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CEHAPTEL 1

INIRODUCTION

Citrus fruits occupy & prominent place among the f.uits
cultiveted in our courtry, occupying an area of apbout 1,05,396
hectares with an =stimated total production of 1.2 million
tonnes of fruits. They rank next to mango ard Ltznana. The
fruits aere attractive, juicy snd are rich sources of essential
health nromoting ingredicnts like vitamins, minerals, sugars,

acids and salts. They also possess certain medicinal values.

Durlag the last two decades tae area and production of
citrue heve deciined considersbly due to the advent of the
malady reiferred to as 'die-tack' or 'decline'. It 1s a
complex iisease involving several factors. The factor or
factors involved may not be the same in all the regions.
studies carried out in citrus growing arees of the world to
tackle this problem have at best helped in identifying several
factors contributing to this malady. Jmong the several disea-
ses, gummosls, stump rot and root rot caused by Phytophthora
species are of major concern wisn mendarins and sweet oranges

are ralsed from seedlings.

Success or fellure in the cultivation of citrus fruits
is largely attributable to selection of the right kind of root
stock for a given soil type or for a particuler variety. Root-
stocks impart resistance in verying degree to virus and fungal



disenses, salts and frosts, aspart from their favourable
irfluence such as sdeptability, precocity, quelity of fruits
and prcdduction. The performance of the scion is dependent

upon the ¢hoice of rootstock to a large extent.

footstock trials conducted in different citrus growing
countriss have saown that Ponciruc trifoliata is ome of the

most promising rootstoeks for several citrus species and
varieties. It aas beea seported from several countries that

trifoliate c.ange selcetlons such as Texas, Barness U.S5.D.A.

and 4rgentira er: most tolerant to Phytophthora citrophthora
end Phviophthora parasitica. It 1s slso tolerant to tristesa
and most other virus diseascs besides being cold hardy. In
addition to good yield of quality fruits it is a dwerfing
rootstock enabling easier cultural practices and harvesting.
Another most popular rootstock now being secommended ani used
widely is Hangpur lime (Citrus limonia). Since the most
serious demerit of this rootstock 1s its high susceptibility
to exocortis, Irifcliste orange seems to be the best glterna-

tive rootstock.

However, the main drawback with trifoliate orenge is
its extrumely slow growth in the nursery. The trifoliste
orange sesdlings require usually 22-24 months or more to
attain the girth suitable for budding. DBecause of this limi~
tation it has not been possible to use this rootstock



commercially. Normally it tskes nearly 2 to 5 years for a
citrus budding on this rootstock to be ready for field plant-
ing. Hence studies werc undertaken with the main objective
of accelerating the growth of trifoliste orange seedlings

through manipulation of photoveriods and use of gibberellic
acid.

The responces of trifoliate orange were compared with

those of Hengpur lime waich nappens to pe the most widely used

rootstock in recent times in our couatcey.
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CHAPTE: IIX

REVIEW OF LITZHATURE

Mong various citrus rootstocks, trifoliatc orange
(Poncirus triioliste (L) Hafinesque) and Hangpur lime (Citrus
limonig Usbeck) are cousidere: @s highly promising (uingh,
196%; Pailiips, 196%¢; Chadha, 10705 Cumeron gt gl.» 19723
Bakhsni et &l., 157,; A4lyasppa et al.,» 1974; Hcern gt sal.s
1974; Bauilas and Nauriyel, 1975; anonymous, 1975). The
8low growth oi trifoliate ormunge in tic nursery is the main
drawback {or iivs use ws & rcotstock commercielly. Attempts
have Lueea made to gccelerute gro-th end improve the thickness
of stem by manipulating photoperiod and use of certain growth
regulators. some of the important relevant findings relating
to the use of gibber.1llic acld &nd growth retardants and
manipulation of photoperiocd in order to brirng sbout desired

growth in plants are re:via2w=d hereunder.

2.17. Photoperiod and plant growth

8ignificant increase in seedling growth under extended

photoperiod has peen reportedingrape fruit. Khol (1960)
increased the growth of grape fruit seedlings by using low
intensity night light to supplement eight hour day light
compared with dey light elone. Warner and worku (1S66) also
obtained similar increase in growth rate of trifoliate orange

seedlings under extended photoperiod. YNine-fold increase in



the growth rate was recorded by providing supplementary incan-
descent 1isht during dark as ccapared tc conmtrol. However, they
falied to increase tne stem iievster vwvith increased light. The
growth of tone trifolistc orange seedlirng was wost favourably |
influenced under extended nhotoperiol as compared to that of
Cleopstre mendarir, rough lemon, sweet orange ond Iroyer

citrange.

Wurnes (1971) observed increase in shoot growth of tri-
foliate orange and Cleoputra mandarin secdlings unter 1€ hours
photope.ii as compered to elight hours. Similar Increase in
growth ol iri olirte oraznge with 16 hours pnotoperind when com-
pared to 8 hour photoneriod wes reportad by Stathekonoulous and
Erickson (1966). Fedorov (1974) reported 7 to 10 times growth
in apple, pecars, plums, vour cherry, rad and btlack currants,
goose terries and raspberries under extended nhotoperiod as
compered to one or two growth peaks in control. Ribanje (1974)
ooserved [avourable effect of increased day length on twig
elongavion, rumoer of leaves and internodisl length of tea bush.
Increase in petiole lcngth, epidermsl and pererchyma cell
length, cell numbcer of xylem rows and size of leaf lemina
have been noted in two cultivars of strawberries (Pathak and
Singh, 1978).

2.2, Gibberellic acid and plant belght

several workers have reported increase in height of



citrus seedlirgs due to srrlicatior of gitbersllic eciéd
(Singk et gl., 1959; Srivestsva and &ingh, 19695 Kumar, 1971).

Rendhavwa and oingh (199%) observed increase in the
height ci citrus leaun seedlings due Lo fullar appiication of
10 to 100 ppx gitbarellic acid. Toe muximum incrcase in height
(71.4%) was recorded Aith 100 ppm of gibbsrellic acid.

