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CHiPTEP I

INTRODUCTION

Citrus fruits occupy a pr eminent place among the faults 

cultivated In our country, occupying an area of about 1#05#296 

hectares with an estimated total production of 1.2  million 

tonnes of fruits. They rank next to uango and bsnana. The 

fruits are attractive, juicy and are rich sources of essential 

health promoting Ingredients like vitamins, minerals# sugars# 

acids and salts* They also possess certain medicinal values.

During the last two decades tae area and production of 

cltrue have declined considerably due to the advent of the 

malady referred to as 'die-back* or 'decline '• It Is a 

complex ilsease Involving several factors. The factor or 

factors Involved nay not be the saae In all the regions* 

studies carried out In citrus growing areas of the world to 

tackle this problem have at best helped In identifying several 

factors contributing to this malady. Jmong the several disea* 

ses# gummas is, stump rot and root rot caused by Phytophthora 

species are of major concern whan mandarins and sweet oranges 

are raised from seedlings.

Success or failure 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 particular variety. Boot- 

stocks Impart resistance In varying degree to virus and fungal
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diseases* salts and frosts, apart from their favourable 

Influence such as adaptability, precocity, quality of fruits 

and production* The performance of the scion Is dependent 

upon the choice of rootstock to a large extent.

Rootstock trials conducted In different citrus growing 

countries have shown that PonclruE trlfollata 5s one of the 

most premising rootstocks for several citrus species and 

varieties* It lias fce^i sported from several countries that 

trifoliate o.anga selections such as Texas, Barnes, U.S.D.A* 

and Argentina ere Tiost tolerant to Fhytophthora cltronhthora 

and Phytonhthora parasitica* It is also tolerant to trlstesa 

and most other virus diseases besides being cold hardy. In 

addition to good yield of quality fruits It Is a dwarfing 

rootstock enabling easier cultural practices and harvesting* 

Another most popular rootstock now being recommended and used 

widely is riangpur lime ( Citrus llmonla). Since the most 

serious demerit of this rootstock Is Its high susceptibility 

to exocortls, Trifoliate orange seems to be the best alterna­

tive rootstock.

Hovever, the main drawback with trifoliate orange Is 

its extremely slow growth In the nursery. The trifoliate 

orange seedlings require usually 22-24 months or more to 

attain the girth suitable for budding* Because of this llal* 

tatlon It has not been possible to use this rootstock
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commercially. Normally it takes nearly 2 to 3 years for a 

citrus budding on this rootstock to be ready for field plant­

ing. Hence studies were undertaken with the nain objective 

of accelerating the growth of trifoliate orange seedlings 

through manipulation of ohotooeriods and use of gibberellic 

acid.

The response* of trifoliate orange vere compared with 

those of Hangpur lime vaieh happens to oe the most widely used 

rootstock in recent ti^es in our country.
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CHAP TEL- II

Jtoong various citrus rootstocks, trifoliate orange 

( Poncirus triiollate (L) Kafinesque) and Bangfcur lime ( Citrus 

limonia Osbeck) are considered at» highly promising (Singh# 

1969; Puillips* 1969; Chadha> IS-70; Ca.-aeron lit a l»» 1^72; 

Bakhshi at 197>; Alyappa et a£.» 1974; Hcern et al*#

1974; itaullai. and Naurlyal, 1975 { Anonyiaous* 1975). The 

slow growth oi trii'oliale oraxige in the nursery is the main 

dravback lor its use a« a rootstock commercially. Attempts 

have tuea ffladt to accelerate grovth and improve the thickness 

of stem oy manipulating photoperiod and use of certain grovth 

regulators. Some of the important relevant findings relating 

to the use of gibberellic scid and growth retardants and 

manipulation of photoperiod I n  order to bring about desired 

grovth in plants are reviewed hereunder*

2 .1 .  Photoperjod and plant grovth

Significant Increase In seedling grovth under extended 

photoperiod has Deen reportedingrape fruit. Khol (1960) 

increased the grovth of grape fruit seedlings by uslr^ lov 

intensity night light to supplement eight hour day light 

compared with day light alone. Warner and Uorku (1966) also 

obtained similar Increase in growth rate of trifoliate orange 

seedlings under extended photoperiod. Nine-fold increase in

REVIEW OF LUSHATOEE
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the grovth rate vas recorded Cy proviiing supplementary incan* 

da scent li^ht during dark a& compared to control* Hovever, they 

failed to Increase trie stem iiari^ter with Increased light. The 

grovth of trie trifoliate oxan^e seedling v*s> -nost favourably 

influenced under extended photoperiod as compared to that of  

Cleopatra npndarir, rorjgh lemon, sveet orange and Iroyer 

cltrange*

Warner (1971) observed increase in shoot growth of tri­

foliate orange and Cleopatra mar.iarin seedlings under 16 hours 

photope*iui as cotapared to eight hours. Similar Increase In 

grovth oi' cri-Olli<te orange vdth 16 hours photoperiM vhen com­

pared to 8 hour photoperiod vas reported by btathekopoulous and 

Erickson (1966). Fedorov (1974) reported 7 to 10 times grovth 

In apple* pears, plums, aour cherry, red and black currants, 

goose berries and raspberries under extended photoperiod as 

compared to one or two grovth peaks In control. Blbanje (1974) 

ODserved favourable effect of Increased day length on tvlg 

elongation, nurnoer of leaves and Internodal length of tea bush. 

Increase in petiole length, epidermal and parenchyma cell 

length# cell number of xylem rovs and size of leaf lsolna 

have been noted in tvo cultivars of stravberrles (Pathak and 

Singh, 1978).

2.2# Gibberellic acid and plant height

Several vorkers have reported Increase in height of
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citrus seedlings due to application of gibberellic ecid 

(Singh et e l . , 1959; Srivcstsva and £ingh, 1S69; Kumar, 1$71).

£iand.hA*a and oingh (1959) observed lrx?rease in the 

height cr citrus leaon seedlings due bo foliar application of 

10 to 100 pp.rj gibfcarellio acid. hie aaxiaua increase in height

(7t.4jfr) vas recorded ith  100 ppra of gibberellic acid.

Monselise and iialevy (1^60) used 30, 100, 200, 400, 300, 

1600 ppm oi gibberellic acid us roller application on 6 months 

old sveet lime seedlings. In all treatments they observed 

Increase in moot i*,;fctu over control* InneU and Khan (1964) 

treated feight msn-hs olu vouga lemon seedlings with 100 to 200 

ppm of gibberellic acid and round that maximum Increase in 

height at 100 ppm ^ibbertllic acid ( 100^ )  as compared to control 

(40)ff). Bhaobota and i;tiul (1966) ooserved significant increase 

in height ox' tvo varieties of hough lemon seedlings when 

sprayed with higher concentrations of gibberellic acid. Xhe 

increase in height with 150 ppm gibberellic acid was 163.53 

per cent over control. £>hant and riao (1973) recorded gradual 

increase in height of Citrus aurantlfolia seedlings with 

increase in concentrations of gibberellic acid upto 300 ppm.

At the highest concentration, the increase In height was 183 

per cent, further increase in the concentration of gibberellic 

acid resulted In long and narrow leaves.



7

2*2 • Gibberellic acid and stem girth

Jlhmed and Khan (1964) recorded increase In stem girth 

due to application of 10 and 25 ppm gibberellic acid. In 

contrast, Klshlura ani Iba (1964) reported decrease In trunk 

girth of citrus plants treated with 10, 50, 100 ppm of gibbe­

rellic acid* Bhamoota and Keul ( 1966) studied the effect of 

gibberellic acid on stem girth of Uougn lemon seedlings* the 

studies revealed that two application of gibberellic acid at 

50, 100 and 150 ppm significantly increased me stem girth*

The maximum Increase over control was 34.69 per cent due to 

gibberellic acid at 150 ppm.

Increase in girth of acid lime seedlings by foliar appli­

cation of gibberellic acid at 300 pom has been recorded (Shant 

and Bao, 1973)* Hovever, Handhawa and Iwata (1962) 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 lntemodes.

Kumar (1971) recorded increase in girth in Citrus aurantlfolia 

treated with gibberellic acid In the beginning but he failed to 

record any significant difference as compared to control In the 

final observations.

