floeded vith 954
ethyl aleshesl

(12 hrs)

¥
Rinsed with abselute alechol
(three changes)
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The dehydrated speeinens vers then passed through
a graded series of etnyl ‘iulal-:ylm solution as indi-
ocated below: |

drated specimens
?.s.:'amu slechol)

Decanted and floeded
with selution I*
(1/2 hrs)

Dcocniol\;nn flcoded
with selatisn II
' (1/2 hArs)

Deocanted ‘J/ml fleeded
vith selutisa 11X
(1/2 hrs)

~ N
Decanted /ml floeded
vith solution IV

{1/2 hrs)
Rinsed with three changes
of selution IV
. ' Adselute ethyl
Grade number Zylens (m1)
Solution I .15 25
Selution II 50 50
Solution IXI 25 75

Solution 1V 0 100
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Mmuon by selvenis &!’ paraffin (Tertiary butyl aloshel

method; Johansen, 1949)1-

The specimens in FAA vere pqand through water-eihyl
aleohol-tertiary bnfl slsshol series for two-hour duration
after treatment vith ethyl alechel for four, six and eight
hours. Finally the folleving schedule wvas selected:

Spesinans in FAA

Decanted and ﬂn“d with
50% eyl alechel |

seasstod s

b hrs)

‘ s of
snhydrous tertiary miy alzahol

* Grade Mo, 9? oﬁ:yl . t::;.uu L W‘I% } X Vaster
a ?ehs u&eoho a eoho
Solution I - 40
Selution II 50 - 20 30
Solution IIIX 50 - 35 15
Solutien IV 50 - 50 -
Solutien V - 25 75 -
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Based en the lw of dehydration, firaness of ﬁlmn,
absenoe of shrinkage of the proteplasm and absence of distor-
tion of oells, the tertiary buiyl) aleoochol method was ultimately
selected for further werk.

3.2.2,9, Paraffin infiltration

Innedintely after the last stage of the dehydration
series, infiltration wvas startsd. The anhydrous tertisry
butyl alechol vas desanted sad sbeut 5.0 al of fresh anhydrous
tertiary bulyl alcchel (Just o ecver the materisl) and a
small quantity of chlorefesm (1/4 quantity of tertiary buiyl
alochol) vere added. 7To this, melted soft paraffin (m.p.
60-62°C) was added. The sddiiien ef paraffin vas oentinued
$111 a layer of undisselved vax resained on top of tae solu-
tion. The specimen tubes vere them corked and placed in sn
oven at 35°C for twe days. After this pericd, the temperature
of the oven vas inoreased te $3°C for four hours. The specimen
tubes vere then taken out, eme half of the solution decanted,
an equal quantity of melted seft paraffin added and the tubes
veres replaeced into ths even quiskly. Four partial replsce~
ments vere made as desoribed above at intervals of four heurs.
The solution containing panfﬂ.a was then poured out and
replaced completely with pure melted seft paraffin, After
four hours at 60°C, snother complete replscement vas done
to remove all the traces eof ithe selvent.
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3e2+2.4. Imbedding

Enbedding vas tried By using soft paraffin (m.p. 60-62°C)
and the mixture suggested by Hanee (1933) without ceresin wax.

mm.:muﬂtummvumomtetmm
ribbens of desired W; ﬁo mixture :a;cutud by
Hanoe (1933) vas seleoted for embedding the specimens.

After parsffin mnmuoa. the specimens vere flooded
vith the embedding mixture® and kept in sn oven at 60°C for
one hour. Rmbedding vas dene in beats made of 7.0 x 4.5 om
pieces ot'.tvory paper (46 kg/%44). The boats were first
soaked in smeking hot wvax and eeoled. The eadbedding aixture
sontaining the speoimens ware them poured into the boats.

The spesinens vere arranged ia a proper order with a heated
needle before ihe solidifieation of wax. Gpace of one em

vas given in betveen the meighbeuring specimens, The identiy
of specimens were recorded, AM Mmm of the wax, the
boat was placed in a vessel of oold vater for cooling. The
paper boat vas them sirigped out to give the parsffin blooks
containing the spesainens.

5.2.%5. Miarotone sestioning

The peraffin blocks were ocut into pieces such that one
plece gontained one spesinsn, Ihe edges of the pieces vere

* The sabedding aixture contains 100.6 & paraffin, 4.5 g
rubber paraffin aixture snd 1,0 g bee's wax,
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trimmed to make the m flat., The pieces vere of appro-
xinately 1 ea x 1 om x 1 ems These pieces were them labelled
properly and stered in small eardbosrd boxes at roem tempe-
rature,

Yor mierotone sectiening, the pieces vere fastensd to
vooden nmtm blocks. Net 'pmttm vas sdded to the tep
of esach mounting bloek %e form meunds and was allowed to
solidify. The botiom of ensh embedded piece was then heated,
pressed firaly on the tep of separate mounting blocks and
held in oontaet till the wax essled down. A fillet of paraffin
vas also usde areund the smbedded piece to provide s fira .
bracing. Exoess paraffin vas then removed and the sides of
the blooke vere levellsd. Beotions (10-14 u thick) wers then
nade using s Junior rotazy mierotene.

3.2.4. AfLixing paraffin seetiens to the slides

The seciiens vere shtained in the form of ribbens.
For fixing tﬁo ribhens to the slides, an adhesive vas pre~
pared by mixing equal gquaniities of egg vhite, glycerine snd
distilled vater. A small drep of the above adhesive vas
placed on & olean slile and spread inte & thin film. The
slide vas then flooded with water and a ribdon of sectiaons
placed on it. Excess vater vas drained. The slide vas then

warned over a spirit lamp $1ll the paraffin appreached the
melting point. VWhile heating, the ridhen vas kept fleating



on the slide to pernit supamsion, The slides wers then dried
in sn oven at 50°C for five heurs. The details required for
identificstion of the seetisns vere marked on the slides.
3.2.5. ‘summ | |

Beotions affixed t» the slides vere stained by immersion

in speeific reagents in staining jars. Saffranin and saffranin- -

fast green oceabination vere tried. The staining chart for
saffranin and saffranin-fest green ecabination are given belews

Staining ehart for saffremin

ire-s ‘
Xylene o Balsan cover glase
(5 nts.) / Iylens ‘g‘
P (2 ‘“o)
nnfun(;u::'% | . iene T (2 mts,)
nis. Glove oil
U . : (2 I“o)
9% aleohol Abselute slochel IIX
(5 ats.) T (2 mts.)
J ' Lhuhu ﬂuhol I
7“ aloohol , (2 ‘“o)
(5 mts.) 955 aleohel
(2 .“u)
7 mm
m aleohol » _ “ T (2 mds.)
(5 mte.) /508 aleehol
0% A ol 50% aloshel
'1““(5 ats.) T (2 mts,.)
Tap water
(5 mte.)
‘ S . saffranin
Distilled vater— (2 nts.)—> Aqueous (12 hre.)