Monselise and Halevy (1%60) usea 30, 100, 200, 400, 500,
1600 ppm o: gioberellic acid us foller spplication on 6 months
old sweet lime seedlings. In all treaiments they observed
increase in suout i gtu over contivi. Aomed anmi Khan (1964)
treatel eight monihe Via iouga lewon secdlings with 100 o 200
ppm of gibberellic ecld and iound that maximum Iincrease in
height at 100 ppm gibberellic acid (100sx) as compared to control
(400). Bhambota ard ceul (1966) otserved significent increase
in height o1 two varieties of Liough lemon seedl ings when
sprayed with uwigher councentrations of gibbereliic acid. 7The
increase in height with 150 ppm gibberellic acid was 168.53
per cent over control. ohant and iieo (1975) recorded gradusl
increase in heignut of Citrus aurantifolis seedlings with

increase ia concentrations of gibberellic aeid upto 300 ppm.
At the highest concentiration, tne increase in height was 183
per cent. i'urther increase in the concentration of gibberellie

acid resulted in long and narrow leaves.,



2.3+ Gibberellic acid ard stem girth

Jnmed and Knan (1964) recorded increase in stem girth
due to application of 10 and 25 ppm gibberellic acid. 1In
contrast, Nishiura ani Jba (1954) reported decrease in trunk
girth of citrus plants treated with 10, 50, 100 ppm of gibbe-
rellic acid. bhambote and Keul (1966) studied the effect of
gibberellic acid on stem girtn of iiougn lemon seeilings. The
studies revecalcd that two application of gibberellic acid at
S0, 100 and 150 ppa significantly increased tne stem girth.
The maximum increase over control wes 54.68 per cent due to

gibberellic acid at 15U ppm.

Increase in girth of acid lime seedlings by foliar appli-
cation of gibberellic acid at 300 pom has been recorded (Shant
and Raoy 1975). However, Randhawa and Iwata (1963) have shown
significant decrease in terminal girth of citrus when treated
with gibberellic acid as compared to control. The decrease in
girth .as proportional to the elongation of the internocdes.
Kumar (1971) recorded increase in girth in Citrus surantifolils
treated with gibberellic acid in the beginning but he failed to
record any significant 4if ference as compared to control in the

final ocbservations.

2.4. Gibberellic acid and internodal number and length

The effect of gibbercllic acid on interrodal number and
length in Citrus surantifolia wes studied and the results showed



3ignificant response in the hczinning but the effect of gibbe-
rellic acid was not persictert., In the finel observations
there was no significant difference betwecen the tregtments and

control (Kuwer, 1971).

Funda and Puionit {196%) studied the eoffect of gidbere-
11ie ecid on intarnclal goewt'. of forast rlants anl they have
reportedi tiat the cifect of gibberellin acii on the extension
of 1~dividval iatevncdes depends on the concentration, nosition
of interncie g73 time of anplication. The number of internodes
showing stiwmulszted grouth vas more 1in plants treated with
higher concentrations c¢f gibberellic acid ani hizher concentra-
tions induced gxtensisn of lower internodes which had stopped

elongation much earlier.

2.5. Gibberellle scid aad lesf number

Randbawe and Iwata (1963) applied gibberellic acid to
four months 0ld citrus seedlings and found that gibberellic
acid at 400 ppm increassed the number of leaves to maximum
extent, bhambota and Kaul (1966) studied the effect of gitbe-
rellic acid on numper of leaves in citrus seedlings and noted
maximum numver of leaves at 100 ppm, andi at nigher concentra-
tions the number of leaves per plant was reduced. However,
Monselise and Halvey (1560) failed to notice &ny significent
difference in number of leaves 1in the citrus plents treated

with gibberellic ecid.



2.6, Plant growth and relamiants

It 1s genera2lly acceptol that tae epplication of Cycocel
L2=chlorosthyl trimethyl enmoniun chloride) ad Aler {cuccinie
acid 2-2 dtmetwyl hydrazide) rotarde plent grovth eni iccreases
the stem girth ({ttwer ond Tolbert, 1960: Jorie and Tavlor,
19M; Modlibowska, 1971; Singh end Sharma, 1973 ),

Plorivger and Nowesll (1670) studied the growth retari-
11g setivity ¢ foir musrternacy ammonium derivatives by the
spplication of foliar sprays orn grape fruit seedlings. Alar
in some caszt .28 modz=rately offective as & zgrowth retardant
and in others {1t wes 1lnactive or some-tat active as growth
stimulant. Th: heptyl derivative at 5000 and 6000 ppm was
effective 4in reducing the growth of % year 0ld lemon tr:es for
a relatively short period, but & 1000 ppa application appeared
to stimulate growth hoth of lemon trees and grape fruit

seedlings.

Kyugo and ssnsavinl (1972) recorded inmcrease in diameter
in youig sweet cuerry due to anplication of alar. Husabo
(1972) cuncluded tnat Alar at ©.2 per cent or Cycocel at 0.75,
0.5 or 0.2% per cznt was most effective growth retardant for
shortering shoot aril internodes of resr trees. Garg end Singh
(1976) opinel that Cycocel at 250, 500, 750 ppm effectively
reduced height and strengthenei the stem of cape gooseberry
plant.
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seth and Singh (1976) foupd thet Alar and Cycocel supp-
ressed the vegetative growtn ana internodal distance in 3-4
yeer old Led Delicious apple seedlings. Bist and Kaul (1977)
observed reduccd shoot growta in sub-tropicel peach trees by
epplication of 100U ppm ana 2000 ppm of Alar. oimilar suppre-
ssion of shvot grosta and incicese in snoot thickress due to
Alar applicetion in apple and pear uas clso teen reported

(Grauslurd, 1976; Teskey andi Rajput, 1¢77).

26T aatl p10wtn as in%luenged by photoperiod, gibberellic
acIE agi ZTOWth re erdantis

Karnetz (1S75) stuiled tae effect of giob:reliic acid and

photoperiod on the growtn of Mack currant (Hibus pigrum) seed-
lings. Black currant seedlin:s grown under uay length of 8 to
12 hours were very dvwarf in habit as compared with those grown
under day length of 16 or 20 hours. Weekly sprays of 250 ppam
of gibberellic acid werc ireffective in prowoting appreciable
elongation of the main stem ir short daye, although they strongly
increased laterel brarching. Under long day conditions gibbe-
rellic acid had little effect on elongation growth or branching.
Shanmugam and Muthuswamy (1973) studied the changes in the
nutrient status due to the photoperiod and growth regulator

in the leaves of two chrysanthamum varieties and observed

higher level of nitrogen, potassium ani calciur during their

vegetative phase.
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Pathnak and Singh (1578} studied the effect of gibhere-
1llic acid and photoperiod cr the anfitomy of petiole and leaf
lamina in strawberry plant. Gibberellic acid treatment and
prolonged lignt exposure increased the petiole length, paren-
chyma cell lengtiu and cell number. oShort days with gibberellie
acid showed greater resnonse in olier leaves whereas continuous

long day was more effective in the [{irst leaf.

2.8, Leaf analysis

Levic erd Hull (1961") r-eoried significant increase im
the foliar nitrcgen cortent 1r one year 011 Moztnoreney cheriy
trees due to foliar enniication of gibber:llic acid at 100,
500 and 1000 ppm. Uouwever, gibbtercllic acid treatment did not
alter the percentage of rhosphorus end potassium in cuaerry
trees. Salah (1960) failed to record any chzange in the nitrogen
content of the epple seedliings treated with single application
of gibberellic acid, but the leaves from the plents which
received second and third application of gibberclliec acid
shoved less nitrogen than scedlings not treated 1th gibbere-
114c acid. Shant and Rao (1973) onined that increase in
concentration of gibberellic acid decreased nitrogen, phospho-
rus and potassium in the shoots of Citrus aurantifolia
seedlings.