2 .4 .  Gibberellic acid and Internodal number and length

The effect of gibberellic acid on lnterr.odal number and 

length in Citrus aurantifolla wes studied and the results showed
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{Significant response In the fcr^innlnfc but the effect of gibbe­

rellic acid vas not persistent. In the final observations 

t tie re vas no significant difference betveen the treatments and 

control (Kumer, 1971).

Fanda and Puioi'J.t (1265) studied the effect of gisbere- 

111c ecl3 om intarnc-lal gi'ovt’. of forest plants and they have 

reported tr*at the efrect of gibberellic acid on the extension 

of individual intercedes depends on the concentration, position 

of Internode e^d tliie of application. The number of internodes 

shoving stimulated grovth vas more in plants treated vlth 

higher concentrations of gibberellic acid and higher concentra­

tions Induced extension or lover intemodes which had stopped 

elongation much earlier.

2*5* Gibberellic acid and leaf number

Handhawa and Ivata (1963) applied gibberellic acid to 

four months old citrus seedlings and found that gibberellic 

acid at 400 ppm Increased the number of leaves to msaclmum 

extent* tthambota and Kaul ( 1966) studied the effect of gibbe­

rellic acid on numoer of leaves In citrus seedlings and noted 

maximum numoer of leaves at 100 ppm, and at higher concentra­

tions the number of leaves per plant vas reduced* However* 

Monselise and Halvey ( 1960) failed to notice r.ny slfcnificent 

difference In number of leaves In the citrus plants treated 

vith gibberellic scld.
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It is generally accept;- that ti*s application af locoed 

.̂2-chloroethyl trisethyl erirno:-iiu3 chloride) e-id .Alar ( ^uccinic 

acid 2-2 dimethyl fcydrrazide) T^tarcle plr-nt grovth end increase# 

the stem girth O-'lttver ood Tolbert, 1960? JV:rle and Taylor* 

1971; Modlibovska* 1971; Sir*gh esd Sharma, 1?75 )•

Plerin^er &nd SoWcibll (1£70) studied ths grovth retard­

ing activity cf four cuirtirnao ajaaoniura derivatives by the 

application of foliar sprays or- gr3pe frolt seedlings* .Mar 

in sooe casss vas moderately effective as a growth retardant 

and in others it was inactive or some tiat active as growth 

stinulant. Th; heptyl derivative at 3000 and 6000 ppo vas 

effective in reducing the grovth of 3 year old lemon tr=:<?s for 

a relatively short period, but a 1000 ppa application appeared 

to stinulate grovth both of lemon trees and grape fruit 

seedlings.

iiyugo and *iansavini (1972) recorded Increase in diameter 

in youi/& svttet cherry due to application of Alar. Hu sab o 

(1972) concluded tiiat Alar at 0.2 per cent or Cycocel at 0.75*

0 .5  or 0.25 per cent was aoat effective growth retardant for 

shortening shoot and internodes of ^ear trees. Garg and Singh 

(1976) opined that Cycocel at 250, 500, 750 ppm effectively 

reduced height and strengthened the stem of cape gooseberry 

plant.

2 .6 . Plant grovth and retardants
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6eth and Singh (1976) found that Alar and Cycocel supp­

ressed Uie vegetaLive growtn am  internodal distance in 3-4 

yeei old iisd delicious apple seedlings. Bist and Kaul (1977)

observed reduced shoot growth ir. sub-tropic el peach trees by 

application of 100u ppm ana 2000 ppm of Alar, similar suppre­

ssion of shoot growta i*nd inci^tse in snoot t nicknass due to 

liar application in apple and r c c r  i i a s  l I s o  been reported 

(Orauslund, 1976; leske^ and Rajput, 1977).

2 .7 . Plant j.»iowta as iralucficed by photoperiod, kibberellic
acid and growth retardants

Karnatz (19T5) studied the effect of glob :rellic acid and 

photoperioi on the grovth of Slack currant ( lUbus nigrum) seed* 

lings. Elack currant seedlings grown under j.ay length of 8 to 

12 hours were very dwarf in habit as compared with those grown 

under day length of 16 or 20 hours. Weekly sprays of 250 ppm 

of gibberellic acid «.rc ineffective in promoting appreciable 

elongation of the mein stem ir short days* although they strongly 

increased lateral branching. Under long day conditions gibbe­

rellic acid had little effect on elongation growth or branching. 

Shanmuga® and Muthuswamy (1973) studied the changes io the 

nutrient status due to the photoperioi and growth regulator 

in the leaves of two chrysanthamum varieties and observed 

higher level of nitrogen, potassium and calcium during their 

vegetative phase.
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Pathak and Singh (19^6) studied the effect of gibhere- 

11ic acid and photoperiod on the anatomy of petiole and leaf 

lamina in strawberry plant, Gibberellic acid treatment and 

prolonged lignt exposure increased tne petiole length, paren­

chyma cell length and cell number, bhort days with gibberellic 

acid showed greater rsspor.se in clier leaves whereas continuous 

long day was more effective in the first leaf.

2 .8 . Leaf analysis

Leirfs p.rd Hull (196°) recorded significant increase in 

the foliar nitrogen content 1 r.. one. year old Montxoreney cheny 

trees due to foliar eppiication of gibberellic acid at 100,

500 and 1000 ppm. Houevei, gibberellic acid treatment did not 

alter the percentage of phosphorus end potassium in cherry 

trees. Salah (1960) failed to record any change in the nitrogen 

content of the apple seedlings treated vdth single application 

of gibberellic acid, but the leaves fron the plants which 

received second and third application of gibbercllic acid 

shoved less nitrogen than seedlings not treated 1th gibbere­

llic acid. Shant and Kao (1975) opined that increase in 

concentration of gibberellic acid decreased nitrogen, phospho­

rus and potassium in the shoots of Citrus aurantlfolia 

seedlings.



MATERIAL AND METHODS



MATHi.IAL A,TD T^BTHODS

CHAPTExi III

laa present investigations on acceleration of growth in

nursery sta^e or two citrus i-ootstocits trio. oliate orange 

(popcli'-us tx-jj v>Iitttfa \,L) hafinesque) and itangpur lime ( Citrus 

l iionla Cstcc-i) wt^t conducted during tne year 1977-78 at the 

Citrus Expeiiment £>ta<aon, uonicoppal, itodagu* Karnataka. The 

Experiment station is sjtut.ted at an altitude of 950 M from 

the meE.1 soa level. The average x-ainf&ll 01 the area is about 

1800 mm which is eVc/.l> list-icut:*u ever a period oi‘ 6 months 

front Vbv to October. T.ie mean aaxiKoa ttajpdauuic seiioa goes 

above 36* C and the wen air.iflum temper at w e  rarely goes below 

15#C. The humility generally- fluctuates between 90 and 90 

per cent. The meteorological observations recorded at the 

Citrus Experiment station* Goi.icoppel are presented in 

Appendix 1.

Xue details of the material used and the methods followed 

in carrying out the experiment are given below.

3 .1 . Selection of mother trees

Fifteen year old healthy and vigorous trifoliate orange 

and tfangpur lime trees were selected as mother trees.

3 .2 .  Selection of fruits and seed extraction

Fruits of uniform colour and si^e were selected from a 

single trifoliete orange plant and seeds were extracted by
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making a shallow cut through the rind around the centre and 

twlsting the two halves of the fruit apart. The seeds vere 

then squeezed Into a sieve and washed several times till they 

vere free from pulp and mucilage* The moisture was removed by- 

spreading the seeds on a cloth in a shady place. The following 

day the seeds vere treated with a fungicide (Benlate) and 

stored In a polythene bag. The same procedure vas adopted for 

collecting the Rangpur lime seeds.

3 .3*  Preparation of seed bed

Raised seel beds of 1*0 cm length* 90 cm vJdth and 25 cm 

height vere prepared. Sieved river sand was spread evenly to 

form a 7-10 cm thick layer over the raised seed bed of 25 cm 

height. Ton days urior to sowing the beds were treated with

0.1 per cent Benlate. Dusting with BHC was done periodically 

around the beds to keep awpy the ants.