8taining chart for saffranin-fast green

Pre~staining operatiens and intervals wvere the same
as for saffranin staining.

Stalning
Aqueous saffranin : Balsan and cover glass
(’2 u.o) ‘ T
Tap wvater change lene II
PV Lamsd of 2 (2 mis,)
ocelourless)
Iylens 1
lochol
e .l °(2 nte) 4 (2 ats.)
50% aloohel '
‘ Clove oil
(2 mts.) : A (2 mte,)
70% alechol
(2 ate.) Absolute alechol II
9” alochol 4 (2 ltln)
(2 -t.o)
Fast green in 9% ——(30 sees.)—> Absolute aleghel I
alechel | (2 nts.)

3.2.6. Mioroscepic examination

The slides, after staining vere observed through a
binocular meno-objective mieresocepe (Olympus KICBI) with
10 X objective and 10 X eye pieoce.

Critiocal examination was &dene using a high pever
objective with 40 X magnifieation. lMeasurements of the
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selected sections vere msde using an occular micrometer,
calibrated before use. |

3¢2.7. Photemicrography

Photomicrographs of the selected sections were taken
using a pillar %ype 120 mn camera attached to a monocular
aono~objective mieroscepe (Olympus KIGBI). ORWO black and
wvhite negative fila of 120 AGA and Kodacolor negative fila
of 100 ASA wexe used for taking the photemiorographs.
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4. REBUIYS

The results obtained in the investigations condusted
on "flowver bad differentiatien in pepper” are presented in
this ehapter. The studies sensisted of two parts, one on
the factors influeneing the flewer bud differentiation and
Ane other on the histelsgisel aspects of flover bud diffe-
rentiation.

4.1, PACTORS INFLURNCING FIOWERING/FIOWER BUD DIFFERENTIATION
4.1.1. Extension grovih

The data on the sxtensisn grevth of the two types of
laterals (those that bere the erep dwring the past seasen
and those that did not) at mwtxy intervals froa 1-12-81
to 15-T-82 are presented in Table 1,

Maximum sean growth vas reserded during the fifteenth
fortnight in both the types of laterals, 32,73 per cent of
the total growth in the laterals that bere the orop during
the past season and 31,04 per eent in the latersls that did
not bear the arop during the past seasen. The menths of
June snd July (forinights XII to XV) oontributed to 86.36
per eent of the total growth in the laterals that bore the
orop during the past season and 82,52 per eent in the laterals
- that 444 not bear the orep during the past season. The first



41

Table 1,_ Mean sheot exWemsion growih in pepper (Piper
alacus L.)

iype of shoot

, Those that bore the Those that 4id not
Date of . tnight erep durimg the psst besr the orop

observa- season a the past

tien un::uon
Rxtandiem Pereentsge Extension Percen-
grovia® of the growth® tage of

(em) total | (om) the total

1-12-81 Start of observatien

15.12.81 X 0.05% 0.46 0.08 0.68
2.1.82 11 0.08 0.74 0,08 0.68
15.1,.82 111 0,12 1.1 0.15 1.28
1.2.82 Iv 0.11 1,01 0.11 0.94
15,2,82 v 0,09 0.48 0.005 0,04
2.3.82 vI } 8 ¥l 0,07 0.60
15.%.82 I il il 0,06 0.51
104,82 VIl 0.0T 0,65 0.10 0.86
16.4.82 1x 0.14 1.29 0.15 1.28
1.5.82 b ¢ 0.20 1.84 0.50 4.28
15.5.82 x1 " 0.65 5.99 0.74 6.33
146,82 I 1.12 10,40 1.26 10,77
15.6.82  IIII 175 15,95 1.60 14.80
1.7.82 ) 44 4 2.98 27.48 3,03 25,91
15.7.82 xv %.59 32,73 3.63 31,04
Total 10.8% 100,00 11,565 100,00

*Mean of 25 laterals randoaly distributed over 20 standards
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eight forinights contributed only 5.72 per cent of the
total growth in the laterals that bore the erop during the
past season snd 6.87 per eent in the latersls that did not
bear the orop during the past season. Minimum grovth was
recerded during the fortnights Vv, VI and VII in both the
trpee of laterals. Frea the eighth fortnight onwards,
extension grovth shoved an ineressing trend.

The relationship between the mean extension growth
in the two types of laterals and the number of buds diffe-
rentiating into flower bufs in them has been depjoted in
Pig.5. | '

4.1.2. Carbehydrate and nitregen reserves

Total soluble sarbshydrates, nitrogen and C/N ratio
of the two types of laterals (ithese that bore the orop durmk
the past season and thess that “& not) and the new shoots
are given in Table 2, |

During the peried of ehservation, total soludble carbde-
hydrates varied froam 1.91 to 7,90 per cent in the laterals
that bore the orop during the past season, 1.82 %o 6,60
per cent in the laterals that &1d net bear the arop during
the past season and 2,97 to 7.26 per eent in the new shoots.
Nitrogen content varied froa 1.54 % 3.50 per ocent in the

laterals that bore the orop during the past season, 1.66 to
3.14 per ocent in the laterals that 4id net bear the orop
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during the past season and 1,77 to 3.72 per ocent in the

nev shoots. C/N ratje ranged from 1,10 to 4.73 in the
laterals that bore the orep during the past season, 0,83 to
3.79 in the laterals that did not bear the corop during the
past season and 1,16 to 4.10 in the nev shoots., Maximum
content of tolal soluble carbohydrates was recorded during
the second fortnight in the laterals that bore the orop
during the past season, the sixteenth fortnight in the late~
rals that 4id net bear the corop during the past season and
the ninsth fortnight in the nev shoots. laximum nitrogen
content wvas observed during the anineteenth fortinight in the
laterale that bore the arop during the pest season and in the
laterals that 4id not bear the erep during the past season
and the twentieth fortnight in the nev shoots. Maximum C/N
ratio vas recorded during the second fortnight in the late-~
rals that Scrt the corop during the past season, sixteenth
fortnight in the laterals ihaildil not bear the crop during
the past season and the nineth fortnight in the new shoots.

4.1.35. Climatic factors

During the period of study, the average temperature
varied from 25.40°C (Auguet, 1981) to 31.30°C (March, 1982)
and the relative humidity froem 57.70 (Pebruary, 1982) to
91.15 per cent (June, 1982), The total rainfall during the
peried of study was 2568.30 mm. The monthly varistion wvas
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between O and 734.80 ma (June, 1982). The hours of sunshine
ranged from 2.54 (July, 1982) to 10,00 (January, 1982).

A perusal of the data on the climatic parameters
yis-a-vis flower bud differentistion (Fig.9) indicate that
during June~July, vhen maximun number of buds in the two
trpes of laterals d;t_,tomtum into flower buds, the mean
teaperature, the mean rainfall and the mean relative humidivy
vere high and the mean sunshine hours ves the lovest.