MATERIAL AND METHODS



CHAPTER III

MATHLIAL A™D METHODS

ibne present investigations on acceleration of growth in

nursery sta,e o two citrus :sootstecks tril.cliate orange

(Ponmeirus til,cliata (L) uatinesque) and kangpur lime (Citrus
lisonle Csbiecs) weie conducted during the year 1977-78 at the
Citrus Expoidiment otavion, Gonicoppel, Kodagu, Kernataka. The
Experim:nt Station is situctzd at an aliitudie of 950 M from
the mean sca levil. The avorege rainfall of the area 1s about
1800 om which 1s ovenly dlstiitut:d over & period of 6 months
from Vey to October. Tas meun zeximua teadpialulrc seliom gxoes
above 36°C 2nd tne ne:zn mininur temperature reicly goes below
15°C. The humidity generslly fluctustcs between 80 and 90
per cent. The meteorologicel observations recorded at the
Citrus Experiment .tation, Goiicoppel are prescnted in
Appendix 1.

Iaoe details of the material used and the methods followed

in cerrying out tac¢ experiment are given below.

J+1. belection of motner trees

Fifteen year old healthy and vigorous trifoliate orenge

and Hangpur lime trees were selected 2s mother trees.

5«2, Selection of fruits anid seed extraction

Fruits of uniform colour and size were selected from a

single trifoliste orange plant and seeds were extracted by



making a shellow cut through the rind around the centre and
twisting the two halves of the fruit apart. The seeds were
then squeezed into & sieve and washed several times till they
were free from pulp and mucilage. Tne moisture was removed by
spreading the seeds on a ¢loth in a shady place. The following
day the sesds were treated with a fungicide (Benlate) and
stored in a polythene bag. The same procedure was esdopted for
collecting the Rangpur lime seeds.

3«3, Preparation of seed bed

Raised seel beds of 190 cm length, 9 cm width and 25 cm
height were prepared. Sieved river sand was spread evenly to
form a 7-10 em thick layer over the rsised seed bed of 2% cm
height, Tcn deys vrior to sowling the beds were treated with
0.1 per cent Benlate. Dusting with BHC was done periodically
around the beds to keep awxy the ants.

Je4. Sowing of seed

Fresh seeds were sown within 2<3 days after extractiion.
They were sown in lines 2.5 em apart with a spacing of 1.5 em
between the seeds. After sowing the seed bed was covered with
8 2 ce layer of clean river samd. Hegular watering and plent
protection measures were attended to. Periciicel observations

on germinstion were recorded.
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5+5. Preparation of secondery bed

In this experiment, polythene bags of 200 gauge of size
50 x 13.5 em were used. The bags wcre punched to hnve 12 vents
and were fllled with 5 kg scil compost piepsicd by nixing
Jungle soll and sand in the proportion of 5:1.

3.6, Trensplanting of seedlings

The trifuvliste orenge and Rangpur lime are polyembryonie
in neture and hence one secd may glve rise to 2-% seedlings.
Two morths 0ld trifoaliante crarge ani Rongour 1ime seedl Ings
were tra-srlanted in volvtiene cegs. Uniform secdlin s free
from diseases an: insect rests wer= sc:lected and those with
diseased or deforned roots werec disearded. The seellings which
vere markedly smzller than average were eliminated as also seed-
1ings marxedly larger than aversge and showing abnormal foliege

characters.
The Collowing two experiments were carried out.

Bale ggperiment : 4

To study the effects of panotoperiod and gibberellic acid
(G‘B) on the growth of trifoliate orange and Rangpur lime seed-

lings, this experiment was carried out.
The details of the expreriment were as under.

3.T.1. Design : Split split plot design.



3¢Te2s Main plot treatments

Three levels of photop=riod:

i. 12 hours photoperiod (Cuntrol) i.e., 12 hours light
and 12 hours dark

4%s 16 lours pnotoperiod (L,) i.esy 16 howss Lignt and
8 hours dark

141, 20 hours photoperiod (L,) i.e.s 20 hours light and
4 hours d=ark

SeTese sub-plot treatments
Iwo rootstock species:!

1. irifoliate orange (V,)
ii. aengpur lime (V,)

3¢7+4. Sub=sub plot treatments

Four conec:ntrations of zibherellic aéid:
1. GA at O pon (G{J)

11. GA at 100 ppr  (G,)

111. GA at 200 ppm (G,)
iv. GA at 300 pnm (63)

Ireatment combinations .s 24
Kumb er of seedlings per plot .. 10
Heplications ' ve 4

iotal number of experimental .

plants .o 480 each of trifoliate
orange and Rangpur lime.

The recuired photoperiod was provided by using 16 numbers

of 1.2 M long fluorescent tube lights of 40 w. The tube lights



were susrended 0.9 M sbove the top of the plants for the

duration of the experiment.

The gitberellic acid (613) spray was given to trifoliate
orange snd Hargpur lime &t concentrations of O, 100, 200 and
300 ppm sterting fcom 45 days after transplanting. The second
spray was given 60 days thercafter. Two grams o fertilizer
mixture per plant was applied 45 days after transplanting end
before tue growth regulator treatments were superimposed. After
60 days of application of growth regulators a second dose of
5 g of the mixture was applied. The fertilizer mixture was
prepared by mixing together calcium mmmonium nitrate, sirgle
super phosphate and muriate of potash in the nroportions of
111 so that 5 g of the mixture could supply 0.45 g N,

0.5% g each of P20q am K20 per plant.

3.8, Fxperiment IY

The cstudy was conducted tc find out the effect of salar,
eyeocel and pinching on the prowth of trifoli.te orange end
Rangpur lime seedlings when they hed attained sufficient height.
Ihe trifolistc orange and Hangpur lime seedlings sprayed with

100 ppm G4, in the first experiment were used. The first

p)
treatment wes given after the final observations of the first

experiment and the secornd treatment one month thcreafter.

JeB.1. Deslzn: Harniomised tlock design.



5.8.2. Treatments: &i:nt trcetments as below:
i. Alar 1000 ppm
ii. Aar 500 ppm
111. Alar 250 ppm
iv. CCC 1000 pprm
v. CCC 500 ppm
vi. CCC 250 ppm
vii. PFinehing the growing shoot
viii. G4 at 100 ppm (Control)

Number of seedlings per plot .o 5

heplieations ‘e 4

lotal number of experimental

plants .o 160 each of trifoliate
orange and Hangpur
1ime

3¢9. Observatione

The followlng observations were recorded at 60 days
interval after the DDlier appiication of zrowta regulators in
the first experiment.

In the second experiment observetlons were recorded after

30 days of the differential treatment.

