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ClW'Tl:R I 

INTRODUCTION 

Acid l.ime locally known a a 1 Kapi-Nimboo 1 

(~ auranti!olia SW1ngle) ia one of the commercial 

ci trua i"rui t crop a of the ci trua industry. Thia fruit 1a 

vell known tor it ' s diatic value. The fruit juice ia very 

aoidic and ia consumed in almost every family in the 

country. The !ruit haa many medicinal uaea u ia aentionecl 

in Ayurvedic treatment& • The fruit ia uaed in the 

preparation ot re!reabinl drinka , 1n aeaaoning tooc1, in 

the aaJdn& o! picklea, in preparing the c011111ercial ci trio 

acid and citrate and in llllking coaaetics. The preserved 

products particularly the pickles, ayrupa etc. are in 

great deaand aince centuariea. The i"reah juice is quite 

apatisin& and in great demand pert1cularly in aummer 

aeaaon. Considering the above advanta&ea and the growin& 

ne d o! the Indian population, thia fruit crop ia gaininl 

more importance 1n the citrus industry. 

The Kaczi lime plantation baa 1ncreaaed aubatantially 

during the paat. decade 1n Vidarbha region, pert1oularly 

in ~kola, Buldb&n& and Nagpur diatricta which ia now 

repreaentinl the major Kagzi lime growing area o! the 

Maharaabtra State. It occupies aoout 400 hactares area 1n 

Vidarbb& region and 2500 bactares in ~aharaahtra State 
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(AnOD J 80) • The statistics o! area under thi.s crop is 

auch more in the nature o! estiaatea rather than exact 

figures baaed on the actual surveys • 

The Vidarbba resion is well known !or ita beat 

mandarin variety 'Naagj:ur ::>antra' . The area under this crop 

is largest in the ::;tate particularly in Vidarbba re&ion, 

however, this fruit needs more water than the ctctd. lille. 

Coneidering tn. sources o! water, the area under Na&Pur 

Santra ia concentrated along the toot hills o! 5atpura and 

the area lyin& along the Wardha river co~riaing the parts 

o! the diatricta o! N!l«Pur and Aaravati . As thia crop ia 

!acing very serious prohlema like decline, it ia necessary 

to !ind out some sui table crop o! easy technology to the 

growers vhere the rainfall is coaparatively lov aDd the 

source o! vater supply i s alao limited . In such situation 

substitute !or Na!J>ur Santra 1a ... cid l ime , which is now 

representin& the second moat citrus fruit of VidarDha . 

The plantation of K&gzi lime in this region has 

been raised by uai ng seecUin(lls . Sexual method of propagation 

is much more popular all over the COWltry due to the 

polyeabryonic nat ure of the aeeda . The apog&mic aeecllinp 

are identical t o the parent in growth and production. 

However , i t is rather di!t i cult to identity correctly the 

apogamic seedlings !or plantation and i! the apogaaic 
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ae 4l1n&• are not choaen !or plantin&1 tb~ treea remain 

uaually atunt d and reaulta in poor quality fruita • 

I! K.ac&i lime ia propagated by budding which otter 

ao .. advantage• over the aeedlinl•• the treea will be 

uni!oraely true to tjpe to parenta. Moreover, 1! a certa in 

rootatock apeciea ia found to ~art tolerance/ re&iatance 

againat certain diaeaaea and aeaaonal axiaenciea of the 

weather, the cultivation o! Kagzi lime can be extended to 

the area. wbere diaeaaea and unsuitable cliaatic conditions 

are tbe limitin& !actors in ita cultivation. 

The significance o! rootstocks in citriculture needa 

no emphasis becauae rootatocu haye contributecl, perb.apa, 

wore t han 8Jly other !actor to the aucceaa or !allure of 

ci trua indus try around the world ( •• 'Utscher, 1979) • The 

rootatocka not only intlu ncaa early production, but it ia 

one o! the technique& to mitigate the adverae e!!eota of 

clillate and soil u.nd thua make the acion adopted to wide 

range of climatic conditions • ~part !rom the influence on 

tolerance I reaiatance to certain diaeaaea and peata, the 

rootatocka alao playa vital role on growtb and nutritional 

uptake of the acion which ultimately &!tecta the production 

and quality of the .trui t. In IncUa, ci trua canker, a bacterial 

dia ... e ia reported to the endemic on acid lime, it 1a worth 



to atudy the 1n11uence of root atocka on tbe intenalty of 

the ci tru. canker on bpi U.ae • 

Baaed on the findJ.n&a of the earlier r .. earch workera 

(SinghJ 19661 Chadha et al . , 19701 Jawanda and Sincbt 197JI 

Sin&h and saxena, 1978) nine rootatocu were choaen for 

the atudy • 

The research work pertainins to the effect of 

cli!ferent rootatocka on crowth, yield and quality haa been 

found lack1n& and not auch work baa been reportecl on ttU.a 

aapect. Keepins thia in view, the preaent inveatisation waa 

undertaken on "Growth, yield and qUillity o! Kapi lille 

(~ aurantifolia b'win&le ) aa influenced by cU!!erent 

rootstock• under Akola climatic condition" at Punjabrao 

Kriahi Viclyape~th, Akola (M.b.) durtnc the year 1988-89 • 

••• 



C!iJ PTi::R II 

REV IE OF LITEHATlRE 

Rootatock prob1 ... 1n citriculture bave aaaumed a 

aipi!icance • Every citru.a growina country ia faced with 

thia probl ... A conaiderable amount of work haa been 

carried out all over this world 1D citrua on the effect of 

rootatocX. on the varioua aepecta of tree performance • 

The in!o~tion ~vailable on the aapecta pert&ininl to 

rootatock influence on growth, yield and quality of 

oomaercial c1trua fruita naa been presented 1n thia chapter 

under the appropriute heautn&. 

2.1 Growth o! scion on di!!erent root.tooka 

2.1 .1 Rough lemon (Citrua jlllllbh1ri Luah) 

Rough lemon ia the promising second moat rootatoct 

1D the world (Chadha .!! !1•• 1970). 

aarlte ( 196.3) notice<i that orange tree a on RoUJ.h 

le~on produced the e rlieat and cona1stent1y high yield. 

In C1prua, Marah aeedleas grape !ruit treea on 

kougb lemon were !ound lar6eat and conaiatently produced 

more yield {~conomidea., 1976 a). 

In u ....... , it hda been pO~dible to accelerate 

&rawth 1D th£ topa o! treea propagated on this rootatock, 
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the crown being high d upright ( oltgang, 1970). 

In IruUa, Rough lemon is one of the leadinl 

rootatocka of oat aoion varietiea. NaiPur mandarin 

(Phadnia, 1961 ), Kinnow ll&lldarin (Jawanda, 1978) and 

oaambi (Heddy, 1964) were found vi&oroua on Rou,h leaon. 

In Punjab, RoU&h lemon ia one of the leadtnc 

rootatocka fer growth characteriatJ.c and percenta1e 

cbloroaia. Kinnow tr ea gra!ted on 5 different rootatock 

were evaluated, over 6 yeara. On the baaia of tree overall 

per!ol'lllaJlce aurin& pre-bearing period, tbe rootstocks rough 

lemon, Troyea citrange wxl Ran&Pur lime (Citru limonia) 

were found to be auperior (Jalikop, !1!l•• 1986). 

!:iin&h ( 1962 ) a ta ted th t Hill u.ndar 1D ahr ina gar, 

aandarln were !?und vicoroua on Italian 76 and !lorida 

Rouch lemon reapectively. None o! the Mo ... bi trees on 

Jaabberi and Kama i<hatta died or declined at Shrir&llpur 

in Mabaraahtra (Frazer, 1967), while Moaambi on Gajanimma 

and Ran&Pur lime were vigoroua but declined •uch faater 

than tho .. on 5athgudi rootstock (S'olaay et al., 1972). 

Rough laaon and Kama were found to impart •ore 

vigour to sweet orance acion aa compared to other rootatock 

in the nuraery (ueahmukh, 1973) . 
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Resulta of experiment• available ao tar at Abohar 

and at other plaoea showed that Jatti Kbatti was a auitable 

rootstock for Ki.nnow undarin (Jawanda and Sin&h • 19'73). 

Similar obaervations were reported in Coorg, Hassan and 

Ch1ckaan&lore diatricte of K.arnata.ta, Wynad and Pal&b&'t 

districts of Kerala, Oottacklllond and foladurai diatricta of 

Tamllnadu on Rough lemon rootstock {Srivaatava and 

Bopaia.h, 1978) • 

Jawanda and Mehrotra (1974) found that Jatti Kbatti 

excelled all other rootstocks in impartin& tree vicour to 

aweet orange cultivars. 

Bhullar and Nauriyal ( 1974) obaerved in aix year a 

trial with nine rootstocks t1at blood red orange tree• on 

Jambher1 were the most viguroua and had the higheat fruita 

fruita per tree. 

Bhullar and Khokhar (1977~ reported that Jambheri 

waa found to be the moat competible rootstock for Gaper1or, 

Kinnow and Nagpur mandarin aoion. 

Dhur1a !l !l• (1977) observed II&Xilaua growth and 

yield in all at1onic combinations with Jambheri and Jatti 

Kbatti came next to Jambheri. Si.milar reaul ta were reported 

by Deal:lpande .11 .!!1• (1977) in reapect to Nagpur mandarin 
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where Jaabberi atock produced auperior growth and aaxiaua 

yield cloaely followed by Kata Janur and Kama. 

Mehrotra !1 .!l• (1977) found that Jatti Kh.atti 

excelled all other rootstock followed by Cleopatra where 

aa treea on RaniPur lime and Kama made poor growth • 

.,rivaatan !1 !1.• (1977) found maxiaua growth of 

coorg m4Ddar1n on RoU&h leQon und ~'ur lime rootstocks. 

Hehrotra .!! !.l• (1982) reported that J tti Khatt1 

excelled all other rootatocka in increaainl the tree volume 

of Moaaabi cultivar of aweet orange. 

Ganapathy (1983 b) observed largest girth ot ~loaaa'bi 

tree on no~ lemon rootstock at Indian Institute o! 

Horticulture Reaearch Hisaarghatta, Ban&alore . 

Philip lliXl Mlllllllen (1984) observed Rough lemon aa 

moat promiainl rootatock in a trial conducted on effect of 

quantitative and qualitative attributed of Coor..-ndar1n 

under the agroclimatic conditions ot ~ynad 1n Kerala. 

!tiara (1986) reported that H.ough lemon and Trifoliate 

orunge rootatocka were found to ! apart more vigour to pant 

la~~on-1 acion while Rangpur li.me produced poor growth. 
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' 2.1.2 Kama Khatta (Citrua ~ Rd.) 

Kama Khatta 1a more popular in Uttarpradeah and 

Punjab. It ia quite vigorous and !it tor buddin& earlier 

than other rootstocks. Sin&h and Na&Pal (1954) reported 

that tor .Matta local, Kama Khatta and Naanaran were the 

~oat vigoroua aeedlinaa rootstocks. 

Kama ~~atta waa !~und to be the ~oat suitable 

rootstock tor Vanilla, Navelencia and l':ot .. bi oul tiyara 

ot Sweet orange {Frazer, 1967), and Shrln&gar and Ranctara 

aandarin (Singh, 1961 a, 1962). Pineapple sweet oranse on 

Kama l'Jlatta produced smooth union and Yigorout scion trut 

under Jelhi cond1t1owa (AnOn! 1972). On the contrary, it 

waa !oun4 t.1at 1\arn.a imparted less v1r;our to Coorg 

mandarin in ~uth India (, 1yappa fi !),., 1367). •o-ver, 

:ohasarkar g4VB the ~i~um spread and hei&ht o! Kinnow 

mandarin and the le st grovth was recorded on Trifoliate 

or&A&e {Singh et !!1·• 19n). 

2.1.3 l:armalade orange (~ l1oonia Otbeck ) 

It 1a a cultivar o! Ran&pur li.hle and mitnoaer of 

aarmalade (~our orange). It abowa the ~orpholog1cal 

cbaractert to t t ot ~ur 11~e . It can te cona1dared 

aa a rootatock with high potentially (~houdhar1, 1960). 
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Tayde n al. (1988) reported that per-bearin& 

growth of Ki.nnow 1111Uldar1n on harmal.ada orange rootatock 

waa aore aa compared to other rootatocka under Akola 

conditions in Na.harashtra • 

2.1.4 Naanaran (Citrua Japonica Thunb ) 

There have been favourable reporta on the performance 

ot Naanaran in :::.ndia (Singh, 19.54) am 1n California 

(Bitters, 1974). Sangtra local and Malta lacal on thia 

stock in ~ontgomery were moae vigorous, prolific 4nd 

produced fruita of outstanding quality ( .... ingh, 1966) • 

.:>i.tdlar results were obtained by Chadha .!! !l• (1970). At 

.,hrirampur, the volume of oaambi treea budded on Naanaran, 

I. lade oranaa and B1llik1ch1li -ra highest (Anon1 1975). 

2.1.5 Nuutenga (Citruu lemon Linn ) 

Neautanga is a very popular w1 th the Aaaameae and 

it usually ::uteta the demand of lima (Kagzi) because ot 

ita amallneaa in size and SOllie rea~blanc& with round aour 

lime (Bhattacharya and Dutta, 1952). This variety is aaooth 

t ype of Rouan lemon !ound in I saam and is aometimea 

erronoualy called sour lime ( f>insh and ~. 1968). Theae 

has been very little research work available on Nemute111a 

as a rootstock. Prebearing growth of Kinnow mandarin on 

Ne•utelll& waa found vigorous under '•ltola condi tiona in 
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Haharaabtra (Tayde at al ., 1980). 

2 .1.6 K&ngpur lime (~ li•onia Oabeok) 

•eir (1976) 1n Jamaica reported that Ran&Pur liJDa 

waa !oun<1 Ul 'be t.blt moat viaoroua rootatock next to Jambberl 

!or Valencia orange , Harsh aeedleas il'&pefrui t and ortanique 

a cion. 

At Poona 0 ttangpur 1 1 .e rootstock appeared to 'be 11ore 

aatia!actory !~r Moaambi scion. A aediu. crop and visour were 

obtained in Nagpur mandarin on RaniPur liM atock (Gopal 

Kriahna and Kunte, 1958 J Phadnia , 1961) • 

Frazer ( 1967) reported t ha t III&XimWII vegetative growth 

1'£· aul ted when H&n&Pur li.me rootatock uaed for l~osambi. 

~wamy ~ !!• (1972) stated t 1at Satnsudi sciona on 

this stock were vigoroua but o! late • 

.. a.nh& tl.!l• (1977) reported that height, girth and 

volwae of .1\agpur mandarin were mor on t<angpur lime stock 

than other l'Qotstock usea . However, Indraaenaa ii.lld l·:&m.a~en 

(1981) reported medium arowth in reapect of height and 

sirth of Coorg aa.ndarin on thia atock. 

flaleell ( 1984) reported that Sathgudi a nd t.osaabi 

cultivara o! Sweet orange budded on K8ngpur lime rootatock 

gave u~at resulta as compared to other rootatocka inreapect 

o! tree he ight, apread, crown volume a nd atock / scion 

di&llleter • 
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2 . 1 . 7 ~weet lime (Citrus limettioidea Tanaka ) 

Chlllldha 1:.1 al. . (197~) rerorted thD.t ..>weet li.ae .baa 

been cor.monly used ka rootstock !or ahamouti orange 1D Iarael 

and adjascent countries . 

rrazer (1967) observed that Sweet lime was the moat 

satisfactory atock n~xt to Jambberi !or Coor! mandarin acioa 

at Chetb.llli 1D ,outh In<Ha . 

Plladn1s (1961) re.·ortec1 that N&CJ>ur mand .. ;·in tret!a on 

~weet lime and r'.&niJ'ur lime showed mec1iUII vi gour at Tbaraa. 

Siailar observations were also recorded by Tayde ~ J!• (1988) 

1n case o! kinnow scion dt nuraery at•&• under kola conditions. 

2 . 1 . 8 Trifoliate ora~e (Ponc1rua tri!oliata Ra!.) 

Trifoliate or~nge ia c~only uaed rootatoek in 

california, Australia, Newzealand, Japan and Formosa. It 

gives dwarfing effect on aciona (ih1llipa, 1969) . on the 

contrcsry, Tanaka (1969) .md Ikeda ,!! !!• , (1978) reported 

that Trifoliate w~s the moat compatible, vigorous and 

precocious rootatock !or satsuma oranges and !or Navel 

orange respectively. Tayde !! ~· (1988) obtained similar 

observations 1n case of kinnow aandar1n scion under ~kola 

conditions. ~owever, ~ingh (1963) reported that for van! Le 

~weet orange, this rootstock proved to be leas vigorous. 

lost o! the acion erowth on Trifoliate rootstock 

showed dwarfin& cbar ... cter 1n r~oaamb1 ~ Nagr ur ~antra . 
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Trifoliate and Citrangea showed over growth of atoc portion 

~1th most ot the aeion. (Ghosh, 196:51 nnonJ 1972). Deahaukh 

(1973) reported that Trifoliate imported poor gr~th to 

Sweet orange aoion and atock portion ah~ed over growth than 

the aoion. rtooae (1986) found more gr~th and yield of Valencia 

tre& on Poncirua trifoliate rootstock. 