4.1.4. Direct/indirect effects of the fsotors on rlem bud
differentintion

Path coefficient analysis vas done to assess the
direct amd indirect effects of total soluble mbw&tu-,
nitrogen, C/N ratio, time faotor and the veather parameters
like temperature, humidity, rainfall and sunshine hours oa
flover bud differentiatech &in pepper. The results of the
above analyeis for the twe iypes of laterals (that bore the
orop during the past season and those that 414 not) snd the
new shoots are presented in Tables 3 to 5 and Pig. 1 %0 9.

With regard to the laterals that md the corop during
the past season, the eight factors studied scoounted for
98.17 per cent of the variatien in flower bud differentiation
(R%0.9817). Sunshine hours had the maximum direct effect
(=0.52) on the rate of flower bud differentistion, even though
it vas negative. Time factor (0.%4) and Nitrogen (0.23) had
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positive effects; but vere second to day length (Table 3,
7ig.1). Humidity (-0.,01) had the minimunm direct effect,
The indireet effects of all the fastors through sunshine
hours vere high and it vas more than ite uro_ot effect
except for C/N ratie. Sunshine hours had the maximum
ocorrelation (r= «0,96)with flower bud differentiation,
folloved by rainfall (re«0.95) and time fasctor (r=0,87).

With regard to the latersls that did not bear the
orop during the past seasen, the eight factors studied
accounted for 96,68 per cent of the variation in flower bud
differentiation (R°»0.9668). Sunshine hours had the maximum
direct effect (~0.44) and cerrelation (r= -0,95) with flower
bud differentiation eventheough negative (Table 4, Fig.2).
Tine faotor (0.42) and total soluble carbehydrates (0.33) had
positive effects; but were seecnd to dqy length. Tempersture
hed the minimum direct effeet (-0,02). The indirect effeots
of nitrogen, time faetor, tamperature and rainfall threugh
sunshine hours were high and it vas more than its direct
effect except for time fastor.

With regard %o the nev shoots, the eight factors
studied oontributed 99,62 per cent of the variation in flover
bud differentistion (B%=0.9962). Sunshine hours had the
maximus direot effeot (-0,40) on differentiation of flower
buds (although negative), followved hy nitrogen (0.37) and



Table 3.~ Path soefficients of various fastore oontﬂ.buung t0o flover bud differentiation
in pepper (Piper njigrua L.) (laterals that bore the crop during the past season)

Effect through

Pactors Total Nitrogen

soluble
earbohy -
drates

C/M ratio Time Tempe~ Humi- Rainfall Sun- Correla-

fagtor rature dity shine tion with
hours flower bud
differen~-

tiation

Total soluble
oarbohydrates ~0.16

Nitrogen -0.10
C/N ratie =0.09
Time faetor <0.05
Tempera ture 0.07

Hemidity  -0.07
Rainfall -0.09
Sunshine 0.10
hours

0.13

Q.23
-0.01

0.13
-0.16
0.19
0.20

-0.19

0.08

-0.02
0,15
-0.05
0.05
-0.03
=0.03

-0.03

0.10 -0,02 -0.0% 0.12 0,32 0.53

0.19 =0,03 =0.04 0.18 0.49  0.83
~0.11 0.01 0.05 <0.05 0.11 ~0,20
0.34 =0.01  =0.07 0,16 0.43  0.87
~0.10 0,05 0.02 -0.14 =0.37 =-0.58
0.29 ~0,01 -0,01 ~0.14 0.33 0,76
0.26 =0,03 =0.05 0,21 0.49 0.95

-0,28 0.0% 0.06 -0.19 =0.52 -0.96

Underlined figures denote direct effects

Residual effects = 0.135

€S



Fig-1- PATH DIAGRAM (LATERALS THAT BORE THE CROP DURING TWE PAST SEASON)

[ —» Diract eftects. X3 Total scluble carbohydrates. |
w%.» Path coefticients. X4 Time Factor. ‘
X Residuol effects. Xs Temperature.
Y Flower bud difterantiation. | X Humidity.
Xy C/N ratio. X7 Rain fall .
\ X2 Nitrogen. X8 Sunshine hours.




Table 4.~ Path coefficients of various fectors contributing to flower bud differentimtion

in pepper ( nigrum L.) (Laterals that did not bear the erop during the
past season
Effect through
Faotors Total Nitrogem c/% Tine Tempe- Humi- Rainfall Sun~ Correla-
soluble ratio factor rature d4ity shine tion with
earbo- hours flowver bud
hyérates differen-
tiation
Total soluble ‘ ‘ ' ’ v
oar drates 0,33 -0.02 <=0.24 0.‘05 =0.00004 0.@4 —0.'03 0.91 -g.u
Bitrogen -0.09 0,08 0.15 0.25 0.01 -0.13 %.14 0.3 50.1‘
C/E ratio 0.30 -0.05 -0,26 -0.04 ~0.0008 0.05 “0.06 «0.08 -0.13
Time faotor C.05 0.04 0.22 0,42 0.01 -0.16 0.14 0,37 0.89
Hwmidity -0.01 | 0.06 0.07 0.35 0.01 -0.19 0.12 0.34 ’0.75
Rein fall 0.05 OQO‘ 0009 0032 onoz - 0013 M 0042 0.91

=0.95

Underlined figures denote dirsct effects
Residual effeects = 0,182

76



Fiq.2- PATH DIAGRAM (LATER

ALS THAT DID NOT BEAR THE CROP DURING THE .

PAST $EASON)

o177

r—-vmrcd: affects.
w4 path coaMicients .
X Residual effects.

X4 C/N rats.
L Xz Nitfo’.ﬂ .

Y Flower bud difierentiation.

X3 Tolol Soluble carbohydrates.
X4 Time factor.

Xs Yempaerature.

Xe Humidity .

X7 Rain fall . |

Xg Sunshine hours.