Sowing of seed

i-’resh seeds were sown within 2-3 days after extraction* 

They were sown In lines 2 .5  cm apart with a spacing of 1.5 cm 

between the seeds. After sowing the seed bed was covered with 

a 2 cm layer of clean river sand. Regular watering and plant 

protection measures were attended to. Periodical observations 

on germination were recorded.
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5 •5 • Preparation of secondary bed

In this experiment, polythene bags of 200 gauge of size 

3^ x 13 .5  era were used. The bags wore punched to have 12 vents 

and were filled vith 5 kg ^oil compost pi-©pared by aixir^ 

jungle soil and sand in the proportion of 5 :1 .

Transplanting of seedlings

The trifoliate orange and Rangpur lime are polyembryonic 

in nature and hence one seed may give rise to 2-3 seedlings.

Two worths old trifoliate crarge and Ksngpur lime seedlings 

were transplanted jn polythene bags. Uniform sen<flin£.s free 

from diseases and insect rests were selected and those vith 

diseased or deforced roots were discarded. Toe seedlings which 

vjere marKedly smaller than average \iere eliminated as also seed­

lings markedly larger than average and showing abnormal foliage 

characters.

The following two experiments were carried out.

3 .7 .  uterinent  T

To study the effects of photo period ana gibberellic acid 

(GA^) on the growth of trifoliate orange and ttangpur lime seed­

lings, this experiment was carried out.

The details of the experiment vere as under.

3 . 7 . 1 .  Jesi^n : ^plit split plot design.



Three levels of photoperiod:

i . 12 hours photoperiod (Control) i .e .* .  labours light
and 12 jiours dark

i;t. 16 hours paotoperiod ( 1̂  ) i .e . ,  16 hours ligit and
8 hours dark

i i i .  ?0 hours photoperiod (Lp) i * e .( 20 hours light and
4 hours dark

2*7*2* uib^plot treatments

Tvo rootstock species: 

i .  trifoliate orange (V^) 

i i .  ^angpur line (V2 )

3*7*4. Sub-sub plot treatments

Four conc =ntratio^s of gibberellic acid:

i . GA at 0 ppni (Gy )

i i .  GA at 100 ppu (G^ )

lit . GA at 200 ppm (Gg)

iv. GA at 300 ppm (0^)

Treatment combinations .* 24

Kumber of seedlings per plot . .  10

Replications •• 4

Total number of experimental
plants . .  480 each of trifoliate

orange and Rangpurlime.

The required photoperiod vas provided by using 16 numbers

of 1*2 M long fluorescent tube lights of 40 w. The tube lights

3 .7 .2 .  Main plot treatments



IB

ware suspended 0*9 w ebovw the top of the plants for the 

duration of the experiment.

The gibberellic acid (GA^) spray vas given to trifoliate 

orange and Hargpur lime at concentrations of 0, 100, 200 and 

300 ppm starting ix-oa 45 days after transplanting. Xhe second 

t>pr*y was given 60 days thereafter* Tvo grass o± fertilizer 

mixture per plant vas applied 45 days after transplanting and 

before tue grovth regulator treatments vere superimposed. After 

60 days of application of grovth regulators a second dose of 

3 g of the mixture vas applied. The fertilizer mixture vas 

prepared by mixing together calcium ommonlufli nitrate* single 

super phosphate and muriate of potash In the proportions of 

1 i1 tk so that 5 g of the mixture could supply 0 .45  g N,

0*35 g each of P^O,. and K^O per plant.

3*®« Erperiment XI

The study ves conducted to find out the effect of alar# 

cycocel and pinching on the growth Qf trifoliate orange and 

Rangpur lime seedlings when they had attained sufficient height* 

The trifoliate orange and H«ngpur lime seedlings sprayed vlth 

100 ppm GAj in the first experiment nere used. The first 

treatment vas given after the final observations of the first 

experiment and the second treatment one month thereafter.

3. 8*1 . .Design: itaniomlsed block design.
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3«8*2* Treatments: treatments as below:

1 * ALar 1000 ppm 

ii* Alar 500 ppm 

ill . Alar ?S0 ppm 

It* CCC 1000 ppn

v. CCC 500 ppm 

vi* CCC 250 ppm 

v ii . Pinching the growing shoot 

v iii . Ga at 100 ppm (Control)

Nuaber of seedlings per plot 

Beplleations

lotal number or experimental 
plants

3*9* Observations

Ihj following observations were recorded at 60 days 

interval rfter the fbliar application of ^rovtb regulators in 

the first experiment*

In the second experiment observations vere recorded after 

y> days of tne differential treatment*

3*9*1* Plant height

Xhe plant height (cm) was measured from the collar (level 

of soil surface) to the growing tip of the plant, a  permanent 

marking with paint was made at the collar*

5

4

160 each of trifoliate 
orange and rtangpur 
lime
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3*9*2. Plant girth

The plant girth (cm) was measured at 1 cm above the 

soil surface. A permanent mark vlth paint was made et t&at 

point to facilitate subsequent measurements.

> •9 .5 . Internodal length

The tiilrd Internode front the bud tip was selected for 

recording Internode length every time. The length between 

the nodes was t&ken as internodal length (cu ).

3 • 9 • 4 • Number of nodes per plant

The nuaber of nodes from base of the plant was counted 

at the time of observation.

5 .9 .5 . Number of leaves per plant

The nuottr of fully opened leaves observed in the plant 

at the time of counting vas recorded.

2 .10 . Leaf sampling

The leaves vere collected 30 days after the second spray 

of gibberellic acid. About five months old leaves irith petiole 

vere sampled for leaf analysis from each plant as suggested by 

Chapman ( 1960). ihe samples were lnmedlately dried# powdered 

and preserved for further chemical analysis. The dried and 

powdered samples vere utilised for estimation of nitrogen* phos­

phorus and potassium, -the experimental data (Experiment I)



i n

was analysed by adopting the split split plot design 

(Sundararaj et a l . , 1972 ).

3 . 1 1 . Estimation of eluents

The nitrogen content of leaves was estimated by adopt­

ing Kjeldhal method (Loomis and uiull, 1937). Phosphorus vas 

estimated by sulphonic acid method and potash by Flame Photo­

meter (Chapman and Pratt, 1961).

3*12. Experiment I I I

lnii> study va* conducted to find out the influence of 

different growth regulators and pinching on bud take in tri­

foliate orange and B&ngpur lime seedlings*

She trifoliate orange and Bangpur lime seedlings vere 

oudded oy 'ForKert9 method Waen they attained suitable size 

(0*5 to 0.0 cm girth). Xhe design, treatments and replications 

vere toe same as in ±<rperiment II .



EXPERIMENTAL RESULTS



C.iAPTm  IV 

sxpsum ntal RasULra

The observations and data recorded on various charac­

ters aa influenced by different treataents were subjected 

to statiatical analyses and tie results are presented under 

following headings.

4*1# Experiment I

Sffeots of photoperiod and glbberelllo aold on the 
growth of trifoliate orange and Rangpur lime 
seedlings

4 .1 .1 . Plant height

Prom t ie statistical analysis of tne data presented in 

Table 19 it is evident that plant height significantly increased 

with 16 hours photoperiod while it decreased significantly with 

20 hours photoperiod, At 60 days after treatment the decrease 

in height with 20 hours photoperiod .vaa considerable as coo- 

pared to normal day length. At 120 days after treatment, the 

height significantly increased with 16 hours photoperiod aa 

compared to normal day length and 20 hours photoperiod. There 

waa no significant difference with 20 hours photoperiod aa 

oompared to normal day length.

The height of trifoliate orange seedlings at 60 days 

and 120 days after treatment was aignlfioantly less than that 

of Aangpur lime seedlings. Treatment with gibberellic acid
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lafcle 1. affect of photoperiod and Klfcberelllc acid or. ael,:ht (cm) oi 
Tgg-'a 'k>s after treatment ’

orange HTnKTlur llnle gee« lnSs A  6P *—

Light

Variety

Mean values 
for 

varieties

Mean "̂ 1 v2 Mean — rr~— r.