3.9010 Elant heyht
The plant height (em) was measured from the collar (level

of soil surface) to the growing tip of the plant. 4 permenent
marking wvith paint waes made at the collar.
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5+9.2. Plant girth

The plant girtn (em) was measured at 1 cm above the
801l surface. 4 permanent mark with paint was made at that
point to fecilitate subsequent measurements.

3+9¢3. Internodal length

The taird internode from the bud tip was selected for
recording internode length every time. The length between
the nodes was tuken as internodal length (cm).

2¢9+4., Number of nodes per plant

The number of nodes from base of the plant was counted

at the time of observetion.

5¢9.5. Number of lezves per pleant

The rumter of fully opened leaves observed in the plant

at the time of counting was recorded.

5+10. Jeaf sampling

Ihe leaves were collected 30 days after the second spray
of gibberellic acidi. 4About five months 0ld leaves #ith petiole
vwere sampled for leaf analysis from each plant as suggested by
Chepman (1960). .he samples were immediately dried, powdered
and preserved for further chemical enalysis. The dried and
powdered samples were utilized for estimstion of nitrogen, phos-

phorus and potessium. 4ihe experimental data (Experiment I)
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wag analysed by adorting the split split plot design
(Sundararlj ﬂ a__l_.. 1972)-

2.11, Estimation of el=ments

The nitrogen content of leaves was estimated by adopt-
ing Kjeldhml metnod (Loomis and sShull, 1937). Phosphorus was
estimated by sulphonic acid method and potash by Flame Photo-
meter (Chapman and Pratt, 1961).

3.12., Exverimert III

This study was conaucted to find out the influence of
differ.nt growth reguletors and pinching on bud take in tri-
foliete orange and Rangpur lime seedlings.

Ine trifoliate orange and Rangpur lime seedlings were
pudded py 'Forkert' method when they attained suitable size
(0.5 to 0.6 em girth). IThe design, treatments arnd replications

were tne same as in Lxperiment I1l.



EXPERIMENTAL RESULTS



CIAPTZR IV
EXPURIMENTAL R&ESULTS

The observations and data recorded on various charag-
ters as influenced by different treatments were subjected
to statistical analyses and tie results are presented under
tae following headings,

4.1, Zxperiment I

Effects %f 2%%39291 nd zibbers o acid by
growth of trifoliate @ an

5e6 8

4,1,1, Plant hejght

From tie atatistical analyais of tae data presentaed in
Table 1, it is evident that plant height significantly increascd
with 16 hours photoperiod while it decrcased significantly with
20 hours photoperiod. At 60 days aftar treatment the degrease
in heignt with 20 hours photoperiod was considerable as comw
pared to normal day lengths At 120 days after treatment, the
height aignificantly inareased with 16 hours photaperiod as
compared to normal day length and 20 hours photoperiod., There
was no significant difference with 20 hours photoperiod as
oompared to normal day leongth,

The height of trifoliate orange seedlings at 60 days

and 120 days after treatment was significantly less than that
of Rangpur line seedlinga. Treatuent with gibberellic acid
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Plate 1.

Growth of Trifoliate orange secedlings as

influenced ty gibbereli.ic acid and photo-
period (16 hours light and 8 hours dark)

1« GA at O ppm

2. GA at 100 ppm

5. GA at 200 ppm

4., GA at 300 ppm
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60 days after treatment
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Plate 2. Growth of Jargpur 1lime seedlings as 1nfluenced
by gibberellic acid and photoperisd (16 hours
11ght and 8 hours dark)

1. 4GA at O ppm
2. GA at 100 ppm
5. GA gt 200 ppnm

4, GA at 300 ppm
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Plate 3. Lighting arrangements for providing diifeirent
photoperiods.






at 190 »om rosulted ir significantly more height than at

all tas other concentr=tions as well as control both at €0
and 120 days after treatment. The helght tended to increase
at 100 ppm and decrease at higher concentr-tions. In
general, trestment with GA resulted in increased height as

compared to no treatment {(contrcl).

The effects due to interactions of light trestment
and gibberellic acld treatment on height were highly signi-
ficant at both 6C days and 120 days periods, whereas therse
was no significant interaction between the two rootstock
varieties and zibberellic acid treatment, after 60 days.
Also interaction effects of all the three factors (light,
gibberellic acid and varieties) were highly significant at
60 days ani 120 days after treatment.

4.1.2, Girth of seedling

It is evident from Tatle 2 that with 16 hours photo~-
period there ves no significant effect on girth but at lorger
photoperiod (20 hours) the girth was significantly less at
60 days after treatment. &imilar trend vas noticed at 120 days

after treatment,

The stem thickness of RHangpur lime seedlings was signi-
ficantly mocre than that of trifoliate orange at both 60 and
120 days after treatment. Taere was not much difference 1in

dlameter of the two rootstocks after 120 days of treatment.
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wWhile ther: was no notable increase in thickness with
gibberellic acid treatments at 60 days after treatment, at
120 days after gibberellic acid treatment the increase in
thickness was significently more. The highest significant
increase was with gibberellic acid at 100 prm. At higher
concentrations, the increasse in diameter was comparatively

less.

Ihere was no response to tw factor and three factor
interactions at 60 days aiter treatment (Table 2). However,
highly significant differences were noticed due to two factor
and three factor interactions at 120 days after the treat-
ment. The combination L061 (normal day light end 100 ppm GA)
amd L,G4 (16 hours photoperiod and 100 ppm GA) resulted in
significently increesed thickness than LG, (normal dey light
and 200 ppm GA) and L, (20 hours photoperiod) at all the
concentration of GA, at both 60 and 120 days after treatment.
Ihe results showed beneficial effect of gibberellic acid at
100 ppm on girth of seedlings with normal day light and 16
hours photoperiod. Irrespective of gibberellic acid treat-
ments, with longer photoperiod the thickness of stem was
significently less than that due to the interaction of starnd~
ard day length and 16 hours photoperiod with gibberellic acid
treatments at 120 days after treatment. 4Also, both the varie-
ties recorded less diameter with longer photoperiod (20 hours).
In Bangpur lime seedlings all the gibterellic acid



concentretions significantly incr:-ased the stem thickness
as compered to no gibterellic acid at 120 days after trest-
ment. \ith trifoliate orsnzge seedlings si:nificent increese
in diameter waes recorded with gibbercllic acid at 100 ppm.