Table 5.~ Path coeffieients of various taeten contributing to flowver bud differentiation
in pepper (Piper nigrum L.) (nev shoots)

Effect through

Pactors Total Nitrogen C/N Time Tempe- Humi- Hsin- Sunshine Correlatien
soluble ratio factor rature dity fall hours with flower
earbe~ bl diffe-
hyédrates rentiation

Total soiuble

carbohrarates 2109  0.05 0.16 0.04 =0.005 =0.01 0,01 0.02 0.16

".‘tﬂm «0,01 0= :I ~-0.09 0.18 -0.06 «0.09 0.24 0.31 0.87

C/’ r‘t’.ﬂ ‘0.01 "0.‘8 9_.32 "OQW 0005 0.0‘ -0.12 .00“ "'0.34

Time factor  =0.01  0.25 -0.05 0,27 <=0.,04 -0.11 0.24 0.33 0.89

Teaperature 0.003 0.20 0.05 -0.08 2‘11 0.03 =0.,22 -0.29 ~0.58

Rumidity =0.01 0.24 0,06 0.23 ~0.02 -0.13 0.22 0.30 0.76

Rain fall -0,002 0.27 -0.07T 0,20 +«0.08 «0.09 0,32 - 0.98 0.94

Swumshine hours 0.003 -0,.30 0,08 =0,22 0.08 0.10 “'Oo" ‘23&9_ "0.98

Underlined figures denote direct effects
Residus) effeets = 0,062

B



Fig. 3 - PATH DIAGRAM (NEW SHOOTS)

Y

x 0-0821

G.408
[+ Direct offects. %3 Btal soluble carbokydrates. |
“tPath coefficients. X4 Time tactor.
X Residual eftects. Xy Temperatuve.
Y Flower bud difterentiation. | X Humidity-
Xt C/N ratio. X7 Rawnfall.
%z Nilrogen. Xg Sunshine hours.
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rainfall (0.32) (Table 5, Fig.%). Total soluble carbo-
hydrates had the minimmm direet effeet (~0.09). The indireot
effects of nitrogen, time fecotor, temperature, humidity and
rainfall through sunshine hours vers high snd it vas more
than its direet affeet axoept for nitrogen and C/N ratio.
Sunshine hours had the msximum eorrelation (rs -0,96) with
flover bud differentiation folleved by rainfall (r=0.94)

and time faoter (re0.89),

4.2. HIBTOIDGICAL SIVDINS

Studies were carried eut in the two types of laterals
(thoas that bore the erep during the past season snd those
that d1d not) and in the new shosts,. During the 12-month
period of observation, flower dud differentiation could not
be observed in the two trpes of laterals. Initiation of
vegetative bude was observed in tae laterals.

4,2.1. Differentiation of vegetative buds

The data on initiatien of vegetative bude in the o
iypes of laterals are pressnted in Tadle 6 and in Fig.4.

Inttiation of vegetative buds was found throughout the
pericd of study. Maximum initistion of vegetative buds was
found during wemiyfirst to wentyfoarth forinight in beth
the types of laterals (50.0 to 60.0 per cent in case of the
laterals that bore the orep during the past season and
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Fig.4 - DIFFERENTIATION OF VEGETATIVE BUDS IN THE TWO TYPES OF LATERALS

60— —plalerals that bore the crop uring the past season.
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30,0 to 75.0 per cent in case of the laterals that 4id not
bear the creop during the past season). This was folloved

by third to sixth fortnight (30.0 %o 50.0 per cent in both
types of laterals). Minimum initiation of vegestative buds
(5.0 to 7.5 per oent) vas reserded during the period between
eleventh and fifteenta fortmight. In the latersls that bore
the orop during the past season and betwveen twelfth and
sixteenth fortnight (5.0 to 10.0 per cent) in the laterals
Anat did not bear the orop during the past season,

4.2,2, Blages of differantintion of vegetative bud

Vegetative buds wvere found to be axillary in pesitien.
The branching was spparently dichetemeus. Shoot primordia
vere seen %o arise frem the axil of the main stem just below
the nodes as. undifferentiated sonical meristea surrounded
by leaf sheaths. Leaf sheaths ware found to be elongsted,
coniesl structures (Plate 1).

The young shoot primerdiwm was comprised of an outer
tunioa (one layer) snd Lnmer serpus. Spiral xylea vessels
vers present in abundanecs delow ,’tho vegetative shoet pri-
mordia,

During stage II, the undifferentisted meristea and
leaf sheaths vere elongated (Plate 2),

Soon after this stage, the apieal meristea started
dirferentiation (Plate 3). An undifferemtiated group of



Plate 1,- L.S. of vegetative bud showing initiation
of shoot primordium and leaf sheath
primordium X 50
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wﬁinla vas found a% the ferminal pertion of the apical
meristen. Belew the wndifferentiated group of initials,
the folloving three different sones could be recognised:

i) Outer dermatogen like zene
11) Izmer peridlem like sene
i41) Plerens like sene in the esntre

Spiral xylea vgmh vere present belov the apioal
neristen. |

4.2.3, Differentiation of ﬂm vads

Flover but differentistien oould not be observed in
the %o trpes of laterals (laterals that bore the orep during
the past season and laterals that 414 net). Hovever as
presented in Table 7, flever bud differentiation vas ebserved
in the nev sheots arising frem ﬁu o types of laterals.

Pirst -vum of M M wtmamum vas

observed during the seventh mt. Bnrm the months et
Jenuary, hm and Marech, the pereentage of buds diffe-
rentisting into flower buds was eamparatively lov (5.0 to 12.%6).
The percentage ross to about 40,0 ky the begimning of Jume.
A1l the buis exsmined frem the laterals that bore the orep
during the past sesson vere seen to have differentiated inte
flower tuds during the menth of July. In the case of laterals
that 414 not bere the crop duriamg the past seasen, mere
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than 80.0% of the huds exsmined shoved differentistion inte
flever buds. '

4.2.4. Btages of 4ifferentiation of flower duds

The different sisges of flower bud development identi-
fied are givem belov. | | |

Appesrance of we wndifferentisted coniesl primerdis
surrounded ¥y leaf sheath vas the first sign of flover bud
initiation. During \hiv stage, these primerdia oould not
be distinguished frem the VageMtive primerdia (Plate 4),

During the next lﬁp,m of the primerdis was seen
slightly Wroadensd and oww. Prosambial strands vere
found in this primerdiwm, The two primerdis were continmsed
%o be enclesed by tne leaf sheata (Plate 5).

A% the apex of the dreadensd primerdiua a a.-c-mm
structure vith twe protuberaness on either gide developed
during the third stage., The esnissl primerdium wvas alse
present at the gpide of the Wrosdened primordiwm. The Wwo
struetures vere mtw %0 b enclosed by the leaf shesth
(Plate 6).

During the stage IV, the deme-sphaped struecture slightly
elongated and emerged out laterally froa the msin axis
(Plate 7). -

The slightly elongeted deme-shaped siructure enlarged






Plate 7.~ L.S5. of flower bud showing elongation
spike primordiua X 50
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into an elengated strusture vith lobbed margins during the
£1f%h stage. This strusture vas oovered by clonpm leag
“““.1 (’h“ 8)' '{

The strueture snlibged sl slengated further and &
shape nmbuu ﬁc spike eould be observed during the sixth

in the axils c! tn mh ﬂum in :!.u (Phh 11). Omn
either sids of the deme mﬁ mm-. pretuberances
developed. The bWrasts vere sesn elsngated and enlarged and
completely emeirelsd the Gsme-shaped siruwsture and thae pro-
taberances. o

The stage IX revealad mlﬁi dmhmnt of the pistils
(Plate 12). The spiesl surfaee of the pistil shoved & depre-
ssion in the unm.‘ Breaots vere in the advanced atage of
lmhmt.