S7".”Tor 
main treat­
ment and C.D* at 
Interaction 5> 

Average S.E.
G

Growth
regula­
tor

10.1350 1 0.6250 10.4050 

19.1375 1 9.2000 19.1639 

1 2.1600 1 6.1250  14.1425 

17.2275 17.54 50 17.5863

60 da.\s t̂fter treatment

10.5475 15.7025 12.3250 13.5550 11.7450 12.0242

19.1638 17.3225 13.4500 12.3900 12.4400 12.4150

13.3125 1 3. 5175 1 3.6650 11.7725 1 4.0750 12.5238

17.1125 17.6025 17.3575 10.4750 11.3750 11.1750

Meaa1
Average L 
Average F

14.6775 15.9738 

15.3256 

14.2997

16.1738 17.2250 

16.6994

12.04»1 12.5338 

12.2509
15.2441

37.9375 44.1925 41.C60C 

54 . 7500 62*87*0 58.9125 

37*6250 58.500C 49.06 25 

%  46.1250 54.5000 50.if25

120 days a f t e r  treatment

47.3125 47.9325 47. 225 54.43*5 46.0*25 50 . 24 50
61.312 5 6 3.750C 62.5313 SO.OSK 49.6875 49.87*0 

64.0000 58.6875 61.3439 48.4j?5 **.2500 51.8438 

62.9250 59.6250 61.27*0 47.Or** 53.8750 50.4375

■t094 55.Of44 
4S. 5t25 
95.5937

*9.99"* 57.4989

58.1937
4S.S*** 5t.2t63 

5W003

11.5626 12.0242 11.7933 L 0.2147 0.7428

16.4500 16.5058 16.6779 G 0.2267 0.6430

14.2483 16.2392 15.2437 V 0.2021 0.6463

14.9375 15.8075 15.3729 LV 0 . 3*>00 1.1194

LG 0.3926 1.4839

VG 0.3205 0.9093

LYG 0.*552 1 . *7*50

46.0558 46.3109 L 0.3901 1 . 3*00
59.7709 57.0^29 G 0.630* 1.^99S
*7.47*2 53.7^00 V 0 . *Tt6
56.0000 54.00*3 LV 0.9900 3.166€

I * 1 .0^22 3*099*

TG G.9«^9 2.5500

L7G 1 .*446 4*3*20
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Plate 1 . Growth of Trifoliate orange seedlings as 
influenced 'ey gibberellic acid and photo­
period (16 hours light and 3 hours dark)

1 .  GA a t  0  ppcn

2. G A at 100 ppm

3. GA at 200 ppm

4 . GA at 3 0 0  ppm





120 days after treatment

Plate



Plate 2- Growth of ^angnur llran seedlings as influenced 
by gibberellic acid and photoperiod (16 hour* 
ll^ht and 8 hours dark)

1 • Ci A at 0 ppm

2. GA at 100 ppm

3. GA at 200 ppm

4 . GA at 3°^ ppra







Plate 3* Lighting arrangements for providing different 
photoperiods.





at 100 tjtdib resulted ir. significantly more height than at 

all the other concentrations as well as control both at €0 

and 120 days after treatment. The height tended to increase 

at 100 pptn and decrease at higher concentration** In 

general, treatment with GA resulted in increased height as 

compared to no treatment (control).

The effects due to interactions of light treatment 

and gibberellic acid treatment on height were highly signi­

ficant at both 6C days and 120 days periods* whereas there 

was no significant interaction between the tuo rootstock 

varieties and gibberellic acid treatment, after 60 days.

Also interaction effects of all the three factors (light, 

gibberellic acid and varieties) were highly significant at 

60 days and 120 days after treatment*

4 • 1 • ? • Girth of seedling

It is evident from Table 2 that with 16 hours photo- 

period there vas ro significant effect on girth but at longer 

photoperiod (20 hours) the £lrth was significantly less at 

60 days after treatment* wirailar trend was noticed at 120 days 

after treatment*

The steii thickness of ttangpur lime seedlings was signi­

ficantly more than that of trifoliate orange at both 60 and 

120 days after treatment. Tnere was not much difference in 

diameter of the tvo rootstocks after 120 days of treatment*
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0.5000
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Average L 
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0.2925
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0.2406
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0.2629 L 

0.2825 0 

0.2666 V 
0.2866 LV 

LG 

1G

0.005804
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0.004846

0.008394 

0.01C732 

O.C08762

LVG 0.01 5177
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0.6980
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0.6213
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0.52p1 0.6700
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While tber. 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 significantly more. The highest significant 

increase was with gibberellic acid at 100 ppm. At higher 

concentrations, the Increase In diameter was comparatively 

less*

There was no response to two factor and three factor 

Interactions at 60 days after treatment (Table 2 ) . However, 

highly significant differences were noticed due to two factor 

•nd three factor Interactions at 120 days after the treat­

ment. The combination (normal day light and 100 ppm GA)

and (16 hours photoperiod and 100 ppm GA) resulted in

significantly Increased thickness than LqG2 (normal day light 

and 200 ppm GA) and (20 hours photoperiod) at all the 

concentration of GA, at both 60 and 120 days after treatment. 

The 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 

significantly less than that due to the Interaction of stand* 

ard day length and 16 hours photoperiod with gibberellic a d d  

treatments at 120 days after treatment. Also, both the varie­

ties recorded less dlaneter with longer photoperiod (20 hours)* 

In Hangpur lime seedlings all the gibberellic acid



concentrations significantly increased the stem thickness 

as compared to no gibberellic acid at 120 days after treat- 

ment. With trifoliate oren^e seedlings significant Increase 

in diameter was recorded with gibberellic acid at 100 ppm.

4.1 •>. Number oi leaves per plant

Data on the number of leaves as Influenced by diffe­

rent photoperiods and gibberellic acid treatments are 

furnished In Table 3* It is seen that at 120 days after 

treatment, photoperiod of 16 hours resulted In significantly 

more number or leaves than control and longer photoperiod 

(20 hours). Also it Is seen that 20 hour paotoperlod reduced 

significantly the number of leaves as compared to no light 

treatment and photoperiod of 16 hours duration. The total 

number of leaves recorded in ttangpur lime was significantly 

more than that recorded In trifoliate orange seedlings at 

both 60 days and 120 days after treatment.

At 60 days after treatment, gibberellic acid treat­

ments resulted In significantly higher number of leaves than 

seedlings with no gibberellic acid treatment. At 120 days 

after treatment, gibberellic acid at 100 ppm gave significantly 

more number of leaves tnan in plants not treated. There were 

no significant differences among treatments with gibberellic 

acid at other concentrations.

( ? 5



Tmbl* ?■
acid  on l e a f  number in

Variety

*X)17—
-2 TuH Mean

Growth 
re&ul*t or

1 3 . 2 5  16.00 14.63
16.75 13.00 1 7 .3 8
12.75 15.25 14.00
15.00 16.50 15.7-5

1 : 5 . 7 5  1 5 . 2 5  1 4 . 5 0
1 5 . 2 5  1 5 . 7 5  1 5 . S 0
1 6 . 7 5  1 3 . 0 0  1 7 . 3 3
1 6 . 0 0  1 5 . ^ 5  1 6 . J S

60 d a y  a f t e r  tr«

13.00 12 . 7 ^ k 6 5
12 .00  13-25 1 2*
12 .25  14.25 1^#l3
11.50 12 .7 *^ "^

14 .66  15 .67  V
13.92 15.33 14.**%
14.17 15.33 14 .75

M**v
Ar*r*e* L
Artrmg* V

14.44 16.44

15 .4575 
V1»14 .020Q

15.44 16.44

15.S3 75 
V2-1 5 0 7 5 0

12.19 13.25
12.7183

' a****

Vq ****** 

******** *'***

G

a

G

G

V

2
'1

£ 9 .00 3 8 .5 0 >2. 75 31 .75 31.,50 31-.63 >1 .0 0
>6. 50 3 4 .9 3 3 7 .7 5 37..50 37, « ) 2 8 .00