~1ngh and &ingh (1974) reported that Trifoliata orance 

tor Uagpur aandarin waa found to be incompatible. The treea 

o! Georgian lewon, •uahington ••v l orange and ~tsuma were 

grown on trifolikte orang6 produce early !ruitin& and trees 

were !o~ oomparotively d-•r! (T~tber1~ze s1 !l•J1987). 

2 . 1.9 Troyer c1trange 

yoncirua trifoliate Kat . X Citrua Sinensis Oabeck) 

B1ttera (1961) reportpd that Troyer and Carrizo 

citrangea uaed aa rootstocks resulted in comparatively 

vieorouF treea. 

Caatle G.nd .~ez on ( 1975) observed shorte&t treea of 

0 l~do tbnbelo on rtuak C1trange a~ ~ri!oliate orange. 

Hassaballa (1978) sta~ed that ~WPet orange trees on 

·rroyer ci trclllgea and Cleopura candarin .oere smalle3t. On 

the contrary, Coorg mandarin trees on Troyer citrange at 

lower Palni hills in Tamilnadu registered more hei8Pt, 

volume and stock and scion girth !ollowecl by Rough lePJon 

and d.angpur lime in prebearing stage. 
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2.2 Effect of different rootatocka on yield 

In general, the vigorous rootstocks are reputed to 

produce greater crops over a longer period . On the other 

hand, trees on dwarfing s tocks may be fruitful and closely 

plunted, produce higher yields per unit area. 

~~eet oranges on ~ougb lemon stock gave higher yields 

th~ others aa r eportea by Cohen and Reitz (1963) and Gradner 

and Horanic {1961) • 

Lconomides (1976 b) reported high r yields of Nashlngton 

Navel oranges on kough lemon, Cleopatra mandarin Qnd Palestine 

Sweet lime • Simil ~r observations were made by Bhullar and 

wauriyal (1975 ) for Blood red oranges on Rough lemon rootstock. 

Hutchison (1 975) l so reported greatest fruit production of 

Valenci or~ges on aoug lemon followed by Troyer citrange • 

Ganapathy (1983 a) observed the nighest yield of 

Coorg mandarin on carr izo citrange and ~ough 1 mon under 

Bangalore conditions. 

Hutchison and Hearn (1977 ) reported that ~ ova on 

RoU&h 1 on and Orlando on Troyer citrange rootstock& gave 

higher yield. 

Holtzhausen!! !!• (1978) observed highest yield 1n 

caae of Frost nucellar ~ureka and yan Lureka on .,ough leaon 

rootstock. 
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Tribulate (1979) observ, d, while finding out the 

performance of "iOkOnucellai lime on aeven rootatock, that 

maximum growth and yiel'. .,..ere noticed on Rough lemon and 

Volkamercana lemon rootstocks. 

It was ob11erved by Chohan .!l, ll• (1980) t hat Blood 

red ~weet orange on Kough l emon and Cleopatra mandarin gave 

best yield but quality of fruita was poor. 

Hodney a!ld .:arris (1 977) re"'orted tha.t Frost Nucellar 

Lisbon lecon tr-ies on .o\Ji;h le:non had the next highest cropa 

than ~ macrophyll 

Maxwell ~nd lUtllcher 1976) noticed that grapefruit 

treea budded on knrna ~hatta and sour orange were most productive 

in a trial with 10 rootstocks. 

Caatle ~nd . h1ll1p (1960) reported t b.at l'.arah 

i rapefrui t .md Valencia !::lweet orang~ trees on t{ough lemon 

were largtat and most ~roauctive. 

l:.Conomides 1977) reported higher yielci o! campbell 

Valencia or~ge on ~ough lemon una Palestine !::lweet liae 

rootstocks than on Cleopatra and Troyer citrange, but quality 

was poor. 

Choh<in -<nd .. Ulll.u- ( 19u3) r eported that I uaambi cul tivar 

o! Sweet orange on .tangp Jr _ice e;ave good yield o! quality 

!r.Jits . 

I 
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Bouderbal.a and Blonde! (1974) found that ..>Weet Or&qea 

on Poncirua tri!oliata rootatock gave higheat yield of juicy 

!rui ta aa co111pared to sour orange and Cleopatra aandarin 

atocka. Sia1lar resulta were obtained by ~ooae (1986) tor 

V lencia treea on poncirua tri!oliata rootatoek and Plulenac 

(1976) !or t.'weat orange cultiva.r, Doaestic and aahingtOD 

Navel orangea. G&napathy (1983 b) reported higheat yield of 

Moaambi on Trifoliate oranse stock at Indian Institute of 

Horticulture rleaearch Hiaaar-ghatta, Bancalore. 

Bevington and Duncan (1980) reported higher yield of 

U.lendate Tangor on Poncirua trifoliata and H.anepur lille 

atoct in heavy ana calcarioua aandy ao11 reapectively. 

Howevec, Brown (1986) recorded lower yield ot waahi.nctOD 

Navel orance on Trifoliate orange stock but quality ot fruita 

waa beat. 

Youtsey &lid Bridaes ( 1979) recorded higher yield ot 

washington naval nucellar selection on Carrizo, Troyer 

citrange and Poncirua tri!oliata rootatocka. 

U.idda and Milella (1978) reported tt..t the srowth 

and productivity o! Frost Navel were better on Troyer citranae 

than on sour oranse and Haalin on Troyer citranse were found 

productive. 

Blondel (1978) reported Troyer citrange aa beat 

rootatock !or orangea ana Sataumaa while Trifoliate and 

Carrizo citrange were proaiaing. 
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Zaraaoza ~iaeoaens !! !l• (1984) reported higbeat 

yield o! washington Nayel and Valencia late Sweet orangea 

on Troyer Citrange. 

2. 3 ~feet o! different rootatocka on quality o! fruita. 

ln citrus, striking effects o! rootatocka are more 

often observed in many fruit characters of the scion. Many 

workers reported the distinctive effect o! rootstock on fruit 

aize and quality of fruit o! the scion variety. 

Ranjit Singh et !l· (1978) found that Troyer citr&n&e 

induced precocity in Kinnow mandarin • 

..Ubert!! .!1• (1979) reported that fruita .troa Late 

Valencia oranse on Troyer citrange were heavier, bad 1reater 

len&th/ diuaeter ratio, higher juice yields, thinner peel 

than fr uita o! Late Valencia on ;;.our or&n«e. 

Ali and Rahim (1960) reported that the fruita o! 

Valencia orange on rtough lemon rootstock bad lowest aacorbic 

acid content and it was due to abnoraal aize and weight ot 

fruit on thia rootstock. 

Siailarly, Boyee { 1960) a.lao obaerved 1-on !rui ta 

!roll treea on il.ougb lPon atock were o! lower juice content, 

soluble aolids and citric acid than fruita !roll treea on 

other roota~cka. 

Cupbell and Goldweber (1980) reported that Tahiti 

lime al¥1 lemon grew well on Rough leaon and £• macroph!lla 

rootatocka al¥1 p<oduced fruita o! good quality. 
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Levy and Mendel (1982) observed that ~ruit siZe o~ 

Washington navel and Sbaaouti was larceat on Kou&h leaon, 

howe~er, T.s.~. and acid content were found to be low. 

Aranjo !.1 !l• (1972) found that para orange fruita on 

Rangpur lime and Cleopatra lllllndarln rootstock contained hi&her 

juice &nd T.~.~. and relatively low acidity. 

Valle N-Del fi !!• (1979) obae~ed that greatest an 

~ruit weight and diameter or Dancy •andarin were obtained 

on 1'-npur li11e and lowe at acidity on RoU&}t leaon, Razlcpur 

liae and Troyer citrange (0.73, 0.76, 0.79 respectively ) . 

KeUord and Chandler (1961) stated that fruita of 

Valencia Late and • •abington Navel on Trifoliate oranae 

rootstock contained higher juice, aore acidity Md soluble 

solids but low ascorbic acid, while Rouch lemon rootstock 

associated with low juice content, leas acidity and soluble 

solids but rich ascorbic acid. 

Clohan.!! !1• (1980) reported that the ~ruita o~ 

Campbell Valencia I Sweet oranae on Troyer citrange and 

carrizo citrange bad aaxillua T.s • .). and T. s . ;;: . I acid ratio 

while it waa ainiraua on Jatti Kh&ttl rootatock. 

Hutchison and Rlstllne (1982) reported that Valencia 

.)weet orange on Poncirus trifoliata and Sour orange produced 

~ruits with highest T . s . ~. 
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Mebrotra .!! !l• ( 1983) reported that SWHt orange 

fruita on C&rrizo and Troyer citrange atock produced better 

quality fruit (more T . ~. ~. and acidity) than the SwHt or&n&e 

fruita on Jatti Ahatti and Kama Khatta rootatock. 

Hal.Hm (1983) obaerved that S&thgudJ. and Mo ... bi on 

Trifoliate and ita hybrid produced fruita with higb T . w. ~. 

while on Kough lemon, fruita w•re of poor quality. 

Philip and Mamaen (1984) reported that fruita of 

Coorg aandarin on rtoU&h lemon bad more fruit weight, Rind 

thickness and lower pulp I rind ratio, leaa nuaber of aeeda 

and lower juice content, while fruita on carrizo ci~ 

and Trifoliate rootstock had aore juice under the aarocliaat1c 

condit1ona of Wynad 1n Kerala . 

Thornton and 01maey (198'7) reported that fruita of 

Valencia orange on Rolollh lemon contained low juice and Suaar. 

The fruita on Hangpur lime and Poncirua tri!oliata were of 

aaaller aiae • 

.Bhullar and Nauriyal ( 1975) reported tbat trui ta of 

Blood red orange on Poncirua tri!oliata rootstock had highest 

Juice content, T . ~ . ~ . and acidity while T. s . s . I acid waa 

highest on .£• Kary • 

Brovn (1985) reported that Navel orange treea on 

Troyer ci trange gave poor quality fruita while higb brix 

und acidity ratio, thinner akin and better flavour were 

observed an Trifolia~e orange rootstock. 
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Economidea (1976 b) reported that in ~>~aahin&ton navel 

orange the total solida and acidity and rind tbickneaa were 

not affected by rootstocks employed. 

2.4 Effect of different rootatock on occurance 
of canker diaeaaea • 

Citrus canker is the most prevalent bacterial diaeaae 

reported to be endemic on acid lime (Kagzi lime) 1n India. 

Falico De Alaaraz ani ttodriguez (1970) reported that 

the intection of canker on lemon variety VUluranca on 

Rangpur lime rootstock remained l~w betw .. n September to 

~~rch and then increased r~idly • 

Danoa J! !1• ( 1981) reported that spread ot canker 

disease was affected by scion types and rootetocka. On the 

contrary. Mohan et y. (1965) observed that oonaiatent 

di!!erencea were not !ound between the rootstocks aa to 

their intluenoe on the reaction o! acion to canker. Sia11arly• 

Cheua.!.! !l• (1975) reported that rootatock did not imparl 

resistance to the aciona budded on it • 

Cheeaa .!l !1• (1982) reported that Sweet oranges 

(MW14111b1, Pineapple, Ja!!a and Valencia ) budded on RanSJ)ur 

lime, Pearl tangelo and aandarin on Carrizo c1tran1e 

were tolerant of canker • 
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Agostini Jl !l• (1985) r eported that canker dia .. ••• 

ap~ad waa higher on vigoroua and int•raediat• rootatocka 

than on non-vigoroua rootatocka. 

The rat• of increaae in diaeaa• a.v•rity waa alao 

ar••t•r on vigorous and int•raediat• rootstocks aucb •• 

RoUCh leaao, Carrizo citran&e than on non-vigorous like 

Trifoliate oranc• rootstock • 

-· 



CHAP'r:E.R Ill 

MAT£;HI .J:.S 11ND M.ETHODS 

The preaent atudy waa carried out during the year 

1988-89 in the orchard aZJ1 laboratory of the Departaent of 

Horticulture, Punjabrao Kriahi Vidyapeeth, Akola (M. s . ) . Tbe 

detaila o! -terial u.ed arwi methods adopted durins the 

courae of preaent inveatisation are given in thia chapter. 

3. 1 Cliaatic and ~eather canditiona 

Akola ia ai tuatec:l in the aub-tropical zone at the 

latitude of 22. 42° North and loogitude of 11. 02° ~at • Tbe 

attitude of tbe place ia 307. 4 • tra- ••an ... leYel . Aver•&• 

annual precipitation ia 720 • Moat of the rains are received 

during June to ~eptecoer (aoout 84~ ) . The mean annual .aximua 

and llin1mum temperature are 34. o0 c and 20.4°C reapectively. 

Su.aer •ontha are bot with t.-perature and bu.idity 

ranaing fro• }4. 5°C to 43 . 9°C and 37 to 47 per cent re~ectivelr. 

The winter monthS experience• mild cold with aver&&• temperature 

ranging !rom 2o. o0 c to 24. o0 c • DecemDer ia the coldest contba 

in which the lowest te•perature toucbea upto 9. 3°C. The 

higheat temperature is recorded in the month of May (43 . 9°C). 

U&ily II&XiiiUII arwi llli.n1lllua values o! te11perature naporation 

rate rise fro. Febauary onwarda upto June and then drop 

progreaaively upto December • Meteorological data fDD the 

per1o4 of preaent inveatigation - recorded at Un1vera1 ty 

J.1eteorolo&1cal centre are preaented in Appendix - I • 
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3.2 Soil 

The plot on which Kagzi lime trees on di!!erent 

rootatocka are existing baa mediua black clayey aoil which 

wna analysed tor yarioua phyaico-cheaical properties. Tbe 

relevant data are preaented in Table - 1 • 

Table l Mechanical and chemical composition o! 
aur!ace aoil (Qy22 em l ayer ) 

Particular a Contents 

(.I\) Mechanical composition 

l. Clay "' 55.2 

2. Silt 56 19.5 

3. sand ~ 15.6 

4. Textural claaa Clay 

(B) Chemical composition 

l. Total N (" ) o.046 

2. Available P20, (~ ) 0.0016 

3. AYailable K20 (56 ) o.o26 

4 . PH o! the aoil 7.8 

3.3 Details o! lXperiment 

The present investigation waa carried out on 54 treea 

o! ~gzi liae on di!!erent nine rootstock• pl nted 1n July, 

1981 at 5• x 5m spacing 1n the orchard of tb Univeraitfl 

Departmtnt o! Horticul t ure, Punjabrao Kriabi Vidyape~tb, Akola. 
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These rootstocka considering them aa treatments, were 

replicated three timea in a RandOIUzed Block Design. There 

were two trees on each rootstock aa a unit 1n each replication. 

Tbe details or layout adopted and rootstocka uaed are given 

1n Figure • I and Table -2 respectively. 

3. 4 Plant ~~~aterial. uaed 

The nine rootstocks taken tor the study are given in 

Table-2 • 

Table 2 a Detaila ot rootatocka used 

sr. Common name Botanical name Syabol 
uaed 

1 . Jaabtleri £U!:2 Jaabhiri Lush .1MB 

2 . Kama kbatta ~.!!!J!! Rat. KRN 

3. Jf.urmal.ade ora.n&e Citrus liaonia 6sbeck MRLO 

4 . Naanaran ~ J&ponica Thun'b NASN 

s. Nell\ltenga ~ limon Linn. NMTG 

6 . Rwl&pur lime ~ liaonia Os'beck RLH 

7. Sweet lime .£!l!::l!! limettioides Tanalca SLM 

a. Tritoliate Poncirua trifoliata Rat. TRIP 
oranae 

9. Troyer citrange Ponc,l,rus sinensis Os'beck TROY 

----- ----- --------- ------
3.5 Cultural operations -

The plot waa kept tree from the weeds 'by attend1q 

tiaely we~din& operations. Other cultural practices such aa 

a&nur1n&, fertilization, pl~t protection measures and 

irr14Jationa were atten<ied as an when required. The experiaental 
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treea were given streae (Bahar treatment) durinl the month 

of May, 1988 for inducing flowerin& durin& June-July, 1988. 

~ach tree waa given 25 kg well decomposed far. yard manure 

alonpi th 1/2 kg N and 1/2 q P2o
5 

at the tille of releaaJ.na 

the water atreas . Remaining 1/2 kl N vaa aupplied when the 

fruita were of pea aize. 

3. 6 Detaila of the observationa noted 

The growth obaervationa in reapeot of height, spread, 

acion and atock 11rtb were recorded at monthly interval 

(in firat week o! each motlth) durin& the course of inveatigatio 

from April, 1988 to March, 1989. 