Stanens and ovary ceuld be idemntified at this stage.
There vere two stamens, ons on either '-uo of the ovary.
The anther lobes and the filaments eculd be olearly ideniified
(Plate 13),




Plate 8,- L.S5., of flower bud

showing elongation
of spike primordium X 50




il v o o el o g i

Plate 9.~ L.,S. of flower bud showing initiation of
flower primordia in spike primordium X 50




Plate 10.~ L.S5, of flower bud showing bract primordia
and pistil primordia X 50




Plate 11.- L.S, of flower bud showing enlargement of
oract primordia amnd pistil primordia X 10
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Plate 12.- L.S.




Plate 15.- L.S. of flower showing stamens and
ovary X 100
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- 4:2,5. Tme taken for flever bud differentiation

‘Starting from 25.5.1968; s § m Ahe laterals
were oxmom daily for mmm n as to obdbtain infor~
maticn on the nuaber of lqn tlm m tho difterent
stages (frem the mmtm;-w mhmqu of flower bud
differentiation). e

The data pressated in Tsble 8 ssemed to indicate wiat
the vhele preoess of zm m Wﬂauon was oompleted
vithin abeut 20 deys of initiSMen. The initial stages
(from stage 1 10 stage 8) mum within the buds and
the later stages (from stage & %o stags 10) after tae bud
break,




Table 8.~ Number c¢f days taken for the different stages*
(Initistion to completeness of flower bdud
differentiation)

Internsl developmental stages Stages ufter
bud brsak
Stage 1 Btage 3 Btage § Stage 8 Stage 10

*&

* Based on ten shoot samples examined each day starting
from 25-50‘982 '

#* Stages observed during the days indiscated
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5. DISCUBSION

Information on aspeots of flower bud differentiation
is the sine gus non for -Whm tnd timing the various
cultural and manurial operations of any perennial orop.
8uch information is praotiocally laocking in pepper. Pepper
bears the orop in the leaf axils of the current season's
grovih on the lateral branches., Flowering in pepper has
been reported to be influenced by elimatic factors, the pre-~
dominsnt being rainfsll, Gemerally, it is believed that
flovering in pepper takes plaee en the receipt of 75 to 100 mam
rain, after April. An off-season erop, though of minor
importance, is often produced froa Ostoder-November to Mareh,
again depending upen the rainfall and other olimatic faotors.
In perennial erops, it is knewn that flower bud differemtia-
tion may take place a fev days to several months before the
emergence of the flovers., No information on flower bud 4diffe-
rentiation and the factors influensing the differentiation
ie available in the oase of pspper. Hence, the present studies
vere taken up at the College of Herticulture on six-year old
pepper vines, ov. Panniyur-1, The studies coneisted of two
paris, one on the factors influeneing flover bud differentia-
tion and the other on the histological aspeots of flower bud
differentiation.



5.1. Pactors influeneing flowering/flover bud differentiation

in pepper

The data presented in Table 1 and Fig.5 indicate that
grovih was ainimum during the period between 15th December,
1981 and 15th February, 1982, The laterals d4id not record
any extension growth during the menth of March, 1982, Exten-
sion growth resumed only during the first week of April anéd
oontinued till the 15th of July. Maximum extension growth
wvas recorded during the months of June and July, these two
months contributing to 86,56 per cent of the total growth
in the laterals vhich bere the erep during the previous season
and 82,52 per oent in the laterals vhich did not bear the
orop during the previous season, 7The slov grovth during the
period from December, 1981 to the middle of Marech, 1982, can
be considered as mainly due to the influence of olimatioc
fagctors, especially the absence of f:in!ull. Data presented
in Appendix I indicate that after a spell of dry weather,
the experimental plants received rains from April. This led
to the resuaption of growth from April, 1982 onwards.

Analysis of the dats on total soluble carbehyirates,
nitrogen and C/N ratio of the two types of laterals and the
nev shoot, presented in Table 2, indicate considerable

fluetuation in the carbohydrate and nitrogen levels (Fig.$,
7 and 8). The O/N ratio, though showed fluctuation, exhibited
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two peaks - October 15th and April 1st in the laterals

vhich bore the ergp durimg the previeus season, January ist
and May 15th in the laterals vhich vere unproductive during
the previous season and Yebruary 1st and May 15th in the

nev shoote. The first peaks indicated the build up ef
earbohydrates and nitrogen vhieh night have triggered the
differentiation process, at least in the laterals that wvere
unproductive during the past ssason. Appearance of the
second peaks (April 15t , May 15th snd May 15%2) synohronised
vith the inorease in the flower bud imitistion activity of
the plants., It vas alsc observed that the C/N ratio reached
the lovest levels by July 1st amd Jume 15th in the latersls
vhich were unproductive during the nrovimu season axd in
the new shoots (Fig.7 and 8). In the laterals which vere
produetive during the prwupl season, the lovest level vas
reached by May 15%h (Fig.6). Theugh no significant correla-
tion vas obtained between C/N ratio and flover bud differen-
tiation, the data seemed 1o indicate that it had a favourable
influence en flover bud differentiation which is in tune with
the existing knowledge on C/N ratie. Kraus and Kraybill
established the effect of C/N ratie on flovering as early as
in 1918, 8ince then, several werkers studied the effeot of
C/N ratio on flower bud mtutiga/tlwum. In grapes
(SBhantha, 1965; Chadha and Cheema, 1971; Rao and Sathyanarayana,
1978), mango (Naik snd Shaw, 1937; Ben, 1946; Mallik, 1953%;



b8

Singh, 1960; Ben et 8l.s 1963) and jammine (Subramanisn
and Shanmugavelu, 1981) aimilar ebservations have been
made indicating the favourable role of C/¥ ratio on the
flower initiation process.

A perusal of the data on weather parameters (Appendix I
and ¥1g.9) vill indicate that the temperature varied from
25.47C to 31,3°C during the peried of study, It can be ob-
served that throughout the peried of study, the temperature
vas sbove 25°C, which is higher tham the minimum required
for growvth in pepper. The data alse indicate that the
months from Decsider, 1961 %o Pehrwary, 1962 recorded rels-
tive humidities less than 62 per eemt vhereas the months of
April, May, June and July, 1982 reserded relative humidities
sbove 80 per ocent. The rainfall figures indioate that during
the months of May, June and July, 1982, the experimental
plants received heavy rains (a total of 1425.8 ma). Froa
the foregoing, it may be pestulated that the rains in May
triggered the flover bud initistion process in the physiole~
gioally mature sheoets in whioh C/N ratio was built up to the
required level.

Path coeffieient analysis vas dene to assess the direct
and indirect effeots of total soluble earbohydrates, nitrogen,
C/N ratio, time factor and the weather paraaeters - tempera-
ture, humnidity, rainfall and sunshinme hours on flower bud
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differentistion in pepper. Data presented in the Tables 3
to 5 and the Pigures 1 10 3 indicate that the eight facters
studied scoounted for mere than 95 per cent variation. The
residual effects vere practioally negligible. Ameng the
eight factors studied, the hours of sunshine had the maximum
correlation (negative) vith flewer bud differentistion.
Rainfall exhibited the next highest correlation (positive).