26*00 33 . 75 2 9 .9 8 ,$8.00 36..25 37.► 1 3 >0.50

2 9 .5 0 > 4 .0 0 3 1 .7 5 3 6 .0 0 v
i \j
i

• 50 35.,75 27 .75

M ean

Ivcr«|# L 

ft *r t $ *  V

29.44 55.6* 

>2. 5625 

¥**$1.5417

35 .W  35*13

35.5313
^ •33 .2750

29.31 ?S.25
29*2513
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The two factor interaction* LV (light and variety) 

and LG (light and gibberellic acid) gave significant diffe­

rences at both the periods of observations vhile the three 

factor interactions LVG (photooeriodt variety* gibberellic 

acid) brought about significant differences at 120 days 

after treatment, significantly more number of leaves vere 

obtained vlth the treatments (normal day length and 

rootstock itengpur lime) and L^V^ (16 hours photoperiod and 

iiangpui' lime) than with i*2V2 ^  hours photoperiod and 

Rangpur lime)* Xhe interaction L^V^ (16 hours photoperiod 

and trifoliate orange) and LqVj (normal day light and tri­

foliate orange) gave significantly more number of leaves than 

1*2̂  1 (20 aours photoperiod and triioliate orange). It is 

seen taat vlth exposure to longer photoperiod of both the 

varieties less number of leaves were recorded at both tfce 

periods of observation* At 120 days, the Interaction L^V^

(16 hours pnotoperiod and tri oliate orange) recorded signi­

ficantly more leaf number than I^V^ (normal day length and 

trifoliate orange) and  ̂ (20 hours photoperiod and tri­

foliate orange). Hie treatment LqV£ (normal day length and 

Rangpur lime) and I^Vg (16 hours photoperiod and rangpur lime) 

recorded significantly more leaf number than the Interaction 

1*2^2 tl0urs photoperiod and Rangpur lime) at 120 days.

Due to Interaction betveen photoperiod and gibberellic 

treatment the number of leaves vere not much affected by



?8

longer light exrosur-o combined vlth. different gibberellic 

acid treatments. With hour photoperiod (L^) the trend vaa 

tov;ards increased number of leaves vlth increasing concentra­

tions of gibberellic acid except at 300 ppm, at both the 

periods. In Lq (noimal day length) no regular trend vas 

manifested due to feitberelllc acid at all concentrations.

4 . 1 . 4 .  Internodal length

In Table 4f observations on the Influence of photo- 

period and gjbberellic acid treatments on Internodal length 

are presented. The 16 hour photoperiod resulted in signifi­

cantly increased internodal length than other treatments at 

both the period* of observations. While trifoliate orange 

recorded longer interrodes than Rangpur lime under the 

influence of longer photoperiod, exposure to longer duretions 

of light tended to reduce internodal length in both the 

rootstocks.

The internodal length in Rangpur lime seedling vas 

significantly less tnan taat in trifoliate orange seedllr^s 

at 120 days interval vhile at 60 days interval no signifi­

cant differences vere seen.

Due to treatment vith gibberellic acid no significant 

effect on Internodal length vas noticed at 60 days after 

treatment vhile at 120 days after treatment all the gibbere­

llic  acid concentrations resulted In significantly longer
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lircarnodea «u> compared to no tlbbei'ellic acid treatment.

Only the interaction Uj (photoperiod and gibberellic acid) 

gave significant Increase at both 60 days and 120 days 

after treatment and VU (variety and gibberellic acid) at 

120 days after treatment. There wore no marked differences 

observed betveen different combinations except L^G^(normal 

day length and gibberellic acid 100 ppn) and LfG? (16 hours 

photoperiod and gibberellic acid 200 ppm) vhlch caused signi­

ficantly more icterrodal elongation than I*qg^ (normal day 

length and no gibberellic acid}, (normal day length and

gibberellic acid 200 ppm), L?GQ (20 hours photoperiod and 

no gibberellic acld)» L?G  ̂ (20 hours photoperiod and gibbe­

rellic acid 100 ppm)* hours photoperiod and gibbe­

rellic acid 200 ppm) and I*pG  ̂ (20 hours photoperiod and 

gibberellic acid 300 ppm) at 60 days after treatment. At 

120 days after treatment* the Interaction of (16 hours 

photoperiod) vlth all gibberellic acid treatment caused 

significantly longer inter node than L0 (normal day light) 

and 1*2 (20 hours photoperiod with various gibberellic acid) 

concentrations. Xhe interaction V^G^ (trifoliate orange «nd 

gibberellic acid 100 ppm) recorded significantly more inter­

nodal length than all other interactions. Xhe three factor 

Interactions (light, variety and gibberellic acid) did not 

give significant effects.
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4 •1 •5 •  Nuaber of 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 after treatment* the number of internodes 

which was significantly more with 16 hours photoperiod* 

showed significant decrease at 20 hours photoperiod which 

again wts significantly less than that with Lq (normal day 

length). At 1?0 days after treatment* the 16 hours pfcioto- 

perlod recorded significantly more number of internodes than 

Lq (normal day length) ani I>2 (20 hours photoperiod).

The internodal number was significantly higher in 

itangpur lime that in trifoliate orange at both 60 days aai 

120 days after treatments.

Treatment with gibberellic acid at 100 ppm (G^) recor­

ded significantly higher number of Internodes than control 

and other treatments* at both the observations# except gibba- 

relllc acid at 300 ppm (G^) at 60 days after treatment, ill  

the gibberellic acid treatments recorded significantly more 

number of Internodes than vlth no gibberellic acid treatment 

at both 60 and 120 days after treatment,

Effects due to all the interactions were significant 

at 120 days* whereas effects due to the interactions of LG 

(light and gibberellic acid) and LVG (light* variety and 

gibberellic acid) were significant only at 60 days after 

treatment.
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The 5ctr*rectlons (16 hours photoperiod and gibbe­

rellic acid 100 ppm), L^ 2  ^  hours photoperiod and gibbe­

rellic acid 200 ppm) and ( 16 hours -nhotoperlod and gibbe­

rellic acid 300 ppm) resulted In significantly more number of 

internodes than all other interactions except I^G^ (flormal day 

length and gibberellic acid 10f1 ppm) at 60 days and 120 daya 

after treatment. Evidently 16 hours photoperiod combined 

wltn gibberellic acid treatments gave significant Increase 

in internodal number. With 20 hours photoperiod, however* 

there vas a general decrease in the number of internodes vlth 

gibberellic acid treatments as compared to (light 16 hours 

photoperiod) or L0 (normal day light) treatments.

The interactions (16 hours photoperiod and variety

trifoliate orange) and (16 hours photoperiod and variety

ffcjjgpur lime) recorded significantly higher number of inter­

nodes than all the other combinations except (normal day

length and trifoliate orange) at 120 days after treatment. 

Among the interactions* VG (variety and gibberellic acid), 

it ves observed that (Rangpur lime and gibberellic acid

100 ppm) and V^G^ (trifoliate orange and gibberellic acid 100 

ppn) recorded significantly higher number of internodes tfcan 

others except (-ti*ngpur lime and gibberellic acid 200 ppn)

at 120 days after treatment. Gibberellic acid treatment at 

100 ppm increased the number of internodes in both the 

rootatocks.



34

L w f  .HMtrtoJt oo^tvnt

la latli i v the data rtUtln^ to the cffiei of pboto* 

period bt4 ^lU ertU le  acid on leaf nltro*er* p&oipaorui and 

p»t»«lu« conUati In trl.ollete onnga «nd %flgpur 11m  ara 

furnlahad.

1* mrctt«a

In re*p«et oi l»tf a U ^ ^ i  the m Ib  •ff«eki of light 

and »arlety aru the Interaction Uf (ll&ht end variety) e&owad 

significant Airfcraneea*

The treatment L1 (If noura rhotor«rlod> algntftcertly 

increaa«4 the leaf nitrogen content aa eoaparad to (90 hours 

ptootoperlol )•

*rl*oll£te orang# (V|) record*! algnlf loar.tly bitter 

leaf nitrogen content tum\ <*i^pur lim  (V? )*

t\ ^IttorvllJc aeld treetsente there ware no algnft~ 

{leant inference#* dovaver* G0 (control) recorded *lbrl/l- 

oar.tljr higher nltrqgen than otuera*

In the Interaction LV (ll^ht ar4 variety)* L ^ ( 1 6  

Hour* photoperlod end trifoliate orange) and (narval lay 

length en4 trl:ol2&|e orange) recorded significantly higher 

leaf nitrogen content then ( noraal lay lengt * and ^angpur 

llae)» (16 hours '.*otopartod and ftangpur lisa)*

(20 hours pootoparloi a::i trifoliate orange)* (?0 hour*
-t 4'

photoparlod and -angpwr liaa)*
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The main effects of variety and gibberellic acid (VG) 

recorded significant differences. Hangpur lime eibbe-

rellic acid 100 ppm (G^) and control (G^) recorded signifi­

cantly higher leaf ohosphorus eonient as compared to trifoliate 

orange and other gibberellic acid treatments*

ill* Potash

hangpur lime (V^) recorded signlf icantly higher potash 

content than trifoliate orange (V^ ), Leaf potash content %&* 

significantly higher \4th gibberellic acid at 300 ppm and 

control as compared to gibberellic acid at 200 ppm.