The height waa meaaured !roa the bud joint upto the 

t.eighut point of the growth in meter a with the help of 

~eaaurin& acale. 

The apre~ o! the treea waa ~eaaured by ~eaaurin& 

acal.e in North - South and Eaat - \feat direction in metera. 

3. 6. 1.3 Volume of tree 

The volume of tree waa calculated aa per the formula 

given below suggested by ~leatwood !l.!l• (1963). 

Volume of tree 4 2 • - ~ ¥2 a · 1/2 b • 
! 
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Where , 

'a' represents apread o! the crown o! tree and 

' b ' denotea the tree height. 

3. 6. 1.4 Stook and scion cirtb 

In order to asseas the stionic compatibility the 

&irth o! stock and scion was measured ' em below and above 

the bud union respectively with the help o! strin& and 

measuring scale in centimeters. 

3. 6.1.5 Scion I stock ratio 

The scion / stock ratio was worked out by dividin& 

the girth o! scion by &irth o! stock. 

3.6. 1. 6 Absolute 1rowth rate (A.G.R.) 

The abaolute growth rate gives the idea o! the 

pattern and o! critical growth atagea. It vas calculated 

as under : 

Where , 

A. G.R. • Abaolute growth rate in tet'IU of s:rowth 

character in a month per plant durin& 

• 

Growth o! tree at t 2 
Growth o! tree at ~ 

month a 
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3.6.2 1!.!!.!L 

The !ruita were harvested in several pickinaa !rom 

October to November, 1988. 

3.6.2.1 Number ot fruita 

The total number of fruita harvested per tree were 

recorded by taking into account the number ot fruita from 

each picking. 

3.6.2.2 •eigjj; ot fruita 

The total weight of fruita !rom a tree waa recorded 

by adding the weight of truita picked !rom each pickinl• 

They were weighed gravimetrically on a pan balance. 

3.6.2.3 Fruit drop (~ ) 

The fruit drop percentage waa calculated on the baaia 

of fruit dropped and the total number of fruita harveated. 

Quality 

In order to study the quality of kagd lime fruita 

aa influenced by different rootatocka, following quality 

parameters were studied. 

3.6.3.1 ~eight of fruit 

The trui ta were weighed gravimetrically on a pan 

balance ana mean weight waa calculated. 
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3. 6. 3. 2 Volume of fruit 

The voluae at fruita waa aeaaure<l by water 

diaplacement aetbod 1n mill~litrea with tbe help of 

measuring cylinder. 

3 . 6 . 3. 3 Specific gravity of tru1t 

The apecific gravity of fruit waa calculated by 

dividin& the weight of fruit by ita volume. 

3 . 6. 3. 4 Rind thickneaa 

With the help of vernier calliper, tbe rind thickness 

waa aeaaured in mm after cuttinl the fruit in two halves. 

3 . 6.3 . 5 Juice contest (!) 

The juice was extracted froa the fruit and waa wei&h!d 

graviutrioally on the pan balance • The percentage of juice 

extracted W£8 calculated. 

3 . 6. 3.6 Rind - PO .. C! (~) 

The rind weight waa taken after extraction of juice 

with tb! help of pan balance . The rind ptrcentage iDcludiD& 

pomace in a trui t waa calculated . 

3. 6 . 3. 7 Nuabtr of aeedt 

The ateda wert counted troa each tru1 t and the n 'b!r 

of sound and unsound seeds were recorded. 
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3. 6. 3 . 8 Tot!l Solub1e li4t (T. s . s . ) 

Uter extraction o! juice, tbe aa -.. atrainecl 

tbroucb a IIU!lin clotb. The per centa1e o! total aolubl.e 

aolida (T. s. s . ) wu detel'lllinecl by uainc band retractoaeter. 

3. 6. 3. 9 Acidity 

In order to determine tbe acicU ty o! kapi lae juice, 

25 ml o! pure juice waa pipetted and trana!ered to 250 al. 

voluaetric tlaak into which distilled water waa added and 

the volWM waa aade up to the aark · 25 Ill o! the above dlluted 

juice waa titrated a&ainat N/10 Na 6H solution uainc 

phenolphthalein aa an indicator. Tbe percentage o! citric 

acid in juice was calculated from the relation a l al ot 

0 . 1 N Na6H which ia equivalent to 0. 0064 1 o! citric acid. 

3. 6 . 3. 10 Aacorbic acid content 

The aacorbic acid waa deterained by the aethod aa 

deaoribed by Jacoba (1958) . To tha 25 a1 o! diluted juice 

aa deacribed above in tbe oaae ot ••ti-tian ot acidity, 

2 ml o! l~ !reahly prepared aoluble a~cb aolution waa 

added aa an indicator and then it waa titrated a1ainat 

0. 01 N Iodine aolution which waa run throU&h a burette . 

l al o! 0. 01 N Iodine aolution ia equiv~l nt to o.ea mg of 

ascorbic acid. From thia relation, quantity of ascorbic acid 

1n c ;:or 100 ml o! pure juice was de ter111ined. 
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3 . 6 . 3, 11 T, S, S, I acid ratio 

The T, S,S, I acid ratio was calculated by dividinc 

the valuea of total aoluble solids by acidity valuea, 

Citrua canker 

The observations were recorded to atudy the inl1uance 

of rootatocka on tbe severity of canker diaeaae on Ka&zi 11ae 

in the peak period i,e, in the month ot ,.ugust and October, 

},6, 4,1 Per cent dia ase index 

Three twiga of the currm t season growth per tree 

werP ~elected randomly and fro• each twi& t1ve le vea were 

selected for observations , 

Per cent leavet inrect!d 

For per cent leavea intection• total. nwaber of leavea 

on a twi& in!ected by canker was recorded. 

Statistical analyaia 

The data on all the above parameter& were subjected 

to statittical analysis, Analyais and interpretation ot the 

data were done by tbe statistical methods ot Snedecor and 

Cochraa (1967) • 

.... 



CH.~<PTER IV 

'1ESULTS 

The- vxperimental findings on arowth, yield and 

qual! ty o! ltaszi lime (~ auranti!olia, awinsle) as 

1nn.uenced by different rootstocka are presented under 

approprlate heading 1n this ch~ter. 

4.1 GrO'W t h 

The data in re6pect of the effect o! di!!erent 

roohtocka on grO*th o! K.agz1 lime 1u tei'IIIa o! absolute 

>J >:'O '~th rate, height, apread, canopy volWIIe, stock and 

acion girth are presented in Tablea - 3,4,5,6,7 and are 

interpreted and graphically depicted 1n figure II. 

4. 1 .1 Absolute grew th rate 

4 . 1 . 1.1 Hdsht of the trees 

The rate of srawth a a in!luenced by d!.f~erent rootatocka 

(Table ') in respect of height ot Kagzi lime tree exhibited 

the di!ferentiel pattern o! growth. The k&gzi lille trees 011 

Trifoliate orange, Jambheri, R&ngpur lime and Troyer citrange 

exbibi~d more rate o! growth followed by Sweet lime Aid 

Neautenga which shoved moderate rate o! growth 1n respect 

o! the heiibt o! Kngzi lime tree. The treea ~n Naanaran, 

kama khatta and marll&l.ada orange showed alaw rate o! growth 

aa compared to other rootatocka. 
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Table 3 I Monthly 1ncroa8e 1n height (•) 
(A.G.lt.) 

Rootstock Apr. May June July ... ug. llep~ . Oct. Nov • Dec. Jan. Feb. Mar . Total 
duri.Dc 
the year 

Jtillllbberi 0.02 o.o1 o.o.z 0 .04 0.07 0 . 04 o. o, o.oe 0 .10 o.1c 0.09 0.07 0.69 

Kama 0. 03 0.02 o.o.: o . o:t. c.03 0.04 o.o2 0.04 0.07 0.09 0 .04 o.ca o.,o 
khatta 

Manaal.1u1e 0.02 o.o1 0 . 02 o.o, 0.02 o.o1 o.o4 0. 03 o. oa 0.09 o.o1 o.o6 0 .49 
orange 

Naenaran o.o4 o.ol 0.02 c .o2 o.c7 o.o4 o. o1 0. 03 o. oa 0.09 0.07 o.04 0.52 

Nemutenga 0.03 o.o1 0.05 0.04 o.o1 o . o1 0 . 05 0.03 0. 09 o.1o o.68 0.07 o.,7 

k.angpur o.ol o. o2 0.05 o.oO! o . o, o.o2 0. 04 0.07 0.10 0.11 0 . 07 o. o, o.61 
lime 

Sweet o . o1 o. ol o.ol o.o1 o.04 0.03 0.03 o.o6 0.09 0.11 0.12 0 . 05 0.59 
lime 

Trifolia'te 0.03 0. 02 0.03 0.02 0.05 o.06 0.07 o.os 0.10 0 . 09 0 . (19 0. 08 0.73 
or~anae 

Troyer o . 04 0. 01 0.03 0. 02 0.02 0.07 o.o3 o. o4 0.09 0 . 10 o.oe 0.07 0.60 
citran&• 

0. 23 0. 12 0.27 0. 22 0.36 0.33 0. 34 0. 47 o.eo o.aa o . 11 0.57 
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Table 4 1 Monthly increase in spread (m) 

Rootstock ..... pr . Jllay Junf' July ~:.1& · Sept. Oct. Nov. Dec. Jan. r'e~ . :.ar. Total 
durin& 
the year 

Jambner1 0.10 0.03 0.07 0.07 0.05 0.0:5 J.Ol; O.ll 0.02 0 . 09 o.oa 0.04 0 .73 

K.arn.o. 0.09 o.ol 0.02 0.04 0.03 o.o:>~ J.02 0 .04 c.J9 0 . 10 0.15 o.oa o.1o 
Khatta 

Marmalade o.oa 0.02 0,05 o.u7 0.09 o . o1 0.02 0 .03 o.J7 0.10 o.u 0.16 0 .81 
orange 

.~aanaran 0.04 0 . 01 0 .02 0 .02 0.08 0.09 0.01 0 . 01 0.07 0 . 01 o.ol 0.04 o.61 

emutel".ga o.u o.ol 0.01 0.05 0 .03 0.04 0 .03 0.11 0.07 0 . 17 0.05 0.09 o.n 
rl.angpur 0.09 0.03 0.02 o.o1 0 .02 0 . 02 0.09 o . o9 0.09 o.o5 o .1o 0.10 o.n 
lime 

.:>Weet 0.12 o.o1 0.02 o.o2 0.03 o.o6 0.10 0 . 09 0.05 0.16 o.,o 0.12 0 .96 
lime 

Trifoliate 0.05 o.oo 0.05 0 . 09 0.05 o.o4 0.02 o.o3 0.03 0.1.~ 0 .04 0 .03 0 .53 
ora.Jl!e 

Troyer 0.07 0 .02 0.03 0 . 05 1).05 o.c6 o.o? 0.02 0.10 o.o1 0.11 o.1o 0.77 
cit~e 

0.75 0.14 0.29 0 .42 0.43 0.38 0.4~ 0.53 0.59 0.65 o.as 0.76 



MaxJ.aua rate o! grcrlh in tenas of al.l rootstocks 

was obsened to be aore in the month of J anuary and showed 

decreaaing trend upt.o May where onwards it again showed 

incre aing trend upto June, but in July it decreaaed aliShtly. 

Fro• the onth of ;,ugua t it ahowed 1ncreaaing teend up to 

Ja.nuary. The .maximua a.r d ll.inimua rate of growth (Table '!5) 

was obaerved in the month of January and May respectively 

irrespective of rootstock effect. 

4.1 . 1. 2 ~pread of tr~e 

The rata of growth o! K.clgzi lillie trHa 1n respect of 

s,read of trees a influenced by dit!erent rcotstocks 

('t'able 4) st•owed some what fluctuating trend. Maximua r 1.e 

of. rowth in respect of sprt:ad was observed in trees g ·owin& 

on ~weet lime which supersucceed all the re.aining rootstocks. 

1'he intermedia te growth rata was observed on 1-laraalade orange, 

I<Pmutanga, Troyer citrange and Jaml.lher1 . The trees on Trifoliate ' 

orange showed le ,. st rate of growth in respect of spread . 

Maxi um rate of growth 1n all rootstocks was oba.rYecl 

in the wonth of Febru.&ry and January !allowed by ;.pril and 

March . In the month of January and february , it sl)awecl 

1ncreaainl trend. From the mont~ of May , it increased upto 

nugust whereas in September it was observed to be decreased. 

The minimua rata of growth in respect o! spread of tree waa 

observed in the month of May. 
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Table 5 Monthly 1ncreaae in girth ot stock t cm) 

Rootatoclt Apr . May June July AU8 o :;,ept . Oct. N;,v. Dec. Jan . Feb. Mar. Tot l 
during 
the year 

J mbheri 0.05 0 . 09 o . oa 0 . 10 0 . 12 o . o6 0 . 23 0.25 0.12 0 .11 o.o:; 0.12 1.38 

Kama 
khatt 0.04 0 . 10 o.z2 0 . 10 0.05 0.05 0.20 0 . 22 0.15 0.10 0 . 09 0 .07 1.39 

!>'.arma1ade o.o9 o.o1 0 .09 0 .10 0.20 0.12 0 .15 0.25 0.12 0 .13 o .1o o .o6 1.48 
orange 

Nasnaran 0.06 0 . 15 0 . 16 0 . 07 0.37 0.21 0 .30 0 . 32 0 . 12 0 .14 0 .13 0 .17 2 .20 

Ne utenga 0 .12 0 . 17 C.12 0 . 07 0 .10 0.07 0 . 05 0 .20 0.13 0.15 O.l;e 0.24 1.54 

.taiJ3pur 0 .09 o . o6 0 . 07 o . oa 0 . 05 0.17 0 .12 0.21 0 .1 2 0.12 0.16 0 .14 1.39 
lime 

... weet 0 .15 0 . 12 0 .09 0 . 23 o.o1 o.o5 0 .15 0 .10 0 .17 0.12 0 .18 0 .21 1.64 
lime 

'lri!olbte 0.10 0 . 15 .0.10 o. c1 0.12 o.~ 0 .27 0.15 0 .23 0.13 0.16 0 . 09 1.63 
orange 

iroyer 0.11 0 . 15 0.23 o . 11 0.12 0.07 0.23 0 .31 0.15 0.11 o.17 0.21 1.97 
.... itrange 

o. tu 1.06 1.16 0 . 93 1.:.!0 O.d6 1.70 2.01 1.31 1.11 1 .16 1.31 
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re.bl e 6 l.ont :.l y incraaoe i n gi r t h of Kagz1 l i llle scion ( C.!.) 

Roo"tetock ~<pr. l1tq June July 1\Ub · ..: ept . O.:t. Nov. Dec . Jun . r'eb. r:ar. Total 
during 
t he ye r 

Ja.cbber 1 0.04 o. u9 0.1 ~ 0. 04 0 .1 7 0 .12 0 . 05 0 . 32 0. ~ 5 0 . 23 0 . 07 0.12 1.62 

Karna 0.05 0 . 14 0 . 15 0.09 0 .04 0 .05 0 .10 0. 35 0 . 15 J . l O 0 . 09 o.o6 1.37 
kha'\:ta 

MariWl.aJe 0.02 0 .)!0 o . z1 0.12 0 .0 ... 0 . 03 0 . 21 0.37 0 . 0.:! o . os 0 .12 0.12 1.53 
orange 

Naanarw1 o.u9 0 . 02 v.25 0 . 1 2 u .2u 0 . 09 0 . 24 J . O::I 0 . 12 0 . 31 0 .10 0 . 07 1.70 

Nemut\!nt;Q o.os o . u3 u.u 0 . 09 o . os o.o1 0.12 0 .25 0 .12 c.ll u .l7 o . os 1. 30 

HanfPUr O. ll 0. 3 o .o3 0 . 29 C.24 0. 03 0. 17 o .1o 0 .12 o . o7 0 . 06 o . :J9 1.69 
lime 

Swee t 0 . 07 o .o2 c.o LoOl o .os o.o7 0 . 12 0.07 0 .1 2 0 .30 0 .13 0 . 17 1.15 
lime 

Trifoliate o.c4 o.o; v.oc C• .07 o . os 0 .1.5 0 . 25 0 .12 0 .13 0 .16 0 .12 0 . 0:3 l ol d 
orang€. 

Troyer o.os O.l() 0.30 o.OJ< 0 . 02 u . os o . zo 0 . 32 o .1o 0 .12 0.16 0 .15 1.61 
citre.n ge 

·' o .8'7 o.91 0.58 1·.46 1.68 1 .. 2o l -.45 1.02 ~91 0.52 0'.83 1·.3'5 



4 .1.1 . 3 Hei,snt apresd ratio 

The data presented in Table 7, ahow tbll t thll low 

Heient I apread ratio was noticed 1n the caae of Nemutenca 

u.d Sweet liae. The medium valuea were obaerved to be 

l'!anu•llade orange, Kama Khatta and Troyer citran&•• The 

more Height I spread ratio was noticed in the caae of 

ltangpur li.me, Jambbttri and Trifoliate orn&n&e. 