A careful stuly of the weather date presented in
Appendix I and Fig.9 along wvith the results of the path
coefficient anslysis indicate that rainfall may be oritiecsl
for flower bud differentiation in pepper. The sudstantial
quantity of rain received upto Sepiember, 1981 enceuraged
the vegetative growth and the duild up of carbohydirate
reserves vhieh might have led ia‘ the first peak observed
between Ootoder, 15th to February,ist. This was followed
by the absence of rain during the period froa December, 1981
to March, 1982, which might have breught about the physio-
logical ripening of the sheots, whioh is a pre-requisite
for initiation of flover buds, muuu following the.
receipt of pre~monsoon shovers in April, 1982, s spurt of
flover bud d4ifferentiation activily wvas observed, Maximum
flower bud differentiation cosurred during June-July, 1982,
The above facte indicate that rainfall ocould be a predominant
factor in influemoing flowver bud differentiation in pepper.
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The observations reimfereed the belief that pepper vines
vill flush and produce a orop after ithe receipt of 75-100 mm
rainfall following a peried of lov rainfall or dreought.

The data on duration of sunshine hours indieate that
during the months of June, July and August the sun shined
only for a fev hours each day (less than 3.5 hrs). The
overcast and oloudy sky in these months might have been
responsible for the lov sunshine hour values obtained, The
study, being the first of its kind, does not conclusively
reveal any role of sunshine hours on flower bud differentia-
tion in pepper,

5¢2. Histological studies

The seoond part of the study aimed at gathering infor-
mation on the morphogenstiec changes associated with flower
bud differentiation in pepper. Sines no work of similar
nature vas reperted in pepper, the mierotechnique had to be
standardised first. Based on indications froam other works,
three killing and fixing fluids, twve dehydration series,
two embedding processes and two sitaining schedules were com-
pared. Based on the rapidity of killing, absence of dis-
tortion and struoctural disturbances, and ability to render
the anaterial firm enough to wuhltand further handling,

FAA wvas selected as the most suitable killing and ﬁxm fluid.
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Further, the faots that the specimens in FAA d4id not need
wvashing before dehydratisn, and that the specimens could de
stored in FAA for consideradle length of time weighed in

its favour., FAA has beem reported suitable for grapes
(Bernard, 1932; Snyder, 1933), red raspberry (Haltvick and
Struckmeyer, 1947), eitrus (Rsndhava and Dinss, 1947),

Jeman (Mishra and Bajpai, 1973), mango (Gunjate ot a}., 1977),
siravberry (Pathak and Bingh, 1977) and jasmine (Subramsnisn
snd Shanmugavelu, 1981), With regard to dehydration of the
specinens, TBA series (Jm. 19%5) gave the best results.
The specimens dehydrated Wy TBA ‘ssries -hoﬁcd very little
shrinkage of protoplass and distortiion of oells. TBA method
has been recomaended for blwsberry (Aslders snd Hall, 1964),
mango (Gunjate ot al., 1977) end stravberry (Pathak and
8ingh, 1977; Sharaa and Singh, 1980). Embedding the speei-
mens in the mixture suggested Wy Hance (1933) was found to
give ideal sections during microteming., Between the o
types of staining schedules followed, the Saffranin series
gave satisfastery resulis, Double staining by Saffranin-Past
Green series d4id not give ensouraging results. However,

this combination gave best results in citrus (Randhawa and
Dinsa, 1947), mange (Gunjate e% al., 1977) and stravberry
(Pathek and Singh, 1977; Sharas snd Singh, 1980). It is

10 be admitted that further werk on double staining/aultiple
staining of pepper specimens is required before rejecting the
Baffranin-Fast Green schedule.
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Histolegical stuldies were carried out in the two types
of laterals (vhiech bore the erop during the previous season
and vhich did met) and in the mev shoots. The studies d1d
not indicate flover bud differentiation in the two types
of laterals. Vegetative inftiation wvas observed in the
latersls throughout the peried of study, though at varying
degrees. Maximua &ifferentiation of vegetative duds ocococurred
during June~July (Table §)s ZThis may be explained ss due to
the high rainfall (1266.6 ma) received during this perjod.
The Beplember-October peried in whieh the plants obtained
reasonably good rainfall (§08.,2 mm) alse recaorded spprecisble
vegetative bud differemtiation. Poor differentiation of
vegetative buds eobtained mm the nonths of January,
February and Mareh oan e explained as due to the lsck of
rainfall.

Three stages vers identified in the developaent of
vegetative buds., At the begimning of initiation, the vege-~
tative priaocrdius wvas sonjoal, undifferentiated and surrounded
by leaf sheaths (Plate 1), During the next stage (Plate 2),
elongation of the primordfum ocould be observed., This was
folloved by the differsntimtion of tissues at stage 3
(Plate 3). The three zones observed in the primerdium during
this stage wvere the outer dermatogen like zene, the imner
ycruiu like sone and the eentral plerome like sens., Detailed
studies are varranted to elucidate further informatien on



these aspects, As early as in 1870, Hanstein had postulated
that the dpical merisien of anglosperas consisted of three
parts, the outermost, the dermatogen (which would develep
into the primordial epidermis), the periblea (which would
give rise to the eortex) and the plerome (whioh would con-
stitute the entire inner mass of the axis). Dermatogen

and the periblea formed mt;o like layers covering the
plerome. Cenical nature of the vegetative primordia wvas
observed in seversl other orops such as grapes (Chadha and
Cheena, 1977), mango (Bingh, 1960), jaman (Mishrs snd
Bajpai, 1973) snd stravberry (Pathak and Singh, 1977). How-
ever, distinct stages vere net observed in the differentia-
tion and development of vegetative buds in mange (Singh, 1960),

Flover bud differentiatien was observed only in the
nev shoots arising from the twe types of laterals. The
laterals themselves 414 net show flower bud differentiation.
This indicates that flower bud differentiation eccurred aleng
vith or immediately aftier ithe vegetstive grovin in the seasen.
In oitrus, flower bud initiation was cbserved to aynehronise
wvith the initiation of grovth in the spring (Adbot, 1935;
Ahamad and Khan, 1951). In mange, flover bud differentistion
vas observed to be during October-November and in the maturs
ourrent season's grovth (Sen and Mallik, 1941). Hewever,
flover bud differentiation in grapes was observed %o be during



the season preceding the fruiting seasen (Bernard, 19%2;
Rajarsa ot al., 1964; Chadha snd Cheemn, 1971).