It is evident that tne leaf nitrogen, phosphorus and 

potash content were influenced by gibberellic acid treatment*

4 . 2 .  Agfreriaient I I

Effects of alar» cycocel and pinching on growth of
iH fo IIite  oranS and ^at^pur lime seedlings"

The data on growth of trifoliate orange and Bangpur 

lime seedlings as Influenced b> Alar, Cycocel and pinching 

vere analysed as fi.C.B.l). and furnished in Table 7.

4 .2 .1 . Plant height

Both trifoliate orange and Hangpur lime se<dling at 

30 days and 60 days after treatment recorded significant 

decrease in height under the influence of Alar and Cycocel 

at all the concentrations.

i i .  Phosottorus



T
a
b
l
e
 
7

. 
E

f
f
e
c
t
s
 

o
f 

£
la

r
»
 

Q
v
c
o
c
e
l 

a
n

d
p

l
n

c
h

l
n

it
 
o
n
 
h

e
ig

h
t
*
 

g
i
r
t
h

 
o

f
 
t
r
i
f
o

l
i
a

t
e

 
o
r
a
n
g
e
 

a
n
d
 
B
a
n
g
p
u
y
 

li
m

e
 

s
e
e
d

l
in

g
s
 

a
t
 
^
0
 

d
a
y
s
 

a
n
d
 

6
0
 

d
a
y
s
 

a
f
t
e

r
 
T
r
e
a
t
m

e
n
t

T
r
e
a
t
m

e
n
t
s

T
r
i
f
o

l
i
a

t
e

 
o
r
a
n
g
e
 

s
e
e
d

l
in

g
s

n
a
n
t
io

u
r
 

li
m

e
s
e
e
d

l
in

g
8

H
e
ig

h
t
 

(c
m

) 
a
t

G
i
r
t
h

 
(c

m
) 

a
t

H
e
ig

h
t

(c
m

) 
a
t

G
ir

t
h

 
(c

m
) 

fi
t

3
0
 

d
a
y
s

\c\
l°
&

<o

i 50
 
d
a
y
s

6
0
 

d
a
y
s

50
 

d
a
y
s

6
0
 

d
a
y
s

3
0
 

d
a
y
s

6
0
 
d
a
y
s

A
l
a
r
 

-
 

1
0
0
0
 
p
p
m

4
5

.1
5

4
9

.2
2

0
.6

9
0

.9
4

7
^
.6

5
8

8
.9

5
0

.9
4

1
.1

4

50
0 

p
p
m

4
9

.2
8

*
6

.2
5

C
 .
7
5

0
.8

2
7

8
.^

8*
.0

5
0

.9
2

1
.1

0

2
5
0
 
p
p
n

4
9
.5

5
5

7
.5

0
0

.7
2

0
.8

2
8

2
.4

0
9
1
.1

0
0
.9

1
1

.0
7

C
y
c
o
c
e
l 

-
 

1
0
0
0
 

p
p
n

50
.>

8
5
5
.9

5
0

.7
2

0
.8

5
8

2
.2

5
9
1
.8

0
0

.9
3

1
.1

5

50
0 

p
p
o

4
5

.6
5

5
7
.0

0
0

.7
2

0
.8

2
8
5

.1
0

9
5

.9
0

0
.9

5
1

.1
4

2
5
0
 

p
p
m

4
7

.6
5

5
8
.1

0
0

.7
1

0
.8

1
8

6
.7

0
9
4
.1

2
0

.9
4

1
.1

0

P
in

c
h

in
g

-
-

0
.7

5
0

.5
4

-
-

0
.9

4
1

.1
6

C
o

n
t
r
o

l
5
5
.7

8
6
5
.6

5
0

.6
7

0
.7

6
9

0
.5

0
9
S

.9
0

0
.8

5
0

.9
6

£>
» ±

..
M

.
1

.0
4

1
.0

5
-

0
.0

1
2

1
.0

1
0

.6
3

0
.0

1
0

.0
2

C
.D

. 
a
t
 
5
>

5
.0

9
5

.1
2

—
0

.0
4

0
5

.0
0

1
.8

7
0

.0
2

0
.0

6

C
o



t
o
o
.

V IU
P

61.I A
TE

 
©

R
A

W
«K

 
D
A
Y
®

 
A

F
T
E
R

 
T
R

E
A

T
M

E
N

T

Fig 
S

. 
E

FFE
C

T 
O

F 
A

LA
R

, C
Y

C
O

C
E

L A
N

D
 

P
IN

C
H

IM
6 

O
H

 
6IR

T
H

 O
F 

tR
lFO

LIA
TE

C
Y

C
O

C
E

L

<& 
©
 

5
®
 

»
 

<£
A

____
5

—
JL

»
Al*AR 

&A
M

6P
U
R
 

l*4
E

liV 
£>AYS 

AFT EM TREATM
ENT

O
R

A
N

G
E
 

A
N

D
 RA

N
G

PU
R 

L
IM

E
 
S
E
E
D
L
IN

G
S



°*s

0.90

OJO

0.50

am

01-
050 

I H6020OJO

X
X

K
X
X
X

X
X
X

X
X

X

X
X
X

X
X

X
X

X
X

X
X

X
X
X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

X
X

■■■■■
■■■■■
■ ■■■■

::r: 
■ ■■■■

M
 1 I i *

n
n

n
i r i T

ij
[ 

1 T 
i

■ ■■■■

♦ ♦ + 
t * + 
+ -f+ 
+ + + 
+ + + 
♦ + + 
+ + + +
+ ♦ + 
+ + + 
♦ + + 
+ + + 
♦ + + 
♦ ♦ + 
+ ♦ + 
+ + + 
* + + 
V + + 
t •► + 
■f 

+ 
±-±-±

♦ + + 
• 

•
+ ♦ + 
• 

•
+ f -f 
• 

• 
t + + 

• •
■f -f f 
+V

+ 
♦

W
♦

v+
 

• •
+ + + 

• •
+ 

♦ 
tV-

»
• •

+ + + 
• 

•
+ -f + 
4-

V+ 
• 

•
+ + + 

• •
• 

•
• 

•
-f ¥ +

zaa8«>

z&a8.w
A

L
A

R
C

Y
C

O
C

i
L

T
R

IF
O

L
IA

T
E

 
O

R
A

M
6

I 

6
0

 
D

A
Y

S
 

A
F

T
E

R
 

TR
E

A
TM

E
N

T.

Fig
 

4
. 

E
F

F
E

C
T 

O
F 

A
L

A
R

, 
C

Y
C

O
C

E
L 

A
N

D
 

P
IN

C
H

II

A
LA

R

zAa

I
I

I
.

 
1

1C
Y

C
O

C
IL

R
A

N
6

P
U

R
 

l
i

m
e

 
•

O
 

O
A

Y
» 

A
F

T
E

R
 

TR
E

A
T M

EW
T.

O
N

 6
1

R
TH

 
O

F 
TR

IF
O

L
fA

TE
 

O
R

A
N

G
E A

N
D

 
R

A
N

G
P

U
R

 
L

I
M

E



38

Bangpur lioe seedlings shoved significant decrease In 

height under the Influence of Alar at 1000 ppm and 500 ppm 

as caapared to Alar at 250 ppm and control at both 30 days 

and 60 days after treatment. The growth retardant Alar at 

1000 ppn significantly reduced the height of trifoliate 

orange seedlings as compared to Its other concentrations 

(500 and 250 ppm), Cj cocel (1000, 500, 250 ppm) and control. 

There were no significant differences among treatments with 

Cycocel at different concentrations, vnlch recorded signifi­

cantly less height tnan control at both 30 days and 60 days 

after treatment*

4 .2 .2 . Girth

Bangpur lime recorded significantly Increased girth 

at both 30 days and 60days interval, while trifoliate orange 

recorded significantly increased girth only at 30 days after 

treatment.