4.1.1 . 4 Girth o! stock 

The girth o! stock aa in!luenced by di!!erent rootstock 

(Table 5) ahowed maximum rate o! erowth with Naanaran, ~royer 

citrange and Sweet lime. The medium was observed with 

Trifoliate orunge, Nemutenga and marmalade oran&e, whereaa 

it waa found to be minimum with Kama khatta, and Rangpur 

lime and le at being with Jambheri • 

Irrasp ctiv o! rootstock e!fect, the growth rate 

was obaerved more in the month of October and November, 

intermediate wu.s observed in June, Decernber, Jar.uaxy and 

March and le• t lluS 1n Fcbru.:~ry . t.ay :tnd pril. In the month 

o! .. pril, 1 t was found to be poor. 

Data presented in Table 5 show nuctuating trend 

right .froa "Pril to 11arch • 

4.1.1 . 5 Girth o! scion 

It is revealed from the data presented in Table 6 

t hat maxi..rDcm rate in respect o! girth o! scion waa obae~ed 
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with N anaran, RalliPur liae and Ja.mbheri • Intermediate 

w~s observed with Troyer citrange, Mara&lade oranse, wher.-. 

least rate of growth waa obaerved with Ne•uteng , Kama 

kbatta, Sweet lime lllX1 Trifoliate orange. 