4.1.3. Number ot leaves per plant

Data on the number of leaves as influenced by diffe-
rent photoperiods and gibberellic acid treatments are
furnished in Teble 4. It is seen that at 120 days after
treatment, photoperiod of 16 hours resulted in significantly
more number oi leaves than control and longer photoperiod
(20 hours). 4lso it 1s seen thst 20 hour phnotoperiod reduced
signiiicantly the numbter of leaves as compared to no light
treatment ang photoperiod of 16 hours duration. The total
number of leaves recorded in hangpur lime was significantly
more than that recorded in trifollate orenge seedlings at
both 60 days and 120 days after treetment,

At 60 days after treatmert, gitberellic acid treat-
ments resulted in significently higner number of leaves than
seedlings with no gibberellic acid treatment. At 120 days
after treatment, gibberellic acid at 100 ppm geve significantly
more number of leaves tian in plants not treated. There vere
no significant differences among tregtments with gibberellie

acid st other concentrations.
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The two factor interactions LV (light and variety)
and LG (1ight and gibberellic acid) gave significant &iffe-
rences at both the periods of observations while the three
factor interactions LVG (photoneriod, variety, gibberellic
acid) brought about significant differences at 120 days
after treatment. oignificantly more mumber of leaves were
obtained with the treatments LyV, (normal dey length and
rootstock langpur lime) and LyV, (16 hours photoperiod and
Hangpur lime) than with LoV, (20 hours photoperiod and
Rangpur lime ). 1Ihe interaction LV, (16 hours photoperiod
and trifoliate orange) and LoVy (normal dsy light and tri-
foliate orange) gave significantly more number of leaves than
LoVy (20 nours photoperiod ard triroliate orange). It 1s
seen tnat with exposure to longer pnotoperiod of both the
varieties less number of leaves were recorded at both the
periods of observation. At 120 days, the interaction L1V1
(16 nours nhotoperiod and tri oliate orange) recorded signi-
ficently more leaf number than LV, (normal day length and
trifoliate oramge) and L.V, (20 hours photoperiod and tri-
foliate orange). The treatment L,V, (narmal day length and
Rangpur lime) and LV, (1€ bours photoperiod and Hangpur lime)
recorded signiiicantly more leaf number than the intcraction
LV, (20 hours photoperiod end Rangpur lime) at 120 days.
Due to interaction between photoperiod amd gibberellic

treatment tne number of leaves were not much affected by



longer light exvosurcz combined with different gitberellie
acid treatzents. With 15 hour photoperiod (L,) the trend was
towvards increcased number of leaves vith increasing concentra-
tions of gibberellic acid except at 300 ppm, at both the
periods. In L, {nomal day length) no regular trend was
manifested due to yitberellic acid at all concentrations.

4,1.4. Zntemodg lengt!;

In Iable 4, observations on the influence of photo-
period and gibtberellic acid treetments on internodal length
are presented. The 16 hour photoperioed resulted in signifi-
cantly increased internodal length than other treatments at
both the periods of observations. While trifoliate orsnge
recorded longer interrodes tnan Eangpur lime under the
influerce of longer photoperiod, exposure to longer duretions
of 1light terded to reduce internodel length in both the

rootstocks.

Ihe internodal lengtn in Rangpur lime seedling was
significantly less tnan taat intrifoliate orange seedlings
at 120 days interval while at 60 days interval no signifi-

cant differences were scen.

Dye to treatment with gibberellic acid no signif icant
effect on iniernodzl length was noticed at 60 days after
treatment while at 120 days after treatment all the gibbere-
llic agid concentrations resulted in significaently longer
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incernoics b Coilpaled Lo no pibburellic scid treatment.
Only the intersetion LU (puotoperiod and gibrerellic acid)
gave signif icant increase at toth 6C days snd 120 days

after treatment and Vu (veriety and gibbercllic acid) at

120 days after treatment. There were no marked dii fererces
observed between dirferert combinations except L0G1(normal
day length and gibbercllic acid 10C ppm) and LyG, (16 hours
photoperiod and gibberellic acid 200 ppm) which ceused signi-
ficaatly more interroial elongation tnan LG, (normal day
length and no gibberellic acid), LyG, (nommal day length and
gibberellic acid 200 ppm), L,G, (20 hours photoperiod amd

no gibberellic scid), L,Gy (20 hours photoperiod and gibbe-
rellic acid 100 ppm), L,G, (20 hours photoperiod and gibbe-
rellic acid 200 ppm) and L263 (20 nhours photoperiod and
gibberellic acid 300 ppm) at 60 days after treatment. At
120 days after treatment, the interaction of Ly {16 hours
photoperiod) with all gibberellic acid treatment caused
significantly longer internode then L, (normal day 1light)
and L, (20 hours photoperiod with various gibberellic acid)
concentrations. The interaction V1G1 (trifoliate orange und
gibberellic acid 100 ppm) recorded significantly more inter-
nodal length than e&ll other interactions. Ine tnree¢ factor
interactions (light, variety and gibberellic acid) did not

give s8lgnificant effects.

30
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4.1.5. Bumber or internodes
In Table 5, data on the effect of photoperiod and gibbe-

rellic acid on number of internodes per plant are given,

At 60 days efter treatment, the number of internodes
which was significantly more with 16 hours photoneriod,
showed signiticant decrease at 20 hours photoperiod which
agein wes significantly less than that with Ly {normal day
lengtan). At 120 days aiter treatment, the 15 hours paoto-
period recorded significentl; more number of internodes tian

Ly (normal day length) and L, (20 hours photoperiod),

Ine internocdal number waes significantly higher in
itangpur lime that 4in trifoliate orenge at both 60 days amd

120 days after treatments.

Ireatment with gibberellic scid at 100 ppm (G,) recor-
ded significantly higher number of internocdes than control
and otier treatments, at both the observations, except gibbe-
rellic acid at 300 ppm (63) at 60 days after treatment. 4ll
the gibberellic acid treatwents recorded significently wore
number of irternodes than with no gibberellic acid treatment
at both 60 and 120 days after treatment.

Effects duve to all the interactions were significant
at 120 days, whereas effects due to the interactions of LG
(1ight and gibberellic acid) and LVG (light, variety and
gibberellic acid) were significant only at 60 deys after

treatment.
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The jnterections L,G, (16 hours rhotoperiod and gibbe-
rellic scid 100 ppm), L,G, (1f nhours photoperiod and gibbe=
rellic acid 200 ppm) ard L163 (16 nours nhotoveriod and gibbe~
rellic acid %00 ppm) resulted in sigmficantly more number of
internodes than &ll other intcractions except LDG1 (Wormal day
length and gibberellic acid 10" ppm) at 60 days and 120 days
after treatment. Lvidently 16 hours pnotoperiod combined
with gibberellic acid treatments gave significant incresse
ir internodal number. With 20 hours photoperiod, however,
there vas a general decrease in the number of internodes with
gibberellic acid treatments as compered to L1 (1ight 16 hours
photoperiod) or L, (normal day light) treatments.