In both fiangpur lime and trifoliate orange seedlings, 

pinching, Alar and Cyclcel treatments at different concentra­

tions significantly increased the girth as compared to 

control.

4 .3 . Experiment III

Bud take in trifoliate orange and hangpur lime 
seedlings as Influenced by different treatments

4.3*1* Trifoliate orange

In trifoliate orange, plncalng resulted In significantly



1

39

hlghei percentage of bud take as compared to ell other 

treatments except control, which in turn recorded signifi­

cantly higher percentage of success than Alar at 1000 ppm 

and Cycocel at 1000 ppm (Tabla 3 ).

4 0 * 2 .  iiangpur line

la flangpur lime also pinching resulted In significantly 

higher percentage of Lud take as compared to all other treat­

ments except control, -which recorded significantly 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 than all other treatments (Xable 3).
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lable 9. ^ 1 ’vci *£ jftar. wcocfclam pinchin* on bud tane 
In xrlfoIlBie orange aad flangpur lloe seedlings

Bud take (per cent)

Treetir erte
Trifoliate

orerse
Bangpur

line

Alar - 1000 ppo 50 25

500 ppn 50 70

250 ppm 55 50

Cycocel - 1000 ppo 25 65

500 ppm 45 75

250 ppm 55 75

Pinching 75 95

Control 65 85

b.E.M. 5.00 5 0 5

C.D. at 5P 14.71 15.74
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DISCUSSION



Trifoliate orango i^regarded as one of the very 

promising rootstocks but tie slougrowth of seedlings in 

the nursery has been the main limitation for its large 

scale use as a rootstook. The trifoliate orange seed* 

lings require about Zk 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.

5 .1 . Pfrotoperlod and plant growth

Ingrease in photoperiod over normal day length increa­

sed the plant height in seedlings of tfangpur lime as well 

as trifoliate orange. Similar increase in height of seed* 

linrs under increased photoperiod has been reported In grape 

fruit (Khol, 1960), peach (Vardanija, 1960) and trifoliate 

orange (Stathakopoulos and Dickson, 1966; Warner and vorku, 

1966j Warner, 1971)* In the present study, sixteen hour 

photoperiod was found to be more effective in Increasing plant 

heigftfc of seedlings as compared to twenty hours 

paotoperiod* It is possible that this piiotoperiod was

CHAPTiSa V
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and epidermal cells, cell number and number of xylem rows 

thua resulting In elongation of seedlings (Pathak and 

Hanjit Singh, 1S7<3).

5*2. Gibberellic acid and plant height

Glbbersllic acid at 100 ppm was found to be very 

effective in Increasing the height of the rootstock seed­

lings. olmilEr increase in helgut of seedlings due to 

gibberellic acid treatment has been reported by several 

other workers (ain^h et a l .» 1S59• Randhava and iiingh, 

1959} Ahmed and Khan, 1964; Srlvastava and i>ingh# 1969; 

ohant and Kao, 1973).

5• Gibberellic acid and stem ^irth

Foliar application of 100 ppm gibberellic acid 

Increased the diameter of both Rangpur lime and trifo­

liate orange seedlings at 120 days. This is in confor­

mity with the findings of Bhambota and Xaul (1966) t* o 

recorded increased stem girth in rough lemon seedlings 

treated with 100 ppm gibberellic acid. In this study, 

gibberellic acid treatment failed to record Increase In 

girth at 60 days. Kumar (1971), hovever, recorded an 

increase in stem girth of Kagzi lime seedlings in the 

beginning tut not In the final observations. It seems 

that gibberellic acid can increase the girth by

optimal for causing increase in the length of parenchyma



enlargement of cells only after repeated applications. 

Chrispeels and Varner (1967) have 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-detachroent mechanism. Apparently* 

the quantity of hormone present may not have been adequate 

so as to cause the increase in girth v.it hin 60 days of 

the treatment*

5#4* Gibberellic acid and internodal length

One of the important formative effects of gibbere­

llic acid is cell elongation* The effect is more 

pronounced in seedlings (Nanda and Purohit, 1964). In 

the present study, gibberellic acid treatment increased 

the internodal length in seedlings at 120 days but not at 

60 days period. Similar response due to gibberellic acid 

was also recorded in Kagzi lime (Kumar,. 1?71) and forest 

plants (Hand a and Purohit, 1964)* In the presence of 

gibberellic acid large amounts of nev proteins are synthe­

sised (Filner end Varnert 1967). tfuch nevly synthesized 

proteins bring about increase in height and girth*

Interaction between photoperiod and gibberellic 

acid resulted in increased internodal length of seedlings 

both at 60 days as veil as 120 days period. This indi­

cates that photoperiod or gibberellic acid when applied



Individually Is slov In Its action. Together thqjr appear 

to have synergistic effect causing quicker enlargement*

5*5« Gibberellic acid and leaf number

Maximum number of leaves per plant vas recorded In 

seedlings exposed to 16 hours photoperiod. Exposure of 

seedlings to longer photoperiod results in increased photo- 

synthates vhich In turn promote production of greater 

number of leaves. Foliar application of gibberellic acid 

vas also found to Increase the leaf nuaber to a great 

extent and such an Increase In leaf nuaber per seedling 

due to foliar application of gibberellic acid vas reported 

by Bandhava and Ivata (196>), Bhambota and Kaul (1966). 

However, at concentrations of more than 100 ppm» reduction 

in number of leaves per plant vas recorded* Similar reduc­

tion In number of leaves due to foliar application of 

gibberellic acid at more than 100 ppm concentration has 

been reported by Bhambota and Kaul (1966).

Interaction betveen photoperiod and gibberellic acid 

brought about an Increase In number of leaves at both the 

periods of observation. Apparently longer photoperlod 

enabled building up of reserve carbohydrates and higher 

level of gibberellic acid induced cell enlargement. Thus, 

vlth the availability of more food material, more number 

of leaves are produced (Leopold and Kriedemann# 1975).
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Foliar application of Alar and Cycocel to trifoliate 

orange and Uattgpur lime seedlings significantly reduced the 

height both at 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 

Eusabo (1972). Increase in stem girth was recorded in both 

the rootstocks at 30 days as well as 60 days after treatment 

as compared to control.

Such 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 and 

Singh (1976) in cape gooseberry* Grauslund (1976) in apple, 

and Teskey and Rajput (1977) in pear. The study further 

revealed tnat pinching Is as effective as Cycocel and Alar, 

and sometimes even more effective In Increasing the sten 

thickness of rootstock seedlings of trifoliate orange as 

well as fiangpur lime. Application of growth retard*nts 

evidently alter the balance of growth promoters In the 

plant which may retard cell elongation, whereas pinching 

may not bring about any hormonal imbalance. In a plant 

without the rapidly growing tip, i*hich is a strong mobili­

sation centre, the nutrients and photosynthates may be 

directed towards other cells.

5*6- Growth retardants and plant growth
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Analysis of leaves of tbe seedlings did not show any 

significant difference in nitrogen content of leaves. 

Gibberellic acid treatment reduced the nitrogen content of 

the seedlings. Similar effect has also been noted in straw­

berry plant by Kaul and Singh (1967). In contrast* Lewis 

and Hull (1960) recorded significant increase in the nitrogen 

content in cherry plant due to gibberellic acid treatment.

percentage of nitrogen tended to decrease owing 

to gibberellic acid application. Apparently, 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 photoparlod also Increased the nitrogen 

content of leaves over control, \&lch is In agreement vith 

earlier established findings.

Gibberellic acid application did not alter the phos­

phorous and potash content of the leaves* However* Kaul 

and Singh (1967) recorded variations In phosphorus and potash 

level as a result of application of gibberellic add  In 

strawbferry.

5.9* Percentage of bud take

It Is interesting to note that the foliar application 

of Cycocel and Alar to the gibberellic acid treated rootstock

5*7* Leaf nutrient content

/
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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 t'ce control. Maximum 

success of bud take was recorded in slants subjected to 

pinching of main stem.

The growth retardants such as Cycocel and ALar 

suppress the vegetative growth. For successful bud take 

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, 1976; &eth and Singh, 

1976} Bist and Kaul, 1977; Teskey and Bpjput, 1977).