The maximum growth rate irrespective of rootstock 

effect was found in the month of November. The increaaint 

trend in growth rate was observed !rom April to June. In 

July, it was decreased and again increased in August. In the 

~~~~ o! Jecember , there was a decline in growth rate • 

4.1 . 2 Tree heigh\ 

Amon& the nine rootstocltl, J&llltheri, Sweet lille and 

Troyer c1 trange imparted maxicUD height to K.ag.zi lime scion. 

These three rootstocks ahowed si&nific&ntly maximum height 

over remaining rootstocks , except on Kama khat~ «nd 

Marmalaae orange which were founu to be at par. The Kagzi 

lime trees on !lmutenga were found to have ledat height. 

The trees on Trifoliate orange, Rangpur 11m wer• found to 

be statistically dt par anu wer observed to have intermediate 

height. 

It would in ganer4l be observed !rom ~ results 

fro Table 7 thtit A&&zi lime trees growing on nine rootstocks 

!ell into three categories in r sp ct of the height. The 

trees on Jambheri , vwee t l~e, 7royer citrur.ge, {arna kh&tta 

showed more ht:i~r.t, .1hile intermediate v lues were associated 
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with trees growing on Marmalade orange and Tr1!oli~te 

orange. The trees on Naanaran, NeiiiUtenga and Rangpur lime 

had the l~wer height. 

4 . 1. 3 hVerage ~pread 

lt would be seen !rom the data presented 1n the 

T&ble 7 tbat average .spread or Kag%1 lime trees on SWeet 

lime rootst~cka waa s1gn1!1cantly more except on Marmalade 

orange and Jambher1 which were found to be at par. The 

•pread o! Kagzi lime tre a on he uteng , Troy c.· ..:i trange 0 

1\arna khat"td were fo und to be at par an:! the trees on 

·a nar&n and rifoliate orange w re at par 1n respect ot 

spread . he trees on Rungpur lime were !ound to have least 

spread . 

4 . 1. 4 Volume o! trees 

The data presented 1n Table 7 reveal tbi ~ l;he Kagzi 

lime trees on Sweet lime and Jambheri were found more vigoroua 

tnan tlP tr ea on other rootatocka and significant di!!erencea 

were observed among th m. The trees growing on Marmalade 

orange, Troyer cJ.trange and Karnakhatta were f o1.0d t:l be 

vigorous next to Sweet lime sn:l Jambner1. he trees growin1 

on Trifoliate orange, Naanaran and Nemut•D6• were found to 

impart semi - vigorous canopy volume . !he Kagzi li e trees 

growing on Rangpur lime were found to hav~ pr~duced 

a1gni!ic&Btly minimum tree volume than on other rootstocks. 
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Table 7 ' Growth !:'! gzi lime aa intluen~ed by different r ootstocks 

itootatock Heirt .>pre ad Height I ..:J t ock I ...icion I ... cion I Volume 
(Ill (111) apr ad firth firth stock of tree 

ratio em) em) ratio (r.1~ 

Jumbheri 3.72 4 . 59 0.610 39. 67 38.85 u .979 41.12 

1\arnil k.hat t.o. 3. 37 4. 24 0.796 41 . 06 38.50 0 .936 :n . 753 

l·iarmal.ade 3 . 33 4 . 62 0 .719 n .7a 36 . ~0 1 . 0213 37 .32 
orange 

Nasnaran 3 . 07 4. 05 0 .757 3? . 36 35 .33 0 . 958 26 . 49 

Nemutenga 3. 03 4.41 0 . 686 35 . Hi 33.!7 0 .948 30.92 

•<.aJl8Pur l i 11.e 3.09 3.61 0 .861 32. 84 32.56 0 .993 21. 11 

::Oweet l illie 3.49 4.o9 0.715 43.19 41 .50 0 . 960 43 . 72 

Trifoliate 3.ll 3. €·5 o.aoo 32 . 38 31 .30 0 . 967 24 .18 
orange 
Troyer citr..mge 3. 48 4. 37 0 .798 36.C6 38 .~ 0 1 . 057 35 .12 

s. I:. . (d ) o.173 0.133 0.0537 2. 576 2.098 u. o512 2.235 

c.u. at 5:1' 0. 36 0.28 0. 113 5.44 4.44 ••• s . 4.73 
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en the basia ot above resul ta, the treea &rowing on 

nine rootatocka can be categorieed into thr@e c~aasea. The 

treea grow1n1 on Sweet lime and Ja.bheri and Marmalade 

orllll&e ClU1 be classed aa vigoroua, While the treea growln& 

on Troyer citrange , Kama khatta and Trifoliate orange can 

be claaaed as semi vigorous. The trees on Nemutenp, Naanaran 

and aan&Pur lime ex i bi ted the least T01Wlle and can be cl.aaeed 

under dwarfing clasa . 

I, . 1.5 irt.n of stock 

The dat in respect o! girth o! stock presented 1n 

Ta'bl 7 revelll. t.hut tue .maximua atc.ck cirth waa observed on 

~weet 11 rootstock followed by Kama kb tta dnd Jaabheri 

The intermediate v~luca were oblerved to be associated with 

Naanaran, raallld • orange, Troyer c:i tran&e, emutenga and 

rtangpur lime which were 1ound to 'be at par. Tbe trees on 

Trifoliate orange rootstock were found to have leaat stock 

girth. 

4.1.6 Girth ~! scion 

Tt can be •een from the d ta presented 1n Table 7 

that maximum scion girth waa obaerv~d on Swe t llm rootstock 

which was closely f0llo~ed by Ja&bher1 and rarna khatta 

rootstocks. ~h• interQediate valuea were c.baor1ed wit.h the 

tr·ea on I "nnal111de ordilge, Troyer citrange and :-la.snaran. 

The 1111ni WD scion '!irt•1 "'as found with the trees on .langpur 

lime followed by Trifoliate orange. 
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4 . 1. 7 ::;ciou /11tvck r~:~.tif· 

The data presented in Table 7, reveal thll t the low 

scion I stock ratio vas noticed in the case at Kama khatta. 

The 'beat ationic compatability in tenas o! narrow ratio waa 

o baerved wi'th that o! Troyer ci tran&e and ftlarlll&l.ade oran&e 

which w~re closely followed b7 R•n«Pur lime and Jaabberi. 

The mediua values far ftionic compatibity were observed to 

ba associated with Sweet lime and Trifoliate orange. However, 

all the rootstocks were found to be atat1et1cally non

si&ni!icant in respect o! scion / stock ratio • 

4.2 Yield 

The dat in respect of tbe e!!ect of different 

r~otstocka on cumulative mean yield i.e. n ber of fruits 

4nd weight o! fruita per tree ware preeented ill ~able 8 

~1d &raphically depicted 1n !igure III • 

The data on number ot trui ta p'!tr tree preaentltd in 

Table 8 show thMt significantly aore nuaber o! fruita were 

harvested !rom the trees growing on Jtt.at:iberi wtU.cb were 

closely !ollowed by KarnM kbatta nd we~t lime rootatocka. 

IntermecUate vu.luea in descending order were obsttrved in 

respect of Neautenga, Trifoliate oratl&e and Troyer citr&n~e . 

The le~:~.at numuer o! fruits were recorded with Rangpur lime 

and Manaalade orange and found statistically at par • Hilher 
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va~ues were observed to De associated with the treea on 

~rif-.!li . !: v:'...tl.J~ .m u ~ rvf u r ci "tL' ,L1J e rofJtB tJ<.:I\~ t.hllil the 

tr.:" ::; ,.L'O .J .i.u L. ->n .. <1:Jnan .1n .1 11J ,·.armali.!cle r .. ~,Je . 

4 • .1 . 2 1-'rui t y ieJ.r.i by weit;ht 

l 'he data presented in Table 8 Sholl that si~u .t'icantly 

maximua yield of .frui~s by weight waa found in case v:f 

Jambheri followed by in a escenai.l.lg order 1n ct.se of J{arna 

khat t a nd Sweet lime . The low yield of Kagzi lim~ fruita 

were obt:.ined !rom the trees on Farmalade orange and 

t\llngpur li e ·.ihich wer e found to be a1; par . The t.re£ s 

growing on NeiJutenga , r rifoliate orttnge, ·rroyer c1 trange 

werE found to ~e medium yiold er . 

4 . 2 . 3 Fruit drop 

The data on fruit drop presented in T~ble 8 show 

that minimum !ru1t drop wali noticed •.<~ith the trees gr owinc 

on i ~armalade or•nge closely followed in ascendina order 

by Sweet lime and J am bheri \o'hlch were observed "tO be ;at 

par. roe maximum fruit drop o! Kagzi lime fruita waa 

recorded with treea growing on ' rifoliate orc~.nge which 

waa cloaely fallowed by laanaran and Troyer citrange. 

The per cent !ruit drop in Kagzi 11~• varied a1gn1!i~tly 

due to rootstocks ewployed . 

4. 3 ~uality o! !ruit 

The da t a in r espect o! the effect o! di!ferert 

rootstocl' S on i hysical and che !cal characteri stics of the 
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Table 8 a Yield per tree aa !n!luenced by different rootstocks 

Rootstock ei«bt of trw. ts Number of fruita Percttntd.ge 
(kg) fruit drop 

.rambheri 35.910 ~058 1,3.26 

.<arna khatta .30. 741 916 16.10 

!1armal.ad orange 8.353 275 12.81 

iiasnaran 11.317 365 21.46 

emutenaa 14.589 502 17.23 

{&ngpur lime 8 . 853 28~ 1d.33 

.::>weet lime 23.013 132 13.10 

J.'rifoliat~ orlilllgr 12.541 459 22 . 13 

rroyer c1 trana• 12:.716 410 19 . 43 

~ . L e (d) 0. 9295 29.9<:)5 0. 312 

C.Ll . at 5.io 1.970 63.591 o. 1aa 



Kagzi lime fruita are presented in Table 9 ~ 10 and 

depicted graphically in Fi gure IV and V re~ectively. 

4 . 3. 1 Phyaical charRcteriatica of fruit 

The data presented in Table 9 reveal that maximua 

fruit weir~ waa ~ound with the trees growing on Kama ~tta 

closely followed by marmalade orarae . JambUer1 , and R&nSPur 

liae • The intermediate 'Y&lues tor the avera~• weight ot 

frJit ware observed to be associated with the trees arowinl 

on Nemutenga and froyer ci trange whlch were found to be at 

par . Fruita harve.iited from tile trees on N snaran, Trifoliate 

orange root~tocKs were Lound to be ot lesser weight and 

v~lues obtaineu were !o~d to be at par. 

l1.3.1.2 .. vera,.e velUllie o! fruit 

!he data presented in Table 9 in raspect o! voluae 

o! !rui t ahowe1 similar trend as 1 t waa obaen-.c~ in the 

case o! "'•i!>ht of !r,t1 t. 'l'he V'>l ume of !rui t waa aigniticantly 

more with ioi4rmal~tde orange followed by J-tlberi and Ka.rDa 

khaho~.. Ihe vol a o! !ruita were obaened to be ainimua 

·•itt. t!a.sn .. ran •nd 'lrifoliate orange rootstocks . The volume 

of the t ·uita !rom the trees growing on .:>weet lime. Troyer 

ci trange, ,{angpur l!me and Nemutenga were found to be 

intermediate • 
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Table 9 Physical characteristics o! Kagzi lime fruita 

ttootstock No. of aeeda/ () • o! sound No. o! unsound 
!ruit seeds per 

!ruit ( ;ro ) 
aeeda per 
fruit ( ~•) 

Jaa'bheri 12.30 80.75 (63 . 98) 19. 24 (25.99) 

.1\arna. Khatta 11.73 74.99 (60.00) 24.99 (29.97) 

harmalade orw1ge 11.93 79.04 (62 .76 ) 20.27 (27.20) 

Naanaran 8 . 86 d2 . 25 (64.59) 1d.78 (25.67) 

tiemutenga 10.73 82 . 28 (65.11) 17.71 (24.85) 

itangpur lilile 10.13 85.84 (67 . 90) 14 .14 (22.05) 

::.weet liae 1£.36 75 .21 (60.15) 24.78 (29 .84 ) 

Trifolia te orange 9. 63 73.01 (58.71) 26 . 97 (31.28) 

royer citrange 7.90 68.14 (55.66) 31. 28 (33.96) 

S • .t:. . (d) 0 .1586 1.1222 1.1240 

C • .J. at 5 .. 0 . 3362 2.3790 2.38308 

(Contn.) 
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Table 9 ' 

Rootatock illcigbt/ Vol um./ ..:>peci!ic lUnd RJ..nd Pomace rlind t'Ora&Ce 
!ruit !ruit gravity Thick- wei,ht '16 (on wei&h 
(g) (ml) or neaa (& baaia ) 

density (lUI) 

Jambberi 33.10 33 . 06 l.OC>l 1 . 20 16.45 49 . 74 (44 . 85) 

Kama kbatta 33.53 32. 50 1 . 031 1.13 16.40 48.72 (44 . 39) 

z..arma1ade 33.30 33 . 20 0 . 975 1.20 16.73 50.33 (45 . 18) 
orange 
Naanaran 27 . 43 27.16 1.009 1.08 14.00 51.02 (45 . 57) 

Nemutenga 29.90 29 . 66 1.008 0.91 14.36 48 .05 (43. 39) 

.~ngpur lime 32.90 30.1 0 1.012 1 . 04 15.00 45 . 61 (42 . 47) 

!;..weet lillie 31.33 31 . 80 1 . 000 1 . 25 15 . 16 47.65 (43 . 65) 

Trifoliate 21.03 26.76 1.009 1 .19 13 . 33 49.31 (46.27) 
orange 
Troyer citrange 30.66 30.83 0 . 994 1.24 14. 33 46.77 (43. 15) 

s . ~:.. . (d) 0. 999 1 . 057 0 . 0282 0.0265 0 . 3405 1 . 2247 

c.u. at 5,. 2.118 2.242 o .o5~ 0.0563 0. 7219 N. s. 

F, ~J u ·~--~ -. <H. ~ l-~"l.e~'-LLL. .,.::. CJ ').C r:• l) c....si ..... !.: V!A.. { ( ,- ::. 
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·• • .J.1.3 ...,pecific .;ravity of fruit 

It wo~d ~~ seEn from th~ d~ta pre3~ntl~ in TuLl~ ~ 

uo.t specific ~r.avity of t.'le frt.its ere r.:...1c:.C in bet .. ecn 

2 . 975 to 1. J31 . T~ ~ more specific gravity of the fruits or 

,(,jlgzi li~~>e 10us observed .. i th .. arns. k.hatt.a , rt&.ngpur lillR • 

r.asn~run, :.eioOutenga , and lri f olia te or«ng than tne :'c.Laining 

rootstocks . The ~inio~ specific gravity Ol fruita Wu3 obae~v~~ 

in ascending order ~ i th ; .• ar~Mf.lade or .. nae , Troyer ci trWJt,e, 

~~eet l~e 4nd J~wbheri . 

4 . 3 . 1 . 4 Kind thickness 

'!'he dctl:a presenteci in Itt.ble 9 aho111 that maximum rind 

thicknesE of Kue:zi lice fruit was found with :-<weet lime 

toll owed by Troyer ci trllll ,_ e <o.n:i Marmalade oral'lbe roots toc.::s. 

4 . 3 . 1 . 5 R.ind - 1 omace content 

uata preser.ted in 'lable 9 at:ow thut the maxiwum 

percen1:4ge of rind including pomace of fruita w~ s iound in 

lhe c~se of ~u&zi li~e fruits harvested from the trees growing 

on Triloli~te ortU".ge !olloweo. by l•usnaran and l· .uruu.lade orange , 

rne minimum rind pomace percen'ta&e w .. s observed in iruits on 

illngpur lime root.a'tock. 1he .t:rui ts on Karna l~atta .. emuteng&., 

_weet lime, Troyer citruHe;e showed int.erllleoi .... te v ... lue& !or 

rind - pomace percentacle ... ,,<i were found to oe <>t ,·c.r. vwever, 

t.1e over1ll e!!ect of .1ifferent rootstocks on .tind ruma~..t: 

rerc~nta ,~e ( :m \-tei~ht b .. sie ) oi .: ... :,zi li ~Jfil !r.Ji t~ ,; . s found 

>.o be non-si~n1 .ac.:..1t. 
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4. 3. 1. 6 Seed content 

i'ro11 the aata preaented 1.n Ta'ble 9, it can 'be seen 

thilt maxiaua nWilber ~ aeeda 1n fruita were obtained with 

:.weet liae followed by Jaabhert, Marmalade orange, Kama 

kh.a tta, diWil nuaber of aced a were found in fruita on 

hemutanaa, 11angpur liJae , Trifoliate orange a.nd Naanaran aDd 

aignifioQDt aif!erencea were noticed aaon, tbe•aelvea. The 

leaat nuaber of aeeda were obaerved 1.n the fruita OD Troyer 

c1 trlln&ot. 

haxUiua nuaber of aound aeeda 1.n K.ap1 liM fruita 

were obaerved w1 th RIUl&J>ur 11.llla followed by Neauteqa, .NaSD&raD 

iUU1 J-btler1 IUld theae rootatocka were found to be wt par, 

where aa, thti aJ.nimua aoWld atted were obae:rved 1.n fruita with 

royer ci tr~1ge follow d by Tri!oli•t ora~e rootatock. 

Int4irmediate values ware found to be aaaociated with Mar.alade 

OrCOJll•• >waet lima and Jaabher1 rootatocka. The aax1.lll1.111 nua'tler 

of unao~ aeeda were obRerved 1.n fruita on Troyer c1tranae 

followed by Tritolia~e orange. 

4 . 3. 2 Che leal chllractel·iatica of fruita 

4.3.2.1 Juice content 

.uaon& the niDe rootatocka (Table 10) • f ru1 ta of 1\apl 

liae. on Jaabheri contained more juice followed by Marmalade 

orange and Kanapur lime rootstock . Intermedia te vnluea !or 

juice content were associated with the Kagzl lime 1'ru1t. a on 

Naanaran, 1\.arna khatta il nd Troyer citranae rootstock• which 



FIG , VI - Quality of Kagzi lime fruits 

on different rootstocks, 
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Table 10 Chemical characteriatica ot K.agzi lime fruit 

Rootatock Juice content T . ::. • .., . Acidity T . s . ::; . 1 xaeorbic acid 
(5<-) (") acid rat i o content (mg/ 

100 Ill juice 

Jambher1 4Ci.34 (42.89) 7.65 ( 16.05) 6 . 82 (15 .15 ) 1.12 59 . 50 

Kama khatta 41.88 i40.32) 7. 11 (15 . 46) 6 . 31 (14 . 56) 1.12 60 .56 

Y.araalacie 45.20 (42 .2 .3) 8 . 23 (16.66) 7.74 (16 . 17) 1.05 62.50 
orange 
Naanaran 43.13 (41.0!)) 8 . 10 (16 . 52) 6 . 87 (15 . 20) 1.22 64 .86 

e•uteng 38.78 (38.51) 7.08 (1.5 .42) 6. 32 (14.56) 1.11 64.03 

rULngpur lime 43.26 (41 . 12) 7. 51 (1.5.90) 6 . 43 (14 . 68) 1.16 64.96 

~weet lime 40.32 (39 .41) 8 . 10 {16.53) 6 . 63 (14 . 91) 1.22 65.03 

Trifoliate 39.08 (38.69) 8 . 22 (16.66) 7.79 (16 . 21) 1.05 69.90 
orange 

Troy~r ci trail£• 40.96 (39. 79) 8 . 03 (16.47) 8 .07 (16.49) 0 . 99 64.83 

s.~. (d) 0.58616 0.074799 0.1033 0 . 01936 0.5074 

c.o. <lt 5')o 1.24267 0 . 1!,;8574 0.2191 0 . 04105 1 .0757 
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were found to be at par . Juice cantent in fruita an Sweet 

lille and Troyer c1 trange were round to be at par. Tha min1Jiua 

juice content w a obaerved in the fruita of Kacz1 lime on 

~eauten1• rootatock. 

4 , 3 , 2, 2 Total aoluble aolida (T,S , S, ) 

It can be aeen from thl' data preaented in 7'abltr 10 

that the juice of Kagz1 l111e fruita contained a1plif1cantly 

higher T,::. , :s , with ~,araalade orange, Tri!oliata oranae and 

::.weet lime than reaainin3 rootstocks except ~eautenga and 

~rn& knatta wnich were round to be at par, Medium T.~.s. 