The interactions LV, {16 hours photoperiod and varjety
trifoliate orange) and L4V, (16 nours photoperiod and veriety
Rangpur lime) rceorded significantly higher number of inter-
nodes than all the other combinations except LOV,' (normsal dey
length and trifoliate orange) at 120 days after treatment.
Among tne interactions, VG (variety amd gibberellic acid),
it wes observed that V,G, (Rangpur lime and gibbereilie acid
100 ppm) and V,G, (trifoliate orange and gibberellic acid 100
pp®) recovded significantly higher mumber of internodes than
others except V263 (Rangpur lime and gibbersllic acid %00 ppm)
at 120 days after treatnent. Gibbereilic acid treatment at
100 ppm increased the number of internodes in both the

rootstociks.
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4d.1.64 o tept

In Takle 6, tas dets relating to the effeet of photo=
period uid gitberesllie a0id on leaf nitrogen, rnospuorus amd
potesaium conteats 1In trioliete orungs and Fgngour lise ars
furnishsd.

1. Eil1ogen

In resrect 0 lsef nitiogen, the usip effects of light
ond vartety ani the Intersctior LV (1ight end variety) saowd
significent 41l ferentca.

Toe treatoeat L, (17 nours pnotoreriod) sigrificertly
increasel the leafl nitrogem content ss Cowparsd to l.2 (20 nours
phatopericd )e

irg.ol1ste orangs (Vy) recorded signifioantly higher
lea: nitrogen content tuan cangpur liwe (V,).

mon, gibburcllic agii trestazents there were no signri-
Iicent differengen. dovever, G, (comtrol) recorded afyrifi~

oantly hijher nitrogern than oti.erse

In the intersetion LV (11,1t ard veriety), L,V (16
hours photoreriod end trifaliste oramge) amd igV, (norwsl iay
length and triolisfe orarge) Pecorded signrificantly higher
leaf nitrogzen contsnt thap x.ovz {noreal 4ay lengta and Sengpur
1iae), LyV, (16 nours -notoperiad wni HReagpur 1i98)y L,V,
(2C uours puotorericl ani trifoliste aren.c), L.V, (20 Dours
potoperiod and .angpur lime),
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Table 6. ﬂhotoveriod rrd tbprfllic acid on 1eaf
no: assium C f f oF tri-

nit:ogen FLospLoIus Fofa&sfun
P
N

P? £ K20
— TIreatments (per_cent content _on oven ary pasis)
Lo 2. 4400 0.2572 1.3084
L1 2.,5556 0.2419 1.3491
L, 2.%506 0.2%88 1.3%253
S.E M. 0.0378 0.02%0
C.D. at 5w 0.1306 0.,0¢69
Vy 2.5037% 0.23%2¢ 1.2625
Vz 72,2942 0.2456 1.5%29
S.EeMe 0,03 0.0022 0.02%4
C.D. at 5# 0.,1186 0,0072 0.0%0°¢
6o 0,648 0.260% 41,6592
01 24529 0.2424 1.2542
G2 2.4079 02550 1.1204
G.j 2,3054 0.1992 1.2767
SeEMe 0.058Y 0.,0042 0.0455
C.,D. at & 0.1670 0.0121 0,129

Interaction LV for eaf nitrogen
(Mean vE%ues on oven ary Eas& J
vy Vo

Lo 2.7088 2.2213
L1 2.8194 2.2919
L 2.59519 3694
S.E.M. 0.0642
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14. Fhosgnorus

The mein effects of variety and gibberellic zcid (VG)
recorded significant differences. Rangnur 1lime (V;), gibbe-
rellic acid 100 ppm (G,) and control (G,) recorded signifi-
cently iilgher leaf ohosphorus content as compared to trifoliate

orange ani other gibberellic acid treatments.
iii. Potash

hangpur lime (V,) recorded signif icantly higher potash
content then trifoliste orange (V,). Leaf potash content wes
significantly higher with gibberellic acid at 300 ppm and
control es compared to pibberellic acid st 200 npm.

it 1s evident that tne leaf nitrogen, phosphorus and
potash content were influenced by gibberellic acid treatment.

erjnent I

Effecis of alar, cycocel and pinching on gr
trifoliete orange and Hangpur lime see

owth of

The deta on growth of trifoliate orange and Kangpur
lime seedlings as influenced by Aler, Cycocel and pinching
were analysed as FK.C.B.D. and furnished in Iable 7.

4.2.,%s Plant neight

Bota trifoliate orange and Hangpur lime secdling at
3C days £nd 60 days after treatment recorded significant
decrease in heizht under the influence of Alar =nd Cycocel

at al)l the concentrestions,
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BRangpur lime seedlings showed significant decrease in
height under the influence of Alar at 1000 ppm and 500 ppm
as compared to Alar at 250 ppm and control at both 30 days
and 60 days after treatment. IThe growth retardant Aler at
1000 ppm significantly reduced the height of trifoliste
orange seedlings as compared to its other concentrations
(500 and 250 ppm), C:;cocel (1000, 500, 250 ppm) and control.
Ihere were no significant differences among treatments with
Cycocel at different concentrations, wnich recorded signifi-
cantly less height tnan contral at both 30 days end 6C days

after trectment.

4.2.2. Girth

Rangpur lime recorded significantly increased girth
at both 30 days and 60days interval, while trifoliate arange
recorded significantly increased girth only at 30 days after

treatment,

In both Rengpur lime and trifoliate orange seedlings,
pinching, Aler and Cyclcel treatments at different concentra-
tions significantly increased the girth as compared to

control.

4.5. Experjment III
Bud take in trifoliaste ora%e and ﬁagipur lime
seedlings as_influenced by erent treetments

4.3.1. Irifoliate orange
In trifdliate orange, plncaing resulted in significantly
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highex perccntage of bud take as comparsd to all other
treatments except control, wiick in turn recorded signifi-
eantly higher percentage of success than Alar at 1000 ppm
and Cycocel at 1000 ppw (Table 8).

445.2. gengpur lime

In Bangpur lime also pinching resulted in significently
higher percentage of iud take as compared to all other treat-
ments except control, which recorded significently higher
percentage of tud take than Alar at 250ppm and Cycocel at
1000 ppm. Alar at 1000 ppm gave significantly lowest per=
centage of bud take thnan all other treatments (Iable 8).



lable 8. .ulccl of
in tr nliete orange an

Bud teke (per cent)

Trectments Tr:éi‘ :3%;2 e Rinii)eur
Alar - 1000 ppm 30 25
5C0 ppm 50 | 70
250 ppm 55 50
Cycocel -~ 1000 ppm 25 65
500 ppa 45 75
250 ppm 55 75
Pinching 75 95
Control | 65 85
5.E.M. 5.00 535

C.D. at 5’ 14.71 15.74
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CHAPTZR V¥
DISCUSSION

Trifoliate orange 1afegarded as ona of tae very
promising rootstocks but t.ie slowgrowth of secdlings in
the nursery has been the main limitation for its large
scale use as a rootstook., The trifoliate orangce seed=
lings require about 24 months for attaining suitable size
for budding as against 9-12 months required for Rangpur
lime seedlings, Attempts made to force tne growth of
trifoliate orange seedlings for budding within 9-12 months
period have not yielded encouraging results, Hence, the
present study was undertaken and the results are discussed
hereunder,

S.1. Photoperiod and plant growth

Indrease in photoperiod over noraal day length increa-
sed the plant height in seadlings of Rangpur lime as well
as trifbliate orange, 3imilar increase in heignt of seed~
1lin-s under increased photoperiod has been reported in grape
fruit (Khol, 1960), peach (Vardanija, 1960) and trifoliate
orange (Stathakopoulos and drickson, 19663 Warner and Worku,
19663 Warner, 1971). In tae present study, sixteen hour
photoperiod was found to be more effective in increasing plant
heigik of seedlings as compared to twenty aours
paotoperiod, It is possible that tais puotoperiod was
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optimal for causing increese in the length of parenchyma
eand epidermal cells, c¢cell number and number of xylem rows
thus resulting in elongation of seedlings (Pathak and
Ranjit &ingh, 1578).