Date on flover bud differentiation have been presented
in Table 7. During the msnths of January, Februsry and
Margch, the pereentage of ﬂl dt‘ftcmmtm into flower
buds vas negligivle (5.0 te 7.5 per eent). Flover bud
differentiation during this period oan be explained as due
to the favourable build wp of O/N ratio. This would have
resulted only in a ainer off-season orop. Immedistely
xolmm the receipt of pre-mensoon shovers, a spurt in the
flover bud differentiation astivity vas observed, Maximum
(40.0 to 95.0 per oent) flower bud differentiation was
observed during J'mNuli. The fact that the two types of
laterals (vhieh bore the erep during the previous season and
vhich 414 not) examined 4id met exhibit significant flewer
bud differentiation indiestes that under normsl cultural and
asnurial practices, the erep load of previous season had
probably no influsnce en flewer bud differentistion during
the succeeding season, It is pointed out that the vines
used in the experiment vers oaly six years o0ld and had mot

. attained the peak bearing age. As such, the depletion effects

due to 8 heavy orop could not have played a role. MNore
detajiled studies are required to confira whether or not erop
load in a season has amy influence an the flower bud diffe-
rentiation duri.ng the ensuing sessen. In other crops,
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the reviev has shown evidenoces in beth directions.

Ihe histologioal examination revealed the details of
initiation and develepasnt of flover buds. The ten atages
observed could be recognised inte five developasntal stages.
During ‘tho first dovelopaental stage, appearance of two
undifferentiated cenical primerdia surrounded by a leaf
sheath wvas observed (!h'h 4). mmny. the two primordia
wvere similar in shape and as sush the vegetative and the
floral primerdia oould not be distinguished, Towards the
latter half of the first stage, one of the primordia broa-
dened and elongated (Plate 5). Procambdial strands vere formed
in this prmruu wvhich could be recognised as the floral
primerdiua., This developmental stage asrked the comaenceaent
of the fleover bud differentiation proeess. Brosdening and
flatiening of the spiocal meristem just before flower initia~
tion has been observed in oitrus (Abbet, 19%5; Randhawa and
Dinsa, 1947; Mishra and Yamdagni, 1968; Babu and Kaul, 1972),
litohi (Shukla snd Bajpai, 1974) snd stiravberry (Pathak and
8ingh, 1977). In grapes, Chaidha and Cheema (1971) observed
that the leaf primordium was pointed whereas the cluster
primordiua was blunt and brosd., Esau (1962) has stated that
the small depth and coaparatively bread expanse of the meriste-
aatic tissue are the common histolegic features of the fleral
aeristem. According to her, the broad apex would be mﬁd
bhy a mantle of meristematic cells snd beneath the mantle,



\nere would be a vasuslated core of ground tissue no lenger
connected with growih,.

In the next stage, the brosdened primordium ;lwolopod
a dome-shaped structure at its spex with two protubersnces
on either side (Plate 6), Towards the latter half of the
second stage, the dome-shaped strusture elongated and
energed ‘out laterally from the main axis (Plate 7). The
dome-shaped structure would later develeop into the spike
primordium snd the two protuberances on either side into
the bract primerdia. This developmental stage denoted the
spike initiation.

The doas-shaped structure further enlarged, slongsted
and formed lobbed margine during the third stage. A shape
resembling the pepper spike could be observed (Plate 8).

The lobbed nature of the structure was due to the pressnce
of the flower primordia. The eslongation of the spike pri-
mordiwa continued and the lobbed nature of the margins became
intense during the mid-stage III (Plate 9). The third stage
thus indicated fleral initiation.

During the fourth stage, the bract primordia vere
prominent. In the axil of each bract primordium, a small
dome-ghaped struoture could be recognised wvhich indicated
the flowver primordia (Plate 10). Iater in the fourth stage,
the bract and the flower primordia enlarged and two pretu-
berances develeped on either aside of the dome-shaped strueture
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(Plate 11). In pepper, the flovers are reperted to be
bracteats without perismth (Bensen, 1970; Rendle, 1971;
Purseglove gt al., 1981). The dome shaped siructure may
therefore be regarded as the pistil primerdis. The twe
protuberances vhich developed on either side of the dome
shaped strusture vere recognised as the stamen primordis,
Pistil primordium was observed tovards the end of the fourth
stage (Plate 12). The apical surface of the pistil primer-
diwa shoved & depression in the centre, This m be the

7

stignatio portien. The fourth stage shoved the differemtia~

tien of the floral parts,

The stamens and the ovary ocould be olearly identified
during the fifth stage (Plate 13), On either side of the
ovary, one stamen esch with two santher lobes could be
observed. Acocording to Rendle (1971), Piper pigrus has only
two stanens. Cobley snd Stesle (1976) and Purseglove eof al.

(1981) have reported that twe to four stemens oocour on sither’

side of the ovary in the hermsphrodite flovers. The ovary
has been desoribed as ovate, unilecular and superier (Cobley
and Steele, 1976; Shukla and Mishra, 1979; Purseglove gt al.,
1981)., The fifth developmenial stage asrked the completion
of the flower bdud differentiation activity,

In mango (EBem, 1943; Mustard and Iynoh, 1946; Khan, 1960;
Gunjate ot al., 1977; Ravishankar et al., 1979) snd strswbderry
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(Sharma and Singh, 1980), four stages have been recegnised
in the developaent of the fruit buds, In fig, Rane and
Singh (1965) identified five stages in the differentiation

of flower buds.

The fleral paris develeoped in the order of bracts,
pistil and staaen. It is not very elear froa the studies
vhether the developaent of floral partds is in acropetal or
basipetal suecession. PFurther studies are required to elarify
this point. Developaent of floral paris in acropetal succe-
ssion in the sequence of sepals, petals, stamens and ovary
has been observed in several orops such as grapes (Rajaram,1964),
aango (Mustard and Iynch, 1946; Musahib-ud-din, 1946;

Singh, 1958; Karandhikar, 1960; Sawent, 1969), Litohi (Shukla
and Bajpai, 1974), stravberry (Pathak and 8ingh, 1977) and
jasaine (Subremanian and Shanmugavelu, 1981),

The data presented in Table 8 seemed to indicate that
the whole prooess of flower bud differentiation in pepper
vas ocompleted within about 20 days. The first taree stages
were coapleted within the buds and the later two stages, after
the bud break. Karanéhikar (1960) and Gunjate et al. (1977)
reported that the whole process of flower bud differentiation
was oompleted in mango within two to two and half months.
In citrus, the duration of flower bud differentiation vas
observed to be 15 days (Ahsmad and Khan, 1951; Mishrs and



Yamdagni, 1968). In apple, about four to five months
(Gyuro, 1959; Marrow, 1962; Neumsnn, 1962; Peueht and
Aranoibia, 1970) and in strawoerry 25 to 30 days (Pathak
and Bingh, 1977) were required for cempletion of flower
bud aifferentiation.