was obaerved in deacending order w1 th ftar~ade oraqe, 

Jambher.L and Kama khatta which were found to be at par, 

The loY T, S, ::. , was observed in fruit juice with Neautenga, 

4,3,2.3 ~cidity content 

~1roa the data preaented in Table 1J, ~t can be a .. n 

that the highest cidi ty in fruit juice w..s found in the caae 

or Troyer ci trango followed by Trifoliate orange ...nd Maraalade 

orange, Intermediate valuea of acidity ware observed 1n tba 

fruit juice 1n the ease of Naanaran1 Jaabheri, Sweet liae 

and Rangpur lime rootatocka , The lowest acidity content 

waa found in caaa of Kama khatta rootatock. 

4, 3, 2, 4 T, ::. , s , I acid ratio 

Tbe data preaented 1n Table 10 indicate that liiQJ[iaua 

T,S, S, / acid ratio 1n juice waa obaerved with Sweet lime 
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Table ll I ~!fact of d~!erent rootatocka on canker incidence 

Rootatock Di••~•• tn!ection and diae se index~ intensity on leave• 

Diaeaae intensity ( ) uieeaae intensity (~ ) Leavea infected Leaves intected '"') "uguat-.38 October-88 (, .. ) August- 88 October-88 

Jambher1 14.53 (21.81) 13.74 (21.24) 54.65 (47.70) 54.57 (47.48) 

Karna khatta 16.10 (23.20) 14.89 (22.45) 65.70 (54. 39) 55.53 (46.23) 

!'.areal. ada 12.50 (20.58) 1 u. 97 (19.24) 48.36 (44.08 ) 41.95 (40.22) 
orange 

Nasaaran 13. 55 21.:50) 1U.09 ( 18.46) 62.46 (52.30) 62.39 (52 . 17) 

Nemutenga 14.71 (22.55) 10.20 (18.61) 52.30 (46.32) 54.24 (47.44) 

ttangpur 11cle 17.82 (24. J7) 15.41 (23.06) 62.85 (52.07) 66.85 (55 . 12) 

weet lime 12.49 ( 19.69) 10.25 (17.75) 50.83 (45.18) 41.54 (39. 78) 

Trifoliate 9.16 (17.53) 7.78 (16.04) 24.84 (29.00) 29.46 (32 . 84) 
orange 
Troyer c1trange 19.75 (26.25) 19.20 (25.67) 64.39 (54.10) 56.60 (49 . 32) 

.J • .t:.. (d) a.s. N • .:). N • ..,.~ • 

c.u. at 5,-.. 2.59 2.43 6 . 12 4.78 

Figures in parentheaia indicate ~caine meana 
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and Naanaran followed by Ranm>ur liae . Tbe 1ntel'lled1ate 

valuea were observed with Jambberi, Kama kbatta and 

Nemutan,a, while the minimua valuea were aasoclated with 

~armalade oranse and Trifol i ate oran&e followed by Troyer 

ottrance • 

4. 3. 2. 5 Aacorbic acid content 

It is clear !rom the data presented in Table 10 that 

the Kagz1 lime fruita on Trifoliate or&n&e root atock bad 

aore aacorbic acid content followed by bweet liae and R&acPur 
lime which were founci to be at par. Tbe loweat aacorbic acid 

1n cieaoanc11na order were observed wi t.b Jambberi "'nd Karna 

kbatta • Intermediate values were obaerved in ~•e of Marwalad 

orange, ':royer c:i trange , .Naanaran and t'e11u~enga rootatocka. 

4 . 4 ~feet ot different rootatocka on occuranee 
of citrua canker 

The data presented on the occuranoe o! citrus cank.r 

in Table 11 reveal that the ma.xU!um occurance of c..nker 1Jl 

terms o! diaeMSe index or intenaity ana leavea infected were 

~baorved o! Kagzi lime treea growing on Troyer citr&nge 

followed by k&niPur 1~, ~ khatta rootstocks, while 

tmaran bad 

minimua incidence 1n both the 1:1ontha (nlguat and October 1988). 

Mediua valuea o! canker incidence war!! saaoc1atftd wi tb Jamb.~er1 

.. weet l 1De and ·emutengll root tocka • However, tbe ove~ 

effect of different rootstocks employed waa found to be 

&tatiati~y non - ai~icant • 

*** 



DI.:;CUSSION 

The main objective• of the preaent invea~tgationa 

were to atudy the influence of d1 !ferent rootatocu on growth, 

yield ami quality of .Kag%1 lime. 

In the present studies, the different rootatoc~ &bow~ 

a marked influence on growth, yield and quality of Xaazi lime. 

The reaulta obtained jur~ the course o! atuctiea are diacuaMd 

under the appropriate heading 1n this chapter. 

5.1 Growth o! Kagzi liae aa intlue~•d by different 
rootstocks 

The data presented in Table 7 ahow that the &rc.th of 

Kaazi lime intluenced significantly by ditferent rootatocka 

employecl. On the baais of growth aa 1ntluence<1 by <11!!ere~~t 

rootatocka, the rootatocka could be categorised into three 

group a. Growth in teraa o! hei~ t, spread o! tree, c&tllopy 

volume ot tree, atock and scion girth waa observed to be 

intluence<1 by jifferent rootstocks profoundly. 

The Kagzi lime trees growing on Sweet li.JDe, .Jambheri 

and. Marmalade orange were found to be moat vigor:Jua, while 

the treea gr011ing on Troyer ci trange, Karna khatta and. 

Nemutenga were found to be aediua size. Comparatively lesa 

size of Kagzi lime treea waa found on Haanaran, Trifoliate 

orange and Ran&Pur lime rootstocks • .:;imilar observations 
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were also made by Singh (1961) for Sweet orange cultivar, 

r··osambi on ;;.Ycet lime rootstock. '£he observationa on growth 

behaviour o! .Cagzi lime on Jambheri rootatock aa obsel"'led in 

the prRs nt studies, are in agreement with thoae o! early 

studie a on Nandarin am SWeet orange 1118.de by varioua worker& 

(i'hadnis, 19611 Mehrotra _!! &•• 1982J Ganapathy, 1983 b). 

The treea gr~ing on ~weet lime were found to be m~re vigorou. 

than the trees on Jambherl aa volume and spnad were concerned • 

.::.lJUliU' observations were also reported 1n case a! RoU&h lGaOD 

by wol!gaQg (1970) ~ u.s.rt. 

Next to ->weet lime and Jambheri, treea on t1annalade 

ori!Jlge rootatock was found to be vigorous aa cot::,Ja.~ed *o 

Troyer citrange am Nemutenga . Tayde!! !:!.· (1988) observed. 

that the kinnow mandarin trees on Marmalade orange rootstock 

were found to be more vigorous as compared +.o other rootatockB 

under AkOla conditions • The treea growing on Troyer citrange, 

Nemut.nga ano JCarna khatta were found to be of intermediate 

nature. 

In the present investigations, Nasnaran, Trifoliate 

orange and Rangpur lime rootatccka imparted less vigour to 

the Kagz1 lime treea. Similar observations were also made 

by rtiyapps _!! !!.!• (1967) in case of Coorg u.ndarin in South 

India. The resulta obtained 1n the present studies were found 

to be 1n close conforcity with the obeecvations re orted by 

Gosh (1963) dDd rl&ssaballa (1978). 

In 'the present studies, Kagzi lime treea growin& on 

Jwabh.eri imparted 11sxi.aU.11 hei~ht. These resul ta a.-e !ound 
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Tablii ' 12 £!teet of different rootatocka on growth and 
K.agzi l.lale Ci trua aurt~.nti!olir Swingle) . 

yield o! 

Rootstock Height .... pre d Vol Wile .:>tock ::>cion ::>cion I 'otieight Number o! Pe1centage 
or ?irth girth atock ot fruita/ !ruit dr op 
tre"3 em) (em) ratio fruit tre~ 
(m) (kg) 

Jambheri 3.72 4 .59 41.12 39 . 67 38 . 85 0 . 979 35.970 1058 13.26 

Karna khatta 3.37 4.24 31.75 41 . 06 58 . 50 0 . 9~ 30.741 916 16.10 

J.armalade 3.33 4 .62 37.32 35.72 36 . 50 1 . 021 8.353 275 12.81 
orange 
J<asnaran 3. 01 4.05 26 . 49 37 . 36 3.5 . 33 0.958 11.317 365 21 . 46 

I emutenga 3. 03 4.41 30.92 35 . 16 33.37 0 . 948 14. 589 5C2 17.23 

.-angpur 3.09 ;, .61 21.11 32.d4 32 . 58 0 . 993 8.853 280 18.33 
lime 
t-weet lime 3.49 4.89 43.72 43.19 41.58 0 . 960 23 . 013 7 ... -,, 13.10 

Tri!oliate 3.11 3.85 24.18 32 . 38 31 . 30 0 . 967 12.541 459 22.13 
or.;.n&e 
Troyer 3.48 4.37 35.12 36 .06 38. 10 1.057 12.716 410 13 . 43 
ci trlillge 

...; . J::... (d) 0.173 0.133 2.235 2.570 2. 098 0 . 051 0.929 29 .995 0.312 

c.u. at 0.36 0.28 4.73 5.44 4.44 r-. • .....,. 1 . 970 63.591 0. 788 
5J' 
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to be 1n agreecent with those at earlier workers in case at 

IAandarin and ~weut or:::.nge (Phadnts, 19611 Hehrotra .!! ,&. , 

1982a Ounap tby, 1983 a) . 

In the present atu.liea, the beat ationic compatability 

Wlls obaerved 1111. tb Marmalade orange !allOYed by Troyer ci traft«e, 

l\&niJ)ur liJDe, Jazabber1 and .::.weet li11e rootstocks. nll. the 

~gzi liwe tr~ea on these rootstocks were found healthy 

this cay be due to tne perfect stionic combinations. %be h1&h 

congineality of theae rootatocka tor mandarin und ~weet oranae 

were reported by earlier workers ("'~• 19631 JJeatuaUkh, 197)). 

lr1 the present atudiea, it was obae1~ed th t Kama 

khatt&, :1emutenga and 1\aanaran snowed some ove - erowth of 

stock with YAgZi lime scion and exhibited ainiau. scion I 

stoox ratio. The investigation conducted by Sincb kDd Sin&h 

(1974) revealed that 'trifoliate orange rootstock was 

incompatible due to over &rOwth ot stock tor N&CPur Santra. 

In recent yeara, the term incolllpatl.bility has under1one 

changec in meaning. :oreviously, th rootstock acton COIII'bination 

that did not produce b~<.:J.tby, vigorou trees .:.nd 1 

declin~ were classified as incompati~l · . ~ith the adYances 

1n citrus virologym the term 1a better understood than before. 

The aore recently accepted definition& of 1ncoapatib1l1ty 1a 

as genetic or physiological 1nco~eniality between atock and 

acton ( Cbadb& ~ ~· , 1970) . 

Concluding !or,oing discussion, it can be brought 

out that out of the nine rootstocks employed, the three 
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rootstocks namely ~weet lime , Jambheri and ~~rmalade orange 

produced more growth of Kagzi lime scion while the Kagzi lime 

treea on Troyer citrange, Karna khatta ~nd Nemutenga a ttained 

medium growth. Comparatively smaller trees were observed on 

Na naran, Trifoliate orange and Rangpur lille rootstocka. l:.rrect 

habit of trees were noticed in case of Jambheri a nd •• weet 1~ 

while spreading habit of trees were obaerved on ~weet lime 

r~armalade orange and Jw.mbheri aa indicated by hei ght I apread 

ratio (Table 7 ). Thia has got a greater significance of 

influencing a particular growth character of Ka~zi lime acion 

by rootstock. 

5 . 2 tield of Kagzi lime fruita aa in!luenced 
by different rootstocks 

The data in respect o! Mrigbabar fruit yield aa 

influenced by rootstocks employed showed that the Ka&zi lime 

fruit yield i . e . number and weight of fruita per tree h&rYeated 

during October - November, 1988, were found to be significantly 

influenced. 

The data on yield (Table 8) rev•al t~at maximum yield 

was recorded !rom the Kagzi 11 e trees growing on Ja bheri, 

Karna khatta and Sweet lime . Nemutenga, Trifoli•te oranae 

and Troyer citrange were found to be ssociate with mediua 

yield valuea . This could be attributed to the more vegetative 

growth produced by Kagzi lime trees growing on these rootstocks 

aa compared to r emaining rootatocka . 
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~conomides (1976 b) reported higher yields ot 

Navel ora,gas on rlough lemon, Cleopatra ~darin and 

Sweet liae Similar observHt!ons were made by Bhullar and 

Nauriyal (1975) for Blood Red oranges on Rough lemon 

~ext to Jdmbheri , the Aagzi lime treea on Kama kbatta 

gave mare yield. rne observations on yield o! 

on rna khatta are in agreement With thoae o! earlier 

(Maxwell and •utacber, 1976) Sweet lime was found next to 

Kama khatta in respect ot yield . ome gardena are still 

found existing on ~weet lime rootstock (~in&h, 1966). 

In the present studies, the Kagzi lime treea growinr 

on Trifoliate orange, Nemutenga and Troyer citrange produced 

intermediate yield. Similar observations were aade by Deidda 

and lella (1978) tor !lavd oranges. 

rtesearcb work reported bf Chohan and Kumar (1983), 

Bevington ana Juncan (1980) on c1 true in respect ot yield 

of vurioua citrus scion cult~vars under the influence ot 

rl&ngpur lime and 1-.armalade orange revealed that these were 

found to be producing high yield. In the present studies, 

however, this waa not the case with these rootstocks. The 

reason may be due to the tact th~t different rootatocka vary 

in their adaptability to different scion under different 

climatic conditions ( .ebber, 1948) • 
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5.3 Cl.lali ty o! Ka1zi li.llle !rui ta aa in!luencecl 
by different rootatocka 

The qual! ty of K.agzi lime fruita 1a judae<l on the 

btiaia of certain Phyaico-cheaical characteriatica namely biJ 

aize, oval round fruita with bri&ht yellow colour, thin akin 

conta~ more juice, leas aeeda, aoderate acidity and 

T.J.~. content • 

In the present 1nveat1aat1on, bigger aize fruita 

(Wei&ht and voluae basia) o! .Kagzi lime were harYeated troa 

the tree• on Kama khatta cloaely followed by haraalade orance, 

J bber1 , Han&Pur lillie, Nemutenga and Troyer oi trance rootatock 

aa shown 1n tic VI • It can be seen !rom tba Table 9 that the 

weight of thM fruit waa directly related to ita voluae. 

In the present atudies, the Kagzi liae fruit• on 

khatta rootatock had maximum volume followed by ~ade 

orange and Jobber! while least volWie was obaerYecl 1n can ot 

fruita on Trifoliate orange rootatock. The tru.ita on Kama 

kbatta had -.xiJIWI apeci!ic Jr&Vity (density) oloaely follow.d 

by R&DcPur lime and Trifoliate orange rootatocka, while low 

apeci.tic arav1 ty was obaerYed 1n case o! !rui ta O'l Namutensa . 

In the preaent studiea, the rind thiclmeaa o! Ka&z-1 

liae !ru.i ta waa observed to ba axilllua with .:>weet lime, Troyer 

citrange and Tr1!ol1ate orance while ain1lllua beina aaaociated 

with Nemutenga, fulniPur lillie and aanaran root atoclca . 'l'he 

poaace content waa ainiaum 1n fruita with Troyer citranae, 
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Sweet lime and Neautenga while maximum bein& with Marmalade 

orange, followed J&abher1 root tocka • 

The data 1n respect of aeed content of Kagzi lia~ fl~~' 

reYe&l th t the fruita with Sweet l ime and J-bheri root atocka 

contained more aeeda followed by Maraalade orance, Kama kb&tta 

and N-utenp • Leaa number ot aeeda were found in the fruita 

w1 th Troyer ci traqe wbenaa, ecUua valuea 'be in& uaooiated 

with NeiiUtenga, RanJPur lille, Trifoli ate oran1e and N&U~&riln 

rootatocu. fr0111 theae obaervationa, it can 'be aa14 the Yigoroua 

rootatocka i . e . , J bberi , Sweet liae and Maraalade oranae were 

!ounu to induce aore number of aeeda 1n truiu u oa.pand to 

leaa vigoroua rootstock • 

The aore number of aeeda 1n truJ. ta balp the plant to 

retain the trui ta !or longer tille on the tree due to hip 

auxin aotiY1ty aa the aeed 1a the principal aeat of auxin 

ayntheaia . The retention of tru1 ta on a lant ia dependant on 

auxin aupply 1n the or!)an. So leaaer the number o! aeeda, acre 

1a the fruit drop (RaJput and Sri Haribabu, 1965). In the preaent 

atudiea, higher fruit drop wu obaerved 1n the treea on ~ifoliat 

orange followed by Naanaran and Troyer citrange while ainimum 

being with Sweet lime, Jambber i and Maraalade orange atocka 

(Table 12). Leaa fruit drop waa observed to be aaaooi6lted with 

vigorous treea on bweet liae , Jaabheri and Marmalade oranae 

rootatocka. Thia could 'be explained on the baaia o! aon 

nergy 1n terma o! finillbed producta aupplied for the d~elopa£ nt 
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ot the !rui ta by the tree a • lllight have reaul ted 1n maxiaull 

retention of tnu ta on such tree a. 

More juice waa !o~md in the !rui ta barYeat d troa the 

trees on Jubberi followed by I rmal.ade or&n&e • RADG~ur lime 

rootatocka. •hila intermediate v luea were .. aociated with 

1\&rna kbatta, Naanaran, Troyer citrange and Sweet liae root.toc 

In the present studies, maxiaua juice content ,.. 

observed in fruita with Jambberi and Marmalade oran1e rootstocks 

Similar ob .. rvationa were made by Diaaante De ZU'brzyeld and 

Rodrisuea (1973) in caaa ot Valencia late oransea on Ran&pur 

liae rootatock. Contrary to thia, Thornton and Diaaey (1987) 

reported that Jllllbberi and. Ran&Pur U.ae rootatocka iaparted 

lower .tru1 t juice to Valencia orance in Auatral.ia • In the 

preaent atudiea, fruita on Trifolia te oranse cont ined le .. 

juice. Contrary to these tindln&•. bi&}leat juice content 1n 

.BJ..oo<l r&d or6lllgea on Tr1tol1ate waa r orted. by Bbullar an4 

Nauriyal ( 1975) and Philip Cllld &llllleD ( 1984) tor .BJ..ooc1 red 