5.2+ Gibberellic mcid and plant neight

Gibberzllic acid at 100 ppm was found to be very
effective in increasing the height of the rootstock seed-
lings., oSimiler incrcese in heigut of seedlings due to
gibberellic acid treatment has been reported by several
other workers (vingh et el., 1¢59; Randhawe and Singh,
19593 Ahmed and Khaen, 19643 Srivastava and oingh, 19693
shant and hao, 1973).

505+ Gibberellic acid and stem gicth

Foliar application of 100 ppm gibberellic acid
increased the diameter of both Rangpur lime anmd trifo-
liate orange seedlings at 120 deys. This is in conior-
mity wdth the findings of Bhambota and Kaul (1966) who
recorded increased stem girth in rough lemon seedlings
treated with 100 ppm gibberellic 2eid. In this study,
gibberellic acid treatment falled to record increase in
girth at 60 days. Kumar (1971), however, recorded an
increase in stem girth ol Kagzl lime seedlings in the
beginning tut not in the final observations. It seems
thet gibberellic acid can increase the girth by



enlargement of cells only after repeated applications.
Chrispeels and Varner (1967) nave established that the
hormone must be present continuously for the regulatory
actions to proceed and this implies that the hormone may
become attached to some site of action through a rela-
tively facile attachment-detachment mwechanism. Apparently,
the quantity of hormone present may not have been adequate
so as to cause the increase in girth vitnin 60 days of
the treatment,

Se4. Gibberellic acid ard internodal length

One of tue important formative effects of gibbere-
1lic acid is cell elongation. The effect is more
pronounced in seellings (Nenda snd Purohit, 1964). 1In
the pres=ni study, gibberclllc acid treaiment increased
the internodal length in scedlings at 120 days but not at
60 days period. OSimiler response due to gibberellic acid
was als0 recorded in Kegzl lime (Kumar, 1971) and forest
plants (Nenda and Purohit, 1964). In the presence of
gibberellic acid large amounts of new proteins are syrthe-
sised (Filner end Varner, 1967). usuch newly synthesized
proteins bring about increase in helght and girth,

Interaction between photopesricd and gibberellic
acid resulted in increased internodal length of seedlings
both at 60 days as well as 120 days period. This indi-
cates that photoperiod or gibberellic aecid when applied

13
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individually is slow in its action. Together they appear

to have synergistic effect ceusing aqulicker enlargement.
5¢5+. Gibberellic acid and leaf number

Maximum number of leeves per plant was recorded in
seedlings exposed to 156 hours photoperiod. Exposure of
seedlings to longer photoperiod results iﬁ increased photo-
gynthates which in turn promote production of greater
number of leeves. Foliar application of gibberellic gcid
was &lso found to inerease the leaf number to a great
extent and such an increase in leaf number per seedling
due to foliar epplication of gibberellic acid was reported
by FRendhawa and Iwata (1965), Bhambota and Kaul (1966).
However, at concentrations of more than 100 ppm, reduction
in number of leaves per plant was recorded. Similar reduc-
tion in number of leaves due to foliar application of
glbberellic acid at more than 100 ppm concentration has
been reported by Bhambota and Kaul (1966).

Interaction between photoperiod and gibberellic acid
brought about an increese in number of leaves at both the
periods of observation. Apparently longer photoperiod
enabled building up of reserve carbohydrates and higher
level of gibberellic acid induced cell enlargement. Thus,
with the availability of more food material, more number
of leaves are produced (Leopold and Kriedemann, 1975).



5.6. Growth retardants and plant growth

Foliar applicetion of Alar and Cycocel to trifoliate
orange and sgngpur lime seedlings significantly reduced the
height both e 30 days and 60 days after treatment at all
the concentrations as compared to control. Similar dwarfing
effect of Cycocel and Alar on shoot growth was recorded by
Husabo (1972). Increese in stem girth was recorded in both
the rootstocks at %0 days as well as 60 days after treatment

as compared to control.

&ch an increase in stem girth of seedlings due to
application of growth retardants conform to the findings
of Ryugo and Sansavini (1972) in peach seedlings, Garg ami
singh (1976) in cape gooseberry, Grauslund (1976) in apple,
and Teskey and Rajput (1977) in pear. The study further
revealed trat pinching is as effective as Cycocel and Alar,
and sometimes even more effective in increasing the stem
thickness of rootstock seedlings of trifollate orange as
well as Rangpur lime. 4pplication of growth retardants
evidently dlter the balance of growth promoters in the
plant which may retard cell elongation, whereas pinching
mey not bring sbout eny hormcnal imbalance. JIn a plant
without the rapidly growing tip, which i1s & strong mobili-
sation centre, the rutrients and photosynthates may be

directed towards other cells.

45



5.7. Leaf nutrient content

Anelysis of leaves of the seedlings did not show any
slgnificant difference irn nitrogen content of leaves.
Gibberellic acid treatment reduced the nitrogen content of
the seedlings. Similer effect has also been noted in straw-
berry plent by Kaul and Singh (1567). In contrast, Levis
and Hull (1960) recorded significant increase in the nitrogen

content in cherry plant due to gibberellic acid treatment,

“he percentage of nitrogen tended to decrease owing
to gibberellic acid epplication. A4Apparently, rapid vegeta-
tive growth on account of increased expansion and division
of cells caused utilization and dilution of nitrogen content
leading to decrease in the content.

Increase in photoperiod also increased the nitrogen
content of leaves over control, which 1s in agrecement ith

earlier estsblished findings.

Gibberellic acid application did not alter the phos~
phorous and potesh content of the leaves, However, Kaul
end Singh (1967) recorded variations in phosphorus and potash
level as a result of epplication of gibberellic acid in
strawbbrry.

5.8, Percentage of bud take

It is interesting to note that the folier appiication
of Cycocel and Alar to the gibberellic acid treated rootstock

A6



seedlings resulted in poor percentage of bud take. It was
observed that success of bud take in growth retardant treated
plants was even less than that of tlte control. Meximum
success of bud take wes recorded in nlents sutjected to

pinching of main stem.