Summing up, the studies revealed that C/N ratio had
a fsvourable influence on the differsntistion of flower buds
in pepper. Results of the path coefficient analysis and
the data on the weather parameters censidered together
indioated rainfall as the oritieal faotor influenscing
flover bud differentiation in pepper, Receipt of the pre-
monsoon showers afier & long spell of 4ry veather seemed %o
trigger the flover bud differentiation astivily. The histe-
logical examinsation revealed three stages in thi differen-
tiatien of vegetative buds and five in the differentiation
of flowver bude,.
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6. BUMMARY

6.1. Studies vere undertaken at the College of Hortioulture,
Vellanikkars dui'jns 1981-82 to collect information on
the fastors influencing flovering/flower bud differen~
tiation in pepper and on the chremelogical developaent
of the vegetative and floral buds. The study being the
first of its kind in pepper, there was need to stand-
ardise the miocrotechnique also.

6.2, Growth observations on the Panniyur-1 vines revealed
that maximum extension growih (80 per cent) in the two
types of laterals (wvhieh bere the orop during the pre-
vious seasen and vhieh 4id mot) ooccurred during the
aonths of June and July vhile the grovih was minimum
(2 per cent) during the months of February and March.

6.5. Total soluble carbehydrates, nitrogen content and
C/N ratio of the two types of laterals and the new
shoots veried considerably during the growth oycle.
Garbon-nitrogen ratio exhibited two peaks, the first
synchronising with the sommenseaent of the differen-
tiation process and the seeond, with the step up of
flower bud differentistion astivity.

6.4. The data vere further subjeoted to path coefficient
analysis to assess the direet and indireoct effeots of



6.5.

6.6.

the nutrient status of the plants and the wveather para-
meters on flover bud differemtiation. The results
shoved that the eight fasctors studied aceounted for
more than 90 per cent of the variation. Among the
variables, hours of sunshine vas negatively correlated
and the rainfall positively correlated vith the flower
bud differentiation. The results indicated that the
rainfall vas the most important faotor influencing
flover bud differentiation in pepper. It has been
concluded that receipt of the pre-monsoon shovers afier
the 4ry spell during December t¢ April triggered the
flower bud differentiation astivity in pepper.

TAA has been found to be the most suitable killing snd
fixing fluid, With regard to dehydration of the speei-
Aaens, TBA series gave the best results. Between the two
types of staining schedules followed, the Saffranin
series gave satisfaotory results. Further work is,
hovever, necessary for standardising double/multiple
staining of pepper sten sections,

The histoleogical studies carried out in the two types
of laterals and in the new shoots, failed to show
flover bud differentiation in the laterals. Differen-
tiation of vegetative buds was observed in the laterals
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6.7.

6.8.

throughout the peried of study, though at varying
degrees. Maximum differentiation of vegetative buds
ocourred during June=July (40.0 to 67.5 per eent) and
ainimus during January te Mareh (5.0 to 15,0 per oent),

Three stages have been identified in the developaent

of vegetative buds, Appesarance of ooniocal undifferen-
tiated vegetative primordia surrounded by leaf sheathe
marked the initiation. During the seoond stage, elonga-
tion of the primordis was observed., Differentiation of
tissues into the outer dermatogen like szone, the inmer
periblea like gone and the oentral plerome like zome
ocourred at the third stage, indicating the completion
of vegetative bud differentiation.

Flower bud differentiation was observed in the shoots
arising from the two types of laterals. During the dry
nonths of January, February snd lMarch, the percentage
of buds differentiating inte flovwer bude vas found to
be negligible (5,0 to 12,5). 4 spurt in the flower bud
differentiation aetxuv vas observed moa;-uly after
the reeceipt of the pre-monscon shovers. Maximua flowver
bud differentiation occurred in June-July (40.0-95.,0

per oent).
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6.9.

8. 10.

Pive stages vere identified in the development of
flover buds. During the first stage, two undifferen-
tiated cenieal primerdia surrounded by a leaf sheath
vere observed indieating the commencement of flower bud
differentiation proeess, Tovards the latter half of
the first stage, one of the primordia broadened and
elongated, Appearance of a dome-shaped structure at
the apex of the broadened primerdiuam in the second
stage denoted spike initiatien. 7The third stage indi-
cated floral initiation and a shape reseabling the
pepper spike could be elearly observed. During the
fourth stage, differentiation of the floral parts wvas
observed, Stamen and pistil primerdis could be seen

tovards the end of the fourth stage. Completion of the

differentiation precess wvas indiecated by the appearance
of the stamens and the ovary during the fifth stage.

It vas not clear from the studies wvhether the dmiopnont
of floral paris was in aeropetal or basipetal suceession.

The studies seened t0 indjcate that the process of
flover bud differentiation was completed within abeut
20 days of commenocement.
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APPENDIX -I
Weather data (monthly average) for the perioed froa
August, 1981 %o July, 1982

Month Temperature Relative Total  Sunshine
(°0) hunidity rainfall hours
| (%) (mm)
- ‘ .

August, 1981 25,40 87.13 407.9 3.30
September 25.65 85.0% $21.8 4.60
Oeotober 26.20 79.76 864 5.50
November 26.65 71,51 80,2 7.20
Deceaber 26.40 61,22 - 9.00
January,1982 28,55 61467 - 10,00
Pebruary 29.10 57.70 - 9.90
Maroh 31,30 69.6% - 9.30
- Apral 30,05 81,70 45.2 9.10
May 29,15 79.90  139,2 7.30
June 27.70 91,15  734.8 2,90

July 26,10 88,18 551.8 2.54

Bources ‘'B' Class Observatory, Vellanikkars
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ABSTRACT

Studies vere undertaken at the College of Horticultuse,

Vellanikkars during 1981-82 to cellest infermation om the
fastors influeneing flowvering/flower bud differentiatien im
pepper and on the chronological develepment of ltho vegeta-
tive and fleral buds. |

Carben-nitrogen ratio exhibited a favourable influemee
on the differentiation of flower buds in pepper. Results
of the path ecefficient analysis and the data on the veather
parameters oonsidered together indicated rainfall as the
most impertant faotor influencing flewer bud differentiatien.
Reseipt of the pre-monsoon showvers after a long spell of
dry weather seemed to trigger the flower bud differentistion

sotivity in pepper.

‘Mjerotechniques for histolegical examination of pepper
stem sections vere standardised. XKilling snd fixing the
specinens in FAA, dehydratien im TBA series and staining
vith saffranin gave utunomy results.

Differentiation of vegetative duds alene vas ebeserved
in the two Yypes of laterals (vhieh bore the crop during
the previous season and whiech @14 not). Three stages hsve
been identified in the development of vegetative buds.



Flover bud differentistion wvas observed in the shoots
arising from the two tvm of laterals. ‘lein. flgover bud
_ differentiation cocurred dwring June~July. Five stages
vers identified in the develepment of flover buds. The
process of flover bud differemtistien vas seen completed
‘vithin about 20 days of eemmencement.
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