oran&e and Coors mandarin, respectively. 

T .s. s. ot juice ot the trui te was a1pi!icantly atfeotecl 

by dit!erent rootatocka eJaployed. T.b juice of Kapi liae 

fruita contained higher T • .:;. s . with ,..anaalade oranae. Trifoliate 

oranae and aweet liae followed by unaran. The leuer T •• s. 
V&luea wre found to be aaaociated with Kama khatta. Nuutensa 

ana Jambberi rootatocu. Levy and Mendel (1982)1 Boyea (1960) 

and Thornton and Di.uey (1987) reported that fruita on KO\IIh 
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le on rootatock contained low T. ~. s . tor Swe&t orance and 

leaon contradictory reaulta were • lao reported by Philip and 

l'annen (1984) t hat J bheri aparted aore r. s . s . and T. s . s ./ 

acid ratio tor Coorg mandarin. ext to Troyer citrance,Tri!olia 

orange imparted aore T •• s. content in the Ka&zi lime fruita. 

Similar observations were recorded by Bhullar and Nauriyal 

(1975) in case ot Blood red ora~eJ Brown (1985) !or il'aahiqton 

Navel orangea. 

In the preaent inveati&ationa, fruita on Kama kbatta 

rootstock had low acidity while Trifoliate orange Troyer 

ci trange iaparted more acid! ty to Kapi lime tru1 ta. .naran. 
Jambheri 1 s-et liae and RancPur li.ae were associated with 

interae<Siate Y&luea • The rttaul ta obtaine4 w1 th Ran&pur lille 

rootatock are in conformity with tboae reported by ArauJo 

.!1 !l• (1970) an11 VaJ.le N-.L)el .!! y. (1979) who obaer..-ad. that 

1~ur liae prou cad low acidity in !ruita ot citrua acion 

cul Uvara P a orange and Dancy II&Ddarin. ~1.ailar tindJ.naa 

were reported by .t.conoll1dea (1976 b) in case ot lfa~oa 

avel oranges in Cyprus. 

The data given in the ble 10 r.rv881 that the hilheat 

T. s • • I cid ratio waa observed to be associated with sw .. t 

li.lle, aDd Naanaran tollolted by R&niJ)ur liae and Jubher1
1 

while 

it waa low in case ot Troyer citrange rootstock. 

In the present studiu1 the Kapi lise rru1 ta harveated 

troa the trees on Trifoliate orange rootstock which contained 
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aisnificantly .ore aacorbic acid followed by sw .. ~ l~e and 

Ranm>ur 1~, while it wu found low 1n fruita on Jaabberi 

and XAJ'DA kbatta . The data 1n respect o! aacorbic acid content 

ahow that the rootstock played ita role in 1ncreaa1n, or 

decreaa1q the content o! aacorbic acid 1n Kapi l~e fruita. 

Ali and R&h1a {1960) observed the lowest content of aacorblc 

in the fruita of valencia late Sweet or&n«e on RoUSh le•on 

rootstock. In the present atudiea a lao the lowest Yaluea of 

ascorbic acid were aaaociat.d with Jambberi rootstock. On the 

contrary, Philip and Mulaen ( 1984) repnrt ed aax~ua ucorbic 

acid content in coorg aandar1n on Jaabheri atook. Siailarly, 

Bhullar and Nauriya.l (1975) obtai.n.d aaxiaUIII ucorbic acid 

content in Blood red oranse on Jullunduri Khatti in PunJab. 

The data on the Occurance of Canker aa preaent.d in 

Table ll reveal that the ainiaua Occurance of Cankar (per cent 

diaeaae index or intenai ty of leavea effected ) waa ol>aerYed 

on Kag&i lime treea growin& on Troyer c1tranae followed by 

Ran&J>ur lille, K.llrna kbatta rootatoclta . However, aignitic:ant 

differences were not found aaonast the rootstocks em loywd. 

Siailar observations were made by Mohan fi !!• {1985) in cue 

of tangerine cultinra. On the contrary, Cheeaa n ,!1.(1982) 

reported til&t Sweet oranges (Muaaabi, pineapple, Jaffa and 

Valencia) budded on Ra.n&Pur lt.e were tolerant to Canker. 

Danoa J! !!.• (1981 ) reported that apread of Canker incidence 

waa affected by rootstocks in several citrua apeciea, Y&rietiea 
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and their combinations. Similarly, Agostini !!!!• (1985) 

!ound that canker disease spread was higher in trees on 

vigoroua and intermediate rootstocks . They alao reported 

that attack was severe on Rough lemon (Vigoroua) than Trifoliate 

orange (non-vigorous) rootstock • 

••• 



CH,J'T.t.R VI 

SUMMARY AND CONCLUSION 

::>UMMhH.Y 

The present stuuies on "Growth, y!Qld and quality of 

Kagd liae (Citrus aurantifolia :.>wingle ) aa in.fiuenced by 

di!!erent rootstocks under kola climatic condition were 

under kt • in the orchard ond laboratory of Horticulture 

Department, Punjabrao Kriahi Vidya.peeth, Akola , Maharaahtra 

State during the ye r 1988-89. The observations vere recorded 

on the experimental tr ea which were already planted , The 

exp riment was laid out in the Randoaiaed Block design 

consisting of Nine rootstocks (treatments). Two tr ea were ta.ken 

as a unit under each treatment in each replication. Durinl tbe 

courae of investigations , the reaulta obta.ined are a eria d 

below , 

6,1 Growth 

6.1.1 Tree height, apr d and volume 

On the basis of the reaul ta obtained 1n the pr .. etrt 

studies, the growth o! Kagzi lime trees in terms o! height, 

spread and volume were !ound to be J:18Xlmum 1n case of Sweet 

lime, Jambheri and Marmalade orange rootstocks. Medium values 

of volume were associ ted with the trees grow1n1 on Troyer 

citrange, Kama khatta and Nemutenga , while Naana.ran , Trifoliate 

orange and Rangpur lime rootstocks imparted comparatively leas 

vigour to Kagzi lime treea. 
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Stock - scion girth and aoion I stock ratio 

The growth trend of stock and scion girth waa obaerved 

to be s1ailar aa 1 t was noticed in the caae of vol\ae of the 

tree11 . In ca~oe of Nasnaran rootstock, there was overarowtb of 

stock over aoion. The reaulta of ationio compatibility on the 

baaia of narrow ratio of scion and atock waa found 1n the Kap:i 

liae trees growing on Troyer citranse , ~ade orance, kanCPur 

1.1JIIe and Jaabheri, whereas the scion I atoclt ratio waa llediUII 

with the trees growing on Trifoliate orange, Sweet liae and 

Naanaran rootatocka wide ratio waa found in caae of treea OD 

Neautanga and Kama khatta rootatoclta . 

6.2 Yield 

Maximua yield 1n reapect o! weiibt and nWIIber of fruita 

waa obtained from the treea growing on Ju'bheri, Kama khatta 

and ~weet lima. Medium yield waa obtained from the treea growinc 

on NeauteOG•• Trifoliate orange und Troyer citrangeJ while 

lower yield w&a obtained !rom Rangpur lime and l~.anulade OI'*D&e 

rootatoclta. M&ximUII fruit drop was recorded 1n treca growing 

on Trifoliate orange and Nasnaran and ainimum beiDa 1n Marmalade 

Orange and uWeet lime rootatOCkao 

6.3 Quality 

6 . 3.1 Phyaie&l cnaracterinica of fruit 

Biggor aize fruita were harvested !rom the trees 

t;rowing on Kama khatta, tarmalade orange , .lallbheri liUld 
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Sweet li rootstocks. Fruita of Kagzi lime on Trifoliat 

orange and Masnaran were found to be of comparatively all&ller 

size whlle fruita on R&ngpur lime, Troyer ci trange and 

Ne11utenaa were of mediwa in weight and volume • 

14ax1mum rind thlcknes of Kagzi lim fruita was observed 

on . aet lime, Troyer ci tra.nge, Trifoliate orange, Marmalade 

orunge ur~ J rnbheri while it w s found to be co aratively 

thinner on I snaran cl.lld :;e lilutenga rootatocu. 

ore DWIIber of aeeda were found in Kagzi 11me fruita 

on 'weet lllae, Jambheri, ·larmalade orange and Kama khatta 

rootatocka whereas mi~um seeds were recorded in caae o! 

Troyer citrange root tock. edium values of aeeda were found 

to be associated with oemutenga, Hangpur lime, Trifoliate 

oranse and llaanaran rootstocks. 

6.3.2 of fruit 

Ma.x1mum juice content waa found 1n the Kagzi liae 

fruits on Jambheri followed by Marmalade orange and RaniPur 

liae while it waa minimum with Nemutensa rootstock. Mediua 

values were a»aociated with Naanaran, Kama khatta, ~weet lt.. 

~nd Troyer citrange rootstock. 

KAlgzi l1me fruita on 1-'armal ade orange, Tritoliate 

orange and Sweet lime had higher T.~.s. where it waa found 

less with Kama khatta rootstock. 

Kaazi lime fruita on Troyer citrange, Trifoliate 
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orance and Marll&lade orange had III&XiJiua ac1d1 ty while 1 t 

waa low in .tru1 ta on N .. utenp and Kama khatta . Medi~a 

valuea were aasociated with J bheri . N&anaran . Sweet l~ 

and Ranspur lille rootatooka. Maxim1.1111 T.s.s. I acid ratio in 

.Kap1 lime .tru1 ta wu found w1 th Sweet liae• Haanaran 

nd Rangpur liae while it was lli.nim1.111 w1 th Troyer c 1 traqe• 

Troyfoliate oranse and Marmalade orange. 

Trifoliate oraqe illparted maxiaua aacorbi.c acid cont t 

in 1:lw Kap1 lime fruita followed 'by Sweet U.11e• R.anc:Pur liae• 

Naanaran and Troyer citran&e r ootatocka• while it waa found 

min1a1.111 in fru1 ta on Jaabberi and Kama khatta rootatocka. 

6. 4 Occurance of Canker diaeaae 

Kagzi lime treea growing on Troyer citranae rootatock 

ware found to have co~aratively aore Canker inci dence on the 

baaia of percent diaeaae index and per cent leavea infected 

while it waa found leaa on the treea on Trifoliate orange 

rootstock • 

CONCLUSION 

The growth and yield of Kaczi lime treea were aigni.ticantl 

influenced by ditferent rootatocka e~~~ployed and max1Jiua p-owth 

waa obaerved on Sweet liae followed by Jubberi and Marll&lade 

oran,ce. Troyer ci trangtt and Kanla khatta were found to be 

aediua 1n co~~p&ratively the vigour to Kagz1 liae treea on 

ildnl;pur liae• Trifoliete oranae in Naanaran pr oduced 
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comparatively le5s growth . In the ~resent investi gation the 

yield on ait!erent rootstocks ot Kagzi l~e were harvested 

tr011 tiu trees on Jubberi (1058) , Kama kruitta (916), Sweet 

l~e (732) , Nemuteng (502), Trifoliate orange (459), Troyer 

ci tra.nge ( 410), Naanaran (365), Rangpur lime ( 280) and 

Marmalade orange (275) . There had a direct relationship between 

n~ber ot fruita and size ot fruita irrespective ot rootstock 

employed. Vigoroua trees produced ore number of !rui ta. 

The pbyaioo-ehe.Uecsl char~tcterhtioa o! the trui ta were 

also f ound to be 1n!lu~nced ty rootstock. The bigaer size !ruita 

(weight and volume) were harvested from the tr11ea growinc on 

Kar.na kt..1tto:. •nd Marlilalad& oranf(e ~o~hic:h had thicl•er rind and 

medluw T . s . ~ . I acid rotio . M~xi~~ juic content 1n fruita 

was observed with Jambheri rootstock. 

K.gzi l~e trees on Troyer citr~ge rootstock had more 

incidence ot citrus Canker while it was minimum on Trifoliate 

or~ng• Jootstvck. Ho~ever, significant di fferences were not 

no~iced in occurance of Canker due to rootstock. lhe results 

obtaine~ 1n the preaPnt atud1e ne€d further confirmation • 

••• 



.BIBLIOGRAPHY 

r gost1n1, J . P.J J. • Grab , L . ~ . Timmer (1965). ~ elationehip 

between developmt.ut o! ci t1·ua can.k~r u.nd 1-outatock.a. 
Cultivars for young 'Val encia' or~lge tre. s in 

Miaao.nea ...rgentina . f£.2£• ll!• ~· Hart . ~· :ij~s 

19-22 (Hort . Abatr. ~ a 1513). 

Aiya• pa , K. fl'. . J K. c . brlvaatava .1nd K. M. BaJappa (1967). E!!ect 
o! rootstocks on growth , performance, yield and 
qu.al1 ty o! Coorg orange . Int . Symp. on su'b-trop . 
llor"t . ; r;ew Delhi. • 

. •lbert, A.J " • ,,eis Feliu and J. Cuquerella (1979) . I.n!luence 
of di!!erent root atocka on Com.erci&l properties 
ot Satsuma and Late Valencia fruit . TQchnolosia 
&g~aria ~ 1 229-243 . (Hort . Abstr. ~~ 1 2152) . 

~1, ~. and h . Rahi~ (1960) . Influence o! different rootstocks 
on seasonal change8 in the vitamin C r;:ontlfnt (ascorbic 
ac~d o! Valencia la~e Swaet Orange~· ~i· 

23 (b) ' 1D-1~ . 

Anonymous (1972) . Six aonthly progress report o! the Division 
ot Horticul "ture I . . n . l . .. \l'W Delhi !or ":he period 
J~1uary to June, 1972. 

Anonymous (1975) . ~greaco report . Department o! Horticulture, 
h • .- . K.V., n..hw·i 1. 1-: . s . ) • 

• non,·moua ( 19d0 ) • .:iea~on and cr?J.' r"'Oort, Dir&ctor, Govt. 
Printing , Stationery and Publicntiona, ~ . :;; . Bomt.y. 

pp 71 • 

,.raujo, C. M. J B. D .. 0 V•5concalloa and L. B • .B:ltiata ('1972). 
!he influence or various rootstocks OA tr~t quality 
in the pe.r11 orange (Citrus ainena1a) 'U'qui vos 

.!l.ni..!}L!~ f~~ ilural !!2 11!£ .'!.! l!_nliro ~ (l) 
a 35-t•C (Hort . ,.tJstr . ~ ; 30?.2). 



- 13 -

Bednaton, X. B. and J . H. Duncan ( 1980) . The infiu nee of 
r ootatocka on tbe per!oraance of Ellenda1e tanaor. 
In Proc . Intern. Soc. for citriculture, Gr1t!1tb, 
M. s •• Au8tral1a a 1~-126 . (Hort . batr. ~l 3022). 

Bhullar, J . s . and J . P. Naur1yal. (1915) . E.!!ect of different 
rootstocks on viaour, yield and fruit quality of 
bl.ood red ora.nge ( C1 true S1nena1a 0 heck) . l!l!!!!D 
!L• Hort . ~~ (1/ 2): 45-49. 

Bbul1ar, J.s. and u.u. Khokbar (1977) . Reaulta of the rootatock 
trial. for ll&lldarina (Citrus reticulate Blanco) under 
Dbaulakban cODdi tiona . Abatract paper . Int. SJIIP. 
on C1tr1culture, Bangalore, December, 1977, pp 14. 

Bittera, . P. (1961). Rootatooka reaponaibilitiea Calif. Cito 
~~ (6) I }42, }44-}47 o 

Bitters, w. P. (1974) . World Citrua rootatock aituation. pp 1-14. 
In L. K. Jt.ckson (ed) Proc. Firat Int . Citrua Short 
Courae Sept . 24-29, 1973 . :.ln1v. of FLa. Pre•• 
G ineaville . (uuated by Wutacber , 1919) . 

Blondel, L. (1978) . ork of Citrus rootatock at the Station 
de ttecherches agronOIII.ing 1n Coraica. Fruita ~ (11) 1 

173-192 . (Hort. Abatr. ~2 1 7923). 

Blondel.l c. Jacquemond , M.P. Vanniere - Davoua and P'. Lelinre 
(1986) . Lemon rootatock trial 1n Cora1ca. ~ 
:l (10)1 581-5~ . (Hort. Abatr. ~Z a 1499) . 

Bouderballa, M. 'ind L. Bl.ondel (1974) . ~!tecta o! three 
rootstocks on Cliaentine behAviour 1n Al1er1a. 
~· ~ (10) 1 671-674 . (Hort . Abatr . ~~ 5348). 

Boyee, A. M. ( 1960) . llllportance o! trui t quality. .£!!!!• 
C1togr. 45 (2) . 

Brown, N •• (1985). Navel oran1e tree pertor~~&Dce on various 
rootatocka at Manutuke Horticultural Reaearch 
station. Orcb!rdial ~ Hey Z•&l!Dd ~; (7)a 317-318. 
(Hort. Abatr . ~ a 2842) . 



- 74 -

Brown, N •• (1986) . Navel orange t r ee performance on various 
rootatocks at ~Anutuke Horticultural Research 
Station. Or chardist 2! ~ Zealand ~2 (3) s114-115 
(Hort . Abstr . ~~ s 9222) . 

Burke, J . M. (1963) . ustralia and New Zealand 1 Citrus Producers 
and marketa in Southern Hemisphere . u. s.D.A. , F.A.s. 
r eport No . 124. (Quoted by ~olfgang , 1970) . 

Caatle, w.s. and R. P. . Krezdorn (1975) . Rootstock e!!ecta on 
root distributi~n cmd le f mine:-al co:1tcnt o! 'Jrta.nt!o 

tangela trees. i • ~· ~· ~· ~ l~ s 1-4 • 

Caatle, •.s. and R. L. Phillipa (1980) . Performance of Marah 
graphe!rui t illld VaJ.encia Orange Trees on 18 r oot 
s oclta in u closely apaced planting . i• 2.!£• ..22.!:• 
.!12!:!• Sci . l~~ (4) I 496-499. 

Chadha, K. L. ; , . ~ . F~ndh wa, o. ~ . Bindr , J . ~ . Chohan an a L.C. 
Y.noi·r ( 1970). Citrus decline in India . }unjab llgr11 
Univ. Ludhian • 

Che~a, ~ .s .; ~ . P . Kapur, R. s. Dhillon and s. Anand (1975). 
Iucide.lce ot C.i trua Canker on field gro"'n nuoelll'!r 
and budded Citrus plants . ~ Phyt opath . ~ii : 
441-442 . 

Chee~a, G . ~.; S. P. Kapur , R. ~ . ~hillon and s. Ka~ur (1982). 
Heaction of certain stionic combinat i on• to fungal 
and bacterial diaeaaea . ~ Phytopatb. ~~ (4)& 
583-584 . 

Chohan, G. &. J :;. K. Tahiti and J . N. Sharma (1980). l '!1e infi•..lence 
of rootstock on tree growth, yield and fruit quality 
o! Valencia orange in Punjab. ~ i• ~· 37 11 )1 

41-44 • 

Chohan, G.s. and H. KW118r (1983) . Perf ormance of .Muaamt.i 
cultivar of Sweet orange (f. Sinenaia oabeck) aa 
influenced by di!!erent rootatocka. i • ~· ~ 

agric . ~· i~ 1 275-280. 



- 75 -

Chohan, o.s. and H. Kumar (1986) . Prebear!ng perlormance 
of March Seed~esa grapafruit (~ paradiai Macf.) 
as influenced by di!ferent rootstock s .i_ • ....!.!• ~ 
asric. ~· i~ (1) z 4o-43. 

Cbo\Kthari, K.G. ( 1980). Al.l India Co-ordinate fruit improve r.t 
project on citrus at hr!rampur, (M.s .). unpu~ished, 
personal communication. (Quoted by Tayade, 1961 ). 