The growth retardants such as Cycocel and Aler
suppress the vegetative growth. For successful bud teake
rapid bud union is essential. But growth retardants are
known to suppress the bud growth and result in poor vege-
tative growth of seedlings (Grauslund, 19763 Seth and Singh,
19763 Bist and Kaul, 1977; Teskey end Rgjput, 1977).
Maximum success in bud teke was cbtained in plants which
were pinched. Pinching to remove the growth point promotes
growth of laterasl buds. It is possible that pinching does
not adversely alter the hormonal balance of the plant.
Instead, it diverts the food materials and hormones to the
dormant bud ensuring higher bud take.
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CHAPTER VI
SUMMARY

The slow growta of trifolliate orenge seedling in the
nursery seems to be the meln drawbeck for its use as a
commercial rootstock for ceitrus fruits. 4 study on accele-
ration of growta in the nursery stage of seedlings of root-
stocks trifoliate orange and Rangpur lime was ¢ anducted
during the yesr 1977-78 at the Citrus Experiment Station,
Gonicoppal, Kodagu, Xarnataka.

The effects of pnotopcriod and gibberellic ecid,
Alar and Cycocel g dif ferent concentrations and pinching
were studied in order to promote the desired growth within

asshort time as possible.

6.1. Elant heiélt

The inecrease in height of trifoliate orange seed-
lings was highest when exposed to 16 hour photoperiod at
120 days after treatment with gibberellic acid. However,
the response of Rengpur lime seedlings to this photoperiod

was more pronounced than thet of trifoliate orange.

Application of gibberellic acid at 100 ppm caused
max imum increase in plant height as compared to all other
treatments both at 60 end 120 days after treatment.

Interaction among photoperiled, gibberelllc acid amd

varieties resulted in increased height,
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6.2. Girth of seedlings

There was no increase in stem girth of rootstock

seedlings due to increase in phnotoperiod.

Gibberellic acid treatment failed to increesse the
stem girth at 60 days. However, there was slight increase
at 120 days after treatment. Rangpur lime recorded

greater diameter than trifoliate orange.

Interaction bhetween photoneriod and gibberellic acid
did not bring ebout increasse in dismeter at 60 days, but
considerable increase in dlameter vas recorded at 120 days

after treatment with gibberellic acid.

6.5. Number of leaves per plant

irifoliate orange and Hangpur lime szedlings exposed
to sixteen hour photoperiod recorded meximum mumber of
leaves per plant at 60 days as compared to control and 20
hour photoperiod. ILxpcsure of seedlings to longer duration

of light reiuced the mimber of leaves per plant.

Applicaticn of gibberellic acid incrcased the number

of leaves and maximum was recorded at 100 ppm.

Interaction between photoperiod and gibberellic acid
caused inereese in leaf number both at 60 znd 120 days after
treatment, wnereas three factor interaction increased leaf

number at 120 days only.
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6.4. Internodal length

Internodal length of rootstock se=zdlings was maximum
at 16 hour pnotoperiod both at 60 and 120 days after treatment
with gibberellic acid. Exposure of seedlings to longer dura-
tion of light tended to reduce the internodal length.

Internodal length increasea due to gibberellic acid
application at all concentiretions at 120 days, but not »o
at 60 days.

Interaction smong photoperiod, gibberellic acid and
variety did not influence the internodel length of seedlings.

6.5. Internodal numter

Maximum rnumber of internodes was recorded under the
influence of 16 hour photoperiod hoth et 60 and 120 days
after treatment with gitberellie acid. langpur lime

recorded more number of internodes as compared to trifo-
liate orange.

Seedlings treated with gibberellic acid at 100 ppm
recorded more number of internodes than the seedlings treated

with higher concentraticns of gibberellic acid.

Intersction between photoperiod and gibberellic acid

caused an increase in number of internodes.

Interaction among varieties, photoperiod and gibberellic

acid treatments brought about increase in number of internodes.
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6.6. Leaf nutrient conten

el

6.,6.1, Ritrogen

Irifoliate orenge recorded higher nitrogen content
than HKangpur lime.

Foliar nitrogen content increased under the influence
of 16 hours photoperiod as cocmpared to nomal day length and
20 hours photopsriod.

Higher leaf nitrogen content wes recorded owing to
interaction of photoperiod arnd gibberellic acid.

6.6.2- Phosghorua

The leaf phosphorus content of Ragngpur lime was signd-
ficantly higher than that of trifoljate orange.

The phosphorus content of leef was unaffected by photo~
periad.

The phosphorus content was nighest in leaves of seed-~
iings not treated with gibberellic acid. Treatment with

gibberellic acid at 200 ppm resulted in significantly higher

leaf content as compared to the other two concentrations.

6,6.5., Potassium

The leaf potessium content of Hgngpur lime was signi-
ficantly higher than that of trifoliste orange,

The potassium content was highest in the 16 hours
photopericd.



The potascium content was nighest in seedlings not
treated with gibberecllic acid.

6.7. sffect of growth retardants and pinching

6.7.1. Height of plant

Alar 2nd Cyecocel at 1000 vpm siznificently reduced the
helght of trifoliste orange seedlings at 60 days after treat-
ment. In Rengpur lime seedlings, the height was sigrnificantly
reduced by Alar and Cycocel at all eoncentrations, the reduc-
tion being meximum due to Alar at 1000 ppm.

6.7.2. stem thiciiness of piant

The girth of trifoliate orenge seedlings was signifi-
cantly increased Jduc to treatment «th Alar and Cycocel at
1000 ppm.

fhe girth of Rangpur lime seedlings was also signifi-
cantly increased due to treatment with 211 the concentration
of Alar and Cycocel. The increase wes highest due to Alar
and Cycocel at 1000 ppm.

6.7.5. Per cent bud take

In both trifoliate orange and Rgngpur lime pinching of
seedlings resulted in highest bud take fallowed by plants
walch were treated «ith gibberellic meid at 100 ppu.
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Appendix 1

Mean meteorological data for the yeer 1977 and 1978 as record
at the Citrus Fxperiment station, Gonicoppal, Kodagu, Karnata;=

S—— ——

Months _ 1 I t
Mean of 1977 Rainfall um um Morning ‘ve

and 1978 (2m) (°c) (*c)

January 0.0 28.5 1643 82.6 773
February 2.0 32.2 1=.8 85.8 7.8
March 17.3 35.6 16.8 35.9 T43
Arril 61.1 34,5 171 86,4 M.5
May 175.8 35.0 16.8 89.4 %2.9
June 435.9 26.2 171 95.2 952
July 459.0 26.¢ 173 94 .6 94,2
August 295.0 24.9 18.0 935.1 89,9
september 217.0 27.6 17.6 €2,2 ¢, 1
October 15448 29.6 17.5 60. 1 87.0
November 111.8 31.4 17.8 89,7 23,8

Decemkber 24,0 $%.9 18.0 34,0 86,2