Maximum success in bud take was obtained in plants which 

were pinched. Pinching to remove the growth point promotes 

growth of lateral buds. It is possible that pinching does 

not adversely alter the hormonal balance of the plant. 

Instead, it diverts the Xbod materials and hormones to the 

dormant bud ensuring higher bud take.



SUMMARY



bUMMAfil

The slow growta of trifoliate orar^e seedling In the 

nursery seems to be the tnein drawback for Its use as a 

commercial rootstock for citrus fruits. A study on accele­

ration of growth in the nursery stage of seedlings of root­

stocks trifoliate orange and Hangpur lime vas conducted 

during the year 1977-7*3 at the Citrus Experiment Station* 

Gonicoppal, Kodagu, Karnataka.

The effects of paotoporiod and gibberellic acid*

Alar and Cycocel at different concentrations and pinching 

vere studied In order to promote the desired grovtii within 

asshort time as possible*

6 .1 . plant height

The Increase in height of trifoliate orange seed­

lings vas highest vhen exposed to 16 hour photoperlod at 

120 daya after treatment with gibberellic acid. Hovever* 

the response of Bangpur lime seedlings to this photoperiod 

vas more pronounced than that of trifoliate orange.

Application of gibberellic acid at 100 ppm caused 

Baxlflum Increase in plant height as compared to all other 

treatments both at 60 end 120 days after treatment.

Interaction among photoperlod, gibberellic acid and 

varieties resulted In increased height*

CHAPTER Tl
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6 . 2 .  G i r t h  o f  s e e d l i n g s

' i h e r e  was no i n c r e a s e  i n  s t e m  g i r t h  o f  r o o t s t o c k  

s e e d l i n g s  d u e  t o  i n c r e a s e  i n  p h o t o p e r i o d .

G i b b e r e l l i c  a c i d  t r e a t m e n t  f a i l e d  t o  i n c r e a s e  t h e  

s t e m  g i r t h  at  6 0  d a y s .  H o w e v e r ,  t h e r e  was s l i g h t  i n c r e a s e  

a t  1 2 0  d a y s  a f t e r  t r e a t m e n t .  R a n g p u r  l i m e  r e c o r d e d  

g r e a t e r  d i a m e t e r  t h a n  t r i f o l i a t e  o r a n g e .

I n t e r a c t i o n  b e t w e e n  r j h o t o i T e r i o d  a n d  g i b b e r e l l i c  a c i d  

d i d  n o t  b r i n g  a b o u t  i n c r e a s e  i n  d i a m e t e r  a t  6 0  d a y s ,  b u t  

c o n s i d e r a b l e  i n c r e a s e  i n  d i a m e t e r  was r e c o r d e d  a t  1 2 0  days 

a f t e r  t r e a t m e n t  w i t h  g i b b e r e l l i c  a c i d .

6 .  j . ffumber o f  l e a v e s  p e r  p l a n t

i r i f o l i a t e  o r a n g e  and i i a n g p u r  l i m e  s e e d l i n g s  e x p o s e d  

t o  s i x t e e n  h o u r  p h o t o p e r i o d  r e c o r d e d  maximum n u m b er  o f  

l e a v e s  p e r  p l a n t  a t  6 0  d a y s  as c o m p a r e d  t o  c o n t r o l  a n d  2 0  

h o u r  p h o t o p e r i o d .  E x p o s u r e  o f  s e e d l i n g s  t o  l o n g e r  d u r a t i o n  

o f  l i g h t  r e d u c e d  t h e  n u m b e r  o f  l e a v e s  p e r  p l a n t .

A p p l i c a t i o n  o f  g i b b e r e l l i c  a c i d  i n c r e a s e d  t h e  n u m b er  

o f  l e a v e s  a n d  maximum was r e c o r d e d  a t  1 0 0  ppm.

I n t e r a c t i o n  b e t w e e n  p h o t o p e r i o d  a n d  g i b b e r e l l i c  a c i d  

c a u s e d  i n c r e a s e  i n  l e a f  n u m b e r  b o t h  a t  6 0  a n d  1 2 0  d a y s  a f t e r  

t r e a t m e n t ,  w h e r e a s  t h r e e  f a c t o r  i n t e r a c t i o n  i n c r e a s e d  l e s f  

n u m b e r  a t  1 2 0  d a y s  o n l y .
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6-4- Internodal length

Internodal length of rootstock seedlings vas maximum

at 16 hour photoperlod both & t 60 and 120 days after treatment 

with gibberellic acid. Exposure of seedlings to longer dura­

tion of li^ht tended to reduce the internodal length.

Internodal length increased due to gibberellic acid 

application at all concentrations at 120 days, but not wo 

at 60 days.

Interaction among photoperiod# gibberellic acid and 

variety did not influence the internodal length of seedlings.

6 .5 . Internodal number

Maximum number of internodes vas recorded under the 

influence of 16 hour photoperiod both at 60 and 120 days 

after treatment with gibberellic acid. Itangpur 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 concentrations of gibberellic acid.

Interaction betveen photoperlod and gibberellic acid 

caused an Increase in number of Intemodes.

Interaction among varletlest photoperlod and gibberellic 

acid treatments brought about increase in number of internodes.
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6 .6 .  Leaf nutrient content

6 .6 .1 .  Nitrogen

Trifoliate orange recorded higher nitrogen content 

than bangpur Hose -

Foliar nitrogen content Increased under the Influence 

of 16 hour & photoperiod as compared to noitaal day length and

20 hours photoperiod.

Higher leaf nitrogen content was recorded owing to 

interaction of photoperiod and gibberellic acid.

6 .6 .2 .  Phosphorus

The leaf phosphorus content of Bangpur lime was signi­

ficantly higher than that of trifoliate orange.

Ihe phosphorus content of leaf vas unaffected by photo­

period.

The phosphorus content vas highest in leaves of seed~ 

lings not treated with gibberellic acid. Treatment with 

gibberellic acid at 200 ppn resulted in significantly higher 

leaf content as compared to the other tvo concentrations.

6 .6 .3* Potassium

The leaf potesslun content of Bangpur lime was signi­

ficantly higher than that of trifoliate orange.

The potassium content -was highest in the 16 hours 

photoperiod.



52

The potassiua content vas highest In seedlings not 

treated vlth gibberellic acid*

$'•7* Effect of grovth retardants and pinching

6 .7 .1 . Height of plant

Alar and Cycocel at 1000 ppm significantly reduced the 

height of trifoliate orange seedlings at 60 days after treat­

ment* In Bang pur Hue seedlings, the height was significantly 

reduced by Alar and Cycocel at all concentrations, the reduc­

tion being maximum due to Alar at 1000 ppm*

6.7*2* ^tsa thie;:ness of plant

Xhe girth of trifoliate orange seedlings vas signifi­

cant!y increased due Co treatment with Alar and Cycocel at 

1000 ppn*

fhe girth of Rangpur lime seedlings vas also signifi­

cantly increased due to treatment with all the concentration 

of <Alar and Cycocel. The increase vas highest due to Alar 

and Cycocel at 1000 ppm.

6*7*>* Per cent bud take

In both trifoliate orange and Rangpur lime pinching of 

seedlings resulted In highest bud take followed by plants 

vhloh vere treated *ith gibberellic acid at 100 ppm.
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APPENDIX



Mean *neteorolO£icfcl data for the year 1977 aad 1979 as recorded 
at the Citrus Experiment station# Gonlcoppal, Kodagu, Karnataka

Appendix 1

1977 Belafall Miximua Minlauai %rnlng*^fetdng
and 1979 ( )  (*C) (°C)

Januery 0,0 29.3 16.3 92.6 77.3

February ?.o 32.2 1^.9 93.9 7*.9

March 17.3 33.6 16.9 *3.9 74.3

April 61.1 34.^ 17.1 96.4 91.9

May 173.9 33.0 16.9 99.4 92.9

•Turn 433.9 26.2 17.1 95.2 95.3

July 459.0 26.9 17.2 94.6 94.2

August 29^.0 24.9 19.0 93.1 99.9

&epteater 217.0 27.6 17.6 S2.2 99.1

October 154.9 29.6 17.5 90.1 97.0

November 111.9 31.4 17.9 9*.7 93.9

December 24.0 33.9 19.0 94.0 96.2