Cohen, M. und H.J. Reitz (1963). Proe. Fla . Sta. Hort. Soc. 
761 29•34. (Quoted by Rajput and ri Hari Babu, 1985) . 

C pbell, c.•. and s. Goldwebes (1980). Rootstocks for citrus 
in limestone soils of Southern Florida f!2£• !1!• 
~. Hort. Soc. 82 290·291 (Hort. Abstr. lJl 2139) . 

Danos, ~.; B. Bonazzola, n .D. Berger, R. E. Stall and J .X • 
.Miller (1981). Progress of citrus canker on so e 
species and combinations in Argentina . ~· Fla. 
~· tl2I!• Soc. ~~ 15-18. (Review of Pl. Pathol. 
62 ' 1977). 

Deiddn, ~. and ~ . Milella (1978). progress report on citrus 
rootstock studies in Sardinia In. Proc. Int. Soc. of 
Citriculture , 2 a 632-635 (Hort . batr. ~~ 7070). 

Deahmukh, P.P. (1973). hf!ects of rootstocks and differential 
nutrient levels on the growth and chemical composition 
or Sweet orange. Unpublished Ph.D. Thesis, I.A.R.I •• 
New Da!hi. 

Deahpande, V. B.; ~< . T . Josh1 1 P. P. Des.h.c~ and D.V. Di-re 
(1977) . Performance of Nagpur mandarin on different 
rootstocKa. Ab tract papers. Int . ~yep . on citriculture 
Banglore 1 December, 1977. pp 15 • 

Dhur1 , H.s., A.D. Kynjing and s. K. Chopra (1977). Effects of 
rootatocks on tree vigour and fruit quality in some 
commercial cultivara of mandarin (~ reticulata 
Blanco). ~batract p~pers . Int. ~ymp. on c1 tr1culture, 
Bangalore, December, 1917 pp. 13 • 



- 76 -

Diaunte de Zubrzycki, " • lUid o. s. Rodriguez (1973). The 
a teet o! roJtstoc!{s :m th!! phJsic:~-chemical and 

or enolept1c characteristics of valencia late oran&•· 
Idia No . 304. pp 10-14 (Hort . Abatr . ~§ a 5 26) . 

Economi~es, c.v. 1976 a) . Per!ormdnce a! Y£r~ seedle 

e r ape!ruit n six rootstocks 1n Cyprua. l• l!ort . 

~- ~l (3J : 3q3- 400 . 

Lconoaides, ~ . ~ . (1976 ) . Gr o th and productivity o! fasbingt n 

N vel oran~e trees on six r ootstocks in Cyprus . He£!• 
, e~. 1b 2): d3~. llort . .. bstr . '!]. ' ~djb) • 

.l:.cono..Udes , C, V, l1 9'// ; • • · e in.!lue.ce of roo t c.ot on tree 

.,·o.th , yi_l_ J.d fr1it ·p-litJ ot Vnlencl .. oranges 

L-1 r;ITn"~• J.. • ~. ~c1. ~~ ( ) : 29•36 , 

Fallco ') lcoraz, L. ' , nd J, S. todri ""UZ (1970) , Pacterial 

cunke1· in le:nc.na . "eaul t s of the !irst o'b erv tiona 
c.rried out in uell vista zone of Cor i~ntes 

• o·tiucot . ~ ~Zli : ~)- c.:... 'fort • .. bstr. !tl: 4891) . 

F "'zer , L•" • (1 :67,. •..:1L-:: dicti~C•- .Ll lr.tl ~ -• r epurt submitted 
t o th e J i-.- t . o t .~ t mal , f!airu, Sz'nbern ( ,..ustralia ) . 

Cuno~ ·thy , l' , i . ( 1 ~' 3 a , , ..>tc.ndardizution .:>! otstock !or 
Coorg .canaa in. ,.nnuc.l re ort . I . I . i . h . liess rghatta, 

ngalore , 

C.c.napc. tny , h , .. , 1::o3 u) , •. tanu<iraiza tion o! r ;>o t s tock tor 

osu ... 1 . n ~.J 1 '"t.:ht . .. . J..~' •• hes ur:t.a.tta, 
galore , 

Ghosh, ~ • • • (1963; . Co~arativc s• ~Y of so~e cit'~ rootstocks 
1n 'the n aery s tu · • Unpublis ~l . uC , .'llesia 
l . .. . . ,.r . .. ew _elhl . 

Lradner, ' · - · un , •- • ·.orar.l c 19>J L, ~· £:!!!• ~· ~· 
~· z~ I 123-1 27 . ( ... uoted by tlaj l"Ut and ~r1. Hari 

bu, 1985 ) . 



- Tl -

Haleea, s.A. (1983) . Effect of rootstock• on growth, yield 
and fruit qu lity of Sweet oranae. A report I,I.H.R. 
Heasarghatta, Bangalore. 

Haleea, s •• (19C4). In!luence of rootatocke on the pre~arinl 
performance of Sweet orange (£. Sinenait Oabeck). 
~~Horticulture ;2i (2) 1 57-60. 

Hasaabala, r.~. (1978). Effect o! acion and rootatocka on 
growth and lea! mineral co oai tion ot oranae tree a 

grown on a calcarious aoll. fi!!• l!!:!!l• ~· ~· 
!!!!!Y· ~§Z ' 11 <!!Y.r!· ~· ~2 ' 7072). 

Holtzhauaen, L.c., i ,rl , ~huys and P.J. Miller (1978). Rootatocka 
! or lemon. T piese Meded line flo, 139 pp 13. (Hort, 
~batr. ~~ ' 10892). 

Hutchison, D,J, (1975). Swingle ci~elo- proaiain& rootatock 
hybrid , Proo, Fla. Sta, Hort, Soc, 87a 89-91. (Hort. 
Abatr. 49 : 85-91) . 

Hutchison, D,J, (1981). Performance of ' ·een' orange trees 
on 15 cttrua rootatocka . f£2£• !:l!!• .23:!• Hort. ~· 
~~ 29-30. (Hort , hbatr. ~~ 1 1314). 

Hutchison, O,J. nd , " • Bistline (1982). Prelia1n&ry 
performance of 7 year~ old 'Valencia' Oranae treea 

on 21 rootatockll , .f!::2£• fl!~ ~· 1:!2.!:!• ~· ~: 
31-33 (Hort . bstr, ~ a 1315). 

Ikeda, I,J M. takatan1 an~ s. Kobayashi (1978). Studies on 
rootstock !or navel oran&P. l. Effect o t 15 rootatocka 
on the growth, Cold reaiatance, appearance ot atea 
pitting, yield and fruit quality of Navel orange 
cul t1 vara. Bull. !!:l:!ll -!!• ~· • ( Aketau) 2 1 

39-57. (Hort. Abstr. ~§ : 10894). 

Indraaenaa, G, and M. K. ¥Ammen (1981). Performance ot Coorg, 
•andarin on different rootatocka under Wynad 
condi tiona. l at. Symp, on Trop . and Sub-trop, 
Fruitcropa. I . I.H •• Banplore, Abatract No. 3.9. 



- 78-

Jal.ikop .11 • (1986) . Pri•tl tnary inv .. u,auona on the 

evol tion of rootatocka tor Kinnow aandarin . 

6§ (l/4)a 13-1 7. (Hart . Abatr. ~ 1 R ) 

Jawancia , J . s . and K. Sinlh (1973) . IU.nnow holda out proaiae 

!or Punjab. ~ Hort•I • 1.2 (2/3) 1 89-93 

Jawanda , J . s . and M. K. Mehrotra (1974). Prebearin& 'Oerfol"II&Dce 

ot five Sweet orange cultivara on different rootatocka. 

1wU!!l i_o !.I!:!£• ~· ~ \2) I 119-126. 

Kef !ord, J . F. and .s. v. Chandler (1961). The in!luence of 
rootatocka on the per!orii&Jlce on the coapo:sition 
~! orangea with special reference to ~ttter pr1nciplea, 

~· l• !.ltl£• J1U• li (l) I 56-58 o 

Levy , Y. and K. Mendel (1982) . The develop-nt, yield and 
fruit quality of two oranae culUvara on three 

1'oota~wcu in the l~e&er reaion of Iaraal. i.• --!!.!:• 
Sqo. Hort • .25!• lQZ 6) I 1001-1004 • 

Maxwell , N. P. aDd H. K. utache1· (1976) . Yield, fruit aize and 

fJhl.o1·eaia o! srape!'ruit on 10 rootatoclta. Hort.~ 
11 (5) : 496-498. (Hort . ~batr. 47 1 5969). 

Mebrotra, .K. a J.s. Jaw da and V. K. Vij (1977). comparative 

evaluation o! rootatocka !or Blood red orange 

(Citx~ ainenait Oabeok) under Arid - irriset~ 

.;ondi tiona of Punj b J..ba tract papera . Int . symp . 
on citriculture, Ban&al.ore, Deoe ber, 1977. pp. 15. 

l1ebrotra, 1 . K. J J.s . Jawanda aDd V. K. Vij (1982). A comparative 

evaluation o! rootatocka !or oaaabi ora111• under 
Arid-1rr1g ted condi'l;ioua of Punjab. Indi!U! i.• Hor$. 

~· ~~ (1 and 2) a 57-63 • 

Mebrotra , N.K. ; J . s . Jawanda and V.K. Vij (1983) . A comparative 
uvaluation o! ~ootatocka !or Pineapple Orange 
(£ • .;;tnenaia Oabeok) under Arl.d - irrigated concU tion 
ot Punjab. ~ab Hcrt. J. ~8 (1/2)1 12-16 • 



- 79 -

Misra , K. K. (1986). tudiea on tbe e!!ect of various rootatocka 
on performance of leaon (Citrus limon Burm. ev. 
Pant Lemon- l) o unpubli!lhed Fb.D. Tbeais 0.1. Pant. 
Univ. of Agr1. and Tech. Par.tnagar. 

ohan, s. oJ H.P . Leite Junior , 1\ oLo G. Fereiraj and C.A. 
Campaoci (1985). Behaviour of tangerin culUvara to 
citrua canker cauaed by Xantboaonaa campeatria Pv. 
£!!£!• F1topatholoa1a Braaileira 1~ (3 ) 1 549-558. 
(Hort. ~batr . ~ 1 92-9,). 

Pbadnia, N. • (1961) . ootatocka tri la with N gyur andarin 
oran&a• P~oo . 4th Res. Wrks, Poona, May, 1961. 

Philip Joseph and M.K. Mammen (1984) . Ef!ect o~ different 
rootatocka on q~titative and qualitative attributes 
ot citrus !ruit var. Coors mandarin orange (~ 

r t!culata) .,. ric. !!2.!• ~· ttr..J.a " (:!) J 17,..176. 

Phillip a, R. L. ( 1969) • ..Nc.~r!ing rootstocks !or Ci trua P1•oc. 
Ist. Int . Citrua symp. 1 1 401-4~. Univ. ot 
CalHornia 

Plamenac, M. (1976). Lfi ct of rootator,ka on the more important 
bic-~hyaiQlQ&ical characteristics of Domestic and 

&abington Navel orange cultivara. Jusoaloven ko 
Vocaratyo 1~ (37/38)• 265- 273 . (Hort. 

lt8 ' 5969). 

Rajput, C. B. S. and Ro Sri ~ari Babu {1985). Citricult~e 
Kalyani publishers, New Delhi - Ludhiana. 

Ranjit ~ingh, ~ . K. Saxena and Atma Singh (1978). Kootatock 
trial in Kinnov . ~ Hort. ~· l§ (3 and 4) 1 

145-148 • 

Reddy, a. ~. ( 1964) . Annual pro reas report o! th Co-ordinated 
achem !or Citrus dieback diseases, Shrirampur1 M.s. 
!or the period 1963- 1964 • 



-eo-

.toclney, D, R, and D, E, ~arris (1977). Rootstoclul for Arizona 

lemon. Citroar ph ~ (3) 1 79. 

1 ooae, M. L. {19H6). The potential !or dwarfin& rootstocks 

!or citrua. Citrosraph Zl (ll) 1 22~-229 • 

~ln&h, u, {1966). Varieties and rootstocks of Citrus, ~ 

Hort , l• a & 62 , 

;;,ingh , D, and tl , Singh { 1968). TaxonoJay of Indian rough le11011. 

~ l· asr~c • .!!:.!· ~; 1 25-37 • 

Sin!b , L, B, ( 1961 a), S~dies on the rootstocks for .andarin 

in the 1et aubtropica II, nriety Shrinaaar, !!:21!.• 
~- llZ I 181-192 • 

Singh, L,B. (1961 b), Studies on the rootstock for Sweet 
orange in the et subtropica I, nriety Mo ... bi, 

Hort , Ady, a I 1~6-170, 

~ingb , L. B, (1962). ~tudie s on the rootatocka for mandarin 

1n wet subtropics II, variety Hill. ~ i.• .1:!2!:!• 
li (l/2) ll-9 • 

Sinch, L. B. (1963). Preliminary studies on the comparative 
perfor11ance of Kama khatta and Trifoliate orange 

rooeatocka for Vanllle weet oran&e• Indi!!l i.• 
lim• ~ I 89-92 o 

:..ingh, It , and .:. , K., Saxena (1976), Kinnow b here to atay 

~ Hort , l• ~ (3/4) 1 129-130. 

Singh, R.a s . K. Saxena and A, Sinsh (19T7). Rootstock stu:Uu 
in Kinnow 1118Jldarin, Abstract paper, Int. SY11p . on 

citricu.li.ure, B&ncal.ore, uecember 19T7. PJ), 15 • 

Sin&b, R, P. and ~ . K, 1ngh (197~) . Studies ?n rootatock tor 
.Sagpur IIIM.ndarin (Citrus r ticulata Bl.llllco) 1n the 

Bundelkhilllci division, !!2.!:1• ~· ~ 1 7-10 , 



- 81 -

Sinba, R. B.J c. Sinlh Dd s. Pandey (1977). ~feet of 
rooutock on the srowth, per!ol'll8Dce, yield an4 

qual.ity of &Pur .and.arin (£. reUculata Bl.anco) 
in Bihar. Abstract papers. Int. SYJIP• on citriculture, 
Bangalore, December, 1971. ~. 15 • 

Snedecor, G.•. and .G. Cochran (1967) . Statistical .. thoda, 
6th ed. Ox!ord and IBH Publiahin& Co., C&lcutta. 

Srivaatan, .C.J K.C. Kiabal.appa, s .H. Jalicop and H.P. 1ncb 
(1977). Twenty five years of rootstock trials in 

~or& mandarin (vitrua reticu!ata Blanco). Abatract 
papers Int . symp. on Citriculture, Ban&alore, 
U&ce ber, 1~77 • PP• 12 • 

rivaatavs, K.c. and M.G. Bopaih (1978). Prospect. of srowins 

Kinnow IIIUldarin in 'the O\lthern Statea. ~ 
li2£1• i • l§ (3/4) I 139-1~1 o 

Srivaatava, K. C.J K.G. Kushalappa, h. K. Mia~ and K. s. 
~haaauudaran (1981) . ~feet of rootat~ckA on 
yield and Ql.!&lity ot Cocr1 maz:darin, Nst. S)'llp. 
o=l Trop . ~d !:.ubtrop . Fruit Cropa. I . I.H. R. Ban&&lore, 
Abstract 35 • 

wamy, G • .:. .J N. Subbarao, N. IU.alayya and T. Daynand (1972). 
Latest trends in c1tr1culturc in Andhra Pr&deah. 
Proc. Iat All India Seminar on Citriculture, 
Navur, Novu.ber, 1972. 

Tanaka, Y. ( 1969). Citrus rootstock problell in Japan. Proc. 
Iat Int . Symp . I 1 407-410. 

Tayde, a.s. (1981). Growth reaponae and leaf •in•r•l 
co~oaition o! Kinnov mandarin •• in!luenced by 

different Citrua rootst~cka at nuraery at.se. 
Unpubl1ahed Ph. D. Thea1a P. K.V. , Akola. 



-82-

Tayde, c.s., L.v. Kulwal ~nd P.P. eah ukb (1968). ootatock 
trial on K1nnov mandarin, J. Prebearin& per!or.ance. 
fE• -!!.!.• .!l,e 16 (1) I 40-44 0 

Thornton, J .R. and tt . T. Dillaey ( 1987). co111pariaon ot 
rootstocks for valencia oranae in the aunrayaia 
repon of Australia • .!l.• !12!:!• Sci. a~ (2) 12.53-261. 

Tribulato, E. (1979). Co~arative obaervation on aeven 
rootatocka !or the orange cultivar ' MORO ' Tecnica 
Agricola ~ (1/2/3) 1 15-32 (Hort. batr. ~1 2 

6~21). 

Tutberidize !! !l• (1987). Effect of di!!erent rootstocks 
forma on Ci trua !rui t quality. !!2.!:1• .L.....E• ~§ (3) 
PP• 123-128 • 

Valle N-Del, o. Herrera and rl o ioa (1979) . Rootatock influence 
on 111Andar1n fruit quality C.ntro ~ Cola 2 (3) 1 

33-37. (Hort. Abatr. 2~ 1 5633). 

Webber , H.J. (1948) . Rootatocka their characters and relation. 
In L.o. Batchelor and H.J . Mebber (ed). The Citrus 
industry Vol. II, Iat ed. Univ. o! California 
Pres~, Berkeley • 

Weir , c.c. (1976). ~t!ect of various rootatoeka on the growth 
and yield ot Valencia, Marab ~eedle a gr pllrruit 
and ortan.iqua treea in J aica • .!l.• ~· Uniy. 
Puerto lUco. 60 ( 4) a 485-if90. (Hort. A bstr. ~§ 1 

2786 ). 

iieatwood, M.M.J F.L. Reimer and V.L. wackenbuah (1963). 
Long term yield aa related ·to ultimate tree aiz 
of three pear varieties grown on rootatooka of tive 
Pyrua apeoiea. !!!:2.£ • .!S!!:• ~· !!2r!• Sci. ~ 2 

103-108. 



- 83-

wolfgang, D.F. (1970). Propagation and stocks, pp 50.55. 
In aeries o! monographs on Tropical and 
sub-tropical citrus cultivation. Service prograame, 
P.o. Box No. 3547, New Delhi - 24 • 

Wutacher, H.K. (1978~. Citrus rootst~cka. PP• 237-269. In 

J. Janick (ed) Hort. hdv. Vol. J ._Pordue UnJ.v. 
AVI, Publ. co. INC, ~est Port, Connecticut. 

Youtsey, c.o. and G.D. 6rJdges (1979). Yield and growth 
comparisons o! ona old - line and light nucellar 
1 h&shington navel' budlinga in a de•onatration 
planting on ten rootstocks. f!:g£. Ja!. §.!! • .tl2!:1• 
Soc. 92 a 29-22 • (Hort. Abatr. ~1 a 1570). 

laragoza J,dr1aensis 0 S.J Trenor f uarez De Lezo 0 F. Med ina 
Zapter and E. Alonso C&ba. (1984). Ap-onomic 
performance o! nuccllar clones o! Saluatiana, 
Washington Navel and Valencia Late Sweet oranges 
on Five rootstocks. Comunicac!onea ~ Produccion 
y-,getal No. 63, pp. 44 (Hort. Abatr. ~ a 1'94 ). 

*** 



-84-

APPl:.l'IDL< - I 

.• eekly meteorolo~cal data !or the period J,pril, 1988 to March, 1989 

Met. uate r(.a 1.n1al.l t ainy Teml:!erature 0 c Relative Humidi!l ~wuhi:ne 
Week (mm) dayp MaX. t.Un. Morn. .c.ven . Hours 

per 
week 

1 z 3 4 5 6 7 8 9 

1 AprU , 88 26-1 o.oo i'lil 38.7 17. 9 33 11 10. 4 
2 2-8 o.oo " 42.2 22.2 31 9 9 . 8 

' 9-15 o.oo .. 41.9 26 . 5 36 14 7 . 0 
4 16-.22 o.oo • 41.7 24.2 39 15 9 . 9 
5 23-.29 o.oo " 40.6 24 . 7 41 19 9 .1 
6 MAy, 08 3o-6 2.2 • 41.8 24 . 5 43 13 9 .4 
7 7-13 o.o • 45.6 28 . 9 40 12 10. 8 
8 14-20 o.o • 44 . 3 28 . 9 48 18 9 .4 
9 21-27 12 . 6 1 43.1 £7 . 7 52 16 9 .6 
10 June,88 28-3 o.o l\11 43.1 28 . 7 57 23 10. 08 
ll 4-1u 0 . 0 " 42.5 .!.7 . 4 51 19 9 .9 
12 ll-17 aa . t:~ 2 39.0 25.4 72 1;0 7 . 0 
13 18-24 119.1 4 :53.8 22 . 6 89 60 4 .6 
14 July, 88 25-1 o.o Nil 34.4 24.9 74 47 6 .2 
15 2-8 25 . 4 3 34.7 23.5 85 51 6 . 0 
16 9-15 65 . 8 3 32.2 23 .1 86 67 3.3 
17 16-22 231 . 2 3 31.5 23 .1 89 71 4 .7 
16 23.29 57.9 4 28 .4 22 .3 91 77 1.5 
19 AUio 88 30-5 9 . 6 Nil 29.6 23 . 2 88 71 0 .7 
20 6-12 2 . 8 liil 32 .3 23 . 2 65 57 5 .9 
21 13-1 9 31 . 8 2 29 . 2 23.8 85 62 5 .4 
22 20-26 176. 6 5 31 . 6 22 . 6 93 79 2.0 
23 .:>ept . 88 27.2 45 . 8 4 31 . 9 22 .4 91 73 3.5 
24 3-9 71 . 2 3 32.7 22.5 91 70 7 .0 
25 10-16 37.1 2 31 • .5 22 .5 89 60 7 .4 
26 17-23 100.1 6 31.5 22 .5 92 75 5.6 
27 24-30 79.6 3 31.9 22 .1 68 69 5 . 8 

----- --- -- -- - --- ---- ----- --- - --- - --- -
Contin..1ed -
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------ -- --- ------ -- -6 - - --:;-----8 - --
__ 9 ______ 

1 2 3 4 5 

---- - -- - ------ - --- - - -- -
23 Oct . &3 1-7 153.0 3 30.1 21.4 88 69 5.3 
29 a-14 J.o Nil 31 .8 16.5 8{; 37 ti .4 
3u 15-21 o.o II J4.2 15.9 77 32 8.8 
31 2c-28 v.o A .34. 4 13.2 79 2l 9.1 
32 Nov . &l ;2.9-4 9. 0 1 31 . 9 17.1 82 37 5.7 

'' '..ll u.o Nil 30. 5 11.6 85 28 8 .3 
}4 12-16 u.o II 31 . 2 9 .3 80 22 10.0 
35 19-25 o.o II 31.u 1 ~ .6 71 25 9 .6 
36 oeo. &c. 26-2 u.o " 29 .7 9 .4 68 25 9.6 
31 3-9 v.o II 30. 2 9 .1 66 25 9 .4 
38 10-16 4 . 2 1 28. 9 9 .4 7f> 28 8 . 1 
39 17-23 u . o Nil .:i0.6 6.5 71 22 9.6 
40 24-31 u.v " 29.6 10.2 80 26 9 . 5 
41 J=. l39 1-7 o.o " 30. 6 9 . 0 59 24 9 .7 
42 8-14 u.o n :o.4 10.1 68 29 9.5 
43 15-21 o.o " 30. 7 9 .7 65 22 9 . 9 
44 22-28 0 . () II 21.2 11.8 64 25 9 .4 
45 ?&bo 39 29-4 v.o '· 34.0 9 . 2 60 18 9.9 
46 5-ll u.o " 3J .6 u.s 55 17 10.0 
47 12-18 o.o " 33.0 12.1 54 18 10.0 
48 19-.25 o.o u 31.5 7.5 46 16 10.0 
49 mrch, 39 26-4 o.o II 37.1 15.2 43 2Z 9.7 
50 5-11 12. 0 2 34 . 5 17.2 61 33 7.4 
51 12-18 o.o tlil 35 . 3 16.7 62 21 9 . 8 
52 19-25 2. 2 • 37. 5 20.3 5o 28 8.1 
53 ~<pril, d9 26-1 21.0 2 31.6 16.2 80 39 8 . 0 
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